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Tailoring design of quantum sensor to biomedical applications —
eVICTOR LEBEDEV, SIMON NORDENSTROEM, STEFAN HARTWIG, THOMAS
MIDDELMANN

Correlated light-matter states from first principles and their use for
chirality, and chemistry — e¢CHRISTIAN SCHAFER

Levitated nanoparticles as testbeds for fundamental aspects of physics
— oJULEN S. PEDERNALES

Continuous lasing and pinning of the dressed cavity resonance with
strongly-coupled ®*Sr atoms in a ring cavity — eVERA SCHAFER
Ultracold interactions between ions and polar molecules — eLEON
KARPA

Quantum Logic Spectroscopy of the Hydrogen Molecular Ton — DAvID
HoLZAPFEL, FABIAN SCHMID, NICK SCHWEGLER, OLIVER STADLER, MARTIN
STADLER, JONATHAN HOME, eDANIEL KIENZLER

Engineering of many-body states in a driven-dissipative cavity QED
system — RODRIGO ROSA-MEDINA, FABIAN FINGER, NICOLA REITER,
JAKOB FRICKE, PANAGIOTIS CHRISTODOULOU, DAVIDE DREON, ALEXAN-
DER BAUMGARTNER, SIMON HERTLEIN, JUSTYNA STEFANIAK, DAVID BAUR,
DALILA RIVERO, GABRIELE NATALE, TILMAN ESSLINGER, ¢TOBIAS DONNER
Optically addressable nuclear spin registers with V2 center in 4H-SiC
— oVADIM VOROBEV

Quantum correlations in the phase space — MARTIN BOHMANN,
JAN SPERLING, NICOLA BIAGI, ALESSANDRO ZAVATTA, MARCO BELLINI,
oELIZABETH AGUDELO

Theory of robust quantum many-body scars in long-range interacting
systems — oSILVIA PAPPALARDI

Quantum Sensing in Space for Fundamental Physics and Applications
— eNACEUR GAALOUL

From the origin of antibunching to novel quantum light sources
based on two-photon interference — e MARTIN CORDIER, LUKE MASTERS,
GABRIELE MARON, XIN-XIN Hu, LucAs PACHE, PHILIPP SCHNEEWEISS,
MAX SCHEMMER, JURGEN VOLZ, ARNO RAUSCHENBEUTEL

Structured light and its interaction with matter — eROBERT FICKLER,
RAFAEL BARROS, LEA KOPF, MARCO ORNIGOTTI

Photonic integration for trapped-ion quantum metrology — eELENA
JORDAN, GUOCHUN DU, CARL-FREDERIK GRIMPE, FATEMEH SALAHSHOORI,
MARKUS KROMREY, ATASI CHATTERJEE, ANASTASIIA SOROKINA, STEFFEN
SAUER, ANTON PESHKOV, GILLENHAAL BECK, KARAN MEHTA, STEFANIE
KROKER, ANDREY SURZHYKOV, TANJA MEHLSTAUBLER

Towards an Artificial Muse for new Ideas in Quantum Physics —
eMARIO KRENN
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Quantum steering of a Szilard engine — eKONSTANTIN BEYER
Does a disordered Heisenberg quantum spin system thermalize?
— oTITUS FRANZ

Quantum optical few-mode models for lossy resonators —
eDOMINIK LENTRODT

Non-Hermitian topology and directional amplification — e CLARA
WANJURA

Prize Talks of the joint Awards Symposium (SYAS)
See SYAS for the full program of the symposium.
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Quantum Simulations with Atoms, Molecules and Photons —
¢]MMANUEL BLOCH

Spectroscopy of molecules with large amplitude motions: a
journey from molecular structure to astrophysics. — eISABELLE
KLEINER

Quantum x-ray nuclear optics: progress and prospects — e¢OLGA
KOCHAROVSKAYA

3D printed complex microoptics: fundamentals and first bench-
mark applications — eHARALD GIESSEN
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Dynamics of CO; activation by transition metal ions - The im-
portance of intersystem crossing — eJENNIFER MEYER

Angular momentum of small molecules: quasiparticles and topol-
ogy — eMIKHAIL LEMESHKO

Manoeuvring chemical reactions one degree of freedom at a time
— oJUTTA TOSCANO

Cold and controlled collisions using tamed molecular beams —
eSEBASTIAAN VAN DE MEERAKKER
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Coherent and incoherent dynamics of colloidal plexcitonic nanohy-
brids — eELISABETTA COLLINI

Dissipative Many-Body Dynamics in Atomic Subwavelength Ar-
rays in Free Space — eSTEFAN OSTERMANN

Quantum dot sources: efficiency, entanglement, and correlations.
— o ANA PREDOJEVIC

Compact chirped fiber Bragg gratings for single-photon gener-
ation from quantum dots — eVIkKAS REMESH, RiA KRAMER, RENE
ScHWARZ, FLORIAN KAPPE, YUSUF KARLI, THOMAS BRACHT, SAIMON
COVRE DA SILVA, ARMANDO RASTELLI, DORIS REITER, STEFAN NOLTE,
GREGOR WEIHS

Observing Ultrafast Coherent Dynamics following Selective Ex-
citation of a Single Quantum Dot — eDARIUS HASHEMI KALIBAR,
PHiLipP HENZLER, RON TENNE, ALFRED LEITENSTORFER
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Bosonic Quantum Gases I (joint session Q/A)

Hybrid Quantum Systems

Magnetometry

Solid State Quantum Optics I

Quantum Communication I

Ultra-cold Plasmas and Rydberg Systems I (joint session
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Bosonic Quantum Gases II (joint session Q/A)

Cavity QED

Precision Measurements I (joint session Q/A)

Quantum Communication II

Quantum Technologies

Precision Spectroscopy of Atoms and Ions I (joint session
A/Q)

Optomechanics

Bosonic Quantum Gases III (joint session Q/A)

Quantum Information I

Trapping and Cooling of Atoms (joint session Q/A)
Ultracold Molecules and Precision Spectroscopy (joint session
MO/Q)

Quantum Many-Body Dynamics

Quantum Communication III

Members’ Assembly

Poster 1

Poster 11

Precision Spectroscopy of Atoms and Ions II (joint session
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Ultracold Molecules (joint session Q/MO)

Phase Transitions

Fermionic Quantum Gases I (joint session Q/A)
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Ultra-cold Atoms, Ions and BEC II (joint session A/Q)
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Quantum Metrology for Fundamental Physics
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Open Quantum Systems
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Quantum Control
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Q 1: Ultra-cold Atoms, lons
Time: Monday 11:00-13:00

Invited Talk Q1.1 Mon 11:00 HS 1010
Exploring the Supersolid Stripe Phase in a Spin-Orbit Cou-
pled Bose-Einstein Condensate — eSaran HIRTHE, VasiLly
MakHALov, REMY VATRE, Craic CHisHOLM, RAMON RaMos, and
LeTriciA TARRUELL — ICFO - The Institute of Photonic Sciences,
Castelldefels, Spain

Spin-orbit coupled Bose-Einstein condensates, where the internal state
of the atoms is linked to their momentum through optical coupling, are
a flexible experimental platform to engineer synthetic quantum many-
body systems. In my talk, I will present recent work where we have
exploited the interplay of spin-orbit coupling and tunable interactions
in potassium BECs to observe and characterize the supersolid stripe
phase. By optically coupling two internal states of potassium-41 using
a two-photon Raman transition, we engineer a single particle disper-
sion relation with characteristic double-well structure. When the in-
trawell interactions dominate over the interwell ones, both minima are
occupied and their populations interfere, leading to a system with a
modulated (striped) density profile. The BEC then behaves as a super-
solid: a phase that spontaneously breaks both gauge and translation
symmetry, and which combines the frictionless flow of a superfluid and
the crystalline structure of a solid. Using a matter-wave lensing tech-
nique, we magnify the density profile of the cloud and measure in situ
the contrast and spacing of the stripes. Furthermore, we characterize
the collective modes of the system and their dependence on interactions
and coupling strength.

Q1.2 Mon 11:30 HS 1010
Determination of the dissipative response of a circularly
driven atomic erbium quantum Hall system — eFrANZ
RicHARD HUYBRECHTS, ARIF WARSI LAskAR, and MARTIN WEITZ
— Institut fiir Angewandte Physik der Universitdt Bonn

Cold atomic gases are attractive systems for the study of topologi-
cal states and phases. Here we report on experimental work studying
the dissipative response of a synthetic atomic erbium quantum Hall
system to two different handed modes of circular shaking. In gen-
eral, the dissipative response of a topological system, expressed by its
circular dichroism, is linked to the transport properties by a Kramers-
Kronig relation. In our experiment, for a cold cloud of erbium atoms
a quantum Hall geometry is realised in a two-dimensional state space,
consisting of one spatial and one synthetic dimension, with the latter
being encoded in the Zeeman quantum number of erbium atoms in the
ground state. Our measurements give evidence for a difference in the
excitation rates between left and right handed driving. The current
status of this ongoing experiment will be reported.

Q 1.3 Mon 11:45 HS 1010
Drude weight and the many-body quantum metric in one-
dimensional Bose systems — oCGRaziA SALERNO', ToMoKI
Ozawa2, and PArvi TorMmil:2 — 1Department of Applied Physics,
Aalto University School of Science, FI-00076 Aalto, Finland —
2Advanced Institute for Materials Research (WPI-AIMR), Tohoku

University, Sendai 980-8577, Japan

We study the effect of quantum geometry on the many-body ground
state of one-dimensional interacting bosonic systems. We find that the
Drude weight is given by the sum of the kinetic energy and a term
proportional to the many-body quantum metric of the ground state.
Notably, the many-body quantum metric determines the upper bound
of the Drude weight. We validate our results on the Creutz ladder, a
flat-band model, using exact diagonalization at half and unit densities.
Our work sheds light on the importance of the many-body quantum
geometry in one-dimensional interacting bosonic systems.

Q1.4 Mon 12:00 HS 1010
Shapiro steps in driven atomic Josephson junctions — eVijay
Singu!, Juan Poro!, Lubwic Maruey?, and Luici Amicol —
1Quantum Research Centre, Technology Innovation Institute, Abu
Dhabi, UAE — 2Zentrum fiir Optische Quantentechnologien and In-
stitut fiir Quantenphysik, Universitdt Hamburg, 22761 Hamburg, Ger-

many
We study driven atomic Josephson junctions realized by coupling two
two-dimensional atomic clouds with a tunneling barrier. By moving
the barrier at a constant velocity, dc and ac Josephson regimes are

and BEC | (joint session A/Q)

Location: HS 1010

characterized by a zero and nonzero atomic density difference across
the junction, respectively. Here, we monitor the dynamics resulting
in the system when, in addition to the above constant velocity proto-
col, the position of the barrier is periodically driven. We demonstrate
that the time-averaged particle imbalance features a step-like behavior
that is the analog of Shapiro steps observed in driven superconducting
Josephson junctions. The underlying dynamics reveals an intriguing
interplay of the vortex and phonon excitations, where Shapiro steps
are induced via suppression of vortex growth. We study the system
with a classical-field dynamics method, and benchmark our findings
with a driven circuit dynamics.

Q 1.5 Mon 12:15 HS 1010
Collisional dynamics between an ion and a Rydberg S-state —
eMoRrITz BERNGRUBER!, DANIEL Bosworra?2, OscaAR ANDREY HER-
RERA SANCHO!, VIRAATT ANASURI', JENNIFER KRAUTER!, NicoLas
ZuBER!, FREDERIC HUMMEL?, FLORIAN MEINERT!, ROBERT LoOw?!,
PETER ScHMELCHER?, and TiLmaN Praul — 15. Physikalisches In-
stitut and Center for Integrated Quantum Science and Technology,
Universitat Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany
— 2The Hamburg Centre for Ultrafast Imaging, Universitit Hamburg,
Luruper Chaussee 149, 22761 Hamburg, Germany

We report on the onset dynamics of a collision between an ion and
a Rydberg atom in a highly excited S-state. Due to a large num-
ber of avoided crossings in the pair state potential, the dynamics can
be quite complex but also provides a lot of possibility to manipulate
and control the collision rates by changing the adiabaticity of the sys-
tem. In our setup we can create Rb* ions and highly excited Rydberg
sates independently. Owed to a very precise control of electric stray
fields, we can conduct our measurements without the need of an addi-
tional ion trap, preventing micromotion in our experiments. By using
a high-resolution ion microscope, we can directly observe the ions and
Rydberg atoms in a cold thermal cloud in real space with a resolution
of 200nm. This allows us not only to directly map out the C4 pair
interaction potential but also to directly observe the onset of the col-
lisional dynamics. Finally, the experimental results are compared to a
multi-channel model based on a Landau-Zener approach, which agrees
very well with the experimental results.

Q 1.6 Mon 12:30 HS 1010
Systematic analysis of relative phase extraction in 1D Bose
gases interferometry — eTAuriQ MurTADHO!, MAREK GLUZA!,
NeLLy Na!, AriFa KHATEE ZaTuLl2, SEBASTIAN ERNES, and JORG
ScuMIEDMAYER? — !Nanyang Technological University, Singapore —
2University of Wisconsin-Madison, Madison, USA — 3Technische Uni-
versitdt Wien, Vienna, Austria

Matter-wave interference upon free expansion enables spatially re-
solved relative phase measurements of two adjacent 1D Bose gases.
However, longitudinal dynamics is typically ignored in the analysis of
experimental data. We provide an analytical formula showing a correc-
tion to the readout of the relative phase due to longitudinal expansion
and mixing with the symmetric phase. Furthermore, we assess the
error propagation to the estimation of temperature and correlation of
the gases with numerical simulation. Our analysis also incorporates ex-
perimental systematic errors such as diffraction, recoil, and shot noise
from the imaging devices. This work characterizes the reliability and
robustness of interferometric measurements, directing us to the im-
provement of existing phase extraction methods necessary to observe
new physical phenomena in cold-atomic quantum simulators.

Q 1.7 Mon 12:45 HS 1010
Quantum phases of hardcore bosons with repulsive dipo-
lar density-density interactions on two-dimensional lattices
— eJaN ALexanpER Kozior!, Grovanna Morigr?, and Kar
PuiLLip ScuMipT! — !Department of Physics, Staudtstrafie 7,
Friedrich-Alexander-Universitit Erlangen-Niirnberg (FAU), Germany
— 2Theoretical Physics, Saarland University, Campus E2.6, D-66123
Saarbriicken, Germany

We analyse the ground-state quantum phase diagram of hardcore
Bosons interacting with repulsive dipolar potentials. The bosons dy-
namics is described by the extended-Bose-Hubbard Hamiltonian on a
two-dimensional lattice The ground state results from the interplay



Freiburg 2024 — Q

Monday

between the lattice geometry and the long-range interactions, which
we account for by means of a classical spin mean-field approach. This
extended classical spin mean-field theory accounts for the long-range
density-density interaction without truncation. The mean-field analy-
sis is limited by the size of the considered unit cells. We consider three
different lattice geometries: square, honeycomb, and triangular. In the
limit of zero hopping the ground state is always a devil’s staircase of

Q 2:

Time: Monday 11:00-13:00

Q2.1 Mon 11:00 HS 1015
Quantum optics without quantum paradoxes — eFALKk RUHL
— Auf der Alm 14, 52159 Roetgen, Germany

A transition from the directed one./.one interaction model, mediated
by quanta, to a symmetrical any./.any interaction model, mediated by
EM-waves propagating in R3, allows a paradox-free explanation of all
effects observed in quantum optical experiments.

In a detection model based on an any./.any interpretation, the total
energies of weakly bound electrons in a detector are driven to a con-
tinuous random walk, by the local superposition of the EM-fields of all
sources of radiation. In the rare instance, where a random walk ap-
proaches the binding energy, even extremely weak superadded pulses of
EM-radiation, e.g. received from distant sources under investigation,
can trigger an event-like release of an electron, that carries the binding
energy. Suitably scaled, the count rate r(a), as a function of the power
a > 0, absorbed from the source illumination, has the asymptotic lin-
ear branches r(a) > max{0,a+d— 1}, that are connected by a smooth
transition in the "tunnel regime" around d+ a = 1. The absorption of
amplitude-/phase-modulated radiation is resonantly enhanced only, if
the radiation drives closed cycles in the rotating frames of the detect-
ing oscillators, which makes only a small subset of the continuously
evolving and radiating "beable" states of sources also "observable".

The "late quantization", the result of a resonant radiation./.target
interaction, eliminates "quantum jumps", and all quantum transport
paradoxes, that have their roots in the futile attempt to base the in-
terpretation on an "early quantization" of the sources.

Q 2.2 Mon 11:15 HS 1015
Correlations of the Quantum Vacuum in a Nontrivial Ana-
logue Spacetime — eCRISTOFERO OGLIALORO!, FRIEDER LINDELZ,
FaBIAN SPALLEK!, and STEFAN Yosur BunMaNN! — !University of

Kassel, Germany — 2University of Freiburg, Germany

A fascinating aspect of quantum mechanics is that it predicts non-
vanishing fluctuations in the electromagnetic ground state. Despite
many macroscopic effects being attributed to this fluctuating vacuum
field, it has only recently become possible to measure these fluctua-
tions directly via electro-optic sampling. This allowed to access the
two-point correlation function of the vacuum field at distinct space-
time regions and to study its spacetime structure [1]. The formalism
of macroscopic quantum electrodynamics serves to describe field prop-
agation within nonlinear dispersive media theoretically and predicts
the traces of the quantum vacuum in the electro-optic sampling signal
and its spacetime structure [2]. In this framework, we discuss how
additional external fields alter the spacetime structure of the sampled
vacuum fluctuations by interpreting the effects of the external field as
a nontrivial analogue spacetime.

[1] F. F. Settembrini, et al., Nat. Commun. 13, 3383 (2022).

[2] F. Lindel, et al., Phys. Rev. A 102, 041701(R) (2020).

Q 2.3 Mon 11:30 HS 1015
Quantum radiation in a dielectric with time-dependent dis-
sipation — eSascua Lanc!2:3 STEraN Yosur Bunmann!, RALF
ScutTzZHOLD243 and WiLLiam G. UNRUH®? — 1University of Kas-
sel, Germany — 2Helmholtz-Zentrum Dresden-Rossendorf, Germany
— 3Universitat Duisburg-Essen, Germany — 4Technische Universitat
Dresden, Germany — ®University of British Columbia, Canada

Rapidly changing system parameters in tuneable dielectrics can trigger
the spontaneous conversion of quantum vacuum fluctuations into real
photons [1]. A famous example is the production of photon pairs in the
presence of strongly non-adiabatic refractive index modulations n(t).
Unlike in relativistic quantum field theory, the evolution of quantum
vacuum fluctuations in dielectrics is affected by dispersion and dissipa-

solid (gapped) phases. Such crystalline phases with broken transla-
tional symmetry are robust with respect to finite hopping amplitudes.
At intermediate hopping amplitudes, these gapped phases melt, giving
rise to various lattice supersolid phases, which can have exotic fea-
tures with multiple sublattice densities. Our results are of immediate
relevance for experimental realisations of self-organised crystalline or-
dering patterns, e.g., with ultracold dipolar atoms in an optical lattice.

QED

Location: HS 1015

tion. A consistent description of the quantum dynamics in explicitly
time dependent environments requires a microscopic model that can
be quantised canonically.

We present an approach which models the medium via a continuous
set of harmonic oscillators [2] and accounts for dissipation by coupling
those medium oscillators to a scalar environment field [3]. As an ex-
ample of quantum radiation, we consider particle pair creation in a
medium with a non-adiabatically varying dissipation strength.

[1] F. Belgiorno, S. L. Cacciatori & F. Dalla Piazza: Eur. Phys. J.
D 68, 134 (2014)

|2] Hopfield, Phys. Rev. 112, 1555 (1958)

[3] Lang, Schiitzhold & Unruh: Phys. Rev. D 102, 125020 (2020)

Q2.4 Mon 11:45 HS 1015
Numerical evaluation of Casimir-Lifshitz forces in the time
domain — eCARLEs MART{ FARRAs!, PHiLIP KRISTENSENZ:3, BET-
TINA BEVERUNGEN!, FrRaNcEsco INTRavaial, and Kurr Buscul?
— "Humboldt-Universitit zu Berlin, Institut fiir Physik, AG Theo-
retische Optik & Photonik, Newtonstr. 15, 12489 Berlin, Germany —
2DTU Electro, Technical University of Denmark, Lyngby, Denmark
— 3NanoPhoton - Center for Nanophotonics, Technical University of
Denmark, Lyngby, Denmark — 4Max Born Institute, Berlin, Germany

Fluctuation-induced phenomena, stemming from both quantum and
thermal fluctuations, which are inherent in nature, exhibit fascinat-
ing effects that become particularly relevant at short-length scales. A
notable example is the Casimir effect, which describes a usually at-
tractive force between electrically neutral macroscopic objects. Apart
from their fundamental interest, a comprehensive understanding of
such interactions is crucial for the progress of nanostructured device
development. Since analytical calculations are only possible for a few
highly symmetric geometries, this has prompted the development of
methods to numerically evaluate Casimir forces in the context of com-
plex geometries and material models. Here, we present a time-domain
finite-element-based numerical approach leveraging the capabilities of
the discontinuous Galerkin time-domain (DGTD) method. It allows
to accurately assess the electromagnetic response of the system, pro-
viding a robust and efficient framework for systematically evaluating
Casimir forces in a wide range of configurations.

Q 2.5 Mon 12:00 HS 1015
Redfield-pseudomodes theory — eFELiXx RIESTERER, Lucas
WEeITZEL DUTRA SouTO, ANDREAS BUCHLEITNER, and DOMINIK
LeNTRODT — University of Freiburg, Freiburg, Germany

Quantum systems which are strongly coupled to a large environment
or a bath are difficult to tackle theoretically, since common approxi-
mations such as weak-coupling Master equations break down in this
regime. A commonly used concept to circumvent this difficulty is to in-
clude the bath degrees of freedom responsible for the strong coupling
into the system. This idea underlies a whole family of approaches
known as pseudomodes theory, whose most well-known representative
is the open Jaynes-Cummings model in cavity quantum electrodynam-
ics. In general, pseudomodes are an approach to describe the dynamics
of open quantum systems where instead of tracing out the complete
environment, discrete auxiliary modes featuring Lindbladian loss are
retained in the system. We present a generalized pseudomodes concept
which allows for a more general Markovian loss described by a Red-
field equation. We then apply the generalized Redfield-pseudomodes
approach within the framework of cavity quantum electrodynamics. In
particular, we derive a pseudomodes expansion of the spectral density,
which has to be matched with the original continuum theory to guar-
antee the equivalence of the Redfield-pseudomodes representation. We
then compare the fitting capability of the generalized mode expansion
of the spectral density to that of the corresponding expansion of the in
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the Lindblad-pseudomodes representation for different exemplary cav-
ity geometries, demonstrating a significantly improved convergence.

Q 2.6 Mon 12:15 HS 1015
Heat transport using nonreciprocal media — eNico STRAUSS,
OmARr JEsUs Franca SanTiAGco, and STEFAN YOsHI BUHMANN —
Institute of Physics, University of Kassel, 34132 Kassel, Germany

The second law of thermodynamics dictates that heat flows from warm
to cold objects, thereby providing a direction of time [2]|. In the optics
of nonreciprocal media [1], an arrow of time is alternatively provided
by the observation that optical paths cannot be reversed. How are
these two notions compatible at the level of quantum electrodynam-
ics? In order to answer this question, we calculate the nanoscale
heat transfer between the surfaces of two planar nonreciprocal media,
namely topological insulators which exhibit a temperature difference
AT = T; —T2 . We analyse the impact of the nonreciprocal properties
of the two plates on the heat transfer and investigate their interplay
with the second law in the near-field regime.

[1] S. Y. Buhmann et al., New J. Phys. 14, 083034 (2012).
[2] Volokitin, A. I.; Persson, B. N. J. Rev. Mod. Phys. 4, 79 (2007).

Q 2.7 Mon 12:30 HS 1015
Quantum free-electron laser: single- and multiphoton tran-
sitions — ePETER KLING! and Enno Giese? — !Deutsches Zen-
trum fiir Luft- und Raumfahrt e.V. (DLR), Institut fiir Quanten-
technologien, Wilhelm-Runge-Strafe 10, 89081 Ulm, Deutschland —
2Technische Universitit Darmstadt, Fachbereich Physik, Institut fiir
Angewandte Physik, Schlossgartenstr. 7, 64289 Darmstadt, Deutsch-
land

The quantum free-electron laser (“Quantum FEL”) is a proposed x-
ray source. In contrast to existing devices (“classical FEL”), where
an electron in the undulator follows continuous trajectories and emits
many photons, an electron in the Quantum FEL occupies only two
resonant levels on a discrete momentum ladder and emits at most one

photon. We investigate the influence of multiphoton corrections [1]
on the dynamics of the electron and on the photon statistics of the
emitted radiation. Moreover, we (i) try to identify the challenges for
an experimental realization [2] and (ii) study the transition between
classical and quantum regime in the FEL from a fundamental point of
view [3].

[1] P. Kling, E. Giese, Phys. Rev. Research 5, 033057 (2023).

[2] A. Debus et al., Phys. Scr. 94, 074001 (2019).

[3] C. M. Carmesin et al., Phys. Rev. Research 2, 023027 (2020).

Q 2.8 Mon 12:45 HS 1015
Dicke-like superradiance of distant noninteracting atoms
— oMANUEL BoJER and JoAcHIM VON ZANTHIER — Friedrich-
Alexander-Universitat Erlangen-Niirnberg, Quantum Optics and
Quantum Information, Staudtstr. 1, 91058 Erlangen, Germany

Fully excited two-level atoms separated by less than the transition
wavelength cooperatively emit light in a short burst, a phenomenon
called superradiance by R. Dicke in 1954 [Phys. Rev. 93, 99 (1954)].
The burst is characterized by a maximum intensity scaling with the
square of the number of atoms N and a temporal width reduced by N
compared to the single atom spontaneous decay time. Both effects are
usually attributed to a synchronization of the electric dipole moments
of the atoms occurring during the process of light emission. Contrary
to this explanation, it was recently shown by use of a quantum path de-
scription that the peak intensity results from the quantum correlations
among the atoms when occupying symmetric Dicke states. Here we in-
vestigate from this perspective the temporal evolution of the ensemble,
starting in the small sample limit, i.e., when the atoms have mutual
separations much smaller than the transition wavelength A and pass
down the ladder of symmetric Dicke states. In addition, we explore
the temporal evolution for the case of distant noninteracting atoms
with mutual separations much larger than A. We show that in this
case a similar superradiant burst of the emitted radiation is observed
if the quantum correlations of the atoms are generated by conditional
photon measurements retaining the atomic ensemble within or close to
the symmetric subspace.

Q 3: Bosonic Quantum Gases | (joint session Q/A)

Time: Monday 11:00-13:00

Q3.1 Mon 11:00 Aula
Universal Dynamics of Rogue Waves in a Quenched Spinor
Bose Condensate — eIpo SioviTz, STEFAN LANNIG, YANNICK
DELLER, HELMUT STROBEL, MARKUS K. OBERTHALER, and THOMAS
GaseNzER — Kirchhoff-Institut fiir Physik, Universitat Heidelberg

Universal scaling dynamics of isolated many-body systems far from
equilibrium is a phenomenon documented both in theory and exper-
iment, the mechanisms of which are not yet fully understood. We
connect the universal dynamics of a spin-1 gas with rogue-wave like
events in the mutually coupled magnetic components of the gas, which
propagate in an effectively random potential governed by the nonlinear
spin-changing interaction. As a result, real-time instantons appear in
the Larmor phase of the spin-1 system as vortices in space and time.
We investigate the spatial and temporal correlations of these events
to find two mutually related scaling exponents defining the coarsening
evolution of length and time scales, respectively.

Q3.2 Mon 11:15 Aula
Nondegenerate two-photon absorption in gaseous xenon for
Bose-Einstein condensation of vacuum-ultraviolet photons
— oTHILO voM HOVEL, FrRANzZ HUYBRECHTS, ERIC BOLTERSDORF,
FrRANK VEWINGER, and MARTIN WEITZ — Institut fiir Angewandte
Physik, Universitdt Bonn, Wegelerstr. 8, D-53115 Bonn

Motivated by work with cold atomic ensembles, Bose-Einstein conden-
sation has in recent years also been realized for two-dimensional gases
of visible-spectral-range photons. For this, e.g., a dye solution-filled
optical microcavity is utilized to thermalize a photon gas via repeated
cycles of absorption and emission by dye molecules. In previous work,
we proposed to employ a similar platform for the construction of a co-
herent light source in the VUV (100 - 200 nm wavelength), a spectral
range in which it is difficult to operate lasers.

For Bose-Einstein condensation of VUV photons, a thermalization
mediator other than the dye system needs to be identified, as the lat-

Location: Aula

ter is unsuitable in light of the high photon energies. One candidate is
the quasimolecular xenon system, with absorption on the 5p% — 5p%6s
transition at 147 nm and emission on the Stokes-shifted second excimer
continuum around 172 nm wavelength. In pure xenon at currently in-
vestigated pressures, however, the pronounced spectral gap between
absorption and emission impedes efficient contact between photon gas
and thermalization mediator. We here report on spectroscopic results
of an experimental scheme devised to enhance the (re-)absorption of
photons emitted around 172 nm, based on a nondegenerate two-photon
process induced by the provision of an auxiliary photon field.

Q 3.3 Mon 11:30 Aula

Projection Optimization Method for Open-Dissipative Quan-
tum Fluids and its Application to a Single Vortex in a Pho-

ton Bose-Einstein Condensate — eJosnua Krauss!, MaRrcos
ALBERTO GONGALVES DOS SaNTOs FiLuo!:2, FrRaNncisco EDNILSON
ALves pos SanTos?, and AXEL PELSTER! — !Physics Department

and Research Center OPTIMAS, RPTU Kaiserslautern-Landau, Ger-
many — 2Departamento de Fisica, Universidade Federal de Sao Carlos,
Brazil

Open dissipative systems of quantum fluids have been well studied
numerically. In view of a complementary analytical description we ex-
tend here the variational optimization method for Bose-Einstein con-
densates of closed systems to open-dissipative condensates. The re-
sulting projection optimization method is applied to a complex Gross-
Pitaevski equation, which models phenomenologically a photon Bose-
Einstein condensate. Together with known methods from hydrody-
namics we obtain an approximate vortex solution, which depends on
the respective open system parameters and has the same properties as
obtained numerically in the literature.

[1] J. Krauf, M.A.G. dos Santos Filho, F.E.A. dos Santos, and A.
Pelster, arXiv:2311.10027

Q 3.4 Mon 11:45 Aula
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Out-of-equilibrium dynamics and phases of an atomic BEC
coupled to an optical cavity — eGace Harmon!, Giovanna
Morict!, and SiMoN JAcER2 — !Saarland University — 2University
of Kaiserslautern-Landau

We study the pattern formation of a laser-driven atomic Bose-Einstein
condensate coupled to a single lossy mode of an optical cavity. In
our work, we focus on the regime where the effective cavity detun-
ing depends strongly on the dispersive AC Stark shift, and where the
cavity relaxation rate is fast compared to the typical atomic relax-
ation rate. This results in a feedback between the atomic pattern and
cavity field that allows for a parameter regime where the cavity field
is unable to stabilize the atomic configuration. Instead, the system
enters a dynamical phase where the atomic pattern and cavity field
exhibit oscillations. We analyze this behavior using a mean-field ap-
proach that describes the coupled dynamics of the atoms and cavity
field. In addition, working in the bad-cavity regime allows us to derive
equations of motion where the cavity degrees of freedom are elimi-
nated, massively improving the integration time. We benchmark and
validate these equations of motion and showcase that the existence of
limit cycle phases does not require a treatment of the cavity field and
atoms to be on equal timescales. Remarkably, we demonstrate that
the presence of non-conservative forces which require both, dissipation
and a prominent AC Stark shift, are the key mechanisms that results
in limit cycle and chaotic phases.

Q 3.5 Mon 12:00 Aula
Bose-Einstein condensation of photons in a vertical-cavity
surface-emitting laser — Macies Pieczarkal, MARCIN GEBSKIZ,
ALEKSANDRA N. Piaseckal, JamMEs A. LoTT3, eAXEL PELSTER?,
Micuar Wasiak?, and Tomasz CzyszaNowski? — IDepartment of
Experimental Physics, Wroctaw University of Science and Technol-
ogy, Poland — Z2Institute of Physics, Lodz University of Technology,
Poland — 3Institute of Solid State Physics and Center of Nanophoton-
ics, Technical University Berlin, Germany — *Physics Department and
Research Center OPTIMAS, RPTU Kaiserslautern-Landau, Germany

Here we show the Bose-Einstein condensation of photons in a broad-
area vertical-cavity surface-emitting laser with positive cavity mode-
gain peak energy detuning. We observed a Bose-Einstein condensate in
the fundamental transversal optical mode at the critical phase-space
density. The experimental results follow the equation of state for a
two-dimensional gas of bosons in thermal equilibrium, although the ex-
tracted spectral temperatures were lower than those of the device. This
is interpreted as originating from the driven-dissipative nature of the
device and the stimulated cooling effect. In contrast, non-equilibrium
lasing action is observed in the higher-order modes in a negatively de-
tuned device. Our work opens the way for the potential exploration
of superfluid physics of interacting photons mediated by semiconduc-
tor optical non-linearities. It also shows great promise for enabling
single-mode high-power emission from a large aperture device.

[1] M. Pieczarka, M. Gebski, A.N. Piasecka, J.A. Lott, A. Pelster,
M. Wasiak, and T. Czyszanowski, arXiv:2307.00081

Q 3.6 Mon 12:15 Aula

Ramsauer Townsend effect and Bragg scattering in an

analogue cosmology experiment — eMAaRIUs SPArRN!, ELINOR

Karu!, Nikoras LiessTErR!, CurisTiIAN F. ScumipT?, ALvARO

ParRRA-LOPEZ3, MiIREIA Torosa-SiMESN?, HeELMUT STROBEL!,
STEFAN FLOERCHINGER?, and MaRrRkus K. OBERTHALER! —
IKirchhoff-Institut fiir Physik, Universitéit Heidelberg — 2Theoretisch-
Physikalisches Institut, Friedrich-Schiller-Universitdt Jena —
3Departamento de Fisica Teérica and IPARCOS, Universidad Com-
plutense de Madrid — “Institut fiir Theoretische Physik III, Ruhr-

Universitat Bochum

Cosmological particle production arises when a quantum field is sub-
ject to an expanding metric. This phenomenon heavily depends on
the details of the cosmological history. Strikingly, this relativistic,
time-dependent process can be mapped to a scattering problem, de-
scribed by a non-relativistic stationary Schroedinger-equation, wherein
the scattering potential is determined by the specific form of the ex-
pansion. Here we present results from an analogue cosmology exper-
iment with a two-dimensional Bose-Einstein condensate, simulating a
scalar quantum field in a FLRW-spacetime [1]. We use the scattering
framework to investigate instructive examples, such as a box potential,
corresponding to a singular expanding space-time as well as a periodic
potential, corresponding to a periodic expansion and contraction. The
measured spectra of produced particles reveal features analogue to res-
onant forward (Ramsauer-Townsend) scattering and Bragg scattering,
respectively. [1] Viermann, C. et al. Nature 611, 260-264 (2022)

Q 3.7 Mon 12:30 Aula
Dynamics of polaron formation in weakly interacting 1D Bose
gases — oMARTIN WILL and MICHAEL FLEISCHHAUER — University
of Kaiserslautern-Landau

We discuss the dynamics of the formation of a Bose polaron when an
impurity is injected into a weakly interacting one-dimensional Bose
condensate. While for small impurity-boson couplings, this process
can be described within the Froehlich model as emission, and bind-
ing of Bogoliubov phonons, this is no longer adequate if the coupling
becomes strong. To treat this regime, we consider a mean-field ap-
proach beyond the Froehlich model which accounts for the backaction
to the condensate, complemented with Truncated Wigner simulations
to include quantum fluctuation. For the stationary polaron we find
a periodic energy-momentum relation and non-monotonous relation
between impurity velocity and polaron momentum including regions
of negative impurity velocity. Consequently, the impurity undergoes
Bloch oscillations when subject to a constant force. Studying the po-
laron formation after turning on the impurity-boson coupling (i) quasi-
adiabatically and (ii) in a sudden quench, we find a rich scenario of
dynamical regimes. Due to the build-up of an effective mass, the im-
purity is slowed down even if its initial velocity is below the Landau
critical value. For larger initial velocities we find deceleration and even
backscattering caused by emission of density waves or grey solitons and
subsequent formation of stationary polaron states.

Q 3.8 Mon 12:45 Aula
Solitons on the surface of a sphere — ®ALEXANDER WoLF!'2,
Viapimir KonoTopr?, and Maxivm EFrEMov? — !Institute of Quan-
tum Physics and Center for Integrated Quantum Science and Tech-
nology (IQST), Ulm University, D-89081 Ulm, Germany — 2German
Aerospace Center (DLR), Institute of Quantum Technologies, D-89081
Ulm, Germany — 3Departamento de Fisica and Centro de Fisica
Teorica e Computacional, Faculdade de Ciéncias, Universidade de Lis-
boa, Campo Grande, Ed. C8, Lisboa 1749-016, Portugal

The recent realization of ultracold quantum gases in a shell geometry
[1] paves the way towards a Bose-Einstein condensate (BEC) that
is trapped tightly onto the surface of a sphere. We investigate the
existence and stability of solitons that appear in this system using the
two-dimensional (2D) Gross-Pitaevskii equations (GPE). Comparing
our results to the 2D plane, we find that the scale invariance of the
GPE is broken due to the curvature and compactness of the shell
geometry. Consequently, the familiar Townes solitons [2] appear only
when the BEC is strongly localized in a small region of the sphere
surface.

[1] R. A. Carollo et al., Nature (London) 606, 281 (2022).
[2] B. Bakkali-Hassani et al., Phys. Rev. Lett. 127, 023603 (2021).

Q 4: Hybrid Quantum Systems

Time: Monday 11:00-13:00

Q4.1 Mon 11:00 HS 1199
Cavity optomechanics with polymer-based multi-membrane
structures — eLukas TENBRAKE!, SEBASTIAN HOFFERBERTH!,
STEFAN LINDENZ, and HanNNEs Prerrer® — lInstitute of Applied
Physics, University of Bonn, Germany — 2Institute of Physics, Uni-
versity of Bonn, Germany — 3Department of Microtechnology and
Nanoscience, Chalmers University of Technology, Gothenburg, Swe-

Location: HS 1199

den

Despite their application in multiple fields, ranging from quantum sens-
ing to fundamental tests of quantum mechanics, conventional state-of-
the-art cavity optomechanical experiments have been limited in their
scaling towards systems with multiple resonators. 3D direct laser writ-
ing offers a new approach of fabricating multi-membrane structures
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that can be directly integrated into fiber Fabry-Perot cavities. Here, we
experimentally demonstrate direct laser-written stacks of two or more
coupled membranes — with normal-mode splittings of up to a MHz —
interfaced by fiber cavities. We present finite element simulations for
the optimization of the mechanical coupling and investigate the collec-
tive optomechanical coupling of multi-membrane stacks (with single-
membrane vacuum optomechanial coupling strengths of 2> 30 kHz). We
present our first experimental results and give an outlook on the scal-
ability of the system to an even larger number of coupled mechanical
oscillators. Aside from tests of fundamental properties of multimode
optomechanical systems, applications for sensing or routing of vibra-
tion in acoustic metamaterials and circuits are envisaged.

Q4.2 Mon 11:15 HS 1199

Theory of phase-adaptive parametric cooling — ePARDEEP

Kumar!, Arexnva Guosa2, CHrisTiAN SoMmMER®, FipeL C.
7 ) M

JiMeNEz?, ViviseeEk SupHIR®® and Craupiu Genes'?2 — Max

Planck Institute for the Science of Light, Staudtstrafe 2, D-91058
Erlangen, Germany — 2Department of Physics, Friedrich-Alexander-
Universitdt Erlangen-Niirnberg, Staudtstrafse 7, D-91058 Erlangen,
Germany — 3AQT, Technikerstrake 17, 6020, Austria — 4Pontificia
Universidad Catoélica del Pera, Av. Universitaria 1801, San Miguel
15088, Peru — ®LIGO Laboratory, Massachusetts Institute of Tech-
nology, Cambridge, Massachusetts 02139, USA — SDepartment of
Mechanical Engineering, Massachusetts Institute of Technology, Cam-
bridge, Massachusetts 02139, USA

An adaptive phase technique has been proposed for the parametric
cooling of the mechanical oscillators. The method calls for a sequence
of periodic adjustments of the phase of a parametric modulation of the
mechanical oscillator that is conditioned on measurements of its two
quadratures. This technique indicates a pure exponential loss of the
thermal energy at initial high occupancies. As the quantum ground
state is approached, the phase adaptive scheme leads to residual oc-
cupancies at the level of a few phonons owing to the competition be-
tween parametric amplification of the quantum fluctuations and the
feedback action. In contrast to available parametric feedback cooling
techniques, the proposed phase-adaptive technique remains immune
from the extraneous heating arising from direct modulation of the ra-
diation pressure force.

Q4.3 Mon 11:30 HS 1199
Interfacing Rydberg atoms with an electromechanical oscil-
lator at 4K — eCEDRIC WIND, JOHANNA PopPP, LEON SADOWSKI,
JuriA GAMPER, VALERIE MAUTH, WoLFGANG ALT, HANNES BUSCHE,
and SEBASTIAN HOFFERBERTH — Institute of Applied Physics, Uni-
versity of Bonn, Germany

We currently construct a novel setup to interface optically controlled
Rydberg atoms with an on-chip electromechanical oscillator at 4K.
This talk discusses the prospects of implementing this hybrid quantum
system and presents our progress on the construction of the cryogenic
setup. As a first experiment, we will explore the cooling of a GHz me-
chanical mode to its quantum mechanical ground state by extracting
phonons via a dissipative extraction of microwave photons via Rydberg
atoms.

Our system combines a closed-cycle cryostat with vibration isolation
with a classical room-temperature setup from which ultra-cold atoms
are magnetically transported into the cryo-region. Besides providing
the suppression of thermal noise required to study electromechanical
oscillators near their ground state, the enhanced vacuum condition due
to cryo-pumping eliminates the need to bake the vacuum system and
enables fast exchange and cooling of samples in the experiment region.
We will discuss how the setup, the on-chip superconducting magnetic
trap and the electromechanical oscillator design have been optimized
for the planned experiment.

Q4.4 Mon 11:45 HS 1199
Waveguide QED with Rydberg superatoms — eLukas
AHLHEIT, DANIIL SVIRSKIY, JAN DE HaaN, CHrisTorH BIEsSEk, NINA
STIESDAL, WOLFGANG ALT, and SEBASTIAN HOFFERBERTH — Insti-
tute of Applied Physics, University of Bonn, Germany

The field of Waveguide QED investigates how light in a single mode
propagates through a system of localized quantum emitters. If the cou-
pling between individual photons and emitters is sufficiently strong, the
photons mediate an effective interaction between the emitters, creating
a many-body system.

We use Rydberg superatoms as quantum emitters. These are en-
sembles of N ~ 10 000 atoms confined to within the Rydberg blockade

volume, such that each ensemble only supports a single excitation.
Every collective emitter has highly directional emission, and couples
strongly to even few-photon fields. The directed emission into the
mode of the driving field realizes a waveguide-like system in free-space
without any actual light-guiding elements.

This talk will discuss how we scale our system from one to few
strongly coupled superatoms with low dephasing. We use a magic
wavelength optical lattice to trap atoms in both the ground- and the
Rydberg state. This reduces atomic motion and limits dephasing of the
collective excitation. With extended coherence times, we will be able
to show how the propagation of quantized light fields through a small
emitter chain results in photon-photon correlations and entanglement
between the emitters.

Q4.5 Mon 12:00 HS 1199
Quantum repeater node with free-space coupled photons
from trapped *°Cat ions — eMax BERGERHOFF, OMAR ELSHEHY,
STEPHAN KUcERA, MaTTHIAS KREIS, and JURGEN EscHNER — Uni-
versitiat des Saarlandes, Experimentalphysik, 66123 Saarbriicken

The quantum repeater cell according to [1] is a fundamental build-
ing block for the realisation of large distance quantum networks. By
dividing a transmission link in asynchronously driven segments it is
possible to overcome the loss scaling of direct transmission. The ad-
vantage of this protocol has already been demonstrated with single
atoms [2]| in a cavity and single ions in a large cavity [3]. We re-
port on the implementation of a quantum repeater cell with free-space
coupled photons from two 4°Cat ions in the same Paul trap as mem-
ories. Atom-photon entanglement is generated asynchronously [4] by
controlled emission of single photons from the individually addressed
ions, and separate single-mode fiber coupling. Photon-photon entan-
glement is then generated by a Mglmer-Sgrensen gate [5] on the ions.
We discuss the probability and rate scaling due to the asynchronous
sequence, as well as the fidelity of the final photon-photon state. In
this context the perspective of a new ion trap setup with integrated
sub-mm cavity is discussed and its implementation status is presented.
[1] D. Luong et al., Appl. Phys. B 122, 96 (2016)

[2] S. Langenfeld et al., Phys. Rev. Lett. 126, 30506 (2021)

[3] V. Krutyanskiy et al., Phys. Rev. Lett. 130, 213601 (2023)

[4] M. Bock et al., Nat. Commun. 9, 1998 (2018)

[5] K. Mglmer and A. Sgrensen, Phys. Rev. Lett 82, 1835-8 (1999)

Q4.6 Mon 12:15 HS 1199

optical microcavity with coupled single SiV and GeV cen-
ters in a nanodiamond for a quantum repeater platform

— @SELENE SAcCHERO', ROBERT BERGHAUsS!, GREGOR BAYER!,

FrLoriaN FrucuMaYR!, ANDREA B Finipovski!, PaTrick MAaIgr!,
Lukas ANToNIUK!, NikLas LETTNER!, Marco KroTz!, RICHARD
WartricH!, ViaTcHEsLAv AcaFoNov?, and ALEXANDER KUBANEK!
— nstitute for Quantum Optics, Ulm University, Germany — 2Tours

University, France

Quantum repeater are essential building block to create a large scale
quantum communication network. An ideal quantum repeater nodes
efficiently link a quantum memory with photons serving as flying
qubits. By coupling group defect centers to an open Fabry-Perot cav-
ity, such an interface can be created.

As such a platform, we propose a fully tunable cavity, composed
by two Bragg mirrors, which allows short cavity lengths, and provides
efficient coupling of quantum emitters at 4 K.

Here, we show the good optical properties of a single germanium
vacancy (GeV-) and its transfer to a Fabry-Perot cavity. The coupling
of the GeV- into the resonator is achieved maintaining a high finesse.

Moreover, we couple an individual SiV- into our resonator. We per-
form resonant photoluminescence measurements, and observe a spec-
trally stable emitter with a linewidth close to the Fourier limit. We
demonstrate coherent optical driving and all-optical initialization and
readout of the electron spin in a high external magnetic field.

Q 4.7 Mon 12:30 HS 1199
Hybrid Quantum Photonics With One Dimensional Pho-
tonic Crystal Cavities and Silicon Vacancy Centers In Nan-

odiamonds — eLukas AnNToNIUK!, NikLas LeETTNERDZ, ANNA

P. Ovvyan35, DANIEL WENDLAND3, VIATCHESLAV N. AGAFONOV?,

WoLrraM H.P. PEerNIcE®®, and ALEXANDER KUBANEK! —
Hnstitute for Quantum Optics, Ulm University, Germany — 2Center
for Integrated Quantum Science and Technology (IQst), Ulm Univer-
sity, Germany — 2Institute of Physics and Center for Nanotechnology,

University of Miinster, Germany — *Universite F. Rabelais, 37200
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Tours, France — 5Heidelberg University, Im Neuenheimer Feld 227,
69120 Heidelberg, Germany

Efficient connection of stationary- and flying qubits posts a formidable
challenge, yet is one of the demands for the development of appli-
cations like quantum networks, distributed quantum computing and
quantum communication. Cavity quantum electrodynamics provides
enhanced light-matter interaction, hence serving as an attractive tool
for spin-photon interfaces. Here, we present our progress of a hybrid
quantum photonic interface which interconnects chip-integrated one-
dimensional photonic crystal cavities in silicon nitride with negatively
charged silicon vacancy centers (SiV) in nanodiamonds. We elaborate
on the unique possibilities of dipole alignment by nanomanipulation [1]
and show our results on Purcell broadened optical access to the SiV
centers electron spin [2].

[1|Lettner et al., arXiv:2310.17198

[2]Antoniuk et al., arXiv:2308.15544

Q 4.8 Mon 12:45 HS 1199
Towards coherent single praseodymium ion quantum
memories in optical fiber microcavities — eSOREN BIELING!,
Nicuoras JossirT!, Roman KoLesov?, and Davib Huncer! —

Karlsruher Institut fiir Technologie, 76131 Karlsruhe, Germany —

2Universitit Stuttgart, 70569 Stuttgart, Germany

Rare earth ions doped into solids show exceptional quantum coherence
in their ground-state hyperfine levels. These spin states can be effi-
ciently addressed and controlled via optical transitions and are thus
ideally suited to serve as quantum memories and nodes of quantum
networks. However, while long storage times, high storage efficiencies
and storage on the single photon level have all been demonstrated
separately, they could not yet be achieved simultaneously.

We aim to demonstrate both long and efficient single quantum stor-
age in the ground-state hyperfine levels of single Pr3t ions doped into
yttrium orthosilicate (YSO) by integrating them as membrane into
optical high-finesse fiber-based Fabry-Pérot microcavities. This allows
for efficient addressing and detection of individual ions. We report
on the design, commissioning and characterization of a next-gen cryo-
genic scanning microcavity with an integrated, few-pm thick Pr:YSO
membrane. First cryogenic, cavity enhanced photoluminescence exci-
tation measurements of a doped Pr:YSO membrane will be reported.
Together with the Purcell enhanced emission and ultrapure Pr:YSO
membranes this strives to realize efficient and coherent spin-photon
interfaces suitable for deployment in scalable quantum networks.

Q 5: Magnetometry

Time: Monday 11:00-13:00

Invited Talk Q5.1 Mon 11:00 HS 1221
Tailoring design of quantum sensor to biomedical applications
— eVicTorR LEBEDEV, SIMON NORDENSTROEM, STEFAN HARTWIG,
and THomAs MIDDELMANN — PTB 8.2, Abbestr. 2-12, D-10587
Berlin, Germany

Atomic magnetometers are among the most established types of quan-
tum sensors and can be flexibly engineered to match the signal prop-
erties specific to the given application. Biomagnetic studies call for
extraordinarily broad parameter ranges — bandwidth, sensitivity and
isotropy, to name a few — to be secured in view of burst-like, arbitrar-
ily oriented biological magnetic fields [1]. This implies distinct design
decisions for the sensor in the sense of geometry, atomic medium and
operation mode, accounting also for the constraints of the clinical lab-
oratory environment and practicality. Here we illustrate the approach
by several application cases, and, in particular, with atomic magne-
tometers for magnetomyography [2], which is characterized by field
patterns being beyond the reach of the conventional sensors used in
industry and studied in labs. We discuss broader applications of the
implemented magnetometer design and further improvements of the
measurement technique.

[1] Lebedev et al, in Flexible high performance magnetic field sen-
sors, Springer, 2023.

[2] Marquetand et al, Int. J. Bioelectromagn. 23, 2, 11 (2021).

Q5.2 Mon 11:30 HS 1221
A Compact Optically Pumped Magnetometer for Biomag-
netism in Space — eSascHA NEINERT!'2, KIRTI VARDHANZ,
JenicH1 FELizcol, Marc Curisth?2, Kar GEHRKE!, ANDREAS
Taies!, OLar KRUGERY, MARTIN JuTisz!2, MusTAFA GUNDOGANDZ,
Victor LEBEDEV3, STEFAN HARTWIGS3, SIMON NORDENSTROMS,
THOMAS MIDDELMANN?, and Markus Krurzik!?2 — lFerdinand-
Braun-Institut gGmbH, Berlin — 2Humboldt-Universitét zu Berlin —

3Physikalisch-Technische Bundesanstalt, Berlin

Effectively monitoring and diagnosing astronauts’ neuromuscular con-
ditions during space missions is crucial for adapting their training. The
MyoQuant project is dedicated to investigating the utility of magneto-
myography with optically pumped magnetometers (OPMs) to surpass
conventional methods in a non-invasive manner.

Leveraging warm alkali atom vapors, laser light, and external mag-
netic fields, OPMs offer a flexible and non-invasive solution. Our pri-
mary objective is to develop a compact Mx-type magnetometer utiliz-
ing cesium vapor, delivering high bandwidth and robustness suitable
for moderately shielded environments in space.

We provide an overview of the current state of development for
our compact OPM and discuss our progress in tailoring the sensor
for biomedical applications. Facilitating additive manufacturing of
ceramics and investigating wafer-based MEMS vapor cell fabrication
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techniques, we aim to develop a micro-integrated sensor package for
extended space-borne missions.

Q5.3 Mon 11:45 HS 1221
Integrated magnetic field camera based on diamond NV cen-
ter infrared absorption ODMR — eJuLiaN M. Borr'2, HAUKE
ConNraDI3, FELIPE PERONAZ, ANIL PaLaci!, JoNaAs WOLLENBERG!,
TuoMmas Frisgen?, ArMIN Liero?, Hrike CHRISTOPHERZ, NoOR-
BERT KEIL?, WoLrcanc KnoLLE?, ANDREA KnNIcGE2, WOLF-
cane HEeinricH?, Moritz KLEINERT3, and TiM SCHRODER!:?
1Department of Physics, Humboldt-Universitét zu Berlin, 12489
Berlin, Germany — 2Ferdinand-Braun-Institut gGmbH, Leibniz-
Institut fiir Hochstfrequenztechnik, 12489 Berlin, Germany —
3Fraunhofer-Institut fiir Nachrichtentechnik, Heinrich-Hertz-Institut,
10587 Berlin, Germany — “Leibniz-Institut fiir Oberflichenmodi-

fizierung e.V., 04318 Leipzig, Germany

3

Magnetic field sensors based on diamond nitrogen vacancy (NV) cen-
ters reveal outstanding sensitivities at room temperature. Such sensors
are attractive for biological applications. Nowadays, multiple sensor
types can be distinguished. While fiber-packaged sensors are small,
hand-held devices, they cannot record magnetic field images. However,
scanning magnetometers and camera-based approaches require bulky
optics or moving parts, which render photonic packaging impossible.

In our work, we combine the advantages of fiber-packaged and
imaging magnetometers. = We propose and demonstrate a chip-
integrated, fiber-packaged multi-pixel magnetic field camera (patents
US11719765B2, EP4099041A1). The camera employs perpendicularly
intersecting infrared and green laser beams to perform spatially re-
solved ODMR in a diamond substrate.

Q5.4 Mon 12:00 HS 1221
Compact Fiberized NV based 3D Magnetic Field Sen-
sor — eJoNAs HoMRIGHAUSEN!, FREDERIK HOFFMANNZ, JENS
PocorzeLski?, PETER GLOSEKOTTERZ, and Markus GREGOR! —
IDepartment of Engineering Physics, University of Applied Sciences,
Miinster — 2Department of Electrical Engineering and Computer Sci-

ence, University of Applied Sciences, Miinster

In the field of quantum magnetometry, ensembles of NV centers in di-
amond offer high sensitivity, high bandwidth and outstanding spatial
resolution while operating at room temperature. Furthermore, the ori-
entation of the defect centers along four crystal axes form an inherent
coordinate system that can be exploited to perform vector magne-
tometry in a single device. For recovering three-dimensional magnetic
field information, an external known magnetic field is critical, typically
provided by a 3D Helmholtz coil. This however leads to a bulky and
lab-bound setup and inhibits any miniaturization of the sensor device.
Here, we present a novel approach that facilitates the generation of
a localized bias field at the fiber tip and consequently omits the use
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of external field generation like Helmholtz coils and rare earth mag-
nets. Leveraging pre-selected orientations of diamond microcrystals,
we demonstrate vector magnetometry with the uniaxial DC magnetic
field. We achieve a sensitivity in the nT/Hzl/2 range, microscale spa-
tial resolution and a sensor cross section of <1mm?2.

Q 5.5 Mon 12:15 HS 1221
Drone-suspended quantum gradiometer for detection of un-
exploded ordnance and geo-prospecting (QGrad) — e GUNNAR
LangrFaHL-KrLABES, DENIS UHLAND, and ILjA GERHARDT — Leibniz
University, Inst. of Solid-State Physics, Appelstr. 2, 30167 Hannover

The QGrad project aims to develop quantum sensors for unshielded
airborne magnetometry. We use alkali vapour atoms and gradiome-
try to subtract signals from multiple magnetometers. This approach
holds significance for uncovering hidden raw materials, pipelines, con-
taminated sites, foundations, and munitions, particularly addressing
the challenge of locating land mines and explosive ordnance from past
wars for safe clearance.

Our collaboration includes academic partner Leibniz Institute of
Photonic Technologies Jena, and industrial partners Asdro GmbH,
Optikron GmbH, Supracon AG, and Toptica Photonics AG exploring
the gradiometer scheme, developing the required readout components,
data processing capabilities and integration for flight use.

In Europe, such quantum magnetometers are commercially unavail-
able, making QGrad a pioneering initiative. We report on the current
status of the project and the gradiometer scheme in particular.

Q 5.6 Mon 12:30 HS 1221
NV-Magnetometry in a two-media laser cavity — eYVEs
RorrsTaEDT!, Lukas Linpner!, FeLix A. Haur!, FLoRIAN
ScuaLL!, TingPENG Luol, Roman BEek?, JaN Jeskel, and MAR-
ciEL RarTunpe! — !Fraunhofer Institute for Applied Solid State
Physics, Freiburg im Breisgau, Germany — 2Twenty-One Semicon-
ductors GmbH, Stuttgart, Germany

Laser Threshold Magnetometry (LTM) is a novel approach to measure
magnetic fields with nitrogen-vacancy (NV) centres in diamonds which
can enable a significant improvement in sensitivity while taking ad-
vantage of the NV magnetometry characteristics of room-temperature

vector magnetometry and the ability to measure on background fields.
Instead of simply collecting the photoluminescence emitted by pump-
ing the NV centres, the idea of LTM is to build a cavity with diamond
as the laser medium using the non-linear optical cavity to effectively
amplify changes in the optical signal. So far it has only been achieved
in an externally seeded amplification cavity due to strong absorption
in the diamond.

We present an approach of building a cavity also including a second
laser medium, in this case an optically pumped semiconductor disc
laser. The additional gain provided by the disc laser yields an inde-
pendent laser cavity for LTM with laser threshold behaviour without
the need to seed the cavity externally.

Q 5.7 Mon 12:45 HS 1221
Physics-informed neural networks for analyzing NV-diamond
wide-field images of magnetic field distributions measured
with a lock-in camera — eMykHalILO Fraks!?, JosepH S.
REBEIRRO', MuHiB OwMaRr!, Davib A. BRroaDpway?, PATRICK
MALETINSKY2, DMITRY BUDKERY'?4, and ARNE WICKENBROCK® —
1Helmholtz Institut Mainz, 55099 Mainz, Germany — 2Department
of Physics, University of Basel, Basel, CH-4056, Switzerland — 3JGU
Mainz, 55128 Mainz, Germany — 4Department of Physics, University

of California, Berkeley, California 94720-7300, USA

We use a novel approach with physics-informed neural networks
(PINNSs) for analyzing magnetic field distributions. We focus on wide-
field images acquired from nitrogen-vacancy center-ensembles in dia-
mond using a lock-in camera. Our method allows to reconstruct source
distributions such as currents or magnetization. The inverse recon-
struction technique can be used for mapping current distributions in
conductors, studying superconductor vortices, and exploring magneti-
zation textures.

We apply these techniques to the images acquired with a microwave-
free NV-based imaging device, that uses the ground state level anti-
crossing (GSLAC) feature. With the addition of lock-in acquisition of
the magnetic field image and the PINN to the inverse problem analy-
sis, we alleviate the effect of the ill-posed nature of the inverse problem
and the presence of noise in data. We address the improved sensitiv-
ity of the underlying source distribution to advance the measurement
method towards a biocompatible sensor for neurons.

Q 6: Solid State Quantum Optics |

Time: Monday 11:00-13:00

Q6.1 Mon 11:00 HS 3118
Spin properties of erbium dopants in nanophotonic silicon
waveguides — oKILIAN SANDHOLZER, STEPHAN RINNER, KiLiAN
BaumanN, ADpRIAN HoLzAPFEL, ANDREAS GRITSCH, and ANDREAS
REISERER — Technical University of Munich, Munich Center for Quan-
tum Science and Technology, and Max Planck Institute for Quantum
Optics, Garching, Germany

The optical transitions of 4f-electrons in implanted erbium ions are
in the telecommunication range making this solid-state system well
suited for quantum networks. The incorporation in silicon allows us
to use industrial nanofabrication to shape the optical properties of the
erbium ions via photonic mode engineering. Our implantation and
annealing recipe provide reproducible site integration with promising
spin properties of the erbium 4f-electrons. The crystal field splits the
lowest spin-degenerate electronic state by 2.6 THz and 2.4 THz in the
ground and excited state manifold, respectively, creating two optically
coupled isolated effective spin-1/2 systems. We measure the strength
and orientation of the effective g-tensors by spectroscopy of a rotating
sample in an external magnetic field. Furthermore, the lifetime of the
ground-state electron spin is measured using spectral hole burning in
dependence of temperature and magnetic field. We find a lower bound
of 1 s for the spin lifetime at temperatures below 4.5 K and observe an
Orbach-type suppression at higher temperatures. These spin proper-
ties are measured on commercially fabricated samples! promising easy
scalability of this quantum spin-photon interface.
[1] S. Rinner et al., Nanophotonics 12, 3455, (2023)

Q6.2 Mon 11:15 HS 3118
Design of a high-speed graphene optical modulator on
Si3N4 platform for on-chip communication — e AsHRAFUL Is-
LAM Rasul, Pawan Kumar DuBey!, RasuoLk Lukose!, CHRISTIAN
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WENGER!"2, ANDREAS Ma1''3, and MiNnpaucas Lukosius! — 1THP-
b b

Leibniz Institut fiir innovative Mikroelektronik, Im Technologiepark
25, 15236 Frankfurt (Oder), Germany — 2BTU Cottbus Senftenberg,
Platz der Deutschen Einheit 1, 03046 Cottbus, Germany — 3Technical
University of Applied Science, Hochschulring 1, 15745 Wildau, Ger-
many

Electro-absorption (EA) optical modulator is essential for the advance-
ment of on-chip optical signal processing. While silicon-photonics is a
prime candidate, graphene photonics has garnered significant attention
due to its remarkable electrical and optical properties. Graphene mod-
ulators typically use silicon-on-insulator (SOI) platforms, but Silicon-
nitride on-silicon-dioxide (Si3N4-on-SiO2) is emerging as a promising
alternative with low optical losses and wide compatibility. Despite po-
tential advantages, achieving both high-speed and large modulation
efficiencies simultaneously in a single graphene-based device has been
challenging. To address this, we designed and simulated a waveguide-
coupled double-layer graphene EA modulator on the Si3N4-on-SiO2
platform. We conducted detailed simulations to optimize waveguide
dimensions, optical modes, and graphene layer spacing for optimum
device performance. Simulation shows a 140 GHz bandwidth, 35 dB
extinction ratio (equivalent to a 0.16 dB/um modulation depth), and
a low 1.1 dB insertion loss at a wavelength of A=1550 nm.

Q6.3 Mon 11:30 HS 3118
An ultra-broadband, integrated mid-infrared photon pair
source — ®ABIRA GNANAVEL, FRANZ ROEDER, RENE PoOLLMANN,
OLca BrecHT, CHRISTOF EIGNER, LAURA PADBERG, BENJAMIN
BrEcHT, and CHRISTINE SILBERHORN — Paderborn University, In-

tegrated Quantum Optics, Institute for Photonic Quantum Systems
(PhoQS), Warburger Strafe 100, 33098 Paderborn, Germany
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Broadband photon-pairs from parametric down-conversion (PDC) are
of interest for spectroscopy at low light levels and applications such
as quantum optical coherence tomography or entangled two-photon
absorption.

Here, we present a type II PDC source realised in a 40 mm long in-
house fabricated, dispersion engineered periodically poled Ti:LiNbO3
waveguide yielding ultra-broadband, non-degenerate photon pairs with
photons in the near-infrared and mid-infrared regime. A broad spec-
trum is achieved by matching both group velocities and group velocity
dispersion of the signal and idler photons centered at 850 nm and
2800 nm, respectively. The spectral bandwidth of the photons ex-
ceeds 23 THz when pumping with a low-cost cw laser diode. A higher
bandwidth in the frequency domain results in tighter correlations in
the time domain and thus an increased photon simultaneity. This is
especially desirable for ultrafast spectroscopy applications because it
enables better measurement precision. We present first measurement
results of the generated PDC light which are in high correspondence
with the simulations.

Q6.4 Mon 11:45 HS 3118
Trapping of Nanodiamonds using Optical Tweezers — e ALENA
ERLENBACH, IsABEL CARDOsO BARBOsA, JoNAS GUTSCHE, STEFAN
Dix, DENNIS LONARD, and ARTUR WIDERA — Department of Physics
and State Research Center OPTIMAS, University of Kaiserslautern-
Landau, Erwin-Schroedinger-Str. 46, 67663 Kaiserslautern, Germany

The nitrogen-vacancy-center (NV) in diamond is a promising
nanoprobe for measuring temperature and magnetic fields, for which
they are incorporated into photonic structures such as waveguides. To
optimize the excitation of the NV centers and the detection of their
fluorescence through the photonic structure, it is necessary to control
the nanodiamonds positions during the fabrication process precisely.
Therefore, an optical-tweezer-setup can be incorporated into structur-
ing systems to control the position of the nanodiamonds. In this work,
we examine the trapping of nanodiamonds in optical tweezers to quan-
tify the influence of different parameters for trapping, particularly the
size of the nanodiamonds. Statistical measurements of nanodiamonds
in different solvents reflect that trapping is more efficient for smaller
particles. This observation agrees with a simple model considering
the contributions of gradient and scattering forces. Furthermore, first
nanoparticles were trapped in different solvents, suitable for mixing
with photoresists needed to fabricate photonic structures. The results
show initial requirements for positioning nanodiamonds in solutions
prior to fabricate photonic structures with integrated NV centers.

Q 6.5 Mon 12:00 HS 3118
Pulse shaping approaches for quantum dot coherent con-
trol oVikas RemEesH!, Frorian Kappe!, Yusur KAaRrL,
Ria KrAeEMER2?, Tomas Bracut3, ARMANDO RasTeLLI?, DoRis
REITER?, STEFAN NoLTEZ, and GREGOR WEIHs! — lInstitute fiir Ex-
perimentalphysik, Universitit Innsbruck, Innsbruck, Austria — 2Abbe
Center of Photonics, Friedrich Schiller University Jena, Germany —
3Condensed Matter Theory, Department of Physics, TU Dortmund,
Germany — *Johannes Kepler University Linz, Linz, Austria

Shaped laser pulses have been remarkably effective in investigating and
controlling various light-matter interactions spanning a broad area of
research. In quantum technologies, the techniques to shape complex
spatiotemporal waveforms have found renewed interest, for instance in
coherent control of quantum dots [1] and spectrotemporal mode shap-
ing in parametric amplification and so on. In this talk, I will navigate
through the impact of pulse shaping techniques in nanospectroscopy
and how it enabled efficient preparation schemes in quantum dots,
based on our recent works [2]. Afterwards, I will conclude with my
vision on the future scope of nanophotonics-assisted-quantum tech-
nology roadmap. [1] Photonic Quantum Technologies: Science and
Applications 1, 53 (2023) [2] Nano Letters 22, 6567 (2022), Materials

Q 7: Quantum
Time: Monday 11:00-13:00

Q7.1 Mon 11:00 HS 3219

Polarization Entanglement Distribution on a Hy-
brid QKD Link — eSHREYA GOURAVARAM NavaLurbZ,
Upay CHANDRASHEKARA2, GREGOR SaUrEr?3, and Fabian

for Quantum Technology 3, 025006 (2023), APL Photonics 8, 101301
(2023)

Q6.6 Mon 12:15 HS 3118
Niobium-based plasmonic superconducting photodetectors
for near- and mid-IR up to 12 ym — eSANDRA MENNLE, PHILIPP
KarL, Monika UBL, KseENiA WEBER, PaveiL RuchHka, PHILIPP
Frap, Mario HENTSCHEL, and HARALD GIESSEN — 4th Physics In-
stitute, Research Center SCoPE, and IQST, University of Stuttgart,
Pfaffenwaldring 57, 70569 Stuttgart, Germany

Photon-based applications such as quantum technologies have become
an important field of research, which requires fast and reliable detec-
tors. Moreover, applications in the mid-IR like spectroscopy are in
need for highly efficient photodetection. Superconducting nanowire
photon detectors feature a great potential due to their high efficiency
and sensitivity.

To enhance the absorption at larger wavelengths in the IR spectral
range, a plasmonic perfect absorber geometry is used, which utilizes an
impedance-matched plasmonic resonance in combination with a spacer
layer and a reflector.

In this work we present detectors which reach an absorption of over
95% for wavelengths up to 4 pm and demonstrate nanostructures with
90% absorption in the 8-12 pm spectral range. By design, these plas-
monic resonances feature a large bandwidth and with simple changes
of the geometry the resonance can be easily tuned over a wide spectral
range. Another advantage of the plasmonic approach is large angle in-
dependence, thus high-NA optics can be used to decrease the spot size,
resulting in even smaller detector areas and therefore faster response.

Q 6.7 Mon 12:30 HS 3118
Towards ultra-small superconducting Nb-based plasmonic
fiber coupled photodetectors arrays — ePHiLIPP KARL, SAN-
DRA MENNLE, MoNIKA UBL, KsEniA WEBER, PAVEL RucHkA, MARIO
HeNTscHEL, PHiLiPP FLAD, and HARALD GiesseEN — 4th Physics In-
stitute, Research Center SCoPE, and IQST, University of Stuttgart,
Pfaffenwaldring 57, 70569 Stuttgart, Germany

Quantum technologies require high-quality and efficient photodetec-
tors and the ability to detect single photons, which can be provided
by superconducting nanowire single photon detectors.

We present a superconducting niobium-based plasmonic perfect ab-
sorber detector and with near-100% absorption efficiency in the near-
infrared spectral range.

To reach the near-100% absorption over a wide spectral range, we
take advantage of resonant plasmonic perfect absorber effects and their
high resonant absorption cross-section, to enable ultra-small active ar-
eas and short recovery times.

To ensure the perfect coupling, we utilize directly coupled single
mode fibers in combination with high NA micro optics, which are
printed onto the fibers.

With this knowledge, we demonstrate a scalable pixel detector de-
sign, which inherits all the previous excellent detector properties.

Q 6.8 Mon 12:45 HS 3118
Direct measurement of coherent light proportion from a
laser source without spectral filtering — oX1 Jie Yro!, Eva
ErnsT!, Avin LEow!, Lisione Suen!, Jaesuk Hwanc!, CHRISTIAN
KuRTsIEFER!2, and PENG KiaN Tan! — 1Centre for Quantum Tech-
nologies, Singapore, Singapore — 2National University of Singapore,
Singapore, Singapore
‘We present a method to measure the fraction of coherent light emitted
by a practical laser source, using interferometric photon correlations;
correlations between photoevents detected at the output ports of an
asymmetric Mach-Zehnder interferometer. Using this technique, we
characterize the fraction of coherent light emitted by a laser diode
transiting across its lasing threshold.

Communication |

12

Location: HS 3219

STEINLECHNER?'® — 1Friedrich Schiller University, Abbe School of
Photonics, Jena, Germany — 2Fraunhofer Institute for Applied Op-
tics and Precision Engineering, Jena, Germany — SFriedrich Schiller
University, Institute of Applied Physics, Abbe Center of Photonics,
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Jena, Germany

Quantum Key Distribution (QKD) uses quantum properties of light
to establish secure encryption keys at a distance. Hybrid QKD links
are communication channels that incorporate free-space channels as
well as fiberoptic links. Fiber-based channels are efficient, reliable,
and QKD can be implemented on existing telecom networks with only
minor modifications. Free space links, on the other hand, can pro-
vide access in urban areas where fiber infrastructure is not deployed
and can also scale to long-distance satellite networks. Thus, hybrid
QKD networks, that comprise free-space and fiber segments are one
of the promising steps towards achieving the goal of a global quantum
internet.

In this work, we build and characterize a polarization-entangled pho-
ton source that produces highly non-degenerate pairs of signal and idler
photons at suitable wavelengths for free-space and fiber-based trans-
mission. Further, we deploy the source on a small-scale hybrid link
in Jena to perform entanglement distribution experiments. This way,
we can optimize the photon source and study its behaviour on hybrid
links, in a real-world environment outside of ideal lab conditions.

Q7.2 Mon 11:15 HS 3219
Vacuum mediated photon pair emission by a single atom —
eToBias Frank, GianviTOo CHIARELLA, PAU FARRERA, and GER-
HARD REMPE — Max Planck Institute for Quantum Optics

Single atoms coupled to high finesse optical cavities serve as a key
platfrom for future quantum networks, where photonic qubits must
be distributed, stored and processed efficiently. This platform offers
scalability, either by increasing the number of simultaneously coupled
emitters or cavity modes. The development of optical-fiber based high
finesse Fabry-Perot resonators facilitates the coupling of spatially in-
dependent resonator modes to the same emitter. Our group previously
implemented such a system using single 87Rb atoms coupled to two
crossed optical fiber cavities in the high cooperativity regime. The
versatility of this system enables the implementation of a passively
heralded quantum memory [1] and a nondestructive qubit detector [2].
We recently extended the capabilities using three atomic energy levels
coupled to the two cavities in a ladder configuration. This configura-
tion generates pairs of single photons which are efficiently coupled into
separate optical fibers. Using numerical simulations, we find parame-
ters in the regime of strong coupling, for which our system could gen-
erate photon pairs without populating the intermediate atomic state.
We explain this process in analogy to STIRAP but mediated by the
vacuum field in both cavities.

[1] Brekenfeld, M., Niemietz, D., Christesen, J.D. et al. Nat. Phys.
16, 647-651 (2020) |2] Niemietz, D., Farrera, P., Langenfeld, S. et al.
Nat. 591, 570-574 (2021)

Q7.3 Mon 11:30 HS 3219
New atom-cavity setup for engineering entanglement —
®STEPHAN ROSCHINSKI, JOHANNES SCHABBAUER, MARVIN HOLTEN,
and JuLiaAN LEONARD — Technische Universitdt Wien, Atominstitut,
Stadionallee 2, 1020 Wien, Osterreich

The efficient and deterministic generation of entanglement in a many-
body system poses a challenge for analog and digital quantum simu-
lators. While atomic platforms provide great scalability, they mostly
rely on local couplings, for instance, collisional or Rydberg interactions.
We report on the current status of a new experimental apparatus to
strongly couple an atomic tweezer array to a fiber-based Fabry-Pérot
cavity. The cavity geometry with short length, small mirror diameter,
and large curvature, places us in a unique regime with simultaneously
high single-atom cooperativity and single-atom addressing and read-
out. Our setup is optimized for fast repetition rates, owing to loading
the tweezer array from a magneto-optical trap which is placed within
millimeters from the cavity. In future, harnessing this new control
will enable us to engineer entanglement through photon-mediated in-
teractions. Further advantages of this platform include partial non-
destructive readout and efficient multi-qubit entanglement operations.
In the long term, the proposed platform provides a scalable path to
studying many-body systems with programmable connectivity, as well
as an efficient atom-photon interface for quantum communication ap-
plications.

Q7.4 Mon 11:45 HS 3219
Discrete-modulated continuous-variable QKD over an at-
mospheric channel — eKEvIN Jakscu!'2, THomas DIRMEIERDZ,
Jan Scureck!2, Yannick WEiserb2, STEraN RicuTERD2, OMER

BaAYRAKTAR'2?, BasTiaAN Hacker!:2, CoNrRaD ROssLERDZ, IMRAN
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Kuan ANDREJ KRrzic®, Markus RoTHE3, MARkUs LEIPES,

Nico Do6LL3, CHRISTOPHER SpiEss®, Marrtuias Gov3, FLORIAN
KaNITscHARYS, STEFAN PETSCHARNING?, THOMAS GRAFENAUER?,
BerNHARD OMER?*, CHRISTOPH PAacHER?, TwesH UPADHYAYA®, JIE
LiN®, NorBERT LUTKENHAUS®, GErRD Lreucus!?2, and CHRISTOPH
MaRQUARDT?! — IMax Planck Institute for the Science of Light,
Erlangen, Germany — 2Friedrich-Alexander-Universitit Erlangen-
Niirnberg, Germany — 3Fraunhofer Institute for Applied Optics and
Precision Engineering, Jena, Germany — 4AIT Austrian Institute of
Technology, Center for Digital Safety&Security, Vienna, Austria —
5Institute for Quantum Computing and Department of Physics and
Astronomy, University of Waterloo, Canada

1,2 3
;

In future metropolitan QKD networks, atmospheric links can provide
secure communication complementary to the fiber backbone. For this,
we implemented a discrete-modulated continuous-variable QKD sys-
tem over an urban 1.7 km atmospheric channel in Jena. After sub-
binning the transmission to cope with the fluctuating nature of the
channel, we study the applicability of a recently published security
proof in the finite size regime [1] and a fixed set of implemented error
correction codes for secret key generation.
[1] Kanitschar et al., PRX Quantum 4, 040306 (2023)

Q7.5 Mon 12:00 HS 3219
Boosted teleportation eSIMONE  EvaLpo
D’AureLio’?, MartHias BavyErBacH'?, and STEFANIE Barz!:2
— lnstitute for Functional Matter and Quantum Technologies,
Stuttgart, Germany — 2Center for Integrated Quantum Science and

Technology (IQST), Stuttgart, Germany

Quantum teleportation serves as a fundamental pillar across vari-
ous quantum applications, spanning from quantum communication to
quantum computation. Although photons show great promise in these
endeavors, the application of linear optics imposes a limitation, cap-
ping the success probability of quantum teleportation at 50%. This
limitation arises from the fact that a key component, the Bell-state
measurement (BSM), faces constraints in success probability when em-
ploying linear optics. Here, we demonstrate an enhanced form of quan-
tum teleportation, so-called boosted teleportation, using linear optics
only. Introducing an additional ancilla state in the BSM boosts the
success probability of the BSM and thus also of the overall quantum
teleportation process. The use of extra photons does introduce a more
intricate detection pattern compared to the non-boosted scenario. This
complexity reveals more information, leading to a higher success prob-
ability. Our results show fidelities between the teleported states and
the expected outcomes that surpass the maximum fidelity achievable
through classical means. This experiment highlights the potential for
advanced quantum teleportation protocols, particularly in the realm
of photonic quantum computing.

quantum

Q7.6 Mon 12:15 HS 3219
A phase encoding protocol for satellite Quantum Key Dis-
tribution — eKEevIN GUNTHNER!"2, CONRAD ROsSLERD2, BASTIAN
Hacker!2, Ivan DErkacH?, VLADYsLAV UseEnko®, and CHRISTOPH
MARQUARDT!2 ILehrstuhl fiir Optische Quantentechnologien,
Friedrich-Alexander-Universitat Erlangen-Niirnberg, Staudtstr. 7,
91058 Erlangen, Germany — 2Max Planck Institute for the Science
of Light, Staudtstr. 2, 91058 Erlangen, Germany — 3Department of
Optics, Faculty of Science, Palacky University, 17. listopadu 12, 77146
Olomouc, Czech Republic

We report on a novel Quantum Key Distribution (QKD) protocol using
relative phase encoding designed and optimized for operational satellite
QKD. The protocol is based on the BB84 decoy-state protocol. Its se-
curity proof is based on the rigorous finite-size techniques [1] extended
by several security aspects of the practical implementation. Besides
the quantum state exchange for key creation, the protocol contains
two additional time multiplexed parts: a few states at quantum level
with deterministic phases and intensities to obtain a live reference error
rate and bright reference signals used for Doppler effect compensation,
clock recovery and bit synchronization with the satellite (without the
need for an absolute time reference) as well as for phase locking of the
receiving interferometers [2]. With this approach, the quantum signal
train is self-contained and requires no additional reference signals for
QKD operation simplifying the practical implementation.

[1] Z. Zhang et al., PRA 95, 012333 (2017)

[2] B. Hacker et al., New J. Physics 25, 113007 (2023)

Q7.7 Mon 12:30 HS 3219

Temporal mode engineering in pulsed parametric down-
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conversion — LAURA SERINO, e WERNER RIDDER, JANO GIL-LOPEZ,
ABHINANDAN BHATTACHARJEE, BENJAMIN BRECHT, and CHRISTINE
SILBERHORN — Paderborn University, Integrated Quantum Optics,
Institute for Photonic Quantum Systems (PhoQS), 33098 Paderborn,
Germany

Due to the rise of quantum computing, classical secure communication
is put at risk. A safer solution is given by entanglement-based high-
dimensional quantum key distribution (HD-QKD). Temporal modes
of single photons offer an appealing alphabet for HD-QKD. One fun-
damental component for this protocol is a photon pair source that
generates maximally entangled photon pairs with programmable tem-
poral modes and a finite dimensionality. In this work, we demonstrate
such a source. The source is based on a type II parametric down-
conversion process in a periodically poled potassium titanyl phosphate
waveguide. We pump the source with spectrally shaped light pulses
and generate photon pairs in the telecom C band. We base our encod-
ing on so-called cosine-kernel modes (equivalent to time-bins) because
they yield maximally entangled states. We can, however, realize other
encodings by programming other pump pulse spectra. To characterize
the performance of the source, the relation between the second-order
broadband correlation function ¢(*) and the Schmidt number K has
been exploited, where ¢g(2) = 1+1 /K. We demonstrate the generation
of photon pairs with dimensionalities from 1 to 9 and explore other
coding alphabets.

Q 7.8 Mon 12:45 HS 3219

Clock recovery with single photon clicks for satellite QKD —
eCoNRAD RossLEr!:2, BastiaNn Hacker!:2, KeviN GUNTHNERDZ,
and CHRISTOPH MARQUARDTY2 — lLehrstuhl fiir Optische Quan-
tentechnologien, Friedrich-Alexander-Universitdt Erlangen-Niirnberg,
Staudtstr. 7, 91058 Erlangen, Germany — 2Max Planck Institute for
the Science of Light, Staudtstr. 2, 91058 Erlangen, Germany

While Quantum Key Distribution (QKD) offers an information the-
oretical secure way to exchange cryptographic keys, its experimental
implementation poses technical challenges, especially in satellite QKD.
Since QKD sources work with very weak signals in order to profit from
the quantum mechanical no-cloning theorem, the high loss experienced
in satellite QKD is particularly disruptive for these fragile states. One
way to overcome this is to increase the modulation and sent symbol
rate. However, still only very few of these fast modulated signals will
arrive at the receiver. For successful key exchange, one must map
each of the received states correctly onto the corresponding sent state,
which is especially difficult for high rates. Since resources at the satel-
lite are usually limited, the most obvious solution of storing every sent
state at the sender for a long time is not practical. Thus, a fast clock
recovery is critical in order to allow processing of the received states
at runtime. We present our clock recovery algorithm, based on single
photon clicks received from reference signal time multiplexed with the
quantum states. With this technique, we achieve below nanosecond
accuracy within less than a second.

Q 8: Ultra-cold Plasmas and Rydberg Systems | (joint session A/Q)

Time: Monday 17:00-19:00

Q 8.1 Mon 17:00 HS 1010
Time-reversal in a quantum many-body spin system —
oSEBASTIAN GEIER!, ADRIAN BRAEMER!2, EDUARD BrAUNY, MAX-
IMILIAN MULLENBACH!, TiTus FrANz!, MARTIN GARTTNERD?Z3,
GERHARD ZURN!, and MarTHIAS WEIDEMULLER! — 1Physikalisches
Institut, Universitit Heidelberg, Im Neuenheimer Feld 226, 69120 Hei-
delberg, Germany — 2Physikalisches Institut, Im Neuenheimer Feld
226 — 3Institute of Condensed Matter Theory and Optics, Friedrich-
Schiller-University Jena, Max-Wien-Platz 1, 07743 Jena, Germany

Time reversal in a macroscopic system is contradicting daily experi-
ence. Yet, with the precise control capabilities provided by modern
quantum technology, the unitary evolution of a quantum system can
be reversed, rendering it a powerful tool for scientific discovery and
technological advancements. Here, we implement a time-reversal pro-
tocol in a dipolar interacting many-body spin system represented by
Rydberg states in an atomic gas. By changing the states encoding the
spin, we flip the sign of the interaction Hamiltonian, and demonstrate
the reversal of the relaxation dynamics of the magnetization by letting
a demagnetized many-body state evolve back-in-time into a magne-
tized state. We elucidate the role of atomic motion using the concept
of a Loschmidt echo. Finally, by combining the approach with Floquet
engineering, we demonstrate time reversal for a large family of spin
models with different symmetries. Our method of state transfer is ap-
plicable across a wide range of quantum simulation platforms and has
applications far beyond quantum many-body physics.

Q 8.2 Mon 17:15 HS 1010
Exploring the vibrational series of pure trilobite Rydberg
molecules — eMARKUS EXNER, MAX ALTHON, RICHARD BLATTNER,
and Herwic OrT — RPTU Kaiserslautern-Landau, Kaiserslautern,
Deutschland

We report on the observation of two vibrational series of pure trilobite
rubidium Rydberg molecules. These kinds of molecules consist of a
Rydberg atom and a ground state atom. The binding mechanism is
based on the scattering interaction between the Rydberg electron and
the ground state atom. The trilobite molecules are created via three-
photon photoassociation and lie energetically more than 15 GHz below
the atomic 22F state. In agreement with theoretical calculations, we
find an almost perfect harmonic oscillator behavior of six vibrational
states. We show that these states can be used to measure electron-
atom scattering lengths for low energies in order to benchmark current
theoretical calculations. The molecules have extreme properties: their
dipole moments are in the range of kilo-Debye and the electronic wave
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function is made up of high angular momentum states with only little
admixture from the nearby 22F state. This high-1 character of the
trilobite molecules leads to an enlarged lifetime as compared to the
22F atomic state. Furthermore, our ion pulse spectrometer provides
insights into the decay processes.

Q 8.3 Mon 17:30 HS 1010
Green’s function treatment of Rydberg molecules with spin
— eMartHEw EirLes! and Curis GREENE? — !Max Planck Insti-
tut fiir Physik komplexer Systeme, Nothnitzer Str 38, 01187 Dres-
den Germany — 2Department of Physics and Astronomy and Purdue
Quantum Science and Engineering Institute, Purdue University, West
Lafayette, Indiana 47907, USA

The determination of ultra-long-range molecular potential curves has
been reformulated using the Coulomb Green’s function to give a so-
lution in terms of the roots of an analytical determinantal equation.
For a system consisting of one Rydberg atom with a fine structure and
a neutral perturbing ground state atom with hyperfine structure, the
solution yields potential energy curves and wave functions in terms of
the quantum defects of the Rydberg atom and the electron-perturber
scattering phase shifts and hyperfine splittings. This method provides
a promising alternative to the standard currently utilized method of
diagonalization, which suffers from problematic convergence issues and
nonuniqueness, and can potentially yield a more quantitative relation-
ship between Rydberg molecule spectroscopy and electron-atom scat-
tering phase shifts.

Q 8.4 Mon 17:45 HS 1010
Rydberg Atomtronic Devices — ePuiLip Kirsonb2, ToBias
Hauc!, AntoniNo La Macna®, OnivER Morscu?, and Luicr
Awmico'+?% — 1Technology Innovation Institute, Abu Dhabi, UAE
— 2Dipartimento di Fisica e Astronomia and INFN-Sezione di Cata-
nia, Catania, Italy — 3CNR-IMM, Catania, Italy — *CNR-INO, Pisa,

Italy — 5Centre for Quantum Technologies, Singapore

Atomtronics realises circuits through the guidance of neutral ultra-cold
atoms. However, a recent proposal in the field of atomtronics has been
the integration of Rydberg atoms, whereby instead of transporting
matter, the established flow is of Rydberg excitations. We take advan-
tage of the blockade and anti-blockade phenomena, resulting from the
large dipole moments of such atoms, to prevent or facilitate the flow of
excitations throughout networks of Rydberg atoms. In our work, we
capitalise on these ideas along with the use of specific atom detunings,
in order to create a toolbox of Atomtronics devices. We first formu-
late a method to control the flow of excitations through a Rydberg
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network via a detuning upon a gate atom as an analogy to a switch.
Second, we generate non-reciprocal flow by using certain conditions of
the anti-blockade (the gate atom’s detuning and position). Lastly, we
devise Rydberg networks to conduct logical decisions. Employing the
anti-blockade mechanism we create a classical AND gate and a NOT
gate, whereby combining both, we produce a universal logic gate set.

Q 8.5 Mon 18:00 HS 1010

Spectral signatures of vibronic coupling in trapped
cold atomic Rydberg systems — eoJosepn WiLLiIAM PETER
WiLkinson!, WemBIN L%, and Icor Lesanovsky!:? — lInstitut

fir Theoretische Physik, Universitdat Tiibingen, Auf der Morgenstelle
14, 72076 Tiibingen, Germany — 2School of Physics and Astronomy
and Centre for the Mathematics and Theoretical Physics of Quantum
Non-Equilibrium Systems, The University of Nottingham, Notting-
ham, NG7 2RD, United Kingdom

Atoms and ions confined with electric and optical fields form the basis
of many current quantum simulation and computing platforms. When
excited to high-lying Rydberg states, long-ranged dipole interactions
emerge which strongly couple the electronic and vibrational degrees of
freedom through state-dependent forces. This vibronic coupling and
the ensuing hybridization of internal and external degrees of freedom
manifest through clear signatures in the many-body spectrum. In this
talk, we briefly discuss the recent results in Ref. [1] wherein we con-
sider the case of two trapped Rydberg ions that realize a quantum
Rabi model due to the interaction between the relative vibrations and
Rydberg states. We proceed to demonstrate that this hybridization
can be probed by radio frequency spectroscopy and discuss observable
spectral signatures at finite temperatures and for larger ion crystals.

[1]. J. W. P. Wilkinson, W. Li, and I. Lesanovsky, Spectral signa-
tures of wvibromic coupling in trapped cold atomic Rydberg systems,
arXiv:2311.16998 (2023)

Q 8.6 Mon 18:15 HS 1010
Avalanche terahertz photon detection in a Rydberg tweezer
array — eCuris NiLLb2, ALBerr CABOT!, ARNO TRAUTMANNSZ,
CHRISTIAN GRoss?, and Icor Lesanovskyl* — lInstitut fiir Theo-
retische Physik, Universitat Tiibingen, Auf der Morgenstelle 14, 72076
Tiibingen, Germany — 2Institute for Applied Physics, University of
Bonn, Wegelerstrafe 8, 53115 Bonn, Germany — 3Physikalisches In-
stitut, Universitat Tiibingen, Auf der Morgenstelle 14, 72076 Tiibin-
gen, Germany — *School of Physics and Astronomy, The University
of Nottingham, Nottingham, NG7 2RD, United Kingdom

We propose a protocol for the amplified detection of low-intensity
terahertz radiation using Rydberg tweezer arrays [1]. The protocol
offers single photon sensitivity together with a low dark count rate.
It is split into two phases: during a sensing phase, it harnesses strong
terahertz-range transitions between highly excited Rydberg states to
capture individual terahertz photons. During an amplification phase,
it exploits the Rydberg facilitation mechanism which converts a single
terahertz photon into a substantial signal of Rydberg excitations. We

discuss a concrete realization based on realistic atomic interaction pa-
rameters, develop a comprehensive theoretical model that incorporates
the motion of trapped atoms, and study the many-body dynamics us-
ing tensor network methods.

[1] C. Nill et al., Avalanche terahertz photon detection in a Rydberg
tweezer array, arXiv:2311.16365 (2023).

Q 8.7 Mon 18:30 HS 1010

Ultrafast excitation of dense Rydberg gases at the threshold
to ultracold plasma — eJerTE HEYER!2, MARIO GROSSMANN!2,
JuniaN FiebpLer!2, Markus DrescHEr!2, KLaus SeEnasTock!2,
PHILIPP WESSELS-STAARMANNY-2, and JULIETTE SIMONET!2 — 1The
Hamburg Centre for Ultrafast Imaging, Hamburg, Germany — 2Center
for Optical Quantum Technologies, University of Hamburg, Hamburg,

Germany

Ultrashort laser pulses enable the local ionization of a quantum gas
on femtosecond time scales. By tuning the central wavelength of a
single laser pulse of 166 fs duration across the two-photon ionization
threshold of 87Rb, we investigate the transition from ultracold plasma
to dense Rydberg gases.

Above this threshold, strong-field ionization triggers the formation
of a highly charged ultracold plasma. Below the ionization threshold,
we observe the ultrafast formation of dense Rydberg gases as the Ry-
dberg blockade is bypassed by the large bandwidth of the femtosecond
pulse. Charge-imbalanced microplasma dynamics prevent Rydberg re-
combination close to the threshold and leads to ionization of deeply
bound Rydberg states even far below the threshold.

Our experimental setup allows us to directly detect the energy dis-
tribution of ions and electrons as well as Rydberg atoms. State of the
art molecular dynamics simulations give us insight into the underlying
dynamics of the many-body system, which is governed by long-range
Coulomb interactions.

Q 8.8 Mon 18:45 HS 1010
Toward the demonstration of an avalanche THz photon detec-
tor with Rydberg atoms — eFaBio BENscH, LEA-MARINA STEIN-
ERT, PHILIP OSTERHOLZ, SHUANGHONG TANG, ARNO TRAUTMANN,
and CHRISTIAN GRoOss — Eberhard Karls Universitiat, Tiibingen, Ger-
many

Rydberg atoms confined within tweezers demonstrate unique capabil-
ities in realizing strongly interacting and correlated many-body phe-
nomena. The anti-blockade effect, notably, has proven to be an op-
timal tool for controlling non-linear avalanche Rydberg excitation in
both disordered and ordered many-body systems. The integration of
optical tweezers with advanced sorting algorithms enables the creation
of defect-free arrays with highly precise geometry. In this context, we
introduce a novel approach where the combination of defect-free ar-
rays and avalanche facilitated excitation yields a straightforward and
fuctional THz photon detector. This opens up an innovative utiliza-
tion of Rydberg atoms to address the challenging issue of THz photon
detection.

Q 9: Bosonic Quantum Gases Il (joint session Q/A)

Time: Monday 17:00-19:00

Q9.1 Mon 17:00 Aula
Regression theorem and nonlinear response in a photon
Bose-Einstein condensate — ALEXANDER SAZHIN!, VLADIMIR N.
GrapiLiN?, ANDRIs ErRcLIs®, FRANK VEWINGER!, MARTIN WEITZ!,
MicHiEL WouTERs?, and eJuLiaN ScamiTT! — llInstitut fiir Ange-
wandte Physik, Universitdt Bonn, Wegelerstr. 8, 53115 Bonn, Ger-
many — 2TQC, Universiteit Antwerpen, Universiteitsplein 1, B-
2610 Antwerpen, Belgium — 2Physikalisches Institut, Albert-Ludwigs-
Universitdt Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg, Ger-
many

The quantum regression theorem states that the correlations of a sys-
tem at two different times are governed by the same equations of mo-
tion as the temporal response of the average values. Here we report ex-
periments demonstrating that the two-time second-order correlations
of a photon Bose-Einstein condensate inside a dye-filled microcavity
exhibit the same eigenvalues of the dynamics as the response of the
condensate to a sudden perturbation of the dye molecule bath. This
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confirms an unconventional form of the regression theorem for a cou-
pled many-body quantum system, where the perturbation acts on the
bath and only the condensate response is monitored. For strong per-
turbations, we observe nonlinear relaxation dynamics well described
by microscopic theory, confirming the regression theorem for an opti-
cal quantum gas also beyond the regime of linear response.

Q9.2 Mon 17:15 Aula
Bath engineering in atomic quantum gas mixtures — eLORENZ
WANCKEL, ALEXANDER SCHNELL, and ANDRE EcKARDT — Technis-
che Universitédt Berlin, Institut fiir Theoretische Physik, 10623 Berlin,
Germany

Open quantum many-body systems interacting with their environment
can reach interesting non-equilibrium steady states. We want to de-
scribe a quantum gas mixture theoretically in the framework of open
systems in order to use it for dissipative quantum simulations. We
consider a mixture of ultracold atoms of two different species, treating
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one as the system and the other as the bath, both weakly interacting
via contact interaction. The specific model system describes atoms
trapped in a one-dimensional optical lattice which is immersed in the
cloud of bath atoms. Due to species-selective potentials it is possible
that the bath atoms are uneffected by the lattice potential and freely
evolve and interact with the system atoms. The bath is treated as
an ideal fermionic/bosonic quantum gas. Starting from a microscopic
model, we define a spectral coupling density within the Born-Markov
approximation scheme and compare it with a simple ansatz describing
a local ohmic bath, which is often used in this scenario.

Q9.3 Mon 17:30 Aula
A Coherence Microscope Based on the Matter-Wave Tal-
bot Effect — eJusTUus BRUGGENJURGEN, MaTHIS FISCHER, and
CurisTor WEITENBERG — Institute for Quantum Physics, University
of Hamburg, Luruper Chaussee 149, 22761 Hamburg, Germany
Imaging is crucial for gaining insight into physical systems. In the case
of ultracold atoms in optical lattices, quantum gas microscopes have
revolutionized the access to quantum many-body systems by detecting
and addressing single atoms on single lattice sites. The novel technique
of quantum gas magnification uses matter-wave optics to magnify the
density distribution before the optical imaging and therefore allows to
directly image the Talbot carpet that forms when releasing the atoms
from an optical lattice.

We realize this for a BEC of Lithium-7 atoms in a triangular optical
lattice and map out the spatial coherence by analyzing the contrast
of successive Talbot copies. The technique should also allow to recon-
struct the fluctuating phase profile of individual samples imaged at a
Talbot copy. This will realize a coherence microscope with spatially
resolved access to phase information, which allows to study domain
walls, thermally activated vortex-pairs, or to locally evaluate coher-
ence in inhomogeneous quantum many-body systems.

Q9.4 Mon 17:45 Aula
An Optical Quantum Gas Magnifier for Lithium-7 Atoms —
eMatrHIS FISCcHER, JusTus BRUGGENJURGEN, and CHRISTOF WEIT-
ENBERG — Institute for Quantum Physics, University of Hamburg,
Luruper Chaussee 149, 22761 Hamburg, Germany

Ultracold gases in optical lattices are a pristine experimental plat-
form for quantum simulation of complex many-body systems as they
come with a high degree of control and a wide range of accessible ob-
servables. The advent of quantum gas microscopes has revolutionized
the access to quantum many-body systems by detecting and address-
ing single particles on single lattice sites. The novel complementary
approach of quantum gas magnification expands this toolbox to 3D
systems and large occupation numbers. Here the atomic density dis-
tribution is magnified via matter-wave optics before taking absorption
images with effective sub-lattice site resolution.

We report on the realization of an all-optical quantum gas magnifier
for ultracold Lithium-7 atoms in triangular optical lattices i.e. using
an optical dipole trap as matter-wave lens. The all-optical approach
allows us to exploit the broad Feshbach resonance of Lithium to con-
trol the interaction strength. With this technique, we can access the
coherence properties of the system. In the future, the optical matter-
wave lens will also allow to image spin mixtures. Furthermore, the
addition of high numerical aperture optics will allow for single-atom
sensitivity via free-space fluorescence imaging.

Q9.5 Mon 18:00 Aula

Site-resolved current and kinetic energy measurements us-
ing optical superlattices — ®ALEXANDER ImMPERTRO!:23 SI-
MoN Karcu'?3, JuLian WienanD!23, SeuncJune Hunb?23,
CHRISTIAN ScuwEIzERVZ3, ImMaNUEL Brocu!23, and MonNika
AELSBURGER23 — 1Department of Physics, Ludwig-Maximilians-
Universitdt Miinchen, Schellingstr. 4, D-80799 Munich, Germany
— 2Munich Center for Quantum Science and Technology (MCQST),
80333 Munich — 3Max-Planck-Institut fiir Quantenoptik, Hans-
Kopfermann-Strasse 1, D-85748 Garching, Germany

Quantum gas microscopes naturally realize a measurement of the par-
ticle number density in an optical lattice. Further information about
the underlying quantum state can only be obtained by measuring addi-
tional, complementary observables. Here, we demonstrate how optical
superlattice potentials can be used to measure the expectation values
of the current and the kinetic energy operator. Our scheme is based on
driving programmable rotations in isolated double wells to rotate the
measurement basis in an arbitrary direction. Furthermore, we show
that a local control enables to perform spatially varying rotations,
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which can be used both to read out complex correlators as well as to
engineer interesting quantum states. The presented scheme will pave
the way for a more flexible state tomography and state engineering in
optical lattices, and in particular to detect exotic quantum many-body
phases that have no signatures in the density.

Q9.6 Mon 18:15 Aula
Interplay of topology and disorder in driven honey-
comb lattices — eJonannNes ARcErRIV?3 ALEXANDER Hessgl2:3,
CuristopH  Braunb23  ImmanNueL Brocu'?3, and MoONIKA
AIDELSBURGER!2:3 — 1Fakultat fiir Physik, Ludwig-Maximilians-
Universitét Miinchen, Miinchen — 2Munich Center for Quantum Sci-
ence and Technology (MCQST), Miinchen — 3Max-Planck-Institut fiir
Quantenoptik, Garching

Floquet engineering, i.e., periodic modulation of a system’s parame-
ters, has proven as a powerful tool for the realization of quantum sys-
tems with exotic properties that have no static analog. In particular,
the so-called anomalous Floquet phase displays topological properties
even if the Chern number of bulk bands vanishes.

Our experimental platform involves bosonic atoms in a periodically-
driven honeycomb lattice. Depending on the driving parameters, sev-
eral out-of-equilibrium topological phases can be realized, among which
an anomalous phase.

Chiral edge modes can be probed by releasing an atomic wavepacket
from a tightly focused optical tweezer in proximity of the potential step
projected by a digital micromirror device. The additional projection of
an optical speckle potential on the honeycomb lattice allows for the re-
alization of disordered systems. We benchmark the robustness of edge
modes to disorder across different topological regimes and observe a
disorder-driven transition from the Haldane regime to the anomalous
regime. Furthermore, we compare edge state dynamics to the expan-
sion of bulk states for increasing disorder strength.

Q9.7 Mon 18:30 Aula
Quantum geometry of bosonic Bogoliubov quasiparticles —
elsaac TrsravE and ANDRE EckARDT — Institut fiir Theoretis-
che Physik, Technische Universitat Berlin Hardenbergstrafte 36, 10623
Berlin, Germany

Topological and geometrical features arising bosonic Bogoliubov-de
Gennes (BdG) systems have mainly been studied by utilizing a sym-
plectic (generalized) version of the Berry curvature and Chern num-
ber. These bosonic topological features may even solely arise due to
the non-particle number conserving terms in the corresponding BdG
Hamiltonian, making these systems inherently distinct from their non-
interacting (fermionic) counterparts. Here, we propose the notion of
the symplectic quantum geometric tensor (SQGT) whose imaginary
part leads to the previously studied symplectic Berry curvature, while
the real part gives rise to a symplectic quantum metric, providing a
natural distance measure in the space of bosonic Bogoliubov modes.
Moreover, previous proposals to verify the topology of bosonic BAG
systems have relied solely on probing topologically protected chiral
edge modes. Here, we propose how to measure all components of the
SQGT by the use of periodic modulation of the systems’ parameters in
a linear response regime and connect the symplectic Berry curvature
to a generalized anomalous velocity term for Bogoliubov Bloch wave
packets.

[1] R. Shindou et al., Phys. Rev. B 87, 174427 (2013).

[2] S. Furukawa and M. Ueda, New J. Phys. 17, 115014 (2015).

[3] T. Ozawa and N. Goldman, Phys. Rev. B 97, 201117 (2018).

Q 9.8 Mon 18:45 Aula
Dressed 171Yb+ Hyperfine Qubits in a Multi-layer Planar
Ion Trap — eErnam EsTeki!, BoebaAN OKHRIMENKO!, AMADO
BauTista Savapor?3:4, CurisTIAN OspELKAUS234, TvaN BoLbpIN?,
and CHRISTOF WUNDERLICH! — !Dept. Physik, Nat.-Techn. Fak.,
Universitit Siegen, 57068 Siegen (Germany) — 2Leibniz Universitét
Hannover, Welfengarten 1, 30167 Hannover (Germany) — 3Laboratory
for Nano - and Quantum Engineering, Schneiderberg 39, 30167 Han-
nover (Germany) — 4Physikalisch-Technische Bundesanstalt, Bunde-
sallee 100, 38116 Braunschweig (Germany)

Dressed atomic states - the eigenstates of the Hamiltonian of an atom
subject to a near-resonant driving field - protect atomic states against
decoherence due to common noise sources. We present a micro-
fabricated ion-trap-chip, designed for quantum information process-
ing based on radiofrequency-dressed qubits using hyperfine states of
171Yb+ ions [1]. The trap-chip consists of multiple layers [2], one of
which includes an integrated RF resonator near 12.6 GHz. It creates an
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axial gradient of the microwave magnetic field amplitude which serves
for individual qubit addressing, as well as for qubit-qubit coupling. We
experimentally characterize this novel ion-trap-chip and demonstrate
preparation, manipulation and detection of RF-dressed single-and two-

qubit gates.
References
1. S. Walk et al., New J. Phys. 19, 083021 (2017)
2. A. Bautista-Salvador et al., New J. Phys. 21, 043011 (2019)

Q 10: Cavity QED

Time: Monday 17:00-19:00

Invited Talk Q 10.1 Mon 17:00 HS 1199
Correlated light-matter states from first principles and their
use for chirality, and chemistry — eCHRISTIAN SCHAFER — De-
partment of Physics, Chalmers University of Technology, 412 96 Gote-
borg, Sweden.

Confining optical or plasmonic modes results in a strong increase in
light-matter coupling and leads to the creation of hybrid light-matter
states, called polaritons. Control over the electromagnetic confinement
allows, therefore, to non-intrusively control the correlated eigenstates.
Here, we focus on two fascinating applications that emerge from this
realization. First, breaking chiral symmetry with specifically designed
electromagnetic environments paves the way for a new direction in
chiral recognition [1,2]. Second, we refine our theoretical tool-box and
investigate how vibrational strong coupling can control chemical reac-
tivity [3-7]. We conclude with an outlook on active research addressing
plasmonic catalysis and the quantization and treatment of macroscopic
open quantum-systems.

[1] C. Schéfer, D. Baranov, J. Phys. Chem. Lett. 2023, 14, 15,
3777-3784. [2] D. Baranov, C. Schifer, M. Gorkunov, ACS Photonics
2023, 10, 8, 2440-2455. [3]| C. Schéfer, Phys. Chem. Lett. 2022, 13, 30,
6905-6911. [4] C. Schifer, F. Buchholz, M. Penz, M. Ruggenthaler, and
A. Rubio, PNAS 2021 Vol. 118 No. 41 €2110464118. [5] C. Schéfer, J.
Flick, E. Ronca, P. Narang, and A. Rubio, Nature Communications,
(2022) 13:7817. [6] C. Schéfer, J. Fojt, E. Lindgren, and P. Erhart,
arXiv:2311.09739, (2023). [7] M. Castagnola, T. Haugland, E. Ronca,
H. Koch, C. Schéfer, to be submitted (2023).

Q 10.2 Mon 17:30 HS 1199
Microcavity-mediated coupling of two molecules — eJAHANGIR
NoBakHT 2, ANDRE PscHERER!'2, JAN RENGER!, ToBias UTikaLl,
STEPHAN GOTZINGER!2, and VaHID SaNDOGHDARY2 — 1Max Planck
Institute for the Science of Light, Erlangen, D-91058, Germany. —
2Department of Physics, Friedrich-Alexander University, Erlangen, D-

91058, Germany.

We have successfully established efficient coupling between two individ-
ual organic molecules by harnessing their strong coupling to a Fabry-
Perot microcavity, thereby realizing the Tavis-Cummings model with
dual emitters. This achievement is marked by the collective enhance-
ment of the vacuum Rabi splitting, accompanied by the emergence
of a distinctive dark middle peak. Our investigation further unveils
the formation of subradiant/superradiant states within the dispersive
regime of cavity quantum electrodynamics (QED), accompanied by a
collectively enhanced Lamb shift in the superradiant state. Our work
demonstrates the potential for achieving a high density of solid-state
emitters with high individual cooperativity. This capability opens av-
enues for detecting rich, long range, coherent multi-photon intermolec-
ular processes.

Q 10.3 Mon 17:45 HS 1199
Cavity Polaritons Formation at the Gap Edge of a Quantum
Material — eIcor GiaNarpi', MicHELE Pini', and FRANCEscoO
Piazzab? — 1Max-Planck-Institut fiir Physik komplexer Systeme,
01187 Dresden, Germany — 2Institute of Physics, Universitit Augs-
burg, 86159 Augsburg, Germany

Quantum nonlinear optics is a rapidly expanding field, which offers
significant technological potential while engaging with intricate and
novel many-body phenomena. This area of research delves into op-
tical nonlinearities arising from the interactions between polaritons,
hybrid quasi-particles which blend matter and light properties. The
formation and interaction of polaritons, while having been extensively
studied in various atomic platforms, remain largely unexplored in the
realm of quantum materials, where the influence of strong electron cor-
relations is particularly significant [1-3]. Our research concentrates on
materials that exhibit an ordered gapped phase, introducing a novel
type of polariton. This polariton is characterized by the hybridization
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of a cavity photon and a specific electronic interband excitation. As
a paradigmatic example we consider CDW-insulators. Our findings
reveal that polaritons located slightly below the energy gap display
remarkably large dispersion while exhibiting zero absorption. The dis-
tinctive properties of these polaritons hint that their interactions will
manifest highly pronounced nonlinearities.

[1] M. Kiffner et al., New J. Phys. 21, 073066 (2019)

[2] A. Allocca et al., Phys. Rev. B 99, 020504(R) (2019)

[3] L. B. Tan et al., Phys. Rev. X 10, 021011 (2020)

Q 10.4 Mon 18:00 HS 1199
Cavity-mediated collective emission from few emitters in a di-
amond membrane — eKErRIM KOsTER!, MAXIMILIAN PALLMANN!,
Yuan Zuang?, Juria HeureL?, Timon Eicanorn!, Cyrin Porov3,
Kraus MgLmer?, and Davip Hunger! — Karlsruhe Institute of
Technology, Germany — 2Zhengzhou University, China — 3University

of Kassel, Germany — *University of Copenhagen, Denmark

When an ensemble of quantum emitters couples to a common radia-
tion field, their polarizations can synchronize and a collective emission
termed superfluorescence can occur. Entering this regime in a free-
space setting requires a large number of emitters with a high spatial
density as well as coherent optical transitions with small inhomogene-
ity. Here we show that by coupling nitrogen-vacancy (NV) centers in a
diamond membrane to a high-finesse microcavity, also few, incoherent,
inhomogeneous, and spatially separated emitters - as are typical for
solid state systems - can enter the regime of collective emission. We
observe a super-linear power dependence of the emission rate as a hall-
mark of collective emission. Furthermore, we find simultaneous photon
bunching and antibunching on different timescales in the second-order
auto-correlation function, revealing cavity-induced interference in the
quantized emission from about fifteen emitters. We develop theoret-
ical models and find that the population of collective states together
with cavity enhancement and filtering can explain the observations.
Such a system has prospects for the generation of multi-photon quan-
tum states, and for the preparation of entanglement in few-emitter
systems. Related publication: arXiv:2311.12723v1

Q 10.5 Mon 18:15 HS 1199
Ultrafast Excitation Exchange in a Maxwell-Fish-Eye Lens —
oOLIVER DIEKMANN, DMmITRY O. KRIMER, and STEFAN ROTTER —
Institute for Theoretical Physics, TU Wien, Vienna A-1040, Austria

The strong coupling of quantum emitters to a cavity mode has been
of paramount importance in the development of quantum optics. Re-
cently, also the strong coupling to more than a single mode of an elec-
tromagnetic resonator has drawn considerable interest. We investigate
how this multimode strong coupling regime can be harnessed to co-
herently control quantum systems. Specifically, we demonstrate that a
Maxwell-Fish-Eye lens can be used to implement a pulsed excitation-
exchange between two distant quantum emitters. This periodic ex-
change is mediated by single-photon pulses and can be extended to
a photon-exchange between two atomic ensembles, for which the cou-
pling strength is enhanced collectively.

Q 10.6 Mon 18:30 HS 1199
Jaynes-Cummings Model for Chiral Cavity Quantum Elec-
trodynamics — eLARA MARIE TOMASCH, STEFAN YOSHI BUHMANN,
and FaBiaN SpaLLEK — Universitat Kassel

We examine the effects of chirality on the interaction of a two-level
quantum system with a single mode of the quantised electrcomagnetic
field inside a cavity. Considering chiral standing waves inside a cav-
ity and a chiral two-level molecule, we develop a generalised Jaynes-
Cummings model and study its modified coupling constants and Rabi
oscillations. Our results imply an increase of coupling for matching
handedness of the field and molecule.

Q 10.7 Mon 18:45 HS 1199
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Position-resolved pseudomode description of open cavities —
eLLucas WEITZEL, ANDREAS BUCHLEITNER, and DOMINIK LENTRODT
— Physikalisches Institut, Albert-Ludwigs-Universitiat Freiburg

A wide-spread quantum optical method to describe light matter in-
teraction consists in reducing the involved degrees of freedom to the
absolute minimum, such as those of a two-level atom (strongly) cou-
pled to an isolated mode of a cavity. All other degrees of freedom are
thus screened away as an “environment” which couples only weakly
to the hybrid. Such separation is derived from first principles in
many textbook scenarios, and allows an efficient description of the
dynamics e.g. by Markovian Lindblad master equations. The system-
environment separation becomes ever more difficult, though, as the

number of strongly coupled degrees of freedom increases, e.g. for a
two-level atom in a low-quality cavity where resonator modes may
overlap or even drown in a continuum background. Given the math-
ematically well-controlled framework of Markovian Lindblad master
equations, it is important to understand under which conditions the
emerging dynamics can still be understood as resulting from an effec-
tive interaction of the atom with a set of broadened modes (pseudo-
modes), over a weakly coupled environment. To settle this question,
we construct a fully analytical pseudomode representation of open cav-
ities through “reverse-engeneering” from the position-resolved atomic
dynamics within the cavity. We discuss the versatility of our method
and potential applications to more complex atomic (or molecular) tar-
gets.

Q 11: Precision Measurements | (joint session Q/A)

Time: Monday 17:00-19:00

Q 11.1 Mon 17:00 HS 1221
Search for variations of fundamental constants with highly
charged ion clocks — eLuis HerLmicu2, ULLRICH SCHWANKE!"2,
STEVEN WorM2, and LaksaMI KOZHIPARAMBIL SAJiTHZ:3
THumboldt-Universitit Berlin — 2DESY Zeuthen — 3SMPIK Heidel-

berg

The measurement of the variation of fundamental constants would be
strong evidence for new physics. In particular, many different theories
predict the variation the fine-structure constant o. Atomic clocks are a
highly precise tool of measuring variations of «, as the clock transitions
may change with a.

We are aiming to compare a Sr-lattice clock as a reference to a highly
charged ion (HCI) clock. HCI clocks are expected to have extremely
high sensitivities to a-variations. We show how such a setup could set
new limits on variations of fundamental constants. Furthermore, we
estimate with Monte-Carlo simulations and real data how those limits
translate to constraints on scalar dark matter models and models with
Lorentz-invariance violation.

Q 11.2 Mon 17:15 HS 1221
A strontium optical clock based on Ramsey-Bordé spec-
troscopy — eAMIR MAHDIAN!, OLIVER FarTMANN!, INGMARI C
TieTIE!, MARTIN JUTisz!, CoNRAD L ZIMMERMANN2, VLADIMIR
ScukoLNikb?, Marc Carist?, and Markus KruTzik!?
THumboldt-Universitét zu Berlin, Institut fiir Physik — 2Ferdinand-

Braun-Institut, Leibniz-Institut fiir Hochstfrequenztechnik, Berlin

We are developing a Ramsey-Bordé based optical atomic clock where
the long-term stability relies on interrogating a stream of strontium
atoms. Our choice of the clock transition is the 5s2 1Sg — 5s5p 3P
intercombination line of Sr at 689 nm, targeting an Allan deviation
as low as 2 x 10715 between 100s and 1000s, and 10~ 15 for longer
interogation times.

Following an overview of our atom interferometer’s current status,
the latest developments in the power and frequency stability of the
relevant lasers and a different readout mechanism will be presented.
Additionally, I showcase the observation of Ramsey-Bordé fringes, ac-
companied by numerical simulations to aid in interpreting the signal.
Moreover, I discuss the stability comparison of our atomic beam clock
vs a Rb two-photon frequency reference.

This work is supported by the German Space Agency (DLR), with
funds provided by the Federal Ministry for Economic Affairs and Cli-
mate Action (BMWK) under grant number DLR50WM1852, and by
the German Federal Ministry of Education and Research (BMBF)
within the program quantum technologies - from basic research to mar-
ket under grant number 13N15725.

Q 11.3 Mon 17:30 HS 1221
Electronic Bridge schemes in 22Th doped LiCAF — eToBIAS
KirscHBAUM!, MARTIN Pimon?, and ApriaNa PALFFY! — 1Julius-
Maximilians-Universitit Wiirzburg, Germany — 2Technische Univer-
sitdt Wien, Austria

Large band gap crystals such as CaFy or LiCaAlFg (LiCAF) are an
ideal inert host for the nuclear clock candidate 229Th. Among others,
these crystals are transparent with respect to the clock transition at
~ 8 eV and a large number of nuclei can be interrogated at the same
time [1]. However, DFT calculations indicate that doping of 22°Th
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in these crystals leads to the formation of localized electronic states
in the band gap, so-called defect states [2]. Due to their vicinity to
the nuclear transition energy, these can be used for effective nuclear
excitation via the Electronic Bridge mechanism, as we could show for
the case of Th-doped CaF3 crystals [2,3].

Here, we investigate theoretically different driven Electronic Bridge
schemes for 229Th doped LiCAF crystals and present the correspond-
ing excitation rates. These schemes enable a more efficient nuclear
excitation/deexcitation compared to direct photoexcitation. The re-
sults are discussed in conjuncture with the design of a solid-state nu-
clear clock.

[1] G. A. Kazakov et al., New J. Phys. 14, 083019 (2012).
[2] B. S. Nickerson et al., Phys. Rev. Lett 125, 032501 (2020).
[3] B. S. Nickerson et al., Phys. Rev. A 103, 053120 (2021).

Q 11.4 Mon 17:45 HS 1221

Large ring lasers in geodesy and seismology — eSiMON
STELLMER!, JANNIK ZENNER!, ANDREAS BRroTzER?, JAN KODET3,
HEeINER IgEL?, and KARL ULRICH SCHREIBER® — 1Universitat Bonn
— 2LMU Miinchen — 3Geodéitisches Observatorium Wettzell und TU

Miinchen

The rotation of Earth is not as constant as it may seem. On the con-
trary, it is modulated through various processes at a large range of
frequencies. Traditionally, these variations are measured by astronom-
ical techniques such as VLBI, but there is a new kid on the block: large
ring lasers have matured to a level that allows for continuous moni-
toring of variations in the Earth rotation rate at the level of 10~% and
below. We will give an overview on the three large ring lasers currently
operated in Germany, latest advances and technology development, as
well as applications and future perspectives.

Q 11.5 Mon 18:00 HS 1221
Quantum Memory Enhanced Velocimetry — oYaciz Murat!,
Arasu AuaMapt!, Mustara Gonpo&an?!, and Markus Krrurzik!?
— Humboldt Universitdt zu Berlin, Institut fir Physik — 2The

Ferdinand-Braun-Institut, Leibniz-Institut fiir Hochstfrequenztechnik

Optical interferometry is crucial in motion sensing. Recent progress
has utilized electromagnetically induced transparency (EIT) to mea-
sure the velocity of a moving medium, leveraging Fizeau’s light-
dragging effect. This novel approach opens new possibilities for quan-
tum optical methods in velocimetry, Our work is centered around EIT-
based quantum memories. Light storage is realized by tuning a probe
and a control field to the Zeeman-split levels of the D1 transition line
of cesium atoms (F = 4 — F’ = 3). By monitoring the phase dif-
ference of the beating signal of the probe field with a reference field,
before and after storage of the probe field, displacement of the cesium
vapor cell can be measured down to the nanometer scale. This work
contributes to the frontiers of quantum optics and motion sensing,
promising advancements in precision measurements. This work has
been funded by the Deutsche Forschungsgemeinschaft (DFG, German
Research Foundation) under grant number 448245255.

Q 11.6 Mon 18:15 HS 1221
Suppression of scattered light through tunable coherence in
Sagnac-Speed-Meters — eLEONIE EGGERS, DANIEL VoicT, and
OLIVER GERBERDING — Universitdt Hamburg, Institut fiir Experi-
mentalphysik, Germany
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As scattered light noise is a dominating limitation for the sensitiv-
ity of gravitational wave detectors, we investigate the use of tunable
coherence as a new concept to suppress scattered light.

Tunable coherence is realised by phase modulation following a
pseudo-random sequence, which artificially shortens the coherence
length of stable continuous wave lasers to the centimeter scale. While
Sagnac-Speed-Meter topologies provide a potential alternative for the
currently used Michelson-interferometers for future gravitational wave
detectors, they suffer from the same limitations through scattered light,
as well as the effect of light backscattering from the mirrors and cou-
pling into the counter-propagating beam. We are investigating the
use of tunable coherence in Sagnac-Speed-Meters to suppress scat-
tered light through simulations and a tabletop experiment. We are
presenting our recent findings on using tunable coherence in Sagnac-
Speed-Meters.

Q 11.7 Mon 18:30 HS 1221
Investigating a Tensegrity structure as a possible multi DoF
inertial sensor — eBEN BECKER, OLIVER GERBERDING, and ARTEM
BasaLaev — [ExP, Hamburg, Germany

One of the continued challenges for gravitational wave detectors is
the advancement of inertial sensors to improve the active isolation of
the mirrors. Towards that end we are investigating tensegrity struc-
tures as a possible multi degree of freedom inertial sensor. Tensegrity
structures are disconnected multi body structures held together by ten-
sioned wires. They offer the option of tuning their mechanical prop-
erties by changing the moment of inertial as well as the wire tension.
We’ve simulated a model tensegrity using Ansys multibody dynamics
and analyzed its mechanical response to excitation. We compare the
direct simulation result with the results of a simulated readout scheme.
This readout scheme will be realized on a real tensegrity model for fur-
ther comparison. We’ve observed and fitted the transfer functions of

Q 12: Quantum
Time: Monday 17:00-19:00

Q 12.1 Mon 17:00 HS 3118
Ensemble based quantum protocol for ultra save quan-
tum money — eBERND BAUERHENNE!, MALwIN XiBrRakU!, BoRIs
NaypeENovZ, CyriL Popov!l, MaArRTIN GaRcial, and KiLiaN SINGER!
— 1Universitat Kassel, Heinrich-Plett Strake 40, 34132 Kassel —
2Helmbholtz-Zentrum Berlin

We present a ensemble based quantum token protocol [1,2] that can
detect counterfeiting by analysing the measurement noise. A quan-
tum token consists now of identical qubits. Each quantum token is
prepared by a bank by writing all qubits into the same state. The
angles are kept secret. Multiple ensemble-based quantum tokens will
have different secret states. During verification, the bank measures the
qubits of the quantum token with the secret angles and if more than
a given critical number of qubits are projected into the ground state,
the quantum token is accepted. If from the set of quantum tokens
more than a given number of quantum token is accepted, the whole
set is accepted. We discuss how big the probability is that the bank
accepts the counterfeit tokens. We show how resources must be scaled
such that the probability that the bank accepts a counterfeit token set
becomes arbitrary small.

[1] https://www.forschung-it-sicherheit-kommunikationssysteme.de/ pr

[2] K. Singer, C. Popov, B. Naydenov, Verfahren zum Erstellen eines
Quanten-Datentokens (DE 10 2022 107 528 A1) DE-Patent (2023)

Q 12.2 Mon 17:15 HS 3118
Robust Preparation of Ensemble-based Quantum Tokens
with Trapped Ions — eMaNIikA BHARDwWAJ, JAN THIEME, BERND
BAUERHENNE, MoriTz G6B, Bo DENG, and KiLiAN SINGER — In-
stitut fiir Physik, Universitdt Kassel, Heinrich-Plett-Strafse 40, 34132
Kassel, Germany

Quantum tokens are an important building block for securing identifi-
cation devices. Previous implementations were based on the quantum
no-cloning theorem. Here we present a novel quantum token protocol
[1] and its implementation with an ensemble of trapped ions. Due to
long coherence times and single-shot readout, trapped ions are well-
suited for implementing a robust quantum token protocol. We aim
to implement the quantum token protocol on the 425’1/2 - 32D5/2

the system to get a more thorough understanding with regards to its
invertibility and thermal noise. The tensegrity shows distinct transfer
function with regimes of linear response for most relevant degrees of
freedom. Therefore it should indeed be viable as an inertial sensor.

Q 11.8 Mon 18:45 HS 1221
Full spatio-temporal description of Non-linear interfer-
ence based on cascaded Spontaneous Parametric Down-
Conversion. — eCarros SeviLLal2, Purusit Cuavnan2, and
FABIAN STEINLECHNER!2 — lFraunhofer Institute for Applied Optics
and Precision Engineering IOF, Albert-Einstein-Str. 7, 07745 Jena,
Germany — 2Abbe Center of Photonics, Friedrich-Schiller-University
Jena, Albert-Einstein-Str. 6, 07745 Jena, Germany

Non-linear interferometers are a powerful tool for quantum state en-
gineering and applications in quantum sensing with enhanced phase
sensitivity [1]. The typical configuration uses a cascade of non-linear
processes such as spontaneous parametric down-conversion (SPDC)
combined with spatial or spectral dispersion. This architecture has
been widely used, but only few studies have addressed the complete
spatiotemporal correlations of the output state of a nonlinear interfer-
ometer. Here we extend our results on the spatiotemporal description
of SPDC based on the spectral dependence of Laguerre-Gauss modes
[2] to the output spatio-temporal state of nonlinear interferometers.
For this, we take into consideration realistic parameters such as phase
difference between the three fields, the optical system which might
induce spatial transformation, and polarization rotations inside then
nonlinear interferometer. Furthermore, we show experimental results
validating our predictions. References:[1] Bernard Yurke et al. Phys.
Rev. A 33, 4033 (1986). [2] A. Ferreri et al. Quantum 5,461 (2021). [3]
C. Sevilla-Gutiérrez, et.al. Spectral Properties of Transverse Laguerre-
Gauss Modes in Parametric Down-Conversion. arXiv:2209.01913

Communication |l
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transition of 40Ca™ ions. Uniform preparation of the entire ensemble
of trapped ions is crucial for the protocol because errors directly in-
fluence the security of the quantum token protocol. We will present
adapted composite pulses [2, 3] that address different resonance fre-
quencies and are robust against intensity-based pulse area errors of
the individual ions. [1] K. Singer, C. Popov, and B. Naydenov, Ver-
fahren zum Erstellen eines Quanten-Datentokens (DE 10 2022 107 528
A1) DE-Patent (2023). [2] B. T. Torosov, S. S. Ivanov, and N. V.
Vitanov, Narrowband and passband composite pulses for variable ro-
tations, Phys. Rev. A 102, 013105 (2020). [3] G. T. Genov, M. Hain,
N. V. Vitanov, and T. Halfmann, Universal composite pulses for effi-
cient population inversion with an arbitrary excitation profile, Phys.
Rev. A 101, 013827 (2020).

Q 12.3 Mon 17:30 HS 3118
A Photonic-Integrated Quantum-Random Number Gener-
ator — eOMER BavrakTar!2, Jonas PubpeLkol2, CHRISTOPH
PacHER3, WINFRIED BoXLEITNER®, and CHRISTOPH MARQUARDT!:2
— 1Friedrich-Alexander-Universitdt Erlangen-Niirnberg, Erlangen,

Germany — 2Max Planck Insitute for the Science of Light, Erlangen,

boj %%%‘?%0? 3AIT Austrian Institute of Technology GmbH, Center for
afety

igita & Security, Vienna, Austria

A quantum-random number generator (QRNG) is a key componenent
for quantum-key distribution systems. In addition, compared to con-
ventional true-random number generators, it offers advantages in gen-
eration rate and modelling of the entropy source.

We present an experimental QRNG based on balanced homodyne
detection of the quantum-optical vacuum state. This QRNG can also
be operated under the restrictive requirements of a CubeSat.

The optical part of the QRNG is monolithically integrated on an
Indium-Phosphide photonic-integrated circuit and is placed on a 10x10
cm? printed-circuit board accomodating necessary electronics. We
show first conclusive results obtained with this system and discuss
its operation in space.

Q 124 Mon 17:45 HS 3118

Tailored composite pulses for NV-colour centres towards the
realization of ensemble based quantum tokens — eJAN THIEME,
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JOSSELIN BERNARDOFF, Ricky-JOE PLATE, BERND BAUERHENNE,
and KiriaNn SiNngeER — Universitat Kassel, Kassel, Germany

We present numerical and experimental results of the application of
tailored composite pulses [1] to robustly address ensembles of nitrogen-
vacancy colour centres used in a novel protocol for quantum tokens
[2,3]. By using analytical methods applied to the Rosen-Zener excita-
tion model [4], we derive excitation profiles for a broadband excitation
profile with respect to detuning and pulse duration to compensate
for experimental deviations of resonance frequencies and pulse area
in the quantum token. Towards this goal we are using an arbitrary
waveform generator to supply these pulses to single nitrogen-vacancy
colour centres [5]. In the outlook we will describe how this scheme can
be improved to suppress sensitivity to technical limitations [6].

[I] B. T. Torosov and N. V. Vitanov, Phys. Rev.
A 83, 053420 (2011). [2] https://www.forschung-it-sicherheit-
kommunikationssysteme.de/projekte/diqtok [3] K. Singer, C. Popov,
B. Naydenov, Verfahren zum Erstellen eines Quanten-Datentokens
(DE 10 2022 107 528 A1) DE-Patent (2023) [4] N. Rosen and C. Zener,
Phys. Rev. 40, 502 (1932). [5] A. Schmidt, J. Bernardoff, K. Singer,
J. P. Reithmaier and C. Popov, Physica Status Solidi A, 216, 1900233
(2019). [6] G. T. Genov, M. Hain, N. V. Vitanov, and T. Halfmann,
Phys. Rev. A, 101, 013827(2020).

Q 12.5 Mon 18:00 HS 3118
Nonlinear Quantum Photonics with a Tin-Vacancy Center
Coupled to a Diamond Waveguide — MatTEO Pasini, Nina Co-
DREANU, ¢T'IM TURAN, ADRIA RIERA MORAL, CHRISTIAN F. PRIMAV-
ERA, LoreENnzo DE SanTtis, Hans K. C. BEUKERS, JuLia M. BrEvo-
ORD, CHRISTOPHER WAAS, JOHANNES BORREGAARD, and RONALD
Hanson — QuTech and Kavli Institute of Nanoscience, Delft Uni-
versity of Technology, PO Box 5046, 2600 GA Delft, The Netherlands

Color-centers integrated with nanophotonic devices have emerged as a
compelling platform for quantum science and technology. Here we in-
tegrate tin-vacancy centers in a fiber-coupled diamond waveguide and
investigate the interaction with light at the single-photon level. We
observe single-emitter-induced extinction of the transmitted light up
to 25% and measure the nonlinear effect on the photon statistics.

With this system, we demonstrate fully tunable interference between
the reflected single-photon field and laser light back-scattered at the
fiber end. The reflected field shows a corresponding change between
bunched and anti-bunched photon statistics. Furthermore, we com-
ment on progress towards using tin-vacancy centers in diamond waveg-
uides as efficient quantum network nodes.

Q 12.6 Mon 18:15 HS 3118
Microwave control of the Tin-Vacancy center using magnetic
field alignment — eJErEMIAS Rescu!, IoanNis KarapaTzakis!,
MARCEL ScHropIN!, Luis Kussi!, PriLipp FucHs?, MICHAEL
Kiescunick®, JaN MEUER3, CurisTorH BECHER?, WOLFGANG
WERNSDORFER!, and Davip Huncer! — !Karlsruher Institut fiir
Technologie, DE — 2Universitit des Saarlandes, DE — 3Universitét
Leipzig, DE
Scalable quantum information processing requires spectrally stable in-
terfaces between photons and solid-state qubits. Group-IV color cen-
ters exhibit an inversion symmetry protecting them from surface charge
noise. By an optimized spectroscopy method, we identify hour-long
charge-state and spectrally stable SnV centers with Fourier-limited op-
tical linewidth using resonant excitation. To control the electron spin
with high fidelity, the use of microwave fields is required. However,
the magnetic transitions are heavily suppressed in unstrained emit-

ters. This limitation can be circumvented by using naturally strained
[1] or strain-engineered [2| SnV centers. Alternatively, a precise align-
ment of the DC magnetic field orientation allows for manipulation of
the electron spin using microwave fields even at lower strain values.
Hence, we implement a 3D vector magnet in a confocal microscope
setup at mK temperatures. By aligning the DC magnetic field with
respect to the SnV symmetry axis, we determine the angle dependent
splitting of the electron spin ground and excited state and show the full
fit to the SnV electron spin Hamiltonian. [1] Rosenthal et al., Phys.
Rev. X 13, 031022 (2023) [2] Guo et al., arXiv:2307.11916v2 (2023)

Q 12.7 Mon 18:30 HS 3118
Coherent control of the Tin-Vacancy center with
perconducting waveguides at mK temperatures
eloanNis Karararzakis!, JErREMIAs Rescu!, MARCEL SCHRODIN!,
Luis Kussi!, PuiLipp Fucas?, MicHAEL KIESCHNICK®, JAN
MEeLER3, CHrisToPH BECHER?, Davib HuNGER!, and WoOLFGANG
WEeRNSDORFER! — !Karlsruher Institut fiir Technologie, DE —
2Universitit des Saarlandes, DE — 3Universitét Leipzig, DE

Robust quantum networks require an interface between photons and
long-lived spin degrees of freedom. Due to its strong spin-orbit split-
ting, the Tin-Vacancy center possesses long electron spin lifetimes
around 1K. For high fidelity control, the use of microwave fields is
required. However, the magnetic transitions are heavily suppressed
in unstrained emitters. This limitation can be overcome by inducing
strain and precisely aligning the DC magnetic field orientation. Recent
work has shown the manipulation of the electron spin using aluminum
wire bonds [1] and on-chip gold waveguides [2]. Both methods suffer
from Ohmic losses in the microwave line, restricting coherence through
heat induction. To overcome this challenge, we fabricate a supercon-
ducting coplanar waveguide made from Niobium on a diamond mem-
brane through all-optical lithography. We induce strain in the diamond
by using a polymer with a high coefficient of thermal expansion for fix-
ation. We demonstrate coherent manipulation of the electron spin and
evaluate the decoherence properties for different magnetic field orien-
tations at mK temperature. [1] Rosenthal et al., Phys. Rev. X 13,
031022 (2023) [2] Guo et al., arXiv:2307.11916v2 (2023)

su-

Q 12.8 Mon 18:45 HS 3118
Addressing single nuclear spins at telecommunication wave-
length — ALEXANDER ULANOwsK1!, e ADRIAN HoLzAPFEL?, OLIVIER
Kunpers?, and ANDREAS REISERER!'2 — 1Max-Planck-Institut fiir
Quantenoptik, 85748 Garching, Germany — 2TU Miinchen and Mu-
nich Center for Quantum Science and Technology, 85748 Garching,
Germany

Single emitters in solids are a particularly promising building block for
large-scale quantum networks because their integration in micro- and
nanodevices offers great potential for scalability. Previously, our group
has demonstrated the coherent manipulation and efficient optical inter-
facing of individual erbium emitters in a micrometer-thin yttrium or-
thosilicate membrane by integrating it into a high finesse Fabry-Perot
resonator [1]. In recent devices, we achieve a Purcell enhancement
of their optical transition in the telecom C-band of up to 110. The
coherence of our system could be greatly increased by encoding the
information stored onto long-lived nuclear spins. We investigate two
different approaches. First, we consider the superhyperfine interaction
of a single erbium electron spin with the nuclear spin of neighboring
yttrium ions. In a second approach, we study the 7/2 nuclear spin
of the isotope Erl67, opening a promising path to quantum repeater
nodes with second-long coherence.
[1] A. Ulanowski, B. Merkel & A. Reiserer, Sci. Adv. 8, (2022).

Q 13: Quantum Technologies

Time: Monday 17:00-19:00

Q 13.1 Mon 17:00 HS 3219
Alternative approach to quantum pulse gates — eANKITA
Kuanpa, LAURA SERINO, MICHAEL STEFSZKY, BENJAMIN BRECHT,
and CHRISTINE SILBERHORN — Integrated Quantum Optics, Institute
for Photonic Quantum Systems, Paderborn Univerisity, Warburger Str.
100, 33098 Paderborn, Germany

Deep space communications and time-of-flight LIDAR applications can
utilize ultrashort optical pulses for high bit rate and precision; however,

20

Location: HS 3219

successful implementation of such systems is challenging and requires
single- or few-photon detection with very low mean photon numbers
and high SNR. Noise rejection is critical in free-space, where back-
ground light is present or detected photon count is low. The most
efficient method of noise elimination in the spectral-temporal domain
is coherent time-frequency filtering. A quantum pulse gate (QPG) is
a highly selective coherent temporal mode (TM) filter based on sum-
frequency generation in a periodically-poled lithium niobate (PPLN)
waveguide capable of single-photon level operation at telecom wave-
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lengths without additional noise. In this work, we investigate noise
effects of frequency up-conversion in target TM detection at telecom-
only wavelengths in a PPLN QPG down to single-photon level. The
pump and signal photon location in the telecom-range with small spec-
tral separation allows for easy integration into the standard fiber-optic
networks, but may give rise to additional noise channels. We will re-
port progress on the project, including first results.

Q 13.2 Mon 17:15 HS 3219
Maiman’s heritage, a thin disk cw singlemode Ruby laser for
high precision metrology — eWarLTER Luns!, THoMAs MULLER-
Wirrs2, CARSTEN REINHARDT?, and BERND WELLEGEHAUSEN%
IPhotonic Engineering Office, Herbert-Hellmann-Allee 57, 79189 Bad
Krozingen, Germany — 2TEM Messtechnik GmbH, GroRer Hillen 38,
30559 Hannover, Germany — 3Hochschule Bremen, Neustadtswall 30,
28199 Bremen, Germany — “Institut fiir Quantenoptik, Leibniz Uni-
versitdt Hannover, Welfengarten 1, 30167 Hannover, Germany

Maiman’s three-level 694 nm Ruby laser is well known as a pulsed
laser but is considered to be difficult to operate as a cw system. This
recently changed due to successful cw operation pumped with 405 nm
diode lasers, Ref. [1] and further refs. therein. Here, we report on
the first realization of a thin disk (microchip) cw Ruby laser of only
0.5 mm crystal thickness, allowing highly stable single-frequency oper-
ation without any further frequency selective element. Details of the
system will be presented, and applications for high-precision metrology
will be discussed.

[1] W. Luhs, B. Wellegehausen; Diode pumped compact single fre-
quency cw ruby laser, J. Physics Communications 7 (2023) 0055007

Q 13.3 Mon 17:30 HS 3219
Hybrid Fiber-Solid State Laser with 3D-Printed Intracav-
ity Lenses — oSIMON ANGSTENBERGER, PAvEL RuchHka, MAaARIO
HeNTSCcHEL, ToBiAs STEINLE, and HARALD GIESSEN — 4th Physics
Institute and Stuttgart Research Center of Photonic Engineering, Uni-
versity of Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany

Microscale 3D-printing has revolutionized micro-optical applications
ranging from endoscopy, imaging, to quantum technologies. In all
these applications miniaturization is key, and in combination with the
nearly unlimited design space it is opening novel avenues. Here, we
push the limits of miniaturization and durability by realizing the first
fiber laser system with intra-cavity on-fiber 3D-printed optics. We
demonstrate stable laser operation at over 20 mW output power at
1063.4 nm with a full width half maximum (FWHM) bandwidth of
0.11 nm and a maximum output power of 37 mW. Furthermore, we
investigate the power stability and degradation of 3D-printed optics at
Watt power levels. The intriguing possibilities afforded by free-form
microscale 3D-printed optics allow us to combine gain in a solid-state
crystal with fiber guidance in a hybrid laser concept. Therefore, our
novel ansatz enables the compact integration of bulk active media in
fiber platforms at substantial power levels.

Q 13.4 Mon 17:45 HS 3219
Ultra-low frequency noise diode-laser systems for quan-
tum applications — eNikLas Koropzie!2, IvaAN MIRGORODSKIY!,
Kar DieTze?, CHRISTIAN NOLLEKE!, and Pier O. Scumipr?:3
ITOPTICA Photonics AG, Grifelfing, Germany — 2Physikalisch-
Technische Bundesanstalt, Braunschweig, Germany — SInstitut fiir
Quantenoptik, Leibniz Universitdt Hannover, Hannover, Germany

Narrow-linewidth lasers are essential in many quantum applications
which exploit ultra-cold atoms. Tasks like optical trapping or coher-
ent qubit manipulation have high requirements on the laser frequency
noise (FN). In many experiments it is crucial to keep FN at a minimum
level: slow FN is responsible for the long-term stability, while fast FN
ultimately limits the fidelity of qubit operations.

External-cavity diode lasers (ECDL) are the tool of choice for such
applications due to their versatility and robustness: A wide range of
atomic transitions in the visible and infrared frequency ranges can be
addressed. However, ECDLs typically have a high level of FN due to
relatively high cavity losses compared to other laser concepts.

We demonstrate an ultra-low noise laser (ULNL) by applying weak
optical feedback from an additional external cavity to an ECDL. This
method reduces fast FN i.e. reducing the Lorentzian part of the
linewidth. We investigate the characteristics of the ULNL in detail:
FN reduction with respect to different feedback power-levels, mode-
stability and frequency stabilization to an optical reference. Finally,
we integrate the ULNL into a calcium ion experiment and compare the
performance to a state-of-the-art laser.

21

Q 13.5 Mon 18:00 HS 3219
Performance Comparison of Polarization Compensation De-
vices on a Deployed Inter City Fiber Link for Quantum Com-
munication Applications — eSaiLi Naik!'?2, GREGoR SAUERDZ,
Pritom PaurL2) and FaBiaN STEINLECHNER'2 — !Fraunhofer In-
stitute for Applied Optics and Precision Engineering, Albert-Einstein-
Str. 07, 07745 Jena, Germany — 2Friedrich Schiller University, Insti-
tute of Applied Physics, Abbe Center of Photonics, Albert-Einstein-
Str. 15, 07745 Jena, Germany

Within a quantum network, different properties of photons can be used
to transmit quantum information. One such technique involves utiliz-
ing the polarization state of photons, due to ease of manipulation and
detection. However, when such qubits are transmitted over long opti-
cal fiber links, their polarization state undergoes unpredictable changes
caused by environmental factors. So, accurate measurement of quan-
tum correlations in the polarization basis necessitates fast and precise
compensation of these polarization drifts.

Several motorized polarization manipulation devices are available
in the market, distinguished by distinct operating principles. In this
work, we examine a range of performance parameters associated with
these devices, including the response linearity, hysteresis, and oper-
ation speed. We also run compensation algorithms on these devices
to assess their capacity for polarization compensation in low and high
drift speed scenarios. This study aims to enhance our understanding of
long-term behavior of polarization-based QKD systems in real-world
application environments.

Q 13.6 Mon 18:15 HS 3219
Development of micro-integrated optical systems for compact
atom-based quantum sensors — eCONRAD ZIMMERMANN, MARC
CurisT, Arisa UxknHaNova, and Markus Krutzik — Ferdinand-
Braun-Institut (FBH), Berlin, Germany

The miniaturization of atom-based quantum sensor experiments to-
wards robust and compact quantum sensor devices holds great poten-
tial to improve a variety of applications, such as timekeeping, naviga-
tion and high-sensitivity field sensing. Working on the physics pack-
ages, we develop and qualify necessary integration technologies to real-
ize miniaturized, ultra-stable optical systems to generate, manipulate
and detect atomic quantum gases. For further functionalization, active
optical components are investigated. We report on our technology tool-
box and the latest qualification efforts regarding the micro-integration
of free-space optical systems using adhesive bonding processes.

Towards higher grades of system integration, one approach is to
integrate optical subsystems within the ultra-high vacuum (UHV) sys-
tem, requiring ultra-low outgassing properties of all bonds and com-
ponents. Furthermore, additive manufacturing of ceramics and metals
is utilized, e.g. to realize compact and functionalized vacuum systems.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry for Economic Affairs and Cli-
mate Action (BMWK) due to an enactment of the German Bundestag
under grant numbers DLR50WM1949, 50RK1978, 50WM2070 and
50WM2268.

Q 13.7 Mon 18:30 HS 3219
Investigation of diffraction gratings and additively manufac-
tured vacuum components for miniaturized atomic physics
packages — eALisA UkHANOVA, MARC CHRIST, CONRAD ZIMMER-
MANN, JORG FRICKE, OLAF Brox, ROBERT SMoL, DANIEL BANDKE,
JeENnicHl Cramrvaux FEerizco, ANDREA KNIGGE, and MARKUS
Krutzik — Ferdinand-Braun-Institut (FBH), Leibniz-Institut fir
Hochstfrequenztechnik, Berlin

Atom-based quantum devices allow precise timekeeping and field sens-
ing. The application of these sensors beyond the laboratory envi-
ronment requires improvements of size, stability and user-friendliness.
Here, we are developing a technology toolbox towards miniaturized
cm-scale physics package. In this presentation we show results of the
optical qualification of diffraction gratings for GMOTs with varying
periods, duty cycles and coatings. Furthermore, 3D-printed ceramic
and aluminum components for vacuum applications are investigated
and a next generation compact physics package envisioned.

This work is supported by FBH and partially supported by the Ger-
man Space Agency (DLR) with funds provided by the Federal Ministry
for Economic Affairs and Climate Action (BMWK) due to an enact-
ment of the German Bundestag under grant number 50WM1949 and
50WM2070.

Q 13.8 Mon 18:45 HS 3219
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Industrially fabricated ion trap chips for double-well cou-
pling experiments — eMicHAEL D.J. PreirEr! 2, SiMoN ScHEY!"3,
MarTHIAS DIETLY2, FABIAN ANMASSERD2, JakoB WaHLY2, MARCO

VALENTINI?, MARTIN VAN Mourik2, THomas Monz2, FABIAN

LaurenT!, CLEMENs RossLeEr!, YveEs CoromBE!, and PHILIPP
ScHINDLER? — !Infineon Technologies Austria AG, Villach, Austria
— 2University of Innsbruck, Innsbruck, Austria — 3Stockholm Uni-

versity, Stockholm, Sweden

We present surface ion trap chips, industrially fabricated at Infineon
Technologies [1,2], that are capable of trapping ions in two separate rf
potential wells. The chips are designed for investigating rf shuttling

in the large separation and in the coupling regimes as element of a
scalable architecture [1]. The design parameters of a surface ion trap
in the rf coupling regime with optimal ion height and ion-ion distance
are investigated.

The ion traps are fabricated on the dielectric substrates Fused Silica
and Sapphire. The status of the microfabrication on these materials
is discussed, with a focus on optical and electric properties, as well as
on wafer bow.

[1] Ph. Holz, S. Auchter et al., Adv. Quantum Technol. 3, 2000031
(2020)

[2] S. Auchter, C. Axline et al., Quantum Sci. Technol. 7, 035015
(2022)

Q 14: Precision Spectroscopy of Atoms and lons | (joint session A/Q)

Time: Tuesday 11:00-13:00

Q 14.1 Tue 11:00 HS 1098
Implementing a Josephson Voltage Standard on a Penning
Trap for the Nuclear Magnetic Moment Measurements of

2D, 3He and "Li — eANNABELLE KAISER!, STEFaAN Dickopr!,

Marius MOLLERY, RaLF BErr?, Ute BEuTEL!, ANKUsH KAUsSHIK!,
Luis PaLarox?, STEFAN ULMER34, ANDREAS Mooser?!, and KLAUs
Braum! — Max-Planck-Institut fiir Kernphysik, Heidelberg, Ger-
many — 2Physikalisch Technische Bundesanstalt, Braunschweig, Ger-

many — 3RIKEN, Wako, Japan — *HHU Diisseldorf, Germany

Penning traps are versatile tools for high-precision measurements of
e.g. the hyperfine structure from which atomic masses, binding energies
and electron as well as nuclear magnetic moments can be extracted.
For the latter, a spin-flip needs to be resolved with a change in signal
that is barely detectable before the background noise, using methods
described in [1]. This requires an ultra-stable trapping environment
and extremely cold ion temperatures. A new technique will be pre-
sented, which reduces the noise originating from the voltage sources
generating the electrostatic trapping potential: By implementing a
tunable 10 V Josephson voltage standard, the stability of the ion’s
axial frequency was measured to be twice as stable (10 ppb over 8
minutes, at 800 kHz absolute frequency) as with the typical low-noise
voltage sources UM1-14. An environment this stable enables the direct
high-precision measurements of the nuclear magnetic moment of 2D,
3He and "Li. First results of the frequency stability improvement will
be presented, along with the status of the project.
[1] Mooser et al., J. Phys.: Conf. Ser. 1138 012004 (2018)

Q 14.2 Tue 11:15 HS 1098

Measurement of the bound-electron g-factor in *Het
for the determination of the electron mass — eMAaRIUs
MULLER!, STEFAN Dickopr!, ANNABELLE Kaiser!, UTE BrEUTEL!,
Ankusn Kausnik!, Steran ULMmER?3, ANDREAs Mooser!, and
Kraus Braum! — IMax-Planck-Institut fiir Kernphysik, Heidel-
berg, Deutschland — 2RIKEN, Wako, Japan — 3Heinrich-Heine-

Universitat, Diisseldorf, Deutschland

The determination of fundamental constants is of great importance
for many fields of science and technology. One of these fundamental
constants is the atomic mass of the electron, which was previously de-
termined to a fractional uncertainty of 30 ppt by a collaborative effort
of high-precision Penning-trap g-factor measurements of hydrogen-like
carbon-12 and state-of-the-art bound-state QED calculations [1]. Re-
cent measurements of the helium-4 mass at LIONTRAP with a rel-
ative precision of 12 ppt [2] allow for an independent cross-check of
the electron mass in a different ionic system and further enable an
improvement in precision by a factor of 2.5.

At our experimental Penning-trap setup at the MPIK in Heidelberg
[3], we are currently conducting high-precision bound-electron g-factor
measurements of “Het in order to improve the precision of the atomic
mass of the electron. The current status and first experimental results
of the helium-4 measurement campaign will be presented.

[1] S. Sturm et al., Nature 506, 467 (2014)
[2] S. Sasidharan et al., Phys. Rev. Lett. 131, 093201 (2023)
[3] A. Schneider et al., Nature 606, 878 (2022)

Q 14.3 Tue 11:30 HS 1098
Precision ground-state hyperfine and Zeeman spectroscopy
on ‘Be ions eSTEFAN Dickopr!, BAsSTIAN SIkoral,

ANNABELLE Ka1ser!, MArR1Us MULLER!, STEFAN ULMER?, VLADIMIR
bl 9 9

22

Location: HS 1098

YEROKHIN!, ZovrraN HarMAN!, CurisTorH KEITEL!, ANDREAS
9 3 3

Mooser!, and Kraus Braum! — 1Max-Planck-Institut fiir Kern-
physik, Heidelberg, Germany — Z2Institut fiir Experimentalphysik,
Heinrich-Heine-Universitat, Diisseldorf, Germany

Measurements of the Zeeman splitting in systems with nuclear mag-
netic moments can be used to infer the shielded nuclear and the bound
electron g-factors, as well as the zero-field hyperfine splitting [1]. We
measured the Zeeman splitting of 9Be®T and compare it to measure-
ments on 9Belt [2] to test the theory of the diamagnetic shielding
factor [3] on the parts per billion level. Additionally, we compare our
measured zero-field splitting with the value obtained in 9Be!* via the
so-called hyperfine specific difference to cancel theoretically intractable
nuclear structure contributions. Recent progress and the latest results
will be presented.

[1] A. Schneider et al, Nature 606, 878-883 (2022)

[2] D. J. Wineland, J. J. Bollinger, and Wayne M. Itano, Phys. Rev.
Lett. 50, 628-631 (1983)

[3] K. Pachucki and M. Puchalski, Optics Communication 283, 641-
643 (2010)

Q 14.4 Tue 11:45 HS 1098
Isotope shift spectroscopy in ultracold atomic mercury —
oTHORSTEN GROH, SAscHA HEIDER, and SIMON STELLMER —
Physikalisches Institut, Universitdt Bonn, Nussallee 12, 53115 Bonn

Low energy beyond standard model theories predict a new boson, that
would act as a new force carrier coupling neutrons and leptons via a
Yukawa like interaction [Delaunay, PRD 96, 093001; Berengut, PRL
120, 091801]. Precision spectroscopy of atomic isotope shifts could re-
solve this coupling as an energy shift of electronic levels. New physics
signatures would emerge as nonlinearities in King plots of scaled iso-
tope shifts on different electronic transitions.

‘We cool mercury in a magneto-optical trap. Our results on high res-
olution deep UV laser spectroscopy show strong deviations from linear-
ity. Our multidimensional King plot analysis indicates that these are
dominated by standard model contributions, quadratic field shifts and
nuclear deformations. With recent improvements on the machine and
spectroscopy results on additional lines we investigate the nonlinearity
origins further.

Q 14.5 Tue 12:00 HS 1098
Spectroscopy of calcium on an atomic vapor — eLuUKAs
MOLLER, DaviD ROseER, FREDERIK WENGER, ANDREAS REUSS, AN-
1cA HAMER, and SiMON STELLMER — Physikalisches Institut, Univer-
sitdt Bonn

Calcium is an element that posseses multiple desireable qualities that
make it suitable for a multitude of applications, including atomic clocks
and the search for beyond standard model physics. All of these ap-
plications are based on high precision spectroscopy. Spectroscopy on
thermal atomic vapor is a straightforward and well-estabished method.
By applying a lock-in detection scheme that uses both frequency and
amplitude modulation to saturated absorption spectroscopy, we mea-
sure the isotope shifts of the 423-nm 1S0 -> 1P1 transition for all
stable calcium isotopes.

Q 14.6 Tue 12:15 HS 1098

Developments towards quantum logic spectroscopy for high-
precision CPT symmetry tests in a cryogenic Penning trap
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— oJAN ScHAPER!, JuLiA CoENDERS!, MoRrITZ vON BoeuN!, N1ma
Hasuemi!, JuaAN MaNUEL CorNEJO!, STEFAN ULMER34, and CHRIs-
TIAN OsPELKAUSY2 — 1Leibniz Universitit Hannover, Germany
— 2Physikalisch-Technische Bundesanstalt, Braunschweig, Germany
— 3Ulmer Fundamental Symmetries Laboratory, Riken, Japan —
4Heinrich-Heine-Universitit Diisseldorf, Germany

High-precision matter-antimatter comparisons allow to test CPT sym-
metry and to search for new physics beyond the standard model. The
BASE collaboration contributes to these tests by measuring the charge-
to-mass ratio and g-factor of protons and antiprotons in cryogenic
Penning traps [1-3]. The BASE experiment at the Leibniz University
Hannover is developing measurement schemes based on sympathetic
cooling and quantum logic spectroscopy to further increase sampling
rates, using “Be™t both as cooling and logic ion [4].

This talk will present recent advances, including adiabatic transport
in the ms-regime [5] and ground-state cooling of a single Bet ion
[6]. Furthermore, upcoming changes to the experimental apparatus,
including a redesigned Penning trap stack, will be shown.

[1] G. Schneider et al., Science 358, 1081 (2017) [2] C. Smorra et al.,
Nature 550, 371 (2017) [3] M.J. Borchert et al., Nature 601, 53 (2022)
[4] Juan M Cornejo et al 2021 New J. Phys. 23 073045 [5] Meiners
et al., arXiv:2309.06776 (2023) [6] Cornejo et at., arXiv:2310.18262
(2023)

Q 14.7 Tue 12:30 HS 1098
X-Ray Spectroscopy of the Ka transitions in He-like Ura-

nium — ePHiLiP PrirrLEIND23 STEFFEN ALLGEIER?, Sonia
BerniTTH2:3,  ANDREAS FLEISCHMANN?, MARVIN  FRIEDRICH?,
ALEXANDRE  GUMBERIDZE?, CurisToPH  Hann1:2 DANIEL
HenGsTLER?, Marc O. Herpricu!:23, FeLix KrOGerDZ3, Pa-

TrICIA KUNTZ?, MICHAEL LESTINSKYZ, BAsTIAN LOHER?, ESTHER
B. Menzb23, Uwe SpiLLMANNZ, SErGlY TroTsENkODZ2, GUN-
TER WEBER'2, Binenur Znul23 Curistian Enss?, and THomAs
StonLKER!23 — THI Jena, Germany — 2GSI, Darmstadt, Germany
— 3Jena University, Germany — 4Heidelberg University, Germany

Helium-like ions are the simplest atomic multi-body systems. Their

study along the isoelectronic sequence allows for precision tests of the
interplay of the effects of electron—electron correlation, relativity and

quantum electrodynamics (QED) within a wide range of electromag-
netic field strengths. Heavy highly charged ions are ideal for probing
higher order QED terms. For the 1s state in uranium, e.g. their con-
tributions are on the 1eV level at binding energies of above 100 keV.
In spring 2021 an X-ray spectroscopy study of helium-like uranium
ions has been performed at the electron cooler of the low-energy stor-
age ring CRYRINGQ@ESR at GSI, Darmstadt using metallic magnetic
calorimeter detectors. The achieved spectral resolution reveals the sub-
structure of the Koy and Kag lines for the first time. Using two de-
tectors the Doppler shift was deduced from the recorded spectra. This
breakthrough in X-ray spectroscopy enables future precision tests of
bound-state QED and many-body effects in extreme field strengths.

Q 14.8 Tue 12:45 HS 1098
Towards high precision quantum logic spectroscopy of
single molecular ions — eMAXIMILIAN JASIN ZAWIERUCHA',
Ti. RenMmert!, FaBian Worr!, and Pier O. ScumipT!:?
I Physikalisch- Technische Bundesanstalt, Braunschweig — 2Institut
fir Quantenoptik, Leibniz Universitdt Hannover, Hannover

High precision spectroscopy of trapped molecular ions constitutes a
promising tool for the study of fundamental physics. Possible applica-
tions include the search for a variation of fundamental constants and
measurement of the electric dipole moment of the electron. Compared
to atoms, molecules offer a rich level structure, permanent dipole mo-
ment and large internal electric fields which make them exceptionally
well suited for those applications. However, the additional rotational
and vibrational degrees of freedom result in a dense level structure and
absence of closed cycling transitions. Therefore, standard techniques
for cooling, optical pumping and state detection cannot be applied.
This challenge can be overcome by quantum logic spectroscopy. In ad-
dition to the single molecular ion, one well-controllable atomic ion is
co-trapped, coupling strongly to the molecule via the Coulomb interac-
tion. The shared motional state is used as a bus to transfer information
about the internal state of the molecular ion to the atomic ion. Using
calcium as a logic ion, we have implemented a quantum logic scheme
to detect population transfer on a co-trapped spectroscopy ion. The
interaction is driven by a far detuned Raman laser setup. We present
the latest progress of our experiment, aiming at high precision spec-
troscopy of molecular and complex atomic ions.

Q 15: Optomechanics

Time: Tuesday 11:00-13:00

Invited Talk Q 15.1 Tue 11:00 HS 1015
Levitated nanoparticles as testbeds for fundamental aspects
of physics — eJULEN S. PEDERNALES — University of Ulm, Ulm,
Germany

Quantum mechanics has been enormously successful at describing the
microscopic world, however, at scales that exceed the mass of a few
thousand atoms, it remains largely unexplored. Recent progress in the
quantum control of the mechanical degrees of freedom of solids sus-
pended in a vacuum suggests that this situation might be changing in
the near to mid-term future. Containing billions of atoms, levitated
nanoparticles might be able to perform quantum experiments in an
unprecedented mass regime, and thus, interrogate Nature about fun-
damental aspects of physics for which we do not have an answer: does
the linearity of quantum mechanics hold at macroscopic scales? or,
how does the gravitational field of a source in superposition look like?

In my talk, I will examine the opportunities and challenges that
this nascent quantum platform presents to address these fascinating
questions. First, I will present a collection of proposed techniques to
extend the coherence times and shorten the duration of experiments
aimed at realizing matter-wave interferometry with levitated solids.
Secondly, I will discuss the prospects of observing gravitationally me-
diated entanglement between levitated solids—a route to explore the
quantumness of gravity. Finally, I will introduce an alternative strat-
egy for the detection of the quantumness of gravity which does not
rely on the generation of entanglement.

Q 15.2 Tue 11:30 HS 1015
Levitated optomechanics in microgravity — e(GOVINDARAJAN
Prakasu!, SvEN HerrRMANN!, Craus LAMMERzAHL!, and CHRIs-
TIAN VocT? — 1ZARM (Zentrum fiir Angewandte Raumfahrttech-
nologie und Mikrogravitation), Universitit Bremen — 2BIAS (Bremer

23

Location: HS 1015

Institut fiir angewandte Strahltechnik GmbH)

Optomechanical levitation of nanoparticles provides a promising plat-
form to perform tests with macroscopic particles on the interface be-
tween quantum and classical regimes. Schemes of such tests involve op-
tical trapping, feedback cooling, and release and retrapping of nanopar-
ticles. Here, we present how this allows us to perform force sensing of
the order of attonewtons in microgravity conditions at the drop tow-
ers of ZARM in Bremen using silica nanoparticles. We present our
progress thus far where we discuss first results from microgravity and
hypergravity conditions.

Q 15.3 Tue 11:45 HS 1015
The First Levitated Optomechanics Experiment in Space —
Jack Homans!, GovINDARAIJAN Prakasa?, CHris BrIDGEs®, PE-
TER NisBeET-JonEs?, ELLioT Simcox!, SiMEoN Mopre!, TIBERIUS
GEORGEscU!, eCHRISTIAN VocT?? and HENDRIK ULBRICHT! —
1School of Physics and Astronomy, University of Southampton,
Southampton SO17 1BJ, UK — 2ZARM, Center of Applied Space
Technology and Microgravity, Uni Bremen — 3Surrey Space Centre,
OBDH Group, University of Surrey, Guildford, U.K. — 4Twin Paradox
Labs, London, U.K. — 5BIAS, Institute of Applied Beam Technology,
Bremen, Germany

Optically levitated nanospheres hold great promises for investigations
of quantum behavior of large masses. In order to observe these, the
particles must be isolated from sources of decoherence e.g. collisions
with gas molecules or photons. The latter can hardly be suppressed
in optical traps. One way to circumvent this problem is to switch off
the trap and allow for a free evolution of the particles’ wave packet
as it can be done in space. A first demonstrator for this technology
will be launched by the end of 2024 with the reentry capsule Nyx, by
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the company TEC. This talk we will focus on our payload design, the
given boundary conditions and our mission goals.

Q 154 Tue 12:00 HS 1015
Testing Spontaneous Collapse Models with Levitated Naph-
thalene — eMariT O. E. STEINER, JULEN S. PEDERNALES, and
MarTIN B. PLENIO — Institute of Theoretical Physics, Ulm Univer-
sity
Spontaneous collapse models aim to address the quantum-to-classical
transition and the measurement problem through non-linear, stochas-
tic modifications of the Schrodinger equation. A promising route to
test the existence of these modifications is through matter-wave in-
terference experiments of increasing mass and coherence length. In
particular, the nascent field of levitated optomechanics, promises the
ability to perform matter-wave interference at unprecedented scales.

In my presentation, I will advocate for an unconventional material
in levitated optomechanics: pentacene-doped naphthalene. Leverag-
ing photo-excited triplet states in pentacene, it is possible to achieve
remarkable nuclear spin hyperpolarization, up to 80% polarization
rates with relaxation times of T1=800 hours. These properties make
it an ideal candidate for matter-wave interferometry. Stronger spin-
dependent forces allow shorter interference times, reducing susceptibil-
ity to various noise sources. Additionally, the homogeneous spin dis-
tribution mitigates unwanted rotations in nanoparticles, an expected
challenge in experiments with fewer spins.

I will introduce a novel experimental protocol leveraging these prop-
erties, as well as discuss the intricacies of the protocol and showcase
its ability to impose bounds on the free parameters of the Continuous
Spontaneous Localization model compared to existing methodologies.

Q 15.5 Tue 12:15 HS 1015
Classical phase-space model for gravity-mediated entangle-
ment — eMARTA MARIA MARCHESE, MARTIN PLAVALA, MATTHIAS
KLEINMANN, and STEFAN NIMMRICHTER — Universitét Siegen, Siegen,
Germany

Whether gravity is fundamentally quantum or not is still a debated
question. On one side, there are several well-established quantum-
gravity theories, on the other, there are semi-classical descriptions that
treat the gravity field as a classical measurement-feedback channel.
The lack of experimental evidence leaves the problem still unresolved,
but experiments with massive levitated particles have been proposed:
witnessing entanglement generated by the gravitational interaction be-
tween two masses in a matter-wave interferometer is claimed to probe
the quantum nature of the gravitational field. Here, we argue that
such a scheme is not sufficient to rule out all possible classical de-
scriptions of gravity. Indeed, one can achieve the same entanglement
built up through a classical evolution of the Wigner function of the
two gravitationally interacting masses, making use of a second-order
approximation of the Newtonian potential. This suggests that alter-

native experimental schemes be developed to test the quantum nature
of gravity.

Q 15.6 Tue 12:30 HS 1015
Dynamics of diamagnetically levitated superconducting el-
lipsoids — eFyNN Ko6LLER!, KLAus HORNBERGER!, and BENJAMIN
A. StickLER? — 1University of Duisburg-Essen, Faculty of Physics,
Lotharstrafe 1, 47058 Duisburg, Germany — 2Ulm University, Insti-
tute for Complex Quantum Systems, Albert-Einstein-Allee 11, 89069
Ulm, Germany

Superconducting bodies can be diamagnetically levitated in magnetic
quadrupole traps, where their dynamics are governed by the internal
magnetization induced by the trapping field. We derive an analytical
expression for the magnetization in ellipsoids, which is fully character-
ized by the induced dipole and quadrupole moments. These moments
give rise to diamagnetic forces and torques as well as spin-rotation
coupling due to the Einstein-de Haas and Barnett effects, enabling full
three-dimensional alignment in the trap centre. We study the result-
ing dynamics and show that signatures of strong spin-rotational cou-
pling will become observable in upcoming experiments with levitated
micron-sized superconductors.

Q 15.7 Tue 12:45 HS 1015

Decoherence of dielectric rotors by thermal emission
eJoNAs ScHAFER!, BENJAMIN A. StickLER?, and KrLaus
HORNBERGER! 1Faculty of Physics, University of Duisburg-Essen

— 2Institute for Complex Quantum Systems, Ulm University

Levitated nanoparticles can be used for sensing applications and fun-
damental tests of quantum theory [1,2]. The center-of-mass motion
has already been driven into the quantum ground state [1], while the
full rotation dynamics are expected to enter the quantum regime soon
[2,3,4,5]. This talk presents the master equation quantifying the im-
pact of thermal emission on the ro-translational quantum state of an
arbitrarily sized dielectric rigid rotor. It involves only the bulk per-
mittivity, geometry, and temperature of the particle, and it accounts
for internal photon scattering to all orders. We find the orientation
state to decohere even for spheres in the point-particle limit, which
can be understood a consequence of the vector character of the ther-
mally driven polarization currents.

[1] Gonzalez-Ballestero, Aspelmeyer, Novotny, Quidant, and
Romero-Isart, Science 374, eabg3027 (2021)

[2] Stickler, Hornberger, and Kim, Nat. Rev. Phys. 3, 589-597
(2021)

[3] Schéfer, Rudolph, Hornberger, and Stickler, PRL 126, 163603
(2021)

[4] Pontin, Fu, Toro§, Monteiro, and Barker, Nat. Phys. 19, 1003-
1008 (2023)
[5] Kamba, Shimizu, and Aikawa, arXiv:2303.02831 (2023)

Q 16: Bosonic Quantum Gases Il (joint session Q/A)

Time: Tuesday 11:00-13:00

Q 16.1 Tue 11:00 Aula

Sub-unity superfluid fraction of a supersolid from self-

induced Josephson effect — eNicoLd Anrtorini’2, GiuLio
Biacioni?3, BEaTricE DoneLLib245 Luca Przzil24, AucusTo
SmeRz11'24 Marco Farrori’23, ANDREa FiorerTi?, CARLO

GABBANINI?, MassiMo INgusciol8, Luca Tanzi 2, and Giovannt
Mobpuagno!?3 — 1LENS, University of Florence — 2CNR-INO —
3Department of Physics and Astronomy, University of Florence —
4QSTAR — 5Universita degli Studi di Napoli — SUniversita Cam-
pus Bio-Medico di Roma

Many quantum materials in various systems feature a spatially mod-
ulated macroscopic wavefunction resulting from spontaneous breaking
of gauge and translational symmetries. Their connection with super-
solids has only been traced in a few cases since a universal prop-
erty able to quantify the differences between supersolids, superflu-
ids/superconductors, and crystals has not been established. A key
property is the superfluid fraction, measuring the reduction in super-
fluid stiffness due to spatial modulations, leading to the non-standard
superfluid dynamics of supersolids. We employ the Josephson effect to
locally measure the superfluid fraction in a supersolid. Even without a
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physical barrier, the Josephson effect arises spontaneously in a super-
solid, and single lattice cells act as self-induced Josephson junctions.
We studied a cold-atom dipolar supersolid, revealing a significant sub-
unity superfluid fraction. Our results point to new research directions,
like the study of partially quantized vortices and supercurrents, and
have an impact on the understanding of other supersolid-like systems.

Q 16.2 Tue 11:15 Aula

Supersolidity in a driven quantum gas — eNikoLAs LIEBSTER!,

Marius SparRN!, ELiNorR Kara!, KEISUKE Fuini2, SARAH GORLITZZ,
TimaN Enss?, HeLmur STROBEL!, and MARKUS OBERTHALER!
— Kirchhoff-Institut fiir Physik, Universitit Heidelberg, Im Neuen-
heimer Feld 227, 69120 Heidelberg, Germany — 2Institut fiir The-
oretische Physik, Universitdt Heidelberg, Philosophenweg 19, 69120

Heidelberg, Germany

Driven systems are of fundamental scientific interest, as they can dis-
play properties that are radically different from similar systems at
equilibrium. However, systems out of equilibrium are difficult to de-
scribe theoretically, as they are inherently time-dependent and deeply
nonlinear. This makes the study of such systems an ideal task for
quantum field simulators, in which complex dynamics emerge naturally
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and can be probed experimentally. Here, we demonstrate the emer-
gence of supersolidity in a driven, two-dimensional superfluid, that
only has contact interactions. The self-stabilized system is character-
ized by simultaneously broken translational and U(1) gauge symmetry,
and emerges as a result of large occupations of phononic modes due to
driving. We characterize the state by observing collective modes of the
lattice as well as lattice phonon propagation. We also show that the
system maintains phase rigidity, a key property of superfluidity. This
work introduces a novel type of supersolid that is readily experimen-
tally accessible, and establishes a conceptual framework for describing
elementary excitations of driven systems.

Q 16.3 Tue 11:30 Aula
Strong-coupling expansion for disordered Bose-Hubbard
model — eRENAN DA Siva Souzal, AXeL PELSTER?, and FRAN-
c1sco EDNILSON ALvEs pos SANTos?® — !Goethe-Universitét, Insti-
tut fiir Theoretische Physik, Frankfurt am Main, Germany — 2Physics
Department and Research Center OPTIMAS, RPTU Kaiserslautern-
Landau, Germany — 3Departamento de Fisica, Universidade Federal
de Sao Carlos, Brazil

We identified the different ground states corresponding to the disor-
dered Bose-Hubbard model at zero and finite temperatures and for
small tunneling energies. Employing a field-theoretical approach, we
constructed a strong-coupling expansion. By utilizing the Poincaré-
Lindstedt method, we calculated a renormalized expression for the lo-
cal density of states, providing clear differentiation between the Mott-
insulator and Bose-glass phases. Applying a resummation technique,
we computed the expression for the disorder ensemble average of the
spectral function. Its analysis shows that disorder leads to an increase
in the effective mass of both quasi-particle and -hole excitations of the
Mott phase. And it yields the emergence of damped states, which
exponentially decay during propagation in space and dominate the
whole band when disorder becomes comparable to interactions. We
argue that such damped-localized states correspond to single-particle
excitations of the Bose-glass phase. Our results for the phase bound-
ary compare well against stochastic and local mean-field numerical
predictions.
[1] New J. Phys. 23, 083007 (2021) and 25, 063015 (2023)

Q 16.4 Tue 11:45 Aula
Dynamical analysis of the chaotic phase in the Bose-Hubbard
model — Oscar Dugfas Sinchiz! and eALsErRTO RODRiGUEZ!:?
— IDepartamento de Fisica Fundamental, Universidad de Salamanca,
E-37008 Salamanca, Spain — 2Instituto Universitario de Fisica Funda-
mental y Matematicas (IUFFyM), Universidad de Salamanca, E-37008
Salamanca, Spain

We study the dynamical manifestation of the Bose-Hubbard model’s
chaotic phase [1] by analysing the temporal behaviour of connected
two-point density correlations on experimentally accessible time scales
up to a few hundred tunneling times. The exact time evolution of
initial states with unit density reveals that the chaotic phase can be
unambiguously identified from the ‘early’ time fluctuations of the con-
sidered observable around its equilibrium value [2]. The emergence of
the chaotic phase is also seen to leave an imprint in the initial growth of
the time signals. Specifically, the short time evolution in systems with
L 2 40 is scrutinized to investigate the potentially diffusive spreading
of density correlations within the chaotic phase.

[1] L. Pausch et al., Phys. Rev. Lett. 126, 150601 (2021)
[2] D. Pefia Murillo, MSc Thesis, Universidad de Salamanca (2022)

Q 16.5 Tue 12:00 Aula
Emergence of fluctuating hydrodynamics in chaotic quan-
tum systems eJuLiAN WienanDD23, SimoN Karcu!?23,
ALEXANDER ImPERTROV'Z3,  CHrisTiaAN Scuwrizer1'23, Ewan
McCurLocu?, RoMAIN VasseEUR?, SARANG GOPALAKRISHNAN®,
MonikA AIDELSBURGERYZ3 and IMMANUEL Brocu!:2:3 — IFakultit
fir Physik, Ludwig-Maximilians-Universitat, 80799 Munich, Germany
— 2Max-Planck-Institut fiir Quantenoptik, 85748 Garching, Germany
— 3Munich Center for Quantum Science and Technology (MCQST),
80799 Munich, Germany — *Department of Physics, University of
Massachusetts, Amherst, MA 01003, USA — 5Department of Electri-
cal and Computer Engineering, Princeton University, Princeton, NJ
08544, USA

A fundamental principle of chaotic quantum dynamics is that local sub-

systems eventually approach a thermal equilibrium state. Large sub-
systems thermalise slower: their approach to equilibrium is limited by

25

the hydrodynamic build-up of fluctuations on extended length scales.
We perform large-scale quantum simulations that monitor particle-
number fluctuations in tunable ladders of hard-core bosons and ex-
plore how the build-up of fluctuations changes as the system crosses
over from ballistic to chaotic dynamics. Our results indicate that the
growth of large-scale fluctuations in chaotic far-from-equilibrium sys-
tems is even quantitatively determined by equilibrium transport coef-
ficients, in agreement with the predictions of fluctuating hydrodynam-
ics. This emergent hydrodynamic behaviour of fluctuations provides a
novel test of fluctuation-dissipation relations far from equilibrium.

Q 16.6 Tue 12:15 Aula
Extreme wave events and spacetime defects in a spinor Bose-
Einstein condensate — eYANNICK DELLER, IDO S1oviTz, ALEXAN-
DER ScHMUTZ, FELIX KLEIN, HELMUT STROBEL, THOMAS GASEN-
zER, and MARrRkUs K. OBERTHALER — Kirchhoff-Institut fiir Physik,
Ruprecht-Karls Universitat Heidelberg, Deutschland

Many-body systems far from equilibrium can exhibit self-similar dy-
namics characterized by universal exponents. Numerical studies of a
quenched ferromagnetic spinor BEC have revealed the appearance of
extreme wave events on the way to the universal regime [1]. Fur-
thermore, as a result of these caustics, real-time instanton defects
are generated, which take on the form of space-time vortices in the
transversal spin order parameter. However, the random appearance of
real-time instantons in space and time makes it experimentally chal-
lenging to study these excitations in a controlled way. Thus we aim
for deterministic preparation of a single instanton event. We employ
local spin-dependent phase imprints, which lead to excitations in the
transversal spin length. We probe their time evolution and character-
ize their structure with spatially resolved detection of all relevant spin
observables.
[1] Siovitz et. al. , PRL 131, 183402 (2023)

Q 16.7 Tue 12:30 Aula

Entrainment of a continuous time crystal — AnTon BoLIaN?,

ePuarTHAMON KoNgkHAMBUT!, JiM SkuLTE!, LuDWIiG MATHEY!,
Javson G. Cosmre®, Hans KessLEr?, and ANDREAs HEMMERICH!
— Zentrum fiir Optische Quantentechnologien and Institut fiir Quan-
tenphysik, Universitdt Hamburg, Germany. — 2Physikalisches Insti-
tut der Universitat Bonn, Germany. — 3National Institute of Physics,
University of the Philippines, Diliman, Quezon City, Philippines.

Discrete and continuous time crystals are novel dynamical many-
body states, that are characterized by robust self-sustained oscilla-
tions, emerging via spontaneous breaking of discrete or continuous
time translation symmetry. Here, we demonstrate dynamical control
of a continuous time crystal by driving it into a discrete time crys-
talline state. This transition is related to subharmonic entrainment of
classical limit cycles, which arises here on the level of many-body quan-
tum systems. Specifically, we prepare a continuous time crystal in a
pumped atom-cavity system oscillating at a frequency wcTc and sub-
sequently modulate the continuous pump intensity with a frequency
wqr close to 2wceTc. For sufficiently large modulation strengths, the
emission frequency switches from wcrtc to worc wdr/2, which
demonstrates the phase transition to a discrete time crystal.

Q 16.8 Tue 12:45 Aula
Effects of quantum depletion and gradient corrections on the
critical atom number of dipolar droplets — MiLaN Raponsié!:2,
AxeL PEeLSTER?, and eANTUN BarLaz? — 1. Institute of Theoret-
ical Physics, University of Hamburg, Germany — 2Center for the
Study of Complex Systems, Institute of Physics Belgrade, University
of Belgrade, Serbia — 3Physics Department and Research Center OP-
TIMAS, Rheinland-Pfélzische Technische Universitit Kaiserslautern-
Landau, Germany

The first experimental realization of quantum droplets in dipolar con-
densates [1] has highlighted the importance of quantum fluctuations
[2], which were later shown to be the main source of system’s stability
against the dipolar collapse. The droplets were predicted and shown
to be self-bound beyond the critical atom number even without the
trap. However, there is a systematic difference in theoretical estimates
of the critical atom number and experimental results [3]. Here we use
an approach based on the extended Gross-Pitaevskii equation, which
includes quantum depletion and beyond-LDA gradient corrections, to
numerically and variationally study their effects on the critical atom
number.

[1] H. Kadau et al., Nature 530, 194 (2016).
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[2] A. R. P. Lima and A. Pelster, Phys. Rev. A 84, 041604(R) (2011);
Phys. Rev. A 86, 063609 (2012).

[3] F. Bottcher et al., Phys. Rev. Research 1, 033088 (2019).

Q 17: Quantum Information |

Time: Tuesday 11:00-13:00

Q 17.1 Tue 11:00 HS 1199
Deciding Observability in Quantum Dynamics Made Easy —
eTHomAs SCHULTE-HERBRUGGEN and MARKUS WIENER — Technical
University of Munich (TUM)

In quantum engineering a fundamental question arises: given a con-
trolled quantum dynamical system, for which observables can mea-
surements give full information for system identification?

In finite-dimensional closed systems, a unified (Lie) frame of quan-
tum systems theory settles this observability problem—as will be il-
lustrated in paradigmatic n-qubit systems. Implications and generali-
sations will be outlined as well.

Q 17.2 Tue 11:15 HS 1199
Towards exact factorization of quantum dynamics via Lie al-
gebras — eDavip Epwarp Bruschi!, ANDRE XUEREB?, and ROBERT
Zrier3 — lInstitute for Quantum Computing Analytics (PGI-
12), Forschungszentrum Jiilich, Jiilich, Germany — 2Department of
Physics, University of Malta, Malta — 3Quantum Control (PGI-8),
Forschungszentrum Jiilich, Jiilich, Germany

Determining exactly the dynamics of a physical system is the
paramount goal of any branch of physics. Quantum dynamics are char-
acterized by the non-commutativity of operators, which implies that
the dynamics usually cannot be tackled analytically and requirecad-
hoc solutions or numerical approaches. A priori knowledge on the abil-
ity to obtain exact results would be of great advantage for many tasks
of modern interest, such as quantum computing, quantum simulation
and quantum annealing.

In this work we lay the foundations for an approach to determine
the dimensionality of a Hamiltonian Lie algebra by appropriately char-
acterizing its generating terms. This requires us to develop a new tool
to construct sequences of operators that determine the final dimension
of the algebra itself. Our work is exact and fully general, therefore
providing statements on the ultimate ability to exactly control the dy-
namics or simulate specific classes of physical systems. This work has
important implications not only for theoretical physics, but it also aids
our understanding of the structure of the Hilbert space, as well as Lie
algebras.

Q 17.3 Tue 11:30 HS 1199
Analytical quantum dynamics of coupled harmonic oscillators
— eDavip EpwarD Bruscui — Institute for Quantum Computing
Analytics (PGI-12), Forschungszentrum Jiilich, Jiilich, Germany

Harmonic oscillators are paramount systems in quantum physics. They
are used to model a variety of physical systems, among which the
modes of the electromagnetic field are a preeminent example. Dy-
namics of coupled quantum harmonic oscillators have been studied
extensively, however, simple exact analytical solutions to problems of
key interest have so far been lacking.

We employ symplectic geometry and the covariance matrix formal-
ism in the context of quantum dynamics of coupled harmonic oscilla-
tors to provide the analytical solution to a few problems of interest: the
validity of the rotating wave approximation for bosonic systems; exact
solutions to (multimode and multi-oscillator) quantum optomechanical
systems; dynamics of two coupled harmonic oscillators with single and
two-mode squeezing. We conclude by commenting on current research
and future direction.

Q174 Tue 11:45 HS 1199

Indistinguishability of identical bosons from a quantum infor-
mation theory perspective — MarTHiAs ENGLBRECHT 2, TRIs-
TAN KRrAFT!'2, CHRIsTOPH DITTEL?%5 ANDREAS BUCHLEITNER®'?,
oGEza Giepke®”, and BarBara Kraush? — lInstitute for The-
oretical Physics, University of Innsbruck, Innsbruck, Austria —
2Department of Physics, QAA, TU Munich, Garching, Germany
— 3Physikalisches Institut, Albert-Ludwigs-Universitdt Freiburg,
Freiburg, Germany — *EUCOR Centre for Quantum Science and
Quantum Computing, Albert-Ludwigs-Universitdt Freiburg, Freiburg,
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Germany — O°Freiburg Institute for Advanced Studies, Albert-
Ludwigs-Universitit Freiburg, Freiburg, Germany — SDonostia Inter-
national Physics Center, San Sebastian, Spain — "IKERBASQUE,
Basque Foundation for Science, Bilbao, Spain

We present a general theory of indistinguishability of identical bosons
in experiments consisting of passive linear optics followed by particle
number detection. Our approach uses tools from quantum informa-
tion theory and the results do neither rely on additional assumptions
on the input state of the interferometer, such as fixed mode occu-
pation number, nor on the degrees of freedom that potentially make
the particles distinguishable. We identify the expectation value of the
projector onto the N-particle symmetric subspace as an operationally
meaningful measure of indistinguishability, and derive tight and effi-
ciently measureable lower bounds. We present a definition of perfect
distinguishability and characterize the corresponding set of states.

Q17.5 Tue 12:00 HS 1199
Fourier analysis of many-body transition amplitudes and
states eGABRIEL Durour and ANDREAS BUCHLEITNER
Physikalisches Institut der Albert-Ludwigs-Universitat Freiburg

The Fourier transform over a finite group is a generalisation of the or-
dinary discrete Fourier transform which allows the analysis of a func-
tion’s behaviour under non-abelian transformations of its domain. We
apply the Fourier transform over the symmetric group Sy to the set
of multiparticle transition amplitudes arising from the permutations
of N identical particles. For indistinguishable particles, these am-
plitudes add up coherently, giving rise to many-particle interference.
The Fourier transform provides an analysis of the counting statistics at
the output of multiparticle and multimode interferometers in terms of
contributions from irreducible symmetry types. We apply this formal-
ism to the interference of partially distinguishable bosons or fermions,
whose states can likewise be submitted to a Fourier analysis, and to the
determination of suppressed transitions for states of a given symmetry
type.

Q17.6 Tue 12:15 HS 1199
Correlations in two-particle quantum tunneling — eJONATHAN
BrucGER, CHrisToPrH DiITTEL, and ANDREAS BUCHLEITNER
Physikalisches Institut, Albert-Ludwigs-Universitdt Freiburg,
Hermann-Herder-Strafle 3, 79104 Freiburg, Germany

Quantum tunneling is key for our understanding of diverse processes
in nature, such as nuclear and chemical reactions. While the tunneling
of a single particle is nearly perfectly understood, we still lack a com-
prehensive understanding of the tunneling processes of two or more
interacting particles: Under which conditions do they tunnel individ-
ually or in a correlated way? What is the role and influence of the
particles’ interaction? And is there an underlying spectral structure?

Here we answer these questions for the tunneling dynamics of two in-
teracting bosons via exact numerical diagonalization, for hard-core and
soft-core Coulomb, as well as contact interaction of variable strength.
We find that correlated two-particle tunneling is the primary process,
while uncorrelated single-particle tunneling is due to resonances be-
tween the two-particle system’s eigenfunctions. We determine the nec-
essary prerequisites for the latter and provide an intuitive picture of the
underlying spectral structure. As a corollary, we establish a diagnostic
protocol to infer the particles’ interaction mechanism from interaction-
induced dynamical signatures, via an experimentally readily accessible
observable.

Q 17.7 Tue 12:30 HS 1199
Generalization of the Peres test: Multi-slit and multi-particle
extension — eEcE IPEk SARUHAN!:2, MARC-OLIVER PLEINERT?,
and JOACHIM VON ZANTHIER? — lInstitute for Quantum Optics
and Quantum Information (IQOQI) Vienna, Boltzmanngasse 3, A-
1090 Vienna, Austria — 2Quantum Optics and Quantum Information
Group, Friedrich-Alexander-Universitat Erlangen-Niirnberg, Staudt-
str. 1, 91058 Erlangen, Germany
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The axioms of quantum mechanics provide limited information regard-
ing the structure of the Hilbert space, such as the underlying number
system, which may be real, complex, or hyper-complex. Asher Peres
proposed a method to test hyper-complex quantum mechanics with a
single particle and three scatterers [1]. In this talk, we introduce a
convenient way to derive the test and extend it to a higher number of
particles and scatterers (slits). We show that the sensitivity to detect
- still hypothetical - hyper-complex phases changes with the number
of slits and particles. In particular, we find that if one wants to test d
vs. k dimensional theories where d < k, one must use d+1 < s <k
slits. [1] A. Peres, Phys. Rev. Lett. 42, 683 (1979)

Q 17.8 Tue 12:45 HS 1199
Demonstration of entanglement-enabled work extraction —
e ALEXANDER STAHL!, MicHAEL KEwMING?, JouN GooLb2, DANIEL
Pun!, Urricn PoscuiNGER!, and FERDINAND ScHMIDT-KALER!
— Unstitut fiir Physik, Universitdt Mainz, Staudingerweg 7, 55128
Mainz, Germany — 2Department of Physics, Trinity College Dublin,

Dublin 2, Ireland

Trapped ion quantum computers provide an ideal platform for exper-
imental studies in the field of quantum thermodynamics. We experi-
mentally realize a work extraction protocol, converting entanglement
into classical correlation and then into work. In this protocol, a ’de-
mon’ has access to an entangled ressource state shared with an ’agent’.
The agent has only local access, such that this ressource appears to
be thermal. By a sequence of manipulations, the demon can betray
the agent and use information gained about the agents state to ex-
tract work. We show how this corroborates the work extraction pro-

tocol proposed in [1] and that the maximum work extraction is indeed
bound by the concurrence as ‘STW > %2 To enable the implemen-
tation of the protocol, the measurement outcome of qubits has to be
used for a classical decision logic, such that a coherent feedforward for
the following operations can be realized. Specifically, in the shuttling
based trapped ion quantum computer this requires the capability to
decide on a us-timescale about future ion transports and laser pulses
to execute.

[1] G. Francica, J. Goold, F. Plastina, and M. Paternostro, npj
Quantum Information 3 (2017)

Q 18: Trapping and Cooling of Atoms (joint session Q/A)

Time: Tuesday 11:00-13:00

Invited Talk Q 18.1 Tue 11:00 HS 1221
Continuous lasing and pinning of the dressed cavity reso-
nance with strongly-coupled 88Sr atoms in a ring cavity —
oVERA ScHAFER — JILA, University of Colorado, Boulder, USA —
Max Planck Institute for Nuclear Physics, Heidelberg, Germany

Superradiant lasers are a promising path for realising a narrow-
linewidth, high-bandwidth active frequency reference. They shift the
phase memory from the optical cavity, which is subject to technical and
thermal vibration noise, to an ultra-narrow optical atomic transition
of an ensemble of cold atoms trapped inside the cavity. Our previous
demonstration of pulsed superradiance on the mHz transition in 87Sr
achieved a fractional Allan deviation of 6.7 * 10716 at 1s of averaging.
Moving towards continuous-wave superradiance promises to further
improve the short-term frequency stability by orders of magnitude. A
key challenge in realizing a cw superradiant laser is the continuous sup-
ply of cold atoms into a cavity, while staying in the collective strong
coupling regime.

We demonstrate continuous loading and transport of cold 8Sr atoms
inside a ring cavity, after several stages of laser cooling and slowing.
We further describe the emergence of zones of collective continuous
lasing of the atoms on the 7.5kHz transition, 7x narrower than the
cavity linewidth, and pumped by the cooling lasers via inversion of the
motional states. The lasing is supported by self-regulation of the num-
ber of atoms inside the cavity that pins the dressed cavity frequency
to a fixed value over >2MHz of raw applied cavity frequency. In the
process up to 80% of the original atoms are expelled from the cavity.

Q 18.2 Tue 11:30 HS 1221
Using multifrequency light for large cold atom traps — eDaviD
JounsoN, BEN HoptonN, NarHAN CoOOPER, and LuciaA HACKER-
MULLER — University of Nottingham, Nottingham, UK

Magneto-optical trapping (MOT) and Bose-Einstein-Condensates
(BECs) are used for a wide range of applications, such as sensors for
magnetic or gravitational fields, as well as to test fundamental ques-
tions such as Quantum Gravity. Larger atom clouds would allow for
more precise sensors and test a larger range of parameters of such the-
ories. One limitation to the size of the trapped cold atom cloud is the
range of atom velocities that can be addressed by the trapping beams.
By using multiple frequencies each shifted by approximately 5MHz,
we expect an increase of the atom loading rate by a factor of 1000 or
more, thus leading to trapping 10-100 times more atoms in our MOT.
A dark spot MOT can be used to reduce the influence of collisional
losses and fully demonstrate the feasibility of our proposal.

Q 18.3 Tue 11:45 HS 1221
Dipole trapping of mercury — eSascHA HEIDER, THORSTEN
GroH, and SIMON STELLMER — Physikalisches Institut, Universitéat
Bonn, Nufallee 12, 53115 Bonn, Germany

Mercury is the heaviest, non-radioactive laser-coolable element in the
periodic table. With seven naturally occuring isotopes and deep UV
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transitions (185 nm) suitable for high resolution imaging, mercury is a
promising candidate for realizing a future multipurpose quantum gas
machine.

We already achieved laser cooling of all seven isotopes on the
1Sp — 3Py (254 nm) transition to sub-Doppler temperatures and high
atom numbers [PRA 105, 033106].

For further cooling we currently deploy a high power optical dipole
trap (300 W at 1070 nm) to overcome the very low polarizability.

Q 18.4 Tue 12:00 HS 1221
Towards light scattering experiments in dense dipolar gases —
eIlsHAN VARMA, MARVIN PROSKE, RHUTWIK SRIRANGA, and PATRICK
WINDPASSINGER — Institute of Physics, JGU Mainz

Dysprosium is a fascinating candidate for studying cooperative and
collective effects in dense ultra-cold media. With the largest ground
state magnetic moment of all elements in the periodic table (10 Bohr-
magnetons), it offers a platform to study light scattering in a system
where magnetic dipole-dipole interactions (DDI) and light induced cor-
relations are in mutual competition. At sufficiently high atomic densi-
ties, the strong magnetic DDI significantly influence the propagation
of light within the sample. In particular, we want to look at signatures
of collective light scattering phenomena like super- and subradiance.

This talk reports on the progress made in generating dense sam-
ples of ultracold dysprosium atoms. We plan to optically transport
atoms into a home-built science cell with high optical access. The
creation and imaging of dense atomic samples inside the science cell
is achieved using high NA custom objectives, designed and assembled
in-house. We present the performance characterization and discuss the
development of these objectives in our experimental system. Further,
an outlook is given on future measurements exploring collective and
cooperative effects in the generated sample.

Q 18.5 Tue 12:15 HS 1221
Report on the construction of a new Erbium-Lithium ma-
chine — e ALEXANDRE DE MARTINO, FLORIAN KIESEL, KIRILL KAR-
pov, JoNnas AucH, and CHRISTIAN GRross — Eberhard Karls Univer-
sitat Tlbingen, Physikalisches Institut, AG Grof, Auf der Morgenstelle
14, 72076 Tibingen

Fermionic gases are notoriously difficult to cool down below 10% of
the Fermi temperature with usual methods. Pushing the temperature
limit and producing colder gases is becoming essential for the study of
strongly correlated systems. Sympathetic cooling with a classical gas
as an entropy reservoir may provide a new direction to overcome the
current limit.

Here we report on the ongoing development of a new Erbium-
Lithium machine, whose purpose is to optimize the cooling of an ultra-
cold Lithium gas with an Erbium reservoir. This mixture has several
promising features, that have not yet been utilized for sympathetic
cooling in other quantum mixtures.

Q 18.6 Tue 12:30 HS 1221
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ORKA - Towards a cavity enhanced Optical Dipole Trap for
evaporative cooling of Rb87 in microgravity — eJan ERIc
STIEHLER, MARIUS PRrINZ, MARIAN WoLTMANN, and SVEN HER-
RMANN — Center of Applied Space Technology and Microgravity
(ZARM), University of Bremen, Germany

Evaporative cooling in optical traps is a common method to pre-
pare ultra-cold quantum gases and generate Bose Einstein condensates
(BEC). This usually comes at the prize of an increased power budget
for the trapping laser. For setups that require to be energy efficient
e.g. in space, magnetic chip traps are thus often preferred. However,
these also come with certain limitations and lack some of the benefits
of all-optical trapping and cooling. As an alternative we are investi-
gating the use of a resonantly enhanced optical dipole trap for Rb87 to
mitigate the power needs of all-optical evaporative cooling. We plan
to employ a bow-tie cavity for evaporative cooling to a BEC, to be
used as a matterwave source for interferometry in free fall experiments
at the the Bremen Gravitower Pro facility. In this talk we will discuss
the trade-off for our trapping scheme and present the resulting exper-
iment design as well as simulation results for the bow-tie cavity trap.
The ORKA project is supported by the German Space Agency DLR
with funds provided by the Federal Ministry for Economic Affairs and
Climate Action under grant number DLR 50 WM 2267.

Q 18.7 Tue 12:45 HS 1221
Confinement Induced Resonances in Spherical Shell Traps —
oC. Moritz CARMESIN! and MaxiM A. EFremov??! — llnstitute
of Quantum Physics and Center for Integrated Quantum Science
and Technology (IQST), Universitdt Ulm, 89081 Ulm, Germany —
2German Aerospace Center (DLR), Institute of Quantum Technolo-
gies, 89081 Ulm, Germany

We have computed exactly the energy spectrum and correspond-
ing wave functions of two bosonic particles, which are confined in a
spherically symmetric shell-shaped trap of the radius rp and inter-
act with each other via a three-dimensional zero-range potential char-
acterized by the s-wave scattering length ag. Confinement induced
resonances (CIRs) are found to occur at certain values of rg and ag
as avoided crossings between the bound (molecular) and trap (non-
molecular) states, as well as between two trap states. The found CIRs
originate entirely from the strong coupling of the relative and center-
of-mass motions of the two particles. By working close to a CIR, that
is at a certain shell radius and a given scattering length, these results
offer a new way to increase the atom-atom interaction and even to
drive the formation of molecules in the shell-shaped atomic gas.

Q 19: Ultracold Molecules and Precision Spectroscopy (joint session MO/Q)

Time: Tuesday 11:00-13:00

Q 19.1 Tue 11:00 HS 3044
Laser cooling of Barium Monofluoride — eSEBASTIAN ALEJAN-
DRO MORALES RaMIREZ!, MARIAN ROCKENHAUSER!, FELIX KoGEL!,
PuiLLip Gross!, Tarsam Garc!, and Tim Lancen!:2 — 15,
Physikalisches Institut, Universidat Stuttgart, Pfaffenwaldring 57,
70569, Stuttgart, Germany — 2Atominstitut, TU Wien, Stadionallee
2, 1020 Vienna, Austria

Laser cooling of molecules has made remarkable progress over the last
years, and a wide variety of molecular species from diatomics to poly-
atomics can now be routinely cooled. Recently, significant efforts have
been made to add barium monofluoride (BaF) to the list of laser-
coolable species, as this molecule shows great promise for various pre-
cision measurement applications and cold chemistry. Here, we report
on the first experimental realization of Sisyphus cooling of such BaF
molecules. Our progress is enabled by high resolution absorption spec-
troscopy of BaF’s intricate level structure and a detailed modelling of
the resulting cooling forces. In order further unterstand also the col-
lisional properties of BaF, we perform simultaneous absorption spec-
troscopy of BaF and calcium monofluoride (CaF) molecules. This gives
valuable insights into the thermalisation processes occuring inside a
cryogenic buffer gas cell.

Q 19.2 Tue 11:15 HS 3044
Towards a MOT of AIF molecules — eSip WRicHT — Fritz-
Haber-Institut der Max Planck Gesellschaft, Berlin

Aluminium monofluoride (AlF) is a promising candidate for laser cool-
ing and trapping. The primary laser cooling transition at 227.5 nm is
extremely strong and highly vibrationally diagonal, making it feasi-
ble to slow a molecular beam from 200 m/s to rest in around 1 cm.
This offers the potential to greatly increase the number and density of
molecules available for ultracold experiments.

In this talk, I will present the latest progress towards a magneto-
optical trap (MOT) of AlF molecules, focusing on the first laser slow-
ing results, and our development of a slow, continuous molecular beam
source.

Q 19.3 Tue 11:30 HS 3044
Low-energy collisions between two indistinguishable tritium-
bearing hydrogen molecules: HT+HT and DT+DT — eRENAT
Surtanov — Odessa College, Department of Mathematics — 201 W.
University Blvd. Odessa, TX 79764 USA

Elastic and rotational energy transfer collisions between two tritium-
containing hydrogen molecules are computed at low- and very low ener-
gies, down to ultra-cold temperatures: T ~ 10~8 K. A pure quantum-
mechanical approach is applied. A high-quality global six-dimensional
potential energy surface (PES) has been appropriately modified and
used in these calculations. In the case of the symmetrical Ho+Hg2 or
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D2+Dg collisions one can use the original Hy PES as it is, i.e. with-
out transformations. However, in the case of the non-symmetrical (or
symmetry-broken) HD+Hs /Do, HT+HT, DT+DT scattering systems
one should also apply the original H4 potential (PES), but propaga-
tion (solution) of the Schrodinger equation runs (in this case) over the
corrected Jacobi vector [1,2].

1. R. A. Sultanov, D. Guster, S. K. Adhikari, Phys. Rev. A 85,
052702 (2012).

2. R. A. Sultanov, D. Guster, S. K. Adhikari, J. Phys. B 49 (2016)
015203.

Q 194 Tue 11:45 HS 3044
First laser spectroscopy of a rovibrational transition in the
molecular hydrogen ion H;r — eMaGNUsS ROMAN SCHENKEL,
SOROOSH ALIGHANBARI, and STEPHAN SCHILLER — Institut fiir Ex-
perimentalphysik, Heinrich-Heine-Universitat Diisseldorf, 40225 Diis-
seldorf, Germany

The molecular hydrogen ion H}L is the simplest molecule and has been
the subject of innumerous theoretical studies, culminating in highly
precise predictions of its level energies [1]. Comparisons of these pre-
dictions and measured transition frequencies would offer excellent op-
portunities in fundamental physics that go beyond the results achieved
with the related HDT [2]: a direct determination of the proton-electron
mass ratio. In this work we report the first vibrational laser spec-
troscopy of paura—HQL between low-lying rovibrational levels [3]. We
observed a first overtone electric quadrupole (E2) transition at 2.4 um
and determined its spin-averaged frequency with 1.2 x 108 fractional
uncertainty, finding agreement with theory. By using HD™T as a test
molecule, we also show that E2 spectroscopy is possible with 1 x 10712
uncertainty. This demonstrates that determining my/me. spectroscop-
ically with competitive accuracy is a realistic prospect.

This work has received funding from DFG and NRW via grants
INST-208/774-1 FUGG, INST-208/796-1 FUGG and from the ERC
(grant No. 786306, *PREMOL*).

[1] V. I. Korobov and J.-P. Karr, Phys. Rev. A 104, 032806 (2021).

[2] S. Alighanbari et al., Nat. Phys. 19, 1263 (2023).

[3] M. R. Schenkel et al., Nat. Phys., to appear (2023).

Q 19.5 Tue 12:00 HS 3044
Frequency metrology system for spectroscopy of molecular
hydrogen ions in ALPHATRAP —eV. Voct!, I.V. KorruNoV!,
K. SineH2, A. KuLaNcARA THoTTUNGAL GEORGEZ, B. Tu23, C.M.
Konig?, F. RaaB2?, J. MoroNER?, T. SaiLer?, V. Hann?, F.
Heisse2, M. Bouman?, K. Braum?, S. STurM?, and S. ScHILLER!
— lInstitut fiir Experimentalphysik, Univ. Diisseldorf, 40225 Diis-
seldorf — 2Max-Planck-Institut fiir Kernphysik, 69117 Heidelberg —
3Institute of Modern Physics, Fudan University, Shanghai 200433
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At MPIK, an experiment is in preparation aiming at ultra-high pre-
cision vibrational spectroscopy of single molecules H; and HDT in
the Penning-trap apparatus ALPHATRAP. We require laser light at
1.1 pm and 5.48 pum, respectively, with linewidth 10 Hz, instability be-
low 1 Hz, and absolute frequency measurement capability with uncer-
tainty below 10713, In addition the laser light must be available 24/7,
tunable and switchable under computer control so as to implement ap-
propriate molecule interrogation schemes. We have developed a laser
system, similar to [1,2], consisting of spectroscopy laser, reference cav-
ity, transfer laser, frequency comb, hydrogen maser and GNSS receiver
at the U. Diisseldorf and transferred it to MPIK, where it has been
put into operation again and refined. To transport the spectroscopy
light to the Penning-trap, optical fibers with path length cancellation
will be implemented. We report the current performance of the system
and discuss whether it satisfies the requirements of the experiment.

[1] I. V. Kortunov et al., Nat. Phys. 17, 569 (2021)

[2] S. Alighanbari et al., Nat. Phys. 19, 1263 (2023)

Q 19.6 Tue 12:15 HS 3044
Photodissociation spectrum of a single trapped CaOH+|+ —
eZHENLIN WU, STEFAN WALSER, BRANDON FUREY, MARIANO IsAaza-
MonsaLve, ELyas MarTtivi, RENE NARDI, and PHILIPP SCHINDLER
— Institut fiir Experimentalphysik, Universitat Innsbruck, Innsbruck,
Austria

Molecular ions can be sympathetically cooled and crystallized in
atomic ion crystals confined in radio-frequency traps, which are ideal
for molecular spectroscopy on the single molecule scale. Their appli-
cation in quantum technologies and the exploration of fundamental
physics have also been proposed and demonstrated. Most experiments
investigating the internal structure of trapped molecular ions rely on
dissociation-based state detection methods and quantum logic spec-
troscopy via co-trapped atomic qubit ions. In our setup, we aim to
study triatomic CaOH+ molecular ions generated in trapped Ca+ ion
experiments in the presence of water vapor. As the first step towards
quantum logic spectroscopy of a single trapped polyatomic ion, we in-
vestigate the single-photon and two-photon photodissociation process
of CaOH+ which excites the molecule to its unbound first electronic
excited state. We report the photodissociation cross section spectrum
of CaOH+ obtained from measurement of a single CaOH+ located
in an ion chain. This result can be the basis of dissociation-based
spectroscopy for studying the rovibrational structure of CaOH+. In
addition, the reported spectrum can be useful in large-scale trapped
Ca+ quantum experiments for recycling Ca+ ions when they form

undesired CaOH+ ions via background gas collisions.

Q 19.7 Tue 12:30 HS 3044

Collisional shift and broadening of Rydberg states in
thermal nitric oxide — ®ALEXANDER TRACHTMANN!, FABIAN
Munkes!, Parrick Kaspar!, FLoriaAN Anscutrz!, PHILIPP

HENGEL2, YANNICK SCHELLANDER®, PATRICK SCHALBERGER®, NOR-
BERT FRUEHAUF3, JENs ANDERs?, RoBerr Low!, TiMaN Praul,
and HaraLp KouBLER! — 15. Physikalisches Institut, Univer-
sitit Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart — 2Institut
fir Intelligente Sensorik und Theoretische Elektrotechnik, Univer-
sitét Stuttgart, Pfaffenwaldring 47, 70569 Stuttgart — S3Institut fiir
Grofiflichige Mikroelektronik, Universitdt Stuttgart, Allmandring 3b,
70569 Stuttgart

‘We report on the collisional shift and line broadening of Rydberg states
in nitric oxide (NO) with increasing density of a background gas at
room temperature [1]. As a background gas we either use NO itself
or nitrogen (N2). The precision spectroscopy is achieved by a sub-
Doppler three-photon excitation scheme with a subsequent readout of
the Rydberg states realized by the amplification of a current generated
by free charges due to collisions. [1] arXiv:2310.18256

Q 19.8 Tue 12:45 HS 3044
Highly-resolved Stark effect measurements of Rydberg states
in thermal nitric oxide — eFaBIAN MUNKES!, ALEXANDER
TRACHTMANN!, MATTHEW RAYMENT?, FLORIAN ANscHUTz!, ET-
ToRE EDER!, YANNICK SCHELLANDER®, PuiLipP HENGEL?, PATRICK
SCHALBERGER®, NORBERT FRUEHAUF®, JENs ANDERs?, ROBERT
Low!, TiLmaN Praul, StepuEN Hocan?, and HARALD KUBLER! —
15. Physikalisches Institut, Universitdt Stuttgart, Pfaffenwaldring 57,
70569 Stuttgart — 2Department of Physics and Astronomy, University
College London, Gower Street, London WC1E 6BT, UK — 3Institut
fiir Grofflachige Mikroelektronik, Universitdt Stuttgart, Allmandring
3b, 70569 Stuttgart — 4Institut fiir Intelligente Sensorik und The-
oretische Elektrotechnik, Universitdat Stuttgart, Pfaffenwaldring 47,

70569 Stuttgart

We demonstrate Stark effect measurements at room temperature of
high-lying Rydberg states in nitric oxide. These states are generated
using a three-photon continuous-wave excitation scheme. The readout
is based on the detection of charged particles created by collisional ion-
ization of Rydberg molecules. A theoretical discussion of the obtained
experimental results is given.

Q 20: Quantum Many-Body Dynamics

Time: Tuesday 11:00-13:00

Q 20.1 Tue 11:00 HS 3118
Loss-tolerant photonic fusion networks for quantum comput-
ing with quantum emitters — eMarTHIAS C. LOBL, STEFANO
Pagesani, and ANDERS S. S@RENSEN — Center for Hybrid Quantum
Networks (Hy-Q), The Niels Bohr Institute, University of Copenhagen,
Blegdamsvej 17, DK-2100 Copenhagen, Denmark

Graph states are entangled states that enable measurement-based
quantum computing, an approach that is particularly promising for
architectures using photons as qubits. However, generating the re-
quired large photonic graph states is complicated by photon losses and
the fact that photon-photon gates are difficult to realize. To gener-
ate large graph states, we consider an approach that connects small
graph resource states by probabilistic entangling gates (Bell measure-
ments called fusions). To make the scheme practical, we use resource
states that are locally equivalent to GHZ states and readily can be
generated using quantum emitters. Furthermore, we consider fusion
networks where all fusions are performed at once which is advanta-
geous as it minimizes the required adaptiveness and the need for long
memory time. We optimize the tolerance to photon loss of several such
schemes where either purely photonic graph states or spin-photon en-
tangled states are used. The latter approach is particularly suited for
quantum emitters with a spin degree of freedom and we find a toler-
ance to photon loss of more than 6% for such architectures [1]. Finally,
we also discuss algorithms to simulate the photon loss threshold as a
non-standard percolation model.
[1] Matthias C. Lobl et a., arxiv:2304.03796 (2023)
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Q 20.2 Tue 11:15 HS 3118
Quantum stochastic resetting in lattices with long-range hop-
ping — eSavan Rov!, Suamik Gupta2, and GiovaNNA Morici!
— I Theoretical Physics, Department of Physics, Saarland University,
66123 Saarbriicken, Germany — 2Department of Theoretical Physics,
Tata Institute of Fundamental Research, 1 Homi Bhabha Road, Mum-
bai, 400005, India

Stochastic resetting [1]| is considered an efficient strategy for spatial
search. The corresponding quantum dynamics is a lively area of re-
search [2]. In this work, we analyze the dynamics of a quantum particle
on a one-dimensional lattice with long-range hopping. The hopping de-
cays with the distance as 1/r® . The particle is additionally subject to
repeated projective measurements by a detector placed at the target
site and, in case of negative result, it is reset with constant rate to the
initial site. We determine the hitting time of the target as a function
of a and find the optimal resetting rate required to maximize the de-
tection probability. We further consider the effect of box disorder on
the hopping rate and assess the speed of the convergence time as a
function of the disorder strength.

[1]. M.R. Evans and S.N. Majumdar, Phys. Rev. Lett. 106, 160601
(2011). [2]. R. Yin, E. Barkai, Phys. Rev. Lett. 130, 050802 (2023).

Q 20.3 Tue 11:30 HS 3118
Topological Quantum Optics in Atomic Emitter Arrays —
eJoNATHAN STURM and ADRIANA PALFFY — Julius-Maximilians-
Universitat Wiirzburg
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Quantum emitter arrays are a powerful platform enabling tailored con-
trol of quantum optical phenomena, like super- and subradiance or
efficient photon storage [1]. Since state-of-the-art experimental tech-
niques allow the realization of almost arbitrary lattice structures, a
natural question is what physical effects arise if the lattice has non-
trivial topology.

Here, we study a one-dimensional chain of quantum emitters im-
plementing the Su-Schrieffer-Heeger model. Going beyond previous
studies [2], we show how the presence or absence of topologically pro-
tected edge states depends on the orientation of the transition dipole
moment with respect to the chain axis. Moreover, we discuss how
the deliberate breaking of inversion and sublattice symmetry gives rise
to non-Hermitian topological states and the emergence of the non-
Hermitian skin effect [3]. Our results demonstrate the potential of
atomic emitter arrays as a platform for topological quantum optics.
[1] M. Reitz et al., PRX Quantum 3, 010201 (2022).

[2] B. X. Wang and C. Y. Zhao, Phys. Rev. A 98, 023808 (2018).
[3] E. J. Bergholtz et al., Rev. Mod. Phys. 93, 015005 (2021).

Q 20.4 Tue 11:45 HS 3118
Exploring the phase structure of the three-flavor Schwinger
model in the presence of a chemical potential with
measurement- and gate-based quantum computing
oSTEPHAN ScHUSTER!, STEFAN KUHN?, LENA FuNcke?, ToBias
HarTUNG?, MARC-OLIVER PLEINERT!, JOACHIM VON ZANTHIER!,
and KarL Jansen? — !Friedrich-Alexander-Universitit Erlangen-
Niirnberg, Staudtstr. 1, 91058 Erlangen, Germany — 2CQTA,
Deutsches Elektronen-Synchrotron DESY, Platanenallee 6, 15738
Zeuthen, Germany — 3Transdisciplinary Research Area ”Building
Blocks of Matter and Fundamental Interactions” (TRA Matter), Uni-
versity of Bonn, Bonn, Germany — *Northeastern University - Lon-
don, Devon House, St Katharine Docks, London, E1W 1LP, United
Kingdom

We propose an variational quantum eigensolver (VQE) ansatz, allow-
ing us to explore the phase structure of the multi-flavor Schwinger
model in the presence of a chemical potential. The ansatz can in-
corporate relevant model symmetries via constrains on the varia-
tional parameters, and can be implemented on circuit-based as well
as measurement-based quantum devices. Classical simulations of the
VQE show that our ansatz captures the phase structure of the model,
and can approximate the ground state to a high level of accuracy.
Moreover, proof-of-principle simulations on a superconducting, gate-
based quantum hardware allow to determine the critical points in the
considered region of the phase diagram with very good precision.

Q 20.5 Tue 12:00 HS 3118
Quantum state preparation via engineered ancilla reset-
ting — DANIEL ArLcaLpe PuenTe!, FerLix Morzoi!, TommAso
Cararcol23, Giovanna Moricr?, and eMarTeo Rizzil?2
Mnstitute of Quantum Control, Peter Griinberg Institut (PGI-8)
- Forschungszentrum Julich GmbH, Jiilich, Germany — 2Institute
for Theoretical Physics - University of Cologne, Koéln, Germany
— 3Dipartimento di Fisica e Astronomia - Universita di Bologna,
Bologna, Italy — “Theoretical Physics - Saarland University, Saar-

brucken, Germany

In this study, we investigate a quantum resetting protocol for prepar-
ing ground states of frustration-free Hamiltonians. The protocol uses a
steering Hamiltonian for local coupling to ancillary degrees of freedom,
which are periodically reset. For short reset times, the dynamics re-
semble a Lindbladian with the target state as its steady state. We use
Matrix Product State simulations and quantum trajectory methods to
assess the protocol’s efficiency in preparing the spin-1 Affleck-Kennedy-
Lieb-Tasaki state, focusing on convergence time, fidelity, and energy
evolution at various reset intervals. Our findings indicate that entan-
glement with the ancillary system is crucial for rapid convergence, with
an optimal reset time for peak performance. The protocol also demon-
strates robustness against small deviations in reset time and dephasing
noise. Our results suggest that quantum resetting could be more ad-
vantageous than other methods like quantum reservoir engineering in
certain contexts.

Q 20.6 Tue 12:15 HS 3118

30

Decoding the projective transverse field Ising model — eFELIX
Roser, Hans PETER BUCHLER, and Nicoral Lang — Institute for
Theoretical Physics III and Center for Integrated Quantum Science
and Technology, University of Stuttgart, 70550 Stuttgart, Germany

The competition between non-commuting projective measurements in
discrete quantum circuits can give rise to entanglement transitions. It
separates a regime where initially stored quantum information survives
the time evolution from a regime where the measurements destroy the
quantum information. Here we study one such system - the projec-
tive transverse field Ising model - with focus on its capabilities as a
quantum error correction code. The idea is to interpret one type of
measurements as errors and the other type as syndrome measurements.
We demonstrate that there is a finite threshold below which quantum
information encoded in an initially entangled state can be retrieved
reliably. In particular, we implement the maximum likelihood decoder
to demonstrate that the error correction threshold is distinct from the
entanglement transition. This implies that there is a finite regime
where quantum information is protected by the projective dynamics,
but cannot be retrieved by using syndrome measurements.

Q 20.7 Tue 12:30 HS 3118
Antiferromagnetic bosonic t-J models and their quantum
simulation — eTimvMorny J. Harris'»?, ULrRicH ScHoLLwOcK! 2,
ANNABELLE BourDT?3, and Fapian GruspT!? — !Department of
Physics and Arnold Sommerfeld Center for Theoretical Physics (ASC),
Ludwig-Maximilians-Universitdt Miinchen, 80333 Miinchen, Miinchen,
Germany — 2Munich Center for Quantum Science and Technology,
80799 Miinchen, Germany — 3Institut fiir Theoretische Physik, Uni-
versitat Regensburg, 93035 Regensburg, Germany

Understanding the microscopic origins of the competition between spin
and charge degrees of freedom is a central challenge at the heart of
strongly correlated many-body physics. Recently, the combination of
optical tweezer arrays with systems exhibiting strong interactions, such
as Rydberg atoms or ultracold polar molecules, has opened the door for
quantum simulation platforms to explore a wide variety of spin mod-
els. A significant next step will be the combination of such settings
with mobile dopants, in order to study the physics of doped quantum
magnets. Here we present recent numerical results from large-scale
density matrix renormalization group (DMRG) calculations investi-
gating the phase diagram of the bosonic t-J model with cylindrical
boundary conditions at low doping. By introducing antiferromagnetic
(AFM) couplings between neighbouring spins, we realize competition
between the charge motion and magnetic order similar to that observed
in high-Tc cuprates.

Q 20.8 Tue 12:45 HS 3118
Non-Hermitian study of driven-dissipative topological
semimetals — eDANIEL BORRERO LanpazaBaLl?2, FLore K.
Kunst?, and SHARAREH SAYYAD? — !Institute of Quantum Technolo-
gies, German Aerospace Center (DLR), Wilhem-Runge-Str. 10, 89081
Ulm, Germany — 2Max Planck Institute for the Science of Light,
Staudtstrafe 2, 91058 Erlangen, Germany.

One of the intriguing lines of research in recent years in quantum
physics is probing, manipulating, and optimizing topological phases
under the influence of ultrafast laser pulses. While in most cases the
topological systems are theoretically treated as closed systems, explain-
ing and interpreting some of recent experimental observations were
not viable without incorporating the formulation of open quantum
systems. Of particular interest is understanding 3D Weyl and Dirac
semimetals, like the TaAs, as well as chiral topological semimetals like
the RhSi, due to their particularities in electron transport phenomena.
In this project, we investigate such systems in a driven-dissipative con-
figuration. To achieve this, we employed various techniques from open
quantum systems and non-Hermitian physics. Using these methods,
we could evaluate the dynamics of the density matrix, explore its relax-
ation dynamics, and characterize the topological nature of the system
with nonzero dissipation. In particular, we explored the low-energy
(k - p) models of the TaAs and the RhSi compounds and implemented
an effective non-Hermitian model. A key result is the discovery of ex-
ceptional points (EPs) of high order in the complex spectrum of the
two compounds.
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Q 21: Quantum Communication Ill

Time: Tuesday 11:00-13:00

Q 21.1 Tue 11:00 HS 3219
Polarization entanglement in whispering gallery resonators
— eSuENG-Hsuan Huanc!:2, Tuomas Dirmrierb?, GoLNouUsH
SHAFIEE!2, Ka1sa LamHo®, DMITRY STREKALOVY, GERD LEucHsDZ,
and CHRISTOPH MARQUARDTY'2 — l1Max-Planck-Institute for the
Science of Light, Erlangen, Germany — 2Department of Physics,
Friedrich-Alexander-Universitdt Erlangen-Nirnberg, Erlangen, Ger-
many — 3German Aerospace Center (DLR e.V.), Institute of Quantum
Technologies, Ulm, Germany

Cavity-assisted spontaneous parametric down conversion (SPDC)
sources are a key component to connect different nodes in quantum
networks. Sources based on crystalline whispering gallery mode res-
onators (WGMRs) have been shown to be capable of generating SPDC
states that are both narrow-band and single mode[1,2] and interacting
efficiently with alkali atoms|3]. However, to our knowledge, polariza-
tion entanglement hasn’t been demonstrated in WGMRs.

In our work, we demonstrate the generation of polarization entangled
states from a WGMR in an interferometric scheme[4]. Using non-local
two-photon interference effects, we demonstrate the generation of gen-
uine entangled states. We also evaluate the S parameter of the CHSH
inequality to be 2.45 + 0.07, which violates the inequality by more
than six standard deviations.

[1]J. U. Frst, et al., Physical review letters 104.15 153901 (2010)

[2]M. Fortsch, et al., Nature communications 4.1 (2013)

[3]G. Schunk, et al., Optica 2.9 (2015)

[4]S-H. Huang, et al., arXiv preprint arXiv:2310.16589 (2023).

Q 21.2 Tue 11:15 HS 3219
Generation of indistinguishable single photons from a single
40Cat-jion using short laser pulses — ePascaL BAuMGART, Max
BERGERHOFF, STEPHAN KUCERA, and JURGEN EscHNER — Univer-
sitdt des Saarlandes, Experimentalphysik, 66123 Saarbriicken

Hong-Ou-Mandel interference on a beam splitter, a key step in quan-
tum repeater schemes involving entanglement swapping, requires in-
distinguishability of single photons [1]. A commonly used method to
create single photons from single atoms is continuous laser excitation of
a A-type Raman transition. This renders indistinguishability difficult,
as multiple back-decays and re-excitations on the driven transition,
governed by the branching ratio of the excited state, lead to an uncer-
tainty in the photon emission time [2]. An alternative approach that
limits the number of back-decays is excitation by short laser pulses,
on the order of the excited state lifetime. Using a Raman transition
in a single trapped 49Ca™-ion with an excited state lifetime of 7ns,
we investigate the feasibility of this approach. We present an experi-
mental setup to generate few-nanosecond laser pulses at the excitation
wavelength of 393 nm, and we examine the dependence of the photon
purity on the pulse length and amplitude.

[1] T. van Leent et al., Nature 607, 2022

[2] P. Miiller et al., Phys. Rev. A 96, 2017

Q 21.3 Tue 11:30 HS 3219
Phase stabilization for high bandwidth fiber-based continu-
ous variable quantum key distribution — eSorHIE VERCLAS,
BeNeEDICT TOHERMES, and ROMAN ScHNABEL — Institut fiir Quan-
tenphysik und Zentrum fiir Optische Quantentechnologien, Universitéat
Hamburg, Deutschland

Quantum Key Distribution (QKD) is a technology for secure communi-
cation between two parties, using the principles of quantum mechanics.
Our QKD experiment implements a fiber-based, continuous variable
QKD scheme, connecting two laboratories in two separated buildings
(building A and B). We set up an EPR entanglement source in build-
ing A, consisting of two squeeze lasers and overlapped their outputs at
a 50/50 beamsplitter to generate two-mode squeezed states, which are
shared between the two buildings via optical fiber.

In both buildings, the entangled states are measured with balanced
homodyne detectors. Due to the entanglement, the results are random
but also correlated and can be used to generate a secret key. Attacks
on the channel as well as on devices in building B reduce the entan-
glement strength and can thus be quantified.

A major challenge in this setup is the phase stabilization and syn-
chronization between the two buildings. In this presentation I will
introduce the experiment, discuss the problem of phase noise and our
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approach to a control scheme for its compensation.

Q 21.4 Tue 11:45 HS 3219
Controlling individual erbium dopants in silicon — eJOHANNES
Frou'2, ANDrREAS GRITscH' 2, ALEXANDER UraNowskih2 FABIAN
SaLamon!2, Aprian HorzipreL!2, and ANDREAS REISERER!Z —
I Max-Planck-Institut fiir Quantenoptik, 85748 Garching, Germany —
2TU Miinchen and Munich Center for Quantum Science and Technol-
ogy, 85748 Garching, Germany

Erbium dopants are promising candidates for the implementation of
large-scale quantum networks since they can combine second-long
ground state coherence (1) with coherent optical transitions at telecom-
munication wavelengths. So far, the long lifetime of the excited state
made it difficult to spectrally resolve and control individual ions in or-
der to harness them for quantum networks. To overcome this challenge,
we embed erbium dopants into silicon photonic crystal resonators (2)
and Fabry-Perot resonators (3) with small mode volume, which facili-
tates the direct comparison of the two approaches. While the nanopho-
tonic resonators give Purcell enhancements up to 170, the Fabry Perot
geometry avoids the proximity of interfaces and thus offers better op-
tical coherence and narrower spectral diffusion linewidths down to 3
MHz. Reducting the latter down to lifetime limit, this approach is
thus promising towards the entanglement of remote dopants.

(1) M. Rancic, M. P. Hedges, R. L. Ahlefeldt, M. J. Sellars, Nat.
Phys. 14, 50 (2018)

(2) A. Gritsch, A. Ulanowski, A. Reiserer, Optica 10, 783-789 (2023)

(3) A. Ulanowski, B. Merkel, A. Reiserer, Sci. Adv, 8 (2022)

Q 21.5 Tue 12:00 HS 3219
Spectroscopy and cavity-enhanced emission of Eu-based
molecular systems — eEvGENIJ VasiLENko, VisuNnu Unni C,
WEeizHE L1, NicHoras JoBITT, SENTHIL KuppusaMy, MARIO
RuBkeN, and Davib HunceErR — Karlsruhe Institute of Technology

Rare-earth ions in solid-state hosts are a promising candidate for opti-
cally addressable spin qubits, owing to their excellent optical and spin
coherence times. Recently, also REI-based molecular complexes have
shown excellent optical coherence properties [1]. However, Eu ions have
a long optical lifetime of the 5Dg-7Fq transition (T1,0pt ~ ms) and a
low branching ratio (< 1%), limiting single-ion experiments. Both is-
sues can be solved by high-finesse fiber-based microcavities. We study
Eu-doped molecular crystalline materials, including a Trensal complex
that yields 7 min spin lifetime and a homogeneous linewidth of 2.8 MHz
at 4.2 K [2]. On a single, macroscopic molecular crystal [Eu(Ba)4(pip)]
[1], we measure narrow inhomogeneous linewidths, hour-long spin T}
and photon echoes at < 1K. Steps to integrate molecular crystals into
a fiber cavity at cryogenic operation are reported. Open-access fiber
cavities have been demonstrated to achieve high quality factors and
low mode volumes, while simultaneously offering large tunability and
efficient collection of the cavity mode [3]. The results are important
steps towards single-ion readout and control being necessary for scal-
able quantum registers.

[1] Serrano et al., Nature, 603, 241-246 (2022)

|2] Kuppusamy et al., J. Phys. Chem. C 127, 22 (2023)

[3] Hunger et al., New J. Phys 12, 065038 (2010)

Q 21.6 Tue 12:15 HS 3219
Frequency Conversion in a high pressure hydrogen gas —
eANicaA HAMER!, PRIYANKA YASHWANTRAO!, SEYED MAHDI RAzAVI
TABAR', ALIREzZA AcHABABAEI', FRANK VEWINGER?, and SiMoN
SteLLMER! — 1Physikalisches Institut, Nussallee 12, Universitit
Bonn, 53115 Bonn, Germany — 2Institut fiir Angewandte Physik,
Wegelerstrafse 8, Universitat Bonn

Quantum networks, as envisioned for quantum computation and quan-
tum communication applications, are based on a hybrid architecture.
Such a layout may include solid-state emitters, network nodes based on
single or few atoms or ions, and photons as so-called flying qubits. This
concept requires an efficient and entanglement-preserving exchange of
photons between the individual components, which often entails fre-
quency conversion of the photon.

Our approach is based on coherent Stokes and anti-Stokes Raman
scattering (CSRC and CARS) in dense molecular hydrogen gas. This
four-wave mixing process sidesteps the limitations imposed by crystal
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properties, it is intrinsically broadband and does not generate an un-
desired background. We have demonstrated conversion between 434
nm (F donors in ZnSe) to 370nm (Yb' ions) and between 863 nm
(InAs/GaAs quantum dots) and the telecom O-band. We will present
first steps towards integrated frequency conversion in gas-filled hollow-
core fibers.

Q 21.7 Tue 12:30 HS 3219
Co-doping a Crystalline Membrane for Improved Spec-
tral Multiplexing of Rare-earth Emitters — ALEXANDER
Uranowski!»2, Jonannes Fron'2, eFaBIAN SALAMON'2, ADRIAN
HovrzipreL!2, and ANDREAS REISERER}'2 — !Max-Planck-Institut
fir Quantenoptik, Hans-Kopfermann-Str. 1, 85748 Garching, Ger-
many — 2Technische Universitét Miinchen, TUM School of Natural
Sciences, James-Franck-Strafte 1, 85748 Garching, Germany

Erbium dopants in solids exhibit a coherent optical transition at a
telecommunication frequency and spin coherence times exceeding a
second. This offers an exceptional potential for extended quantum
networks [1].

To realise an efficient spin-photon interface, a 10 pm thin crystalline
membrane is embedded into a Fabry-Perot resonator. The narrow op-
tical transitions of the emitters then allow for spectral multiplexing [2].
In this context, we show that the spectral density and thus the num-
ber of individually resolvable qubits can be tailored by co-doping an
erbium-doped YSO crystal with europium [3]. Using this technique,
more than 360 emitters with an optical coherence that reaches the
lifetime limit can be optically resolved with Purcell factors up to 110.

These advances constitute a key step towards large-scale multiplexed
entanglement generation for a global quantum network.

[1] A. Reiserer, Rev. Mod. Phys. 94, 041003 (2022). [2] A.

Ulanowski, B. Merkel & A. Reiserer, Sci. Adv. 8, eabo4538 (2022).
[3] A. Ulanowski, J. Friih, F. Salamon, A. Holzéipfel & A. Reiserer,
arXiv:2311.16875 (2023).

Q 21.8 Tue 12:45 HS 3219
A compact and portable room temperature atomic va-
por quantum memory — eALEXANDER ERL}'2, MARTIN JuTisz3,
Erisa Da Ros3, Luisa Escuerra?!, LeoN MESSNER?, MUSTAFA
Gonpo&AN?, Markus Krutzik34, and Janik WorTers?!
ITechnische Universitat Berlin, Institut fiir Optik und Atomare
Physik, Berlin — 2Deutsches Zentrum fiir Luft- und Raumfahrt e.V.
(DLR), Institut fiir Optische Sensorsysteme, Berlin — 3Humboldt-
Universitét zu Berlin, Institut fiir Physik, Berlin — 4Ferdinand-Braun-

Institut, Institut fiir Hochstfrequenztechnik, Berlin

In recent years, considerable progress has been made in the field of
room temperature quantum memories. The inherent simplicity of this
platform makes it very promising for use outside of laboratory environ-
ments, including in space-based applications. As an essential compo-
nent of quantum repeaters, space-compatible memories could advance
global quantum communication networks [1]. Here we present the im-
plementation and performance analysis of a portable rack-mounted
system, operated inside and outside of lab environment. This optical
memory utilizes a lambda-scheme based on the Cesium D; line transi-
tions at 895 nm [2]. We achieve internal memory efficiencies of >40%
for storage times of 500 ns. Employing attenuated coherent pulses, we
observe storage and retrieval fidelities exceeding the classical threshold
[3]-

[1] M. Giindogan et. al., npj Quantum Information 7, 128 (2021)

[2] L. Esguerra et al., Phys. Rev. A 107, 042607 (2023)

[3] M. Jutisz et. al., in preparation (2024)

Q 22: Members' Assembly

Time: Tuesday 13:15-14:15

Location: HS 1199

All members of the Quantum Optics and Photonics Division are invited to participate.

Q 23: Poster |

Time: Tuesday 17:00-19:00

Q 23.1 Tue 17:00 Tent B
Continuous entanglement generating superradiant SU(4)
laser — JARROD REILLY!, #GacE HarMON?Z, JoHN WiLson!, MUR-
rAY HoLLanD!, and Simon JAGER? — !University of Colorado Boul-
der — 2Saarland University — 3 University of Kaiserslautern-Landau

We present a cross-cavity system in which steady-state superradiance is
achieved with solely collective dissipative dynamics. The cavities sym-
metrically couple an ensemble of four-level atoms by driving transitions
between two electronic and two motional states. We demonstrate that
the system continuously generates both interparticle entanglement be-
tween the constituent particles and intraparticle entanglement between
the internal and external degrees of freedom. We use innovative tech-
niques to examine the two types of entanglement and, remarkably, we
find that the system in steady-state is Heisenberg limit scaled with
nearly maximal entanglement entropy between the internal and exter-
nal degrees of freedom. Lastly, we discuss potential applications of
our proposed model to the prominent fields of quantum metrology and
quantum information science.

Q 23.2 Tue 17:00 Tent B
Speeding Up Squeezing with a Periodically Driven Dicke
Model — Jarrop T. REemry!, eSimon B. Jicer2?, Joun D.
WiLson!, JouNn Cooper!, SEBASTIAN EGGERT?, and MURRAY J.
Horranp! — 1JILA, NIST, and Department of Physics, University
of Colorado Boulder — 2Physics Department and Research Center
OPTIMAS, University of Kaiserslautern-Landau

We present a simple and effective method to create highly entangled
spin states on a faster timescale than that of the commonly employed
one-axis twisting (OAT) model. We demonstrate that by periodically
driving the Dicke Hamiltonian at a resonance frequency, the system
effectively becomes a two-axis countertwisting Hamiltonian which is
known to quickly create Heisenberg limit scaled entangled states. For
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these states we show that simple quadrature measurements can satu-
rate the ultimate precision limit for parameter estimation determined
by the quantum Cramér-Rao bound. An example experimental real-
ization of the periodically driven scheme is discussed with the potential
to quickly generate momentum entanglement in a recently described
experimental vertical cavity system. We analyze effects of collective
dissipation in this vertical cavity system and find that our squeezing
protocol can be more robust than the previous realization of OAT.

Q 23.3 Tue 17:00 Tent B
Quantum Master Equation for Self-organization in Cavity
QED — eTowm Scumit!, SimoN JAGER?, and GlovANNA Morici! —
ITheoretische Physik, Universitit des Saarlandes, 66123 Saarbriicken,
Germany — 2Physics Department and Research Center OPTIMAS,
Technische Universitiat Kaiserslautern, 67663 Kaiserslautern, Germany

Ensembles of atoms strongly coupled with the electric field of an optical
cavity offer a formidable laboratory for studying the out-of-equilibrium
dynamics of long-range interacting systems in the quantum regime. In
this work, we extend the theoretical framework of Refs. [1,2] to derive
a unifying quantum master equation describing cavity cooling and
self-organization of atomic ensembles in high-finesse resonators. Our
approach is valid for a broad range of parameters, from temperatures
of laser-cooled atoms to the ultra-cold quantum degenerate regime.
We discuss in detail the validity of our description as a function of the
cavity’s detuning and lifetime. At ultra-low temperatures, the model
predicts that the coupling with the dissipative resonator gives rise to
an effective, long-range decoherence that tends to heat up the atoms.
We determine the dynamics for a small system and analyse the effect
of long-range cavity-induced dissipative forces on metastability.

[1] S. Schiitz, H. Habibian, and G. Morigi, Phys. Rev. A 88, 033427
(2013).

[2] S. B. Jager, T. Schmit, G. Morigi, M. J. Holland, and R. Betzholz,
Phys. Rev. Lett. 129, 063601 (2022).
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Q 23.4 Tue 17:00 Tent B
A Tensor Network Perspective on the Micromaser —
eANDREAS J. C. Worrzik!, Epoarpo Carniol2, and AN-
DREAS BucHLEITNERD'2 — !Physikalisches Institut, Albert-Ludwigs-
Universitat Freiburg, Freiburg im Breisgau, Federal Republic of Ger-
many — 2EUCOR Centre for Quantum Science and Quantum Com-
puting, Albert-Ludwigs-Universitat Freiburg, Freiburg im Breisgau,
Federal Republic of Germany

The one-atom (or micro-) maser — in which a stream of (Rydberg)
atoms interacts sequentially and in resonance with a quantized mode
of a high-quality cavity — is a pioneering experiment on the interac-
tion between light and matter at the level of single quanta, and the
archetypal quantum collision model. Our contribution introduces a
tensor network model for the micromaser that represents the incom-
ing atomic string as a Matrix Product State (MPS). We leverage the
tensor network formalism, employing a DMRG-like optimization tech-
nique, to identify optimal atomic strings to prepare the cavity in a
sought-after target state. When the target state of the cavity is a Fock
state, we find an analytic relation between its Fock number and the
bond dimension of the optimal MPS.

Q 23.5 Tue 17:00 Tent B
Quantum optics model mapping for thin-film x-ray cavities
— @JULIEN SpiTzLAY!, HANNS ZIMMERMANN!:2| FABIAN RICHTER!,
and ADprRIANA PALFFY! — 1Julius-Maximilians-Universitit Wiirzburg

— 2Universitét der Bundeswehr Miinchen

Thin-film cavities with one or several embedded layers of Mdssbauer
nuclei are promising platforms for the quantum control of x-ray pho-
tons. At grazing incidence, incoming resonant x-rays couple evanes-
cently to the cavity, while the resulting cavity field drives the nuclear
transitions. Several quantum optics models have been developed in the
past decade to describe the resonant x-ray scattering in these nanos-
tructures, for instance a cavity QED model [1] or an ab-initio formalism
based on the electromagnetic Green’s function [2,3].

In this work we investigate parallels between the x-ray thin-film
cavity models and well-known quantum optics models for coherent
phenomena in few-level systems such as electromagnetically induced
transparency (EIT) or Autler-Townes-Splitting (ATS). The aim is to
identify parameter regimes where thin-film x-ray cavities can display a
behaviour reminiscent to these phenomena and the relations between
the coupling constants of the respective underlying quantum optics
models.

[1] K. Heeg and J. Evers, Phys. Rev. A 88, 043828 (2013)

[2] D. Lentrodt, K. Heeg, C. H. Keitel, J. Evers, Phys. Rev. Research
2, 023396 (2020)

[3] X. Kong, D. Chang, A. Palffy, Phys. Rev. A 102, 033710 (2020)

Q 23.6 Tue 17:00 Tent B
Coupled states of cold Yb atoms in a high-finesse cavity —
®SARAN SHAJU, DMITRIY SHOLOKHOV, SIMON B JAGER, and JURGEN
EscHNER — Universitdt des Saarlandes, Experimentalphysik, 66123
Saarbriicken

We study the atom-cavity interaction of cold Yb atoms inside a 5-
cm long optical high-finesse cavity that is resonant with its 'Sg —
3P; intercombination transition at 556 nm wavelength. The atoms
are magneto-optically trapped and cooled on their 1Sy — 1P; transi-
tion at 399 nm. We record the cavity output as well as the free-space
fluorescence when a probe on 'Sy — 3P; drives the cavity on axis.
By varying the cavity and probe frequency, we observe coupled atom-
cavity states with atom number-dependent splitting. We associate the
observation to the existence of collective strong coupling of the atoms
with the single mode of the resonator. We extend our understand-
ing by simulating the problem using a quantum mechanical mean-field
model.

Q 23.7 Tue 17:00 Tent B
Chiral cavities: an extendible and simple theoretical model —
eCARLOS BUSTAMANTE, DOMINIK SIDLER, MICHAEL RUGGENTHALER,
and ANGEL RuBio — Max Planck Institute for the Structure an Dy-
namics of Matter, Hamburg, Germany.

Over the past decade, we have witnessed a huge growth in cavity quan-
tum electrodynamics phenomena. This growing interest is centered
around the formation of polaritons in these cavities —a hybrid quantum
state resulting from the strong interaction between light and matter.

33

Polaritons’ hybrid nature offers a new alternative to change matter
properties by tailoring light. For instance, it is possible to impart
spin-angular momentum on photon modes to get circularly polarized
light (CPL). Cavities capable of confining CPL are known as chiral
cavities. Despite the absence of experimental results, some theoretical
studies have already shown that this kind of cavities could be useful
in chemistry. However, the simulations conducted thus far are quite
challenging due to the necessity of employing beyond-dipole approxi-
mations and high levels of accuracy. In this work, we propose a chiral
cavity Hamiltonian derived using dipole approximation and a hybrid
gauge. To test this Hamiltonian, we worked with a one-dimensional
atom, placed in a spring topology, in order to get a chiral symmetry.
The results demonstrate that, despite some limitations of the model,
our Hamiltonian can capture properties dependent on the polarization
of the cavity or the chirality of the matter system. The simplicity
of our Hamiltonian offers an efficient way to explore the fundamental
physical properties of these systems.

Q 23.8 Tue 17:00 Tent B
Towards deterministic strong coupling between single
trapped atoms and a Whispering-Gallery-Mode microres-
onator — eXINXIN HU, LUKE MASTERS, GABRIELE MARON, ARNO
RAUSCHENBEUTEL, and JUERGEN voLz — Department of Physics,
Humboldt-Universitdt zu Berlin, Berlin, Germany

In the past decades, coupling between single trapped atoms and high
Q factor microresonators has been a strong research focus because a
resonator can significantly enhance of light-atom interaction and re-
alize strong coupling. More recently, aided by the progress of ma-
terials and microfabrication technology, more integratable resonator
types, e.g. photonic crystal cavities and optical nanofiber-based cav-
ities, have been explored in single-atom CQED systems, and many
breakthroughs have been achieved in such systems. Of particular in-
terest are whispering-gallery-mode resonators, such as microsphere or
microtoroid resonators that exhibit extremely high Q-factors exceed-
ing 10°9. Here, we present the work of our group towards determin-
istic strong coupling of single trapped atoms to a bottle-type WGM
microresonator. In our experiment we load a single atom from a mag-
neto optical trap into an optical tweezer. Subsequently, using a focus
tunable lens, we move the trapped atoms over a distance of ~1mm
into the evanescent field of the WGM resonator. We will report on the
efficiency of the atom transport close to and into the evanescent field
of the resonator.

Q 23.9 Tue 17:00 Tent B
Design and realization of a high-finesse optical resonator
for cavity-assisted readout of atomic arrays — eJacoro DE
SanTish2, MeaMET Oncul2, Bavizs Dura-Kovics!:2, SEBASTIAN
RurrFERT!2, and JoHANNES ZEIHER':? — !Max-Planck-Institut fiir
Quantenoptik, 85748 Garching, Germany — 2Munich Center for Quan-
tum Science and Technology (MCQST), 80799 Miinchen, Germany

The ability to read out a subset of a quantum register during the
execution of an algorithm is a fundamental ingredient for fault tol-
erant quantum computation. But for this mid-circuit measurement
to be effective, it should satisfy some specific requirements: be fast
compared to the qubit decoherence time, have low error rates and be
nondestructive of the qubits which are not being read out. However,
free space measurements of qubits encoded in neutral atoms are rather
slow, or destructive of nearby atoms due to the heating associated with
scattered photons. Coupling an atomic array to a high-finesse optical
resonator is a promising solution to these problems: thanks to the Pur-
cell effect, not only can we detect a higher fraction of the fluoresced
photons, but the directionality of the emission makes it less likely for
the scattered photons to be reabsorbed by other atoms in the array.
In this poster I will focus on the design criteria for such a cavity and
describe how it can be used for qubit readout. Lastly, I will present
some of the more practical aspects in the realization of a high-finesse
optical resonator. In particular, I will introduce the setup I developed
for testing and assembling a near-concentric cavity with cooperativity
c>T1.

Q 23.10 Tue 17:00 Tent B
A cavity-integrated microwave antenna for spin manipu-
lation of Nitrogen-Vacancy center in diamond — eANDRAS
Lauko!, Kerim K6sTER!, JEREMIAS REscu!, JuLia HEuPEL?, CYRIL
Poprov?2, and Davip Huncger! — Karlsruher Institut fiir Technologie,
Karlsruhe, DE — 2Universitit Kassel, Kassel, DE

In the competitive field of research for the realization of a quantum
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repeater, nitrogen-vacancy color centers in diamonds are a promising
candidate for their optically addressable spin states. A possible plat-
form to enhance the spin-photon interactions is an optical fiber based,
tuneable Fabry-Perot cavity, allowing for an open access to the sam-
ple. This motivates the integration of a microwave antenna into the
resonator, combining the sophisticated coherent control of the spin
states of the nitrogen-vacancy center with the benefits provided by the
cavity, namely the spatially and spectrally improved emission.

This work arrives at the cavity-integrated microwave antenna in two
stages. First, a widely used antenna design, called the wire loop an-
tenna design is modified and fabricated. Then the antenna is inte-
grated into a confocal microscopy setup and experiments involving the
measurement of Rabi oscillations are presented.

Lastly, the antenna is mounted into an optical fiber-based microcav-
ity and Rabi frequencies surpassing 10 MHz are measured. The optical
performance is unaffected by the antenna and the thermal effects on
the cavity caused by the microwave excitation are investigated.

Q 23.11 Tue 17:00 Tent B
Self-consistent Red Shift — an Alternative Feature of Light-
matter Coupling? — eJacoB Horak, DOMINIK SIDLER, MICHAEL
RuUGGENTHALER, and ANGEL RuBio — Max Planck Institute for the
Structure and Dynamics of Matter and Center for for Free-Electron
Laser Science, Luruper Chaussee 149, 22761 Hamburg, Germany

Polaritonic chemistry is a new field which was established when exper-
iments showed a change in chemical reactivity merely due the different
electromagnetic environment inside an optical cavity. The effect is at-
tributed to the formation of hybrid particles, polaritons, made up of
a molecular excitation strongly coupled to the resonance mode of a
cavity. Compared to an empty cavity, resonances are always shifted
depending on the filling and this has been used to monitor the progress
of reactions, e.g, with IR spectroscopy.|[1]

Here, we show that an analytic expression of the self-consistent red
shift derived from the Pauli-Fierz Hamiltonian for harmonic molecules
deviates from the Lorentz model. Traditionally, observing a Rabi split,
i.e., the energy separation between the polaritons, has been the hall-
mark of experimentally quantifying light-matter coupling. Could mea-
suring the red shift become another avenue to monitor strong light-
matter coupling experimentally?

[1] A. Thomas, J. George, A. Shalabney, M. Dryzhakov, S. J. Varma,
J. Moran, T. Chervy, X. Zhong, E. Devaux, C. Genet, J. A. Hutchison,
T. W. Ebbesen, Angew. Chem. Int. Ed. 2016, 55, 11462-11466.

Q 23.12 Tue 17:00 Tent B
Spectral properties of a cold-atom laser DMITRIY
SHoLOoKHOV, SARAN SHAJU, eKE LI, and JURGEN ESCHNER — Uni-
versitdt des Saarlandes

We investigate optical gain and lasing emission from an ensemble
of a few thousand Ytterbium-174 atoms which are magneto-optically
trapped, using the 1Sg - 1Py transition at 399 nm, inside a 5-cm long
high-finesse cavity. When the atoms are pumped on the 'Sy - 3P
intercombination transition at 556 nm, continuous-wave lasing on the
same transition is observed [1]. By heterodyne analysis, we measure
the cavity output spectra for a range of trap and pump light powers
and detuning. From the data, we extract the gain profile for the cold
ytterbium laser and compare its properties with our theoretical model.

Q 23.13 Tue 17:00 Tent B
A Superradiant Gas of Driven-Dissipative Two-Level Atoms
as a Source of Non-Classical Light — eCHRISTOPHER MINK
and MicHAEL FLEISCHHAUER — University of Kaiserslautern-Landau,
Kaiserslautern, Germany

Motivated by the recent experimental observation of non-Gaussian cor-
relations in the light emitted by a driven-dissipative cigar shaped cloud
of two-level atoms [Ferioli et. al, arXiv:2311.13503] we theoretically in-
vestigate the dynamics and steady state properties of this system us-
ing a dissipative extension of the well-established Discrete Truncated
Wigner Approximation. This allows us to determine the interatomic
correlations as well as the radiated light field and its symmetrically or-
dered first and second order correlation functions g(*) () and ¢ (7).
We verify a violation of the Siegert relation for the light emitted along
the main axis of the cloud. Furthermore we show that in the steady
state the atoms emit a negligible electric field which therefore does
not contribute to the reduction of g(2) (). This is instead due to non-
Gaussian statistics. Finally, the Wigner function of the radiated field
is extracted and the quadratures are investigated to demonstrate gen-
eration of non-classical light.
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Q 23.14 Tue 17:00 Tent B
Optimal control of arbitrary perfectly entangling gates for
open quantum systems — e ADRIAN KOHLER and CHRISTIANE P.
KocH — Freie Universitat Berlin, Berlin, Germany

Perfectly entangling gates (PE) are crucial for various applications in
quantum information. One method to realize these gates is with the
help of an external control field, whose concrete shape is found using
optimal control theory. Instead of optimizing the shape that realizes
a specific gate, the optimization target can be extended to the full
set of PE. This increases the flexibility of optimization and allows to
find the best PE from the set of all PE. For unitary dynamics, the
PE optimization functional can readily be evaluated. In contrast, for
non-unitary dynamics, one has to approximate the unitary part of the
dynamics first. We employ this technique to superconducting qubits,
where we apply a cross-resonant drive to two coupled fixed-frequency
transmons to generate entangled states.

Q 23.15 Tue 17:00 Tent B
A graph-based approach to dissipative production of multi-
partite entangled states in trapped ions — eANTOINE GUIN-
cHARD, KArRL HorN, DanIEL REICH, and CHRISTIANE KocH — Freie
Universitat Berlin, Berlin, Deutschland

Entanglement is a key ingredient for quantum technologies. We study
the creation of entangled states on trapped ion qubits, where logical
states are encoded in the ionic hyperfine states which are coupled via
common vibrational modes. By leveraging dissipative processes in this
system, schemes to generate both two- and three-partite entanglement
have recently been developed by Karl P Horn et al [2018 New J. Phys.
20 123010] and Daniel C Cole et al [2021 New J. Phys. 23 0730].

We developed a graph-theoretical approach which allows us to find
dissipative protocols to generate entangled states in a computationally
efficient way by representing the population flow on the logical state
space. This method allows us to both reproduce the previously derived
protocols for the three-qubit case and even find entirely new schemes.
By adding an extra transition per qubit, we are able to show that one
of our new schemes is scalable to an arbitrary number of qubits. Due
to the graph-based and system-agnostic nature of our method, our
protocols can be generalised to a wide variety of experimental setups.

Q 23.16 Tue 17:00 Tent B
Role of dephasing in optimal transport of spin excitations in
a two-dimensional, lossy lattice — e ANDREI SKALKIN, RAZMIK
UnanvaN, and MicHAEL FLEiscHHAUER — RPTU, Kaiserslautern

Noise is commonly regarded as an adverse effect disrupting communi-
cation and limiting efficiency of many processes. However, it has been
shown [P. Rebentrost et al., New Journal of Physics 11, 2009] that
decoherence processes can play a significant role in quantum trans-
port facilitation. We study how a dephasing noise, acting on all sites
with equal rate, improves spin excitation transport efficiency in a two-
dimensional lattice with dipole-dipole long-range interaction. We pro-
vide a new mechanism of dephasing-assisted transport in ordered sys-
tems. The study includes both numerical and analytical approaches
and may serve as a benchmark for experiments in the framework of
optical lattices.

Q 23.17 Tue 17:00 Tent B
Fermionic coherent state path integral for ultrashort laser
pulses and transformation to a field theory of coset matrices
including disorder-noise — eBERNHARD MIEckK — Keine Institu-
tion
A coherent state path integral of anti-commuting fields is considered
for a two-band, semiconductor-related solid including an ensemble-
average with disorder-noise. A ultrashort, classical laser field is the
driving source term for the initial states. We describe the genera-
tion of exciton quasi-particles from the driving laser field as anoma-
lous pairings of the fundamental, fermionic fields. This gives rise to
Hubbard-Stratonovich transformations from the quartic, fermionic in-
teraction to various Gaussian terms of self-energy matrices; the latter
self-energy matrices are solely coupled to bilinear terms of anomalous-
doubled, anti-commuting fields which are subsequently removed by
integration and which create the determinant with the one-particle
operator and the prevailing self-energy. We accomplish path integrals
of even-valued self-energy matrices with Euclidean integration mea-
sure where three cases of increasing complexity are classified (scalar
self-energy variable, density-related self-energy matrix and also a self-
energy including anomalous doubled terms). The SSB is performed
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with hinge-fields which factorizes the total self-energy matrix by a coset
decomposition into density-related, block diagonal self-energy matrices
of a background functional and into coset matrices with off-diagonal
block generators for the anomalous pairings of fermions. This allows
to derive a classical field theory for the self-energy matrices.

Q 23.18 Tue 17:00 Tent B
Selfconsistent diagrammatic transport for light includingtime
reversal symmetric entropy production — eREGINE Frank!2
and BArT A. van TicGeLEN? — 1College of Biomedical Sciences,
Larkin University, Miami, Florida, USA — 2Donostia International
Physics Center, 20018 Donostia-San Sebastian, Spain — 2University
Grenoble Alpes, Centre National de la Recherche Scientifique, LP-
MMC, Grenoble, France

We present novel theory and numerics for transport of light in random
complex media, where the production of entropy is positive under time
reversal, an Onsager scenario. Time and space resolved numerical so-
lutions based on weighted essentially non-oscillatory solvers (WENO)
are introduced and discussed with respect to Anderson localization.
[1] R. Frank, A. Lubatsch, Phys. Rev. Research 2, 013324 (2020). [2]
D. Vollhardt and P. Woelfle, Phys. Rev. B 22, 4666 (1980). [3] P. D.
Lax and R. D. Richtmyer, Commun. Pure Appl. Math. 9, 267 (1956).
[4] A. Lubatsch, J. Kroha, K. Busch, Phys. Rev. B.71, 184201 (2005)
[5] R. Frank, A. Lubatsch, J. Kroha, Phys. Rev. B 73, 245107 (2006).
[6] B. A. van Tiggelen, A. Lagendijk, and A. Tip, Phys. Rev. Lett.71,
1284 (1993). [7] B. A. Van Tiggelen, Diffuse Waves in ComplexMedia,
1-60 (1999)

Q 23.19 Tue 17:00 Tent B
A vacuum-integrated fiber cavity setup for characterizing Q-
optimized polymer-based mechanical resonators — eFLORIAN
GIEFER, DANIEL STACHANOW, LUkas TENBRAKE, SEBASTIAN HoF-
FERBERTH, and HANNEsS PFEIFER — Institute of Applied Physics, Uni-
versity of Bonn, Germany

Optomechanical platforms with high-quality mechanical and optical
resonators have a wide application potential ranging from quantum
limited sensing to long-lived storage of quantum information. Whilst
exceptionally high quality factors have been realized with structures
in thin layers of dielectric or semiconducting materials, their geome-
tries are limited by the capacity of lithographic fabrication. Recent
developments in polymer-based 3D direct laser-written structures al-
low for new paradigms in manufacturing micromechanical resonators,
but so far suffer from strong mechanical dissipation. We show viable
routes for improving this platform, including dissipation dilution, and
present a scanable vacuum-integrated fiber cavity setup for probing
high quality-factor mechanical resonators. To interface resonators we
build a platform for flexible cavity construction between a fiber mirror
and a DBR substrate in vacuum. Compared to previous designs, we
improved the locking quality and flexibility of the optical cavity and
added several additional features. Using this tool, optimized mechan-
ical resonators and multi-resonator structures will be investigated in
the near future.

Q 23.20 Tue 17:00 Tent B
Otto cycles with a quantum rotor as the working medium —
eMicHAEL GaAIpDA and STEFAN NIMMRICHTER — Universitat Siegen,
Deutschland

Quantum rotors possess genuine features such as a non-uniform energy
level spectrum and quantum revivals under free rotation. Experimen-
tal progress in levitated optomechanics has made the orientation of
anisotropic nanoparticles amenable to optical control and cooling and
promises to reach the quantum regime in the near future. We in-
vestigate how the working regimes of an Otto engine changes due to
quantum effects. As the main result we present two Otto cycles with a
planar rotor as the working medium. We distinguish between the three
operation modes Engine, refrigerator and heater. A comparison of a
quantum rotor with its classical counterpart reveals significant changes
in the operation regimes: While one of the presented Otto cycles shows
genuine quantum disadvantage, the other becomes only useful in the
quantum case.

Q 23.21 Tue 17:00 Tent B
Controlled phonon dynamics in optomechanical systems —
eVicTor CEBAN — Institute of Applied Physics, Moldova State Uni-
versity, Academiei str. 5, Chisinau, Moldova

There is a plethora of quantum optic phenomena enabling the con-

35

trol of the spontaneous emission effect, which results in suppression
or increase of the spontaneous emission decay rate. Here, we show
that this kind of phenomena can be explored in order to control the
phonon behaviour in an optomechanical setup. Namely, the phonons
seams to follow the changes introduced to the population decay dy-
namics of a considered emitter. Two different open quantum systems
are presented.

In the first case, long-lived phonons are obtained when slowing-down
the atomic decay of an emitter. An optomechanical setup made of an
aromatic molecule embedded within an organic crystal is considered.
Spontaneous emission suppression is achieved by placing the setup in
a cavity and by modulating the emitter*s transition frequency. This
effect becomes prominent for mechanical resonators with high damping
rates, such as organic crystals.

In the second case, fast phonon dynamics is obtained when superra-
diant conditions are considered. An optomechanical system made of a
collection of closely-spaced quantum dots placed on a vibrating mem-
brane is considered. The quantum dot sample exhibits superradiance
features which are transferred to the phonon dynamics

Q 23.22 Tue 17:00 Tent B
Enhancing the purity of single photons in parametric down-
conversion through simultaneous pump-beam and crystal-
domain engineering — eBAGHDASAR BAGHDASARYAN!, FABIAN
STrINLECHNER!"4® and STEPHAN FriTzscur!23 — 1FSU Jena —
2HI Jena — 3TPI Jena — *Fraunhofer IOF, Jena — ®IAP Jena

Spontaneous parametric down-conversion (SPDC) has shown great
promise in the generation of pure and indistinguishable single pho-
tons. Photon pairs produced in bulk crystals are highly correlated in
terms of transverse space and frequency. These correlations limit the
indistinguishability of photons and result in inefficient photon sources.
Domain-engineered crystals with a Gaussian nonlinear response have
been explored to minimize spectral correlations. Here we study the
impact of such domain engineering on spatial correlations of generated
photons. We show that crystals with a Gaussian nonlinear response
reduce the spatial correlations between photons. However, the Gaus-
sian nonlinear response is not sufficient to fully eliminate the spatial
correlations. Therefore, the development of a comprehensive method
to minimize these correlations remains an open challenge. Our solu-
tion to this problem involves simultaneous engineering of the pump
beam and crystal. We achieve purity of single-photon state up to 99%
without any spatial filtering. Our findings provide valuable insights
into the spatial waveform generated in structured SPDC crystals, with
implications for applications such as boson sampling.

Q 23.23 Tue 17:00 Tent B
Weyl su(3) diamonds are knit and woven — e CARSTEN HENKEL
— Universitdt Potsdam, Institut fiir Physik und Astronomie

Multiplets of the symmetry groups SU(2) (rotations) and SU(3) (color
or flavour symmetry) are well-known examples where the abstract the-
ory of group representations (actually of the Lie algebra) provides an
organising viewpoint for physical applications [1]. We discuss an ex-
plicit algorithm that constructs the matrices that represent the su(3)
generators in an arbitrary irreducible representation [2]. They can be
visualised with the help of “ladder operators” (also known as “roots” in
representation theory) that map one basis state to another one. The
two-dimensional multiplets of su(3) (quark triplets, meson octets or
a baryon decuplets, for example) “hide” certain selection rules for the
ladder operators that can be visualised intuively in a three-dimensional
projection: multiplets become polyhedra that look like diamonds.

[1] Hermann Weyl, Gruppentheorie und Quantenmechanik (Hirzel
1928)

[2] S. Coleman, Fun with SU(3), in: High-Energy Physics and Ele-
mentary Particles, (IAEA proceedings, Vienna 1965), pp331-52

Q 23.24 Tue 17:00 Tent B
Direct measurement of pseudothermal light violating Siegert
relation — X1 Jie Yro!, Minagze Qinc!, JusTiN Pea!, DARREN
Kon', Jaesuk Hwang!, CurisTiaN KURTSIEFER!'+2, and PENG KIAN
Tan! — ICentre for Quantum Technologies, Singapore, Singapore —
2National University of Singapore, Singapore, Singapore
We present a technique to directly measure the violation of Siegert
relation, relating the first and second order photon correlation of ther-
mal light. Specifically, we extract correlations between photoevents
detected at the output ports of an asymmetric Mach-Zehnder interfer-
ometer. Using this technique, we observe a violation of Siegert relation
by laser light scattered off a rotating ground glass, while Siegert rela-



Freiburg 2024 — Q

Tuesday

tion is obeyed for light from a mercury vapor lamp.

Q 23.25 Tue 17:00 Tent B
Dimensional Reduction in Quantum Optics ®JANNIK
STROHLE and RicHARD Loprp — Institut fiir Quantenphysik and Cen-
ter for Integrated Quantum Science and Technology (IQST), Univer-
sitdt Ulm, Albert-Einstein-Allee 11, D-89069 Ulm, Germany

One-dimensional quantum optical models usually rest on the intuition
of large scale separations associated with the different spatial dimen-
sions, for example when studying quasi one-dimensional atomic mo-
tion, potentially resulting in the violation of 3 + 1D Maxwell’s theory.
In this paper, we provide a rigorous foundation for this approximation
by means of the light-matter interaction. We show how the quantized
electromagnetic field can be decomposed — without approximation —
into an infinite number of one-dimensional subfields when studying ax-
ially symmetric setups, such as a fiber cavity, a laser beam or a waveg-
uide. The dimensional reduction approximation then corresponds to
a truncation in the number of such subfields that in turn, when con-
sidering the interaction with for instance an atom, corresponds to an
approximation to the atomic spatial profile. We explore under what
conditions the standard dimensional reduction approximation of a sin-
gle subfield is justified, and when corrections are necessary in order to
account for the dynamics due to the neglected spatial dimensions. In
particular we will examine what role vacuum fluctuations play in the
validity of the approximation.

Q 23.26 Tue 17:00 Tent B
Influence of direct dipole-dipole interaction on the optical
response of 2D materials in inhomogeneous infrared cav-
ity fields — eSoria RiBeirol2, JaviEr AIlzpurua?, and RUBEN
EsTeEBAN? — !Max Planck Institute for the Science of Light, Er-
langen, Germany — 2Centro de Fisica de Materiales, Centro Mixto
CSIC-UPV/EHU, Donostia, Spain

The interaction between light and matter can be strongly enhanced by
using nanophotonic cavities that localize light at the nanoscale. Our
work considers a 2D material formed, by a self-assembled molecular
monolayer or by a single layer of a Van der Walls material, coupled
to an infrared nanophotonic cavity, potentially reaching the strong
coupling regime. Important effects can arise from the direct dipole-
dipole interactions between the molecules, such as the emergence of
new collective modes. The main effect of considering direct dipole-
dipole interactions on the optical properties of the hybrid system for
homogeneous or slowly varying cavity fields is the renormalization of
the effective energy of the bright collective mode of the 2D material
that couples with the nanophotonic mode. However, we find that, for
situations of extreme field confinement, fully including the direct inter-
actions within the 2D material becomes critical to correctly capture the
optical response, with many collective vibrational states participating
in the response. Further, we derive a simple analytical equation which
establishes the criteria for the need of dipole-dipole interactions in the
description of the hybrid system beyond the standard renormalization.

Q 23.27 Tue 17:00 Tent B
Wave-particle duality in weighted two-way interferometers:
‘Which-way knowledge increase via delayed observable choice
— oELISABETH MEUSERT, MARC-OLIVER PLEINERT, and JOACHIM
VON ZANTHIER — Quantum Optics and Quantum Information Group,
Friedrich-Alexander-Universitdt Erlangen-Nirnberg, Staudtstr. 1,
91058 Erlangen, Germany

The concept of wave-particle duality lies at the heart of quantum me-
chanics and appears, for example, in Young’s well-known double slit
experiment. There, the simultaneous observations of a visible inter-
ference pattern and the acquisition of which-way knowledge about the
photon’s path are limited by an inequality, dubbed the duality rela-
tion. Previous studies on symmetric interferometers showed that the
obtained which-way knowledge can be correlated to the quantum ob-
ject’s phase for certain observables, and used this phase-dependency
to increase the which-way knowledge above the duality relation-limit
via delayed observable choice.

Our studies generalize these findings to arbitrarily weighted inter-
ferometers. We find again that the now weight- and phase-dependent
which-way knowledge can be increased beyond the duality-relation
limit. Moreover, we find that specific observables provide the high-
est improvement in which-way knowledge at asymmetric interferome-
ter weights. These findings suggest that both the maximum achiev-
able which-way knowledge and the highest possible knowledge increase
might be available in unbalanced interferometers, at a value not ob-
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tainable from symmetry arguments.

Q 23.28 Tue 17:00 Tent B
Many-particle coherence and higher-order interference —
eMARC-OLIVER PLEINERT!, ERric Lutz?, and JOACHIM VON
ZANTHIER! — 1Quantum Optics and Quantum Information Group,
Friedrich-Alexander-Universitat Erlangen-Niirnberg, Staudtstr. 1,
91058 Erlangen, Germany — 2Institute for Theoretical Physics I, Uni-

versity of Stuttgart, 70550 Stuttgart, Germany

Quantum mechanics is based on a set of only a few postulates, which
can be separated into two parts: one part governing the inner struc-
ture, i.e., the definition and dynamics of the state space, the wave
function and the observables; and one part making the connection to
experiments. The latter is known as Born’s rule, which simply put
relates detection probabilities to the modulus square of the wave func-
tion. The resulting structure of quantum theory permits interference
of indistinguishable paths; but, at the same time, limits such inter-
ference to certain interference orders. In general, quantum mechanics
allows for interference up to order 2M in M-particle correlations. De-
pending on the mutual coherence of the particles, however, the related
interference hierarchy can terminate earlier. Here, we show that mu-
tually coherent particles can exhibit interference of the highest orders
allowed. We further demonstrate that interference of mutually inco-
herent particles truncates already at order M+1 although interference
of the latter is principally more multifaceted. Finally, we demonstrate
the disparate vanishing of such higher-order interference terms as a
function of coherence in experiments with mutually coherent and in-
coherent sources.

Q 23.29 Tue 17:00 Tent B
Quantum dynamics of nuclear many-body systems driven by
an XFEL — eMiriam GERrRHARZ and JORG EvErs — Max-Planck-
Institut fiir Kernphysik, Heidelberg, Germany

Ensembles of Mossbauer nuclei form a promising platform for quantum
optics in extreme parameter regimes because of their narrow transi-
tions in the hard x-ray regime. These narrow transitions feature long
lifetimes, which results in the system being essentially decoherence
free. However, because of those narrow resonances at synchrotrons on
average there is less than one resonant photon per pulse. This situa-
tion has recently changed with first experiments at X-ray free electron
lasers (XFEL), where there are up to hundreds of resonant photons per
pulse, such that qualitatively new regimes of higher nuclear excitations
can be explored. Here we present recent progress in the theoretical
modelling of the dissipative nuclear many-body dynamics after XFEL
excitation.

Q 23.30 Tue 17:00 Tent B
A Fiber-based Microcavity Platform to Purcell-enhance Dia-
mond Color Centers — eYanik HErrMANN!, JuLius FiscHer!,
JuLiA M. BREVOORD!, STIIN ScHEUEN!, COLIN SAUERZAPFLZ,
Leonarpo G. C. WieNHOVEN!, Laurens J. Freue!, MATTEO
PasiNi!, MarTIN EscHEN'3, and RoNaLp Hanson! — 1QuTech and
Kavli Institute of Nanoscience, Delft University of Technology, 2628 CJ
Delft, The Netherlands — ?Present address: 3rd Institute of Physics
and Research Center SCoPE, University of Stuttgart, 70049 Stuttgart,
Germany — 3Netherlands Organisation for Applied Scientific Research

(TNO), P.O. Box 155, 2600 AD Delft, The Netherlands

Quantum networks are promising both for applications like secure com-
munication and for basic science tests of quantum mechanics at a large
scale. Color centers in diamond, like the Nitrogen- or Tin-Vacancy cen-
ter are excellent node candidates, because of their optically accessible
spin with a long coherence time, but the collection of coherent photons
is limited. Integration into an optical cavity can boost both the coher-
ent emission via the Purcell effect and the collection efficiency due to
a well-defined cavity mode. Here we present a low temperature plat-
form, which is in particular designed to provide a low vibration level
while maintaining high flexibility over the cavity and fiber control.
Such a system is expected to significantly speed up entanglement rates
in present day networks, a critical step towards large scale quantum
networks with solid state emitters.

Q 23.31 Tue 17:00 Tent B
Recent developments on microfabricated Penning trap
electrodes for matter-antimatter comparison tests.
oeNiva Hasuemi'»2:3, JuLia-AiLEEN CoeNDERs)2, Jacos Stuppl2,
FRIEDERIKE GIEBEL®, JAN ScHAPER!2, JuaN MaNUEL CorNEJOL:Z,
StEFAN ULMER*®, and CHrisTIAN OspPELKAUs!:2:3 1Leibniz
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Universitit Hannover, Germany — 2?LNQE, Hannover, Germany
— 3Physikalisch Technische Bundesanstalt, Braunschweig, Germany
— 4Ulmer Fundamental Symmetries Laboratory, Riken, Japan —
5Heinrich-Heine-Universitit Diisseldorf, Germany

Penning ion traps have proven to be an excellent tool for g-factor
comparison tests of matter and antimatter in the baryonic sector of
the Standard Model [1,2]. At Leibniz University of Hannover, within
the BASE collaboration [3], we are working on the development of
quantum-logic inspired methods based on Coulomb coupling of sin-
gle (anti-)protons to a laser-cooled beryllium ion for better particle
localization and detection on these g-factor experiments [4]. Micro-
fabricated Penning trap electrodes of 800 pum inner diameter and a
thickness of 200 yum are necessary to gain full control over the coupling
process. A challenging part of the microfabrication are the processes of
photolithography because of three-dimensional structures and double-
sided geometry of the electrodes. In this contribution recent methods
for optimization of these processes are analyzed and evaluated.

[1] G. Schneider et al., Science 358, 1081 (2017) [2] C. Smorra et al.,
Nature 550, 371 (2017) [3] Eur. Phys. J. Spec. Top. 224, 3055-3108
(2015) [4] Juan M Cornejo et al 2021 New J. Phys. 23 073045

Q 23.32 Tue 17:00 Tent B
Nonlinear characterization of in-house fabricated thin film
lithium niobate waveguides — eALEXEJ] Wipasko, LAURA
BorLMERS, HARALD HERRMANN, LAURA PADBERG, and CHRISTINE
SILBERHORN — Paderborn University, Integrated Quantum Optics, In-
stitute for Photonic Quantum Systems (PhoQS), Warburger Str. 100,
D-33098 Paderborn

Thin film lithium niobate (TFLN) is an evolving platform for photonic
circuits for different application areas. In particular, the high nonlin-
earity and the wide transparency range of LiNbO3 together with the
tight confinement in nanophotonic waveguides enable the realization
of efficient frequency converters e.g. for applications in quantum com-
puting and quantum cryptography.

However, to exploit the full potential of nonlinear TFLN devices
the fabrication process, which includes the fabrication of the optical
waveguides and the periodic poling for phase-matching of the targeted
nonlinear process, must be optimized.

In this work we are focussing on the development of an efficient
nonlinear characterization setup for TFLN, which allows to assess the
quality of the devices. We primarily use second harmonic generation
(SHG) with the fundamental wave in the telecom wavelength range to
study the nonlinear properties of in-house fabricated TFLN devices.
We give a short overview of the fabrication process, discuss some first
results on SHG characterization and initial work on photon pair gen-
eration via parametric down-conversion using the fabricated devices.

Q 23.33 Tue 17:00 Tent B
Integrated electro-optic modulators in LiNbOgzas funda-
mental building blocks for quantum photonic circuits —
eNoEL HEINEN, MICHELLE KIRSCH, SATTIBABU ROMALA, SEBASTIAN
LENGELING, HARALD HERRMANN, LAURA PADBERG, and CHRISTINE
SILBERHORN — Universitdat Paderborn, Integrierte Quantenoptik, In-
stitut fiir Photonische Quantensysteme, Warburger Str. 100, D-33098
Paderborn

Numerous applications in quantum communication and quantum pro-
cessing require electric manipulation of photonic quantum states.
Thus, electro-optic modulators (EOMs) are key components for pho-
tonic integrated circuits (PICs). A suitable and widely used material
platform for EOMs is lithium niobate (LN) due to its high electro-optic
coefficient and broad transparency window. Recent developments in
integrated optics show that thin film lithium niobate (TFLN) is a
highly versatile and promising material platform. Due to a drastically
higher mode confinement than in titanium indiffused LN waveguides,
nonlinear effects and integration density are further enhanced. The in-
crease in modulation efficiency leads to higher modulation speeds and
power efficiencies, as lower modulation voltages are required. There-
fore programmable circuits for quantum information processing can be
realized, as fast modulation is needed. As the fundamental building
block of EOMs are phase shifters, we cover the fabrication process
of TFLN phase modulators and compare their benefits over conven-
tional diffused LN phase modulators with respect to their optical and
electrical properties.

Q 23.34 Tue 17:00 Tent B

N Scaling of Large-Sample Collective Decay in Inhomoge-

neous Ensembles — SERGIY STRYZHENKO!2, ALEXANDER BRUNs!,
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and eTHORSTEN PETERs! — llInstitut fiir Angewandte Physik, Tech-
nische Universitdt Darmstadt, Hochschulstrafe 6, 64289 Darmstadt,
Germany — 2Institute of Physics, National Academy of Science of
Ukraine, Nauky Avenue 46, Kyiv 03028, Ukraine

We experimentally study collective decay of an extended disordered
ensemble of N atoms inside a hollow-core fiber. We observe up to
300-fold enhanced decay rates, strong optical bursts and a coherent
ringing. Due to inhomogeneities limiting the synchronization of atoms,
the data does not show the typical scaling with V. We show that an
effective number of collective emitters can be determined to recover
the N scaling known to homogeneous ensembles over a large param-
eter range. This provides physical insight into the limits of collective
decay and allows for its optimization in extended ensembles as used,
e.g., in quantum optics, precision time-keeping or waveguide QED.

Q 23.35 Tue 17:00 Tent B
Second-order correlations of scattering electrons — eFLORIAN
FLEISCcHMANN!, MoNna BUKENBERGER?, RauL CoRREAS, AN-
ToN CLassEN?, SiMoN MAHRLEIN!, MARc-OLIVER PLEINERT!,
and JoACHIM VON ZANTHIER' — !Friedrich-Alexander-Universitit
Erlangen-Niirnberg, Quantum Optics and Quantum Information,
91058 Erlangen, Germany — 2ETH Ziirich, Department of Environ-
mental Systems Science, 8092 Ziirich, Switzerland — 3Federal Univer-
sity of Minas Gerais, Departamento de Fisica, 31270-901 Belo Hori-
zonte, Brazil — *University of Utah, Health Science Core, UT 84112
Salt Lake City, USA

We investigate the spatial second-order correlation function of two
scattering electrons in the far field. First, we consider semi-classically
the effects of the Pauli exclusion principle and Coulomb repulsion on
the expected correlation pattern. This is followed by a full quantum-
mechanical treatment of the problem. For this, we separate the system
into center-of-mass and relative coordinates in analogy to the hydro-
gen atom ansatz. While the center-of-mass system is described as a
free particle, we solve the Coulomb scattering problem in the rela-
tive system. We expand the respective initial state of the electrons
in the eigenstates of the scattering problem. After incorporating the
time evolution, the function is evaluated in the far field. We show the
formal solution to the problem and discuss the current state of the
numerical investigations.

Q 23.36 Tue 17:00 Tent B

Cryogenic spectroscopy of novel organic molecules doped
with Yb3+4 for quantum information processing appli-

cations — eRoBIN WITTMANN!, JANNIs HESSENAUER!, SOREN
SCHLITTENHARDT!, SENTHIL Kumar Kuppusamy!, MaRrio
RuBen'2, and Davip Huncer! — 1KIT, Karlsruhe, Germany —

2CNRS-Université, Strasbourg, France

Rare earth ions (REI) doped into crystals have proven to be a promis-
ing system for quantum information processing due to their long opti-
cal coherence time stemming from the shielding of the partially filled
4f electron shell by the fully occupied 5s and 5p orbitals. Yb3+ is a
REI that is particularly interesting as a microwave to optical photon
interface due to it being a Kramers ion with an electron spin of 1/2.
Benefits of trivalent Ytterbium are its simple energy level structure
consisting of only two electronic multiplets, as well as its favorable
branching ratio. In addition, long electron spin coherence times were
observed for Yb171 due to its zero magnetic field clock transition in low
symmetry crystals. Here we investigate the optical lifetime, coherence
time and optical linewidth of novel organic molecules tailored to host
REIs. Measurements are done at cryogenic temperatures on ensem-
bles of Yb3+ doped molecular crystal powder to test its viability for
quantum information processing tasks. We observe narrow inhomoge-
neous linewidths and individually addressable subspecies sensitive to
different excitation wavelengths.

Q 23.37 Tue 17:00 Tent B
A nanosecond pulsed light source as pump source for narrow-
band, decorrelated photon pairs — eJASMIN SOMMER, MICHELLE
KirscH, Kar Hong Luo, HArRaLD HERRMANN, and CHRISTINE SIL-
BERHORN — Universitat Paderborn, Integrated Quantum Optics, In-
stitute for Photonic Quantum Systems (PhoQS), Warburger Str. 100,
D-33098 Paderborn

Narrowband and spectrally decorrelated photon pairs are a prerequisite
for many applications in quantum processing. A common way to gen-
erate single photon pairs is to use parametric down conversion (PDC)

sources. Exploiting clustering within a cavity allows the generation
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of spectrally narrowband photon pairs. Decorrelated pure states can
be further obtained by pumping the source with pulses of well-defined
properties. We have developed a pump source dedicated for pumping
cavity-enhanced PDC in a periodically poled waveguide in LiNbOs.
To generate photon pairs in the telecom range, this requires Gaussian
shaped pulses around 775 nm with an adjustable pulse length in the
nanosecond range. We have constructed such a pump source starting
with a cw laser at 1550 nm. An electro-optical modulator is used to
generate specifically tailored pulses of well-defined duration. These
are amplified in erbium doped fiber amplifiers and converted to the
775nm range via second harmonic generation in a periodically poled
bulk LiNbO3 crystal. We report details on the design and characteriza-
tion of the pump source and initial experiments towards the generation
of decorrelated photon pairs.

Q 23.38 Tue 17:00 Tent B
Quantum pulse gate conversion efficiency eDANA
EcHEVERRIA-OviEDO!, HiIRoKkO Tomopa2, FELix Moor!, MICcHAEL
STEFszKY!, BENJAMIN BrecHT!, and CHRISTINE SILBERHORN! —
IPaderborn University, Integrated Quantum Optics, Institute of Pho-
tonic Quantum Systems (PhoQS), Warburger Str. 100, 33098, Pader-
born, Germany. — 2Department of Applied Physics, School of En-
gineering, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo
113-8656, Japan
The quantum pulse gate (QPG) is a dispersion-engineered guided-wave
device, based on sum-frequency generation (SFG) between spectrally
shaped light pulses. It can implement time-frequency mode-selective
projections of single photons on user-defined modes. These are use-
ful for quantum applications in, e.g., metrology, communications and
simulations, where high efficiencies are crucial. The SFG conversion
efficiency 7, that is the ratio between the number of upconverted pho-
tons over the number of input photons (assuming no pump depletion
and neglecting propagation losses), is given by 1 = sin?(\/Nnorm Pp L),
where Nnorm is 1 normalized per pump power P, and sample length L.
Considering identical experimental conditions (geometry and material
of the waveguide; spatial, temporal and spectral overlap; and pulse
characteristics) to increase 7 it is necessary to increase L, which is a
challenge due to the accumulation of fabrication inhomogeneities of
longer samples. In this work, we measured n of a 71 mm long QPG,
the longest reported until now, which reaches 1 of up to 64% for a P,
of only 12.5 mW. Here, we report on the progress of the project.

Q 23.39 Tue 17:00 Tent B
Hong-Ou-Mandel interference in the spectral domain —
ePATRICK FOLGE, ABHINANDAN BHATTACHARJEE, MICHAEL STEF-
szKY, BENJAMIN BRECHT, and CHRISTINE SILBERHORN — Paderborn
University, Integrated Quantum Optics, Institute for Photonic Quan-
tum Systems (PhoQS), Warburger Strafie 100, 33098 Paderborn, Ger-
many

The Hong-Ou-Mandel (HOM) effect describes the quantum interfer-
ence of indistinguishable photons on a beam splitter, and is one of
the most celebrated effects in quantum optics. It provides a funda-
mental building block of many technological applications, including
linear optical quantum computation and (Gaussian) boson sampling.
In this work we explore the implementation of HOM type effects in the
spectral domain of optical fields, which could help in the efforts of scal-
ing up the dimensionality of the mentioned technologies. Our spectral
domain approach achieves the required beam splitter like operation be-
tween different frequency bins, using a so called multi-output quantum
pulse gate (mQPG). This is a frequency conversion based device, im-
plemented in dispersion engineered LiNbO3 waveguides, which allows
to interfere programmable superpositions of frequency bins in differ-
ent output frequency channels. In our scheme we consider frequency
entangled photon pairs generated in a type-0 parametric down conver-
sion source as the input to the frequency beam splitter to observe the
bunching in the output channels of the mQPG. Here, we report the
progress of this ongoing project.

Q 23.40 Tue 17:00 Tent B
Designing a two-output Quantum Pulse Gate — eTHERESA
KEUTER, Parrick FoLGE, LAURA SERINO, BENJAMIN BRECHT, and
CHRISTINE SILBERHORN — Paderborn University, Integrated Quantum
Optics, Institute of Photonic Quantum Systems (PhoQS) Warburger
Str. 100, 33098 Germany

Time-frequency modes serve as a versatile basis for numerous quan-
tum technology protocols. Yet, the simultaneous detection of distinct
time-frequency modes poses a significant challenge. Addressing this
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issue, a multi-output quantum pulse gate (mQPG) has recently been
implemented, which has the capability to map different time-frequency
modes to distinct output frequencies, enabling their separation. The
mQPG was implemented in dispersion-engineered periodically poled
LiNbO3 waveguides by alternating between poled and unpoled regions,
generating multiple phase-matching peaks corresponding to different
output frequencies. However, this approach is not optimized for maxi-
mal conversion efficiencies due to the presence of unpoled regions in the
waveguide. In scenarios where the mQPG operates on quantum states,
such as those generated by parametric down conversion, maximizing
conversion efficiencies is desireable. Here, we explore an alternative ap-
proach by modulating the poling structure with a square wave, which
promises higher efficiencies. We focus on the design and optimization
of mQPGs with two output channels. We investigate the influence
of various parameters on the resulting efficiencies and report on the
progress of our ongoing project.

Q 23.41 Tue 17:00 Tent B
Fabrication of a surface-electrode ion trap for quantum in-
formation processing — eNora D. Staur!3, Jacos Stuppl:3,
Eike Iseke?, NiLa KRISHNAKUMARZ?, FRIEDERIKE GIEBELZ, KON-
STANTIN THRONBERENS?, CHLOE ALLEN-EDED3, AMADO BAUTISTA-
Sawvapor?, and CHRisTIAN OspELKAUs!23 — 1Leibniz Univer-
sitéit Hannover, Germany — 2Physikalisch-Technische Bundesanstalt,
Braunschweig, Germany — 3Laboratory of Nano and Quantum-

Engineering, Hannover, Germany

Surface-electrode ion traps are a promising platform for the realisation
of quantum computers, as the underlying microfabrication techniques
are scalable [1]. The MIQRO project is developing surface-electrode
ion traps for scalable quantum computers that utilise microwave fields
and static magnetic fields for quantum logic gates [2]. For future appli-
cations, the number of integrated electrodes needs to be increased and
additional functional units are required to be integrated into the ion
trap substrates to enable better connectivity and optimised optical ac-
cess. In addition, the assembly and connection technology needs to be
adapted to the increasing requirements. We present microfabrication
techniques for the production of multi-layer quantum processor chips
[3] with the aim of implementing different technologies in one process
flow.

[1] S. Seidelin et al., Physical Review Letters 96, 253003 (2006).
[2] F. Mintert, & C. Wunderlich, Physical Review Letters 87, 257904
(2001). [3] A. Bautista-Salvador et al., New Journal of Physics 21,
043011 (2019).

Q 23.42 Tue 17:00 Tent B
Phase transition and higher-order mean-field theory of chiral
waveguide QED — oeKaspER JAN KUusMIEREK!, MAX SCHEMMER?,
SaHAND Manmoobpian3, and KrLEmeNs Hammerer? — llnstitute
for Theoretical Physics, Leibniz University Hannover, Germany —
2Istituto Nazionale di Ottica del Consiglio Nazionale delle Ricerche
(CNR-INO), 50019 Sesto Fiorentino, Italy — 3Centre for Engineered
Quantum Systems, School of Physics, The University of Sydney, Syd-
ney, NSW 2006, Australia — *Institute for Theoretical Physics, Leib-
niz University Hannover, Germany

Waveguide QED with cold atoms provides a potent platform for the
study of non-equilibrium, many-body, and open-system quantum dy-
namics. Even with weak coupling and strong photon loss, the collective
enhancement of light-atom interactions leads to strong correlations of
photons arising in transmission. Here we apply an improved mean-
field theory based on higher-order cumulant expansions to describe
the experimentally relevant, but theoretically elusive, regime of weak
coupling and strong driving of large ensembles. We determine the
transmitted power, squeezing spectra and the degree of second-order
coherence. In the regime of very large drive and atom numbers we
observe an non-equilibrium phase transition. This reveals the impor-
tant role of many-body and long-range correlations between atoms in
steady state.

Q 23.43 Tue 17:00 Tent B
Superradiant bursts of light from cascaded quantum emit-
ters: Theoretical modelling of photon-photon correlations
— ConsTtanzE Bach, CHRISTIAN LIEDL, ARNO RAUSCHENBEUTEL,
PHIiLIPP SCHNEEWEISS, and eFELIX TEBBENJOHANNS — Department
of Physics, Humboldt-Universitdt zu Berlin, 10099 Berlin, Germany

A fully inverted ensemble of two-level emitters coupled to a common
radiation mode emits its energy as a superradiant burst of light [1].
Recently, we have observed experimentally that a similar collective
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dynamics prevails in the case of a cascaded quantum system [2]. Due
to the large number of up to 1200 emitters, the theoretical modeling
of our experiments is challenging. Here, we present two novel numer-
ical models with favorable computational complexity that allow us to
quantitatively predict the observed burst dynamics. The first model
approximates the light field between adjacent atoms as a probabilistic
mixture of coherent states. This mixed coherent state approximation
(MCSA) correctly predicts the emitted power and the field-field cor-
relations. In addition, we implement the discrete truncated Wigner
approximation, which was recently developed in [3]. This inherently
stochastic model agrees with the predictions of our MCSA and addi-
tionally computes the photon-photon correlations, in agreement with
our experimental data. In the future, we plan to test the applicability
of our models to other experiments with cascaded quantum systems.

[1] R. H. Dicke, Phys. Rev. 93, 99 (1954).

[2] C. Liedl et al., arXiv:2211.08940 (2023).

[3] C. D. Mink and M. Fleischhauer, arXiv:2305.19829 (2023).

Q 23.44 Tue 17:00 Tent B

Chromatic suppression of spontaneous emission — eTHOMAS

LAFENTHALER!, YAaNNICK WEISER!, ToMMaso FAORLIN!, LORENZ
Panzi!, Rainer Brart!2, Tuomas Monzh3, and Glovanni
CeRrcHIARIV? — lInstitut fiir Experimentalphysik, Universitit Inns-

bruck, Technikerstrasse 25, 6020 Innsbruck, Austria — 2Institut fiir
Quantenoptik und Quanteninformation, Technikerstrasse 21a, 6020
Innsbruck, Austria — 3AQT, Technikerstrafie 17, 6020 Innsbruck, Aus-
tria — 4Department of Physics, University of Siegen, Walter-Flex-Str.
3, 57068 Siegen, Germany

We control the spontaneous emission of trapped Ba+ Ions with reflec-
tive boundary conditions. By reflecting the fluorescence light of the ion
onto itself, the single photons emitted by the ions interfere with them-
selves, making it possible to control the emission rate. The control
depends on the solid angle in which the emitted photons are retro-
reflected and, to achieve complete control, we utilize a hemispherical
mirror that can oversee the ion from every direction of space. When
the mirror radius is adjusted to obtain destructive interference at the
emitted photons wavelength, fluorescence, and consequently, the cor-
responding energy transition, can be suppressed. Here, I present our
current effort to control the decay of the 6p; /o state of the Ba+ ion
which can relax by emitting 493 nm or 650 nm photons. Our aim is to
demonstrate control over the decay branching ratio, which could find
application in other experiments, for example, to suppress an unwanted
relaxation branch or simplify its energy structure.

Q 23.45 Tue 17:00 Tent B
Multi-commodity transport and the role of the dynami-
cal metric — eJosHua Ganz, GiovaNNA MoriGi, and FREDERIC
Forz — Theoretische Physik, Universitat des Saarlandes, 66123 Saar-
briicken, Germany

The interplay of nonlinear dynamics and noise is at the basis of co-
herent phenomena, such as stochastic resonance, synchronization, and
noise-induced phase transitions. While the effect of noise in these phe-
nomena has been partially analyzed, the impact of the specific form of
the nonlinear dynamics on noise-induced phase transitions is unknown.
In this work, we analyze multi-commodity transport on a noisy net-
work where the nonlinearity enters through a dynamical metric that
depends nonlinearly on the local current. We determine network self-
organization for different functional forms of the metric in a geometry
of constraints simulating two transportation demands. We perform an
extensive study of the emerging network topologies for the determin-
istic case and for the case of adding Gaussian noise to the nonlinear
dynamics. To characterize the network topologies, we introduce per-
formance measures such as robustness. We show that the resulting
dynamics exhibits noise-induced resonances, which manifest as self-
organization into the most robust network with a resonant response to
a finite value of the noise amplitude. We analyze in detail the specific
features and perform a comparative assessment. Our study sheds light
on the interplay between nonlinear dynamics and stochastic forces,
highlighting how their joint effect determines noise-induced coherence.

Q 23.46 Tue 17:00 Tent B
Multiwavelength Characterization of Polarization Optics for
Broadband Superconducting Detector Calibration — eISABELL
MiscHKE, TIMON SCHAPELER, and TiM BARTLEY — Institute for Pho-
tonic Quantum Systems, Department of Physics, Paderborn Univer-
sity, Warburger Str. 100, 33098 Paderborn, Germany

Intrinsically, superconducting detectors can detect a broad spectrum.
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But it remains an open question whether the detector behaves the same
to one photon at a certain energy or two photons of half the energy.
To investigate the difference in the behaviour, it is important to under-
stand the operation of the detector for different wavelengths. Our aim
is the multiwavelength characterization of superconducting nanowire
single-photon detectors (SNSPDs), with respect to the polarization
and wavelength dependence of the setup. This requires exploring the
wavelength and polarization dependence of all components, to extract
the intrinsic spectral response of the SNSPD alone. We present initial
data towards this aim.

Q 23.47 Tue 17:00 Tent B
Light propagation through ensembles of nuclear two-level sys-
tems — eDENIZ ADIGUZEL, MIRIAM GERHARZ, and JORG EVERS —
Max-Planck-Institut fiir Kernphysik, Heidelberg, Germany

Recent experiments at X-ray free electron lasers allow one to access
new excitation regimes. The light-matter interactions can be stud-
ied by solving the optical-Bloch equations. Observing an ensemble of
atoms, the light is scattered off of these atoms either coherently or
incoherently. By comparing the intensities of these quantities, one can
show that in the low-excitation regime their ratio remains constant
in time[1l]. However, [1] focused on settings in which propagation ef-
fects could be neglected. Here we study the light propagation through
an ensemble of atoms beyond the low excitation regime in situations
in which propagation effects are of relevance and compare the coher-
ent/incoherent radiation.

[1] L. Wolff and J. Evers. ”Characterization and detection method
for x-ray excitation of Mossbauer nuclei beyond the low-excitation
regime”, Physical Review A 108(4), 043714 (2023)

Q 23.48 Tue 17:00 Tent B
Fabrication of Solid Immersion Lenses for the cryogenic In-
vestigation of the NV center — eJUDITH DE VRIES, KATHARINA
SENKALLA, STEFAN DIETEL, MICHAEL OLNEY-FRASER, LEV KAzAK,
and FEDOR JELEZKO — Institute for Quantumoptics, Ulm University,
Ulm, Germany

The Nitrogen-Vacancy (NV) center in diamond has shown great poten-
tial for applications in quantum information processing, sensing, and
imaging. A known application of NV center in cryogenic environment
is the quantum repeater. As the entanglement rate is limited by the
photon-collection efficiency of the NV centers, improving this efficiency
through the use of solid immersion lenses can greatly enhance the per-
formance of quantum repeaters. Here we investigate the performance
of the fabricated SILs in particular in cryogenic environment.

Q 23.49 Tue 17:00 Tent B
Investigations of fluorescence lifetimes, thermal lensing, and
laser performance of directly diode pumped cw ruby laser —
CARSTEN REINHARDT and eSONKE METELMANN — Hochschule Bre-
men City University of Applied Sciences

Recently, the first laser ever, Maiman*s 694 nm ruby laser, regained
new interest due to successful cw operation by pumping with high-
power 405 nm laserdiodes [1]. Investigation on compact plane-plane
Ruby laser|2] indicate stabilization of the resonator by thermal lensing,
induced by the pump laser diode. Here we present results of studies
on pump laserdiode performances for optical pumping of ruby crystals.
Temperature dependend fluorescence lifetimes have been measured for
different pump powers. First results on measurements of thermal lens-
ing are presented. [1] W. Luhs, B. Wellegehausen; Diode pumped cw
ruby laser, OSA Continuum 184, Vol.2, No.1 (2019) [2] W. Luhs, B.
Wellegehausen; Diode pumped compact single frequency cw ruby laser,
J. Physics Communications 7 (2023) 0055007

Q 23.50 Tue 17:00 Tent B
Bridging Quantum Optics and Environmental Physics: In-
sights into Argon Trap Trace Analysis — eMAGDALENA
WINKELVOSs and ALEXANDRA BEIKERT — Kirchhoffinstitut fiir Physik
Heidelberg

Tracer experiments are an important tool to understand environmen-
tal transport processes. A particularly widely used class of tracers are
radioactive isotopes, which can be used for dating. 3°Ar has a half life
of 268 years making it suitable for the time range of 50 to 1000 years
and dating processes like ocean circulation or glacier flow. But as the
relative abundance of 39Ar is in the range of 10716, a ultra sensitive
and selective detection method is required. This can be done by Ar-
gon Trap Trace Analysis (ArT'TA), by capturing single 3? Ar atoms in
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a magneto-optical trap (MOT). Here, the slight difference in excitation
frequencies between the different isotopes is exploited. In combination
with the high number of scattered photons, this gives a high isotopic
selectivity and makes ArTTA an ideal method for dating 39Ar.
Opposed to many other atom trapping experiments the amount of
39Ar is limited due to sample size, thus it is important to capture a

high percentage of the atoms. With this poster we present the working
principle of the ArTTA technique and will highlight the challenges of
addressing argon atoms. Specifically, we will address the most crucial
challenges of the measurement technique: the atom beam collimation
and focusing apparatus to reach a high trapping rate in the MOT.

Q 24: Poster Il

Time: Tuesday 17:00-19:00

Q 24.1 Tue 17:00 KG I Foyer
Spectroscopy of Heteronuclear Xenon-Noble Gas Dimers -
Towards Bose-Einstein Condensation of VUV-Photons —
eERIC BOLTERSDORF, THILO vOM HOVEL, JEREMY ANDREW MORIN
NEeNoFF, FRANK VEWINGER, and MARTIN WEITZ — University of
Bonn, Institute for Applied Physics, 53115 Bonn

Photons confined in a dye-filled optical microcavity can exhibit Bose-
Einstein condensation upon thermalization through repeated absorp-
tion and (re-)emission processes by the dye molecules. This has
been experimentally demonstrated for photons in the visible spectral
regime in 2010. In this work, an experimental approach is investigated
to realize Bose-Einstein condensation of vacuum-ultraviolet (100 nm-
200 nm; VUV photons via repeated absorption and (re-)emission cy-
cles between two electronic state manifolds of xenon-noble gas excimer
molecules in dense gaseous ensembles (pressure of up to 100 bar).

(Re-)emission and absorption to achieve thermalization are considered
to occur between the quasi-molecular states associated with the xenon
5p% and 5p°6s(J = 1) states, respectively. We plan to pump the pho-
ton gas inside a high-pressure optical microcavity with light at near
129 nm wavelength, which can be generated by third-harmonic gener-
ation of near-ultraviolet light around 387nm. The pump drives the
5p8 — 5p®6s’(J = 1) transition in xenon. We report on the results
of spectroscopic measurements, indicating the formation of heteronu-
clear noble gas excimers. Also, the fulfillment of the thermodynamic
Kennard-Stepanov relation, a fundamental prerequisite for a gas to
serve as a thermalization medium, has been successfully investigated.

Q 24.2 Tue 17:00 KG I Foyer
Realization of Effective Interactions in Bose-Einstein Con-
densates of Photons — eNiELs WoLF, ANDREAS REDMANN, CHRIS-
TIAN KURTSCHEID, FRANK VEWINGER, JULIAN SCHMITT, and MARTIN
WEITZ — Institut fiir Angewandte Physik, Universitat Bonn, Wegel-
erstr. 8, D-53115 Bonn, Germany

Bose-Einstein condensation can be observed with ultracold atomic
gases, polaritons, and since about a decade ago also with low-
dimensional photon gases. In atomic Bose-Einstein condensates ther-
mal equilibrium is obtained by inter-particle collisions. Since photon-
photon interactions remain vanishingly small in the experimental cav-
ity system, thermalization of photons is achieved via thermal contact
of the photons with molecules in liquid solution filled into a micro-
cavity [1]. Nevertheless, via strong photon-photon interaction, i.e. a
Kerr-interaction, lattices of photon gases could in future enable the
creation of highly entangled resource states for multiple partner quan-
tum connectivity [2].

Our experiment uses a triply resonant optical parametric oscillator
setup, which independently controls cavities for the pump and subhar-
monic wavelength respectively. In this way, a Kerr-nonlinearity orig-
inating from cascaded second order nonlinearities to subharmonics of
the incident optical radiation has been experimentally demonstrated.

[1] J. Klaers et al., Nature 468, 545 (2010) [2] C. Kurtscheid et al.,
Science 366, 894 (2019)

Q 24.3 Tue 17:00 KG I Foyer
Dimensional Crossover in a Quantum Gas of Light —
oKIRANKUMAR KarkinaLLl Uwmesn!, JuLian Scuurz?, JuLIAN
ScamiTT!, MARTIN WEITZ!, GEORG VON FREYMANNZ3, and FRANK
VEWINGER! — !Institut fiir Angewandte Physik, Universitdt Bonn,
Wegelerstrasse 8, 53115 Bonn, Germany — 2Physics Department and
Research Center OPTIMAS, RPTU Kaiserslautern Landau, 67663
Kaiserslautern, Germany — 3Fraunhofer Institute for Industrial Math-
ematics ITWM, 67663 Kaiserslautern, Germany

We experimentally study the properties of a harmonically trapped pho-
ton gas undergoing Bose-Einstein condensation along the dimensional
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crossover from one to two dimensions. The photons are trapped inside
a dye microcavity, where polymer nanostructures provide a harmonic
trapping potential for the photon gas. By varying the aspect ratio
of the trap we tune from an isotropic two-dimensional confinement to
an anisotropic, highly elongated one-dimensional trapping potential.
Along this transition, we determine caloric properties of the photon
gas, and find a softening of the second-order Bose-Einstein condensa-
tion phase transition observed in two dimensions to a crossover be-
haviour in one dimension.

Q 24.4 Tue 17:00 KG I Foyer
Observation of topological edge states of photons by con-
trolled coupling to the environment — eNikoLas LoNGgEN!, HE-
LENE WETTER?, MICHAEL FLEISCHHAUER3, STEFAN LINDEN?, and Ju-
LIAN ScHMITT! — !Institut fiir Angewandte Physik, Universitit Bonn,
Wegelerstr. 8, 53115 Bonn, Germany — 2Physikalisches Institut, Uni-
versitét Bonn, Nussallee 12, 53115 Bonn, Germany — 3Fachbereich
Physik, RPTU Kaiserslautern-Landau, Erwin-Schrédinger Str. 46,
67663 Kaiserslautern, Germany

Topology is an important paradigm for our understanding of phases
of matter in condensed matter, cold atoms and photonic systems.
Here we present a new approach to realize topological states, which
result from coupling the system to an environment. In a proof-of-
principle study, we first eperimentally demonstrate open-system topo-
logical states using a plasmon-polariton waveguide plattform. The
underlying, a priori topologically trivial lattice consists of a unit cell
of four lattice sites which is equipped with spatially varied losses lead-
ing to a topological band structure. By tuning the hopping and the
dissipation in the waveguide system, we observe both the emergence
and the breakdown of a localized topological edge state. Moreoever,
we present ongoing work, in which we develop an experimental plat-
form to study non-Hermitian topological states in lattices of photon
Bose-Einstein condensates within a dye-filled optical microcavity. The
coupling to the reservoir of dye molecules here allows for gain, thermal-
ization and tunable coherence properties of the photons, opening new
pathways for the exploration of topological states in open systems.

Q 24.5 Tue 17:00 KG I Foyer
Collective oscillation modes of dipolar quantum droplets —
eDENIs Muso and ANTUN BAaLaZz — Center for the Study of Complex
Systems, Institute of Physics Belgrade, University of Belgrade, Serbia

Since the first experimental realization of quantum droplets in dipolar
Bose systems [1], it was shown [2] that they are stabilized against
the collapse due to quantum fluctuations that correspond to the shift
of the chemical potential [3]. We examine the behavior of collective
oscillation modes of self-bound dipolar quantum droplets using a vari-
ational and numerical approach. We focus on cylindrically symmetric
states and variationally derive frequencies and eigenvectors of low-
lying collective modes, i.e., the breathing and the quadrupole mode.
The obtained results are compared to full 3D numerical simulations
based on the extended Gross-Pitaevskii equation, which includes both
the quantum fluctuation and condensate depletion terms.

[1] H. Kadau et al., Nature 530, 194 (2016).

[2] I. Ferrier-Barbut et al., Phys. Rev. Lett. 116, 215301 (2016).

[3] A. R. P. Lima and A. Pelster, Phys. Rev. A 84, 041604(R) (2011);
Phys. Rev. A 86, 063609 (2012).

Q 24.6 Tue 17:00 KG I Foyer
String Theory Applied: The Holographic Superfluid in One
Spatial Dimension — eFLoRIAN ScuMITT!, GREGOR BaLs?, AN-
DREAS SAMBERG23, CarRLO EwERz23, and THoMAs GASENZERZ! —
IKirchhoff-Institut fiir Physik, Ruprecht-Karls-Universitiat Heidelberg,
Im Neuenheimer Feld 227, 69120 Heidelberg, Germany — 2Institut
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fir Theoretische Physik, Universitdt Heidelberg, Philosophenweg
16, 69120 Heidelberg — 3ExtreMe Matter Institute EMMI, GSI
Helmholtzzentrum fiir Schwerionenforschung, Planckstrafe 1, 64291
Darmstadt

This contribution is concerned with the investigation of non-
equilibrium dynamics of superfluids in one spatial dimension enabled
by the holographic description in terms of field theory in higher-
dimensional black-hole-anti-de-Sitter spacetimes. We perform numer-
ical solutions, applying the famous AdS/CFT duality of string and
large-N field theory in a bottom-up fashion. Following the principles
of holography this leads us to a way of calculating dynamics matched
to the standard Gross-Pitaevskii-equation (GPE) based methods. The
one-dimensional holographic superfluid is of peculiar fashion due to
the renormalization needed on the boundary, which is due to the Weyl
anomaly on the boundary not only consisting of the expected central
charge. Of particular interest to us are topological defects, therefore
we imprint solutions to the GPE, such as solitons, onto the superfluid
and investigate how they evolve.

Q 24.7 Tue 17:00 KG I Foyer
Ultracold Quantum Gases in Spatially and Temporally En-
gineered Environments — eERIK BERNHART, MARVIN ROHRLE,
Marco DEeckEeR, Jian Jiang, and HErwic OTT — Department
of Physics and Research Center OPTIMAS, RPTU Kaiserslautern-
Landau, 67663 Kaiserslautern, Germany

Ultracold quantum gas experiments combined with high resolution
and highly controllable optical techniques offer a unique platform to
study quantum phenomena in driven quantum systems. Here, we re-
port on the experimental realization of a Kapitza trap for ultracold
87Rb atoms, where the dynamical stabilization of the atomic motion
by a time periodically modulated potential is demonstrated. While
the time average of the potential vanishes, the corresponding Floquet-
Hamiltonian results in a non-trivial effective time independent poten-
tial, which acts as a trap for the atoms.

To continue the investigations on driven systems and extend them to
transport processes in time modulated optical potentials, we have up-
graded our setup, which now combines a scanning electron microscope
and a high resolution optical objective, through which we can imprint
arbitrary repulsive potential landscapes, generated by an AOD. We
have implemented a weakly coupled bosonic Josephson junction, with
tunable and movable tunneling barrier and benchmark our system by
observing the DC Josephson effect.

Q 24.8 Tue 17:00 KG I Foyer
Anomalous non-thermal fixed point in a quasi-2d dipolar
Bose gas — eNikLAas Rascr!, SANTo Maria Roccuzzob?2, Wy-
ArT KirkBY!?, LAURIANE CnoMmaz?, and THomas Gasenzerb3
— 1Kirchhoff-Institut fiir Physik, Universitit Heidelberg, Im Neuen-
heimer Feld 227 — 2Physikalisches Institut, Universitit Heidelberg,
Im Neuenheimer Feld 226 — 3Institut fiir Theoretische Physik, Uni-
versitat Heidelberg, Philosophenweg 16

In this work we focus on anomalous non-thermal fixed-points in the
temporal evolution of a 2d dipolar Bose gas, exhibiting slow, subdif-
fusive coarsening characterized by algebraic growth of a characteristic
length scale L(t) ~ t? with 8 < 1/2. Starting from variously sampled
vortices on a uniform background, we evolve the Bose gas using the
semi-classical truncated-Wigner approach. In the classical regime we
reproduce the anomalous scaling exponent 8 ~ 1/5 known from the
single-component Bose gas with contact interactions, for various dipo-
lar strengths and tilting angles. In the quantum regime we also recover
such anomalously slow, subdiffusive scaling but find a dependence on
the tilting angle, which leads to different scaling exponents and less
stable scaling regimes. Within a quasi-2d setting, we analyze the de-
pendence of the observed scaling exponents on the effects of anisotropy
and on the long-range nature of the dipolar interaction. Anisotropy
in the vortex configuration emerges; however, it is not reflected in the
self-similar scaling. We focus on the role of vortex (anti-)clustering
and observe regimes of strong clustering without correlation with the
emergence of anomalously slow scaling.

Q 24.9 Tue 17:00 KG I Foyer
A new dysprosium quantum gas experiment — eLucas
LavoiNe!, JEns HeErTkorN!, PauL UrrriNGs!, KEvIN Na!, Fiona
HeLLSTERNY, TiM Lancen®2, RaLr KLemT!, and TiLman Pravl —
15. Physikalisches Institut, Universitit Stuttgart — 2Atominstitut,
TU Wien
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Dysprosium offers the possibility to study degenerate quantum gases
with anisotropic and long-range dipolar interactions competing with
contact interactions. Tuning the relative interaction strength has
led to the observation of new many-body states, including droplets
and supersolids. While most of the experiment have been done
in one-dimensional traps, recent theoretical works predict an exotic
phase diagram in two-dimensional traps (2D), including honeycomb,
labyrinthine, supersolid phases. The labyrinthine patterns are char-
acterized by amorphous spatial structures consisting of elongated and
bent density stripes and support superfluid flows along the stripes. We
have recently built up a new dysprosium machine. With our new setup,
we produce large Bose-Einstein condensates (BEC) with faster cycle
times. By means of a high-NA (0.5) objective and a phase-contrast
imaging technique, we are able to resolve spatial structures of about
0.5 micrometers. We plan to load the BEC in tailored potentials made
by a digital micro-mirror device (DMD) with the aim to explore both
the phase diagram of a 2D dipolar quantum gas and study the super-
fluid properties of the supersolid states by means of persistent currents
in rotating ring-shaped potentials. On this poster we present the new
experimental setup and report our recent experimental achievements.

Q 24.10 Tue 17:00 KG I Foyer
Resummations of the two-particle irreducible quantum ef-
fective action — eHanNNEs Koper! and Tuomas Gasenzerb?2
— IKirchhoff-Institut fiir Physik, Im Neuenheimer Feld 227, 69120
Heidelberg — Z2Institut fiir Theoretische Physik, Philosophenweg 16,
69120 Heidelberg

The two-particle irreducible quantum effective action can be formu-
lated in terms of the Luttinger-Ward functional, which is diagrammati-
cally given by the series of all two-particle irreducible vacuum Feynman
diagrams. In this work, we reformulate infinite series of vacuum Feyn-
man diagrams for scalar quantum field theories, whose potentials admit
discrete frequency spectra such as the sine-Gordon model, in terms of
spin systems on graphs. While the frequencies of the potential directly
correspond to the possible spin values, the graph’s topology is tightly
connected to the class of vacuum diagrams that is being summed over.
Different graph topologies thus correspond to different selective resum-
mations of diagrams. In particular, cycle graphs correspond to "ring"-
type resummations often encountered in next-to-leading order in 1/N
expansions. This allows us to compute a closed form expression for
the Luttinger-Ward functional within "ring-approximation" in terms
of the eigenvalues of an associated transfer operator. We also present
how the formalism may be applied to polynomial and O(N)-symmetric
potentials.

Q 24.11 Tue 17:00 KG I Foyer
Optical quantum gases in box and ring potentials — ePaTRICK
GERTZ, LEON ESPERT MIRANDA, ANDREAS REDMANN, KIRANKUMAR
KarkiHALLT UMESH, FRANK VEWINGER, MARTIN WEITZ, and Ju-
LIAN ScHMITT — Institut fiir Angewandte Physik, Universitat Bonn,
Wegelerstrafe 8, 53115 Bonn, Germany

Quantum gases provide exquisite experimental control over dimension-
ality, shape of the energy landscape or the coupling to reservoirs, which
opens the door to investigate novel states of matter both in and out of
equilibrium. Here we report on the experimental realization of a quan-
tum gas of photons inside box and ring-shaped potentials within a
dye-filled optical microcavity. The trapping potential for the particles
is provided by imprinting static nanostructures on the cavity mirror
surface using a laser-induced delamination of the mirror coating. In
a corresponding box-shaped cavity geometry, we have realized a 2D
optical quantum gas at room temperature with uniform density and
measured its compressibility and equation of state. In more recent
work, we have achieved the quasi-1D, periodically closed confinement
of photon gases in ring potentials. Prospects of this work include stud-
ies of the Kibble-Zurek mechanism and of flux qubits.

Q 24.12 Tue 17:00 KG I Foyer
Low-Energy Effective Field Theory for a Spin-1 BEC Far
From Equilibrium — eANNA-MaRIA ErLisaBETH GLUCK, Ipo
Siovitz, Hannes KOpPER, and ThHoMAs GaseENzeER — Kirchhoff-
Institut fiir Physik, Ruprecht-Karls-Universitat Heidelberg, Im Neuen-
heimer Feld 227, 69120 Heidelberg

The spin-1 Bose gas quenched far from equilibrium displays remarkable
universal spatio-temporal self-similar scaling, which we hypothesize to
be due to the system’s vicinity to a non-thermal fixed point during its
evolution back to equilibrium. This study introduces a low-energy ef-
fective field theory for the description of the phase-excitation dynamics
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in a one-dimensional spin-1 Bose gas following a quench from the polar
to the easy-plane phase. In particular, we explore the incorporation
of density fluctuations beyond the 1-loop order. Through numerical
simulations, we subsequently compare the far-from-equilibrium scal-
ing behavior of the effective theory to that of the fundamental theory.

Q 24.13 Tue 17:00 KG I Foyer

Pattern formation in dipolar quantum gases — eANDREEA-

Maria Oros!, Nikras Rascu!, Wyart Kirkey!2, LAURIANE
Cuomaz?, and THomAs GASENZER!:3 1Kirchhoff-Institut fiir
Physik, Universitdt Heidelberg, Im Neuenheimer Feld 227 —

2Physikalisches Institut, Universitit Heidelberg, Im Neuenheimer Feld
226 — 3Institut fiir Theoretische Physik, Universitit Heidelberg,
Philosophenweg 16

Ultracold dipolar gases have garnered increasing interest over the past
years. The anisotropic and long-range character of the dipolar interac-
tion and the stabilizing nature of LHY corrections give rise to super-
solidity, superglasses, and exotic states of matter. Different supersolid
ground states, such as triangular, honeycomb, or even labyrinthine
ones, were already theoretically predicted, depending on the atom
number, scattering length, and trapping frequency. Our work ex-
pands on these phases by considering the out-of-equilibrium dynam-
ics of a harmonically trapped, three-dimensional dipolar condensate.
Following a quench in the scattering length across a phase transition
boundary, we investigate the dynamical formation of supersolids, in-
cluding those exhibiting novel crystalline structures. We further search
for far-from-equilibrium phenomena, e.g., non-thermal fixed points,
self-similar scaling, and the spontaneous formation of vortices in the
pattern-forming regime. At the moment, quenches into the triangular
and stripe phases have proven to be successful and promise insights
into new physics, where time oscillations akin to a quadrupole mode
of the droplets have been observed.

Q 24.14 Tue 17:00 KG I Foyer
Dynamical phases emerging from light-mediated interaction
— eANTON BoLIAN!, PuarTHAMON KONGKHAMBUT!, JIM SKULTE!,
Lupwic MaTHEY!, JavysoNn G. Cosme?, Hans KessLeEr?, and AN-
prREAs HEMMERICH! — 1Zentrum fiir Optische Quantentechnologien
and Institut fiir Quantenphysik, Universitdit Hamburg, Germany. —
2Physikalisches Institut der Universitit Bonn, Germany. — 3National
Institute of Physics, University of the Philippines, Diliman, Quezon
City, Philippines.
We are experimentally exploring the light-matter interaction of a Bose-
Einstein condensate (BEC) with a single light mode of an ultra-high
finesse optical cavity. The key feature of our cavity is the very small
field decay rate (k/2m = 3.5 kHz), which is in the order of the recoil
frequency (wrec/2m = 3.6 kHz). This leads to a unique situation of a
recoil-resolved cavity. Pumping the system with a steady state light
field, red detuned with respect to the atomic resonance, the Dicke
model is implemented including the self-organisation phase transition.
Starting in the self-ordered superradiant phase and modulating the
amplitude of the pump field, we observe a dissipative discrete time
crystal, whose signature is a robust subharmonic oscillation between
two symmetry-broken states. Modulation of the phase of the pump
field gives rise to an incommensurate time crystalline behaviour. For a
blue-detuned pump light with respect to the atomic resonance, we ob-
serve limit cycles (LCs). Since the pump protocol is time-independent,
the emergence of LCs demonstrates the breaking of continuous time-
translation symmetry.

Q 24.15 Tue 17:00 KG I Foyer
A Digital Micromirror Device setup and feedback algorithm
for enhanced control of two-dimensional potentials in cold
atoms experiments — eMARCEL KERN, MARIUS SPARN, NIKOLAS
LieBsTER, ELiINOR KaTH, JELTE DUucHENE, HELMUT STROBEL, and
MarkuUs OBERTHALER — Kirchhoff-Institut fiir Physik, Heidelberg,
Deutschland

Spatial light modulators are widely used in ultracold atom experiments
to produce arbitrary optical traps. A seemingly simple, but important
example is the box potential. Also, for dynamic processes, such as the
injection of vortices, more complicated, time-dependent potentials are
needed. However, imperfections in the incident light and projection
system perturbs the expected potential, requiring finer control of the
light potential along with active correction.

In our two-dimensional Bose-Einstein condensate (BEC) experiment
of 39-K atoms, a Digital Micromirror Device (DMD) illuminated with
off-resonant light is used to configure the in-plane potential. A second
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DMD that uses near-resonant light will allow manipulations on dif-
ferent energy scales to optimize the existing potential and manipulate
the BEC locally. Additionally, feedback algorithms optimizing on light
and atom distributions will further increase the quality of the created
light potentials. We present the planning and characterization of a
second DMD setup, as well as the optimization algorithms developed
for our experiment.

Q 24.16 Tue 17:00 KG I Foyer
Time evolution in the Bose-Hubbard model using Matrix
Product States — eOscar DurfNas Sincuez! and ALBERTO
Robpricuez!2 — 1Departamento de Fisica Fundamental, Universidad
de Salamanca, E-37008 Salamanca, Spain — 2Instituto Universitario
de Fisica Fundamental y Matematicas (IUFFyM), Universidad de Sala-
manca, E-37008 Salamanca, Spain

The dynamical evolution of out of equilibrium configurations in the
Bose-Hubbard model is studied using Matrix Product States and Time-
Evolving Block Decimation (TEBD). The goodness of the method is
benchmarked against the exact dynamics implemented via an expan-
sion of the time-evolution operator using Chebyshev polynomials for
‘small’ systems. We determine the optimal truncation value of the on-
site modes’ occupation number as a function of the interaction strength
in order to capture faithfully the short time evolution across the chaotic
phase using TEBD. Considering systems at unit density, sizes L 2 40,
and times ¢ < 3 (tunneling times) we analyse the fingerprint of the
emergence of the chaotic phase from the potentially diffusive spread-
ing of density-density correlations at early times.

Q 24.17 Tue 17:00 KG I Foyer
A new experimental platform to explore dipolar quan-
tum phenomena in ultracold gases of magnetic atoms
SHUWEI JIN, JIANSHUN Gao, KARTHIK CHANDRASHEKARA,
CHRISTIAN GOLZHAUSER, SARAH PHILIPS, JOSCHKA SCHONER, and
oL AURIANE CHoMAZ — Physikalisches Institut, Universitdt Heidel-
berg, Im Neuenheimer Feld 226

Ultracold quantum gases of highly magnetic atoms, such as dysprosium
(Dy), have opened new avenues for the study of quantum phenom-
ena. In particular, they bring into play the competition of anisotropic
long-range dipole-dipole interactions, tunable short-range contact in-
teractions, geometry, mean-field and beyond-mean-field effects. Mas-
tering these competitions has led to the discovery of novel many-body
quantum states in recent years, including liquid-like droplets, droplet
crystals, and supersolids.

With my new group at the University of Heidelberg, we have de-
signed and implemented a novel compact setup in which we have
successfully produced large quantum degenerate gases of bosonic Dy
atoms, achieved fine control of the dipolar and contact interactions,
and are currently mastering their imaging with submicron resolution.
We plan to load these quantum degenerate gases into tailorable traps
that cross from 3D to 2D and have versatile in-plane potentials. Here
I will present the design and implementation of our novel experimen-
tal setup, report on our recent achievements, and discuss prospective
investigations we plan to undertake both in and out of equilibrium.

Q 24.18 Tue 17:00 KG I Foyer
Curved and Expanding Spacetimes studied with a Quantum
Field Simulator — CELIA VIERMANN!, MaRIUS SPARN!, Niko-
LAs LieBsTer!, Maurus Hans!, eELinor Karn!, Alvaro PARRA-
L6PEZ3, MIREIA ToLOSA-SIMEON?, NaTALIA SANCHEZ-KUNTZ®, To-
Bias Haas® Curistian ScumipT?, HELMUT STROBEL!, STEFAN
FLOERCHINGER?, and MaRrkus K. OBERTHALER! — 'KIP, Uni Hei-
delberg, Germany — 2ITP, Uni Jena, Germany — 3DFT, Uni Madrid,
Spain — 4LTPIII, Ruhr-Uni Bochum, Germany — °ITP, Uni Heidel-

berg, Germany — CQIC, Uni libre de Bruxelles, Belgium

In most cosmological models, a rapid expansion of space in the early
history of our universe is responsible for the creation of first structures.
As the description of the involved processes is a theoretical challenge,
quantum field simulators have proven to be valuable tools that offer
an experimental approach to complex dynamics. We present such an
experimental platform, based on a two-dimensional BEC, in which the
phononic field simulates the evolution of a free, massless, scalar field
in an FLRW spacetime. Positive and negative spatial curvatures can
be implemented through specific atomic density distributions and can
be made visible by observing the propagation of wave packets. An
expanding spacetime can be simulated by decreasing the interatomic
interactions. These expansions give rise to phononic excitations in a
process analogue to cosmological particle production. We show that a
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statistical analysis of the resulting density fluctuation allows to differ-
entiate between different expansion histories, which can be understood
by mapping the process onto a stationary Schrédinger equation.

Q 24.19 Tue 17:00 KG I Foyer
Spin- and momentum-correlated atom pairs mediated by
photon exchange and seeded by vacuum fluctuations —
eRobprIGO Rosa-MEeDINA, FaABIAN FINGER, NicoLa REITER, JAcoB
FRrickg, PanacioTis CHRISTODOULOU, T'oBiAs DONNER, and TILMAN
EssLINGER — Institute for Quantum Electronics, ETH Ziirich, 8093
Ziirich, Switzerland

Engineering pairs of massive particles that are simultaneously corre-
lated in their external and internal degrees of freedom is a major chal-
lenge, yet essential for advancing fundamental tests of physics and
quantum technologies. Experiments with ultracold atoms provide a
versatile platform for manipulating and detecting such correlations at
a microscopic level.

In our experiment, we couple a spinor Bose-Einstein condensate of
Rb-87 atoms to a high-finesse optical cavity. By leveraging the strong
light-matter interactions, we engineer correlated pairs of atoms both
in their internal (spin) and external (momentum) degrees of freedom
through the exchange of virtual cavity photons. The measured pair
statistics are compatible with pair production being seeded by vacuum
fluctuations in the corresponding atomic modes. We observe a collec-
tively enhanced formation of atom pairs and demonstrate their corre-
lated nature by probing momentum-space noise correlations. Further-
more, we optically control the interplay between unitary and compet-
ing dissipative processes, and observe coherent pair oscillations. Our
findings provide prospects for quantum-enhanced matterwave interfer-
ometry and quantum simulation experiments with correlated atoms.

Q 24.20 Tue 17:00 KG I Foyer
Polarons and bi-polarons in strongly interacting 1D Bose
gases — eDENNIS BREU, MARTIN WIiLL, and MiICHAEL FLEISCHHAUER
— Department of Physics and Research Center OPTIMAS, University
of Kaiserslautern-Landau, 67663 Kaiserslautern, Germany

We investigate the ground state, the dynamics and effective interac-
tions of quantum impurities immersed in an interacting 1D Bose gas
utilising Tensor Network simulations. The algorithm allows us to the-
oretically probe Bose polarons in the regime of strong interactions in
the Bose gas for the full range of Tonks parameters . We calculate
the polaron binding energy as well as Born-Oppenheimer polaron in-
teraction potentials and bi-polaron bound states and compare them to
analytical predictions in the weak and strong coupling regimes. Fur-
thermore we investigate the dynamics of a single finite mass impurity
inside a finite size 1D Bose gas. Here we find a crossover to a localised
impurity at the edges of the system instead of one that is spread over
the whole system. Finally by making use of time-evolving block deci-
mation (TEBD) we study the dynamics of impurities accelerated by a
constant force inside a strong interacting 1D Bose gas and find oscil-
lations reminiscent of Bloch oscillations.

Q 24.21 Tue 17:00 KG I Foyer
Spinor Bose-Einstein condensate as Platform for Study-
ing Extreme Wave Events — YannNick DELLER, Ipo SioviTz,
e ALEXANDER ScHMUTZ, FELIXx KLEIN, HELMUT STROBEL, THOMAS
GaseNzeR, and MAarkuUs K. OBERTHALER — Kirchhoff Institut for
Physics, Ruprecht-Karls-University Heidelberg

Many-body systems far from equilibrium can exhibit self-similar dy-
namics characterized by universal exponents. Studies of the 1D spinor
Bose gas have shown [1], that the value of these exponents is connected
with the occurrence of extreme wave excitations in the mutually cou-
pled magnetic components. Numerical simulations showed that real-
time instanton defects appear as a result of the caustics, manifesting
as spin-1 vortices in space-time. To characterize these experimentally,
we employ local spin-dependent phase imprints. We investigate the
resulting deterministic excitations and their connections to real-time
instantons.
[1] Siovitz at. al., PRL 131, 183402 (2023)

Q 24.22 Tue 17:00 KG I Foyer
The Quantum Gas Magnifier as a Coherence Microscope —
eMaTHIS FISCHER, JusTUus BRUGGENJURGEN, and CHRISTOF WEIT-
ENBERG — Institute for Quantum Physics, University of Hamburg,
Luruper Chaussee 149, 22761 Hamburg, Germany

Imaging is crucial for gaining insight into physical systems. In the
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case of ultracold atoms in optical lattices, the novel technique of quan-
tum gas magnification opens the way to explore 3D systems with large
occupation numbers with sub-lattice site resolution.

We report on the realization of an all-optical quantum gas magnifier
for ultracold Lithium-7 atoms. The all-optical approach allows us to
address the broad Feshbach resonance of Lithium to control the in-
teraction strength. With this technique, we directly image the Talbot
carpet that forms when releasing the atoms from an optical lattice. Af-
ter certain ballistic expansion times, the wave packets originating from
each lattice site overlap and constructively interfere with each other,
such that an image of the original density distribution is obtained. We
map out the spatial coherence by analyzing the contrast of consec-
utive Talbot copies. The technique should also allow to reconstruct
the fluctuating phase profile of individual samples imaged at a single
Talbot copy. This will realize a coherence microscope with spatially
resolved access to phase information allowing to study domain walls,
thermally activated vortex pairs, or to locally evaluate coherence in
inhomogeneous quantum many-body systems.

Q 24.23 Tue 17:00 KG I Foyer
The smallest possible heat engine — JamMeEs ANGLIN and
oVIvIANE Bauer — Landesforschungszentrum OPTIMAS, RPTU
Kaiserslautern-Landau, Germany

Microscopic engines are a research focus in both biochemistry and
nanotechnology. While other forms of engines besides heat engines
are also being considered, the fully microscopic limit of a heat engine
is a fundamentally important problem in physics. What happens to
thermodynamics when not only the working fluid and mechanism of a
heat engine are microscopic, but even the hot and cold reservoirs are?
We have found a theoretical model for such fully microscopic heat en-
gines in the form of two coupled three-mode Bose-Hubbard systems
(two trimers). Such subsystems can equilibrate in chaotic ergodiza-
tion. If coupled together they exhibit energy and particle transport:
the processes, which heat engines exploit to perform work. We can
also couple a weight to the Bose-Hubbard system, in a way which uses
this transport to lift the weight. Moreover we have identified a dy-
namic mechanism which can stabilise this lifting process. The result
is a system which operates just like a heat engine, except for being
fully microscopic. The structure of coupled chaotic subsystems both
supports and requires an understanding of the fully microscopic heat
engine in terms of open-system control.

Q 24.24 Tue 17:00 KG I Foyer
Heidelberg Quantum Architecture: Highly controlled light
potentials in a 2D Fermi gas — eJOHANNA ScHULz, JUAN CARLOS
Provencio LAMEIRAS, SURAJ IYER, ToBiAs HAMMEL, MAXIMILIAN
KaIiser, MarTHIAS WEIDEMULLER, and SELIM JocHIM — Physikalis-
ches Institut - Heidelberg University, Heidelberg, Germany

Heidelberg Quantum Architecture (HQA) is a new SLi quantum gas
experiment providing a fast, versatile, and expandable experimental
platform for programmable quantum simulation. In this poster we
present two optical modules that allow for creating various potentials,
an accordion lattice and a Digital Micromirror Device.

A lot of interesting physics arises in lower-dimensional systems and
in the crossover between dimensions. Going to 2D can be conducted
using an optical accordion that creates an interference pattern with
tuneable lattice spacing between 1.2um and 15um. That way, we can
create quickly varying potentials, allowing for optimized loading and
wide control of the 2D system. This we realize in a highly compactified
optical module increasing stability and enhancing maintainability.

To generate nicely controllable light potentials, one can use, among
other devices, a digital micromirror device (DMD). We present an ex-
ceptionally compact setup to create arbitrary potentials. One physical
system that we want to simulate is a box potential in a scale of up to
200pm and as small as 50pum to confine the atoms.

Q 24.25 Tue 17:00 KG I Foyer
Signatures of Anderson localization in a degenerate Fermi
gas beyond exponential density distributions — eSiaN BAR-
BOSA, MaxIMILIAN KIEFER-EMMANOUILIDIS, FELIX LANG, JENNIFER
KocH, and ArRTUR WIDERA — Department of Physics and Research
Center OPTIMAS, RPTU, Kaiserslautern, Germany

Disorder can fundamentally modify the transport properties of a sys-
tem. A striking example is Anderson localization, suppressing trans-
port due to destructive interference of propagation paths. Especially
in inhomogeneous many-body systems, not all particles will localize for
finite-strength disorder, and the system can become partially diffusive.
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Even for extended, i.e. non-localized states, exponential tails can de-
velop after purely diffusive transport and falsely simulate localization,
especially when the diffusion coefficient becomes energy dependent. I
will present the results of our experimental investigation of a degener-
ate, spin-polarized Fermi gas released into a disorder potential formed
by an optical speckle pattern. Using standard observables, such as
diffusion exponent and coefficient, localized fraction, or localization
length, we find that some show signatures for a transition to local-
ization above a critical disorder strength, while others show a smooth
crossover to a modified diffusion regime. In laterally displaced dis-
order, we spatially resolve different transport regimes simultaneously
which allows us to extract the subdiffusion exponent expected for weak
localization. Our work suggests alternative measures to the misleading
concept of exponential tails.

Q 24.26 Tue 17:00 KG I Foyer
Fermi accelerating an Anderson-localized Fermi gas
to superdiffusion SiaN  BarBosa, MaxiMILIAN KIEFER-
EmManouiLipis, eFELIX LaNG, JENNIFER KocH, and ARTUR WIDERA
— Department of Physics and Research Center OPTIMAS, RPTU,
67663 Kaiserslautern, Germany

Disorder can have dramatic impact on the transport properties of
quantum systems. Anderson localization, arising from destructive
quantum interference of multiple scattering paths suppresses the trans-
port entirely. Processes involving time-dependent random forces such
as Fermi acceleration, proposed as a mechanism for high-energy cosmic
particles, can expedite particle transport significantly. The competi-
tion of these two effects in time-dependent inhomogeneous or disor-
dered potentials can give rise to fascinating dynamics. Experimen-
tal observations are paramount, although scarce. Here, I present our
experimental study of the dynamics of an ultracold, non-interacting
Fermi gas expanding inside a disorder potential with finite spatial and
temporal correlations. Depending on the disorder’s strength and rate
of change, we observe several distinct regimes of tunable anomalous dif-
fusion, ranging from weak localization and subdiffusion to superdiffu-
sion. Especially for strong disorder, where the expansion reveals effects
of localization, an intermediate regime is present in which quantum in-
terference appears to counteract acceleration. Our system connects the
phenomena of Anderson localization with second-order Fermi acceler-
ation and paves the way toward experimentally investigating Fermi
acceleration when entering the regime of quantum transport.

Q 24.27 Tue 17:00 KG I Foyer

Rapid Fermionic Quantum Simulation for Random Unitary

Observables — eMarcus CULEMANND2, DanieL Dux!, Xinvi
Huanc!b2, Jonas Krutp!:3, Naman Jain!, JiN Zuang!, and PuiLipp
Preiss’? — Max Planck Institute of Quantum Optics, Garch-

ing — 2Ludwig-Maximilians-Universitit, Munich — 3ETH Zurich —
4Munich Center for Quantum Science and Technology

Ultracold atoms in optical lattices provide an experimental platform
to perform controlled single-particle operations in many-body systems.
The UniRand experiment aims to leverage this control to study physics
at the interface between condensed matter physics and quantum in-
formation science. One exciting avenue towards this goal are mea-
surements in random bases using so-called random unitary protocols.
They are predicted to give access to global density matrix properties
and provide a general way of characterizing many-body systems in and
out of equilibrium. We report on the progress of building a fermionic
quantum simulator capable of realizing random unitaries with high
repetition rates and a high-fidelity readout process. At present, the
experiment demonstrates the use of 2D-MOT as a cold atom source,
capable of loading with high rates into the 3D-MOT, and atom count-
ing capability with single atom resolution. The envisaged system com-
bines evaporative cooling in optical tweezer arrays followed by quan-
tum state assembly in a tunable optical lattice. The readout process
aims to reach single site resolution by using matter wave magnification
and spin-resolved free-space imaging. The poster will summarize the
current status and future prospects of the experiment.

Q 24.28 Tue 17:00 KG I Foyer
Identification of Quantum Phases with Unsupervised Ma-
chine Learning — eNikLas Kiming!3, PaoLo STorNaTI?, KLAUS
SeEnasTock 34 and CHRIsTOF WEITENBERG34 — 1IQP - Insti-
tut fiir Quantenphysik, Universitdt Hamburg, Luruper Chaussee 149,
22761 Hamburg, Germany — 2ICFO - Institut de Ciéncies Fotoniques,
The Barcelona Institute of Science and Technology, Av. Carl Friedrich
Gauss 3, 08860 Castelldefels (Barcelona), Spain — 3The Hamburg
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Centre for Ultrafast Imaging, Luruper Chaussee 149, 22761 Hamburg,
Germany — 4ZOQ - Zentrum fiir Optische Quantentechnologien, Uni-
versitdt Hamburg, Luruper Chaussee 149, 22761 Hamburg, Germany

Machine learning techniques are a versatile tool to identify many-body
quantum states without knowledge of the order parameters. Using
such techniques to identify phases of matter has gained high popular-
ity in many-body physics and the cold quantum gas community. In this
poster, we present unsupervised machine-learning techniques that have
been proven to be universally successful in mapping out the extended
Fermi-Hubbard model from simulated entanglement spectra and the
Haldane model from experimental cold quantum gas data. In the fu-
ture, we hope to find new phases of matter by performing experiments
in theoretical non-tractable regimes.

Q 24.29 Tue 17:00 KG I Foyer
Report on an Erbium-Lithium machine — eFLoORIAN KIESEL,
ALEXANDRE DE MartiNO, KiriLL Karprov, Jonas AucH, and
CHRISTIAN GROSS Eberhard Karls Universitdt Tiibingen,
Physikalisches Institut, Auf der Morgenstelle 14, 72076 Tiibingen

Ultracold Fermions cannot be cooled below about 10% of the Fermi
temperature with conventional methods. Sympathetic cooling with a
classical gas as an entropy reservoir may provide a new direction to
overcome the current limit. Here we report on the construction and
implementation of first cooling stages of a two species apparatus for
the optimized symp. cooling of fermionic Li with bosonic Er. This
mixture has several promising features, that have not yet been utilized
for symp. cooling in any other mixture. Pushing the temperature limit
is essential for the quantum simulation of strongly correlated phenom-
ena, in particular in optical lattice.

Q 24.30 Tue 17:00 KG I Foyer
Heidelberg Quantum Architecture: Fast spin manipulation
and magnetic field stabilization in a Fermi gas — JoHaNNa
ScHuLz, eSURAJ IYER, JUAN CARLOS PROVENCIO LAMEIRAS, TOBIAS
HaMmMEL, MAXIMILIAN KAISER, MATTHIAS WEIDEMULLER, and SELIM
JocHim — Physikalisches Institut - Heidelberg University, Heidelberg,
Germany

Heidelberg Quantum Architecture (HQA) is a new ®Li quantum gas
experiment providing a fast, versatile, and expandable experimental
platform for programmable quantum simulation. This poster presents
techniques for spin manipulation and stabilization of magnetic fields
generated by our Feshbach coils.

To prepare a deterministically controlled mixture of spin states, we
drive Rabi oscillations between hyperfine states of the 2S; /5 ground
state. We build radiofrequency and microwave coils that are mounted
outside the science glass cell, to keep the components exchangeable,
hence providing high magnetic fields at the position of the atoms. We
are aiming for magnetic fields and Rabi oscillations in the order of
100kHz, which is about ten times faster than other machines in our
group.

In the HQA high-fidelity control of interactions is realized by stabi-
lizing the magnetic bias fields generated by the Feshbach coils. Fluc-
tuations are mitigated by using a PID loop which measures the coil
current through current transducers (CT). By using multiple CTs, we
can achieve precise tunability of individual field parameters which in-
cludes the field offset, the field gradient, and the field curvature.

Q 24.31 Tue 17:00 KG I Foyer
Kapitza-Dirac scattering of strongly interacting Fermi gases
— eMax Hacumann!, Yann Kierer!2, and ANDREAS HEMMERICH!
— !Universitit Hamburg, Hamburg, Deutschland — 2ETH, Ziirich,
Schweiz

We experimentally probe properties of interacting spin-mixtures of
fermionic (40K) atoms by studying their interaction with light. An
elementary scattering scenario is resonant Bragg diffraction, also re-
ferred to as Bragg spectroscopy, where matter is diffracted from a
onedimensional (1D) optical standing wave. A Feshbach resonance
is used to tune the interactions across the entire BEC-BCS crossover
regime, including the point of unitarity. With the preparation schemes
available in our experiment, the scattering lengths can be dynamically
tuned, such that either repulsively bound molecular dimers (Feshbach
molecules) or pairs of unbound fermions can be studied. To bench-
mark our scattering protocol, we apply it to a sample of spin-polarized
non-interacting fermionic atoms and study the dynamical behaviour.
In this case, a simple model using a time-dependent Schrédinger equa-
tion yields surprisingly accurate results, well matching the experimen-
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tal observations. For spin-mixtures in the unitarity regime, the higher
order diffraction peaks are observed to disappear with no conclusive
theoretical description presently available.

Q 24.32 Tue 17:00 KG I Foyer

Observation of hydrodynamics and pairing in a few-fermion

system — SANDRA BRANDSTETTER, CARL HEINTZE, KAREN
‘WaDENPFUHL, PHILIPP LuUNT, KEERTHAN SUBRAMANIAN, MARVIN
HorreEN, Macies GaLka, and SELIM JocHIM — Universitiat Heidel-

berg, Heidelberg, Germany

Fermionic quantum systems, adjustable in atom numbers, are our tool
to explore emergent many-body phenomena. Our experimental setup
allows the deterministic preparation of 6Li atoms in the ground state
of a two-dimensional harmonic potential.

We use matter wave magnification techniques to measure individual
atoms’ positions or momenta. Previous experiments unveiled phase
transitions [1] and Cooper pairs [2].

In our experiments we observe elliptic flow in systems as small as 10
particles, challenging the traditional understanding of hydrodynamics
[3]. Presently, we're focused on exploring the transition from a two-
particle bound state to the many-body Cooper pairs using our ability
to access real space correlations.

Future objectives include extracting the contact parameter, study-
ing open shell configurations akin to nuclear physics, and observing
interference among identical few-body systems.

[1|Bayha et al. Nature 587 (2020)

[2]Holten et al. Nature 606 (2022)

[3|Brandstetter et al. arXiv: 2308.09699v1 (2023)

Q 24.33 Tue 17:00 KG I Foyer
Heidelberg Quantum Architecture: Fast and modular pro-
grammable quantum simulation — eMaxiMiLiaN Kaiser!, To-
Bias HammEeL!, PHiLiPP PREIss?, MarTHIAS WEIDEMULLER!, and
SeLiM JocHim! — !Physikalisches Institut - Heidelberg University,
Heidelberg, Germany — 2Max Planck Institute of Quantum Optics,

Garching, Germany

Heidelberg Quantum Architecture (HQA) is a new SLi quantum gas
experiment providing a fast, versatile, and expandable platform for
programmable quantum simulation. In this poster, we give an overview
of its design and its inherent modular structure which can be easily
adapted to the needs of most of today’s quantum gas experiments.

We present the interface concept of our machine alongside the capa-
bilities of our current experimental toolbox, implemented as exchange-
able modules. These include among others tunable 2D confinements,
arbitrarily shaped potential landscapes, single-atom counting capabil-
ities, and spin-resolved-imaging. Enabled by this toolbox, we report
on the latest research results such as the sub-second production of a
degenerate fermi gas of °Li atoms.

Q 24.34 Tue 17:00 KG I Foyer
Quantized pumping in optical lattices: interactions and edge
modes — eGiacoMo Bisson, ZuiE Zuu, KONRAD VIEBAHN, SAMUEL
JELE, MARIUS GACHTER, ANNE-SOPHIE WALTER, JOAQUIN MINGUZZI,
STEPHAN RoscHINskI, KILIAN SANDHOLZER, and TILMAN ESSLINGER
— Institute for Quantum Electronics, ETH Zurich

Understanding the underlying geometric properties of wave functions
in topological quantum systems is essential in explaining phenomena
such as the quantized Hall effect and Thouless pumps. However, inter-
particle interactions can affect the topology of a system. In our work,
we study topological Thouless pumps via an experimental realization
using optical lattices where the Hubbard interaction can be tuned. We
observe regimes with robust pumping, as well as an interaction-induced
breakdown. The pump shows robustness against weak interactions,
both repulsive and attractive. Strongly attractive interactions enable
quantized transport through the formation of fermion pairs. Con-
versely, strong repulsive interaction impairs topological pumping, ne-
cessitating pump trajectory modifications to restore it. Furthermore,
we explore pump trajectories that are trivial in the non-interacting
case and non-trivial in the interacting case resulting in an interaction-
induced charge pump. Additionally, we study the transport properties
of gapless edge modes in a harmonically confined topological pump.
When ultracold fermionic atoms reach a critical slope of the confining
potential, quantized Hall drifts reverse, indicating a topological bound-
ary. This reversal corresponds to a band transfer between bands with
Chern numbers C = +1 and C = -1 through a gapless edge mode.
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Q 24.35 Tue 17:00 KG I Foyer
Towards quantum gas microscopy with dynamically projected
optical lattices — eSAMUEL JELE, MARIUS GACHTER, GIAcOMO
Bisson, Zuie Zuu, TiLMAN EsSLINGER, and KONRAD VIEBAHN —
Institute for Quantum Electronics, ETH Zurich

In this poster, a novel design for a quantum gas microscope of fermionic
potassium (K40) will be presented. In addition to a high-NA objec-
tive, the key idea behind achieving single-site resolution makes use
of two superimposed accordion lattices with variable and independent
lattice constants [1]. By handing over atoms on individual sites from
one accordion lattice to the other during lattice expansion, an, in prin-
ciple, arbitrarily large atom spacing can be achieved, giving access to
single-site-resolution with very low imaging duration and lattice depth.
Besides single-site resolution, the setup is designed for a repetition rate
of 1Hz. For this we implement a parallelisation scheme for laser cool-
ing, evaporative cooling, as well as physics measurements of multiple
runs. In addition, a steep magnetic gradient (> 1000G/cm) for rapid
evaporative cooling, two separate 3D MOT chambers for potassium
and rubidium and fast transport to the glasscell using a moving lattice
will help us achieve this goal. The implementation of the accordion
lattice using acousto-optic deflectors will allow us to project various
lattice structures by simply changing the RF driving signal. This en-
ables us to study more complex systems, such as the Lieb lattices,
quasi-periodic structures as well as novel Floquet driving schemes.
[1]: Simon Wili et al., New J. Phys. 25 033037 (2023)

Q 24.36 Tue 17:00 KG I Foyer
Prospects for experiments with ultracold atoms in a five-fold
symmetric quasicrystal optical lattice with tunable geometrie
— eJoNaTHAN BRACKER!, Luca AsTERIA!'2, MARCEL NATHANAEL
Koscu!, Kraus SEnasTock?2:3 and CHRISTOF WEITENBERGHZ —
Hnstitut fiir Quantenphysik, Universitit Hamburg, 22761 Hamburg,
Germany — 2The Hamburg Centre for Ultrafast Imaging, 22761 Ham-
burg, Germany — 3Zentrum fiir Optische Quantentechnologien, Uni-
versitdt Hamburg, 22761 Hamburg, Germany

Quasicrystal lattices constitute a fascinating middleground between
periodic lattices and disordered systems with intricate topological
properties and exotic many-body phases. They can be considered as
a projection from a higher dimensional space, from which they in-
herit their topology. First experiments with ultracold atoms in quasi-
periodic lattices have been realized in recent years, but so far, the
higher dimensional space had a trivial geometry. Here we present a
way to realize a quasicrystal lattice with a non-trivial underlying
geometry. This setup is characterized by a five-fold rotational symme-
try and we discuss how it will be realized via a multi-frequency scheme
with full dynamical control over the geometric degree of freedom [1].
‘We also present numerical results on the expected transport and
localization properties as a function of this geometric degree of
freedom.

[1] M. Kosch et al., Phys. Rev. Research 4, 043083 (2022)

Q 24.37 Tue 17:00 KG I Foyer
Linear Prediction Algorithms to enhance Impurity Solvers
for Dynamical Mean Field Theory — eBASTIAN SCHINDLER —
Goethe-Universitéat, Institut fir Theoretische Physik, 60438 Frankfurt
am Main, Germany — Arnold-Sommerfeld-Zentrum fiir Theoretische
Physik, LMU Miinchen, Theresienstr. 37, 80333 Miinchen

In the poster based on my bachelors thesis an empirical study of differ-
ent linear prediction algorithms (Yule-Walker, Burg, covariance, mod-
ified covariance) using various implementations in python is presented.
These algorithms are based on an autoregressive process and are being
tested on the Greens functions generated during four different dynami-
cal mean field theory (DMFT) simulations. To evaluate real world per-
formance the root mean squared error is computed on a test sample,
which was excluded from the previous fitting process. The dependency
of this error with respect to most of the important hyperparameters is
analysed systematically. Spectrums implementation of the covariance
method is found to perform superiorly on weakly oscillating functions,
whereas the Burg method from the same package overall performs bet-
ter on strongly oscillating functions. The discarded weight is found to
be a good parameter to distinguish between the two cases. A Nelder-
Mead optimization scheme to find the relevant hyperparameters is suc-
cessfully implemented. As my current interest in my masters project
(Bose-Hubbard model with disorder) revolves heavily around bosonic
DMFT, the link to (B)DMFT will be emphasized more than in the
original thesis.
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Q 24.38 Tue 17:00 KG I Foyer
Cooperative effects in dense cold atomic gases includ-
ing magnetic dipole interactions — eNico BassLer'2, IsHAN
Varma®, MARVIN ProskEe2, PATRICK WINDPASSINGER®, KAl PHILLIP
ScamipT!, and Craupiu GeNes?! — 1Department of Physics,
Friedrich-Alexander Universitdt Erlangen-Niirnberg (FAU), D-91058
Erlangen, Germany — 2?Max Planck Institute for the Science of
Light, D-91058 Erlangen, Germany — 3Institut fiir Physik, Johannes

Gutenberg-Universitdat Mainz, 55122 Mainz, Germany

We theoretically investigate cooperative effects in cold atomic gases ex-
hibiting both electric and magnetic dipole-dipole interactions, such as
occurring for example in clouds of dysprosium atoms. We distinguish
between the quantum degenerate case, where we take a many-body
physics approach, and the quantum non-degenerate case, where we use
the formalism of open system dynamics. For quantum non-degenerate
gases, we illustrate the emergence of tailorable spin models in the high-
excitation limit. In the low-excitation limit, we provide analytical and
numerical results detailing the effect of magnetic interactions on the
directionality of scattered light and characterize sub- and superradiant
effects. For quantum degenerate gases, we study the interplay between
sub- and superradiance effects and the fermionic or bosonic quantum
statistics nature of the ensemble.

Q 24.39 Tue 17:00 KG I Foyer
Photon Storage using Cold Caesium in an Interrupted
Waveguide — eMarT OVERTON, DAVID JOHNSON, DANIELLE BAL-
DOLINI, NATHAN COOPER, and LuciA HACKERMULLER — School of
Physics and Astronomy, University of Nottingham, UK

Cold atoms are useful for many quantum information applications.
Their strong interactions with light give them many uses in atom-
photon junctions. However, one difficulty with cold atoms is inte-
grating them with waveguides and other photonic devices. Here we
demonstrate a method that involves trapping the atoms inside a mi-
cromachined hole through an optical fibre. By carefully selecting the
geometry of the cavity, one can tune the transmission of light through
it, with convex parabolic surfaces having the greatest transmission [1].

Here we use caesium atoms to demonstrate electromagnetically in-
duced transparency (EIT) within the waveguide hole. EIT allows the
transparency of a medium to be controlled using a laser field. The
effects this has on the complex susceptibility leads to slow light and
(if the control laser power is reduced to zero) can also lead to photon
storage. Integrating cold atoms into an optical waveguide for storage
like this has obvious applications in quantum computing and quantum
communication.

[1] Cooper, N., Da Ros, E., Briddon, C. et al. Prospects for strongly
coupled atomphoton quantum nodes. Sci Rep 9, 7798 (2019)

Q 24.40 Tue 17:00 KG I Foyer
Quantum gas mixtures in an Earth-orbiting research labo-
ratory — eANNIE Piocuery!:2, TimoTng EsTrRAMPES' 2, GABRIEL
MULLER!, NicHoras P. BigeLow®, Eric CHARRONZ, NACEUR
GaarouL!, and THE CUAS Consorrium® — lLeibniz Universitét
Hannover,Institut fiir Quantenoptik, Germany — 2Université Paris-
Saclay, CNRS, Institut des Sciences Moléculaires d’Orsay, France —
3University of Rochester, Rochester, NY, USA

The Cold Atom Laboratory (CAL) is a multi-user Bose-Einstein Con-
densate (BEC) machine aboard the International Space Station, op-
erated by NASA’s Jet Propultion Lab. Since its upgrade in 2020, it
enables the production and manipulation of dual-species BEC mix-
tures of K and Rb. We report here about the first quantum mixture
experiments realized in space |E. Elliott et al., Nature 623, 502 (2023)]
and study its dynamics in weightlessness to prepare dual-species atom
interferometry and future tests of the Universality of Free Fall.

Space provides, indeed, an environment where atom clouds can float
for extended times of several seconds, as well as miscibility condi-
tions different from ground. Simulating these quantum phases and the
dynamics of interacting dual species presents however computational
challenges due to the long expansion times. We present a novel the-
oretical framework based on re-scaled computation grids that allowed
to follow the extended free dynamics of quantum mixtures in space.

We acknowledge financial support from the German Space Agency
(DLR) with funds provided by the Federal Ministry of Economic Af-
fairs and Energy (BMWi) under Grant No. CAL-II 50WM2245A /B.

Q 24.41 Tue 17:00 KG I Foyer

Rydberg superatoms for waveguide QED — eDANIIL SVIRSKIY,
Lukas AHLHEIT, CHRISTOPH BIESEK, JAN DE HaAAN, NINA STIES-
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DAL, WOLFGANG ALT, and SEBASTIAN HOFFERBERTH — Institute of
Applied Physics, University of Bonn, Germany

Waveguide-systems where quantum emitters are strongly coupled to a
single propagating light mode offer an interesting platform for quantum
nonlinear optics. We work towards realizing a cascaded waveguide sys-
tem utilizing Rydberg superatoms - single Rydberg excitations in in-
dividual atomic ensembles smaller than the Rydberg blockade-volume
- as effective, directional two-level emitters. Due to the collective na-
ture of the excitation, the superatom effectively represents a single
emitter, that is coupled to the inicdent single photon light. The direc-
tional emission of the superatom into the initial probe mode realizes
a waveguide-like system in free space without any actual light-guiding
elements.

On this poster, we show how a Rydberg superatom allows manip-
ulation of single photons, and demonstrate how we implement a one-
dimensional chain of Rydberg superatoms with low internal dephasing.
To increase coherence time, we use a magic wavelength optical lattice
that traps atoms in both the ground- and the Rydberg state and thus
reduce atomic motion and limit dephasing of the collective excitation.

We further show how we use an interferometer setup to perform
quantum state tomography on multi-photon pulses passing through
the superatoms in order to characterize the effective photon-photon
interaction mediated by the superatom chain.

Q 24.42 Tue 17:00 KG I Foyer
Interfacing electromechanical oscillators and Rydberg atoms
in a closed-cycle cryostat — eLEoON Sapowski, CEDRIC WIND,
JoHaNNA Popp, JuLiA GAMPER, VALERIE MAUTH, WOLFGANG ALT,
HaANNEs BuscHE, and SEBASTIAN HOFFERBERTH — Institute of Ap-
plied Physics, University of Bonn, Germany

Rydberg atoms exhibit strong electric dipole transitions between Ry-
dberg states, which allow coupling to other quantum systems at mi-
crowave frequencies. Here, we present the prospect to couple Rydberg
atoms to electromechanical oscillators, which can possess high Q fac-
tors at microwave frequencies, and our implementation of a cryogenic
cold atom setup for such experiments.

On this poster, we present our progress on the construction of the
experimental setup that is centered around an UHV closed-cycle cryo-
stat that allows to perform experiments in a 4 K environment and
includes a vibration-isolation system that reduces vibrations below 25
nm. Moreover, we show our design of a chip on which we integrate the
oscillator and a superconducting wire trap that allows for magnetic
trapping of Rubidium atoms above the oscillator at distances of sev-
eral 10 pm. For the oscillator, we perform finite element simulations
of the field radiated due to thermal phonons and deduce interaction
strengths with Rydberg atoms of order kHz to MHz if the oscillator is
near its quantum ground state.

In summary, the 4 K environment combined with dissipative inter-
actions with Rydberg atoms should enable cooling the oscillator to its
ground state without the need of a dilution refrigerator.

Q 24.43 Tue 17:00 KG I Foyer
Rydberg superatoms coupled with super-extended evanes-
cent field nanofiber at the single-photon level — eTanai
LecraND!, Lupwic MULLER!, THoMas Hoinkes2, XiN Wancl,
THILINA MuTHU-ARACHCHIGE!, EDUARDO URUNUELA!, WOLFGANG
Arr!, and SeBasTiaAN HorreErBERTH! — llnstitute of Applied
Physics, University of Bonn, Germany — 2Department of Physics,
Humboldt University of Berlin, Germany

Both Rydberg superatoms driven by free-space photonic modes and
single emitters coupled to photonic waveguides have paved the way
for strong coherent light-matter coupling at the few-photon level. By
combining advantages of both ideas, we aim to achieve homogeneous
coupling of multiple Rydberg superatoms coupled to a field thighly
confined by a nanofiber. Fibers with diameters of a few hundred
nanometers are successfully used to trap and couple arrays of single
atoms by their evanescent field. Recent advances allow the fibers to
be tapered to even smaller diameters, allowing more than 99 % of the
energy to be guided outside the fiber with effective field diameters of
> 13 A [1], bringing them up to typical Rydberg blockade radius sizes.
On this poster, we present our strategy for building an appara-
tus that allows multiple Rydberg superatoms to be trapped around a
nanofiber with a diameter of about 100 nm. We select Ytterbium due
to its advantage of having the two-photon Rydberg excitation transi-
tions close together with 399 nm and 395 nm, which simplifies the fiber
design and is expected to have low thermal dephasing effects.
[1] R. Finkelstein et. al. Optica 8, 208-215 (2021)
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Q 24.44 Tue 17:00 KG I Foyer
Rydberg quantum optics in ultracold Ytterbium gases —
eEEDUARDO URUNUELA, XIN WANG, THILINA MUTHU-ARACHCHIGE,
Tanci LEGrRAND, Lubwic MULLER, WOLFGANG ALT, and SEBASTIAN
HorreRBERTH — Institute of Applied Physics, University of Bonn,
Germany

Mapping the strong interaction between Rydberg excitations in ultra-
cold atomic ensembles onto single photons paves the way to realize
and control high optical nonlinearities at the level of single photons.
Demonstrations of photon-photon gates or multi-photon bound states
based on this concept have so far exclusively employed ultracold alkali
atoms. Two-valence electron species, such as ytterbium, offer unique
novel features such as narrow-linewidth laser-cooling, optical detection
and ionization or long-lived nuclear-spin memory states.

In this poster, we present our experimental progress on the realiza-
tion of strong interaction between photons, enabled by Yb-174 Ryd-
berg polaritons formed in a 1-D ultracold Ytterbium gas. Owing to the
zero nuclei spin of Yb-174 and singlet spin state in bivalent structure,
the longer coherent time is expected. The singlet transition at 399 nm
also helps us produce a long-focused dipole trap with higher OD in
one dimension. Specifically, we discuss our implementation of ultra-
cold Yb atoms in narrow-line MOT and elongated dipole trap with
compact and fast-loading two-chamber experiment setup, and gener-
ation of the Rydberg polaritons under Rydberg electromagnetically
induced transparency.

Q 24.45 Tue 17:00 KG I Foyer
Critical exponents of a non-equilibrium phase transition in a
facilitated Rydberg gas — eDaNIEL BraDY, SiMmoN OHLER, and
MicHAEL FLEiIscHHAUER — RPTU Kaiserslautern

We study a gas of driven Rydberg atoms, where excitations can spread
through facilitation, comparable to the spread of an infectious disease.
Importantly, the system shows a non-equilibrium dynamical phase
transition from an active to an absorbing state, depending on driving
and density. This transition is characterized by two critical exponents,
which we investigate numerically close to the critical point as a func-
tion of the gas temperature. For the case of very low temperatures, we
find a directed percolation-type transition due to the effects of Ryd-
berg blockade, whereas for increasing temperatures we find a crossover
to a mean-field transition. We also study the fast *avalanches* of ex-
citations at the critical point and find they are power-law distributed
with an exponent that is independent of temperature and comparable
to many other systems known under the term self-organized criticality.

Q 24.46 Tue 17:00 KG I Foyer
Experimental Setup for the Generation of Chiral Orbital
States with Rydberg Atoms — ePETER ZAHARIEV! 3, STEFAN

AvurL!, STeFrFeEN GIESEN?, RoBERT BERGERZ, and KILIAN SINGER!

— IExperimentalphysik I - Universitit Kassel, Heinrich-Plett-Str. 40,
34132 Kassel — 2Fb.15 - Chemie, HansMeerwein-Strafe 4, 35032 Mar-
burg — 3Institute of Solid State Physics, Bulgarian Academy of Sci-
ences, 72, Tzarigradsko Chaussee, 1784 Sofia, Bulgaria

We present an experimental setup based on a magneto-optical trap
of Rubidium atoms and two photon excitation into Rydberg states,
that allows for the preparation of chiral orbital Rydberg states. Using
hydrogen-like wave functions [1], it is possible to construct an electron
density and probability current distribution that has chiral nature.
The radio frequency setup and the electric field configuration to gen-
erate and detect these states is presented. This experiment will allow
us to identify interaction induced energy shifts that are caused by the
chiral nature of the wave function only. The results will be also valu-
able for chiral discrimination of molecules [2].

[1] A. Ordonez, O. Smirnova. Propensity rules in photoelectron cir-
cular dichroism in chiral molecules. I. Chiral hydrogen, Phys. Rev. A
99, 043416 (2019)

[2] S Y Buhmann *et al*, Quantum sensing protocol for motionally
chiral Rydberg atoms, *New J. Phys.* **23** 083040 (2021)

Q 24.47 Tue 17:00 KG I Foyer
Rydberg spectroscopy in the strong driving regime and self-
organized criticality — ePaTrick Miscuke!2, FLoriaN BiNnoTH!,
Jana BenDER', THomas NieperprOM!, and Herwic OTT! —
IDepartment of Physics and Research center OPTIMAS, Rheinland-
Pfélzische Technische Universitit Kaiserslautern-Landau — 2Max
Planck Graduate Center with the Johannes Gutenberg-Universitétt

Mainz (MPGC)

Autler-Townes splitting in coupled two-level-systems is a well-known
effect in atomic physics. However, for strong driving in real atomic
systems, additional states like other hyperfine structure states or mag-
netic sublevels are admixed. As a result, complex spectra, deviating
from the symmetrical two-level Autler-Townes splitting, emerge.

We experimentally investigate these spectra in a thermal cloud of
87Rb atoms by resonantly coupling the 6P3 /5, F' = 3 state to a Ryd-
berg state with varying Rabi frequency.

Our experiments confirm, that multilevel effects have to be consid-
ered in the Autler-Townes regime. As a general rule, the splitting be-
tween peaks is not equal to the Rabi frequency if the coupling strength
exceeds the energetic distance of adjacent states.

In a manybody system, Rydberg atoms interact strongly over very
large distances, leading to effects such as blockade and facilitation. In
the absence of disorder, an off-resonantly driven system is expected to
exhibit a phase transition between an active and an absorbing phase.
We present experimental data and our work towards understanding
the role of disorder.

Q 25: Precision Spectroscopy of Atoms and lons Il (joint session A/Q)

Time: Wednesday 11:00-13:00

Q 25.1 Wed 11:00 HS 1098
An ultra stable dc voltage source for ion trap experiments
— eDiNa-C. RENsINK!, PETER Micke2?%, Markus WIESINGER?,
CHRISTIAN WILL2, HUSEYIN YILDIZ!, CHRISTIAN SMORRAL4, JOCHEN
Warz!3, and Steran ULMERS* — 1Johannes Gutenberg-Universitit
Mainz — 2Max-Planck-Institut fiir Kernphysik, Heidelberg —
3Helmholtz-Institut Mainz — *RIKEN, Wako, Japan — ®Helmholtz-
Institut Jena — SHeinrich-Heine-Universitéit Diisseldorf

Highly stable voltages are crucial for precision ion traps. We are de-
veloping and characterizing a suitable voltage source for the BASE
(Baryon-Antibaryon Symmetry Experiment) collaboration at CERN,
which operates several Penning traps. These precision traps are used
to perform test of the fundamental symmetry (CPT) between matter
and antimatter with (anti-)protons, for instance via comparison of the
g-factors. The determination of these quantities requires several fre-
quency measurements whose precision can be limited by the stability
of the voltages which bias the trap electrodes.

For this purpose, one ultra-stable LTZ1000 voltage reference and
five 20 bit DACs have been combined into a programmable 5-channel
voltage source. This scalable setup aims at long-term stability, low
temperature drift, uV resolution over a + 10 V range, and an output
current of up to 20 mA per channel. Prior tests with a 2-channel pro-
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totype indicate a fractional stability of < 5-1078 at 7 = 102...10% s (at
7 V). The status of the project will be presented and the performance
of the voltage source will be discussed.

Q 25.2 Wed 11:15 HS 1098
Atomic level search in lawrencium — eELISABETH Rick-
ERT for the Lawrencium-Collaboration — GSI Helmholtzzentrum
fiir Schwerionenforschung, 64291 Darmstadt, Germany — Johannes
Gutenberg-Universitdt Mainz, 55128 Mainz,Germany — Helmholtz-
Institut Mainz, 55128 Mainz, Germany

The study of the electronic shell structure of the heaviest elements
is a challenging endeavour. A strong influence of relativistic effects,
electron-electron correlations, and QED effects, challenge the predic-
tion of the atomic structure. The experimental investigation of ele-
ments beyond Z=100 is further complicated by their limited availabil-
ity and short half-lives as well as their experimentally unknown atomic
level structure. Recent laser spectroscopy on nobelium (Z=102) in
single-atom-at-a-time quantities with the RAdiation Detection Reso-
nance Ionization Spectroscopy (RADRIS) technique opened the path
towards laser spectroscopy experiments of yet heavier elements. For
the heaviest actinide, lawrencium (Z=103), two ground-state tran-
sitions to the 251/2 state at around 20420 cm~! and to the 2D3/2
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state at around 28500 cm™!, are predicted. In 2020 and 2022, over
1000 cm~! around the predicted tranisition wavenumbers have been
scanned to search for these transitions. In the talk, the current status
of the experiment and the data analysis will be presented.

Q 25.3 Wed 11:30 HS 1098
Nuclear Deformation Effects of Highly Charged Ions —
eZEWEN SUN, Icor A. VALUEV, and NAaTALIA S. ORESHKINA — Max
Planck Institute for Nuclear Physics, Heidelberg, Germany

Nuclear shape effects are theoretically investigated in terms of correc-
tions to the electronic binding and transition energies and g factors.
The corrections are numerically calculated for the widest possible range
of nuclei, consisting over 1100 different samples. By solving the Dirac
equation with deformed and non-deformed nuclear shapes, i.e. Fermi
and deformed Fermi nuclear charge distributions, we separate the de-
formation effect in binding energies and wavefunctions. The model
parameters for the two charge distributions are determined from ex-
perimental data. In addition, the importance of deformation effects
for the process of searching for new physics is examined.

Q 25.4 Wed 11:45 HS 1098
Towards a direct high-precision measurement of the nuclear
magnetic moment ofSHe?t with 1ppb accuracy. — e ANKUSH
KausHik!, STEFAN Dickopr!, MAaRIUS MULLER!, ANNABELLE
Kaiser!, Ute BEuTEL!, STEFAN ULMER?3, ANDREAS MOOSER!, and
Kraus Braum! — Max-Planck-Institut fiir Kernphysik, Heidelberg,

Germany — 2RIKEN, Wako, Japan — 3HHU Diisseldorf, Germany

Accurate magnetic field measurements are of apparent importance in
the field of fundamental physics [1]. However, the accuracy of the cur-
rent standard in magnetometry, water NMR probes, is limited by the
complex molecular structure. With a direct parts-per-billion measure-
ment of the nuclear magnetic moment of 3He?t in a Penning trap,
we aim to overcome this limitation and establish hyperpolarised 3He
probes as the new standard. To this end, spin flips of a single nucleon,
indicated by miniature frequency changes, need to be detected over
background of frequency fluctuations. Since the latter fluctuations are
directly proportional to the motional energy, preparing particles at mi-
cro eV energies is essential [2]. To address this constraint we designed
a new type of Penning trap that enables fast energy measurements
while simultaneously allowing the efficient preparation of particles at
the required energies. As such, the new trap will be a key element for
a successful measurement. Its design and expected performance will
be presented.

[1] Mooser et al., J. Phys.: Conf. Ser. 1138 012004 (2018)

[2] Ulmer et al., Physical Review Letters, 106(25) 253001 (2011)

Q 25.5 Wed 12:00 HS 1098
Characterization of an XUV Frequency Comb by Spec-
troscopy of Rydberg States — eLENNART GUTH, JAN-HENDRIK
OeLMANN, ToBias HEeLDT, Nick LACKMANN, JANKO NAUTA,
THomAs Preirer, and Josg R. Crespo LoOpEz-UrRruTiIA — Max-
Planck-Institut fiir Kernphysik, Heidelberg, Germany

We aim to exploit ultra-narrow transitions in highly charged ions
(HCIs) for novel frequency standards and fundamental physics studies.
Due to the strong binding of electrons to the nucleus, these transitions
are in the extreme ultraviolet (XUV), where narrow-bandwidth laser
sources are not commercially available. Therefore, we have built an
XUV frequency comb that transfers the coherence of a near-infrared
(NIR) comb to the XUV by high harmonic generation (HHG) [1]. To
achieve the required intensity (Ipeax > 1013 W/cm?) for HHG, we
amplify an NIR comb to 80 W in a chirped pulse fiber amplifier and
resonantly overlap them in a passive femtosecond enhancement cavity.
Our system generates harmonics up to 40eV and with W of power
each.

We will give an overview of the current status of our experiment
and discuss our plans for resonance-enhanced two-photon ionization
to resolve the XUX-comb structure. In our spectroscopy approach,
we excite argon with one photon from a referenced comb tooth of the
13%" harmonic, followed by ionization with a narrow-bandwidth NIR
cw-laser. We record the momentum of the released electrons using the
velocity map imaging technique to ensure the correct Rydberg state.
[1]J. Nauta et al., Opt. Lett. 45, 2156-2159 (2020)

Q 25.6 Wed 12:15 HS 1098
A Cryogenic Paul Trap Experiment for Laser Spectroscopy
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of the 229"Th Nuclear Clock Isomer — eKEVIN ScHARL!,
Georc HovrrHorr!, Maumoop 1. Hussain!, MarRkUs WIESINGER!,
DaNIEL Moritz!, LiLi LoBeLL!, TamiLa RoziBAKIEVAL, SaN-
pro KraEMERD?, BENEDICT SEIFERLE!, SHIiQIAN DinG3, FLORIAN
ZacuerL!, and PETER G. TuiROLF! — 'LMU Munich — 2KU Leu-
ven, Belgium — 3Tsinghua University, Beijing, China

229Th plays a unique role in the nuclear landscape because of its low-
lying isomeric first excited state at 8.338 4= 0.024 eV, thus accessible
via modern VUV-laser systems. A nuclear clock based on the thorium
isomer holds promise not only to push the limits of high-precision time
keeping, but also to contribute to dark matter and other fundamental
physics research as a novel type of quantum sensor.

The cryogenic Paul trap experiment currently operated at the LMU
Munich is primarily designed for long ion storage times, which allows
to measure the still unknown ionic lifetime of the isomer. This quan-
tity is expected to be several thousands of seconds and is essential for
the realization of a nuclear frequency standard. In a second step, the
setup will be a platform for VUV spectroscopy of the isomer, paving
the way towards a first nuclear clock prototype.

In this talk, the building blocks of the experimental setup for trap-
ping and sympathetic laser cooling of 22 Th3* by 88Srt are presented
and the status of first preparatory measurements is discussed.

This work was supported by the European Research Council (ERC)
(Grant agreement No. 856415) and BaCaTec (7-2019-2).

Q 25.7 Wed 12:30 HS 1098
Tests of QED with hydrogenlike helium and tin ions and high-
precision theory of the bound-electron g-factor — eBasTian
SIKORA, VLADIMIR A. YEROKHIN, ZOLTAN HARMAN, and CHRISTOPH
H. KerrerL — Max Planck Institute for Nuclear Physics, Heidelberg,
Germany

The g-factor of electrons bound in hydrogenlike ions can be measured
and calculated with high accuracy. In recent collaborations, the exper-
imental and theoretical g-factors of the bound electron in hydrogenlike
3HeT and 118Sn%°* ions were found to be in excellent agreement [1,2].
We present the theory of the bound-electron g-factor of hydrogenlike
ions, as well as the status of two-loop QED calculations aimed to im-
prove the uncertainty of theoretical bound-electron g-factors in the
high-Z regime [3|. Such calculations will enable improved tests of
QED in planned experiments in the near future and are relevant for
the determination of fundamental constants such as the electron mass
or the fine-structure constant o as well as searches for physics beyond
the standard model.

[1] A. Schneider, B. Sikora, S. Dickopf, et al., Nature 606, 878 (2022)

[2] J. Morgner, B. Tu, C. M. Kénig, et al., Nature 622, 53 (2023)

[3] B. Sikora, V. A. Yerokhin, N. S. Oreshkina, et al., Phys. Rev.
Research 2, 012002(R) (2020)

Q 25.8 Wed 12:45 HS 1098
Ionization potential evaluation by Rydberg analysis in
iron with resonance ionization spectroscopy — eTHORBEN
NieEMEYER!, SEBAsSTIAN BERNDT!, CHRrIisTOPH E. DULLMANNDZ3,
Tom Kieck?:3, Juna-Boa Kimv?, Nina KNEIP?, DOMINIK STUDER!,
and Kraus WENDT! — !Johannes-Gutenberg-Universitit, Mainz —
2@GSI Zentrum fiir Schwerionenforschung, Darmstadt — 3Helmholtz-
Institut, Mainz — 4Korea National University of Education, Cheongju
— S5Leibniz Universitét, Hannover

The energetic position of high-lying Rydberg levels and their conver-
gence limit, defining the ionization potential (IP), are characteristic
properties for every element and give insights into its specific atomic
structure. As a well suited technique, Resonance Ionisation Mass Spec-
trometry was applied to develop a new two-step ionization scheme
in the atomic spectrum of iron using ti:sa lasers, involving frequency
doubling and trippling. Literature data is complemented by numer-
ous newly found even parity Rydberg levels. The IP, obtained through
the Rydberg-Ritz formalism, is in perfect agreement with the literature
value, which was obtained by three-step resonance ionization with sim-
ilar precision. This confirms the independence of the IP from parity.
A number of Rydberg series above the IP converging to higher-lying
continua of the Fe ion were measured and analysed.

The set of data provides the basis for applying RIMS to the EU
PrimA-LTD project, for which radioactive Fe-55 ions are implanted
into metallic magnetic microcalorimeters for precision studies on the
electron-capture decay of this isotope.
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Q 26: Ultracold Molecules (joint session Q/MO)

Time: Wednesday 11:00-13:00

Invited Talk Q 26.1 Wed 11:00 HS 1015
Ultracold interactions between ions and polar molecules —
eLLEoN KARPA — Leibniz Universitdt Hannover, Institut fiir Quan-
tenoptik, Welfengarten 1, 30167 Hannover, Germany

Ultracold molecules stand out as a promising candidate in a broad
spectrum of advanced applications including quantum chemistry, fun-
damental physics, quantum simulations and information science. Stud-
ies of neutral molecular quantum gases and ultracold ion-neutral in-
teractions are two largely complementary interdisciplinary fields that
nonetheless share the vision of understanding molecular systems of
ever-increasing complexity, and ultimately controlling their properties.
In my talk, I will discuss recent advances and challenges in these re-
search domains and how methods from both fields can be used to com-
bine atomic ions with quantum gases of polar molecules. The resulting
complex yet precisely controllable system exhibits a hierarchy of tun-
able attractive and repulsive interactions of different scales, enabling
a range of novel experiments and applications. This includes studies
of dynamical properties of ultracold polar molecules, ion-molecule col-
lisions in the quantum dominated regime, and the potential formation
of ion-molecule many-body bound states.

Q 26.2 Wed 11:30 HS 1015
Developing a Hybrid Tweezer Array of Rydberg Atoms and
Polar Molecules — eKa1 VogEs, DANIEL HOARE, YUCHEN ZHANG,
QinsHU Livyu, Jonas RopEwALD, BEN SAUER, and MICHAEL TARBUTT
— Centre for Cold Matter, Imperial College London, UK

Hybrid tweezer arrays of atoms and molecules are a novel and versa-
tile platform for quantum science and technology. The combination
of Rydberg atoms with their large electric dipole moment and polar
molecules with their rich level structure and long state coherence times
makes this approach a promising candidate for quantum simulation [1]
and computing [2,3].

In this talk, I present our efforts to build a hybrid tweezer array based
on ultracold Rb atoms and directly laser-coolable CaF molecules. I
discuss the advantages and challenges of using such a hybrid system
and present our preparation procedures for the atoms and molecules.
Furthermore, I show our efforts in trapping and imaging individual
atoms and molecules and present our ideas for loading both species
into separate tweezer arrays.

Our approach will make it possible to construct arbitrary patterns of
atoms and molecules. Through the dynamic rearrangement of tweez-
ers and the long-range interactions mediated by Rydberg atoms, this
hybrid platform will be a compelling candidate for scalable quantum
computing.

[1] J. Dobrzyniecki et al., PRA 108, 052618 (2023)

[2] C. Zhang et al., PRX Quantum 3, 030340 (2022)

[3] K. Wang et al., PRX Quantum 3, 030339 (2022)

Q 26.3 Wed 11:45 HS 1015
Quantum Dynamics of Two Composite Bosons on a One-
Dimensional Lattice — eCAROLINE STIER, ANDREAS BUCHLEIT-
NER, and GABRIEL Durour — Physikalisches Institut der Albert-
Ludwigs-Universitit Freiburg

We study how the dynamics of two composite bosons on a one-
dimensional lattice are affected by their constituents’ quantum statis-
tics as well as their initial state. We formulate an effective Hamiltonian
assuming that the two composites — consisting either of two elemen-
tary fermions or two elementary bosons — are tightly bound objects.
The contact interactions between the elementary constituents are cho-
sen such that the resulting composite particles do not interact when
they are located on the same site. However, due to the exchange of
identical constituents, the composites experience an effective nearest-
neighbor interaction if they are located on adjacent sites. We solve the
Schrédinger equation analytically and perform numerical simulations
of the dynamics from several initial configurations. In particular, we
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find that the composites can form a bound state whose group velocity
depends strongly on the nature of their constituents.

Q 26.4 Wed 12:00 HS 1015
Non-abelian invariants in periodically-driven quantum rotors
— oVOLKER KARLE, AREG GHAZARYAN, and MIKHAIL LEMESHKO
— Institute of Science and Technology Austria, Am Campus 1, 3400
Klosterneuburg

This presentation explores the role of topological invariants in the non-
equilibrium dynamics of periodically-driven quantum rotors, inspired
by experiments on closed-shell diatomic molecules driven by periodic,
far-off-resonant laser pulses. This approach uncovers a complex phase
space with both localized and delocalized Floquet states. We demon-
strate that the localized states are topological in nature, originating
from Dirac cones protected by reflection and time-reversal symmetry.
These states can be modified through laser strength adjustments, mak-
ing them observable in current experiments through molecular align-
ment and observation of rotational level populations. Notably, in sce-
narios involving higher-order quantum resonances leading to multiple
Floquet bands, the topological charges become non-Abelian. This re-
sults in the remarkable finding that the exchange of Dirac cones across
different bands is non-commutative, enabling non-Abelian braiding,
paving the way for the study of controllable multi-band topological
physics in gas-phase experiments with small molecules, as well as for
classifying dynamical molecular states by their topological invariants.

Q 26.5 Wed 12:15 HS 1015
From rotational decay of diatomic molecules to quantum fric-
tion — eNicoLAas ScHULER, OMAR JESUs FrRANCA SANTIAGO, and
STEFAN YosHI BUHMANN — Institute of Physics, University of Kas-
sel, Germany

We study the rotational motion of diatomic molecules in free space and
interacting with the quantum electromagnetic field [1]. Using macro-
scopic quantum electrodynamics [2], we obtain the rotation-dependent
decay rates of the molecule. By analyzing the behavior of the resulting
rates at zero and finite temperature, we find a connection between the
decelerating rotational dynamics and quantum friction.

Invited Talk Q 26.6 Wed 12:30 HS 1015
Quantum Logic Spectroscopy of the Hydrogen Molecular Ion
— Davip HorLzapPrFEL, FABIAN ScHMID, NICK SCHWEGLER, OLIVER
STADLER, MARTIN STADLER, JONATHAN HoME, and eDANIEL KIEN-
ZLER — Otto-Stern-Weg 1, 8093 Zurich, Switzerland

I will present our latest results, implementing pure quantum state
preparation, coherent manipulation, and non-destructive state read-
out of the hydrogen molecular ion H;’ The hydrogen molecular ion
H2+ is the simplest stable molecule, and its structure can be calculated
ab-initio to high precision. However, challenging properties such as
high reactivity, low mass, and the absence of rovibrational dipole tran-
sitions have thus far strongly limited spectroscopic studies of H2+ ‘We
trap a single H;‘ molecule together with a single beryllium ion using
a cryogenic Paul trap apparatus, achieving trapping lifetimes of 11 h
and ground-state cooling of the shared axial motion [1]. With this
platform we have recently implemented Quantum Logic Spectroscopy
of H2+ We utilize helium buffer-gas cooling to prepare the lowest
rovibrational state of ortho—H; (rotation L = 1, vibration v = 0).
‘We combine this with quantum-logic operations between the molecule
and the beryllium ion for preparation of single hyperfine states and
non-destructive readout, and demonstrate Rabi flopping on on several
hyperfine transitions. Our results pave the way to high-precision spec-
troscopy studies of H;r which will enable tests of theory, metrology of
fundamental constants, and an optical molecular clock.

[1] N. Schwegler, D. Holzapfel, M. Stadler, A. Mitjans, I. Sergachev,
J. P. Home, and D. Kienzler, Phys. Rev. Lett. 131, 133003 (2023)
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Q 27: Phase Transitions

Time: Wednesday 11:00-13:00

Invited Talk Q27.1 Wed 11:00 Aula
Engineering of many-body states in a driven-dissipative cav-

ity QED system — Roprico Rosa-MEepinal, Fapian FINGER!,

NicoLa REerTer!, Jakos Fricke!, Panacioris CHRISTODOULOUL,

DavipE DrREON?, ALEXANDER BAUMGARTNER!, SiMoN HERTLEIN',
JusTyna STEFANIAK!, Davip Baur!, DaniLa Rivero!, GABRIELE
NataLe!, TiLmMaN EssLINGER!, and eToBias DoNNErR! — !Institute
for Quantum Electronics, ETH Zurich, 8093 Zurich, Switzerland —

2PASQAL SAS, 7 Rue Leonard de Vinci, 91300 Massy, France

Exposing a many-body system to external drives and losses can fun-
damentally transform the nature of its phases, and opens perspectives
for engineering new properties of matter. How such characteristics are
related to the underlying microscopic processes is a central question
for our understanding of materials. A versatile platform to address it
are quantum gases coupled to the dynamic light fields inside optical
resonators. This setting allows to create synthetic many-body systems
with tunable, well-controlled dissipation channels, and at the same
time to induce cavity-mediated long-range atom-atom interactions. By
engineering the involved light field modes, we study in real-time the
dynamics of a phase transition between two such crystals. When the
dissipation via cavity losses and the coherent timescales are compara-
ble, we find a regime of limit cycle oscillations leading to a topological
pumping of the atoms. In a second set of experiments, we make use
of the cavity-mediated interaction to induce the formation of pairs of
correlated atoms. We demonstrate that this process is based on the
amplification of vacuum fluctuations.

Q27.2 Wed 11:30 Aula
Dissipative cooling of many-body states realized with Ryd-
berg atoms — e KATHARINA BRECHTELSBAUER!, THIERRY LAHAYEZ,
ANTOINE BrROWAEYS2, and HaNs PETER BUcHLER! — lInstitute for
Theoretical Physics III and Center for Integrated Quantum Science
and Technology, University of Stuttgart, Pfaffenwaldring 57, 70569
Stuttgart, Germany — 2Université Paris-Saclay, Institut d’Optique
Graduate School, CNRS, Laboratoire Charles Fabry, 91127 Palaiseau
Cedex, France

Dissipative preparation of quantum states offers a promising alterna-
tive to the adiabatic approach, which is often limited to small system
sizes due to gap-closings near quantum phase transitions. In this work
we propose a setup for preparing many-body states in systems of Ry-
dberg atoms. The idea is to couple the system to a dissipative bath
of additional Rydberg atoms via dipolar exchange interactions, such
that the system is dissipatively driven into a certain stationary state.
The selection of this final state is based on energy conservation, where
the detuning between system and bath is tuned to ensure that the pre-
ferred decay channels are stronger than other ones. Depending on the
exact form of the system-bath interactions the setup can be used to
add excitations to the system or to cool into a certain system eigenstate
while conserving the number of excitations.

Q27.3 Wed 11:45 Aula
Phase transition and higher-order mean-field theory of chiral
waveguide QED — eKaspEr JaN KusMIEREK!, MAX SCHEMMER?,
SAHAND MasMooDpIaN®, and KLEMENs HaMMERER? — llInstitute
for Theoretical Physics, Leibniz University Hannover, Germany —
2Istituto Nazionale di Ottica del Consiglio Nazionale delle Ricerche
(CNR-INO), 50019 Sesto Fiorentino, Italy — 2Centre for Engineered
Quantum Systems, School of Physics, The University of Sydney, Syd-
ney, NSW 2006, Australia — *Institute for Theoretical Physics, Leib-
niz University Hannover, Germany

Waveguide QED with cold atoms provides a potent platform for the
study of non-equilibrium, many-body, and open-system quantum dy-
namics. Even with weak coupling and strong photon loss, the collective
enhancement of light-atom interactions leads to strong correlations of
photons arising in transmission. Here we apply an improved mean-
field theory based on higher-order cumulant expansions to describe
the experimentally relevant, but theoretically elusive, regime of weak
coupling and strong driving of large ensembles. We determine the
transmitted power, squeezing spectra and the degree of second-order
coherence. In the regime of very large drive and atom numbers we
observe an non-equilibrium phase transition. This reveals the impor-
tant role of many-body and long-range correlations between atoms in
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steady state.

Q274 Wed 12:00 Aula
Transition between Directed Percolation and Mean Field
Universality in a driven, dissipative Rydberg gas — eSimon
OHLER, DANIEL BRraDY, and MicHAEL FLEISCHHAUER — RPTU
Kaiserslautern, Erwin-Schrédinger-Str. 46, 67663 Kaiserslautern

The spread of excitations in a laser driven gas of Rydberg atoms under
facilitation conditions bears many similarities to epidemics. Increasing
the drive strength, a non-equilibrium phase transition from an absorb-
ing to an active phase occurs. We analyze the dynamics of the Rydberg
many-body system in the facilitation regime close to the critical point
as a function of the gas temperature by means of Monte-Carlo simu-
lations. While at very low temperatures the phase transition belongs
to the directed percolation universality class, the dynamical critical
exponent crosses over into a mean field behavior with increasing tem-
perature, reminiscent of anomalous directed percolation. Addition-
ally, we consider the avalanche-like spread of excitation cascades. For
all temperatures the system exhibits power-law distributed avalanche
sizes, which are key signatures of self-organized criticality, a process
believed to lie at the heart of many critical phenomena in nature.

Q275 Wed 12:15 Aula
Nanomechanically-induced quantum phase transition to a
self-organized density-wave BEC — eMiLaN Raponisiéh2, LEoN
Mixal, AxeL PeLsTER®, and MicHAEL THORWART! — 11. Institute
of Theoretical Physics, University of Hamburg, Germany — 2Institute
of Physics Belgrade, University of Belgrade, Serbia — 3Physics De-
partment and Research Center OPTIMAS, University Kaiserslautern-
Landau, Germany

We study nonequilibrium quantum phase transition (NQPT) in a hy-
brid quantum many-body system consisting of a vibrational mode of a
nanomembrane interacting optomechanically with a cavity, whose out-
put light couples to two internal states of an ultracold Bose gas held
in an external quasi-1D box potential. For small effective membrane-
atom couplings, the system is in a homogeneous BEC ground state,
with no membrane displacement. Depending on the transition fre-
quency between the two internal atomic states, either one or both in-
ternal states are occupied. By tuning the two couplings outside the re-
spective critical regions, the system transitions to a symmetry-broken
self-organized BEC phase, which is characterized by a sizeably dis-
placed membrane and density-wave-like BEC profiles. This NQPT is
both discontinuous and continuous for a certain interval of transition
frequencies, and purely discontinuous outside of it.

Q 27.6 Wed 12:30 Aula
Low-energy modes in a trapped dipolar supersolid — ePauL
Urrnings!, Jens HErtkorn!, KevIN Nc!, Frona HELLSTERN!, Lu-
cas Lavoine!, RaLr KLemt!, Tim LanceND2, and TiLmMAN Praul
— 15. Physikalisches Institut and Center for Integrated Quantum Sci-
ence and Technology IQST, Universitit Stuttgart — 2Atominstitut,
TU Wien, Stadionallee 2; 1020 Vienna, Austria

A supersolid is a phase of matter that combines the crystal-like periodic
density modulation of a solid with the frictionless flow of a superfluid,
simultaneously breaking both the global U(1) gauge symmetry and the
translational symmetry. Breaking these two symmetries gives rise to
two types of collective modes, called the Nambu-Goldstone and am-
plitude Higgs mode. We theoretically and experimentally investigate
the excitation spectrum of a trapped dipolar quantum gas across the
Bose-Einstein condensate to supersolid phase transition. In order to
experimentally observe these excitations, we prepare a ultracold quan-
tum gas of 162Dy in an optical dipole trap with variable geometry. We
compare our experimental results to numerical simulations of the ex-
tended Gross-Pitaevskii equation and the Bogoliubov-de-Gennes equa-
tions. The observed low-energy modes reveal the existence of the two
distinct amplitude Higgs and Nambu-Goldstone modes that emerge in
our system at the phase transition point. Our findings extend earlier
work on the obervation of the Nambu-Goldstone mode and theoretical
predictions on the amplitude Higgs mode.

Q277 Wed 12:45 Aula

Observation of spatial first-order coherence in an optical
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quantum gas in a box — eLEON ESPERT MIRANDA, ANDREAS RED-
MANN, KiRANKUMAR KARKIHALLI UMESH, FRANK VEWINGER, M AR-
TIN WEITZ, and JULIAN ScHMITT — Institut fiir Angewandte Physik,
Universitdt Bonn, Wegelerstrafe 8, 53115 Bonn, Germany

The emergence of long-range correlations that span the entire system
is a manifestation of phase transitions between different states of mat-
ter. Experimentally, such field correlations in quantum gases can be
obtained by investigating the degree of first-order spatial coherence, for
example, in interference experiments. Here we report a measurement

of the build-up of quasi long-range correlations in a two-dimensional
optical quantum gas trapped inside a box potential as the total num-
ber of particles in the gas is increased. The correlation information is
obtained by measurements of the photon gas distribution in momen-
tum space as well as interferometry of the dye-filled optical microcavity
emission. We observe different scalings of the coherence length for the
normal and quantum degenerate gas. Moreover, by studying different
sizes of the box trap, we demonstrate that Bose-Einstein condensation
sets in as soon as the coherence length exceeds the system size.

Q 28: Fermionic Quantum Gases | (joint session Q/A)

Time: Wednesday 11:00-13:00

Q 28.1 Wed 11:00 HS 1199
Bulk-boundary correspondence for anomalous Floquet topo-
logical insulators: winding number and micromotion area
— eLuca Asteriab2, Kraus SencsTock!23, and CHRISTOF
WEITENBERG 2 — !nstitut for Quantum Physics, Hamburg Univer-
sity — 2Hamburg Centre for Ultrafast Imaging — 3Center for Optical
Quantum Technologies, Hamburg University

Driven Floquet systems can realize topological phases with no static
counterparts. So-called anomalous Floquet topological insulators (AF-
TIs) break the bulk-boundary correspondence based on the Chern
number. The winding number, which predicts the number of edge
modes instead, is calculated from the time evolution operator of the
bulk states within one driving period. While in non-driven system the
Chern number also predicts the quantization of the transversal Hall
conductance in the systems bulk, for AFTIs so far, no dynamical bulk
observable directly connected to the winding number was identified.
Here we show that the winding number is directly connected to such
an observable, namely the area enclosed by an initially localized parti-
cle during a Floquet period. In particular, in the associated fine-tuning
limit of the Floquet protocol, we show that the winding number is ex-
actly given by this area in units of half the unit cell area. Such a direct
real-space detection of anomalous topology could be realized in several
quantum simulation platforms. We also show how, by choice of the as-
sociated fine-tuning protocol, the number and the speed of coexisting
edge modes could be arbitrarily tuned, which may be of relevance for
quantum information and communication applications.

Q 28.2 Wed 11:15 HS 1199
Bosonization analysis for a ring of SU(N) fermions with a
single impurity — eANDREAS OSTERLOH!, WayNE CHETCUTI!,
Juan Poro!, and Luict Amico’? — 1Technology Innovation Insti-
tute, Masdar City & Yas Island, P.O. box 9639 Abu Dhabi, UAE —
2Dipartimento di Fisica e Astronomia Ettore Majorana, Via S. Sofia

64, 95127 Catania, Italy

We are using a bosonization analysis for handling a ring lattice car-
rying SU(N) fermions. Similar as for bosons, the impurity results in
a boundary sine-Gordon field theory. Their effect on the charge and
SU(N)-spin parts of the fields is analyzed and the charge-current is cal-
culated. Its interconnection with the observed fractionalization results
is discussed in detail.

Q 28.3 Wed 11:30 HS 1199
Heidelberg Quantum Architecture: Fast and modular pro-
grammable quantum simulation — eTosias HammeL!, Maxi-
MILIAN Ka1ser!, PuiLipp PrEiss?, MaTTHIAS WEIDEMULLER!, and
SeLiM JocHiM! — 1Physikalisches Institut, Heidelberg, Germany —
2MPQ, Garching, Germany

Heidelberg Quantum Architecture (HQA) is a new °Li quantum gas
experiment providing a fast, versatile, and expandable platform for
programmable quantum simulation. In this talk, we report on the re-
alization of these characteristics in our new ®Li experiment and first
experimental findings.

Key components of the experiment are easily exchangeable opti-
cal modules, which include tweezers, a Digital Mirror Device, optical
dipole traps, a tuneable 2D confinement and single atom and spin re-
solved imaging. Our broad and easy to expand toolbox will enable
experimental cycles of up to 10Hz in the near future and allow for fast
data collection and on-demand quantum simulation.

The current status of the experiment features a 2D-MOT with load-
ing rates of larger than 10%atoms/s loaded into a 3D-MOT. From there
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the atoms are loaded via two optical dipole traps into a tweezer, in
which we can rapidly evaporate down to degeneracy.

Q 28.4 Wed 11:45 HS 1199
Emergence of a collective excitation in a mesoscopic Fermi
gas — eJoHANNEs REITER, PuiLipp LunT, Paur HiLL, MAcIiEs
GALKA, and SELIM JocHIM — Physikalisches Institut, Univeristat Hei-
delberg, 69120 Heidelberg, Deutschland

Understanding the elementary excitations of strongly interacting
many-body systems in terms of the independent motion of individual
particles and their collective behaviour constitutes a pervasive problem
in many fields ranging from nuclear physics to cold atoms [1,2].

In this talk, we present the spectroscopic observation of the emer-
gence of the radial quadrupole mode from the confinement dominated
excitation spectrum in a mesoscopic Fermi gas trapped in an optical
tweezer. By systematically tuning the interparticle interactions across
the BEC-BCS crossover we investigate the stability of the mode against
single particle excitations and showcase the measurement of its coher-
ent properties. Finally, we discuss the prevailing competition between
the confinement and interaction energy delineating constraints on the
manifestation of collective behaviour in finite-size quantum systems.

[1] B. Mottelson, Science 193 (4250), 287-294 (1976) [2] S. Giorgini
et al., Rev.Mod.Phys. 80, 125 (2008)

Q 28.5 Wed 12:00 HS 1199
Observation of pairing in a strongly correlated few-fermion
system — oCARL HEINTZE, SANDRA BRANDSTETTER, KAREN
WADENPFUHL, PHILIP LUNT, KEERTHAN SUBRAMANIAN, MARVIN
HovrreN, MAciEs GALKA, and SELIM JocHIM — Universitdt Heidel-
berg

Strong correlations and entanglement are crucial for many phenom-
ena of modern physics as high temperature superconductivity and the
expansion of the early universe. They pose a challenging task for the-
orists and experimentalists. We address this problem with few body
systems of up to 12 particles. They are large enough to build up com-
plex correlations but are experimentally well controlled, allowing us
to extract microscopic observables as atom-atom correlations [1]. We
work with quasi 2D systems which are prepared in their quantum me-
chanical ground state with fixed atom number. We use two different
matterwave magnification techniques to measure the momentum or
position of every single particle in a spin-resolved way. Recently we
observed hydrodynamic behaviour in an expanding few particle sys-
tem accompanied by the formation of atom pairs [2]. As a next step
we alm to gain a deeper understanding of pairing by studying real
space correlations in the trapped system. Additionally, we want to use
RF-spectroscopy to extract the energy spectrum [3]. In the future we
want to measure the contact, prepare repulsively interacting systems
and observe interference of identical few body systems.

[1] Holten et al. Nature 606 (2022) [2] Brandstetter et al. arXiv:
2308.09699v1 [cond-mat.quant-gas| [3] Wenz et al. Science 342 (2013)

Q 28.6 Wed 12:15 HS 1199
Realisation of a two-particle Laughlin state with rapidly
rotating fermions — ePauL HiLL!, PuiLipp LUNT!, JOHANNES
REITER!, MAcIE) GALkAl, PuiLipp Preiss?, and SeLim Jocnim! —
1Physikalisches Institut Heidelberg — 2Max-Planck-Institut fiir Quan-

tenoptik

The fractional quantum Hall (FQH) effect features remarkable states
that due to their strongly correlated nature and exotic topological
properties have stimulated a rich body of research going far beyond
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the condensed matter community, where the effect was originally dis-
covered. One fundamental class of FQH states is described by the
celebrated Laughlin wavefunction, which accounts for a large number
of plateaus in the Hall resistivity and already exhibits interesting an-
ionic, fractionally charged quasi-particle excitations.

Here we present the direct realisation of the two-particle Laughlin
wavefunction by rapid rotation of two interacting spinful fermions in
a tight optical tweezer. We owe this result to our newly established
experimental tools allowing us to precisely shape and modulate our
optical potentials using coherently interfering laser fields.

Our observations reveal distinctive features of the Laughlin wave-
function, including a ground state distribution in the center-of-mass
motion, a vortex distribution in the relative motion, correlations in
the relative angle of the two particles, and the suppression of inter-
particle interactions. This achievement represents a significant step
towards scalable experiments, enabling the atom-by-atom assembly of
fermionic fractional quantum Hall states in quantum simulators.

Q 28.7 Wed 12:30 HS 1199
Imaging strongly correlated states of the Fermi-Hubbard

model — ePreTAR Bosovié!'2, Tuomas CaavLopinb2, Do-
MINIK Bourcunbpb?, S1 Wanc!:2, Titus Franz!?2, JOHANNES
OBeERMEYERDZ, TimoN HiLker2, and IMMaNUEL Brocub23 —

IMax Planck Institute of Quantum Optics — ?Munich Center for
Quantum Science and Technology — 3Ludwig Maximilian University

The Fermi-Hubbard model is a simple yet powerful model that captures
much of the essential physics of high-Tc superconductors. It is natu-
rally realized in our Quantum Gas Microscope, where we load fermionic
6Li atoms into optical lattices and conduct site-resolved measurements
of their spin and density. Our experiment serves as a powerful tool to
explore quantum phases of a Fermi Hubbard diagram.

An example is the pseudogap phase, which exists above the super-
conducting transition temperature and is suggested to result from pre-
formed dopant pairs. Our experiment allows us to calculate two-point
and multi-point correlation functions between spins and/or dopants
and explore the phase diagram. Higher-order correlators directly re-

veal intriguing features about the interaction of dopants or excitations
with the antiferromagnetic background.

Here, 1 will present measurement of multi-point spin and charge
correlators as a function of doping and temperature. We observe sig-
nificant higher order correlations at low temperature and close to half
filling, signaling the emergence of strongly correlated states. This for-
malism opens a new outlook to the characterization of the real-space
and low temperature states of the Fermi-Hubbard model.

Q 28.8 Wed 12:45 HS 1199

Exploring stripe phase in Fermi-Hubbard model with a quan-

tum gas microscope — S1 Wanc!2, DoMmINIK BouRcuUND!:2,
Tromas CuaLopriN!:2) PeTarR Bojovié!2, Trtus Franz!2, SARAH
HirtHE?, IMMANUEL Brocu!:2:3, and Tivon HiLker2 — 1Max-

Planck Institute of Quantum Optics, Garching, Germany — 2Munich
Center for Quantum Science and Technology, Munich, Germany —
3Ludwig Maximilian University of Munich, Munich, Germany —
4ICFO - The Institute of Photonic Sciences, Castelldefels, Spain

The Fermi-Hubbard model is crucial for understanding physics in quasi
2D layers of high-Tc cuprate superconductors. Investigating the pro-
found connection between d-wave superconductivity and stripes, essen-
tial elements in cuprate ordered phases, promises valuable insights. In
the isotropic Fermi-Hubbard model, the interplay between the kinetic
energy of the dopants and the magnetic energy of the AFM spin order
governs the system and reduces the energy scale for stripe order well be-
yond the reach of state-of-the-art cold-atom quantum simulators. To
address this, we engineered a mixed-dimensional system, selectively
suppressing particle tunneling along one direction while maintaining
2D spin interactions. This innovative approach tilts the balance in
the competition between kinetic and magnetic energies, and thus ele-
vates characteristic energy scales for collective effects, allowing us to
observe signatures of stripes in our quantum simulator. Notably, re-
cent discoveries indicate that mixed-dimensional systems can exhibit
a distinct manifestation of high-Tc superconductivity, emphasizing the
significance of our research endeavors in advancing this field.

Q 29: Photonics

Time: Wednesday 11:00-13:00

Q 29.1 Wed 11:00 HS 1221
Thermally Expanded Core Fiber: a Novel Platform for Meta-
Fibers — eMoHAMMADHOSSEIN KHosravib2, Jisoo Kim!2, MALTE
PripscHUN!2, TorsTEN WiEDUWILT!, MATTHIAS ZEISBERGER!, and
Markus ScamipT! 23 — 1Leibniz Institute of Photonic Technology,
07745, Jena, Germany — 2Abbe Center of Photonics and Faculty of
Physics, FSU Jena, 07745, Jena, Germany — 3Otto Schott Institute
of Material Research, FSU Jena, 07745, Jena, Germany

Meta-Fibers, incorporating 3D-printed Metalens technology into op-
tical fiber facets, offer versatility in imaging, optical trapping, and
electromagnetic wave manipulation. While Single-Mode Fiber (SMF)
is prized for its precise output, its limited mode field diameter presents
challenges, often necessitating fusion splicing with Multi-Mode Fiber
(MMF) or intricate 3D-printed structures to expand the usable beam
cross-section. However, these methods are complex and risk damaging
the Meta-Fiber. This study proposes an alternative solution by re-
placing SMF with Thermally Expanded Core (TEC) fiber, known for
its significantly larger mode field diameter. This novel approach fa-
cilitates optical trapping and imaging through the integration of a 3D
laser-printed ultra-high numerical aperture metalens into TEC fibers,
demonstrating effective performance in diverse environments. The re-
sults not only broaden the applications of Meta-Fiber but also present
a more efficient, robust, and scalable solution for optical wavefront
manipulation. Moreover, the study underscores the potential of TEC
fibers in advancing optics and photonics technology.

Q29.2 Wed 11:15 HS 1221
Overview of waveguides based on Pancharatnam-Berry Phase
— STREE VITHYA ARUMUGAM!, CHANDROTH P JisHA', ALESSAN-
pro ALBerucci!, and STEFaN NorTe!?2 — lFriedrich Schiller Uni-
versity, Institute of Applied Physics, Albert-Einstein-Str. 15, 07745,
Jena, Germany — 2Fraunhofer Institute for Applied Optics and Pre-
cision Engineering IOF, Albert-Einstein-Str. 7, 07745, Jena, Germany
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Dielectric optical waveguides utilize refractive-index modulation to
confine light by manipulating the dynamic phase gained across the
beam cross-section. Recently, it was shown that waveguides based
on the Pancharatnam-Berry phase (PBP) can guide light without any
transverse refractive-index gradient. A PBP waveguide is realizable
in an anisotropic material, if a point-dependent rotation of the optic
axis across the transverse plane is accompanied by a periodic rotation
along the propagation direction. Ideally, the modulation period must
be synchronized with the natural rotation of light polarization to per-
mit a net accumulation of PBP: in this case a spin-dependent effective
trapping potential proportional to the rotation axis emerges.

Here, we theoretically investigate the properties of the PBP waveg-
uide addressing the robustness of the confinement in the presence of a
mismatch between the birefringence length and the modulation period.
In the spatial domain, such a mismatch provides an additional degree
of freedom in controlling the polarization structure of the quasi-modes.
In the temporal domain, the PBP waveguides exhibit a higher opti-
cal dispersion than GRIN waveguides due to the inherent resonance
condition.

Q 29.3 Wed 11:30 HS 1221
Multiple quasi-phase-matched dispersive waves generation in
dispersion oscillating liquid-core-fibers — ¢ XUE Q1 and MARKUS
A. ScuMIDT — Leibniz Institute of Photonic Technology, Albert-
Einstein-Str. 9, 07745 Jena, Germany

Widely wavelength-tunable femtosecond light sources play a vital role
in many research fields and technologies. Although fiber lasers are
on the edge in the development of such sources, the widespan spectral
tunability of femtosecond pulses remains a prime challenge. Dispersive
wave (DW) generation, offers a powerful approach to fulfill these de-
mands. In this work, the concept of quasi-phase-matching (QPM) for
multi-order DW formation with record-high spectral fidelity and fem-
tosecond durations is exploited. We introduce liquid(CS2)-core fibers
(LCFs) with periodically controlled dispersion of a higher-order mode
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along the fiber, achieved by axial modulation of the liquid core di-
ameter. The implementation of LCFs with periodically varying core
diameters is realized by controlled partial collapses of the hole of a
fiber-type silica capillary and subsequently filling it with CS2. By
launching femtosecond pulses (1570 nm, 36 fs) through an s-waveplate
and an in-coupling lens to excite the TEOl-mode in the 5 cm long
LCFs, multiple QPM-related spectral peaks are formed on both sides
of the DWO (referred as the zero-order DW, at 2.4 um) extending the
spectrum to 3 um. The density of these QPM-DWs can be tuned by the
period length of the diameter-modulated LCFs. Optical experiments
and nonlinear simulations confirm the conversion process.

Q 29.4 Wed 11:45 HS 1221
Selective Higher Order Mode Excitation in a Nanoprinted
Hollow Square-Core Waveguide — eDiaNA PEREIRA'2, MARTA
S. FERREIRAL, and MaRkuUs A. ScamipT? — 1i3N & Physics Depart-
ment, University of Aveiro, Portugal — 2Leibniz Institute of Photonic
Technology, Jena, Germany

Tailoring the excitation of higher order modes (HOM) is of great impor-
tance across several applications within the photonics field, including
optofluidics sensing, nonlinear phenomena generation, imaging, and in
fiber communication systems. Nevertheless, effectively exciting spe-
cific HOM still remains a challenge. Currently, HOM can be achieved
resorting to certain optical devices such as spatial light modulators
and modal couplers. However, these devices are not fully integrated
in the waveguide, which can impose some drawbacks such as difficult
coupling and the requirement of high precision in the alignment. With
the recent advancements in the 2-photon polymerization (2PP) print-
ing technology, a novel methodology for the excitation of HOM can be
explored. The figures of merit of this method rely on the capability of
designing extremely smooth structures at a nanoscale, and with a very
high detail accuracy. Thus, new platforms based on a waveguide inte-
grated modulator are being pursuit. Within this context, we present a
reliable and highly reproducible method to effectively exciting HOM.
Resorting to the 2PP technology, a nano-phase plate integrated into
a nanoprinted hollow square core waveguide is proposed. The 580 nm
thick phase plate is configured in two different designs, inducing the
excitation of the LP11 and LP12 modes.

Q 29.5 Wed 12:00 HS 1221
Engineering and characterization of phase randomness in
driven x3 optical resonators — eSavoNiL MorLLaH!, CHRISTO-
PHER SpiEss!2, MERITXELL CaBREJO PonceE!?2, and FABIAN OLIVER
STEINLECHNER!2 — 1 Friedrich Schiller University, Institute of Applied
Physics, Abbe Center of Photonics, Albert-Einstein-Strasse 15, Jena
07745, Germany — 2Fraunhofer Institute for Applied Optics and Pre-
cision Engineering, Albert-Einstein-Strasse 7, Jena 07745, Germany

Optical parametric oscillators (OPO) have long been used as a source
of tunable, narrow-linewidth and coherent light in various aspects of
photonics. Particularly, the recent applications of twin frequency de-
generate OPOs have garnered attention in quantum technologies for
quantum random number generation (QRNG). This is due to the ran-
domness of the generated signal/idler fields which causes them to lock
on to the pump field, when the gain is above threshold. Since the
signal and idler fields are offset by a phase 7, the phase sensitive gain
gives rise to a bi-phase state.

Here, we present experimental efforts to generate and characterize
a bi-phase state from a degenerate OPO in a silicon nitride (x3) mi-
croresonator and a fiber cavity. The output from a dual wavelength
pulse-pumped resonator is collected and measured in time and spec-
tral domains. The degenerate signal is filtered and self-interfered to
characterize the phase. Additionally, we perform simulations and the-
oretical calculations to establish suitable operational regimes for stable
oscillation. Our results pave the way for an all optical QRNG with a
simplified detection protocol and no post-processing.

Q29.6 Wed 12:15 HS 1221
Light-propelled anisotropic refractive microswimmers —
eMarTHIAS RiscHENBAUM!, ELENA VINNEMEIER!, JORG IMBROCK!,
and CorNeELIA DEnz!?2 — !Institute of Applied Physics, Miinster,
Germany — 2Physikalisch-Technische Bundesanstalt (PTB), Braun-

schweig, Germany

Self-propelled microswimmers offer a wide range of applications, for
example in biomedicine or colloidal systems. Among the various drive
mechanisms, light-propelled microswimmers offer many advantages
such as high biocompatibility and precise control. In our approach,
the refraction of light provides a directed propulsion for the particles.
These particles have an asymmetric geometry and are several microm-
eters in size. In addition, chiral particle shapes ensure a rotating mo-
tion. The light-driven microswimmers are fabricated by direct laser
writing using two-photon polymerization, which enables high versatil-
ity and accuracy. The laser light-induced movement is then evaluated
and compared for the different particle shapes.

Q 29.7 Wed 12:30 HS 1221
Fabrication of mechanically tunable 3D protein-based hy-
drogel microstructures by two-photon lithography for on-
chip cell microenvironments — eJEsco SCHONFELDER!, DuUSTIN
Dzikonski!, DomiNnika CiecHANSKAZ, JOrRG IMBRoOCK!, CORNELIA
DENz3, and ALBRECHT SCHWABZ2 nstitute of Applied Physics,
University of Miinster, Germany — 2Institute of Physiology II, Univer-
sity of Miinster, Germany — 3Physikalisch-Technische Bundesanstalt,
Germany

Microfluidic polydimethylsiloxane (PDMS) devices are a powerful tool
for mimicking in-vivo cell microenvironments. PDMS offers high ex-
perimental versatility and biocompatibility while microfluidic channels
provide laminar flow and allow for thoroughly monitored flow param-
eters. However, the tunability of mechanical and topological prop-
erties of PDMS microchannels is limited by the spatial precision of
the applied fabrication method. We utilize two-photon lithography to
fabricate spatially intricate 3D protein-based hydrogel structures with
sub-micron resolution in order to create defined cell environments with
high biocompatibility and tissue-like elasticity. The direct writing pro-
cedure allows for fabricated structures to be embedded into microflu-
idic channels. Via variation of the exposure time and illumination
intensity, the mechanical properties of the polymerized media can be
tuned. We present results on Young’s moduli of the hydrogel struc-
tures measured by atomic force microscopy and discuss applications of
the 3D microstructures for biophotonic applications.

Q 29.8 Wed 12:45 HS 1221

Characterizing of complex random media and biological
tissue with self-consistent quantum field theory — AN-
prEAS LuBarscu! and eRrcINE Frank?? — !Physikalisches In-
stitut, Rheinische Friedrich Wilhelms Universitit Bonn — 2College
of Biomedical Sciences, Larkin University, Miami, Florida, USA —
3Donostia International Physics Center, 20018 Donostia-San Sebas-
tian, Spain
‘We present a quantum field theoretical method for characterizing disor-
dered complex media with short laser pulses and (OCT). We introduce
so called weighted essentially non-oszillatory solvers (WENO) for the
analysis of highly nonlinear and discontinuous processes including in-
terference effects and Anderson localization of light in time-of-flight
(ToF) and pump-probe experiments. The results are a measure of the
coherence of multiple scattering photons in passive matter as well as
in soft mat-ter and biological tissue.

[1] A. Lubatsch, R. Frank, Phys. Rev. Research 2, 013324 (2020) [2]
D. Huang, et. al., Science 254, 1178 (1991) [3] K. C. Zhou, et. al.,Nat.
Photon. 13, 794 (2019)

Q 30: Color Centers |

Time: Wednesday 11:00-13:00

Q 30.1 Wed 11:00 HS 3118

Spectral stability of V2-centres in sub-micron 4H-SiC
membranes — eJoNaH HEILERD'2, JoNaTHAN KORBER?, ERIK
HesseLMEIER?, PIERRE KuNa2, RAINER STOHR2, PHILiPP Fuchs3,

MisacH GuezerLou?, Jawap Ur-Hassan?, Worraanc KNOLLE?,
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Location: HS 3118

1, 2

Curistorn BeEcHER?, FLoriaN Karser!2, and JorG WRACHTRUP
— I'MRT Department, Luxembourg Institute of Science and Technol-
ogy & Department of Physics and Materials Science, University of Lux-
embourg, Belvaux, Luxembourg — 23rd Institute of Physics, Univer-
sity of Stuttgart, Germany — 3Universitit des Saarlandes, Fachrich-
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tung Physik, Saarbriicken, Germany — *Department of Physics,
Chemistry and Biology, Linképing University, Sweden — 2?Leibniz-
Institute of Surface Engineering (IOM), Leipzig, Germany

Colour centres in solids emerge as a promising quantum technol-
ogy platform, since they inherently provide a spin-photon interface.
Overcoming its low photon extraction efficiency requires nanophotonic
structuring, which can reduce the colour centres’ spectral stability.
Here, we focus on silicon vacancy colour centres in the industry’s lead-
ing third-generation semiconductor silicon carbide and show a system-
atic large-scale study of their optical properties in sub-pym membranes.
We develop a highly reproducible recipe to produce those membranes
using chemical mechanical polishing together with reactive ion etch-
ing. Further, we observe close-to lifetime limited optical linewidths
with almost no signs of spectral wandering in 0.7 yum membranes. Our
findings open the avenue for the integration of silicon vacancies into a
variety of nanophotonic structures that improve the photon extraction.

Q 30.2 Wed 11:15 HS 3118
Photon-collection enhancement of V2-centers integrated in
a cavity-based 4H-SiC antenna. — eJoNATHAN KORBER!,
Jonan HeiLer'?, Erik HesseLMEIER!, PIERrRE Kunal, RAINER
Stour!, PHiLipp Frap3, PaiLipp FuchHs?, Misace GHEZELLOU®,
Jawap UL-Hassan®, WoLrcane KNoLLE®, CurisTorn BECHER?,
Frorian Kaiser!2, and Jore WracuTRUP! — 13rd Institute of
Physics, University of Stuttgart, Germany — 2MRT Department,
Luxembourg Institute of Science and Technology & Department of
Physics and Materials Science, University of Luxembourg, Belvaux,
Luxembourg — 34th Physics Institute, University of Stuttgart, Ger-
many — 4Universitét des Saarlandes, Fachrichtung Physik, Saar-
briicken, Germany — ®Department of Physics, Chemistry and Biology,
Link6ping University, Sweden — SLeibniz-Institute of Surface Engi-
neering (IOM), Leipzig, Germany

1

Color centers in semiconductors promise various applications for quan-
tum technologies. However, due to the typically large refractive indices
of the host materials, photons are extracted inefficiently from such
color centers, while high photon count rates are a key requirement
for many applications. Here, we present the fabrication of a planar,
cavity-based antenna based on silver-coated, sub-micron-thin silicon
carbide membranes to increase the photon extraction from integrated
silicon-vacancy color centers. Further, we report a count rate enhance-
ment of up to one order of magnitude for single, cavity-integrated color
centers compared to bulk and find stable, resonant absorption lines at
cryogenic temperatures.

Q 30.3 Wed 11:30 HS 3118
Towards Quantum Computing with Divacancies in Silicon
Carbide — oFLAVIE MARQUIs, JONAH HEILER, and FLoRIAN KAISER
— MRT Department, Luxembourg Institute of Science and Technol-
ogy & Department of Physics and Materials Science, University of
Luxembourg, Belvaux, Luxembourg

Colour-centres provide an excellent platform for quantum technology.
They enable a pairing of spin-photon interfaces with robust qubits and
memories. The nitrogen-vacancy (NV) centre in diamond has lead
most of the developments. However, new promising systems are being
investigated [1]. Here, we consider stacking-fault divacancies (sf-V'Vs)
in silicon carbide (SiC). The sf-VV centre resembles the diamond-NV
in terms of spin level structure, spin-control fidelities, high ODMR con-
trast at room temperature, nuclear spin control capabilities and ade-
quately high photon count rates [2]|. Since sf-VV centres are integrated
into a semiconductor host, they benefit from industry technology, such
as integration into p-i-n diodes for wavelength tuning [3], as well as
mature nanofabrication for improving optical efficiencies [4]. Here, we
present our first results on fabrication and control of sf-VVs in SiC
at room temperature, including spin coherence times and control fi-
delities. An outlook towards high-level nuclear spin control within the
di-atomic lattice is discussed.

[1] Nat. Photonics 12, 516 (2018)

[2] Nat. Sci. Rev. 9, nwab122 (2022)

[3] Science 366, 1225 (2019)

[4] Nat. Mater. 21, 67 (2022)

Q 30.4 Wed 11:45 HS 3118

‘Waveguide-coupled single photon source in silicon carbide
— eMARCEL KRUMREIN!, RapHAEL NoLbp!, FrLaviE DAVIDSON-
Marquis?, ARrRTHUR Bouramal!, Erix HesseLMEIER!, RuoMINg
Peng!, Lukas Niecuzior!, D1 Liu!, RaiNer STOHR!, PaTRICK

BeErwIaN®, Jawap UL-Hassan?, Frorian Kaiser?, and Jorc
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1 1

WRACHTRUP 3rd Institute of Physics, University of Stuttgart,
Germany — 2MRT Department, Luxembourg Institute of Science
and Technology, Luxembourg — 3Fraunhofer Institute for Integrated
Systems and Device Technology 1ISB, Germany — “*Department of
Physics, Chemistry and Biology, Linképing Unversity, Sweden

Spin defects in silicon carbide are promising quantum emitters for
quantum information applications. The silicon vacancies V1 and V2
in 4H-SiC possess very promising spin-optical properties, as lifetime-
limited emission and a rich nuclear spin bath. However, the collection
efficiency of bulk emitters is very poor, leading to low photon count
rates, and thus, long measurement times. To address this, we integrate
V2 defects into single mode nanobeams [1] and collect the emitted
photons by tapered fibers [2|. Here, we present the characterization
of the waveguide-fiber interface experimentally and theoretically with
coupling efficiencies exceeding 93%. Using this interface, the emission
of waveguide-integrated, single V2 centers was proven with saturated
photon count rates of 181 kcps. Finally, we perform Rabi and Hahn-
Echo sequences to show the accessibility of the defect’s spin.

[1] C. Babin et al., Nat. Mater. 21, 67 (2022). [2] M. J. Burek et
al., Phys. Rev. Applied 8, 024026 (2017).

Q 30.5 Wed 12:00 HS 3118
Single-photon emission from silicon-vacancy color cen-
ters in polycrystalline diamond membranes — eASSEGID
Fratagb?, FLoriaN SLEDz!2, HARITHA KAMBALATHMANA'2, STE-
FANO LacoMarsino®#, Sivio Sciorrino®4® and Mario Aciol2:5
— ILaboratory of Nano-Optics, University of Siegen, 57072 Siegen,
Germany — 2Cpu-Research Center of Micro- and Nanochemistry and
(Bio)Technology, University of Siegen, 57068 Siegen, Germany —
3Istituto Nazionale di Fisica Nucleare, Sezione di Firenze, 50019 Sesto
Fiorentino, Ttaly — “National Institute of Optics (INO), National Re-
search Council (CNR), 50125 Florence, Ital — 5National Institute of
Optics (INO), National Research Council (CNR), 50125 Florence, Italy

Single-color centers in thin polycrystalline diamond membranes are of
interest in integrated quantum photonics and hybrid quantum systems.
However, their practical application was so far limited by crystallo-
graphic defects, impurities and graphitic grain boundaries. We report
on a single-photon source based on silicon-vacancy color centers in a
polycrystalline diamond membrane, we discuss the spectroscopic ap-
proach and the photophysics, reaching g2(0)= 0.04.

Q 30.6 Wed 12:15 HS 3118
Creation of a single SiV center in nanodiamond by ion im-
plantation — eTiM Buskasperb?2 and CARSTEN ScHuck!:2
LCenter for Soft Nanoscience, Miinster, Germany — 2Center for Nan-
otechnology, Miinster, Germany

Single photon emitters are a crucial component in the further develop-
ment of quantum technologies such as quantum computers or quantum
key distribution. For this purpose, especially group IV defects in dia-
mond are promising candidates due to their robustness, short lifetime,
and large Debye-Waller factor. However, the production of a single
color center in (nano)diamonds remains a persistent challenge.

Here, we report on the successful generation of SiV centers in nan-
odiamonds through ion implantation using a focus ion beam tech-
nique, followed by thermal post-treatment. Notably, we present the
creation of both: ensembles and a single SiV center in a nanodiamond.
The single SiV center exhibits a lifetime of ¢; = (2.40 £ 0.17) ns and
g(T =0) =0.08.

Our fabrication process is enhanced by an automatic mark detec-
tion system in our FIB system and in combination with our precise
nanoparticle placement technique, the creation approach becomes scal-
able and semi-automatable. Furthermore, integration of the single
nanodiamond into nanophotonic circuits is feasible, paving the way
for fully integrated nanophotonic devices.

Q 30.7 Wed 12:30 HS 3118
Spin Control of Silicon-Vacancy Centers in Nanodiamonds —
eMarco KLoTz!, ANDREAS TANGEMANN', VIACHESLAV AGAFONOVZ,
and ALEXANDER KUBANEK! — lInstitute for Quantum Optics, Uni-
versity Ulm, Germany — 2GREMAN, UMR 7347 CNRS, INSA-CVL,

Tours University, 37200 Tours, France

For the realization of quantum networks, qubits that can be interfaced
with scalable photonic technologies are of major interest. Due to their
good optical and spin properties [1], group IV defects in diamond are
promising candidates for these applications. We are using negatively-
charged silicon-vacancy-centers hosted in nanodiamonds that can be



Freiburg 2024 — Q

Wednesday

integrated into photonic structures. Compared to bulk diamond, SiVs
hosted in a nanodiamond experience less dephasing due to a combina~
tion of locally modified phonon density of states and increased ground-
state splitting [2]. Hence, they are a candidate for operation above mK
temperature, decreasing the technological overhead. Here, we present
our progress in characterizing and controlling the electron-spin qubit
of a SiV- in a nanodiamond at liquid Helium temperature for future
application in quantum networks.

[1] R. Waltrich et al., Two-photon interference from silicon-vacancy
centers in remote nanodiamonds, 10.1515/nanoph-2023-0379

[2] M. Klotz et al., Prolonged Orbital Relaxation by Locally Modi-
fied Phonon Density of States for the SiV- Center in Nanodiamonds,
10.1103/PhysRevLett.128.153602

Q 30.8 Wed 12:45 HS 3118

Thin-film 4H-silicon carbide-on-Insulator for spin-mechanical
applications — eYAN Tuncg Kong — 3. Physikalisches Institut, Uni-

Q 31: Quantum
Time: Wednesday 11:00-13:00

Q 31.1 Wed 11:00 HS 3219
Free-Space Quantum Key Distribution at Daylight using the
Sodium D3 Line — eILija FuNK, YAGANA SYED, and ILja GER-
HARDT — Leibniz University Hannover, light & matter group, Appel-
strasse 2, 30167 Hannover

Quantum key distribution is a promising pathway to secure commu-
nication in the future. Currently, quantum communication channels
usually are realized through a fiber or a free-space network. While the
latter offers much longer transmission distances of hundreds of kilo-
meters compared to fiber links, it suffers from reduced transmission
rates during daytime due to increased detection noise from sunlight.
To circumvent this problem, we propose a free-space link based on en-
tangled photon pairs with a wavelength of 589 nm. This wavelength
coincides with the sodium Ds line which is one of the most promi-
nent Fraunhofer lines. Hence during daytime, the reduced amount of
sunlight at this wavelength should allow for an improved transmission
rate. Our research project includes the creation of entangled photon
pairs at 589 nm, setting up a free-space link over several kilometers
using telescopes, and demonstrating quantum key distribution using
the BBM92 protocol. We report on our latest progress.

Q 31.2 Wed 11:15 HS 3219
A scalable quantum register for multiplexed atom-photon en-
tanglement — eLukas HARTUNG!, MATTHIAS SEUBERT!, STEPHAN
WELTE2, EMANUELE DisTANTE!, and GERHARD REmMPE! — Max-
Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Str. 1, 85748
Garching — 2ETH Ziirich, Otto-Stern-Weg 1, 8093 Ziirich

Trapped atoms in the centre of a cavity have been used for the ef-
ficient generation of atom-photon entanglement[1]. However, in past
experiments the number of atoms in the resonator was limited to at
most two[2], as the loading of individual atoms was based on proba-
bilistic schemes. To overcome this limitation, we have extended our
setup with an addressing system that allows to load presently up to six
atoms into the cavity using optical tweezers. Additionally, the system
enables individual addressing of the atoms to generate atom-photon
entangled pairs via a vaccum STIRAP[3]. We show that the fidelity
of this entanglement process is independent of the number and spatial
arrangement of the atoms, which is an indicator of the scalability of
our system. Finally, we use the setup to generate atom-photon entan-
glement in a multiplexed way with an efficiency of up to 88.6(1)%.

[1] Philip Thomas et al., Efficient generation of entangled multipho-
ton graph states from a single atom. Nature 608, 677-681 (2022).

[2] Stephan Welte et al., Photon-Mediated Quantum Gate between
Two Neutral Atoms in an Optical Cavity, Phys. Rev. X 8, 011-018
(2018).

[3] Tatjana Wilk et al., Single-Atom Single-Photon Quantum Inter-
face. Science 317, 488-490 (2007).

Q 31.3 Wed 11:30 HS 3219

Towards time-energy entanglement swapping of asyn-

chronous sources oKAREN LozaNo-MEeNDEZ!'2, MARKUS
1,2

, and

Lerpe! 2, Saksur SuarMAL2, MEeRITXELL CABREJO Poncel

versitdt Stuttgart, Stuttgart, Germany

High-quality, wafer-scale, thin-film silicon carbide (SiC) holds signif-
icant potential in the realms of modern microelectromechanical sys-
tems (MEMS), integrated nonlinear photonic circuits, and quantum
photonics. Nevertheless, the properties of thin-film SiC often suffer a
significant degradation comparing to bulk crystals, primarily due to
surface damage incurred during bonding and thinning processes. In
this study, we present a successful demonstration of the complete pro-
cess flow for thin-film 4H-silicon carbide-on-Insulator (4H-SiCOI). Our
approach integrated plasma activation bonding, Chemical Mechanical
Polishing (CMP), and Inductively Coupled Plasma Etching (ICP-RIE)
techniques, effectively mitigating surface damage and ensuring the pro-
duction of high-quality thin-film SiC with preserved properties. Fur-
thermore, we fabricated nano-mechanical and photonic SiC devices
featuring implanted Si vacancies within our SiC thin films (<1 um).
This provides a unique platform for exploring spin-phonon-photon dy-
namics in nanoscale opto-mechanical devices.

Communication IV
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Location: HS 3219

FABIAN STEINLECHNER!2 — lFraunhofer Institute for Applied Optics

and Precision Engineering IOF, 07745 Jena, Germany — 2Friedrich
Schiller University Jena, Institute of Applied Physics, Abbe Center of
Photonics, Albert-Einstein-Str. 15, 07745 Jena, Germany

Time-energy entanglement in photons is a robust choice for fiber-based
quantum communications. Entanglement can be ’swapped’ if two in-
dependent entangled photons pairs are prepared and a Bell state mea-
surement is made between two photons, one from each source. This
will project the two remaining, non-interacting photons in an entangled
state. Entanglement swapping has been successfully executed using
synchronized, pulse-pumped sources. However, only a few realizations
using a continuous wave pump have been reported.

We use entangled photon pairs generated independently via SPDC
from two integrated ppLN waveguides, which are pumped by a 775nm
CW laser. The down converted photons have a center wavelength of
1550 nm and are further filtered using Fiber Bragg Gratings with 45pm
bandwidth at the wavelengths of 1530 nm (signal) and 1570 nm (idler)
for each pair. The signal photons interfere in a beam splitter and
the four-fold coincidence rate is measured using a time-tagging device,
yielding over 150 counts per hour.

The present work is the first step towards high-efficient time-energy
entanglement swapping between asynchronous sources.

Q 31.4 Wed 11:45 HS 3219
Experimental boosted linear-optical Bell-state measurement
— eNico HAUSER, MATTHIAS BAYERBACH, SIMONE D’AURELIO, and
STEFANIE BARz — Universitat Stuttgart, Institut fiir funktionelle Ma-
terie und Quantentechnologien

Bell-state measurements are integral to many quantum communica-
tion and computation protocols. The conventional scheme for a linear-
optical Bell-state measurement provides only a definite identification
for two out of the four Bell states, resulting in an overall efficiency of
50%. Here we implement a scheme that significantly increases this ef-
ficiency by using an entangled ancillary photon pair and a fibre-based
balanced 4x4 splitter. Using this scheme, we achieve a significant in-
crease of the Bell-state measurement efficiency compared to the stan-
dard scheme.

Q 31.5 Wed 12:00 HS 3219
Quantum communication protocols over the 14-km Saar-
briicken fiber link — eCHRISTIAN HAEN, STEPHAN KUCERA, ELENA
ARENSKOTTER, JoNAs MEIERS, ToBiaAs BAUER, and JURGEN Es-
cHNER — Universitit des Saarlandes, Saarbriicken, Deutschland

Existing telecom-fiber infrastructure provides the basis for creating
large scale quantum networks, potentially leading to the implemen-
tation of a quantum internet. The deployment of glassfibers for this
purpose poses certain challenges, especially in urban areas, such as
large disturbances in polarization.

We report on a 14-km long dark fiber link running across the Saar-
briicken urban area, which we characterize for quantum networking by
transmission of polarization- or time-bin-encoded photonic quantum
bits. We stabilize the polarization of the fiber link and demonstrate
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quantum networking operations using a 40Ca+ single-ion quantum
memory, an ion-resonant entangled photon-pair source, and quantum
frequency conversion from the atomic wavelength to the telecom C-
band. We realize dual-wavelength photon-photon entanglement, en-
tanglement between an ion and a telecom photon, and teleportation
of a qubit state from the ion onto a telecom photon transmitted over
the link.

Q31.6 Wed 12:15 HS 3219

Towards polarization entanglement distribution in a
metropolitan dark-fibre network in Berlin — eWiLLiAM
StaunToN!, SEBAsTIAN BRAUNER?, Kal-Honeg Luo2, HARALD

HerrMANNZ, and OLivEr Benson! — 'Humboldt University, Berlin,
Germany — 2Paderborn University, Paderborn, Germany

Efficient distribution of entanglement is essential in the potential re-
alization of a quantum internet[1]. Thanks to the maturity of the
classical telecommunications industry, a worldwide network of single-
mode optical optical fibres is already in existence. With such an in-
frastructure and quantum repeater functionalities we could move to-
wards distributed quantum computation and quantum communication
on a global scale. We present the work towards polarization entangle-
ment distribution in a metropolitan, field-installed dark-fibre network
in Berlin. With focus on results of the active polarization stabilization
employed. We also introduce the novel, degenerate, resonant, type-
1T periodically poled Lithium Niobate (PPLN) spontaneous paramet-
ric down-conversion (SPDC) waveguide source|2] producing entangled
photon pairs with high brightness and narrow linewidth. Crucially,
such sources emit photons with pure spectral states. With an emis-
sion bandwidth optimized for interacting with quantum memories, we
show how the source is optimized for quantum repeater demonstra-
tions. [1] Kimble, H. J. (2008). The quantum internet. Nature,
453(7198), 1023*1030. [2] K.-H. Luo et al., Phys. Rev. Lett. 115,
200401 (2015).

Q 31.7 Wed 12:30 HS 3219
Deployment and optimization of high-dimensional QKD on
a 1.7 km free-space link — eKaARoLINA Paciorrk!, CHRISTO-
PHER SpiEss}'2, SARIKA MisHrA!, and FABIAN STEINLECHNERD'Z —
IFraunhofer Institute for Applied Optics and Precision Engineering,
Albert-Einstein-Strasse 7, Jena 07745, Germany — 2Friedrich Schiller
University, Institute of Applied Physics, Abbe Center of Photonics,
Albert-Einstein-Strasse 15, Jena 07745, Germany

Quantum Key Distribution (QKD) is a method for establishing a se-

cure encryption key using a quantum optical sender, a transmission
link, and an optical receiver. When QKD is implemented over short
distances with low losses, such as in data centers or intercity links, then
the maximum secure key rate is typically limited by saturation of the
single-photon detectors at the receiver. To overcome this limitation,
high-dimensional QKD protocols can be implemented.
High-dimensional QKD protocols enable encoding more information
into one photon, which enables operation at photon rates that no longer
saturate the detectors. We show this at the example of a weak coherent
source in a time-phase encoding scheme. Furthermore, we demonstrate
the transfer of key material over a 1.7 km intercity free-space link. Our
demonstration is accompanied by finite-key analysis together with an
extensive parameter optimization in experiment and simulations to
maximize the key rate. Our results show that high-dimensional QKD
with weak coherent sources is a promising avenue towards versatile
communication scenarios, including areas with difficult access such as
rapidly changing metropolitan spaces or in satellite communication.

Q 31.8 Wed 12:45 HS 3219
A quantum frequency converter for entanglement distribu-
tion across a metropolitan network — eMava Buki, GIANVITO
CHIARELLA, ToBias Frank, PAu FARRERRA, EMANUELE DISTANTE,
and GERHARD REMPE — Max-Planck-Institute for Quantum Optics,
Garching, Germany

Single atoms in a cavity serve as a suitable building block for quantum
networks as cavities offer an ideal interface between light and matter
qubits in terms of both efficiency and fidelity. Within this scope, we
can efficiently entangle the spin states of Rubidium (Rb) atoms with
optical polarization qubits. Despite offering numerous capabilities for
quantum networks, such as being a source of (complex) atom-photon
entanglement, enabling heralding quantum memories, and facilitating
quantum repeaters, there is a drawback when aiming for long-distance
quantum networks, and that is the wavelength of the optical qubit at
ARrp = 780 nm, causing intrinsic fiber losses to be quite high.

To circumvent these losses, a quantum frequency conversion to the
telecom regime becomes necessary. Here, we demonstrate a quantum
frequency converter (QFC) that exhibits a good efficiency and high
signal-to-noise ratio. Alongside a narrow filtering system this QFC
will be employed to connect two quantum nodes through 23km of op-
tical fiber across the metropolitan area of Munich. We will present
preliminary results about this fiber channel outside the lab, with the
prospect of distributing entanglement across a real world quantum net-
work link.

Q 32: Fermionic Quantum Gases Il (joint session Q/A)

Time: Wednesday 14:30-16:30

Q 32.1 Wed 14:30 Aula
Exact one-particle density matrix for SU(N) fermionic
matter-waves in the strong repulsive limit — eANDREAS
OsterRLOH!, WAYNE CHETcUTI!, JuaN PoLo!, and Luict Amico!:?
— ITechnology Innovation Institute, Masdar City and Yas Island, P.O.
box 9639Abu Dhabi, UAE — 2Dipartimento di Fisica e Astronomia
Ettore Majorana, Via S. Sofia 64, 95127 Catania, Italy

We consider a gas of repulsive N-component fermions confined in a
ring-shaped potential, subject to an effective magnetic field. For large
repulsion strengths, we work out a Bethe ansatz scheme to compute the
two-point correlation matrix and then the one-particle density matrix.
Our results holds in the mesoscopic regime of finite but sufficiently
large number of particles and system size that are not accessible by
numerics. We access the momentum distribution of the system and
analyse its specific dependence of interaction, magnetic field and num-
ber of components N. In the context of cold atoms, the exact compu-
tation of the correlation matrix to determine the interference patterns
that are produced by releasing cold atoms from ring traps is carried
out.

Q 32.2 Wed 14:45 Aula
Universal Entropy Transport in Fermionic Superfluids across
the BEC-BCS Crossover — JEFFREY MOHAN, eSiMOoN WILI,
PuiLipp FaBriTIUS, MOHSEN TALEBI, MENG-Z1 HUuAaNg, and TiLMAN
EssLINGER — ETH Ziirich, Otto-Stern-Weg 1, 8093 Ziirich, Switzer-
land
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Location: Aula

Particle transport between two superfluids is often associated with re-
versible, entropy-free supercurrents, such as in the Josephson and foun-
tain effects. However, this only applies to weakly-coupled superfluids
in the linear response regime. Here, we experimentally investigate par-
ticle and entropy flow within a ballistic channel, strongly coupling two
superfluids across the BEC-BCS crossover. Our observations reveal
large currents of both particles and entropy. While these currents de-
pend on the channel’s geometry, the entropy transported per particle
appears constant across different geometries. Instead, it is influenced
by the interaction strength and reservoir degeneracy. This suggests
that the non-equilibrium currents flowing through the channel inherit
the universal equilibrium properties from the reservoirs. Moreover,
when distinguishing advective and diffusive entropy currents, we find
that the Wiedemann Franz law, which describes the relation of these
currents in Fermi liquids, is strongly violated at unitarity but partially
restored on the BCS side. The present observations raise fundamen-
tal questions about transport in strongly interacting, non-equilibrium
Fermi systems.

Q 32.3 Wed 15:00 Aula
Unravelling Interaction and Temperature Contributions in
Unpolarized Trapped Fermionic Atoms in the BCS Regime
— @SEJUNG YONG, SiaN BarBosa, JENNIFER KocH, FELIX LANG,
AXEL PELSTER, and ARTUR WIDERA — Physics Department and Re-
search Center OPTIMAS, Kaiserslautern-Landau, Germany

In the BCS limit density profiles for unpolarized trapped fermionic
clouds of atoms are largely featureless. Therefore, it is a delicate task
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to analyze them in order to quantify their respective interaction and
temperature contributions. Temperature measurements have so far
been mostly considered in an indirect way, where one sweeps isentrop-
ically from the BCS to the BEC limit. Instead we suggest here a direct
thermometry, which relies on measuring the column density and com-
paring the obtained data with a Hartree-Bogoliubov mean-field theory
combined with a local density approximation. In case of an attractive
interaction between two-components of 6Li atoms trapped in a tri-axial
harmonic confinement we show that minimizing the error within such
an experiment-theory collaboration turns out to be a reasonable crite-
rion for analyzing in detail measured densities and, thus, for ultimately
determining the sample temperatures. The findings are discussed in
view of various possible sources of errors.

[1] S. Yong, S. Barbosa, J. Koch, F. Lang, A. Pelster, and A. Widera,
arXiv:2311.08853

Q 324 Wed 15:15 Aula
A quantum engine in the BEC-BCS crossover — eJENNIFER

Kocnu', Keerrny MENON?, ErLoisa CugsTtas?3, SiaAN Barposal,

Eric Lutz*, THomAs Focarry?, ThHomas Buscu?, and ARTUR
WipeErA! — Department of Physics and Research Center OPTI-
MAS, RPTU Kaiserslautern-Landau, Germany — 20IST Graduate
University, Onna, Japan — 3Enrique Gaviola Institute of Physics, Cér-
doba, Argentina — “Institute for Theoretical Physics I, University of

Stuttgart, Germany

Heat engines convert thermal energy into mechanical work both in the
classical and quantum regimes. However, quantum theory offers gen-
uine nonclassical forms of energy, different from heat, which so far have
not been exploited in cyclic engines to produce useful work. In this
talk, I will discuss a recently realized quantum many-body engine fu-
elled by the energy difference between fermionic and bosonic ensembles
of ultracold particles that follows from the Pauli exclusion principle [1].
We employ a harmonically trapped superfluid gas of 6Li atoms close to
a magnetic Feshbach resonance, which allows us to effectively change
the quantum statistics from Bose-Einstein to Fermi-Dirac by tuning
the gas between a Bose-Einstein condensate of bosonic molecules and
a unitary Fermi gas (and back) through a magnetic field. The talk
will focus on the quantum nature of such a Pauli engine. Additionally,
I will present the pressure-volume diagram of the new kind of engine
and show how the engine behaves after multiple cycles. Our findings
establish quantum statistics as a useful thermodynamic resource for
work production. [1] J. Koch et al., Nature 621, 723 (2023)

Q 32.5 Wed 15:30 Aula
A generalized formalism to describe multi-channel Hartree-
Fock-Bogoliubov interactions in fermionic systems — eNikoLAI
KascHEwsKI!, AXEL PeLSTER!, and CarLos A. R. SA pE MEgLO?2
— 1Physics Department and Research Center OPTIMAS, RPTU
Kaiserslautern-Landau, Germany — 2School of Physics, Georgia In-
stitute of Technology, Atlanta, USA

A simplified description of fermionic systems relies on the Hartree-
Fock-Bogoliubov (HFB) approximation, where the interaction is de-
composed into distinct channels. However, an major issue with this
procedure is that the separation between the channels is somewhat ar-
bitrary. In some cases, only one interaction channel is considered, e.g
the pairing channel in the BCS theory and the BCS-BEC crossover, or
in other cases, two different interaction channels are artificially sepa-
rated like in the Jellium model. In this talk, we present a generalized
self-consistent theory by using weighting parameters for each chan-
nel. Our approach removes the arbitrariness of channel separation and
provides a minimization principle for the optimal partitioning. We
present this formalism for any type of spatially non local potentials
without memory and derive the respective HFB self-consistency equa-
tions on a mean-field level and show how inter-channel interactions
arise. We illustrate the power of our technique with a simple example
before showing on a formal level how to include pairing, density, and
exchange fluctuations simultaneously without miscounting or double-
counting states.

Q 32.6 Wed 15:45 Aula
The role of particle-hole interactions and effective ranges
in homogeneous Fermi fluids Nikoral Kascuewski!, AXEL
PeLsTER!, and eCarLOs A. R. SA pE MEL0? — 1Physics Depart-
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ment and Research Center OPTIMAS, RPTU Kaiserslautern-Landau,
Germany — 2School of Physics, Georgia Institute of Technology, At-
lanta, USA

The standard theoretical method for studying fermionic superfluidity
is based on the description of interactions in terms of pairing and on the
identification of a superfluid order parameter. Only particle-particle
(pp) processes are included that form Cooper pairs which then per-
form Bose-Einstein condensation. Particle-hole (ph) processes are only
sparsely considered. One example are the ph fluctuations of Gor’kov
and Melik-Barkhudarov that lowers the condensation temperature [1].
On this poster, we present a self-consistent mean-field theory for BCS
superfluidity that includes pp and ph processes simultaneously through
a weighted partitioning of states that produce and inhibit pairing. We
obtain non-perturbative corrections due to ph scattering, which require
an effective range expansion [2]| in order to get physical results. The
theory generalizes the BCS mean field theory, makes connections to
effective-range mean-field effects [3]. Our preliminary results set the
stage for the simultaneous exploration of fluctuations in the pp and ph
channels [1] in the BCS-BEC crossover.

[1] L.P. Gor’kov, T.K. Melik-Barkhudarov, Sov. Phys. JETP 13,
1018 (1961) [2] H. A. Bethe, Phys. Rev. 76, 38 (1949) [3] S. Mal and
B. Deb, J. of Phys. B 55, 035301 (2022)

Q 32.7 Wed 16:00 Aula
Topological pumping induced by interactions — KONRAD
VIEBAHN!, ANNE-SOPHIE WALTER!, ERIC BERTOK?, z1JIE ZHU!, MAR-
1US GACHTER!, ARMANDO A. ALIGIA®, FABIAN HEIDRICH-MEISNER?, and
TILMAN ESSLINGER! — !Institute for Quantum Electronics & Quantum
Center, ETH Zurich, 8093 Zurich, Switzerland — 2Institute for The-
oretical Physics, Georg-August-Universitdt Gottingen, 37077 Gottin-
gen, Germany — 3Instituto de Nanociencia y Nanotecnologia CNEA-
CONICET, Centro Atomico Bariloche and Instituto Balseiro, 8400
Bariloche, Argentina

A topological "Thouless’ pump represents the quantised motion of par-
ticles in response to a slow, cyclic modulation of external control pa-
rameters. The Thouless pump, like the quantum Hall effect, is of
fundamental interest because it links physically measurable quanti-
ties, such as particle currents, to geometric properties which can be
robust against perturbations and thus technologically useful. Here we
observe a Thouless-type charge pump in which the particle current
and its directionality inherently rely on the presence of strong inter-
actions. Experimentally, we utilise fermionic atoms in a dynamical
superlattice which traces a pump trajectory that remains trivial in the
non-interacting limit. Remarkably, the transferred charge in the in-
teracting system is half of its usual value in the non-interacting case,
in agreement with matrix-product-state simulations. Our experiments
suggest that Thouless charge pumps are promising platforms to gain
insights into interaction-driven topological transitions and topological
quantum matter.

Q 32.8 Wed 16:15 Aula
Kapitza-Dirac scattering of strongly interacting Fermi gases
— eMax HacumanN!, Yann Kierer!:2, and ANDREAS HEMMERICH!
— Universitit Hamburg, Hamburg, Deutschland — 2ETH, Ziirich,
Schweiz

We experimentally probe properties of interacting spin-mixtures of
fermionic (40K) atoms by studying their interaction with light. An
elementary scattering scenario is resonant Bragg diffraction, also re-
ferred to as Bragg spectroscopy, where matter is diffracted from a
onedimensional (1D) optical standing wave. A Feshbach resonance
is used to tune the interactions across the entire BEC-BCS crossover
regime, including the point of unitarity. With the preparation schemes
available in our experiment, the scattering lengths can be dynamically
tuned, such that either repulsively bound molecular dimers (Feshbach
molecules) or pairs of unbound fermions can be studied. To bench-
mark our scattering protocol, we apply it to a sample of spin-polarized
non-interacting fermionic atoms and study the dynamical behaviour.
In this case, a simple model using a time-dependent Schrédinger equa-
tion yields surprisingly accurate results, well matching the experimen-
tal observations. For spin-mixtures in the unitarity regime, the higher
order diffraction peaks are observed to disappear with no conclusive
theoretical description presently available.
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Q 33: Open Quantum Systems

Time: Wednesday 14:30-16:30

Q 33.1 Wed 14:30 HS 1199
Multimode-cavity picture of non-Markovian waveguide QED
— Luca FeriaLpi!, eDario CiLLUurFo?, G. MassiMo Parmal:3,
GrusepPE CaLAJd?, and FrRancesco CiccareLLob3 — 1Universita
degli Studi di Palermo, Dipartimento di Fisica e Chimica Emilio Segre,
via Archirafi 36, 1-90123 Palermo, Italy — 2Institut fiir Theoretische
Physik and IQST, Albert-Einstein-Allee 11, Universitat Ulm, 89069
Ulm, Germany — 3NEST, Istituto Nanoscienze-CNR, Piazza S. Sil-
vestro 12, 56127 Pisa, Italy — Istituto Nazionale di Fisica Nucleare
(INFN), Sezione di Padova, 1-35131 Padova, Italy

We introduce a picture to describe and intrepret waveguide-QED prob-
lems in the non-Markovian regime of long photonic retardation times
(resulting in delayed coherent feedback). The framework is based on an
intuitive spatial decomposition of the waveguide into blocks. Among
these, the block directly coupled to the atoms embodies an effective
lossy multimode cavity leaking into the rest of the waveguide (in turn
embodying an effective white-noise bath). The dynamics can be ap-
proximated by retaining only a finite number of cavity modes that yet
eventually grows with the time delay. The picture allows to explicitly
connect emission properties subject to feedback to the standard Purcell
effect in a cavity, both in the usual bad-cavity limit and beyond, thus
providing an explicit link between waveguide QED and cavity QED.

Q 33.2 Wed 14:45 HS 1199
Landau-Zener dynamics in the presence of a non-Markovian
reservoir — eRAPHAEL MENU and GiovaANNA MoRriGr — Universitédt
des Saarlandes, Saarbriicken, Germany

We analyse the Landau-Zener dynamics of a qubit, which is simul-
taneously coupled to a dissipative auxiliary system. By tuning the
coupling, the qubit dynamics ranges from a dephasing master equa-
tion to a strongly coupled qubit-auxiliary system, which is effectively
a non-Markovian reservoir for the qubit. We determine the quantum
trajectories in the different regimes . For each regime we analyse the
distribution of each trajectory in terms of the time-dependent probabil-
ity of a diabatic transitio. Depending on the strength of the coupling,
we observe multipeaked configurations, which undergo transitions to
narrow distributions. These transitions are signalled by a higher prob-
ability that a jump occurs. The behavior of the probability of a quan-
tum jump as a function of the coupling and of the time of the sweep,
in turn, allows us to shed light on the stages of the dynamics when the
environment is detrimental and when instead it corrects diabatic tran-
sition. It shows, in particular, that memory effects can be beneficial.
It further sheds light on the role of pausing in annealing and when it
is advantageous.

Q 33.3 Wed 15:00 HS 1199
Dynamically Emergent Quantum Thermodynamics: The
Non-Markovian Otto Cycle oIRENE ADA PicaTosTr!,
ALESSANDRA  Corral, and HeiNnz-PeTER  BREUER!:2
I Physikalisches Institut, Universitit Freiburg, Hermann-Herder-Strafe
3, D-79104 Freiburg, Germany — 2EUCOR Centre for Quantum
Science and Quantum Computing, University of Freiburg, Hermann-
Herder-Strafte 3, D-79104 Freiburg, Germany

Using an open-system approach to quantum thermodynamics at arbi-
trary coupling [1] we study the Otto cycle in the strong-coupling and
non-Markovian regimes [2]. Our investigation is based on the exact
treatment of the dynamics of the system when coupled to a thermal
reservoir, which we describe employing the Fano-Anderson model. We
study the effects of strong coupling and a structured environment, and
find that a non-Markovian bath can exchange both heat and work with
the system. We identify a regime of enhanced efficiency occurring when
the peak of the spectral density is located within the frequency range
of the cycle, and explain this through an analysis of the renormalized
frequencies emerging from the system-bath interaction.

[1] A. Colla and H.-P. Breuer, Open-system approach to nonequi-
librium quantum thermodynamics at arbitrary coupling, May 2022,
10.1103/PhysRevA.105.052216.

[2] I. A. Picatoste, A. Colla and H.-P. Breuer, Dynamically Emer-
gent Quantum Thermodynamics: Non-Markovian Otto Cycle, Aug
2022, axXiv: 2308.09462 [quant-ph].

Q 33.4 Wed 15:15 HS 1199
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Location: HS 1199

Thermodynamic behaviour of giant artificial atoms with non-
Markovian thermalization — eMg!r Yu, H. Cuau NGUYEN, and
STEFAN NIMMRICHTER — University of Siegen, Siegen, Germany

Superconducting qubits, when coupled to either a meandering trans-
mission line or to surface acoustic waves, enable the creation of giant
artificial atoms. These artificial atoms, if connected to a waveguide
through multiple separated contacts, can be made to interact with a
travelling bosonic field at multiple points in time. This results in a
tailored memory effect and non-Markovian dynamics that has been
demonstrated experimentally [1]. We investigate scenarios in which
one or more giant atoms couple to thermally excited waveguide ra-
diation via multiple contacts, leading to non-Markovian equilibration
processes. We then apply such setups in case studies of non-Markovian
heat transport and refrigeration between independent thermal reser-
voirs

[1] G. Andersson, B. Suri, L. Guo, T. Aref, and P. Delsing, Non-
exponential decay of a giant artificial atom, Nature Physics 15, 1123
(2019).

Q 33.5 Wed 15:30 HS 1199
Thermodynamic role of general environments: from heat
bath to work reservoir — e ALESSANDRA CoLrLA and HEINZ-PETER
BrEUER — Institute of Physics, University of Freiburg, Hermann-
Herder-Strafe 3, D-79104 Freiburg, Germany

Environments in quantum thermodynamics usually take the role of
heat baths. These baths are Markovian, weakly coupled to the sys-
tem, and initialized in a thermal state. Whenever one of these proper-
ties is missing, standard quantum thermodynamics is no longer suit-
able to treat the thermodynamic properties of the system that result
from the interaction with the environment. Using a recently proposed
framework for open system quantum thermodynamics at arbitrary cou-
pling regimes [1], we show that within the very same model (a Fano-
Anderson Hamiltonian) the environment can take three different ther-
modynamic roles: a standard heat bath, exchanging only heat with
the system, a work reservoir, exchanging only work, and a hybrid en-
vironment, providing both types of energy exchange. The exact role
of the environment is determined by the strength and structure of the
coupling, and by its initial state.
[1] A. Colla, H.-P. Breuer, Physical Review A 105, 052216 (2022)

Q 33.6 Wed 15:45 HS 1199
non-Markovian processes might behave like Markov processes
— ®BILAL CANTURK and HEINZ-PETER BREUER — Institute of Physics,
University of Freiburg, Hermann-Herder-Strafte 3, D-79104 Freiburg,
Germany

The Chapman-Kolmogorov equation is generally considered to be the
main characteristic of Markov processes. However, we have shown by
construction that there are also non-Markovian processes that satisfy
the Chapman-Kolmogorov equation. This evidence allows us to further
clarify the distinction between Markov and non-Markovian processes in
both classical and quantum systems. In addition, our results allow us
to construct some specific non-Markovian processes, called P-divisible
processes.

Q 33.7 Wed 16:00 HS 1199
Characterizing the time dependence of quantum gates —
Avressio BELENcHIA!, DANIEL Braun!, Giovannt GRAMEGNAZ, and
eSTaNISLAW SorTaN! — 1Eberhard Karls Universitit Tiibingen,
Tiibingen, Deutschland — 2Universita degli Studi di Bari Aldo Moro,
Bari, Italien

Current state-of-the-art quantum computers exhibit some non-
markovian memory effects that make the actual quantum gates devi-
ate from the ideal case. Characterization of such errors is an ongoing
challenge. Successfully addressing this challenge could enable the cor-
rection of errors or, alternatively, harness these effects to enhance the
control of qubits’ states and for dissipative-based computation. We
analyze the possible generalization of long sequence gate set tomogra-
phy that takes into account the possible time dependence of quantum
gates. A form of time dependence must be assumed and we derived
it from the post-markovian master equation. The time dependence
of the gates is taken to be explicit in the case of the simplest models
of the memory effects. For more complex ones, it is reformulated as



Freiburg 2024 — Q

Wednesday

the time-independent interaction between the system of interest and
auxiliary virtual qubits.

Q 33.8 Wed 16:15 HS 1199
Stochastic unraveling of pseudo-Lindblad equations
eToBias BECkER and ANDRE EckKARDT — Institut fiir Theoretische
Physik, Technische Universitat Berlin, Hardenbergstrasse 36, 10623
Berlin, Germany

For the efficient simulation of open quantum systems we often use
quantum jump trajectories given by pure states that evolve stochasti-
cally to unravel the dynamics of the underlying master equation. In

Q 34: Color

Time: Wednesday 14:30-16:15

Invited Talk Q 34.1 Wed 14:30 HS 1221
Optically addressable nuclear spin registers with V2 center in
4H-SiC — eVabpiMm VoroBEV — University of Stuttgart, Stuttgart,
Germany

The V2 center is a promising platform for spin photon interface, with
tolerable optical coherent properties in nanostructures with up to 20K
temperature working conditions.

This becomes handy with extensive microwave and radiofrequency-
based manipulation methods for controlling the nuclear spins.

The current progress with the detection of up to 5 nuclear spins
and extensive characterization of their hyperfine tensor and control
parameters will be presented. Finally, an outlook of potential ways to
improve the technology will be presented.

Q 34.2 Wed 15:00 HS 1221
Implementation of the SUPER coherent control scheme
with a tin-vacancy color center in diamond — eMUSTAFA
Gokgel!, CeM GUNEY Torun!, THomas K. Bracur?, MARI-
ANO Isaza Monsawviel!, SArRaH BENBoUABDELLAH!, OzcUrR OzaN
NacitaruaN!, Marco E. Stucki':3, GReEGor PiepLow!, ToMmAaso
PrecNoLaTO!3, Josepu H. D. Munns!, Doris E. Rerrer?, and
T ScHrRODERD? — 'Humboldt University of Berlin, Berlin, Ger-
many — 2University of Miinster, Miinster, Germany — 3Ferdinand-
Braun-Institute, 12489 Berlin, Germany — *Technical University
Dortmund, Dortmund, Germany

The creation of coherent single photons for quantum applications re-
quires deterministic excitation, realized by resonant excitation. How-
ever, a challenge is filtering spectrally overlapping the excitation laser
from emitted single photons. One method for separation is using cross-
polarization microscopy, which results in 50% loss of emitted photons.
A novel method of coherent excitation called the swing-up of the quan-
tum emitter population (SUPER) has been introduced. This method
incorporates two-color nonresonant pulses achieving full inversion to
the excited state. The SUPER method enables spectral filtering. To
implement the SUPER method, we built a spectral pulse engineering
setup, which tailors pulses with desired spectral shapes. We demon-
strate coherent single photon emission using non resonant pulses and
replicate our results using a theoretical model. We employ this method
using pulses in the picosecond pulse duration regime and pave the way
for utilization of these gates for the investigation of ultrafast processes.

Q 34.3 Wed 15:15 HS 1221
Color centers in silicon carbide integrated into a fiber-based
Fabry-Pérot microcavity — eJANNIs HESSENAUER', JONATHAN

KORBER2, MAXIMILIAN PaLLMANN!, Jawap Ur-Hassan3, GEorcy

Astaknov?, FLoriaN Kaiser®, JOrc WRAcHTRUP?, and Davip
Huncer! — !Physikalisches Institut, Karlsruher Institut fiir Tech-
nologie, Germany — 23rd Institute of Physics, University of

Stuttgart, Germany — 3Department of Physics, Chemistry and Bi-
ology, Linképing University, Sweden — *Helmholtz-Zentrum Dresden-
Rossendorf, Institute of Ion Beam Physics and Materials Research,
Dresden, Germany — °MRT Department, Luxembourg Institute of
Science and Technology & Department of Physics and Materials Sci-
ence, University of Luxembourg, Belvaux, Luxembourg

Color centers in silicon carbide (SiC) have recently emerged as promis-
ing solid-state spin-photon interfaces. Among those, the two negatively
charged silicon vacancy centers in 4H-SiC have been studied exten-
sively, and showed narrow optical linewidths close to the lifetime limit.
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the Markovian regime, when the dynamics is described by a Gorini-
Kossakowski-Sudarshan-Lindblad (GKSL) master equation, this pro-
cedure is known as Monte Carlo wave function (MCWF) approach.
However, beyond ultraweak system-bath coupling, the dynamics of
the system is not described by an equation of GKSL type, but rather
by the Redfield equation, which can be brought into pseudo-Lindblad
form. Here negative dissipation strengths prohibit the conventional
approach. To overcome this problem, we propose a pseudo-Lindblad
quantum trajectory (PLQT) unraveling. It does not require an effec-
tive extension of the state space, like other approaches, except for the
addition of a single classical bit.

Centers Il

Location: HS 1221

In this work, we integrate a few micron-thick SiC membrane with color
centers into a cryogenic fiber-based Fabry-Pérot-resonator. We char-
acterize the cavity performance and observe a high finesse, indicating
low losses introduced by the membrane. We study the complex mode
dispersion stemming from the hybridization of the membrane with the
empty cavity and the strong birefringence of the material. Finally, we
observe cavity-coupled emission of color centers by tuning the cavity
resonance over a spectral region while monitoring the fluorescence.

Q 34.4 Wed 15:30 HS 1221
Quantum Non-linear Optics with Diamond Color Cen-
ters in Fiber-based Microcavities — eJuLius FiscHER!, YANIK
HERRMANNY, JuLiA M. BREVOORD!, COLIN SAUERZAPF!, LEONARDO
G. C. WienHoVEN!, Laurens J. FEuE!, MarTteo Pasini!, MARTIN
EscHEN2) MaximiLIAN RUF!, MaTTHEW J. WEAVER!, and RONALD
Hanson! — 'QuTech and Kavli Institute of Nanoscience, Delft Uni-
versity of Technology, 2628 CJ Delft, The Netherlands — 2Netherlands
Organisation for Applied Scientific Research (TNO), P.O. Box 155,
2600 AD Delft, The Netherlands

Quantum networks are promising for applications such as secure com-
munication and distributed quantum computing. Diamond color cen-
ter qubits like the Tin-Vacancy (SnV) center are excellent node can-
didates, but they have limited collectable coherent photon emission.
Integration into a tunable, open microcavity can boost collection and
coherent emission via the Purcell effect. We report on our results of
coupling individual SnV centers to the microcavity. We achieve signif-
icant Purcell-enhancement, evidenced through lifetime reduction and
linewidth broadening and demonstrate the first SnV-induced cavity
transmission dip, which reaches 50 % on resonance. This effect is
characterized depending on cavity detuning and probe power, and we
show bunching in the photon statistics of the transmitted light. A
detailed quantum optical model is used to explain the data. These
results outline a key element for cavity quantum optics experiments
and for efficient spin-photon interfaces.

Q 34.5 Wed 15:45 HS 1221
Heralded initialization of charge state and optical transition
frequency of diamond tin-vacancy centers — eJurLiA MARIA
BrEVOORD, LorENzO DE SanTis, TAKASHI YAMAMOTO, MATTEO
Pasini, Nina Copreanu, Tim TuraN, Hans BEUKERS, CHRISTO-
PHER Waas, and RoNAaLD HansoN — QuTech and Kavli Institute of
Nanoscience, Delft University of Technology, Delft 2628 CJ, Nether-
lands

Diamond Tin-Vacancy centers have emerged as a promising platform
for quantum information science and technology. A key challenge for
their use in more complex quantum experiments and scalable appli-
cations is the ability to prepare the center in the desired charge state
with the optical transition at a pre-defined frequency. Here we report
on heralding such successful preparation using a combination of laser
excitation, photon detection, and real-time logic. We verify the power
of this method by measuring strongly improved quantum optical per-
formance, showing its direct relevance for future quantum applications
that rely on photon interference such as remote entanglement genera-
tion.

Q 34.6 Wed 16:00 HS 1221
Electron-Phonon Coupling of Mechanically Isolated Defect
Centers in Hexagonal Boron Nitride — ePATRICK MAIER,
MicHAEL KocH, and MicHAEL HOsE — Universitdt Ulm
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Single Photon emitters are a crucial resource for novel quantum optic
technologies. Hosted quantum emitters in hexagonal Boron Nitride
(hBN) are promising candidates for the integration into hybrid quan-
tum systems, which can be used in upcoming quantum optic technolo-
gies. One type of such emitter has shown the remarkable property of
Fourier transform limited optical linewidth at cryogenic temperatures
and even up to room temperature. [1,2]. This characteristic can be

traced back to out-of-plane emitters, which do not couple to in-plane
phonon modes. That leads to mechanical isolation of the defect cen-
ters orbitals [3]. Here, we present our most recent results towards
understanding the origin of this mechanical decoupling.

[1] A. Dietrich et al., Physical Review B, Vol. 98 (2018) [2] A. Di-
etrich et al., Physical Review B, Vol. 101 (2020) [3] M. Hoese et al.,
Science Advances, Vol. 6 (2020)

Q 35: Quantum States of Light

Time: Wednesday 14:30-16:30

Invited Talk Q 35.1 Wed 14:30 HS 3118
Quantum correlations in the phase space — MARTIN BouMANN?,
JAN SPERLINGZ, NicoLa Biacr®®, ALESSANDRO ZavaTTa®4, MARCO
BeLLINI3®, and eEL1zABETH AcUDELO® — !Quantum Technology
Laboratories GmbH, 1100 Vienna, Austria — 2PhoQS, Paderborn Uni-
versity, 33098 Paderborn, Germany — 3CNR-INO, 50125 Florence,
Ttaly — 4QTI S.r.1., 50125 Florence, Italy — ?LENS and Department
of Physics and Astronomy, University of Firenze, 50019 Florence, Italy
— 6TU Wien, Atominstitut, 1020 Vienna, Austria

Today, we are utilizing quantum physics to propel advancements in
quantum information science and technology, yet there remain unan-
swered fundamental inquiries about the nature of quantum and its
ability to exceed classical boundaries. Our strategy includes charac-
terizing physical systems within phase space. In my presentation, I
will examine the boundary between quantum and classical realms, in-
troducing innovative, mathematically robust techniques for practical
applications. These methods offer distinct insights into what differen-
tiates the classical world from the quantum domain, and also facilitate
the characterization of quantum states of light. For instance, we will
confirm effects that surpass classical correlations using a theory that
is friendly to experimental settings. We will showcase cutting-edge
techniques for differentiating between classical and quantum phenom-
ena that coexist in quantum optics experiments. This involves intro-
ducing concepts like nonclassicality quasiprobabilities and phase space
inequalities, and investigating quantum effects in correlated systems,
including hybrid systems.

Q 35.2 Wed 15:00 HS 3118
Quantum and Classical Information Flow in Phase Space
— eMoriTz F. RicHTER and HEINZ-PETER BREUER — Institute of
Physics, University of Freiburg, Germany

Exchange of information between an open quantum system and its en-
vironment, especially the backflow of information to the system associ-
ated with quantum notions of non-Markovianity, is a widely discussed
topic for years now [1]. Usually the information flow is quantified by
the increase of suitable distance measures between two initial states of
the open quantum system at hand. However, the same idea can also
be used to identify information backflow in classical systems and their
dynamics in phase space. In the talk we will address how information
backflow of a continuous variable (CV) quantum system can be quanti-
fied by means of its phase space representation - i.e. quasi-probability
distributions - and how this leads to a notion of non-Markovianity us-
ing distance measures between probability distributions representing
classical states in phase space [2]. [1] Breuer H-P, Laine E-M, Piilo J
and Vacchini B; 2016 ”Colloquium: non-Markovian dynamics in open
quantum systems”; Rev. Mod. Phys. 88 021002

[2] Richter M F, Wiedemann R and Breuer H-P; 2022 "Witnessing
non-Markovianity by quantum quasi- probability distributions”; New
J. Phys. 24 123022

Q 35.3 Wed 15:15 HS 3118
Towards Large Schrédinger Cat States with Optical Photons
— eHENDRIK HEGELS, MICHAEL EICHENBERGER, STEPHAN DURR,
and GERHARD REMPE — Max Planck Institute of Quantum Optics,
Hans-Kopfermann-Str. 1, 85748 Garching, Germany

Large Schrodinger cat states allow probing the border between quan-
tum physics and classical physics. At the same time, they provide a
valuable resource for continuous variable quantum computing, quan-
tum communication and quantum error correction schemes. In prac-
tice these applications require Schrédinger cat states with mean photon
number Z 4. There are several experimental demonstrations of optical
cat states, but so far none could reach or even surpass this limit. Here,
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we present an apparatus based on Rydberg-EIT in an atomic ensemble
in an optical cavity that has the potential to overcome this limit and
produce large optical cat states for the first time.

Q 35.4 Wed 15:30 HS 3118
Tailoring the sensitivity of gravitational-wave detectors to
neutron star merger signals with internal squeezing — eNIELS
BoTTNER, MikHAIL KOROBKO, JOE BENTLEY, and ROMAN SCHNABEL
— Institut fiir Quantenphysik und Zentrum fiir Optische Quanten-
technologien der Universitdt Hamburg, Luruper Chaussee 149, 22761
Hamburg, Germany

The observation of gravitational waves from binary neutron star merg-
ers is an excellent opportunity to study them and their fundamen-
tal properties. During the late inspiral, gravitational waves in the
kilohertz-band are generated that contain information about nuclear
matter at extreme densities. However, current gravitational-wave ob-
servatories are not sensitive enough to detect these gravitational waves
because they are limited by quantum noise. Here, we propose to flexi-
bly tune the sensitivity in the kilohertz-band with a new concept called
Twin Recycling Quantum Expander. The design of this concept corre-
sponds to a dual-recycled Fabry-Pérot-Michelson interferometer that
we customized by adding a second recycling cavity to it and by plac-
ing a nonlinear crystal inside the signal recycling cavity to generate
squeezed states of light. The coupled cavity structure and the gener-
ated squeezing improve the signal-to-noise ratio at high frequencies.
We demonstrate that our new concept allows us to increase and tune
the sensitivity in the kilohertz-band, bringing the additional level of
flexibility and enhancement to the existing concepts of future detec-
tors. We anticipate our results to be a valuable new approach for the
design of future gravitational wave detectors.

Q 35.5 Wed 15:45 HS 3118
Photon Bose—Einstein Condensate in a Planar Cavity in
the Thermodynamic Limit — eANDRIS ErcrLis! and STEFAN
Yosul BunMANN2 — 1University of Freiburg, Freiburg, Germany —
2University of Kassel, Kassel, Germany

It has been of general interest to explore the different behaviour of a
Bose—Einstein condensate (BEC) for finite versus infinite systems. For
instance, the critical number of particles in two dimensions diverges
in the thermodynamic limit, while being well-defined for a system of
finite size.

We are investigating the photon BEC inside a two dimensional pla-
nar cavity at the crossover between finite and infinite size, where our
control parameter is the transversal mode spacing. In addition to the
usual primary condensation threshold, we observe arrested condensa-
tion and an emergence of a second critical threshold proportional to the
mode spacing, where the condensate is forming. This result, which we
have derived using an analytical two-mode solutions, is corroborated
by numerical simulations for larger mode numbers.

Q 35.6 Wed 16:00 HS 3118
Creation of Non-Gaussian Quantum States with a GBS-
like device — GIL ZIMMERMANN'2, MARIUS LEYENDECKERDZ,
RENE SONDENHEIMER!2, and FaBIAN STEINLECHNER!2 — 1Friedrich
Schiller University, Jena, Germany — 2Fraunhofer IOF, Jena, Ger-
many

Non-Gaussian quantum states play an important role in quantum in-
formation, quantum computing and quantum sensing. There are many
different protocols to generate different non-Gaussian states. One sys-
tem, which is a generalisation of many of these protocols, is based
on a so-called Gaussian boson sampling (GBS) type device. The ad-
vantage of this is that different non-Gaussian states can be produced
with just one system. The GBS-like device consists of an N-mode lin-
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ear interferometer that can implement any unitary transformation. N
single mode Gaussian quantum states are injected into the interfer-
ometer and N-M modes are measured in the output with the aid of
photon number resolving (PNR) detectors. A resulting quantum state
is present in the remaining M output modes of the interferometer. By
varying the propterties of the input states and the linear interferometer
and considering different outcomes at the PNR detectors, optimisation
algorithms can be designed regarding fidelity and generation probabil-
ity. This allows us to find parameters for the best possible circuit
that generates a specific M-mode non-Gaussian output state. In this
work, a parameter study regarding the GBS-like device is carried out.
For various single and multimode non-Gaussian states, we analyse the
experimental feasibility under the presence of loss.

Q 35.7 Wed 16:15 HS 3118
Gaussian state generation with Gaussian-Boson-Sampling
like setups — eMARIUS LEYENDECKER!'2, GIL ZIMMERMANNDZ,
RENE SoNDENHEIMER!2, and FABIAN STEINLECHNER!2 — 1Friedrich
Schiller University, Institute for Applied Physics, Abbe Center of Pho-

tonics, Jena, Germany — 2Fraunhofer Institute for Applied Optics and

Precision Engineering IOF | Jena, Germany

Non-Gaussian states have numerous applications in quantum compu-
tation, quantum metrology, and quantum communication. It has been
shown that Gaussian Boson Sampling (GBS) devices in combination
with detection post-selection can be used to generate many optical non-
Gaussian states. This is implemented by interfering N input squeezed
states on an N-mode linear interferometer. We study an optimization
algorithm for an M-mode target state depending on the properties of
the input states and the interferometer. These states are heralded
by N-M photon-number resolving measurements on the other output
states. As losses have a substantial influence on the fidelity of the
produced output state, simple interferometer architectures comprising
of only few optical elements, e.g. in a time-bin loop architecture with
one loop, will be analyzed. While in [1] a variety of entangled Gaus-
sian states have been demonstrated in a time-bin loop architecture and
[2] explores the capability of the architecture for GKP states, we will
explore the capabilities of the time-bin architecture for non-gaussian
states with lower demands on experimental resources.

[1] Shuntaro Takeda et al. , DOI:10.1126/sciadv.aaw4530

[2] Takase, K., et al. DOI: 10.1038/s41534-023-00772-y

Q 36: Quantum Metrology and Interference

Time: Wednesday 14:30-16:30

Q 36.1 Wed 14:30 HS 3219
Quantum parameter estimation with many-body fermionic
systems and application to the quantum Hall effect —
OLviErR GIRAUD!, MARK-OLIVER GOERBIGZ, and eDANIEL BrauUN®
— 1Université Paris-Saclay, CNRS, LPTMS, 91405 Orsay, France —
2Université Paris-Saclay, CNRS, Laboratoire de Physique des Solides,
91405 Orsay, France. — 3Institut fiir theoretische Physik, Universitit
Tiibingen, 72076 Tiibingen, Germany

Quantum metrology with electronic sensors requires the description
of the system with a fermionic quantum field theory. To this end,
we calculate the quantum Fisher information for a generic many-body
fermionic system in a pure state depending on a parameter. The pa-
rameter can be imprinted in the basis states, the state coefficients,
or in both. We apply our findings to the quantum Hall effect and
evaluate the quantum Fisher information associated with the optimal
measurement of the magnetic field for a system in the ground state.
Remarkably, the occupation of electron states with high momentum
enforced by the Pauli principle leads to a super-Heisenberg scaling of
the sensitivity with a power law that depends on the geometry of the
sensor.

Q 36.2 Wed 14:45 HS 3219
Entanglement-induced collective many-body interference —
eTommaso FaLeo!, Eric BRUNNER?, JoNATHAN W. WEBB3,
ALEXANDER Pickston®, Josepn Ho®, Grecor WEins!, AN-
DREAS BUCHLEITNER?#, CHRISTOPH DITTEL?*5 GABRIEL DUFOUR?,
ALgessaANDRO FEDRizz1®, and RoBerT KeiL! — lInstitut fiir Exper-
imentalphysik, Universitdt Innsbruck, Technikerstrafte 25, 6020 Inns-
bruck, Austria — 2Physikalisches Institut, Albert-Ludwigs-Universitit
Freiburg, Hermann-Herder-Strafe 3, 79104 Freiburg, Germany —
3Institute of Photonics and Quantum Sciences, School of Engineering
and Physical Sciences, Heriot-Watt University, Edinburgh, EH14 4AS,
UK — 4EUCOR Centre for Quantum Science and Quantum Comput-
ing, Albert-Ludwigs-Universitat Freiburg, Hermann-Herder-Strafte 3,
79104 Freiburg, Germany — °Freiburg Institute for Advanced Studies,
Albert-Ludwigs-Universitat Freiburg, Albertstrafe 19, 79104 Freiburg,
Germany

Entanglement and interference are hallmark effects of quantum
physics, introducing particularly rich dynamics within systems of mul-
tiple (at least partially) indistinguishable particles.

By combining entanglement and many-body interference, we pro-
pose a novel quantum effect to realize genuine N-particle interference.
We experimentally demonstrate this effect in a four-photon interferom-
eter, where a highly visible interference pattern emerges upon the joint
detection of all photons, while interference at lower-order particle cor-
relators is strictly suppressed. The observed interference is a function
of the four-particle collective phase, a genuine four-body property.

Q 36.3 Wed 15:00 HS 3219
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All-optical Bose-Einstein condensate generation for micro-
gravity operation — eJaniNna Hamann!, Jan Sivon Haasgl,
ALEXANDER Fiecurn2, JENs Kruse?, CARSTEN KLEMPT!2, and THE
INTENTAS Team! — lInstitut fiir Quantenoptik, Leibniz Univer-
sitdt Hannover, Welfengarten 1, 30167 Hannover — 2DLR Institut fiir
Satellitengeodéasie und Inertialsensorik, Callinstrafse 30b, 30167 Han-

nover

Atom interferometers are high-precision sensors for amongst others
accelerations, rotations and magnetic fields. Space-borne atom inter-
ferometers promise a wide range of applications from geodesy to fun-
damental tests of physics. Their improved sensitivity due to prolonged
interrogation times benefits from the macroscopic coherence length and
slow expansion rates of Bose-Einstein condensates (BECs). A funda-
mental limit for the precision of Als is the Standard Quantum Limit
(SQL). The SQL can only be surpassed by using entangled ensembles
of atoms in the interferometer. The INTENTAS project is designed as
a source of entangled atoms that can be operated on a microgravity
platform. To demonstrate sensitivity beyond the SQL rubidium atoms
are cooled to a BEC, entangled with each other and detected with high
precision. Evaporative cooling of the atoms is performed in a novel,
robust crossed-beam optical dipole trap for all-optical BEC generation.
In this talk the status of the project will be presented which includes
characterization of the atom source on ground and first efforts towards
the initial flight.

Q 36.4 Wed 15:15 HS 3219
Optimal Ramsey interferometry with echo protocols based on
one-axis twisting — eMaJja ScHarRNAcL!, Timm KieLinskiZ, and
KreMENS HaMmMERER? — lInstitute for Theoretical Physics, Leib-
niz University Hannover, Appelstrasse 2, 30167 Hannover, Germany
— 2Institute for Theoretical Physics and Institute for Gravitational
Physics (Albert-Einstein-Institute), Leibniz University Hannover, Ap-
pelstrasse 2, 30167 Hannover, Germany

We study a variational class of generalized Ramsey protocols that in-
clude two one-axis twisting (OAT) operations, one performed before
the phase imprint and the other after. In this framework, we opti-
mize the axes of the signal imprint, the OAT interactions, and the
direction of the final projective measurement. We distinguish between
protocols that exhibit symmetric or antisymmetric dependencies of the
spin projection signal on the measured phase. Our results show that
the quantum Fisher information, which sets the limits on the sensi-
tivity achievable with a given uniaxially twisted input state, can be
saturated within our class of variational protocols for almost all initial
twisting strengths. By incorporating numerous protocols previously
documented in the literature, our approach creates a unified frame-
work for Ramsey echo protocols with OAT states and measurements.

Q 36.5 Wed 15:30 HS 3219

Exploring few-shot quantum metrology with photonic qubits
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1, 2

— eLukas RockLe!2, JakoB Buppe!?, and STEFANIE Barz!l:
Hnstitute for Functional Matter and Quantum Technologies, Universi-
tity of Stuttgart, 70569 Stuttgart, Germany — 2Center for Integrated
Quantum Science and Technology (IQST), Universitity of Stuttgart,
70569 Stuttgart, Germany

The use of quantum states for metrology tasks has been proven to
surpass classical limits on the precision of estimating parameters. Re-
cently, the framework of probably approzimate correct (PAC) metrology
has been introduced [1]. It not only enables the estimation of a pa-
rameter in an arbitrarily big parameter space without prior knowledge,
but also gives bounds for few- and single-shot metrology settings. It
thus bridges the rather theoretical case of performing infinitely many
measurements and practical metrology tasks.

Here, we present experimental results in a photonic metrology set-
ting. We show how to use different states and measurements and how
for each case to optimize the prediction strategy of the parameter that
shall be estimated. Our work shows how to implement the given new
framework of PAC metrology and thus helps improving the precision
of applications that only allow for a few measurements, e.g. when
measuring fast varying systems.

[1] Meyer et. al, arXiv-preprint, arXiv:2307.06370 (2023)

Q 36.6 Wed 15:45 HS 3219
Microcombs for Digital Holography — eSTEPHAN AMANN!,
Epoarpo VICeNTINI?, Binaxin Xul, Yane He?, THeopor W.
Hinscu!, Qianc Lin3, Kerry Vanara?, and NaTtuaLie Picquel®
— IMax Planck Institute of Quantum Optics, Garching, Ger-
many — 2CIC nanoGUNE BRTA, Donostia-San Sebastian, Spain —
3Department of Electrical and Computer Engineering, University of
Rochester, Rochester, New York, USA — 4T.J. Watson Laboratory
of Applied Physics, California Institute of Technology, Pasadena, Cal-
ifornia, USA — 5Max-Born Institute for Nonlinear Optics and Short
Pulse Spectroscopy, Berlin, Germany

Digital holography is a versatile lensless three-dimensional imaging
technique that allows access to the amplitude and phase information
of microscopic samples with interferometric precision. We report on
microcombs, broad optical spectra consisting of phase-coherent narrow
lines which are generated in a high-Q optical microresonator, as novel
sources for digital holography. We generate a microcomb of 100 GHz
line spacing in a lithium niobate microresonator by pulsed-pumping,
which facilitates the reliable control of the line spacing. The combined
information of all lines allows to increase the unambiguous axial range
of the object reconstruction from less than a micrometer to 1.5 mil-
limeter. Due to their broad spectral bandwidth and large line spacing

on the order of hundreds of GHz, microcombs enable the precise imag-
ing of millimeter-sized objects at fast measurement times. Envisioned
applications range from nanometer-precision surface profilometry to
hyperspectral microparticle analysis.

Q 36.7 Wed 16:00 HS 3219
Reducing Schmidt mode cross-overlap inside SU(1,1) inter-
ferometers — eDENNIS SCHARWALD and PoLINA SHARAPOVA — De-
partment of Physics, Paderborn University, Warburger Strafte 100, D-
33098 Paderborn, Germany

One of the central challenges in quantum metrology is improving the
quality of interferometers, for example measured by their phase sen-
sitivity. Classical interferometers operating with coherent light are
bound in their sensitivity by the shot noise limit (SNL), while nonlin-
ear SU(1,1) interferometers may surpass it and reach the Heisenberg
scaling. [1]

In our recent work [2], we use the numerical approach of integro-
differential equations for the description of the parametric down-
conversion (PDC) process to show that using an appropriately shaped
mirror makes it possible to easily surpass the SNL in an SU(1,1) inter-
ferometer (“compensated” setup). In this work, we aim to extend the
discussion presented therein by analyzing the overlap of the Schmidt
modes and show how cross-coupling between modes of the two PDC
sections is eliminated in the compensated setup. As a consequence,
this leads to an improvement of the quality of the interferometer visi-
ble from the supersensitivity at high parametric gain.

[1] M. Manceau et al., New J. Phys. 19, 013014 (2017)
[2] D. Scharwald et al., Phys. Rev. Res. 5, 043158 (2023)

Q 36.8 Wed 16:15 HS 3219
Lateral shear interferometry for shape accuracy measure-
ments of 3D-printed micro-optics — eYanqQiu Zuaol 2, LEANDER
SiecLE!2, and HARALD GiesseEn'>2 — 14th Physics Institute, Univer-
sity of Stuttgart, Stuttgart, Germany — 2Stuttgart Research Center
of Photonic Engineering, Stuttgart, Germany

We compare several methods of lateral shear interferometry to assess
the shape accuracy of 3D-printed micro-optics. Different aberrations
are added deliberately to the lens design of the 3D-printed micro-optics
and accuracy of the interferometric methods is evaluated. Accuracies
up to lambda/100 can be reached for micro-optics with 140 microm-
eter diameter and around 570 micrometer focal lengths. Using gray
scale lithography, 3D-printing aspherical singlets with RMS wavefront
aberrations of only 0.01 lambda is realizable.

Q 37: Poster Il

Time: Wednesday 17:00-19:00

Q37.1 Wed 17:00 Tent B

A cryo-compatible, high-finesse all-fibre microcavity
for REI spectroscopy — eNicHoLas JosBirT!'4, JaANNIS
HesseNnaUERD4, Evcents  VasiLenko??, Visanu Unni C.14,
BARBORA BRraAcHNAKova®%, SeEnTHIL Kuppusamy234, Mario

2,3,4 2,3,4

RuUBEN , and Davib HUNGER — 1Physikalisches Institut —
2Institut fiir Quanten Materialien und Technologien — 3Institute of
Nanotechnology — “Karlsruher Institut fiir Technologie, Karlsruhe,
Germany

Quantum technologies promise to enhance our current classical com-
puting and communication infrastructure. Rare-earth ion (REI) based
solid-state systems are ideal for this purpose due to the exceptional op-
tical (4 ms) and spin (6 h) coherence times of their 4f — 4f transitions.
However, key obstacles encountered while developing an efficient light-
matter interface for quantum technologies using REI based solid-state
systems are their long optical lifetimes (T1,0p¢ ~ms) and low branching
ratios (<1%). Both these obstacles can be remedied by the integra-
tion of such systems into Fabry-Pérot microcavities. Here we present
the development and testing of a cryo-compatible, high-finesse all-fibre
microcavity designed for the purpose of REI spectroscopy. The cavity
is largely monolithic in design with a single controllable degree of free-
dom, which reduces the mechanical noise present in the system (rms
= 430 fm at cryogenic temperatures) and therefore allows us to max-
imise the Purcell-factor. Additionally, high quality (rms ~1 nm) Eu3+
based crystalline organic molecules have been grown onto fibre-end
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facets, suitable for integration into the cavity.

Q372 Wed 17:00 Tent B
Spatial Confinement of Atomic Excitation by Composite
Pulses in Pr:YSO — eNikLs Josepu!, Markus StaBeL!, Niko-
LAY VitaNov?, and THoMmas HALFMANN! — Institut fiir Angewandte
Physik, Technische Universitit Darmstadt, Germany — 2Department
of Physics, St. Kliment Ohridski University of Sofia, Bulgaria

We experimentally demonstrate spatial confinement of atomic excita-
tion by narrowband composite pulse sequences in Pr:YSO. In partic-
ular, we implement a variety of previously proposed sequences and
compare their performance. We achieve population transfer that is
spatially confined to an area significantly smaller than the diameter of
the driving Gaussian-shaped laser pulses. Our experimental data agree
well with a numerical simulation and confirm that the confinement im-
proves with the number of pulses in the sequence. However, we find
that inhomogeneous broadening in Pr:YSO reduces the performance,
i.e., leading to the formation of additional rings around the localized
centre. A theoretical treatment, confirmed by experiments, shows that
the perturbing effect can be reduced by carefully choosing experimental
parameters. Our experiments prove that narrowband composite pulses
are a versatile tool to localize atomic excitation, potentially also below
the diffraction limit. This could also be of relevance to quantum com-
putation, as further generalized composite sequences enable arbitrary
quantum gate operations in precisely confined spatial regions.
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Q 37.3 Wed 17:00 Tent B
Getting topological invariants from snapshots: a protocol
for defining and calculating topological invariants of systems
with discrete parameter space — eYoujianGg XU and WALTER
HorsTETTER — Goethe-Universitéat, Institut fiir Theoretische Physik,
Frankfurt am Main, Germany

Topological invariants, including the Chern numbers, can topologically
classify parameterized Hamiltonians. We find that topological invari-
ants can be properly defined and calculated even if the parameter space
is discrete, which is done by geodesic interpolation in the classifying
space. We specifically present the interpolation protocol for the Chern
numbers, which can be directly generalized to other topological invari-
ants. The protocol generates a highly efficient algorithm for numerical
calculation of the second and higher Chern numbers, by which arbi-
trary precision can be achieved given the values of the parameterized
Hamiltonians on a coarse grid with a fixed resolution in the parameter
space. Our findings also open up opportunities to study topology in
finite-size systems where the parameter space can be naturally discrete.

Q374 Wed 17:00 Tent B
Dissipative stabilization of molecular rotational states against
blackbody radiation and spontaneous decay — eBRANDON
FUreEY, MARIANO MONSALVE, ZHENLIN WU, STEFAN WALSER, ELYAS
MarTivi, RENE NARDI, and PHILIPP SCHINDLER — Universitidt Inns-
bruck

Novel quantum information encoding schemes are possible in the ro-
tational degrees of freedom in molecules which are not available in
atoms.[1] However, these codes are vulnerable to rotational transitions
induced by the environment; namely, blackbody radiation and spon-
taneous decays. Encoding in a single rotational manifold may enable
protection against such decoherence.|2] Theoretically, we are develop-
ing a dissipative quantum error correction (QEC) scheme which can
be continuously applied to stabilize a rotational superposition.

Experimentally, we aim to demonstrate state preparation, coher-
ent control, and the creation of superpositions of rotational states in
CaH?t or CaOH™T molecular ions using Raman setups with two CW
laser beams and another with an optical frequency comb.|3] This could
pave the way for exploring QEC codes based on trapped molecular ions.

[1] V. Albert, et al. Phys. Rev. X 10, 031050 (2020)

[2] S. Jain, et al. arXiv:2311.12324 [quant-ph] (2023)

[3] C. Chou, et al. Science 367, 1458 (2020)

Q 375 Wed 17:00 Tent B
A versatile algorithm for ion configuration determination in
linear ion crystals consisting of mixed atomic and molecu-
lar ion species — eSTEFAN WALSER, BRANDON FUREY, ZHENLIN
Wu, RENE NARDI, MARIANO Isaza MonsLavVE, ELyas MarTivi, and
PHiLipP SCcHINDLER — Insitut fiir Experimentalphysik, Universitat
Innsbruck

Trapped atomic ions enabled a variety of developments in quantum
information and computation in the last two decades. Recently ef-
forts have been made to extend this well studied platform to molec-
ular ions. The latter’s additional degrees of freedom might provide a
more resource efficient toolkit for quantum computational processes.
Therefore, atomic logic ions are co-trapped with molecular ions for
sympathetic cooling, state preparation, and readout. Often molecu-
lar ions cannot be observed directly but their presence is indicated by
vacancies in trapped ion chains. Thus, new methods to rapidly and
precisely identify and locate molecular ions are required. We present
a featureful algorithm based on a custom peak finder and template
fitting which processes image data of the ion crystal. It reliably counts
bright logic and dark molecular ions and measures the ion configura-
tion in real time on ms timescales. This provides a versatile basis for
automated in-time decision making in various novel experiments.

Q 37.6 Wed 17:00 Tent B
Non-Markovianity of the nonlinear Caldeira-Leggett model
— eMoriTz F. RicHTER and HEINZ-PETER BREUER — Institute of
Physics, University of Freiburg, Germany

Employing the simulation method of the hierarchical equations of mo-
tion (HEOM), we investigate the nonlinear Caldeira-Legget model, a
paradigmatic microscopic system-reservoir model used in open sys-
tem theory. In particular, we study the impact of a nonlinear cou-
pling of the open system to the reservoir modes on the size of mem-
ory effects quantified by the trace distance based measure for non-
Markovianity [1]. We also discuss the role of instabilities of the HEOM
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method and how these influence the numerical determination of the
non-Markovianity measure.

[1] Breuer H-P, Laine E-M, Piilo J and Vacchini B; 2016
”Colloquium: non-Markovian dynamics in open quantum systems”;
Rev. Mod. Phys. 88 021002

Q 37.7 Wed 17:00 Tent B
Characterization of squeezing sources using Hong-Ou-Mandel
interference measurements — eFLORIAN LUTKEWITTE, KA1 HONG
Luo, MICHAEL STEFszKY, BENJAMIN BrREcHT, and CHRISTINE SIL-
BERHORN — Paderborn University, Integrated Quantum Optics, In-
stitute of Photonic Quantum Systems (PhoQS), Warburger Str. 100,
33098, Paderborn, Germany

Gaussian boson sampling (GBS) is a promising platform for demon-
strating photonic quantum advantage and noisy intermediate-scale
quantum computing. The performance of such systems depends on
the ability to produce high-quality single-mode squeezed states. One
can produce such states by interfering the two modes of a decorrelated,
indistinguishable two-mode squeezed state generated in potassium ti-
tanyl phosphate waveguides on a balanced beam splitter. However, one
needs to confirm that the generated states reach the qualities required
for these highly demanding applications. In this work, we investigate
the possibilities and limitations of using Hong-Ou-Mandel interference
as a characterization method for these squeezed light sources.

Q 37.8 Wed 17:00 Tent B
Energy level renormalization in strongly coupled open quan-
tum systems — e ALESSANDRA CoLrLA, FLORIAN HAsSE, FREDERIKE
DoEerr, ULricH WARRING, ToBIiAs ScHAETZ, and HEINZ-PETER
BreEueEr — Institute of Physics, University of Freiburg, Hermann-
Herder-Strafe 3, D-79104 Freiburg, Germany

When a quantum system interacts strongly with a general environ-
ment, the interaction energy they share can be of the same magnitude
as the expectation value of the bare system Hamiltonian, and can no
longer be neglected. Is it then justified to still consider the bare sys-
tem Hamiltonian as the operator determining the energy levels of the
system? If we observe the system while it is coupled to the environ-
ment, would we witness signatures of the interaction energy in the
system? If so, how? We show that in the case of a simple Jaynes-
Cummings model, the energy levels of the two-level system undergo a
renormalization due to the strong interaction with the mode, in accor-
dance with our recent proposal for a theory of open system quantum
thermodynamics [1]. This energy level shift, which is in general time-
dependent, is determined by the coupling strength and by the initial
state of the mode (typically its associated temperature). Furthermore,
it is experimentally accessible in suitable platforms, and leads to the
well known Lamb-shift for zero mode temperature and in the limit of
large detuning.
[1] A. Colla and H.-P. Breuer, Phys. Rev. A 105, 052216 (2022).

Q379 Wed 17:00 Tent B
Speeding up Quantum Annealing with coupling to meter
— eMvyKoLAs SVEISTRYs!, GIovANNA Morici?, and CHRISTIANE P.
Kocu! — Fachbereich Physik and Dahlem Center for Complex Quan-
tum Systems, Freie Universitdt Berlin, Arnimallee 14, 14195 Berlin,
Germany — 2Theoretische Physik, Universitit des Saarlandes, D-
66123 Saarbriicken, Germany

Quantum annealing is a quantum computing paradigm with great
promise, but also many doubts whether it can produce speedups over
classical calculations. To speed up quantum annealing calculations,
we introduce a (potentially) dissipative protocol that involves a meter
qubit coupled to the qubit array (the system) encoding the annealing
problem. The coupling is designed to commute with the system Hamil-
tonian at all times. Depending on the state of the meter qubit, two
mechanisms emerge that result in enhanced adiabaticity and, there-
fore, a faster time-to-solution: dephasing of the system in its instan-
taneous eigenbasis, and an effective rescaling of the system’s energy
levels. We first analyse analytically the conditions where each mech-
anism dominates, finding that under some circumstances, one should
optimize for maximal energy rescaling at the cost of zero dephasing.
We then numerically demonstrate the speedup such a protocol yields.
‘We show a 3.6x speedup in time-to-solution on a small-scale instance of
the Minimum Weighted Vertex Cover Problem, and a 28% speedup in
time-to-solution, seemingly without any dependence on problem size,
on a larger benchmark of random Ising models.

Q 37.10 Wed 17:00 Tent B
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Quantum Feedback Control for Quantum Error Correction
on Superconducting Qubits — e ANTON HaLAskl and CHRISTIANE
P. KocH — Freie Universitat Berlin, Berlin, Germany

Continuous quantum error correction (QEC) is required in many sit-
uations in which the limit of a strong projective measurement can-
not be applied. Recently, Atalaya et al. [Phys. Rev. A 103, 042406
(2021)] proposed a continuous QEC scheme for quantum information
applications which involve continuously varying Hamiltonians. This
scheme relies on a sufficiently strong and continuous two-qubit parity
measurement to extract the error syndromes. To implement such a
measurement is particularly challenging, since one has to perform a
fast, nonlocal measurement while at the same time not introducing
any errors to the information encoded in the qubits. We investigate to
what extent this task can be accomplished using current circuit QED
architecture. Recent proposals for continuous parity measurements in
this field rely on the so-called dispersive regime in which the transmons
are far detuned from a resonator which acts as the meter for the parity
measurement. As a result, transmons and resonator are only weakly
coupled and the measurement is slow. We explore how one can achieve
speedups by going to the quasi-dispersive regime. Measurements based
on the quasi-dispersive regime could then be utilized to enhance the
resilience of Atalaya et al.’s and future QEC protocols.

Q3711 Wed 17:00 Tent B
Dilute measurement-induced cooling into many-body ground
states — eJosias LaneBEHN!, KyrRyLo SNizHKO2, IcoR GORNYIS,
G1ovaNNA Moriar?, YuvaL Geren®, and CHRISTIANE Koch! —
IFreie Universitat Berlin, Berlin, Germany — 2Université Grenoble
Alpes, Grenoble, France — 3Karlsruhe Institute of Technology, Karl-
sruhe, Germany — “Saarland University, Saarbriicken, Germany —
5Weizmann Institute of Science, Rehovot, Israel

Cooling a quantum system to its ground state is important for the
characterization of non-trivial interacting systems, and in the context
of a variety of quantum information platforms. In principle, this can
be achieved by employing measurement-based passive steering proto-
cols, where the steering steps are predetermined and are not based
on measurement readouts. However, measurements, i.e., coupling the
system to auxiliary quantum degrees of freedom, is rather costly, and
protocols in which the number of measurements scales with system size
will have limited practical applicability. Here, we identify conditions
under which measurement-based cooling protocols can be taken to the
dilute limit. For two examples of frustration-free one-dimensional spin
chains, we show that steering on a single link is sufficient to cool these
systems into their unique ground states. We corroborate our analyti-
cal arguments with finite-size numerical simulations and discuss further
applications.

Q 37.12 Wed 17:00 Tent B
Suppression of Servo-Phase Noise for High-Fidelity Ryd-
berg Excitations — PuiLipp Herbic!, BeEn MicHAELs!, NE-
JiRA PinTUuL!, Tobias PreTErRseEN!, Jonas Raucnruss!, Oscar
Murzewitz!, CLara ScHELLONG!, JaN Deppe!, TiLL ScHACHT!,
ALEXANDER ILIN!, eKOEN SponseLEe!, KLaus SenasTock!:2, and
CuristorH Brckerb2 — 1Center for Optical Quantum Technolo-
gies, Hamburg, Germany — 2Institute for Quantum Physics, Ham-
burg, Germany

Neutral-atom quantum computers require highly-stable lasers for res-
onant excitation, which is usually achieved with a Pound-Drever-Hall
(PDH) locking scheme. However, this feedback scheme creates servo
bumps, which can severely limit excitation fidelities if the servo band-
width frequency is similar to the Rabi frequency. A feed-forward
scheme by Li et al. [1] supresses these servo bumps, and is here imple-
mented in our Ytterbium quantum-computing experiment.

We are setting up our experiment to trap neutral 171-Ytterbium
atoms in optical tweezers, providing several options for qubits. A 301.5
nm laser can then be used to excite 3P( state atoms to an (n > 50)
331 Rydberg state, entangling two neighbouring qubits with expected
Rabi frequencies on the order of MHz. The fundamental of this laser is
first stabilised to a cavity with a PDH lock. The servo bumps, about
500 kHz away from the carrier, are supressed by more than 20 dB
using this scheme [1]. Simulations indicate that this method leads to
significantly better excitation fidelities.

[1] Li et al., PRA 18, 064005 (2022)

Q 37.13 Wed 17:00 Tent B
Analysis of motional heating during ion-transport through
RF junctions in a surface-electrode Paul trap — ePHIL
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FrLoriaAN UNGEREcHTS', Robprico Munoz*, JAN-
INA Barcee!, AxeL HorrMmann2, TEREsA MEINERs!, BRIGITTE
KauNE!, and CHRISTIAN OSPELKAUs!3 — Institut fiir Quantenoptik,
Leibniz Universitdt Hannover, Welfengarten 1, 30167 Hannover, Ger-
many — 2Institut fiir Hochfrequenztechnik und Funksysteme, Leibniz
Universitdt Hannover, Appelstrafe 9a, 30167 Hannover, Ger- many
— 3Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116
Braunschweig, Germany

Ton transport through RF junctions is essential for the scaling of
trapped-ion quantum processors in the QCCD architecture. It is cru-
cial to minimise the heating rates during ion transport through an RF
junction to avoid excessive overhead in sympathetic re-cooling. This
becomes increasingly important the greater the number of qubits, since
transport times become a limiting factor. The interplay of transport
speed and heating is complex and comprises effects from anomalous
heating, pseudopotential gradient heating, non-adabaticities imperfect
transport waveform realizations. Here we discuss estimates of pseu-
dopotential gradient heating vs. anomalous heating as a function of
transport speed.

Q 37.14 Wed 17:00 Tent B
Fault-Tolerant One-Bit Addition with the Smallest Inter-
esting Colour Code — eYanc WancG!, SELwyN SiMsek?, and
BeN Criger? — 13. Physikalisches Institut, ZAQuant, Univer-
sity of Stuttgart, Allmandring 13, 70569 Stuttgart, Germany —
2Quantinuum, Terrington House, 13-15 Hills Road, Cambridge, CB2

INL, UK

Fault-tolerant operations based on stabilizer codes are the state of the
art in suppressing error rates in quantum computations. Most such
codes do not permit a straightforward implementation of non-Clifford
logical operations, which are necessary to define a universal gate set.
As a result, implementations of these operations must either use error-
correcting codes with more complicated error correction procedures or
gate teleportation and magic states, which are prepared at the logical
level, increasing overhead to a degree that precludes near-term imple-
mentation. In this work, we implement a small quantum algorithm,
one-qubit addition, fault-tolerantly on the Quantinuum H1-1 quantum
computer, using the 8-qubit error detection code. By removing unnec-
essary error-correction circuits and using low-overhead techniques for
fault-tolerant preparation and measurement, we reduce the number
of error-prone two-qubit gates and measurements to 36. We observe
arithmetic errors with a rate of = 0.11% for the fault-tolerant circuit
and ~ 0.95% for the unencoded circuit.

Q 37.15 Wed 17:00 Tent B
Microwave near-field and stimulated-Raman quantum control
of 9Be™ ions in a cryogenic surface-electrode trap — eEmMmma
VANDREY!, SEBASTIAN HarLamal, and CHRrisTIAN OspPELKAUSH'Z —
Hnstitut fiir Quantenoptik, Leibniz Universitit Hannover, Welfen-
garten 1, 30167 Hannover, Germany — 2Physikalisch-Technische Bun-
desanstalt, Bundesallee 100, 38166 Braunschweig, Germany

Trapped-ion qubits are a promising hardware platform for quantum
computing and quantum simulation. In our group, we employ surface-
electrode Paul traps to confine 9Bet ions and encode the qubits in two
hyperfine levels of these ions. For motional ground-state cooling and
quantum logic gates, the ability to drive sideband and carrier transi-
tions with frequencies in the microwave regime is required. Integrating
microwave conductors into the surface-electrode trap allows the ion’s
internal and motional states to be controlled using oscillating magnetic
fields and an oscillating magnetic gradient.

Alternatively, we can apply stimulated-Raman laser pulses to drive
transitions at microwave frequencies. The laser light for this setup is
generated via sum-frequency generation and subsequent second har-
monic generation. Variable frequency control is implemented using
a double-pass acousto-optic modulator setup with a geometry that is
inherently stable with respect to thermal effects.

Both of these approaches were implemented in the context of a cryo-
genic ion trap apparatus. We will report on the status of the project
and on a new generation of segmented multi-ion trap chips to be im-
plemented in this environment.

Q 37.16 Wed 17:00 Tent B

Automated modular design of surface electrode Paul traps

for quantum computing — eBricITTE KAUNE!, JANINA BATGE!,

AxeL Horrmann'2, Robprico Munoz!, FLORIAN UNGERECHTS!,
TeErRESA MEINERS!, and CHRISTIAN OspELKAUSDS Hnstitut

fir Quantenoptik, Leibniz Universitat Hannover, Welfengarten 1,
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30167 Hannover, Germany — 2Institut fiir Hochfrequenztechnik und
Funksysteme, Leibniz Universitdt Hannover, Appelstrafie 9a, 30167
Hannover, Germany — °Physikalisch-Technische Bundesanstalt, Bun-
desallee 100, 38116 Braunschweig, Germany

Surface electrode Paul traps with integrated microwave conductors for
near-field quantum control are one of the most promising approaches
for scalable quantum processors. In the trap design process, numerical
simulations using e.g. FEM solvers are crucial. Building the system
can be time consuming and slows down the design process. We present
progress on a modular trap zone component library for rapid design of
multilayer surface electrode Paul traps with integrated microwave con-
ductors. The library is currently being written for automated building
with a commercial high-frequency system simulation design software,
allowing further pre-definition of excitations and analysis setups to
speed up the design process as efficiently as possible.

Q 37.17 Wed 17:00 Tent B
Realization of elementary operations for continuous-variable
quantum computers — eFRrREvJA ULLINGER, Rubp1 PIETSCH,
ALEXANDER SAUER, and MATTHIAS ZIMMERMANN German
Aerospace Center (DLR), Institute of Quantum Technologies, 89081
Ulm, Germany

Continuous-variable quantum computers encode information and per-
form calculations based on continuous degrees of freedoms, such as e.g.
position or momentum. In this case, the elementary logical gates are
characterized by continuous transformations such as displacement, ro-
tation and shearing|1,2]. However, the implementation of these gates is
limited to the experimentally available operations to manipulate con-
tinuous quantum states. Therefore, it is necessary to develop schemes
that are applicable in a variety of physical systems.

In this poster, we present a representation-free theory to realize the
displacement, rotation and shearing operator for particles with non-
vanishing mass. Our method is solely based on the application of
linear and quadratic potentials that either act instantaneously or for
a finite period of time, which makes our approach versatile for various
continuous quantum systems.

[1] S. L. Braunstein and A. K. Pati, Quantum Information with
Continuous Variables (Kluwer Academic Publishers, Dordrecht, The
Netherlands, 2003).

[2] S. L. Braunstein and P. van Loock, Rev. Mod. Phys. 77, 513
(2005).

Q 37.18 Wed 17:00 Tent B
QuMIC - Towards a scalable ion trap with integrated high-
frequency control — eMarco Bonkowski!, SEBASTIAN HaLAaMAl,
and CHRIsTIAN OsPELKAUs!2 — lInstitut fiir Quantenoptik, Leib-
niz Universitit Hannover, Hannover, Germany — 2Physikalisch-
Technische Bundesanstalt, Braunschweig, Germany

Surface-electrode ion traps are a promising candidate for a scalable
quantum computer [1]. A major challenge in this approach to quantum
computing is the integration of qubit control into the device. With the
microwave near-field approach [2], qubit control realized by microwave
conductors that are integrated into the ion trap naturally scale with the
trap itself. However, the microwave signal generation currently takes
place outside of the vacuum chamber in which the ion trap is located.
The QuMIC project researches and develops novel highly integrated
BiCMOS chips at high frequencies and their hybrid integration with
quantum electronics like ion traps. This approach enables the scalabil-
ity of a quantum computer to a large number of qubits and a drastic
reduction in the number of required high-frequency lines, which also
benefits the cooling capabilities of the cryostat used to cool down the
ion trap to around 4K. We describe the setup of a cryogenic ion trap
apparatus with the associated laser systems for beryllium. The appa-
ratus will be used as a testing stand for rapid trap testing, such as the
ion traps with integrated microwave sources developed for QuMIC. We
will report on the current status of the project.
[1] Chiaverini et al., Quantum Inf Comput 5, 419-439 (2005)
[2] Ospelkaus et al., Phys. Rev. Lett. 101, 090502 (2008)

Q 37.19 Wed 17:00 Tent B

RF junctions for register-based trapped-ion quantum pro-
cessors — eFLORIAN UNGERECHTS!, L Jan-

Roprico Munoz*,
INA Birce!, AxeL HorrMann!:2, 1 BRIGITTE

TERESA MEINERS",
KauNE!, and CHRISTIAN OsPELKAUs!3 — Institut fiir Quantenoptik,
Leibniz Universitdt Hannover, Welfengarten 1, 30167 Hannover, Ger-
many — 2Institut fiir Hochfrequenztechnik und Funksysteme, Leib-

niz Universitdt Hannover, Appelstrafte 9a, 30167 Hannover, Germany
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— 3Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116
Braunschweig, Germany

RF junctions are crucial for scaling trapped-ion quantum processors
connecting the specialized zones in the QCCD architecture. We dis-
cuss the design and optimization techniques of such an RF junction
for a surface-electrode trap, focusing on the implications for through-
junction ion transport. We present an optimized RF X-junction feasi-
ble for the transport of single YBet ions and multilayer microfabrica-
tion.

Q3720 Wed 17:00 Tent B
Multiplexing of the transport through an X-junction ion trap
— eJAaNINA Birce!, Roprico Munoz!, FLorRIAN UNGERECHTS!,
AxeL HorrManN'2, Teresa MEeINERs!, BriairTe Kaune!, and
CHRISTIAN OspPELKAUs!® — lInstitut fiir Quantenoptik, Leibniz
Universitdt Hannover, Welfengarten 1, 30167 Hannover, Germany
— 2Institut fiir Hochfrequenztechnik und Funksysteme, Leibniz
Universitdt Hannover, Appelstrate 9a, 30167 Hannover, Germany
— S3Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116

Braunschweig, Germany

One of the current problems in scaling up ion trap quantum processors
is the large number of control signals. Therefore, concepts to reduce
the amount of required signals are needed. We present a concept for
multiplexing the control signals for a surface electrode ion trap with
an X-junction. One of the key issues is the estimation of the mini-
mum number and the appropriate combination of signals needed for
through-junction transport.

Q3721 Wed 17:00 Tent B

Optical integration with femto-second laser written waveg-

uides — eMarco ScHMAUSER!, PuiLipp ScHINDLER!, THOMAS
Monz!, Marco VaLenTINI!, JakoB WaHL'2, ALEXANDER
Zesar?3, KLEMENS SCHUEPPERT?, BERNHARD LAMPRECHT?,

2 1,5

PurLipe Hurpax?, CLEMENS ROssLER?, and RAINER BrLATT
IUniversitat Innsbruck, Innsbruck, Austria — 2Infineon Technologies
Austria AG, Villach, Austria — 3Universitit Graz, Graz, Austria —
4Joanneum Research, Weiz, Austria — ®Institut fiir Quantenoptik und
Quanteninformation, Osterreichische Akademie der Wissenschaften,
Austria

Current ion trap quantum computing systems usually make use of free-
space optics to deliver the light to the ions. This practice makes the
setups susceptible to drifts and vibrations and limits the number of ions
which can be manipulated. For a scalable system it is thus necessary
to increasingly integrate optical elements from external components
directly into the ion trap.

We use femto-second laser pulses to write single-mode and
polarization-maintaining waveguides directly into borofloat glass. Un-
like other materials used in CMOS technology, borofloat glass is trans-
parent for ultraviolet light required for the manipulation of 40Ca-+
ions. Henceforth, a microstructured surface trap was realized featur-
ing two of these waveguides, one for 397nm light and one for 729nm
light. In parallel, we build up an integrated cryogenic quantum com-
puting system to enable fast trap testing and to investigate the quality
of the light delivery to the ions.

Q 37.22 Wed 17:00 Tent B
Building a tweezer array with programmable connectivity —
¢JOHANNES SCHABBAUER, STEPHAN ROSCHINSKI, MARVIN HOLTEN,
and JuriaNn LEoNARD — TU Wien, Atominstitut, Vienna Center for
Quantum Science and Technology (VCQ), Austria

Creating multi-particle entangled states deterministically is one of the
big challenges for quantum information processing. While this was
achieved locally in several systems, for instance with arrays of opti-
cal tweezers using Rydberg interactions between atoms, we present a
novel platform to engineer non-local interactions between single atoms
in optical tweezers by strong coupling to an optical cavity. In our
experiment we use a fiber cavity, which enables good optical access
for placing high resolution microscopes above and below the cavity.
These microscopes are used for creating the tweezer array, single-site
resolved imaging, and addressing single atoms in the optical tweezers.
Our experiment enables us to study multi-particle entangled states and
many-body systems with programmable interactions. The dispersive
shift of the cavity resonance can be used to perform non-destructive
measurements and to implement protocols for dissipative state prepa-
ration.
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Q 37.23 Wed 17:00 Tent B
Coherent control of strontium atoms trapped in an op-
tical lattice and applications for quantum simulations —
eJAN GEIGER'?, VALENTIN KLUSENERD?, SEBASTIAN PucHERD?Z,
FeLix SPRIESTERSBACHD2, IMMANUEL Brocn'23 and SeBas-
TIAN Brarrh23 — 1Max-Planck-Institut fiir Quantenoptik, Hans-
Kopfermann-Strafe 1, 85748 Garching, Germany — ?Munich Cen-
ter for Quantum Science and Technology, 80799 Miinchen, Germany
— 3Fakultit fiir Physik, Ludwig-Maximilians-Universitit Miinchen,
80799 Miinchen, Germany

Neutral atoms trapped in optical lattices allow for precise measure-
ments, quantum simulation, and quantum computation. Here, we
demonstrate the essential building blocks for a quantum simulator:
state-dependent trapping, large, homogeneous optical lattices, single-
atom resolved fluorescence imaging, and high-resolution optical spec-
troscopy. We present the first coherent excitation of the ultranar-
row 1Sp-3P2 magnetic quadrupole transition in 8¥Sr. Building on this
work, we demonstrate high-fidelity Rabi oscillations between the 3Pg
and 3P3 state. The developed spectroscopy methods enable us to per-
form quantum simulations on strongly coupled light-matter interfaces.

Q3724 Wed 17:00 Tent B
Quantum speed limit dependence on the number of controls
in a qubit array — eDaviD PonrL, FERNANDO GAco-ENCINAS,
MarTHIAS KRrAUss, and CHRISTIANE P. KocH — Arnimallee 14,
14195 Berlin

Universal quantum computing requires operator controllability of the
qubit array. This is typically realized via qubit-qubit couplings and
local external controls on every qubit which becomes challenging when
scaling to large numbers of qubits. We have shown recently that the
number of external controls can be reduced to the extreme limit of
a single control. However, this comes at the expense of longer gate
durations. Here, we investigate the gate duration depending on the
number of local controls. In particular, we show that reducing con-
trols increases the quantum speed limit (the shortest time to generate
a quantum gate). We determine this limit for a universal set of gates
for different 3-qubit systems using quantum optimal control.

Q 3725 Wed 17:00 Tent B
Realising fast readout for Rydberg arrays — eBaLAzs DuRraA-
KovAcs!2, MenmeT Onctrh2, Jacoro DE SanTish2, SEBASTIAN
RurrFerT!2, and Jouannes ZemHERD2 — !Max-Planck-Institut fiir
Quantenoptik, 85748 Garching, Germany — ?Munich Center for Quan-
tum Science and Technology (MCQST), 80799 Miinchen, Germany

Ordered arrays of neutral atoms provide an appealing platform for
quantum simulation and quantum computation. Laser-cooled atomic
gases allow for simulating quantum many-body systems with un-
precedented control over microscopic degrees of freedom. The recent
progress on tweezer-based atom arrays and quantum gas microscopes
has enabled microscopic detection and manipulation of such systems
down to the level of single atoms. Here, we present our progress
on an experimental platform aimed at achieving cavity-assisted, non-
destructive, local readout of atoms in a tweezer array. Long-range and
tunable interactions between highly-excited Rydberg states make the
platform suited to simulate spin models and — together with the fast
cavity-based readout — form the architectural basis for the realisation
of a scalable quantum computing platform.

Q 37.26 Wed 17:00 Tent B
Optical tweezers for trapped ion quantum simulation — eRima
X. ScHUSSLER, MATTEO MaAzzANTI, CLARA ROBALO PEREIRA,
NELLA DIEPEVEEN, Louis GALLAGHER, ZEGER ACKERMAN, ARGHA-
VAN SAravi-NaINI, and RENE GERRITSMA — University of Amster-
dam, Amsterdam, The Netherlands

Trapped ion crystals offer an advanced platform for quantum compu-
tation and simulation. However, limited control over the interactions
between the ions constrains the range of accessible Hamiltonians.

In our experiment, we plan to combine trapped ions with microtraps
in the form of optical tweezers. These additional potentials will allow
us to manipulate the phonon mode spectrum and thereby control the
spin-spin interactions of the ions in a Paul trap. We will use a high
power 1030nm laser far detuned from any transition in YbT. The
tweezers will be produced by a spatial light modulator and focused on
the ions to a waist of a few um with a high NA objective. With the
right tweezer pattern [1], we can then use the system to study vari-
ous Hamiltonians of interest, for example, Hamiltonians on a kagome
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lattice in 2D ion crystals.
[1] J.D. Espinoza, M. Mazzanti, K. Fouka, R.X. Schiissler, Z. Wu,
P.Corboz Phys. Rev. A 104, 013302 (2021).

Q 3727 Wed 17:00 Tent B
Progress towards a fault tolerant microwave-driven two
qubit quantum processor — eHARDIK MENDPARAM2, NicoLas
PuLipo-Mateo!2, Markus Duwr!+2, ALExaNDER ONkEsh2, Lubp-
wic KrRINNERD2| and CHRIsTIAN OsPELKAUS 2 — Institut fiir Quan-
tenoptik, Leibniz Universitit Hannover, Hannover — 2Physikalisch-
Technische Bundesanstalt, Braunschweig

A universal quantum gate set can be realized by the combination of
single-qubit gates and one entangling operation. Here, we realize such
a universal gate-set using the microwave near-field approach [1]. We
trap ?Bet ions in a surface electrode trap and perform the quantum
logic operations with embedded electrodes. The individual qubits are
addressed by micromotion sidebands [2] and the entangling gate is
performed via a Mglmer-Sgrensen type interaction. We approach an
infidelity of 10~3 with entangling gates using partial state tomography
and in a computational context we extract a composite process infi-
delity of 3.4(4) x 10~2 using the cycle benchmarking protocol [4]. We
report on recent progress on improving the gate fidelities and charac-
terizing the quantum process errors.

[1] C. Ospelkaus et al., Phys. Rev. Lett. 9, 090502 (2008)

[2] U. Warring et al., Phys. Rev. Lett. 17, 173002 (2013)

[3] M. Duwe et al., Quantum Sci. Technol. 7, 045005 (2022)

[4] N. Pulido-Mateo et al., Manuscript in preparation

Q 37.28 Wed 17:00 Tent B

Employing continuous quantum systems to solve optimiza-

tion problems — eALEXANDER SAUER, SEBASTIAN LUHN, and
JANNES WEGHAKE — DLR e.V., Institut fiir Quantentechnologien,
Ulm

At land, sea and in the air mobility and traffic management offer a vast
amount of problems with a large potential of optimization with quan-
tum computers, e.g. service scheduling, route planning, or path opti-
mization. Many of these problems can be described at a fundamental
level by the traveling salesman problem (TSP), in which the shortest
route while visiting each point exactly once is to be found [1]. The
TSP has already received a lot of attention in the quantum comput-
ing community, for example, implementations for adiabatic quantum
annealers exist and have been tested [2,3]. We investigate the TSP
with a focus on going beyond qubits by employing continuous quan-
tum systems. Using bosonic Qiskit we simulate potential algorithms
for solving the TSP and compare their performance.

[1] Flood, M. M., The traveling-salesman problem. Operations re-
search, 4(1), 61-75, (1956).

[2] Martonak, Roman, Giuseppe E. Santoro, and Erio Tosatti.,
Quantum annealing of the traveling-salesman problem. Physical Re-
view E 70.5: 057701, (2004).

[3] Jain, S., Solving the traveling salesman problem on the d-wave
quantum computer. Frontiers in Physics, 646, (2021).

Q3729 Wed 17:00 Tent B
Extreme power spectre effects with special pulse shapes:
Power narrowing and power broadening — eIvo Minov — De-
partment of Physics, St Kliment Ohridski University of Sofia, 5 James
Bourchier blvd, 1164 Sofia, Bulgaria

The effects of the excitation pulse shape on the transition line of the
qubit are detrimental. Some pulse shapes are known to exhibit power
broadening (the Rabi model). Others do not depend on the Rabi fre-
quency whatsoever (the Rosen-Zener model). We have even shown
that a family of pulse shapes reverse the power broadening effect and
exhibits power narrowing instead. They have been theoretically and
experimentally demonstrated using IBM Quantum hardware.

In this work we focus on pulse shapes that produce a case of extreme
power broadening patterns. They are usually made of a convex shape
that starts and ends with a sharp discontinuity, similar to the rectan-
gular pulse shape. The two pulse shapes that were used throughout
the experiment were of the form Qi(t) = Qot?Y, where N is a non-
negative integer, and Qa(t) = Qo(1 + ft2), where 8 can be any real
number (may also be negative). We have experimentally shown an
increase in the 9pi excitation maximum of our custom pulse by a fac-
tor of approximately 5 over the one with the simple rectangular pulse
using IBM Quantum system ibmq_manila.

Q 37.30 Wed 17:00 Tent B
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Entanglement generation in photonic two photon quantum
walks — eFEDERICO PEGORARO, PHiLiP HELD, BENJAMIN BRECHT,
and CHRISTINE SILBERHORN — Paderborn University, Integrated
Quantum Optics, Institute for Photonic Quantum Systems (PhoQS)
Warburger Str. 100, 33098, Paderborn, Germany

Entanglement constitutes a fundamental property for the development
of quantum algorithms and protocols capable of outperforming their
classical counterparts in terms of speed and resource efficiency. In or-
der to be able to exploit the advantages offered by entanglement one
must be capable of producing such a resource. For this reason we
study how to generate entanglement in a photonic setting using a well
known quantum process: the multi-walker quantum walk (QW). In
this process a number of quantum objects, the "walkers”, evolve in a
position space according to the update of an internal degree of free-
dom called coin. We use a photon pair produced via type-II sponta-
neous parametric down-conversion as walkers: their coins are encoded
into the respective polarization states, while for the position space
we employ a time-multiplexing loop where a given arrival time corre-
sponds to a certain output position. The two photons are launched
in the QW and propagate in the setup for a certain amount of round-
trips after which they are released and detected. By performing joint
polarization-tomography on the walkers at the output of the QW, we
can evaluate the dynamics of entanglement creation and distribution
in the QW.

Q 37.31 Wed 17:00 Tent B
Development of time-multiplexed fiber-based quantum walks
— eMoRITZ BORCHARDT, FEDERICO PEGORARO, BENJAMIN BRECHT,
and CHRISTINE SILBERHORN — Paderborn University, Integrated
Quantum Optics, Institute of Photonic Quantum Systems (PhoQS),
Warburger Str. 100, 33098, Paderborn, Germany

The random walk stands as a powerful tool within the realm of com-
puter science. Its quantum mechanical counterpart, referred to as the
quantum walk, opens up avenues for developing even more efficient al-
gorithms tailored to address both current and future (quantum) com-
puting challenges. Among various possibilities, photonic based im-
plementations have proven to be advantageous in terms of resources
needed to realize the quantum walk evolution. Due to complex align-
ment procedures and large system size, opting for partial integration
seems to be a reasonable approach in terms of scaling. Additionally,
recent results highlight that achieving the necessary modulation speed,
crucial for effective quantum computing, is only feasible through the
use of integrated modulators. In fact, integrated thin-film lithium nio-
bate modulators have shown bandwidths in excess of 100 GHz. Here we
take a step in this direction and present an implementation of an inte-
grated time-multiplexed quantum walk that relies only on fiber loops
and directional couplers. We experimentally demonstrate the quan-
tum walk dynamics, and we investigate effects of unbalanced losses in
the setup with an outlook on dynamic implementations requiring fiber
based active components that would have an impact on the system
efficiency.

Q 37.32 Wed 17:00 Tent B

Quantum Information Processing with trapped-ion based Qu-
dits — eLukas GErsTER!, PETER TIRLER!, MANUEL JonN?!, Lisa
PARIGGER!, MicHAEL MeTn!, CLalRE Epmunps!, PaveL Hrwmol,
BeENJAMIN WiLHELM!, MARTIN VAN Mourik!, RAINER BraTrTt!:?:3,
PuiLiPP ScHINDLER', Tnomas Monzh3, and MARTIN RINGBAUER!
— Mnstitut fiir Experimentalphysik, Universitit Innsbruck, Tech-
nikerstrafe 25/4, 6020 Innsbruck, Austria — Z2Institut fiir Quan-
tenoptik und Quanteninformation, Osterreichische Akademie der Wis-
senschaften, Technikerstrafe 21a, 6020 Innsbruck, Austria — 3AQT,
Technikerstrafte 17, 6020 Innsbruck, Austria

Quantum Information Processing has been predominantly developed
using qubits, two level quantum systems, as its fundamental building
blocks. However many physical implementations of qubit-based quan-
tum processors actually use multilevel systems, from which only two
levels are selected for information encoding. By extending the encod-
ing information in multi-level qudit basis states, one directly expands
the Hilbert space available for computation, and promises more effi-
cient compilation with respect to the number of required entangling
gates. We experimentally demonstrate an implementation of a native
two-qudit entangling gate up to dimension 5 in a trapped-ion system,
and we present a new experimental apparatus dedicated for exploring
higher dimensional qudit protocols and algorithms up to qudit dimen-
sion d=7.
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Gerchberg-Saxton Algorithm for Optical Tweezer Arrays —
eJonas Raucuruss!, NrjiRa PiNTUL!, ToBias PETERSEN!, OSCAR
Murzewitz!, CLARA ScHELLONG!, JAN DEPPE!, KOEN SPONSELEE!,
ALEXANDER ILIN', KLAUs SENGsTock 2, and CHRISTOPH BECKER!2
— 1Center of Optical Quantum Technologies University of Hamburg,
Luruper Chaussee 149, 22761 Hamburg — 2Institute for Quantum
Physics, University of Hamburg, Luruper Chaussee 149, 22761 Ham-

burg

Neutral atoms have shown to be a promising candidate for building
large scale quantum computing devices, with fast high-fidelity single
and two-qubit gates as well as flexible initialisation and readout. Re-
cently, alkaline earth (-like) atoms such as ytterbium (Yb) and stron-
tium (Sr) have shown to offer promising ways to overcome some of
the main challenges on the road to large scale, fully programmable
quantum computers with decent effective circuit depth. In this con-
text, uniformly trapping atoms within optical tweezers is crucial for
ensuring prolonged coherence times and mitigating qubit dephasing.
This poster focuses on the implementation of two distinct variations
of the Gerchberg-Saxton algoritm (GSA) utilized for generating and
homogenising optical tweezer arrays using a spatial light modulator
(SLM). Moreover, we implemented a camera feedback into our system
to improve optimization and responsiveness. Our analysis compares
the efficacy of these approaches in creating intermediate-scale, uniform
optical tweezer arrays.
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— 1Center of Optical Quantum Technologies University of Hamburg,
Luruper Chaussee 149, 22761 Hamburg — Z2Institute for Quantum
Physics, University of Hamburg, Luruper Chaussee 149, 22761 Ham-

burg

Neutral atoms have shown to be a promising candidate for building
large scale quantum computing devices, with fast, high-fidelity single
and two-qubit gates as well as flexible initialisation and readout. Re-
cently, alkaline earth (-like) atoms such as ytterbium (Yb) and stron-
tium (Sr) have shown to offer promising ways to overcome some of
the main challenges on the road to large scale, fully programmable
quantum computers with decent effective circuit depth. In this con-
text, uniform trapping of atoms within optical tweezers is crucial for
ensuring prolonged coherence times and mitigating qubit dephasing.
This poster focuses on the implementation of two distinct variations
of the Gerchberg-Saxton algorithm (GSA) utilized for generating and
homogenising optical tweezer arrays using a spatial light modulator
(SLM). Moreover, we implemented a camera feedback into our system
to improve optimization and responsiveness. Our analysis compares
the efficacy of these approaches in creating intermediate-scale, uniform
optical tweezer arrays.

Q 37.35 Wed 17:00 Tent B
Solving optimization problems with local light shift encod-
ing on Rydberg quantum annealers — eKapriL CGoswami',
Rick MuksERJEE', HErRwic OTT2?, and PETER SCHMELCHER!
1Zentrum fiir Optische Quantentechnologien, Universitit Hamburg,
Luruper Chaussee 149, 22761 Hamburg, Germany — 2Department of
Physics and Research Center OPTIMAS, Rheinland-Pfélzische Tech-
nische Universitat Kaiserslautern-Landau,67663 Kaiserslautern, Ger-
many

The current era of quantum computers is characterized by a limited
number of qubits, high levels of noise, and imperfect quantum gates.
Despite these limitations, neutral atom analog quantum computers of-
fer opportunities for exploring the potential advantages. We provide an
efficient framework to solve combinatorial optimization problems such
as Maximum Cut (Max-Cut) and Maximum Independent Set (MIS) on
a Rydberg quantum annealer. Our system employs locally controlled
light shifts on individual qubits in a many-body Rydberg setup, map-
ping graph problems to the Ising spin model. Using optimal control
methods, our numerical simulations implement the local-detuning pro-
tocol while globally driving the Rydberg annealer to the desired many-
body ground state, which is the solution to the optimization problem.
The solutions are obtained for prototype graphs with varying sizes at
time scales well within the system lifetime and with approximation
ratios close to one. A comparative analysis with classical simulated
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annealing is provided which highlights the advantages of our scheme
in terms of system size, hardness of the graph, and the number of
iterations required to converge to the solution.

Q 37.36 Wed 17:00 Tent B
Quantum gas microscopy of strongly correlated states of
the Fermi-Hubbard model — eJoHANNES OBERMEYER!, DOMINIK
Bourcunp!, PETarR Bousovic!, St Wanc!, Tirus Franz!, THOMAS
CuaropriN', ImMmaNUEL Brocu!2, and Tmmon HiLker! — 'Max-
Planck-Institut fiir Quantenoptik, Garching, Germany — 2Ludwig-

Maximilians-Universitat, Miinchen, Germany

The Fermi-Hubbard model describes phenomena in condensed mat-
ter physics including strange metals, the pseudogap or the formation
of stripes. The model possibly even explains the fundamental mecha-
nisms of high-Tc superconductivity. With our quantum gas microscope
based on ultracold Li-6 atoms we are able to prepare states of the two-
dimensional Fermi-Hubbard model and probe the system with single
site spin and density resolution. We use an optical superlattice to en-
gineer the Hamiltonian to a one, two or mixed dimensional system.
On top of our optical lattice a potential landscape gets projected by
a digital mirror device that facilitates the control of the hole doping
in the Fermi-Hubbard system. We present our observations of holes
moving in an antiferromagnetic background. These observations mark
the onset of exploring antiferromagnetism and the highly anticipated
pseudogap phase of the doped Fermi-Hubbard model. In future ex-
periments, we want to explore more fundamental predictions of the
Fermi-Hubbard model like Mott excitons and aim to decrease our sys-
tem temperature exerting bilayer cooling. Additionally, the double
well structure of the superlattice is expected to enable the realization
of collisional two-qubit gates for digital quantum computing.

Q 37.37 Wed 17:00 Tent B
Quantum Computation with Neutral Alkaline-Earth-like Yt-
terbium Rydberg Atoms in Optical Tweezer Arrays —
eNrjiRA PinTULD2, Tosias PrTersen'2, Nicoras HeMANNDZ,
Lukas Broers!'»2:3, KoeN SpoNseELEE! 2, ALEXANDER ILIN!2| JoNAS
Raucnhruss’ 2, OscarR MurzewiTz!2, CLARA ScHELLONG!2, JAN
Deppel2, CurisToPH BECKER!'2, Lubwic MaTHEY 23, and KLAUS
SeENnGgsTock 23 — 1Zentrum fiir optische Quantentechnologien, 22761
Hamburg — 2Institut fiir Quantenphysik, 22761 Hamburg — 3The
Hamburg Centre for Ultrafast Imaging, 22761 Hamburg

Arrays of neutral atoms have evolved into a leading platform for
quantum computation. Alkaline-earth-like atoms promise to overcome
present limitations imposed on fault-tolerant quantum computation
with its two valence electron structure and single-photon Rydberg tran-
sitions, enabling new error correction schemes [1], mid-circuit readout
[2-4] and novel qubit architectures [5]. Here we present our experimen-
tal approach to building an ytterbium-based Rydberg tweezer experi-
ment and report on the recent realization of uniform tweezer arrays as
well as mobile traps for atom reconfiguration. We present a machine
learning assisted two-qubit gate design [6] utilizing a hybrid-classical
optimizer to construct fidelity-optimal pulse sequences for realizing
CNOT gates, while assuming feasible experimental parameters. [1]
Nat Commun 13, 4657 (2022) [2] Nature 622, 279284 (2023) [3] PRX
Quantum 4, 030337 (2023) [4] Phys. Rev. X 13, 041035 (2023) [5]
Phys. Rev. A 105, 052438 (2022) [6] arXiv 2306.08691

Q 37.38 Wed 17:00 Tent B
Optical Protocol for Generating Squeezed Coherent State Su-
perpositions — eELNAZ Bazzazi, RoGER ALFREDO KOGLER, LEON
REICcHGARDT, and OLIVER BENSON — Department of Physics, Hum-
boldt University Berlin, Berlin, Germany

Non-Gaussian states play a crucial role in fault-tolerant quantum com-
puting, where the manipulation of quantum states is susceptible to
errors [1]. Certain classes of non-Gaussian states, notably coherent
state superpositions known as cat states, pose challenges in genera-
tion due to complexity of breeding protocols and limitations in their
output state [2,3]. In this study, we explore an extension of the pro-
tocol proposed in ref [4] that makes use of squeezed states and photon
number-resolving detectors as resources, demonstrating potential in
generating high-amplitude squeezed cat states. Simulation results val-
idate the efficacy of this protocol, and we suggest an experimental setup
for its practical realization. This research contributes to advances in
fault-tolerant quantum information processing through the generation
of non-Gaussian states.

[1] Phys. Rev. A 106, 022431 (2022).

[2] Phys. Rev. A 103, 013710 (2021).
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[3] Opt. Express 31, 12865-12879 (2023).
[4] Phys. Scr. 97 115002 (2022).

Q 37.39 Wed 17:00 Tent B
Towards time-bin entangled photon cluster states
eS1AVvASH QODRATIPOUR, THOMAS HAFFNER, and OLIVER BENSON —
Humboldt-Universitat zu Berlin, Institut fiir Physik, AG Nanooptik,
Berlin, Germany

Single photons are ideal carriers of quantum information due to the lack
of interaction with each other. However, manipulating and controlling
them for quantum computing becomes a difficult task. One-way quan-
tum computation [1] overcomes this challenge by avoiding non-linear
two-qubit interaction and instead uses highly entangled states called
“cluster states”. Together with single qubit measurements and feed-
forward a scalable universal quantum computer can be implemented
[2]. The aim of our research is to realize a cluster state by fusion of few
photon qubits which are time-bin encoded (early and late time-bins)
in optical fibres. In this presentation, we will report on the generation
of time-bin entangled photon pairs at 1560 nm and the subsequent
characterization of the energy-time and time-bin entanglement by two
photon interference [3]. We will also outline how we implement in-
terferometric phase stability and arbitrary phase point control which
are necessary to achieve a reproducible and deterministic interference.
Scalability of our approach will be discussed as well.

References:

[1] Raussendorf, R. et al. Phys. Rev. Lett. 86, 5188-5191. (2001).

[2] Lu, CY. et al. Nature Phys 3, 91-95 (2007).

[3] Tanzilli, S. et al. Eur.Phys. J. D 18, 155-160 (2002).

Q 3740 Wed 17:00 Tent B
Towards a quantum gas microscope with programmable lat-
tices — oSArRAH WADDINGTON, ISABELLE SArA, MARvVIN HOLTEN,
and JuLiAN LEONARD — Atominstitut TU Wien, Vienna, Austria

Cold atoms in optical lattices are a powerful platform for investigat-
ing and simulating a wide range of physical phenomena relevant to
areas from condensed matter to quantum information. Our poster will
describe the ongoing design and development of a quantum gas mi-
croscope capable of operation with Li6 (fermionic) or Li7 (bosonic) in
a reconfigurable lattice potential with site-resolved state preparation,
evolution, and readout. The setup is optimized to reach sub-second cy-
cle times by removing the transport step and implementing advanced
cooling techniques.

Potential avenues of research for our new project include simulating
and investigating phases of matter predicted by the Fermi-Hubbard
model, fractional quantum Hall phases, and ’frustrated’ systems with
unconventional lattice shapes.

Q 3741 Wed 17:00 Tent B
Optical Ising model simulations with caesium vapor cells —
oKiLiaN Junicke!, ELizaBeTH RoBERTsoN'2, MINcwEl Yancl:2,
InNa KwiaTkowski?3, and Janik Wortersh2 — !Technische Uni-
versiat Berlin, Institute for Optics and Atomic Physics, Hardenbergstr.
36, 10623 Berlin, Germany — 2Deutsches Zentrum fiir Luft- und
Raumfahrt e.V. (DLR), Rutherfordstr. 2, 12489 Berlin, Germany —

3TU Berlin, Institut fiir Luft und Raumfahrt

Several computationally hard optimization problems can be mapped to
finding the ground state of an Ising model [1]. Simulating Ising mod-
els optically promises speed increases [2]. Building an optical Ising
machine then raises the question of how to simulate the spin states [3].

Here we present a scheme for simulating an Ising model using the
ground states of cesium vapor at room temperature. We present meth-
ods for implementing positive and negative interactions using a mea-
surement and feedback strategy. In the system electromagnetically
induced transparency acts as a frequency transducer. We initialize the
system and allow it to evolve by executing a series of pump probe op-
erations on spatially multiplexed regions of an atomic vapor cell until
a ground state solution is found.

[1] Lucas, A. Ising formulations of NP problems. Front. Phys. 2, 5
(2014).

[2] McMahon, P.L. Physics of optical computing. Nat Rev Phys 5,
717-734 (2023).

[3] Bohm et al. Poor man’s coherent Ising machine for optimization.
Nat Commun 10, 3538 (2019).

Q 3742 Wed 17:00 Tent B
Graph states generation from one and two atoms in an optical
cavity — PHiLip THOMAS, eLEONARDO Ruscio, OLIVIER MoORIN, and
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GERHARD REMPE — Max-Planck-Institut of Quantum Optics, Hans-
Kopfermann-Strafe 1, 85748 Garching

Given the importance of multiphoton graph states in quantum com-
putation and communication, their experimental demonstration is an
important step towards the realization of e.g measurement based quan-
tum computation. In our work we used single rubidium atoms trapped
in the center of a Fabry-Perot cavity to grow photonic graph states.
With a single atom we implemented a deterministic protocol to effi-
ciently generate Greenberger-Horne-Zeilinger (GHZ) states and linear
cluster states up to 14 and 12 photons respectively, with fidelity greater
than of 76(6)% and 56(4)% [1]. Thanks to an overall single photon ef-
ficiency of 43% we collected these large states at a rate of about one
coincidence per minute. Using two atoms we demonstrated the gener-
ation of more complex graphs, such as tree and ring states, exploiting
an entangling mechanism based on the simultaneous emission and sub-
sequent interference of two photons in the cavity mode [2]. Starting
with two independent GHZ states we produced a tree composed of
eight qubits with a lower bound fidelity of 69%. Furthermore, fusing
a linear cluster states with two entangling operations we also obtained
rings of six and eight qubits.
[1] P. Thomas et al., Nature 608, 677*681 (2022).
[2] P. Thomas et al., Under review (2024)

Q 37.43 Wed 17:00 Tent B
Exploring the stability and performance of integrated lin-
ear optical networks for photonic quantum computing —
oCHEERANJIV PANDEY, FEDERICO PEGORARO, MICHAEL STEFSZKY,
BenjaMIN BrecHT, and CHRISTINE SILBERHORN — Paderborn Uni-
versity, Integrated Quantum Optics, Institute for Photonic Quantum
Systems (PhoQS), Warburger Str. 100, 33098, Paderborn, Germany

In recent years, photonic quantum computing has emerged as a highly
promising platform. This is particularly evident in the context of
demonstrating quantum advantage in noisy intermediate-scale quan-
tum (NISQ) computing, as explored in tasks like Boson Sampling.
However, the success of many such computations relies on the ability
to accurately implement arbitrary unitary transformations on input
quantum states. Previous work has demonstrated the feasibility of
implementing arbitrary unitary transformations using an array of lin-
ear optical elements, such as beam splitters and phase shifters. This
insight led to the conceptualization of a multi-port interferometer, a
versatile network that can be programmed for implementing any uni-
tary transformation between input and output channels. The accuracy
and stability of these transformations on multi-port interferometers
is crucial for effective quantum algorithms. Our ongoing research ex-
plores the stability and performance of programmed unitary operations
in commercially available multi-port interferometers, with the aim to
investigate their suitability for photonic quantum computing.

Q 37.44 Wed 17:00 Tent B
Ion trap architectures for enhanced qubit connectivity —
eMARCO VALENTINI!, MARTIN VAN MoURIk!, FRIEDERIKE Burt?,
MatTthias DieTLb2, Jakos WanL!'2, MicHAEL PreIFER' 2, MARCO
ScHMAUSER!, BasseM Bapawi!, PaiLip Horz?, CLEMENS ROSSLERZ,
Markus MULLER?, THomas Monz!:3, PuiLipp ScuHiNDLER!, and
RAINER Brart!h? — llnstitut fiir Experimentalphysik, Universitét
Innsbruck, Technikerstrasse 25, 6020 Innsbruck, Austria — 2Infineon
Technologies Austria AG, Villach, Austria — 3 Alpine Quantum Tech-
nologies GmbH, 6020 Innsbruck, Austria — *Institute for Quantum
Information, RWTH Aachen University, 52074 Aachen, Germany

We investigate scalable ion trap architectures for quantum comput-
ing, where independent ion strings are located in distinct lattice sites
(or potential wells) in a 2D array of RF traps. Distinct ion strings
are coupled via their dipole-dipole interaction. Full 2D connectivity
is achieved tuning the distance between adjacent potential wells along
two orthogonal directions: One direction (axial) is achieved controlling
DC voltages, and the other (radial) controlling RF fields. In this work
we demonstrate the building blocks of such an architecture using two
surface ion traps. With the first, we demonstrate DC shuttling-based
well-to-well coupling rates up to 40 kHz, and phonon exchange between
ion strings at the quantum level. With the second, we characterize
transport of ions along the radial direction, and measure well-to-well
coupling rates up to 15 kHz. These results provide an important in-
sight into the implementation of fully controllable 2D ion trap lattices,
and pave the way to the realization of 2D logical encoding of qubits.
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A quantum key distribution network with a multi-user phase-
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time coding quantum key hub for city-wide deployment —
eMAaXIMILIAN T1PPMANN, FLORIAN NIEDERSCHUH, ERIK F1TzKE, TILL
DoLrisky, and THoMAS WALTHER — TU Darmstadt, Institute of Ap-
plied Physics, 64289 Darmstadt

Today’s IT infrastructure is threatened e.g. by quantum computers
implementing Shor’s algorithm. Quantum key distribution (QKD) of-
fers a method to make this infrastructure resilient against such future
attacks. While various QKD setups have been tested relying on numer-
ous different protocols, most systems do not consider scaling beyond
more than two users. We report on a phase-time coding protocol based
quantum key hub. The star-shaped layout of our network with an en-
tangled photon pair source as a central untrusted node allows scaling
to more than 100 users. We demonstrate the feasibility of a city-wide
network by showing results from experiments with parties spatially
distributed in separate buildings connected via field-deployed fiber.
During a measurement our system is able to generate real-time secure
keys, with one of two implemented error-correction algorithms. Fur-
thermore, we demonstrate the plug-and-play flexibility and robustness
of our setup allowing for different fiber distances, connected parties
and long-time operation over several hours.

Q 37.46 Wed 17:00 Tent B
Coupling of photonic crystal fibers to nonlinear waveguides
for quantum frequency conversion — eFrELIX ROHE, MARLON
SCHAFER, ToB1as BAUER, Davip LINDLER, and CHRISTOPH BECHER
— Universitdt des Saarlandes, Fachrichtung Physik, Campus E2 6,
66123 Saarbriicken

Quantum frequency conversion to the low-loss telecom bands is a
key enabling technology for long-range fiber-based quantum networks.
While many current devices use free space coupling to channel waveg-
uides [1,2], for real world applications a more robust and compact
design is desirable. Hence, direct butt-coupling of optical fibers to
channel waveguides poses an interesting alternative.

Here, we investigate coupling of solid-core photonic crystal fibers
(PCF) to periodically poled lithium niobate waveguides. PCF are
promising candidates for use in quantum frequency conversion due to
their ability to simultaneously guide waves with a large difference in
wavelengths in the fundamental mode, which is crucial to spatially
overlap the signal photons and the mixing wave. We show first results
regarding coupling and conversion efficiencies.

[1] Bock, M. et al., Nat Commun 9, 1998 (2018)
[2] Schéafer, M. et al., Adv Quantum Technol. 2023, 2300228
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From Nonlinear Frequency Conversion towards Quan-
tum Frequency Conversion — ANica HAMER!, ePRIYANKA
YASHWANTRAO!, ALIREzZA AGHABABAEI', FRANK VEWINGER?, and
SiMON STELLMER! — !Physikalisches Institut, Nussallee 12, Univer-
sitéit Bonn, 53115 Bonn, Germany — 2Institut fiir Angewandte Physik,

Wegelerstrafie 8, Universitdat Bonn

Quantum networks, as envisioned for quantum computation and quan-
tum communication applications, are often based on a hybrid archi-
tecture. Such a layout may include solid-state emitters, network nodes
based on single or few atoms or ions, and photons as so-called fly-
ing qubits. This approach requires an efficient and entanglement-
preserving exchange of photons between the individual components
and so involves frequency conversion of the photon.

‘We have established two different platforms to convert individual
photons between wavelengths that are relevant for qubit platforms.

The first platform is based on nonlinear crystals and converts pho-
tons from 853 nm (InAs/GaAs QDs) to 370 nm (Yb™ ions).

The second platform is based on CSRS and CARS in dense molec-
ular hydrogen gas. We have demonstrated conversion between 434
nm (F donors in ZnSe) to 370nm (Yb* ions) and between 863 nm
(InAs/GaAs QDs) and the telecom O-band. We will present first steps
towards integrated frequency conversion in gas-filled hollow-core fibers.

Q 3748 Wed 17:00 Tent B
PIC based Entangled Photon Pair Source using Spon-
taneous Four-Wave-Mixing and Pulsed PDH-Locking —
eMAXIMILIAN MENGLER, JAkOB KALTWASSER, ERIK FI1TzZKE, and
Tuomas WALTHER — TU Darmstadt, Institute for Applied Physics,
64289 Darmstadt

For many applications, such as quantum key distribution (QKD), en-
tangled photon pairs are a necessity. We use the process of spontaneous
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four-wave-mixing to create these pairs within microring resonators on
silicon nitride photonic integrated circuits (PICs). Results regarding,
e.g. pair generation rate and coincidental-over-accidental ratio ob-
tained from two distinct PICs with different layouts, specifications,
and waveguide geometries will be presented and compared. As the
PICs are intended as sources for our time-bin based QKD-system, the
PDH technique used to lock the microring resonators to the pump light
was adapted for operation with pulsed light.

Q3749 Wed 17:00 Tent B
High-performance imaging of nanophotonic structures in
cryogenic envoirment — eTimo EikeLMann!, Donika IMERIDZ,
Rikuav Suan!, Lasse IrRrcana!, Mara BRrINKMANN!, TUN-
cay Uras!, KonsTaANTIN BEck!, LENNART MANTHEY!, and RALF
RiEDINGERD2 — 1Zentrum fiir Optische Quantentechnologien, Univer-
sitat Hamburg, 22761 Hamburg — 2The Hamburg Centre for Ultrafast
Imaging, 22761 Hamburg, Germany

Quantum networks require long coherence times, good interaction be-
tween atoms and photons, and strong interaction between qubits. Sili-
con vacancy centers within a nanophotonic diamond cavity are promis-
ing in this field. These nanophotonic structures are essential for light-
matter interaction and efficient coupling to the silicon center. Struc-
tures are approximately 10 micrometers long and 500 nm wide and
placed inside a cryostat to cool them down to around 0.1 Kelvin.
Creating a high-performance imaging system inside a cryostat poses
challenges. The imaging system must be placed partially inside the
cryostat and partially outside and therefore is over 2 meters long. We
implement an 8f imaging system and a pair of galvanometer-driven
mirrors to scan a focused laser beam across the nanophotonic struc-
ture. This enables high-performance imaging, the scanning of a desired
area with a laser in a short time and provides flexibility in imaging the
given structures. High-resolution imaging enables precise coupling be-
tween nanophotonic structures and optical fibers, enabling research of
efficient fiber-coupled quantum network nodes.

Q 37.50 Wed 17:00 Tent B

An improved DM-CV-QKD system for metropolitan
fiber links — eSTEFAN RicHTER!2, HUSEYIN VUraLD2, Jan
Scureck!?, KeviN Jakscab?, OmerR BavrRakTar2, THOMAS
DirMEIERY 2, WENJIA Erserb2, DowminiQque Erserb?, and

CHRISTOPH MARQUARDT!2 — !Lehrstuhl fiir Optische Quantentech-
nologien, Friedrich-Alexander-Universitdt Erlangen-Niirnberg, 91058
Erlangen, Germany — 2Max-Planck-Institut fiir die Physik des Lichts,
91052 Erlangen, Germany

Continuous-variable quantum key distribution (CV-QKD) is a key
building block for the quantum-safe encryption schemes needed to
protect sensitive communications against the growing threat of many-
qubit quantum computers in the coming decades. We present our
prototype of a CV-QKD system for metropolitan fiber optical links
based on the discrete modulation (DM) of coherent states and com-
pare it to an earlier iteration. We propose solutions to several technical
challenges of the implementation, including procedures for automatic
working-point stabilization, calibration, as well as phase recovery and
tracking. Asymptotic keyrate estimates as a performance metric are
discussed in the context of additional constraints imposed by the error
correction implemention.

Q 37.51 Wed 17:00 Tent B
Towards Quantum Memories in Noble-Gas Nuclear Spins
with Alkali Metal Vapour as Optical Interface — eNoORMAN
Vincenz Ewarpb2, Tiannao Liu2®, Avexanper Erp!:2) Lursa
Escuerral3, WoLrcana KiLian?, JEns VoiaT?, DENis UHLAND?,
ILja GErRHARDT?, and Janik Worters!'® — 1German Aerospace
Center (DLR), Institute of Optical Sensor Systems, Berlin
2Physikalisch-Technische Bundesanstalt, FB 8.2 Biosignale, Berlin
— 3Technische Universitit Berlin, Institut fiir Optik und Atomare
Physik, Berlin — 4Leibniz University Hannover, Institute of Solid
State Physics, Hannover — 5Tragically deceased on 22 July 2023.

Quantum memories with storage times well beyond 1 s will spawn man-
ifold applications in quantum communication, e.g. as quantum token
for authentication. We present our first steps towards a quantum mem-
ory with long storage time in a mixture of the noble gas 129Xe and
an alkali metal vapour of 133Cs. A custom glass cell at about room
temperature contains both species and is placed inside a table-top mag-
netic shield. Information will be stored in the collective excitation of
nuclear spins of 129Xe, which exhibit hours-long coherence times [1].
133(Cs serves as optical interface for signal photons, which we store in a
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collective spin excitation using EIT [2]. Coherent information transfer
to the noble gas spins is based on spin-exchange collisions and will be
controlled by synchronisation of Larmor precession [3].

[1] C. Gemmel et al., Fur. Phys. J. D 57, 303-320 (2010). [2] L. Es-
guerra et al., Phys. Rev. A 107, 042607 (2023). [3] O. Katz et al.,
Phys. Rev. A 105, 042606 (2022).

Q 37.52 Wed 17:00 Tent B
Simulation of Cluster state generation process with time-bin
protocol — RuoLiN Guan?!, eFr1 Dinc?, and KLEMENS HAMMERER!
— Mnstitut fiir Theoretische Physik, Leibniz Universitit Hannover,
Germany — 2Institut fiir Festkorperphysik, Leibniz Universitit Han-
nover, Germany

The on-demand generation of multi-entangled photons is an attractive
goal for the realization of quantum communication networks. Pho-
tonic Cluster State, is a promising multi-entangled state because they
are specifically prepared for measurement-based quantum computa-
tion. Here, we propose to develop a simulation method for generating
multi-photon states, particularly linear cluster states with time-bin
protocol. Additionally, we utilize a local measurement approach to
simulate the measurement process.

Q 37.53 Wed 17:00 Tent B
Multiphoton interference in multidimensional systems —
eFELIX TWISDEN, JAN SPERLING, and PoLINA SHARAPOVA — Pader-
born University, Warburger Strasse 100, 33098 Paderborn

Multidimensional entanglement is a key source for many quantum ap-
plications, such as quantum computing, quantum communication and
quantum simulation [1]. Therefore, we investigate in this work a four-
channeled quantum optical system, which is driven by two spontaneous
parametric down-conversion (SPDC) sources (each emitting two pho-
tons), in order to characterize the photons via coincidence probability.
The system represents an integrated quantum circuit with four chan-
nels, based on the platform material lithium niobate. The optical
components can be adjusted in such a way that the polarization of the
photons can be set individually. Furthermore, a time delay between
the four photons can be introduced. In this system, two photon pairs
(four photons) are generated by an independent SPDC-source and is
therefore characterized by a spectrally entangled frequency distribu-
tion. The main goal is to investigate the coincidence probability for
the described four photon case of the multichannel and multifrequency
system regarding different configurations of the optical elements.

[1] J. Wang, S. Paesani, Y. Ding, R. Santagati, P. Skrzypczyk, A.
Salavrakos, J. Tura, R.Augusiak, L. Manc¢inska, D. Bacco, et al., Mul-
tidimensional quantum entanglementwith large-scale integrated optics,
Science360, 285%291 (2018).

Q 37.54 Wed 17:00 Tent B
Photonic integrated circuits for phase-encoded prepare-and-
measure QKD on a CubeSat — eJoost VERMEER!:2, Jonas
PupeLko!?, KeviN GUNTHNER!2, and CHRISTOPH MARQUARDT!:2
— 1Friedrich-Alexander-Universitit Erlangen-Niirnberg, Germany —
2Max Planck Institute for the Science of Light, Erlangen, Germany

In the past decade several projects have been started to develop satel-
lite based quantum key distribution (QKD) systems and avoid the
range limitations of fiber based QKD systems. The cost of these sys-
tems is for a large part determined by the size, weight and power of
the satellite. With photonic integrated circuits (PICs) one can inte-
grate many optical components on a single chip, which opens up the
possibility to implement all the optical functions necessary for QKD
with reduced size, weight and power requirements.

In this work, we will present our optical CubeSat payload for the
QUBE-II mission. It will perform phase encoded prepare-and-measure
QKD with weak coherent states using an Indium-Phosphide transmit-
ter PIC. We discuss the requirements for this transmitter PIC and
compare different PIC design approaches to investigate which one can
best fulfill these requirements.

Q 37.55 Wed 17:00 Tent B
Characterization of second order noise processes in
waveguide-based quantum frequency converters — eANN-
KATHRIN MULLER, MARKUS STRUCKMANN, FLORIAN ELSEN, and
ConsTaNTIN LEON HArFNER — Chair for Laser Technology, RWTH
Aachen University

Quantum frequency converters (QFCs) are photonic interfaces that
convert the photons emitted by qubits to the low-transmission-loss tele-
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com bands for fiber-based quantum communication. They can be re-
alized using difference-frequency-generation (DFG) with a strong laser
field in periodically poled nonlinear materials, e.g. in a waveguide.

The aim is to maximize conversion efficiency whilst minimizing noise
generation. Long-wavelength-pumped QFCs in which the strong light
field is the lowest frequency component in the DFG process are theo-
retically considered quasi-noise-free.

However, during this work, noise characterization of a long-
wavelength-pumped QFC from 856.7 nm to 1527.7 nm identified sec-
ond harmonic generation (SHG) of the strong laser field with sub-
sequent spontaneous parametric downconversion as a prominent noise
source. Specifically, SHG-power in the milliwatt-regime was measured,
showing the relevance of two-staged effects to noise in long-wavelength-
pumped QFCs. This study advances the understanding of noise gen-
eration in QFCs, offering insights into the implications for QFC design
and critical considerations for optimizing quantum networks.

Q 37.56 Wed 17:00 Tent B
Singular modes of light in dynamic random media — eDaviD
BacuMANN!, Matuieu Isoarp!:2, Giacomo Sorerri}?, VyacHu-
ESLAV SHATOKHIN!, and ANDREAS BUCHLEITNER! — !Physikalisches
Institut der Albert-Ludwigs-Universitidt Freiburg — 2Laboratoire
Kastler Brossel, Paris, France — 3Fraunhofer Institute for Optronics,

Ettlingen, Germany

Wave propagation through random continuous media is an important
fundamental problem with applications ranging from remote sensing to
quantum communication. We refine the methods for accurate numeri-
cal simulation and table-top experiments of such media by introducing
novel hybrid phase screens. Within this framework, we investigate
the effects of disorder on structured light and show how instantaneous
spatial singular modes of light offer improved high-fidelity signal trans-
mission in dynamically evolving media compared to standard encoding
bases. We show that power-law spectra such as the atmospheric Kol-
mogorov spectrum induce a subdiffusive algebraic decay of transmitted
power as a function of time.

Q 37.57 Wed 17:00 Tent B
TOWARDS CONSUMER-LEVEL QUANTUM-SECURE
CRYPTOGRAPHY ENTANGLEMENT-BASED SHORT-
RANGE QUANTUM-KEY-DISTRIBUTION eLuca
Grar!:2:3, HENNING MoLLENHAUERDZ:3, TiLL Appen!:2:3, DANIEL
TrepeL!23, Prus Geriscul'?3, and RaLr RiepiNgerl:2:3
1Zentrum fiir Optische Quantentechnologien, Universitit Hamburg,
22761 Hamburg, Deutschland — 2The Hamburg Centre for Ultrafast
Imaging, 22761 Hamburg, Germany — 3Institut fiir Quantenphysik,
Universitdt Hamburg, 22761 Hamburg, Deutschland

Over the last years various methods of quantum key distribution
(QKD) have been developed. Long distance implementations remain
challenging due to the exponential loss of photons in quantum chan-
nels. A possible solution is hybrid cryptography, with key distribu-
tion over short distance, followed by quantum-secure classical encryp-
tion over long distance. Short-range QKD allows for exchanging an
information-theoretically secure root-of-trust that is stored on two end
modules. This root-of-trust is employed to generate encryption keys

through classical rekeying algorithm. In this approach it is possible
to spatially separate the end modules and communicate over existing
communication infrastructure since no quantum channel required after
initialization. We present an experimental setup for short-range QKD
with low-cost end modules that has the potential to be made compact
enough to be implemented with semiconductor electronics.

Q 37.58 Wed 17:00 Tent B
Machine learning improved search for nitrogen-vacancy
colour centres with long coherence times — eRicky-JoE PLATE,
Jan THiEME, and KiLiAN SINGER — Universitiat Kassel, Kassel, Ger-
many

Nitrogen-vacancy colour centres are offering promising qubits for room
temperature quantum information processing [1]. The quality of the
qubits varies over a typical diamond sample and finding colour centres
with long coherence times can be a time-consuming process in the lab.
Here we present the architecture of a machine learning-based network
[2] that allows for an automated search and characterization of optimal
colour centres. An open-source implementation based on high-speed
c++ code will be presented, that allows easy integration of custom
improvements to the code base.

[1]: Maurer, P.C., Kucsko, G., Latta, C. (2012): Room-Temperature
Quantum Bit Memory Exceeding One Second, in: Science Vol 336 Is-
sue 6086, pp. 1283-1286, doi: 10.1126/science.1220513. [2]: Jiang, X.,
Hadid, A., Pang, Y., Granger, E. und Feng, X. (Hrsg.) (2019) Deep
learning in object detection and recognition. Singapore: Springer.

Q 3759 Wed 17:00 Tent B
A compact WGMR-based source optimized for coupling
to an ion in a deep parabolic mirror — SHENG-Hsuan
Huanc!2, eTHomas DIRMEIER!'2, MARTIN FiscHERD2, MARKUS
SoNDERMANNY:2, GErRD Lrucus!?, and CHRISTOPH MARQUARDT?'!
— 1Max-Planck-Institute for the Science of Light, Erlangen, Germany
— 2Department of Physics, Friedrich- Alexander-Universitit Erlangen-

Nirnberg, Erlangen, Germany

As part of the BMBF QuNET initiative, it is planned to demonstrate
the coupling of a mobile node containing a SPDC source to a stationary
ion trap.

Cavity-assisted SPDC sources have been known to allow for the
efficient coupling to atomic transitions. They often require addi-
tional spectral filtering cavities, thus leading to a higher experimen-
tal complexity. However, optical whispering gallery mode resonators
(WGMR) have been proven to be compact, efficient and single mode
sources of e.g. squeezed states or heralded single photons which can
be coupled well to alkali metal vapours [1-3].

In our presentation, we discuss the concept and progress on the
realization of a compact WGMR source that is specifically tailored
to the D3 o < D[3/2]; /5 transition at 935 nm of 174ybt. We also
highlight the challenges faced while developing a photon-ion-coupling
experiment for a mobile platform, in this case an airplane.

[1]A.Otterpohl, et.al., Optica 6, 1375-1380 (2019)

[2]G.Schunk, et.al., Journal of Modern Optics 63 (2016)

[3]M.Fértsch, et.al., Physical Review A 91(2) 023812 (2015)
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Q 38.1 Wed 17:00 KG I Foyer
New Magnetically Levitation System for Magnetometry
— eCuancuao Xul2, Wer Ji'2, and Dmitry Bupker':23 —
IHelmholtz Institute Mainz, Mainz, Germany — 2Johannes Gutenberg
University, Mainz, Germany — 3Department of Physics, University of
California at Berkeley, Berkeley, California 94720-7300, USA

In this work, we attempt to provide a novel magnetometer operable
at room temperature. We firstly achieved stable levitation of magnets
smaller than 1mm in size at room temperature using diamagnetic lev-
itation techniques. For the levitated magnets, their rotational degrees
of freedom are sensitive to external magnetic field strengths with low
dissipation. Through the application of optical lever techniques, we
have realized high-sensitivity measurements of the rotational dynam-
ics of the levitated magnets. After suppressing factors such as magnetic
field noise, air fluctuation, laser-induced thermal damage, and system
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vibrations, we have currently achieved a sensitivity of 1pT/Hz"1/2 for
magnets with a size of 0.5mm.

Q 38.2 Wed 17:00 KG I Foyer
GHZ-bandwidth four-wave mixing in a thermal rubidium va-
por using the 6P intermediate state — eMax MAusezaHL!,
FeLix MouwmTsiuis!, Moritz SELTENREICH!, JAN REUTERZ3,
Hamm Nakav?, HapiseH ALAEIAN®, HARALD KUBLER!, MATTHIAS
MOLLER2, CHARLES STUART Apams®, RoserT Low!, and TiLman
Prau! — 15. Physikalisches Institut, Universitit Stuttgart, Ger-
many — 2Forschungszentrum Jiilich GmbH, PGI-8, Germany —
3Universitét zu Koln, Germany — 4Weizmann Institute of Science
and AMOS, Israel — ®Departments of Electr. & Computer Engin.
and Physics & Astronomy, Purdue University, USA — SDepartment
of Physics, Joint Quantum Centre (JQC), Durham University, UK

Fast coherent control of Rydberg excitations is essential for quantum



Freiburg 2024 — Q

Wednesday

logic gates and on-demand single-photon sources like our concept based
on the Rydberg blockade as demonstrated for room-temperature ru-
bidium atoms in a wedged micro-cell. For our improved single-photon
source, we employ state-of-the-art 1010 nm pulsed fiber amplifiers to
drive a Rydberg excitation via the 6P intermediate state.

Here we report on the current state, technical challenges, time re-
solved nanosecond pulsed four-wave mixing, GHz Rabi cycling and
photon statistics involving the 40S Rydberg state. Using an updated
electrical pulse system and detectors we can increase photon generation
and detection efficiency, while exploring the effects of the novel exci-
tation scheme experimentally and numerically. The MHz repetition
rate and excitation timescales also pave the way towards fast optimal
control methods for high fidelity Rydberg logic gates.

Q 38.3 Wed 17:00 KG I Foyer
Gyroscopy with ensemble NV centers in diamond — eMUHIB
OwMmarY2, Josepn SuaJ1 REBEIRRODZ, DMITRY BuDpkERD'Z3, and
ARNE WickenBrRock 2 — lHelmholtz-Institut, GSI Helmholtzzen-
trum fiir Schwerionenforschung, 55128 Mainz, German — 2Johannes
Gutenberg-Universitdt Mainz, 55128 Mainz, German — 3Department

of Physics, University of California, Berkeley, California 94720, USA

A rotation sensor protocol utilising the nitrogen nuclear spin in the
Nitrogen-Vacancy center (NV) system in diamond is proposed. The
nuclear spin state preparation method employed, consisting of a single
green laser pulse and a microwave pulse, is to date the shortest pulse
sequence employable for gyroscopic sensing using nuclear spins in dia-
mond at arbitrary fields. Field dependence of lower magnetic bias field
dynamical nuclear spin polarisation sequences is studied.

Q 38.4 Wed 17:00 KG I Foyer
Magnetometry and Thermometry with NV centers in a
seeded optical cavity — eFLORIAN ScHALL!, FeELix A. Haur!,
Lukas LINDNER!, ALEXANDER ZAITSEVZ, TAKEsHI OHSHIMAS, and
JaN Jeske! — lFraunhofer Institute for Applied Solid State Physics,
Freiburg im Breisgau, Germany — 2College of Staten Island, New
York, USA — 3National Institutes for Quantum Science and Technol-
ogy, Gunma, Japan

To measure magnetic fields and temperatures with NV centers in di-
amond, their spin-dependent fluorescence is usually monitored in an
optically detected magnetic resonance (ODMR) measurement. A dif-
ferent approach is the concept of laser threshold magnetometry (LTM),
that uses the NV centers as a laser medium. Recently researchers have
demonstrated the magnetic field dependence of the stimulated emis-
sion from NV centers in a high-finesse optical cavity using a seeding
laser. Based on these results we determined the strength and orienta-
tion of external magnetic fields created by a permanent magnet. Due
to the high finesse of the optical cavity, we achieved high contrasts
and output powers in the ODMR measurements. We also investigated
the influence of laser and microwave power on diamond temperature.
By specifically varying the diamond temperature, we successfully veri-
fied the well-known temperature dependence of the zero-field splitting
of the NV center. Our results show the first vectorial magnetic field
determination with a setup based on LTM. The investigation of the
laser-induced temperature changes is highly relevant for a future inte-
gration of the setup.

Q 38.5 Wed 17:00 KG I Foyer
Progress towards a fiber-based cold atom source in the meter
range — eMAaRrcus MAaLKI, VIET HoaNGg, THOMAS HALFMANN, and
THORSTEN PETERS — TU Darmstadt, Darmstadt, Germany

Quantum technologies require controlled interactions with quantum
systems that are otherwise isolated from the incoherent environment.
In the case of neutral atoms or ions inside a vacuum system this means
efficient shielding of the quantum systems from their source, which of-
ten is a hot oven. One solution to this problem is a flexible, cold source
of neutral atoms.

We here report on our progress towards realizing such a source by
implementing a hollow-core fiber (HCF) guide for cold 8"Rb atoms in
the meter range. The guide is based on an optical dipole trap propa-
gating through the HCF to minimize collisions of the cold atoms with
the fiber wall.

We will discuss various considerations regarding the maximum guid-
ing distance, such as background pressure inside the HCF, fiber bend-
ing radius, and parametric heating. We will also present first measure-
ments of the HCF loading phase from atoms provided by a dark-line
magneto-optical trap and discuss how the number of atoms, their tem-
perature and velocity can be probed inside a HCF.
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Q 38.6 Wed 17:00 KG I Foyer
Temperature dependence of charge conversion during NV-
center relaxometry — eIsaBeL CaArRDOsO BARrBosa, Jonas
GuTscHE, STEFAN Dix, DENNIS LONARD, and ARTUR WIDERA —
Physics Department and State Research Center OPTIMAS, RPTU
Kaiserslautern-Landau, 67663 Kaiserslautern, Germany

Temperature-dependent nitrogen-vacancy (NV)-center relaxometry is
an established tool to characterize paramagnetic molecules near a
sensing diamond. However, charge conversion between the negatively
charged NV~ and the neutrally charged NV? impedes these pulsed-
laser measurements and influences the results for the 77 time. While
the temperature dependence of the NV centers’ T time is well-studied,
contributions from temperature-dependent charge conversion during
the dark time 7 may further affect the measurement results. We
combine temperature-dependent relaxometry and fluorescence spec-
troscopy to unravel the temperature dependence of charge conversion
in nanodiamond for biologically relevant temperatures. While we ob-
serve a decrease of the 77 time with increasing temperature, charge
conversion remains unaffected by the temperature change. These re-
sults allow the temperature-dependent performance of T relaxometry
without further consideration of temperature dependence of charge
conversion.

Q 38.7 Wed 17:00 KG I Foyer
Stable Zerodur based optical system for the MAIUS-2 mis-
sion — SOREN BoLes!, Morirz Mium!, ANDRE WENzZLAWSKI!,
OrrwIN HELLMIGZ, KLAUS SENGSTOCK2, PATRICK WINDPASSINGER!,
and THE MAIUS Tgam!:2:3:456 — 1Johannes Gutenberg Univer-
sitit Mainz — 2ILP, Universitit Hamburg — 3Institut fiir Physik,
HU-Berlin — “IQO, Leibniz Universitit Hannover — >ZARM, Uni-
versitit Bremen — SFBH, Berlin

Launched in December 2023, the MAIUS-2 mission investigates BEC-
mixtures of Rb and K in microgravity environment on a sounding
rocket flight. To assure stable performance of the optical system un-
der the harsh launch conditions, fiber-coupled optical benches were
manufactured based on the glass ceramic Zerodur, a material which
excels in having a very low coefficient of thermal expansion (CTE), as
well as a high mechanical strength. Successful implementation of this
optical technology was shown in various missions, such as FOKUS,
KALEXUS, as well as its predecessor MATUS-1.

MATIUS-2 represents new challenges to the optical technology, since
light to manipulate both atomic species has to be intensity controlled,
pulse-shaped and fiber-coupled to realize the experimental goals.

In this submission, we will present the performance of the Zerodur op-
tical technology during the launch and flight of the MAIUS-2 mission.
MATIUS is supported by the German Space Agency DLR with funds
provided by the Federal Ministry of Economic Affairs and Climate
Action (BMWK) under grant numbers 50WP1433 & 50WP2103.

Q 38.8 Wed 17:00 KG I Foyer
(Near) zero-field cross-relaxation features for diamond mag-
netometry — eOmkarR Duuncer!2, T Lenz!:2, MAaRriusz
MRro6zek®, MuniB OmaRrR!:2, Josep SHAJI REBEIRROVZ, Wou-
ciecH GAwLIK?, ApAM WoulciECcHOWSKI®, VIKTOR Ivapy®%:6 Apam
GaL1’®, ArRNE WickENBROCK!2, and Dwmrtry Bubpker!2:9
'Helmholtz-Institut Mainz, GSI, 55128 Mainz, Germany — 2JGU
Mainz, 55128 Mainz, Germany — 3Jagiellonian University, Faculty of
Physics, Astronomy and Applied Computer Science, Lojasiewicza St.
11, 30-348 Krakow, Poland — 4Department of Physics of Complex Sys-
tems, ELTE Eo6tvos Lorand University, Egyetem tér 1-3, H-1053 Bu-
dapest, Hungary — °MTA-ELTE Lendiilet *Momentum* NewQubit
Research Group, Pazmany Péter, Sétany 1/A, Budapest,1117, Hun-
gary — SDepartment of Physics, Chemistry and Biology, Linképing
University, 581 83 Linkdping, Sweden — 7 Wigner Research Centre for
Physics, P.O. Box 49, H-1525 Budapest, Hungary — 3BUTE, Insti-
tute of Physics, Department of Atomic Physics, Miiegyetem rakpart
3., 1111 Budapest, Hungary — ?Department of Physics, UC, Berkeley,
California 94720-300, US

We study zero-field cross-relaxation features of negatively charged
nitrogen-vacancy (NV) center ensembles in diamond. This feature
holds promise for magnetometry applications where either the mi-
crowaves or the bias magnetic field used in conventional NV center
magnetometry disturb the system under study; for example, the study
of high-temperature superconductors, zero- to ultralow-field (ZULF)
NMR, investigation of biological samples, and magnetic materials.

Q 38.9 Wed 17:00 KG I Foyer
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Ion trap chips on dielectric substrates for double-well cou-
pling experiments — eMicHAEL D.J. PreirEr! 2, SiMoN ScHEY!:3,
MarTHIAS DIETLY2, FABIAN ANMASSERD'2, JakoB WaHLY2, MARCO

VALENTINI?, MARTIN VAN Mourik2, THomas Monz2, FABIAN

LaurenT!, CLEMENs RossLer!, YveEs CoromBE!, and PHILIPP
ScHINDLER? — lInfineon Technologies Austria AG, Villach, Austria
— 2University of Innsbruck, Innsbruck, Austria — 3Stockholm Uni-

versity, Stockholm, Sweden

We report on surface ion trap chips, industrially fabricated at Infineon
Technologies [1,2], that are capable to generate a two-well potential
for trapping ions. The chips are designed for investigating rf shuttling
in the large separation and in the coupling regimes as element of a
scalable architecture [1]. The optimization of the design parameters
of a surface ion trap in the rf coupling regime with optimal ion height
and ion-ion distance is discussed.

The dielectric substrates Fused Silica and Sapphire are used in the
fabrication of the chips. The status of the microfabrication on these
materials is discussed, with a focus on optical and electric properties,
as well as on wafer bow.

[1] Ph. Holz, S. Auchter et al., Adv. Quantum Technol. 3, 2000031
(2020)

[2] S. Auchter, C. Axline et al., Quantum Sci. Technol. 7, 035015
(2022)

Q 38.10 Wed 17:00 KG I Foyer
Microscopy Setup for Optical Measurements of Distances be-
tween Nanodiamonds and Microwave-Antennas — eOLIVER
BEIERSDORF, STEFAN Dix, DENNIS LONARD, ISABEL BARrRBOsA, and
ARTUR WIDERA — Department of Physics and State Research Cen-
ter OPTIMAS, University of Kaiserslautern-Landau, 67663 Kaiser-
slautern, Germany

Due to their properties, negatively charged nitrogen-vacancy (NV) cen-
ters in nanodiamonds are well-known in the field of magnetometry. In
these quantum systems, spin transitions can be induced by resonant
microwave pulses and measured by fluorescence after laser excitation.

In this work, a reflected light microscopy setup for nanodiamonds
was built, including illumination and excitation of a sample position-
able with an accuracy of about 100 nm, a camera setup, and a fluores-
cence detection unit. It further allows to freely position optical fibers
over the sample with an accuracy of about 1 pm.

In this way, we want to quantify the dependence of the rabi-
oscillations of NV centers on the distance of a fiber-based endoscope
with a silver direct-laser-written structure for microwave emission next
to a fiber facet that can be used for excitation. By successfully de-
termining this dependence, we aim to validate the suitability of NV
diamonds as quantum sensors not only for magnetometry but also for
distance determination, ultimately enabling multifunctional NV-based
sensors.

Q 38.11 Wed 17:00 KG I Foyer
Real-world NV-center vector magnetometry of a 3D coil sys-
tem — eDENNIS LONARD, STEFAN Dix, IsABEL BARBOsA, and ARTUR
WIDERA — Physics Department and State Research Center OPTI-
MAS, RPTU Kaiserslautern-Landau, 67663 Kaiserslautern, Germany

The nitrogen-vacancy (NV) color center in diamond is an essential plat-
form for magnetic field sensing for technical and biological applications.
One major advantage is that the spin state of the NV-center can be
read out optically via fluorescence. Observing the Zeeman-splitting of
four independent NV axes in one diamond then enables full vectorial
magnetometry. The signal detection of the NV fluorescence can be sub-
stantially improved with lock-in amplification. However, discussions of
magnetic field sensitivity are often limited to artificially engineered lab
conditions. Technical difficulties that arise when NV magnetometry is
to be performed in unknown magnetic fields are often disregarded.
Here, we present a real-world measurement of the vector magnetic
field of a 3D coil system, used in a quantum gases experiment. Our
sensor exhibits magnetic field sensitivities down to 200nT /rt(Hz) with
bandwidths of up to 100Hz. Thus showing the improvements NV cen-
ter magnetometry can deliver over conventional instruments like Hall-
sensors. Signal-to-Noise ratio and magnetic field sensitivity can be
further improved with balanced photodiode detection techniques.

Q 38.12 Wed 17:00 KG I Foyer
Optimizing efficiencies in time-multiplexed photonic quan-
tum walks — ePHiLIP HELD, VINCENT BoRrLiscH, FEDERICO PEGO-
RARO, BENJAMIN BRECHT, and CHRISTINE SILBERHORN — Paderborn
University, Integrated Quantum Optics, Institute of Photonic Quan-
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tum Systems (PhoQS), Warburger Str. 100, 33098 Germany

Quantum walks function as essential means to implement quantum
simulators, allowing one to study complex quantum processes that of-
ten cannot be directly accessed in the laboratory. Time-multiplexed
photonic quantum walks offer the possibility to build easily scalable
systems. Here the position space of the walk is mapped to temporal
bins and physical elements of the setup are used time and again. Ex-
perimentally this is implemented by realizing a looped structure, such
that each step is implemented by one roundtrip through the setup.
Thus, the overall losses - wich constitute the main limitation of the
system - are mainly determined by the roundtrip losses that scale ex-
ponentially with the step number. In this contribution, we present a
new scheme to build time-multiplexed photonic quantum walks. We
were able to reduce the number of required optical components and
improve the spatial mode matching of the optical paths. The new
setup architecture features a smaller, compact footprint, higher long-
term stability, and a reduction of losses by more than 25% compared
to the original version. We now achieve a round-trip efficiency of 86%,
which reduces the measurement time by an order of magnitude for a
20-step two-photon quantum walk.

Q 38.13 Wed 17:00 KG I Foyer
Nonlinear light-matter interaction based on integrated
waveguides immersed in hot atomic vapor — eANNIkKA BrLz!,
RoBIN KLOPFER', BENYAMIN SHNIRMAN!2| X1a0vu CHENG!, HAR-
ALD KUBLER!, CHARLEs STUART ADAMs®, HADISEH ALAEIAN?,
RoBERT Low!, and TiLmMaN Praul — 15, Physikalisches Institut and
Center for Integrated Quantum Science and Technology (IQST), Uni-
versitét Stuttgart, Germany — 2Institut fiir Mikroelektronik Stuttgart
(IMS-Chips), Stuttgart, Germany — 3Department of Physics, Joint
Quantum Centre (JQC) Durham-Newcastle, Durham, United King-
dom — “Departments of Electrical & Computer Engineering and
Physics & Astronomy, Purdue University, West Lafayette, USA

The combination of thermal atomic vapor with nano-photonic struc-
tures provides a unique platform for the manipulation of atom-photon
and light induced atom-atom interactions and can exhibit large optical
non-linearities, even at the single photon level.

We can further enhance these non-linearities by using slot waveg-
uides in which we observe repulsive interactions of the atoms within
the slot via an enlarged Purcell factor. Thereby we generate a medium
that reaches already in this specific setting a nonlinearity on the few
photon level. In order to verify the nature of the non-linearity in more
detail we plan to incorporate an integrated Mach-Zehnder interferom-
eter to access also the non-linear phase shift.

Furthermore, we present first measurements of the phase shift in a
thermal atomic vapor using a fiber coupled Michelson interferometer.

Q 38.14 Wed 17:00 KG I Foyer
A miniaturized and integrated fiber-based magnetic field
sensor — oSTEFAN Dix, DENNIS LONARD, IsaBEL CARDOSO BAR-
BOsA, JoNas GurscHE, and ARTUR WIDERA — Physics Department
and State Research Center OPTIMAS, RPTU Kaiserslautern-Landau,
67663 Kaiserslautern, Germany

The nitrogen-vacancy (NV) center is a crucial element in measuring
precise magnetic fields while also retrieving temperature information.
Possible applications for this sensor range from medical surgery over
the analysis of magnetic samples to current monitoring of today’s elec-
tric vehicles. While other concepts for integrated sensors have been
shown, ongoing miniaturization requires ever smaller yet more robust
sensing devices. In this work, we developed a versatile and robust sen-
sor platform for macroscopic handling while maintaining a compact
size and including wires and optical fibers on a platform diameter of
1.25 mm. Furthermore, we use direct laser writing to fixate and couple
a 15 pm-sized diamond containing NV centers to one optical fiber and
create a waveguide structure between another optical fiber to excite
the NV center. Thus, we separate beam paths for excitation and de-
tection to enhance the sensitivity. Necessary antenna structures are
created on the tip of an optical fiber using a silver direct laser writ-
ing process. We test our device by probing the field distribution of a
magnetic-coil system with high spatial and magnetic field resolution.
Our results point towards a sub-millimeter, integrated sensor for high
spatial resolution vector magnetometry with a large bandwidth.

Q 38.15 Wed 17:00 KG I Foyer
Fabricating high-finesse fiber Fabry-Perot cavities for quan-
tum simulation — eCoONSTANTIN GRAVE, ISABELLE SAFA, MARVIN
HorreN, and JurLiaAN LEONARD — TU Wien - Atominstitut, Stadion-
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allee 2, 1020 Wien, Osterreich

Fiber Fabry-Perot cavities (FFPCs) are used in a wide spectrum of
technical and scientific applications ranging from cavity quantum elec-
trodynamics and fiber-coupled single-photon sources to new scanning
microscopy techniques. We realize a highly automated fabrication fa-
cility to manufacture curved mirrors on the end-facets of optical fibers.
While the curvature is shaped with a CO2 laser, the coating for the
reflectivity is applied externally. In our setup a Mireau objective us-
ing white light interferometry is included, allowing us to measure the
shape of the mirror during production and enabling iterative optimi-
sation of the geometry. We expect this approach to result in small yet
open FFPCs with favorable scaling properties, small mode volumes as
well as high finesses. This combination of features is advantageous for
the construction of compact and robust quantum-enabled devices like
the currently build setup of our group, that uses an tweezer-loaded
array of neutral atoms inside a FFPC.

Q 38.16 Wed 17:00 KG I Foyer
Industrial fabrication of surface ion-traps with integrated
optics eJakoB WaHLY2, ALEXANDER ZEsAR!, KLEMENS
ScutppeRT!, CLEMENS ROssLER!, PuiLlP ScHINDLER?, and CHRIS-
TIAN Roos? — lInfineon Technologies Austria — 2University of Inns-

bruck

Trapped ions have shown great promise as a platform for quantum
computing, with long coherence time, high fidelity quantum logic gates,
and the successful implementation of quantum algorithms. However,
to develop trapped-ion based quantum computers from laboratory se-
tups to practical devices for solving real-world problems, the number of
controllable qubits must be increased while improving error rates. One
of the major challenges for scaling trapped-ion quantum computers is
the need to switch from free space to integrated optics, to achieve
lower drift and vibrations of light relative to the ion, and therefore
more stable and scalable ion-addressing.

At Infineon and the University of Innsbruck, we are working on the
integration of optical elements in surface ion traps, which are fabricated
in industrial semiconductor facilities at Infineon. We use femtosecond-
laser written waveguides to guide light in a glass-block that is manu-
factured on the chip’s surface in wafer-level processes. The integrated
waveguides eliminate vibrations between optics and the ion, and there-
fore reduce intensity fluctuations of the laser light at the position of the
ion. Moreover, integrated waveguides can enable complex light routing
to multiple trapping sites and make quantum information processors
more robust and more parallelizable.

Q 38.17 Wed 17:00 KG I Foyer
Edge Machine-Learning assisted Magnetometer Based on
NV-Ensembles in Diamond — eJonas HoMRIGHAUSEN!, Lubpwia
HorsTHEMKE2, JENS PoGORzELSKI?, SARAH TRINSCHEK!, PETER
GLOSEKOTTER?, and MARKUs GREGOR! — !Department of Engineer-
ing Physics, University of Applied Sciences, Miinster — 2Department

of Electrical Engineering and Computer Science

1

In the field of quantum sensing, particularly in magnetometry, the
nitrogen-vacancy (NV) center in diamond stands out as a promising
sensor material. It offers high sensitivity, exceptional spatial reso-
lution, and wide bandwidth at room temperature, making it an ideal
candidate for miniaturization and integration due to its solid-state host
crystal. However, the real-time tracking of magnetic field strengths us-
ing optically detected magnetic resonance (ODMR) poses challenges,
requiring sophisticated equipment such as multi-channel frequency
modulated RF generators and lock-in techniques. Additionally, accu-
rately calculating magnetic field magnitudes from transition frequen-
cies requires various parameters like crystal orientation and internal
strain parameters. To address these challenges, we propose a machine-
learning assisted approach leveraging an ESP32 microcontroller as the
central control and acquisition unit [1]. By performing inference on a
pre-trained artificial neural network using data collected from a fiber-
coupled NV ensemble, we obtain the local magnetic field magnitude at
the fiber tip. By using off-the-shelf components, we present a low-cost,
low-power standalone sensor device that can easily made portable.
[1] J. Homrighausen et al. (2023). Sensors 23(3), 1119.

Q 38.18 Wed 17:00 KG I Foyer
Rydberg Atom-based RF Sensors: E-field amplitude and
phase-sensitive detection — eCLARA ROTH, MATTHIAS SCHMIDT,
LArRA METZGER, STEPHANIE BoHAICHUK, CHANG Liu, FLORIAN
CHRISTALLER, VIJIN VENU, HARALD KUBLER, and JAMES SHAFFER
— Quantum Valley Ideas Laboratory, Waterloo, Canada, ON
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We present theoretical work aimed at understanding radio frequency
phase and amplitude measurement using all-optical, atom-based elec-
tric field sensors. Atom-based radio frequency field sensors have a
number of applications in communications, radar and test and mea-
surement where both phase and amplitude information are important.
‘We apply the weak probe approximation to the Lindblad-master equa-
tion and find analytic expressions for the density matrix in steady state
in several level schemes up to 5 levels where a closed loop is formed.
We focus especially on the absorption coefficient and the populations
of Rydberg states. With these expressions, we gain a deeper under-
standing of the multi-photon interference and how this applies to phase
and amplitude readout in atom-based radio frequency sensors.

Q 38.19 Wed 17:00 KG I Foyer
Low Cost Prototyping and Teaching Platform for Quan-
tum Sensing using NV Centers — eMAaRINA PETERs!, JaN
STEGEMANN!, Lupwic HOorRsTHEMKEZ, MATTHIAS HOLLMANNY, NiLS
HavErkamp?, STeraN HEeUsLER?, PETER GLOSEKOTTER?, and
Markus GrREGOR! — !Department of Engineering Physics, FH Miin-
ster University of Applied Sciences, Germany — 2Department of Elec-
trical Engineering and Computer Science, FH Miinster University of
Applied Sciences, Germany — 3Institute of Physics Education Re-
search, University of Miinster

With the growing importance of quantum technology in industry and
research, the need for affordable, flexible and robust laboratory ex-
periments for prototyping and university studies is increasing. With
this modular, 3D-printed, low-cost (< €250) open source experiment
platform [1,2], students can learn about the principles of quantum
systems using the example of NV centers in diamond. The optical
components are mounted in 3D-printed cubes [3,4] that can be freely
arranged on a grid. The platform presented enables experiments on
magnetometry using optically detected magnetic resonance (ODMR)
and lowers the threshold to access modern quantum technology. [1]
www.03Q.de [2] Stegemann, J. et al. European Journal of Physics 44
(2023), [3] Diederich, B. et al. Nature Communications11, 5979 (2020)
[4] Haverkamp, N. et al. Physics Education 57 025019 (2022)

Q 38.20 Wed 17:00 KG I Foyer
Coherent control of ion motion via Rydberg excitation —
eMARION MALIWEGER!, ANDRE CIipDRIM2, HARRY PARKE!, NATALIA
Kuk!, RoBIN Tuomm!, Cur Zuanag!, and Markus HENNRICH! —
1Stockholm University, Stockholm, Sweden — 2Universidade Federal
de Sao Carlos, Sao Carlos, Brazil

Trapped Rydberg ions are a novel approach to quantum informa-
tion processing, combining qubit rotations in the ions’ ground states
with entanglement operations via Rydberg interaction. In the exper-
iments presented here a trapped strontium ion was excited from the
metastable 4D to Rydberg states. While for the ground state of the
ion, the polarizability is negligible, for Rydberg ions it increases as
~ n7. Thus, the high polarizability of the Rydberg state with respect
to the ground state leads to a displaced trapping potential during the
Rydberg excitation if the ion experiences an offset electric field. We
explore how this trapping field displacement can be employed for co-
herent control of the ions’ motion. We investigate this effect by per-
forming coherent excitation of the ion to the Rydberg state by using
stimulated Raman adiabatic passage (STIRAP). Repeated transitions
between the ground and the Rydberg states enhances the effect of the
ion displacement due to the change in trapping potential. This can
be used to induce a geometric phase accumulation via the ion mo-
tion. This excitation of motional modes via Rydberg excitation and
the generation of geometrical phases could be utilized for realizing a
fast quantum phase gate between multiple ions.

Q 38.21 Wed 17:00 KG I Foyer
QKD with atom photon entanglement over an urban fiber
link — eJonas MEIERS, CHRISTIAN HAEN, MaAX BERGERHOFF,
STEPHAN KUCERA, and JURGEN ESCHNER — Universitdt des Saar-
landes, Experimentalphysik, 66123 Saarbriicken

Quantum cryptographic protocols offer physical security through no-
cloning or entanglement. Following the entanglement-based quantum
key distribution protocol of [1], we present our implementation of atom-
photon entanglement-based quantum key distribution over a telecom
fiber in a metropolitan network. The protocol requires four atomic
bases as well as two photonic bases and allows us to create a quantum
key with security verification via the Bell parameter. We employ the
polarization entanglement between a single trapped 49Ca*-ion and an
emitted photon at 854 nm according to [2], generated via the P35 —
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Ds /o transition. The photon is frequency-converted into the telecom
band and transmitted via a 15-km long urban dark fiber across Saar-
briicken. The fiber has been characterized and stabilized for the trans-
mission of polarization-encoded qubits. Following the implementation
we discuss how well the experimental data agree with the predictions
from the theoretical protocol.

[1] R. Schwonnek et al., Nat. Commun. 12, 2830 (2021)

[2] M. Bock et al., Nat. Commun. 9, 1998 (2018)

Q 38.22 Wed 17:00 KG I Foyer
A Squeezed Light Interface for Silicon Vacancy Centers
in Diamond — eKonsTaNTIN Beck!, Donika IMERI}'2, MARA
BrINKMANN!, TiMo EikeLMANN!, Lasse JENs IRRGANG!, LENNART
MANTHEY!, SuniL Kumar ManaTo!2, RikHAV SHAH!, RoMAN
ScunaBeLb2, and RaLr RiEDINGERD'2 — Zentrum fiir Optische
Quantentechnologien, Universitdt Hamburg, 22761 Hamburg, Ger-
many — 2The Hamburg Centre for Ultrafast Imaging, 22761 Hamburg,

Germany

Silicon vacancy centers in diamond (SiV) have shown great poten-
tial for applications in quantum sensing and quantum communication,
due to their optically addressable spin transitions and stability against
noise. At temperatures below 300 mK, the SiV has a long-lived spin
degree of freedom that enables its use as a qubit for quantum informa-
tion applications. Integrating the properties of SiV centers with the
accessibility of a fiber network operating at telecom wavelengths can
enable efficient long-distance quantum communication.

We present a conceptual framework of an optical interface where
we couple squeezed photons to the silicon vacancy qubit and create
Gottesman-Kitaev-Preskill (GKP) states, known for their significance
in error resilient quantum communication protocols. We discuss the
theoretical aspects of GKP state creation as well as the experimen-
tal setup. Key aspects such as the squeezed state preparation, the
diamond nanophotonic cavities hosting SiV centers and the overall ar-
chitecture of the experiment are highlighted.

Q 38.23 Wed 17:00 KG I Foyer
Fast, efficient and lossless measurement of atom-photon en-
tanglement — eGianviTo CHIARELLA, ToBIAS FRANK, PAUu FAR-
RERA, and GERHARD REMPE — Max Planck Institute for Quantum
Optics, Garching bei Miinchen, Germany

Efficient quantum light-matter interfaces are crucial for the develop-
ment of quantum networks, which allow the generation, distribution
and storage of quantum states over remote locations. Two important
capabilities of a quantum network node are the efficient generation of
entanglement between a stationary and a flying qubit and the mea-
surement of the stationary qubit in a fast and efficient way. Moreover
it is also important that the stationary qubit is usable after its mea-
surement. Even though these features have been shown separately in
previous works, achieving them simultaneously remains a challenge.
Here we report about a quantum network node composed of a sin-
gle Rb87 atom coupled to two crossed fiber resonators, one mediat-
ing the generation of a photonic qubit entangled with the atom, and
the other collecting fluorescence photons for atomic state measure-
ment. We achieve an entanglement generation efficiency of 44%, and
we measure an atomic state in 7.5us with a fidelity of 98.5%. The im-
plementation of such a node in a quantum network would be beneficial
for quantum communication protocols that involve the distribution of
entanglement between nodes as a resource.

Q 38.24 Wed 17:00 KG I Foyer
Active Polarization Modulation of Passive Entangled Pho-
ton Pair Sources — eSABINE HAussLErR', PHILIPPE ANcsIN!,
MERITXELL CaBREJO-Ponce!2, Roprico Goémez'2, and FABIAN
STEINLECHNERY'2 — 1Fraunhofer Institute for Applied Optics and Pre-
cision Engineering, Albert-Einstein-Strafe 7, 07745 Jena, Germany —
2Friedrich Schiller University, Institute of Applied Photonics, Abbe
Center of Photonics, Albert-Einstein-Str. 12, 07745 Jena, Germany

Entangled photon pair sources (EPS) are typically optimized to pro-
duce a single well-defined quantum state. While such passive sources
are highly suitable for quantum key distribution (QKD), more ad-
vanced cryptographic protocols with multiple parties, such as quantum
secret sharing (QSS), demand more flexible sources that incorporate
active modulation. In our previous research, we have examined the
feasibility for multi-partite QKD using an EPS with active state mod-
ulation. There, the EPS is based on a complete in-fiber Sagnac inter-
ferometer with a cascade of second-harmonic generation and downcon-
version in two nonlinear waveguides. This setup offers high brightness,

(0]

phase stability, and high-speed active modulation. However, in this
configuration, Raman noise in fibers represents an issue that limits
performance. To overcome this restriction, the active modulation is
moved outside the Sagnac loop to the pump preparation stage. This
active system for polarization encoding is combined with a passive
EPS, giving altogether a better performing system for flexible applica-
tions in QKD. The system was characterized regarding its applicability
as a reconfigurable quantum network for QSS.

Q 38.25 Wed 17:00 KG I Foyer
Time-Bin QKD with Wavelength-Division Multiplexing —
eNikLAsS HUMBERG, ALEJANDRO SANCHEzZ-PosTico, and CARSTEN
ScHuck — Departement for Quantum Technology, Miinster, Germany

When doing Quantum Key Distribution, there are several different ap-
proaches to increase the secret key rate of a quantum channel. One
possibility is Wavelength-Division Multiplexing (WDM), where pho-
tons of several different wavelengths are sent simultaneously in parallel
over the same channel. These time-bin encoded qubits are generated
by a narrow-band laser with adjustable wavelength in combination
with electro-optic modulators for pulse generation. After transmission
through a quantum channel with up to 90 km length, the qubits are
demultiplexed and analyzed in the time domain using an 8-channel
silicon nitride-on-insulator photonic integrated circuit. We use Mach-
Zehnder interferometers with a 200 ps on-chip delay line to measure
in complementary bases and enable a maximal key generation rate of
up to 2.5 Gbit/s employing NbTiN superconducting nanowire single-
photon detectors (SNSPDs) with high timing accuracy. We present
simulation results, the QKD setup, and first measurements.

Q 38.26 Wed 17:00 KG I Foyer
Low Noise Quantum Frequency Conversion of SnV-Resonant
Photons to the Telecom C-Band — eDavip LINDLER, TOBIAS
BAUER, MARLON SCHAFER, and CHRISTOPH BECHER — Universitét
des Saarlandes, FR Physik, Campus E2.6, 66123 Saarbriicken

Tin-Vacancy-Centers (SnV) in diamond represent a promising candi-
date for quantum nodes in quantum communication networks, that
store, process and distribute quantum information [1,2]. To exchange
the information between these nodes over long distances through op-
tical fiber links, the spin state of the SnV-Center is transfered onto
single photons. These photons are then converted into the low-loss
telecom bands via quantum frequency down-conversion, to avoid the
problem of high loss in fibers for SnV-resonant photons at 619 nm.
Scaling this to large networks requires a shared frequency reference
frame to ensure, e.g, the indistinguishability of two converted photons
from different nodes, when performing a Bell state measurement.

‘We here present a two-stage low noise scheme for quantum frequency
conversion of SnV-resonant photons to the telecom C-band based on
difference frequency generation in PPLN waveguides. The two step
process drastically reduces noise at the target wavelength compared to
the single step process [3]. We will present the conversion efficiency,
conversion-induced noise count rates, and initial results on the fre-
quency stabilization of the mixing laser.

[1] J. Gérlitz et al., npj Quant.Inf. 8, 45 (2022).
[2] R. Debroux et al., Phys. Rev. X 11, 041041 (2021).
[3] M. Schéfer et al., Adv Quantum Technol. 2300228 (2023).

Q 38.27 Wed 17:00 KG I Foyer
Polarization-Preserving Quantum Frequency Conversion of
40Cat-Resonant Photons to the Telecom C-Band — eToBIAs
BAueR, Davip LINDLER, and CHRISTOPH BECHER — Universitat des
Saarlandes, FR Physik, Campus E2.6, 66123 Saarbriicken

In quantum communication networks information is stored in internal
states of quantum nodes, which can be realized e.g. in trapped ions
like 4°Cat [1] or SnV color centers in diamond [2]. By transferring the
states onto flying quantum bits, i.e. photons, it is possible to exchange
information between these nodes over long distances via optical fiber
links. Utilizing quantum frequency conversion to a common target
wavelength enables the entanglement of dissimiliar quantum memories
and drastically reduces fiber attenuation by choosing a target wave-
length in a low loss telecom band.

We present a high-efficiency, rack-integrated quantum frequency con-
verter for polarization-preserving conversion of 4°Ca*-resonant pho-
tons to the telecom C-band. This converter is highly suited for real-
world applications in urban area fiber networks, e.g. photonic entan-
glement distribution [3] or creation of remote entanglement of atomic
systems. We will also show first progress towards the entanglement
of a 0Cat-ion with a SnV center by stabilizing the mixing lasers for
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both conversion processes to a common frequency reference.

[1] C. Kurz et al., Phys. Rev. A. 93, 062348 (2016)

[2] J. Gérlitz et al., npj Quant.Inf. 8, 45 (2022)

[3] E. Arenskétter, T. Bauer et al., npj Quantum Inf 9, 34 (2023)

Q 38.28 Wed 17:00 KG I Foyer
Coherent excitation of tin vacancy centres in diamond using
a cross-polarization excitation scheme — eDENNIS HERRMANN,
RoBERT MoRscH, and CHRISTOPH BECHER — Fachrichtung 7.2, Uni-
versitdt des Saarlandes, Campus E2.6, 66123 Saarbriicken, Germany

In recent years the tin vacancy centre (SnV) in diamond has raised in-
terest in the QIP community as it offers bright and pure single photon
emission into lifetime limited optical transitions combined with long
spin dephasing times on the order of T ~ 5us [1,2,3]. The coherent
control of qubits and the generation of spin-photon entanglement typ-
ically requires resonantly driving optical transitions of the SnV centre.
A spectral separation of excitation and emission wavelengths is highly
desirable to discriminate the strong driving against single emitted pho-
tons. However, in the level scheme of the SnV centre we find that the
large ground state splitting leads to a fast population decay from the
upper to the lower orbital ground state making it necessary to excite
and read out on the same optical transition. Here we deploy a home-
built cross-polarisation confocal microscopy setup as demonstrated for
semiconductor systems [4,5]. Offering polarisation extinction ratios of
up to 107 it is enabling the strong polarisation selective suppression
of laser light with respect to orthogonally polarised photons emitted
on the same optical transition. Using short excitation pulses of below
250ps we furthermore demonstrate coherent Rabi-Oscillations.

1. New J. Phys. 22, 013048 (2020). 2. npj Quantum Inf 8, 45
(2022). 3. Phys. Rev. X 11, 041041 (2021). 4. Phys. Rev. X 11,
021007 (2021). 5. Rev. Sci. Instrum. 84, 073905 (2013).

Q 38.29 Wed 17:00 KG I Foyer
Indistinguishable single photons from negatively charged tin-
vacancy centres in diamond — eR. Morscu!, D. HERRMANN',
J. Goerurrz!, B. Kawmss!, P. Fucnus!, P.-O. CorLarD?, M.
MagrkHAM?, and C. BEcHER! — !Fachrichtung 7.2, Universitit des
Saarlandes, Campus E2.6, 66123 Saarbriicken, Germany — 2Element
Six Global Innovation Centre, Fermi Avenue, Harwell Oxford, Didcot,

Oxfordshire, X11 0QR, UK

Within the field of quantum information processing (QIP) numerous
schemes demand long-lived, stationary qubits, that can be controlled
coherently and read out optically. Furthermore, a linear optics quan-
tum computer inherently relies on the emission of single indistinguish-
able photons. The negatively charged tin-vacancy centre (SnV-) in
diamond has made its mark as a promising candidate for these ap-
plications. Individually addressable spins with long coherence times
as well as bright emission of single, close-to-transform limited photons
render it a good light-matter interface. Moreover, recent studies point
towards high achievable indistinguishabilities upon resonant excita-
tion. Here we present our work on different excitation schemes for the
generation of single indistinguishable photons emitted by SnV-centres:
In off-resonant excitation we find the indistinguishability of the sin-
gle photons to be limited due to the high excitation powers needed.
We further evaluate different approaches for excitation within the SnV
multi-level scheme and discuss their limitations. Eventually we report
on the state of experiments on emission of indistinguishable single pho-
tons upon resonant excitation in a homebuilt cross-polarization setup.

Q 38.30 Wed 17:00 KG I Foyer
Highly-automated quantum frequency conversion device for
single photons from SnV centers in diamond — eMARLON
ScHAFER, DaviD LINDLER, ToB1As BAUER, and CHRISTOPH BECHER
— Universitat des Saarlandes, Fachrichtung Physik, Campus E2 6,
66123 Saarbriicken

Quantum frequency conversion of single photons to low-loss telecom
bands is one of the key enabling technologies to distribute entangle-
ment in fiber-linked quantum networks. However, in order to make this
technology viable for real-world applications, quantum frequency con-
verters must ensure robust 24/7 operation even outside of laboratory
conditions and without human intervention.

Here, we investigate the employment of automation technology in
quantum frequency converters aiming to increase robustness, stabil-
ity and functionality. In particular automatic beam alignment and
beam position stabilization are used to ensure long-time stable oper-
ation even under varying ambient conditions. We aim to automate a
conversion process, where in two separate PPLN waveguides photons
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resonant with tin-vacancy (SnV) centers in diamond are first converted
to an intermediate wavelength and then to the telecom C-band. Such
a two-stage scheme was recently shown to successfully circumvent
pump-induced noise for the conversion of single photons from silicon-
vacancy centers to diamond [1].

[1] Schéafer, M. et al., Adv Quantum Technol. 2023, 2300228.

Q 38.31 Wed 17:00 KG I Foyer
A portable warm vapour quantum memory — eMARTIN
Jurisz!, ALexanpER ERL?3, ELisa Da Ros!, Luisa Escuerra®2,
Jantk WorTers®2, Mustara GOUNDOGAN!, and MARKUS KrRuTzik !4
— 'Humboldt-Universitét zu Berlin, Berlin, Germany — 2Technische
Universitdt Berlin, Berlin, Germany — 3Deutsches Zentrum fiir
Luft- und Raumfahrt, Berlin, Germany — *Ferdinand-Braun-Institut
(FBH), Berlin, Germany

Warm vapor quantum memories have seen significant progress in terms
of efficiency and storage time in recent years. Their low complexity
makes them a promising candidate for operation in non-lab environ-
ments including space-based applications. As a necessary element of
quantum repeaters, memories operating in space could advance global
quantum communication networks [1].

We will present the implementation and performance of a portable
rack-mounted stand alone system, that includes also the laser system
and control electronics. The optical memory is based on long-lived
hyperfine ground states of Cesium which are connected to an excited
state via the Dj line at 895 nm in a lambda-configuration. The sta-
bility of the memory efficiency and fidelity is demonstrated at single
photon level. Different methods to micro integrate this platform are
also being investigated.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry of Economics and Technology
(BMWi) under grant number 50RP2090 & 50WM2347.

[1] M. Giindogan et. al., npj Quantum Information 7, 128 (2021)

Q 38.32 Wed 17:00 KG I Foyer
Processing of Tapered Fibres with Concave End Facets for
Quantum Networks — eLasse JENs IRraanc!, GEorcia EIRINI
ManpoprouLou!3, TiMo EikeLMANN!, MARA BRINKMANN!, TUN-
cay Uras!, Suni. Kumar Manarol2, Donika IMERIDZ, RIKHAV
Suan!, and RaLr RiepiNgERD2 — 1Zentrum fiir Optische Quan-
tentechnologien, Universitat Hamburg, 22761 Hamburg, Germany —
2The Hamburg Centre for Ultrafast Imaging, 22761 Hamburg, Ger-
many — 3Department of Physics, Harvard University, Cambridge, MA
02138, USA

A key aspect in the creation of quantum networks for quantum com-
munication based on trapped ions or vacancy centres is the interface
between photons travelling in fibres and the qubit. For an efficient con-
nection, fibres need to be processed to fit the application. We present
a set-up based on laser ablation which allows for precise machining of
fibres and presents an alternative to the current technique of etching
with hydrofluoric acid. Specifically, we produce concave end facets and
tapered profiles with desired properties. The applications include low
noise microcavities in QED-based interfaces to trapped ions or Ryd-
berg atoms. Fibres exhibiting only the tapered profile can also be used
for a connection to silicon vacancy centres in diamond.

Q 38.33 Wed 17:00 KG I Foyer
Robust Dynamical Decoupling Driven by Pulses with Field
Inhomogeneities in Pr:YSO — eNIkLAS STEWEN, MARKUS STA-
BEL, and THoMAS HALFMANN — Technische Univeristdt Darmstadt,
Germany

‘We present a demonstration experiment in which we compare the ro-
bustness of state-of-the-art composite pulse (CP) sequences for dynam-
ical decoupling with regard to typically unavoidable inhomogeneities
in the driving radiofrequency (RF) pulses. To systematically vary and
characterize the field inhomogeneity, we modify the winding number of
our driving RF coils, and, using an orthogonal addressing of the crys-
tal, perform a spatially resolved measurement of the Rabi frequency
distribution in 3D. We quantify the performance of CP sequences at
different inhomogeneities by measuring the coherence time of EIT light
storage in a Pr:YSO crystal. We find that already for rather homoge-
neous driving fields, CP sequences and in particular the universal ro-
bust (UR) family of sequences provide a large improvement compared
to the standard CPMG sequence. This advantage further increases
with the field inhomogeneity.
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Q 38.34 Wed 17:00 KG I Foyer
Towards Photonically Connected Quantum Nuclear Mi-
croprocessors — eDonika IMERIV2, TiMo EIKELMANN!, MARA
BRINKMANN!, LENNART MANTHEY!, RikHAv SHan!, LAsse JENS
IrRrGANG', KonsTtanTIN Brck!, and RaLrF RIEDINGER!:?
1Zentrum fiir Optische Quantentechnologien, Universitit Hamburg,
22761 Hamburg — 2The Hamburg Centre for Ultrafast Imaging, 22761

Hamburg, Germany

Silicon-vacancy (SiV) color centers in diamond are promising candi-
dates for enhancing quantum communication systems. SiVs exhibit
advantageous characteristics as solid-state emitters with an effective
optical interface and protective inversion symmetry. This setup en-
hances the entanglement generation between spin qubits and photonic
qubits, which is a crucial step toward building scalable quantum com-
munication networks. Key challenges in achieving coherent interac-
tions between nuclear spins and SiV are ultra-low temperatures and
strong currents that generate radio-frequency fields. Here, we present
a platform integrating nuclear magnetic resonance coils with nanopho-
tonic structures designed to operate at millikelvin temperatures, thus
paving the way for advancements in quantum networks using SiV-based
systems.

Q 38.35 Wed 17:00 KG I Foyer
A Protocol for Multiplexed Entanglement Generation with
Distinguishable Telecom Emitters — eFaBiaN Saramon!-2
Ourvier Kuwpersb?2, Aprian HorzApreL!?2, and ANDREAS
REISERER!:2 1Max-Planck-Institut fiir Quantenoptik, Hans-
Kopfermann-Str. 1, 85748 Garching, Germany — 2Technische Univer-
sitdt Miinchen, TUM School of Natural Sciences, James-Franck-Strafse

1, 85748 Garching, Germany

Second-long spin coherence times and emission in the minimal-loss
telecommunication window make erbium dopants in solid-state host
crystals a particularly attractive candidate for future quantum net-
work applications [1].

Spectral diffusion has so far prevented the generation of entangle-
ment between these erbium emitters, since most entanglement proto-
cols require the emission of indistinguishable photons. Here, we present
a protocol that bypasses this constraint: Upon reflection on a strongly
coupled atom-cavity system, a high-fidelity controlled-Z gate can be
applied to a photon [2]. Since the bandwidth of this gate is larger
than the spectral diffusion, entanglement can be generated between
two distinguishable erbium emitters.

The envisioned hybrid platform combines a large-scale multiplexing
capability with insensitivity to spectral diffusion. This could enable
entanglement generation over hundred kilometres of optical fiber at
unprecedented rates.

[1] A. Reiserer, Rev. Mod. Phys. 94, 041003 (2022). [2] A. Reiserer,
N. Kalb, G. Rempe & S. Ritter, Nature 508(7495), 237-240 (2014).

Q 38.36 Wed 17:00 KG I Foyer
Exploring Germanium-Vacancy Centers in Diamond Cavities
for a Quantum Repeater Module — ePriTHVI GUNDLAPALLI,
KATHARINA SENKALLA, LEV KaAzAK, PHILIPP VETTER, STEFAN DI-
ETEL, and FEDOR JELEZKO — Universitdt Ulm

Diamond photonic cavities present a compelling architectural frame-
work for effectively addressing individual spins associated with dia-
mond color centers, thereby enabling the scalability of diverse quan-
tum applications in sensing, computing, and networking. An essential
prerequisite for quantum networks involves entangling color centers
separated over considerable distances, necessitating the employment of
quantum repeaters due to the unreliable transmission of flying qubits
over such distances. Notably, group IV defects like Ge, Sn, and Pb
vacancy centers within diamond exhibit promising attributes such as
efficient light-matter interfaces as well as long coherence times, which
are conducive to serving as candidates for quantum repeaters. We
present our progress on the development of diamond photonic cavities
integrated with Germanium vacancy centers (GeV) as well as simu-
lation results that allows for efficiently building quantum registers.
These will ultimately be used to develop a quantum repeater module.

Q 38.37 Wed 17:00 KG I Foyer
Titel — eLroN MessNErR!, HELEN CHRzaNOwskI', and JANIK
WorLrERs!2 — 1Deutsches Zentrum fiir Luft- und Raumfahrt e.V.
(DLR), Institute of Optical Sensor Systems, Berlin, Germany —
2Technische Universitdt Berlin, Institut fiir Optik und Atomare

Physik, Berlin, Germany

7

We present first results and future prospects for a photon-pair source
based on spontaneous parametric down-conversion (SPDC) in a peri-
odically poled monolithic KTP crystal cavity[l]. By proper engineer-
ing of the cavity parameters and phase-matching, it is possible to tune
the source for interfacing with atomic systems and particularly with
quantum memories.

By putting the cavity end mirrors directly on the non-linear crystal
we have build a photon-pair source that is set to a dedicated signal
and idler wavelength of 895 nm with a bandwidth of 250 MHz and a
cavity finesse of 90 while retaining a tuneability of 20 GHz. The source
emits photon pairs at a rate of 40 kcts/s with an heralding efficiency
of 38%, limited by the current choice of collimation optics.

We plan on interfacing our source with a warm vapor EIT quantum
memory|2] to explore synchronizing the probabilistic photon source to
a fixed clock rate. In addition to investigating typical parameters of
quantum memories such as efficiency and maximum storage time, we
will measure the attainable two-photon interference between a photon
retrieved from the memory and one directly from the source.

[1] Mottola, R. et al., Optics Express 28, 3159-3170 (2020)
[2] Buser, G. et al.,, PRX Quantum 3, 020349 (2022)

Q 38.38 Wed 17:00 KG I Foyer
Towards a fully integrated SU(1,1) interferometer in a peri-
odically poled Ti:LiNbO3 waveguide — eJoNas BaBal-HEwmATI,
Ka1r Hong Luo, Raimunp RickeN, HARALD HERRMANN, and CHRIS-
TINE SILBERHORN — Paderborn University, Integrated Quantum Op-
tics, Institute for Photonic Quantum Systems (PhoQS), Warburger
Str. 100, 33098, Paderborn, Germany

There is an increasing interest in quantum interferometers in metrol-
ogy as they can outperform their classical counterparts. The most
prominent quantum interferometer is a SU(1,1) interferometer, which
has a Mach-Zehnder configuration with the conventional passive beam-
splitters replaced by nonlinear parametric sections. We designed and
fabricated a fully integrated SU(1,1) interferometer on a single LiNbO3
chip. Optical waves are guided in Ti-indiffused waveguides. The
parametric sections comprise of periodically poled sections for type
II phase-matched paramentric down-conversion (PDC) in the tele-
com range. A series of electrooptic polarization converters (PC) and
two electrooptic phase-shifters allows the manipulation of the phase-
and/or polarization state in between the nonlinear sections. The ex-
act phase-matching of PDC and PC can be adjusted via temperature
tuning in three separate sections of the chip. We report on the design
and the fabrication of the integrated chip as well as on the classi-
cal characterization of the individual components forming the circuit.
Quantum measurements to study the interferometer performance in
phase-sensing as well as the use of such a device for tailored quantum
state preparations are presently in a planning stage.

Q 38.39 Wed 17:00 KG I Foyer
Optical Coherence Tomography with Undetected Photons
Based on an Integrated PDC Source — eFraNz ROEDER,
RENE PoLLMANN, MICHAEL STEFSZKY, VICTOR QUIRING, RAIMUND
RickeN, CHRIsSTOF EIGNER, BENJAMIN BRECHT, and CHRISTINE SIL-
BERHORN — Paderborn University, Integrated Quantum Optics, Insti-
tute for Photonic Quantum Systems (PhoQS), Warburger Str. 100,
33098 Paderborn

Interferometry allows us to perform phase measurements with high
precision to gain information about a system of interest, e.g., in a
classical Mach-Zehnder interferometer. Replacing passive beam split-
ters of a Mach-Zehnder interferometer with active elements, such as
parametric down-conversion (PDC) sources yields a so-called SU(1,1)
interferometer. By operating the SU(1,1) interferometer with two non-
degenerate wavelengths, for instance in the mid-IR and visible, it be-
comes possible to retrieve the phase properties of an object interacting
with the mid-IR light by measuring only the visible light.

Here, we utilize broadband non-degenerate type-1I PDC in dispersion
engineered periodically poled lithium niobate waveguides as active el-
ements of such an interferometer, which brings the benefit of signifi-
cantly reduced energy consumption for a given signal-to-noise ratio,
and demonstrate optical coherence tomography (OCT) with unde-
tected photons. Furthermore, we investigate the conditions for an
optimized signal-to-noise ratio by compensating for losses in the inter-
ferometer in a differential pumping scheme.

Q 38.40 Wed 17:00 KG I Foyer

Criticality-Enhanced Precision in Phase Thermometry —
eME! Yu, H. Cuau NGUYEN, and STEFAN NIMMRICHTER — Uni-
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versity of Siegen, Siegen, Germany

Temperature estimation of interacting quantum many-body systems is
both a challenging task and topic of interest in quantum metrology,
given that critical behavior at phase transitions can boost the metro-
logical sensitivity. Here we study non-invasive quantum thermometry
of a finite, two-dimensional Ising spin lattice based on measuring the
non-Markovian dephasing dynamics of a spin probe coupled to the lat-
tice. We demonstrate a strong critical enhancement of the achievable
precision in terms of the quantum Fisher information, which depends
on the coupling range and the interrogation time. Our numerical sim-
ulations are compared to instructive analytic results for the critical
scaling of the sensitivity in the Curie-Weiss model of a fully connected
lattice and to the mean-field description in the thermodynamic limit,
both of which fail to describe the critical spin fluctuations on the lat-
tice the spin probe is sensitive to. Phase metrology could thus help to
investigate the critical behaviour of finite many-body systems beyond
the validity of mean-field models.

Q 38.41 Wed 17:00 KG I Foyer
Hyperpolarization of nuclear spins to mitigate diffusion
broadening in liquid nanoscale NMR with NV centers —
eToBIAs SPoHN!, NicoLAS STAUDENMAIER!, GERHARD WOLFF!, AN-
JUSHA VIJAYAKUMAR-SREEJA!, GENkO GENov!, PHiLIPP VETTER!,
RAUL GoNzALEZ!, JocHEN ScHARPF?, THOMAS UNDEN?, CHRISTOPH
FinpLERY3,  Jonannes Lanc®, Jens FunrMANN!, PHiLIPP
NeuMaNN?, and FEpor JeLEzko! — lInstitute for Quantum Op-
tics, Ulm University, Albert-Einstein-Allee 11, 89081 Ulm, Germany
— 2NVision Imaging Technologies GmbH, Wolfgang-Paul-Strafe 2,
89081 Ulm, Germany — 3Diatope GmbH, Buchenweg 23, 88444 Um-

mendorf, Germany

In liquid nanoscale NMR the amplitude and phase of the acquired sig-
nal changes due to molecular diffusion of the nuclear spins. This causes
spectral broadening of the acquired signal and therefore impedes res-
olution of chemical shifts and J-coupling.

Here we present a technique to mitigate diffusion broadening in
nanoscale NMR experiments by the use of hyperpolarization of nu-
clear spins. We explore two potential techniques: The para-hydrogen
induced polarization (PHIP) technique and the use of the stabilized
radical TEMPO to induce polarization on hydrogen nuclear spins. The
NMR signal is detected by a high density, nanometer thick, shallow NV
center ensemble layer and read out with a widefield microscope setup.
The directional polarization of nuclear spins reduces spectral broaden-
ing as diffusion will no longer play a role anymore due to the average
signal remaining the same.

Q 38.42 Wed 17:00 KG I Foyer
Excited state lifetime of NV-centers for magnetometry —
eLupwic HorsTHEMKE!, JENs PocorzeLski!, Lurz LaNccuTHS,
ROBERT STAACKES, MARKUS GREGOR?, and PETER GLOSEKOTTER!
— 1Department of Electrical Engineering and Computer Science, FH
Miinster University of Applied Sciences, Stegerwaldstrafte 39, Stein-
furt, Germany — 2Department of Engineering Physics, FH Miinster
University of Applied Sciences, Stegerwaldstrafe 39, Steinfurt, Ger-
many — 2Quantum Technologies GmbH, Alte Messe 6, Leipzig, Ger-
many

Magnetic field sensing using nitrogen vacancy centers has attracted a
lot of attention in the recent past. Approaches using microwave (MW)
excitation realize high sensitivities and spatial resolutions. They are
however limited in their application due to the necessity of MW de-
livery. In contrast all-optical approaches simplify the sensor design in
a step towards industry application. They can be implemented us-
ing fiber optics to construct a non-magnetic, high insulation resistance
probe and can thereby be applied in harsh environments. These de-
signs still encounter challenges such as movement in the optical fiber
or laser intensity noise, compromising the fluorescence signal. In this
study we utilize the fluorescence lifetime as a non-intensity quantity
for magnetic field sensing. The lifetimes show a good correlation with
the intensity by a reduction with a contrast of 8.3% upon application
of magnetic fields. The integration of this approach holds promise for
advancing magnetic field sensing capabilities, particularly in environ-
ments where conventional methods face limitations.

Q 38.43 Wed 17:00 KG I Foyer
Progress towards single photon EIT light storage at ZEFOZ
conditions in Pr:YSO — eMarceL HaiN, Tom GUNTZEL, and
Tuaomas HALFMANN — Nonlinear Optics & Quantum Optics (NLQ),
Institute of Applied Physics, TU Darmstadt, Germany
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Long storage time, large storage efficiency, and large signal-to-noise
ratio (SNR) are crucial properties of optical quantum memories. We
present single- and few-photon storage based on electromagnetically
induced transparency (EIT) in praseodymium-doped yttrium orthosil-
icate (Pr:YSO). By employing zero first-order Zeeman shifts (ZEFOZ)
and dynamical decoupling based on robust composite pulse sequences
we reach storage times on the timescale of seconds. We apply a specif-
ically designed spectral filter implemented in an additional Pr:YSO
crystal to separate the weak signal pulse from the strong optical con-
trol field. Previously, we reached a SNR=1 for stored weak coherent
pulses with 11 photons at a storage time beyond one second [1].

We present now recent progress towards single photon storage by
EIT in Pr:YSO. We simultaneously prepare two ensembles to increase
the optical depth, thereby enabling higher efficiency. Furthermore,
we optimized the optical setup, among other measures using now an
ECDL-based laser system (replacing the previously applied OPO sys-
tem), which helps to improve the spectral filter discrimination by al-
most two orders of magnitude. This pushes the SNR towards the
required regime for single photon storage.

[1] M. Hain, M. Stabel, and T. Halfmann. New J. Phys. 24, 023012
(2022)

Q 38.44 Wed 17:00 KG I Foyer
Optimal valley control in 2D materials with subcycle laser
pulses — eArkaJYoTI MAITY, ULF SAALMANN, and JAN-MICHAEL
Rost — Max Planck Institute for the Physics of Complex Systems,
Nothnitzer Strafte 38,01187 Dresden

Information processing, using the valley degrees of freedom in inver-
sion symmetric 2D materials is possible with the help of specifically
designed ultrafast laser pulses. In our work, we theoretically show how
linearly polarized terahertz subcycle laser pulses allow us to obtain a
saturation of valley polarization (VP) in monolayer graphene . We fur-
ther exploit the matching of the Thz drive time scales with dephasing
rates in the material to get amplitude-controlled valley-polarized re-
sponses, namely residual photocurrents. We also present some results
on pulse-shaping, both in spectral-phase and polarization domain, for
efficient VP.

Q 38.45 Wed 17:00 KG I Foyer
Engeneering of tin vacancies in diamond by lattice charg-
ing — eVvrapisLav Busumakin!:2, OLIVER voN BEerc!, SanTo
SAaNTONOCITO!, SREEHARI JAYARAMY2, RAINER STOHR!, ANDREJ
DEenisENKo!2, and JORG WRACHTRUP!»? — 1 Universitit Stuttgart, 3.
Physikalisches Institut, Allmandring, 13, 70569, Stuttgart, Germany
— 2Max-Plank-Institut fiir Festkérperforschung Heisenbergstrake 1,
70569 Stuttgart, Germany

Recent advances in integrating spin-bearing solid-state defects in op-
tical cavities for efficient spin-photon entanglement are mostly associ-
ated with silicon vacancy in diamond. Meanwhile, the implantation of
diamond with heavier group IV ions promises similar performance but
at elevated temperatures above 1 K, which contrasts with the stringent
requirement of approximately 100 mK for the coherent manipulation
of the SiV electron spin. However, the generation of defects involving
heavier atoms, such as tin, is accompanied by a high density of defects
induced by ion implantation. Here we present a method of reduction of
the implantation-induced density of defects by implanting through the
Boron-doped charged lattice with a subsequent etching of the damaged
layer. The given method is an extension of the conventional implanta-
tion technique and hence significantly less experimentally demanding
than techniques relying on CVD overgrowth or HPHT annealing. Ad-
ditionally, it provides better accuracy of implantation and allows for
the efficient generation of tin vacancies with a narrow inhomogeneous
zero-phonon line distribution.

Q 38.46 Wed 17:00 KG I Foyer
Spatial search via quantum walk on lattices with long-range
hopping — eMoRrITzZ LINNEBACHER, EMMA King, and GIOVANNA
Morict — Theoretische Physik, Universitat des Saarlandes, D-66123
Saarbriicken, Germany

Spatial search forms the basis of many noteworthy classical and quan-
tum algorithms. In some settings, quantum spatial search achieves
runtimes of O(v/N) compared to its classical counterpart with run-
times of O(N), where N is the size of the search space. In our work we
implement spatial search via continuous-time quantum walk on lattices
comprising N sites with long-range hopping. The hopping strength de-
cays as 1/¢% with inter-site distance ¢ and the exponent a € [0, 00).
We focus on one- and two-dimensional lattices with d = 1,2, where a
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rigorous numeric treatment shows that the search succeeds with high
probability in (’)(\/N) runtime for o < d, even in d = 1 spatial dimen-
sion. For lattices with nearest-neighbour interactions, corresponding
to a — oo, the quadratic speedup over classical spatial search is lost.
This highlights the importance of considering long-range interactions
for search in low-dimensional lattices.

Q 38.47 Wed 17:00 KG I Foyer
quantum optimal control for GHZ-class states — eYITIAN WANG
and CHRISTIANE KOCH — Freie Universitat Berlin, Berlin, Germany

We present an optimization functional that targets the entire class
of GHZ states. Optimization has been carried out in trapped Ryd-
berg atoms with varying number of qubits. Compared with state-state
overlap based optimization functional, our functional can significantly
reduce the resource required to produce a random GHZ state, thus
facilitate protocols based on GHZ-class states.

Q 38.48 Wed 17:00 KG I Foyer

Correlations in two-photon-excited ion chains — eZvap
SueHATAD3,  STEFAN RicHTERD2, BENJAMIN ZENz?, MAURIZIO
4 4

VERDE?, ANscAR ScHAEFER?, FERDINAND ScHMIDT-KALER?, and
JoAacHIM vON ZANTHIER!'® — 1AG Quantum Optics and Quan-

tum Information, Friedrich-Alexander-Universitdt Erlangen-Niirnberg,
Staudtstr. 1, 91058 Erlangen, Germany — Z2Photonscore GmbH,
39118 Magdeburg, Germany — S5Erlangen Graduate School in Ad-
vanced Optical Technologies (SAOT), Friedrich-Alexander-Universitét
Erlangen-Niirnberg, Paul-Gordan-Strafte 6, 91052 Erlangen, Germany
— 4QUANTUM, Institut fiir Physik, Johannes Gutenberg Universitit
Mainz, Staudingerweg 7, 55128 Mainz, Germany

In this work, small crystals of trapped Ca-ions are studied using
background-free coherent scattering and two-photon excitation via the
D5/2 metastable state. The narrow quadrupole transitions allows for
spin selective excitation and thus for far field imaging of the spin state
of the crystals using G(1) function. The visibility of the interference
pattern depends on the power and the detuning of the two lasers at
729 nm and 854 nm employed in the two-photon excitation as well as
on the strength and orientation of the magnetic field that splits the
ground state spin states. To calculate G(1), a full interaction Hamil-
tonian of the system including the two laser beams and all transitions
involved is solved numerically for any number of ions, and experimen-
tal spatial frequencies of ion crystals are reconstructed for low exposure
times (250 ms - up to 1 s) and detected by an ultra-fast picosecond-
time-resolution camera.
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Q 39.1 Wed 17:00 Aula Foyer
Simulations of Anti-Resonant Waveguiding In Hollow Core
Fibers elLucas KIRCHBACH, ANDREAS STUTE, MANFRED
Kortcke, and BERND BrRAUN — Technische Hochschule Niirnberg
Georg Simon Ohm

Standard optical fibers guide light through total internal reflection in
high refractive index material such as glass or polymers surrounded by
low index material. Guiding light in optically dense matter however
has some major disadvantages: Absorption, dispersion and Rayleigh-
scattering place a lower bound to attenuation. In this work, a pho-
tonic crystal structure based on interference was studied, where light
is guided in air surrounded by optical dense media. An attenuation
of sub 0.1 db/km has been simulated numerically by optimizing the
geometry of the fiber cross section.

Ultra low-loss optical waveguides open up many possibilities for the
design of laser resonators on the one hand and optical interfaces be-
tween atoms, quantum dots, NV-centers and light sources and detec-
tors on the other hand. Those technologies require highly efficient
light-coupling that can be directed at will.

Q 39.2 Wed 17:00 Aula Foyer
Application of an integrated optical Mach-Zehnder interfer-
ometer for chemical sensing — eJoHaNNEs ScHNEGAs!, KaRro
BeckER?, ALEXANDER SzaMEIT?, and Upo KragrL! — !Universitit
Rostock, Institut fiir Chemie, Rostock, Deutschland — 2Universitét
Rostock, Institut fiir Physik, Rostock, Deutschland

Integrated optics offers a great advantage in the field of analytical
chemistry to produce miniaturised optical sensors for the selective de-
tection of analytes. An interesting sensor application are integrated
optical interferometers, such as the Mach-Zehnder interferometer. This
approach has been tested successfully for the concentration measure-
ment and selective detection of proteins, gases, and DNA fragments.
Real-time detection of small changes in the surrounding refractive in-
dex is possible. Most publications describe integrated optical MZI fab-
ricated by photolithography, where the optical waveguides are made
of silicon nitride or polymers. These waveguides were placed directly
on a support such as silicon. In this work, an integrated optical MZI
made of femtosecond laser-written near-surface waveguides is tested as
a chemical sensor. The concept of near-surface waveguides as chemical
sensor such as oils has already been tested. In this study, integrated
optical Mach-Zehnder interferometers were tested for their ability to
detect different types of analytes, with the intention of using the inte-
grated optical interferometer for concentration measurement.

Q 39.3 Wed 17:00 Aula Foyer
Ultra high throughput single photon detection — eSEBASTIAN

Karr!, VErRena LeoproLp'2, SteraN RicHTER!2, YuUry
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Location: Aula Foyer

Prokazov?, EvGENy TUrBINZ, GENNADY SINTOTSKIYZ, DIMITRY

ORL3, and JoAcHIM VON ZANTHIER! — 1Quantum Optics and Quan-
tum Information, FAU Erlangen Niirnberg, Germany — 2Photonscore
GmbH, Magdeburg, Germany — 3Photonis Netherlands BV, Roden,
Netherlands

Although recently there has been a tremendous push towards detec-
tors with near unity quantum efficiencies and high timing resolution
[1], the dead time of most single photon detection systems remains on
the order of 30 ns. Avoiding unwanted pile-up effects this dead time
limits the photon detection rate to less than 15 MHz.

We present tests of a novel single photon counting system able to
detect single photons at rates exceeding 100 MHz on one single point
detector. Photon detection is achieved using a multichannel-plate and
a 8 mm diameter Photonis Hi-QE photocathode, reaching quantum
efficiencies above 30%. A custom time to digital converter (TDC),
Photonscore LINTag, is used to digitise the photon arrival times. It
allows the data transfer of event rates exceeding 400 MHz per TDC
via standard 10G ethernet fibre cables. At sustained photon detection
rates of 100 MHz we measure a jitter of < 70 ps FWHM. Using a
spinning disk optical chopper we show reliable single photon detection
and timing at instantaneous rates exceeding 500 MHz.

[1] I. E. Zadeh et al., Appl. Phys Lett. 188, 190502 (2021)

Q 394 Wed 17:00 Aula Foyer
Towards spatial correlations of A-type stars in the blue —
eVERENA LrorpoLp!?, SEBAsTIAN KARL!, JEAN-PIERRE RIVET?,
STEFAN RicHTER!2?, and JoacHIM vON ZANTHIER! — lQuantum
Optics and Quantum Information, FAU Erlangen, Germany —
2Photonscore GmbH, Magdeburg, Germany — 3Observatoire de la

Cote d’Azur, Nice, France

Intensity interferometry is a reemerging astronomical imaging tech-
nique, benefiting immensely from the recent improvements in (single)
photon detection instrumentation. Our goal is to perform spatial cor-
relations of A-type stars in the blue using ultra high-rate single photon
detectors. We present a setup for the C2PU telescope at the Calern
observatory, Nice, France, featuring hybrid single photon counting de-
tectors (HPDs) with which we measured successfully temporal correla-
tions of three different stars - Vega, Altair and Deneb. In all cases the
observed coherence time fits well to both the pre-calculated expecta-
tions as well as the value measured in preceding laboratory tests. The
best signal to noise ratio (SNR) with a value of 10.72 is obtained for
Vega for an observation time of 12.1h. The setup showed remarkable
stability and very efficient coupling of the starlight to the photo de-
tectors, owed mainly to the large active area of the HPDs. Utilizing a
new class of large area single photon detectors based on multichannel
plate amplification, we estimate that high resolution spatial intensity
interferometry experiments are within reach at 1 m diameter class tele-
scopes within one night of observation time for bright stars.
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Q 39.5 Wed 17:00 Aula Foyer
Effects of Pyroelectricity on the Fabrication Yield of Inte-
grated Superconducting Detectors on Lithium Niobate —
eJouanNa BienDL!, FELIXx DREHER!, MAXIMILIAN ProOTTE!, JAN
PumLipe HoPKER!', VARUN B. VERMAZ, and Tmm J. BArRTLEY! —
Hnstitute for Photonic Quantum Systems, Department of Physics,
Paderborn University, Warburger Str. 100, 33098 Paderborn —
2National Institute of Standards and Technology, CO 80305 Boulder,
USA

Reconfigurable photonic quantum systems require a combination of
integrated photon sources, modulators and detectors. The best candi-
dates for the realization of on-chip detection are superconducting de-
tectors due to their high efficiency, low dark count rate and good timing
accuracy. For the integration of photonic devices, z-cut lithium nio-
bate has proven as an excellent material because of its strong second-
order nonlinearity and electro-optic effect. However, the pyroelectric
effect causes irreversible damage to integrated superconducting detec-
tors when cooling them down to cryogenic temperatures due to sudden
discharges of fields generated by pyroelectric charges. This limits de-
tector fabrication yield to less than 5%. To overcome this limitation
we investigate different methods including coating materials, detector
dimensions and shorting schemes to compensate the generated charges
without constraining the functionality of integrated devices and optical
waveguides.

Q 39.6 Wed 17:00 Aula Foyer
Spectral purification of spontaneous parametric down-
conversion photons via spatial filtering eMICHAEL
Scurosser!, Ria G. KrAMER?, JuLian MoNzBERG!, DANIEL
Ricuter?, STEFAN NorLTE?3, GREGOR WEIHS!, and RoBerr KEIL!
— Unstitut fiir Experimentalphysik, Universitit Innsbruck, Austria
— 2Institute of Applied Physics, Abbe Center of Photonics, Friedrich
Schiller University Jena, Albert-Einstein-Str. 15, D-07745 Jena, Ger-
many — SFraunhofer Institute for Applied optics and Precision Engi-
neering IOF, Center of Excellence in Photonics, Albert-Einstein-Str.
7, D-07745 Jena, Germany

The application of photonic quantum technologies on a larger scale
typically requires photons from independent sources to be indistin-
guishable. We report on a spontaneous parametric down-conversion
(SPDC) source, which can simultaneously emit two photon pairs with
a wavelength of 795nm. The joint spectral intensity of the pairs is
measured via time-of-flight spectroscopy utilising femtosecond-laser
inscribed fiber Bragg gratings as dispersive elements. The spectral
purity extracted from this substantially exceeds the measured Hong-
Ou-Mandel (HOM) interference visibility of 39(2)%, which suggests
the presence of spatial-spectral correlations in the pump. To counter
these, spatial filtering is investigated. A short single-mode fiber in-
serted into the pump indeed removes these correlations, increasing the
HOM visibility to 79(15)%. Alternatively, inserting a 15um-diameter
pinhole in the Fourier plane of a telescope increases the indistinguisha-
bility to 48(2)%, while providing a steady power transmission.

Q 39.7 Wed 17:00 Aula Foyer
Enhancing atom-photon interaction with integrated
nanophotonic resonators — eXiaoyu CHENG! and SHNIRMAN
BenvamIN'2 — 15, Physikalisches Institut, Universitiat Stuttgart —
2Institut fiir Mikroelektronik Stuttgart (IMS-Chips)

We study hybrid devices consisting of thermal atomic vapor and
nanophotonic structures for manipulating the interaction between
atoms and photons.

We exploit cooperative effects to develop a compact, on-demand
and highly efficient single-photon-source using the Rydberg blockade
effect. In order to excite Rb atoms to the Rydberg states efficiently,
the corresponding light field is locally enhanced by ultralow-loss micro-
ring resonators. Due to the large spatial extent of Rydberg atoms, we
carefully design the ring resonators to realize sufficient interactions be-
tween Rydberg atoms and the evanescent field from the resonator. In
order to create individual photons deterministically, we use the Four-
Wave-Mixing (FWM) process in the Rydberg blockade regime inside a
thermal vapor cell to develop a single-photon-source at room temper-
ature.

To realize this goal, it is necessary to study Rydberg excitation in
photonic integrated vapor cells. We excite and detect Rydberg ex-
cited Rb atoms with tapered, freestanding waveguides. Tapered nar-
row waveguides push out evanescent field that enables the excitation of
Rydberg atoms. A specially designed, electric circuit patterned vapour
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cell and a transimpedance amplifier enables electric read out of single
Rydberg excitation.

Q 39.8 Wed 17:00 Aula Foyer
Fabrication of polymer multimode-waveguides with mask-
less lithography for quantum sensing applications.
eLENA MIDDEL, TJORVEN ANNIKA HUSMANN, SREELAKSHMI SATHYAN
KizuekaviL, JoNnAs HoMmRIGHAUSEN, and MARkUsS GREGOR — De-
partment of Engineering Physics, University of Applied Sciences,
Muenster

In the world of integrated quantum optics, multimode waveguides usu-
ally represent a niche, as singlemode waveguides enable on-chip pro-
cessing of light. As the production of single mode waveguides is chal-
lenging in amounts of time, equipment and cost, our approach is to use
multimode waveguides on applications that do not nessecarily require
single mode waveguides. One such applications is quantum sensing
using solid-state defects, such as the NV-center in diamond, which can
be embedded in the waveguide to read out the spin dependent fluo-
rescence [1]. Consequently, the aim of our work is the fabrication of
dielectric ridge waveguides for structuring of SU-8. This epoxy-based
negative photoresist is an excellent material with high and broadband
optical transmission, high aspect ratio and good mechanical, thermal
and chemical stability. For prototyping, we use a maskless lithog-
raphy system, that is equipped with a digital micromirror device to
project the image, leaving room for adjustment of exposed structures.
This work paves the way for a more efficient and scalable production
of waveguides for quantum sensing applications without the need for
highly sophisticated equipment.
[1] P. P. Schrinner et al., (2020). Nano Letters, 20(11), 8170-8177.

Q 39.9 Wed 17:00 Aula Foyer
Higher Order Mode Supercontinuum Generation Through
Nano-Printed Meta-Fiber — eSHAHRzZAD HOSSEINABADI, Mo-
HAMMADHOSSEIN KHOsRAvVI, MATTHIAS ZEISBERGER, TORSTEN
Wiepuwirt, and MARKUS ScHMIDT — Leibniz IPHT, Jena, Germany

Optical fibers, with their unique light guiding properties, have trans-
formed modern society. Besides the common fundamental mode, fibers
also support higher-order modes (HOMs), gaining attention for differ-
ent applications. In nonlinear frequency conversion research, HOMs
play a crucial role, offering access to unique dispersion landscapes.
This enables applications such as broadband supercontinuum gener-
ation and exploration of novel nonlinear effects. However, efficiently
exciting or converting HOMs poses a challenge due to the need for
precise matching of modal properties, especially in nonlinear photon-
ics. Current approaches, like spatial light modulators and waveplates,
have limitations such as being costly, poorly integrated, and require
extensive computer control and additional alignment. A promising
solution involves dielectric nanostructures, specifically holograms and
metasurfaces, offering unprecedented beam shaping capabilities with
minimal losses. These approaches, based on well-designed flat ele-
ments, successfully modify intensity, phase distributions, and polar-
ization, opening up possibilities for various applications. Our study
focuses on investigating the potential of efficiently HOMs in nonlinear
optical fibers. By leveraging technology of diffractive lenses, we aim to
enhance the performance of HOMSs, by proposing a highly integrated
device for nonlinear photonics applications.

Q 39.10 Wed 17:00 Aula Foyer
Temperature Adaptable Supercontinuum Generation in
Liquid-filled Fibers by Using Particle Swarm Optimization
— eJoHANNEs HOFMANN, RAMONA SCHEIBINGER, and MARKUs A.
ScHMIDT — Leibniz-Institute of Photonic Technology, Jena, Germany

Light sources in the IR regime with high spectral density and coherence
are of great interest for e.g. spectroscopic approaches in life and envi-
ronmental science. Supercontinuum (SC) generation due to nonlinear
broadening of laser pulses in optical fibers with suitable dispersion
profiles can meet the requirement of application specific spectral prop-
erties. Liquid-filled fibers offer the opportunity to modify the output
spectra by temperature changes due to their large thermo-optic co-
efficient. Higher-order modes excited in CS2-filled step index fibers
exhibit two zero-dispersion wavelengths (ZDW) which strongly shift
with temperature. Pumping within the anomalous dispersion regime,
the soliton dynamics can be modified and dispersive waves shift. In
contrast to other methods of dispersion variation, such as varying the
fiber geometry, controlling the temperature is not static, but highly
variable. In addition, using a suitable optimization algorithm, such as
Particle Swarm Optimization (PSO) the spectral output features can
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be tuned to desired SC properties, e.g., maximizing the spectral in-
tensity at one or more targeted wavelengths. Here, we investigate and
shape the spectral evolution along a liquid-core fiber by applying a
PSO to numerical SC generation simulations. Additionally, we present
a automated experimental concept to achieve thermodynamic control
of the fiber, leading to an adaptable output spectrum.

Q 39.11 Wed 17:00 Aula Foyer
Higher Order Mode Supercontinuum Generation Through
Nano-Printed Meta-Fiber — eSHAHRzAD HOSSEINABADI, Mo-
HAMMADHOSSEIN KHOSRAvVI, MATTHIAS ZEISBERGER, TORSTEN
Wiepuwirt, and MARKUS ScHMIDT — Leibniz Institute of Photonic
Technology, Jena, Germany

Optical fibers, with their unique light guiding properties, have trans-
formed modern society. Besides the common fundamental mode, fibers
also support higher-order modes (HOMs), gaining attention for differ-
ent applications. In nonlinear frequency conversion research, HOMs
play a crucial role, offering access to unique dispersion landscapes.
This enables applications such as broadband supercontinuum gener-
ation and exploration of novel nonlinear effects. However, efficiently
exciting or converting HOMSs poses a challenge due to the need for pre-
cise matching of modal properties, especially in nonlinear photonics.
Current approaches, like spatial light modulators and waveplates, have
limitations such as being costly, poorly integrated, and require exten-
sive computer control and additional alignment. We explore the use
of dielectric nanostructures specifically holograms and metasurfaces
for advanced beam shaping with minimal losses. Our study specifi-
cally investigates the efficient utilization of HOMs in nonlinear optical
fibers. Leveraging diffractive lenses technology, we aim to enhance
HOMSs’ performance, proposing a compact integrated device for non-
linear photonics applications.

Q 39.12 Wed 17:00 Aula Foyer
TOWARDS CRYOGENICALLY COMPATIBLE MI-
CROPHOTONIC QUANTUM INTERFACES — eTuUNCAY
Uras'?3, Lasse Irrcanc!:?3, and RALF RIEDINGER!:2:3
1Zentrum fiir Optische Quantentechnologien, Universitit Hamburg,
22761 Hamburg, Deutschland — 2The Hamburg Centre for Ultrafast
Imaging, 22761 Hamburg, Germany — S3Institut fiir Quantenphysik,
Universitat Hamburg, 22761 Hamburg, Deutschland

Quantum technologies are increasingly capturing the interest of re-
searchers. These technologies rely on quantum physical operations ap-
plied to qubits. In our research group, we develop interfaces between
cryogenic ion traps and optical fibers. Specifically, we are working
on a cryogenic test station to assess the compatibility of the interface
architectures.

Q 39.13 Wed 17:00 Aula Foyer
Sub-20ps-Jitter synchronisation of remote Time-to-Digital-
Converters (TDC) — eSTeraN RicuTER!2, VERENA LEOPOLD!2,
SEBASTIAN KARL!, and JoAcHIM VON ZANTHIER! — !Quantum Op-
tics and Quantum Information, FAU Erlangen Niirnberg, Germany —
2Photonscore GmbH, Brenneckestr. 20, 39118 Magdeburg

With the emergence of various scientific applications of single-photon
counting, such as intensity interferometry or quantum key distribu-
tion, measuring photons with high temporal precision at spatially dis-
tributed locations has become essential. To achieve this goal, signal
capture must be executed using distributed time-to-digital converters
(TDCs) that are synchronized to share a common time base with a con-
stant offset to the TAI time. Ideally, the jitter of the synchronization
should be on the order of the TDC jitter or lower. In our presentation,
we demonstrate test measurements using a White Rabbit LEN system
that employs PTP over standard telecommunication fibers along with
self-developed TDCs. These tests show a synchronization RMS jitter
of less than 20 ps for a link length of 50m. Although this value is
larger than the jitter of the TDCs themselves, it does not exacerbate
the overall jitter of the single photon detection system, as the MCP-
based detectors have an RMS jitter of around 30 ps. Additionally, we
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have recorded temporal correlation measurements of single photons us-
ing White Rabbit synchronized TDCs, proving the high accuracy and
precision of this approach for intensity interferometry use cases.

Q 39.14 Wed 17:00 Aula Foyer
Sensitivity optimization of diamond infrared-absorption
based magnetometry — eANIL Paract!, JurLian M. Boppl2,
Jonas WOLLENBERG!, FELIPE PEroNa?, and Tim ScHRODER!:2
— 1Department of Physics, Humboldt-Universitét zu Berlin, 12489
Berlin, Germany — 2Ferdinand-Braun-Institut gGmbH, Leibniz-

Institut fiir Hochstfrequenztechnik, 12489 Berlin, Germany

Negatively charged nitrogen vacancy (NV) color centers in diamond
serve as excellent sensors for magnetic fields, electric fields, and tem-
perature. By utilizing their spin-state dependent photoluminescence
or absorption, NV centers enable the precise measurement of various
physical and biological signatures under ambient conditions.

In this work, we exploit the NV center’s infrared (IR) 'E « 14;
transition for absorption-based magnetometry. Using a 1042 nm laser
to probe the IR transition allows for magnetic field-dependent ab-
sorption. The high saturation intensity of the IR transition enables
the use of high-intensity probe light, improving sensitivity limited by
shot noise. However, due to the IR transition’s low absorption cross-
section, the implementation of a lock-in amplifier becomes necessary.
To further enhance sensitivity, we optimize experimental parameters
and settings of the lock-in amplifier. With the achieved sensitivity im-
provement, integration into highly sensitive compact systems becomes
feasible without bulky optical setups.

Q 39.15 Wed 17:00 Aula Foyer
Microcontroller-optimized measurement electronics for NV-
centers — eDENNIS STIEGEKOTTER!, JENS PocorzeLskI!, Lupwic
HorsTHEMKE!, MARKUS GREGOR?, and PETER GLOSEKOTTER! —
I1Department of Electrical Engineering and Computer Science, FH
Miinster University of Applied Sciences, Stegerwaldstrafie 39, 48565
Steinfurt, Germany — 2Department of Engineering Physics, FH Miin-
ster University of Applied Sciences, Stegerwaldstrafe 39, 48565 Stein-
furt, Germany

The integration and miniaturization of magnetic sensors based on di-
amonds with nitrogen vacancy centers is largely focused on the sensor
tip. This means that the underlying electronics for excitation and
readout of the spin states still offers great potential for further innova-
tions. In this work the electronics adjust the power of the microwave.
This makes it possible to tune the Rabi oscillation so that the time for
a pi pulse is adapted to the microcontroller’s limited temporal pulse
resolution of Tp,min = 53.3 ns. This allows coherent control to be
achieved even with a simple microcontroller. For this purpose, labo-
ratory devices such as lock-in amplifier, photodetector and microwave
source are broken down to their relevant functions and integrated on a
(82 x 167) mm2 PCB with a STM32G491. Only two Rabi oscillations
at different microwave powers need to be recorded in order to extract
the Rabi frequency using the fast fourier transformation and calibrate
the system. This allows the time of a pi pulse to be synchronized to
the pulse length of the microcontroller.

Q 39.16 Wed 17:00 Aula Foyer
Diamond-based quantum sensing for neurosurgery
e WICKENBROCK ARNE — Johannes Gutenberg University Mainz, Ger-
many

The DIAQNOS (Diamond-based quantum sensing for neurosurgery)
project aims to develop a novel Quantum-Neuro Analyzer (QNA) to
provide continuous and crucial information for tumor detection and
functional diagnostics during neurosurgical procedures. The project
utilizes diamond-based quantum sensors for preclinical studies on liv-
ing human brain tissue. The goal is to implement a clinically deploy-
able DIAQNOS-QNA, an imaging, magnetically sensitive quantum en-
doscope at the end of a multimodal light guide. This technology is in-
tended to enhance the safety, precision, and efficiency of neurosurgical
cancer therapy.
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Q 40: Precision Spectroscopy of Atoms and lons Ill (joint session A/Q)

Time: Thursday 11:00-13:00

Q 40.1 Thu 11:00 HS 1010
Resolved sideband spectroscopy of cold mixed ioncystals

of Cat and Tht — eAzer TriMECHE!, CAN LEICHTWEISS!,

JoNnas STricKERZ3, VALERI ANDRIUSHKOVD}2 DwmITRY BUDKER!,
CuristorH E. DULLMANN?3%4, and FERDINAND ScHMIDT-KALER!
— IQUANTUM, Institut fiir Physik, Johannes Gutenberg-Universitit
Mainz, Germany 2Helmholtz-Institut Mainz, Germany
3Department Chemie - Standort TRIGA, Johannes Gutenberg-
Universitit Mainz, Germany — *GSI Helmholtzzentrum fiir Schwe-
rionenforschung GmbH, Darmstadt, Germany

Thorium isotopes became of high interest in the search for new physics,
and fundamental physics tests, because of their unique nuclear and
atomic properties. The Trapping And Cooling of Thorium Ions in
Calcium crystals (TACTICa) project develops ion trapping and spec-
troscopic techniques for a precise determination of the nuclear mo-
ments, hyperfine intervals, and isotope shifts with different Th iso-
topes. For the production, we use two different sources: a recoil ion
source [1] and a laser ablation source [2]. 232Th¥ ions are trapped in
a 40Cat crystal [2], and cooled down sympathetically by polarization
gradient cooling [3]. We implement resolved sideband spectroscopy
of mixed Ca-Th ion crystals as a starting point for resolved sideband
ground state cooling of crystals with extreme charge-to-mass ratio dif-
ference and quantum logic spectroscopy of Th ions.

[1] R. Haas et al., Hyperfine interactions 241 (2020) 25.

[2] K. Groot-Berning et al., PRA 99 (2019) 023420.

[3] W. Li et al., NJP 24(4) (2022) 043028.

Q 40.2 Thu 11:15 HS 1010
High-resolution spectroscopy of fermium-255 at the RISIKO
mass separator — eMiTzi UrQuiza-GonNzALEz for the Fermium-
Collaboration — Division HUBNER Photonics, Hiibner GmbH & Co
KG, 34123 Kassel, Germany

Laser spectroscopy measurements can provide information about fun-
damental properties of both atomic and nuclear structure. Such mea-
surements are of particular importance for the heaviest actinides and
superheavy elements, where data is sparse. During the last measure-
ment campaign at the RISIKO mass separator facility in the Institute
of Physics in the Johannes Gutenberg University Mainz (JGU), nine
successive samples, consisting of 108 to 109 atoms, were used to study
the atomic and nuclear structure of 25°Fm (Z=100).

This presentation will focus on the hyperfine structure (HFS) of
255Fm for two different excited levels, from which the hyperfine cou-
pling constants have been determined.

Q 40.3 Thu 11:30 HS 1010
Hyperfine Spectroscopy of Single Molecular Hydrogen Ions in
a Penning Trap at ALPHATRAP — ¢C. M. Konic!, M. Bouman?,
V. Hann!, F. Heisse!, I. V. Korrunov2, A. KuLANGARA THOT-
TUNcAL GEORGE!, J. MoraNER!, F. RaaBl, T. Samwer!, K. Singa!,
B. Tu!3, V. Vocr?, K. BLaum!, S. ScuiLLER?, and S. STURM! —
IMax-Planck-Institut fiir Kernphysik, 69117 Heidelberg — 2Institut
fiir Experimentalphysik, Univ. Diisseldorf, 40225 — 3Institute of Mod-

ern Physics, Fudan University, Shanghai 200433

Molecular hydrogen ions (MHI) are a simple system allowing the com-
parison of high-precision measurements to state-of-the-art QED the-
ory, testing the validity of the latter. At ALPHATRAP [1], we can isolate
and confine a single MHI for months and perform high-precision spec-
troscopy using non-destructive quantum state detection.

I will present the results of hyperfine structure measurements on a
single HD* ion. From these, the bound g factor of the constituent
particles, as well as coefficients of the hyperfine Hamiltonian can be
extracted. The latter are important for a better understanding of rovi-
brational spectroscopy performed on this ion, from which fundamental
constants, such as mp/me are determined to highest precision [2].
We are currently upgrading our trap for single-ion rovibrational laser
spectroscopy of MHI. The development of these techniques is one of
the required steps towards spectroscopy of an antimatter ﬁ; ion [3].
[1] S. Sturm et al., Eur. Phys. J. Spec. Top. 227, 1425%1491 (2019)
[2] I. V. Kortunov, et al., Nature Physics vol 17, 569*573 (2021)

[3] E. Myers, Phys. Rev. A 98, 010101(R) (2018)

Q 40.4 Thu 11:45 HS 1010
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MMC Array to Study X-ray Transitions in Muonic Atoms —
eDANIEL UNGER, ANDREAS ABELN, THOoMAs Erias Cocovrios, OFIR
Ei1zENBERG, CHRISTIAN ENss, ANDREAS FLEISCHMANN, LOREDANA
GasTaLDO, CESAR GODINHO, MICHAEL HEINES, DANIEL HENGSTLER,
PauL INnDELICATO, DANIEL KREUZBERGER, KLAUS KIRCH, ANDREAS
KNEcHT, JORGE MaAcHADO, BEN OHAYON, NANCY PauL, RaNDOLF
PonL, KATHARINA VON SCHOELER, STERGIANI MARINA VOGIATZI,
and FREDERIK WAUTERS — for the QUARTET Collaboration

The QUARTET collaboration aims to improve the accuracy of absolute
nuclear charge radii of light nuclei from Li to Ne. A proof-of-principle
measurement with lithium, beryllium and boron has recently been per-
formed at the Paul Scherrer Institute. Conventional solid-state detec-
tors do not provide sufficient accuracy in the relevant energy range.
We use a low temperature Metallic Magnetic Calorimeter (MMC) ar-
ray for high-precision X-ray spectroscopy of low-lying states in muonic
atoms. MMCs are characterized by a high resolving power of several
thousand and a high quantum efficiency in the energy range of inter-
est. We present the experimental setup and the performance of the
detector used. We discuss the first preliminary spectra and systematic
effects in this first measurement. The obtained data in combination
with the achieved energy resolution and calibration should allow a more
precise characterization of the muonic X-ray lines. With the knowl-
edge gained, a significant improvement in the determination of nuclear
charge radii is expected.

Q 40.5 Thu 12:00 HS 1010
Advancing RAdiation Detected Resonance Ionization to-
wards more exotic nuclei — eKENNETH VAN BEEK FOR THE
Rapris CoLLaBORATION — TU Darmstadt

Experimental data on atomic and nuclear properties for exotic nuclei
in the heavy actinide region (Z > 100) remains scarce up to date. The
RAdiation Detected Resonance Ionization Spectroscopy (RADRIS) ap-
paratus, located at GSI, Darmstadt, Germany, is employed to deter-
mine such quantities — such as energy levels, ionization potentials,
moments, mean-square charge radii, and isotope shifts. Past measure-
ments at RADRIS encompassed the study of 245,246,248—250,254 ) and
251-255No. In the current design of the setup the detection of laser ions
via their a-decay for nuclei with half-lives in the order of several hours
to tens of hours becomes impractical. This presentation will show al-
ready obtained results by RADRIS and how future improvements will
increase the methods reach towards longer-lived nuclei. This will al-
low accessing, e.g., 246Cf (35.7h) and 252Fm (25.39h). The latter is of
special interest, as it lies directly at the N = 152 shell gap in the fer-
mium isotopic sequence, thus closing the gap between already studied
isotopes on the neutron-rich and on the neutron-poor side.

Q 40.6 Thu 12:15 HS 1010
Electron Optical Systems for High-Resolution Electron Time-

of-Flight Spectrometer — eNicLas WIELAND!, Lars FUNKEZ,

Lasse WoOLFING2, ARNE HELD?, SARA Savio?, MARKUS ILcHEN!,
and WoLFrRaM HELML2 — 1Universitét Hamburg, Insitut fiir Experi-

mentalphysik — 2Technische Universitiit Dortmund, Fakultit Physik

Angular streaking allows resolving the sub-femtosecond temporal
structure of SASE free-electron laser pulses. A circularly polarized
infrared laser imprints a phase-dependent momentum shift onto the
photoelectron spectra of a gas target. Angle-resolving time-of-flight
spectrometers can be used to resolve these. The latter devices typically
consist of electron optics, a drift section, and a detector. Parameters
such as energy resolution and energy-dependent transmission for the
whole system can be determined by simulation. In this talk, we present
the finalized simulation-supported spectrometer design used inside our
new chamber for the SpeAR XFEL project. Furthermore, we will in-
troduce the possibility of adaptive electron optics in our spectrometer
using the popular open-source computing platform FEniCSx to fur-
ther increase the achievable resolution and transmission by applying
optimizer-determined voltage sets to our optics. Gaining insight into
electron trajectories using precise simulations appears to be an effi-
cient way to improve the overall performance of such experiments-We
present our progress in terms of electrode design and applied voltages
for a 0-3 keV electron energy spectrum to further develop spectrometer
research in this field.
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Calorimetric wire detector for monitoring atomic hydrogen
beam — CHRISTIAN MATTHE, eALEC LINDMAN, and SEBASTIAN
Boser for the Project 8-Collaboration — Johannes Gutenberg Uni-
versitét, Mainz

The Project 8 collaboration aims to determine the absolute neutrino
mass with a sensitivity of 40 meV by measuring the tritium decay
spectrum around the endpoint energy. For this level of precision it is
necessary to use atomic tritium, since molecular tritium sensitivity is
limited by the molecular final state distribution to about 100 meV.

A flux of ~ 10 atoms/s from the source will be required to inject
a beam with &~ 10'%atoms/s into the detection volume after cooling
and state selection inefficiencies. For monitoring this beam, we have
built a detector that uses a wire with a micrometer-scale diameter in-
tersecting the beam on which a small fraction of the beam’s hydrogen
atoms recombine into molecules. The energy released heats the wire
and produces a measurable change in its resistance. Such a detector
is suitable for both development work and for minimally disruptive
online monitoring in the final experiment. In this talk results will be
presented on measurements of the atomic hydrogen fraction as well as
the shape of the produced beam.

Q 41: Ultra-cold Atoms, lons
Time: Thursday 11:00-13:00

Q 41.1 Thu 11:00 HS 1098
Realization of the %8Sr fine-structure qubit: The build-
ing block for a 500-qubit quantum computer demonstrator

(QRydDemo) — eGoviND UNNIKRISHNAN', JENNIFER KRAUTER!,

PuiLipp ILzuorer!, Rarnesn Kumar Guptal, JIACHEN ZHaol,
Acumv Schorz!, CurisTIAN HOLZL!, AARON GOTZELMANN', SEBAS-
TIAN WEBER?2, NasTasia Makki2, Hans PETER BUCHLERZ, JURGEN
STUHLER3, FLORIAN MEINERT!, and TiLMAN Praul — 15, Physikalis-
ches Institut and Center for Integrated Quantum Science and Technol-
ogy, Universitdt Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Ger-
many — 2Institute for Theoretical Physics IIT and Center for Inte-
grated Quantum Science and Technology, Universitat Stuttgart, Pfaf-
fenwaldring 57, 70569 Stuttgart, Germany — 3Toptica Photonics AG,
82166 Grafelfing, Germany

The QRydDemo project aims to realize a quantum computer demon-
strator with 500 qubits based on the novel fine-structure qubit encoded
in the metastable triplet manifold of 88Sr, which enables fast gates (100
ns) and a long coherence time (10 ms). Here, we demonstrate the first
step towards this goal by realizing preparation, readout and coherent
operations on the fine-structure qubit. In addition to driving Rabi
oscillations bridging an energy gap of 17 THz, we also carry out Ram-
sey spectroscopy with which we extract the coherence time T3 in our
system. A full quantum mechanical model is used to simulate our ex-
periments by including noise sources to identify the main constraints
limiting our coherence time and project improvements to our system
in the immediate future.

Q41.2 Thu 11:15 HS 1098
Dysprosium Quantum Gas Microscope — eKEvVIN Na, Fiona
HeLLSTERN, JENS HERTKORN, PauL UERLINGS, Lucas LAVOINE,
RaLr KrLEmMT, Tim LaNGEN, and TiLMAN Prau — 5. Physikalisches
Institut and Center for Integrated Quantum Science and Technology
IQST, Universitat Stuttgart

With quantum gas microscopy providing access to study particle in-
teractions and correlations on the microscopic scale, engineering ana-
logues to simulate and understand solid state systems with a high
degree of control has become possible. Although single atoms can be
trapped and imaged in optical lattices, most existing quantum gas mi-
croscopes trap and image atoms using light with relatively long wave-
lengths, and where only short-range contact interactions exist between
atoms. Here, we present our progress toward building a quantum gas
microscope with dysprosium atoms that will be trapped in lattices
using ultraviolet (~ 360nm) light, where enhanced anisotropic dipolar
interactions compete with tunable inter-site particle tunnelling and on-
site interactions. Owing to the enhanced dipolar interaction strength
between dysprosium atoms in optical lattices of such a short wave-
length, our quantum gas microscope opens up the possibility to ob-
serve novel phases of matter in a variety of lattice geometries. Our

Thursday

Q 40.8 Thu 12:45 HS 1010

Comparison of Sr lattice clocks from Japan, UK, and
Germany — eTim Ltcke!, Crock Trams' 2348 and Link

Teamsh2:5:67 _ 1PTB, Braunschweig, Deutschland — 2NPL, Lon-
don, UK — 3RIKEN, Tokyo, Japan — 4University of Tokyo, Tokyo,
Japan — PLNE-SYRTE, Paris, France — SLPL, Paris, France —
"RENATER, Paris, France — 8University of Birmingham, Birming-
ham, UK

We present a measurement campaign investigating the agreement of
state-of-the-art optical clocks from Japan and Europe. Two trans-
portable Sr lattice clocks from RIKEN in Japan [1] and PTB in Ger-
many were compared with the stationary Sr clocks at NPL in London
[2] and PTB in Braunschweig. In addition to local comparisons an
interferometric fiber [3] link was used to compare the clocks remotely.
The data will also be analyzed with respect to chronometric leveling
as a geodetic application.

[1] M. Takamoto et al., Nat. Photonics 14, 411-415 (2020).

[2] R. Hobson et al., Metrologia 57 065026 (2020).

[3] M. Schioppo et al., Nat. Commun. 13, 212 (2022).
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planned experimental setup and initial steps toward characterising the
trapping properties of dysprosium at 360nm will be presented.

Q 41.3 Thu 11:30 HS 1098
Stabilization of a paramatrically driven BEC: an open quan-
tum system approach — eLARISSA SCHWARz, SIMON B. JAGER,
and SEBASTIAN EGGERT — Physics Department and Research Center
OPTIMAS, University of Kaiserslautern-Landau, Germany

We theoretically analyze the effects of periodically modulated repul-
sive interactions in a Bose-Einstein condensate (BEC) that features in-
trinsic damping mechanisms. We derive a master equation describing
the dynamics of the momentum modes of the BEC in the parameter
regime of weak driving strengths. Above a threshold for the modu-
lation strength we find that the BEC becomes unstable. Below this
threshold the combination of damping and periodic driving guides the
system into a stationary state that shows an enhancement of fluctu-
ations for specific momentum modes that can be controlled by the
driving frequency. We analyze the stationary state of these fluctu-
ations, quantify the condensate depletion and analyze the squeezed
and anti-squeezed quadratures generated by the parametric driving,
emphasizing the possibility to generate non-classical states of matter.

Q 41.4 Thu 11:45 HS 1098
Collisional energy effects on atom-ion Feshbach resonances
— oFABIAN THIELEMANN!, JoacHmM SiEMUND!, DanieL HoNiG!,
WEI Wul, KrzysToF Jacuymski?, THomas WALKERD3, and ToBias
ScuaETz! — !Physikalisches Institut, Albert-Ludwigs Universitit
Freiburg — 2Faculty of Physics, University of Warsaw — 3Blackett
Laboratory, Imperial College, London

Collisions between particles are at the heart of many physical and
chemical processes. The ability to control them down to the single
quantum level is crucial to understanding the constituents and their
interaction. We use our hybrid setup to combine a single BaIL38 ion
with a cloud of ultra-cold, spin-polarized Lig near degeneracy. We in-
vestigate the transition from the classical to the quantum regime of
collisions and show to what extent individual atom-ion Feshbach res-
onances of this combination depend on the collisional energy. With
the help of a quantum recombination model, we make first steps to-
wards distinguishing between resonances that occur due to different
open-channel partial-wave contributions.

Q 41.5 Thu 12:00 HS 1098
A quantum-gas microscope for ultracold strontium atoms
— Sanpra Buos!, Jonaran HoscHELE!, VasiLty MAKHALOV!,
eANTONIO RUBIO-ABADAL', and LeTicia TArRrUELL!:2 — 1ICFO -
Institut de Ciéncies Fotoniques, The Barcelona Institute of Science
and Technology, 08860 Castelldefels (Barcelona), Spain — 2ICREA,

Pg. Lluis Companys 23, 08010 Barcelona, Spain
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Quantum-gas microscopes offer novel observables to study quantum
many-body systems, but have so far been mostly restricted to alkali
atoms. Alkaline-earth species, like strontium, offer a range of desir-
able features, due to their electronic structure, which can significantly
expand the toolbox of Hubbard-type quantum simulation.

In this talk, I will present the realization of site-resolved imaging
of a quantum gas of bosonic strontium in a clock-magic optical lat-
tice. We realize fluorescence imaging via the blue 461-nm transition
and simultaneous attractive Sisyphus cooling via the narrow 689-nm
intercombination line. From the raw fluorescence images, we are able
to reconstruct the atomic occupation with fidelities above 95%. Our
experiment opens the door to future microscopic studies of the dissi-
pative Bose-Hubbard model, as well as SU(N) fermions.

Q41.6 Thu 12:15 HS 1098
Phase-Stable Traveling Waves Stroboscopically Matched for
Super-Resolved Observation of Trapped-Ion Dynamics —
oF'LORIAN Hasse, DEVIPRASATH PALANI, APURBA DAs, FREDERIKE
DoERR, LEON GoOEPFERT, OLE PikkEMAAT, ULRICH WARRING, and
ToBias ScHAETzZ — Institute of Physics, University of Freiburg,
Hermann-Herder-Str. 3, 79104 Freiburg, Germany

We introduce an approach, creating and maintaining the coherence
of four oscillators: a global microwave reference field, a polarization-
gradient traveling-wave pattern of light, and the spin and motional
states of a single trapped ion. The features of our method are show-
cased by probing the 140-nm periodic light pattern and stroboscopi-
cally tracing dynamical variations in position and momentum observ-
ables with noise floors of 1.8(2) nm and 8(2) zuNs, respectively.

We are currently expanding our methods towards non-classical
squeezed states to realize the transfer of spatial entanglements, present
in multimode squeezed states, into the robust electronic degrees of free-
dom (DOF) of multiple ions. For this we switch the trapping potential
of two 2°Mg? ions fast enough to induce a non-adiabatic change of
the ions’ motional mode frequencies, preparing the ions in a squeezed
state of motion, accompanied by the formation of entanglement in the
ions’ motional DOF. This is a promising ansatz to study analogs of
physics of the early universe, as particle pair creation during cosmic
inflation, and relativistic quantum effects, e.g., Hawking radiation.

A summary of our previous work is published on Arxiv:
https: //arxiv.org/abs/2309.15580

Q 41.7 Thu 12:30 HS 1098
Fractional angular momentum quantization in Atomtronic
circuits — eWavyNE Jorpan CueTcuTi!, JuaN PoLrol!, ANDREAS
OsTerLoOH', and Luiat Amico’?3 — 'Quantum Research Center,
Technology Innovation Institute, P.O. Box 9639 Abu Dhabi, UAE —

2Dipartimento di Fisica e Astronomia and INFN-Sezione di Catania,
Via S. Sofia 64, 95127 Catania, Italy — 3Centre for Quantum Tech-
nologies, National University of Singapore 117543, Singapore

In this talk, I showcase the latest results for bosonic and fermionic
matter-wave circuits in the context of Atomtronics. For attractively
interacting bosons, the system sees the formation of bound states,
which are the quantum analogs of bright solitons found in the mean-
field regime. Considering the full many-body regime allows us access
to a new phenomenology arising from the strong correlations in the
system. Specifically, for a ring geometry pierced by a synthetic gauge
field, we find that the angular momentum quantization per particle
acquires fractional values depending on the number of particles consti-
tuting the bound state. The phenomenon of fractionalization manifests
as new plateaus in the angular momentum and presents potentially
important applications in the field of metrology and sensing. Analo-
gous phenomenology is found in SU(N) fermionic systems in similar
configurations. However, the physical origin of the angular momen-
tum quantization present in these systems depends on the nature of
the interactions, be they repulsive or attractive. The feature of frac-
tionalization has promising applications to interferometry using these
massive bound states in fermionic and bosonic systems.

Q 41.8 Thu 12:45 HS 1098
Magnetic field shielding and rotation stabilisation in the
Einstein-Elevator — e ALEXANDER HEIDT — Institut fiir Transport-
und Automatisierungstechnik, Hannover, Deutschland

There is an increasing focus on the exploration of space, its potential
colonisation and the use of its advantages for fundamental physical
research. To make this possible, technologies are required that work
in microgravity. The Einstein-Elevator was developed and built out of
the motivation to research technologies suitable for space. It is also
able to simulate various gravity conditions. Numerous projects from
various disciplines are currently being worked on, such as from mechan-
ical engineering to develop new production processes and from physics
to carry out basic research into atomic interferometry. One of these
is the INTENTAS project, which aims to measure the entanglement
of atoms in microgravity. The ”spin-exchange collisions” method is
used here, whereby weak magnetic field fluctuations can prevent such
entanglement of atoms. In order to ensure this entanglement reliably,
a magnetic field fluctuation of a few nanotesla is required. For this
reason, a magnetic shield was designed as part of the project that sup-
presses magnetic field fluctuations in the Einstein-Elevator (10 *T) to
a few nanotesla. On the other hand, the DESIRE project aims to find
evidence of dark energy. However, the setup is sensitive to rotations,
so the Einstein-Elevator has been extended with reaction wheels to
compensate for any rotations that occur.

Q 42: Long-range Interactions

Time: Thursday 11:00-13:00

Invited Talk Q 42.1 Thu 11:00 HS 1015
Theory of robust quantum many-body scars in long-range in-
teracting systems — eSiLvia PAPPALARDI — 77, Zulpicher Strasse,
D-50937 Cologne

Quantum many-body scars are exceptional energy eigenstates of quan-
tum many-body systems associated with violations of thermalization
for special non-equilibrium initial states. Their various systematic con-
structions require fine-tuning of local Hamiltonian parameters. In this
talk, I will show that the setting of long-range interacting quantum
spin systems generically hosts robust quantum many-body scars. I
will discuss that this is the combined effect of two ingredients: the
integrability of the classical collective limit and the sufficiently strong
long-range of the interactions. Broader perspectives of this work range
from independent applications of the technical toolbox developed here
to informing experimental routes to metrologically useful multipartite
entanglement.

Q 42.2 Thu 11:30 HS 1015
Neural Network Quantum States for the Hofstadter Model
with Higher Local Occupations and Long-Range Interactions
— oFaBIAN DoscHLY2, FELix PALMY2, HANNAH LaNce!2:3 FABIAN
GruspTh2, and ANNABELLE BourDT??* — !Ludwig-Maximilians-
University Munich — 2Munich Center for Quantum Science and Tech-
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nology — 3Max-Planck-Institute for Quantum Optics — 4University
of Regensburg

Neural network quantum states (NQS) have gained significant interest
in current research due to their immense representative power. In this
study, we show that RNN wave functions can be employed to study
systems relevant to current research in quantum many body physics.
Specifically, we employ a 2D tensorized gated RNN to explore the
Hofstadter Hamiltonian with a variable local Hilbert space cut off.
We benchmark the NQS against exact diagonalization for the Hofs-
tadter Hamiltonian with on site interactions on a 6 x 6 square lattice.
Remarkably, this method is capable of effectively identifying and rep-
resenting the ground state. A further benchmark against DMRG for
12 x 12 systems will reveal phases that are hard to simulate with the
RNN-NQS ansatz. Moreover, we demonstrate that NQSs are capable
of capturing interactions over large distances, a task that is far from
being solved by current methods. This technique is applied to a Hof-
stadter Hamiltonian with long-range interactions on a 12 x 12 square
lattice. This work aims to enhance our understanding of representing
strongly correlated quantum systems with NQS.

Q 42.3 Thu 11:45 HS 1015

Cavity induced quantum droplets — eLroN Mixal, MiLaN
RaponJiéh2) AxeL PeLsTER®, and MIcHAEL THORWART! — 1I. In-
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stitute of Theoretical Physics, Universitat Hamburg, Germany —
2Institute of Physics Belgrade, University of Belgrade, Serbia —
3Physics Department and Research Center OPTIMAS, University
Kaiserslautern-Landau, Germany

Quantum droplets are formed in an interacting atom gas when quan-
tum fluctuations stabilize the gas mechanically which would otherwise
be unstable. Subjecting a condensate to interaction with a cavity is
known to strongly couple the atomic and cavity fluctuations, creating
long-range interactions and roton-like modes. We study the formation
of quantum droplets in a three-dimensional homogeneous Bose-Bose
mixture placed in an optical cavity. The internal transitions of the
atoms are off-resonantly pumped by a beam transversal to the cav-
ity axis. We find that cavity fluctuations influence droplet properties,
such that changing the cavity parameters can be used for droplet tun-
ing. Furthermore, cavity fluctuations can create necessary conditions
for droplet formation even in the stable mean-field region of the bare
mixture.

Q424 Thu 12:00 HS 1015
Bragg Spectroscopy of a Dynamic Instability where two soft
modes meet. — ALEXANDER BAUMGAERTNER, GABRIELE NAa-
TALE, € JUSTYNA STEFANIAK, SIMON HERTLEIN, DAvIiD BAUR, DALILA
RiveEro, ToBias DoONNER, and TiLMAN EssLINGER — ETH Zurich,
Switzerland

The excitation spectrum of open many-body systems can give rise to
various features e.g. dynamical instabilities and exceptional points. In
our experiment, consisting of a Bose-Einstein condensate (BEC) cou-
pled to a cavity mode, we realize two different superradiant crystals
and perform Bragg spectroscopy to measure the excitation spectrum.
Long-range interactions in quantum gases can give rise to an excita-
tion spectrum with a roton-type minimum in the dispersion relation.
In our case, we associate a roton-like mode with each of the super-
radiant crystals. By changing interaction strength, we observe how
the excitation energies, the strength of the density-density correlations
and the roton momentum are modified prior to the formation of one of
the crystal phases. Dissipation introduces coupling between these two
modes and can lead to an amplification of one and a dampening of the
other mode. Additionally tuning the strength of the interactions, we
found a regime, where two roton-type modes respond at the same en-
ergy. In this regime, the presence of dissipation introduces a coupling
between these two models and finally leads to a dynamic instability of
the system.

Q 42.5 Thu 12:15 HS 1015
Re-entrant phase transition in many-body Cavity QED —
eTom ScumiT!, ToBias DonNER2, and GIOVANNA MoORIGI
ITheoretische Physik, Universitit des Saarlandes, 66123 Saarbriicken,
Germany — 2Institute for Quantum Electronics, Eidgendssische Tech-

nische Hochschule Ziirich, Otto-Stern-Weg 1, 8093 Ziirich, Switzerland

We analyse theoretically self-organization of atoms that couple disper-
sively to an optical cavity and are subject to a transverse pump, in a
configuration experimentally studied[1]. The transverse pump laser is
blue-detuned w.r.t. the atomic transition, confining the atoms in the
intensity minima of the generated optical lattice. The competition of
pump and cavity field leads to self-organization of the atoms in an or-
dered pattern, giving rise to a re-entrant phase transition, such that by
increasing the pump intensity above a critical value, one first observes
a transition from disorder to self-organized and then, at larger values,
again back to a disordered phase. Our theoretical model, founded on a
mean-field ansatz, provides a description of the stationary state’s phase

diagram in relation to pump intensity and detuning from the cavity
frequency, aligning well with experimental observations[1]. We show
that stability of the ordered pattern is warranted when the scattered
light interferes destructively with the pump at the atomic positions,
effectively keeping the atoms in darkness. We discuss the connection
between this phenomenon and inverse melting, observed in (classical)
systems with repulsive and competing long-range interactions.

[1] P. Zupancic et al., Phys. Rev. Lett. 123, 233601 (2019).

Q 42.6 Thu 12:30 HS 1015
Commensurate-incommensurate transition in frustrated
Wigner crystals — eRapHAEL MENU!, JORGE Yaco MaLo?,
VLADAN VULETIGS3, MaRria Luisa CHioFaLo?, and GIOVANNA
Morici! — 1Universitdt des Saarlandes, Saarbriicken, Germany —
2Universita di Pisa, Pisa, Italy — 3Massachusetts Institute of Tech-
nology, Cambridge, USA

Geometric frustration in systems with long-range interactions is a
largely unexplored phenomenon. In this work we analyse the ground
state emerging from the competition between a periodic potential and
a Wigner crystal in one dimension, consisting of a selforganized chain
of particles with the same charge. This system is a paradigmatic re-
alization of the Frenkel-Kontorova model with Coulomb interactions.
‘We derive the action of a Coulomb soliton in the continuum limit and
demonstrate the mapping to a massive (141) Thirring model with
long-range interactions. The mean-field limit is a long-range antiferro-
magnetic spin chain with uniform magnetic field and predicts that the
commensurate, periodic structures form a complete devil’s staircase as
a function of the charge density. Each step of the staircase correspond
to the interval of stability of a stable commensurate phase and scales
with the number N of charges as 1/In N. This implies that there is
no commensurate-incommensurate phase transition in the thermody-
namic limit. For finite systems, however, the ground state has a fractal
structure that could be measured in experiments with laser-cooled ions
in traps.

Q 42.7 Thu 12:45 HS 1015
Ab initio simulation of dipolar Bose gases with the complex
Langevin algorithm — ePHiLipp HEINEN!, WyarT KIrRkBY!Z,
LAURIANE CHoMAZ2, and THoMASs GAsENZER! — !Kirchhoff-Institut
fiir Physik, Universitat Heidelberg — 2Physikalisches Institut, Univer-

sitdt Heidelberg

Bose-Einstein condensates (BECs) of atoms with a strong magnetic
moment in their ground state, e.g. Erbium or Dysprosium, feature
long-range dipolar interactions. These give rise to several peculiar
phenomena that are absent from purely contact interacting Bose gases,
notably rotonic excitations, supersolidity and quantum droplets. What
makes them interesting from the theoretical point of view is that mean-
field descriptions based on the Gross-Pitaevskii equation (GPE) fail to
predict such states of matter and the effect of quantum fluctuations
must be included. This can be done by adding an additional term
to the GPE based on the perturbative Lee-Huang-Yang (LHY) cor-
rection or by performing ab initio path integral Monte Carlo (PIMC)
simulations. The latter are, however, limited to several hundred atoms
due to the high computational cost of the method, far below experi-
mentally realistic particle numbers. An alternative is the equally fully
exact complex Langevin (CL) algorithm whose computational cost is
independent of the particle number and is thus suitable for simulating
actual experimental settings from first principles. We will present the
results of such simulations on both sides of the superfluid-supersolid
transition of a dipolar BEC.

Q 43: Color Centers Il

Time: Thursday 11:00-13:00

Q 43.1 Thu 11:00 Aula

Long-lived quantum network memories using spin qubits

in isotopically engineered diamond — eKaI-NikLas ScHYMIK!,

BENJAMIN VAN OMMEN!, CoNOR BRADLEYZ, TAKASHI YAMAMOTO!,
and TiM Huco Taminiau! — 1QuTech an Kavli Institute of
Nanoscience Delft, Delft University of Technology, 2628 CJ Delft, The
Netherlands — 2Pritzker School of Molecular Engineering, University

of Chicago, Chicago, IL 60637, USA
Optically active spin qubits in solid-state materials, such as the NV
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Location: Aula

center in diamond, are a promising platform for quantum computa-
tion distributed over a network. To increase the size and circuit depth
of such a quantum network, e.g. beyond the state-of-the-art of three
nodes, long-lived quantum memories in each node are desired. Re-
cent work has identified Carbon-13 spin qubits in isotopically purified
diamond as a promising candidate. In this work, we demonstrate con-
trol over isotope concentration in (111) CVD-grown diamond. At the
targeted concentration of 0.05%, we show that memory qubits with
kHz couplings can be addressed and measure long coherence times of
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the spin qubits. With a memory decoherence rate lower than possible
entanglement rates between remote NV centers, these devices show
promise for distributed computations using more than one entangled
Bell pair.

Q 43.2 Thu 11:15 Aula
Photonic multipartite entangled state generation with group-
IV color centers — eGRrREGOR PiepLow!, YANNICK STROCKA!,
Mariano 1. Monsawe2?, Josepu H. D. Munns?, and Tiv
ScHRODER! — 'Humboldt-Universitit zu Berlin, 12489 Berlin, Ger-
many — 2University of Innsbruck, 6020 Innsbruck, Austria —

3PsiQuantum, 94304 California Palo Alto, USA

In this work, we analyze the generation of large entangled photonic
states, specifically multiphoton Greenberger-Horne-Zeilinger (GHZ)
states and cluster states (CS) using group-IV color centers. These
states are an essential resource in photonic quantum information ap-
plications, for example in measurement-based quantum computing and
one-way quantum repeaters. Our research aims at providing a compre-
hensive analysis of the coherent control operations that are required for
the creation of these resource states. The fidelity of these operations is
critical; any compromise leads to a rapid degradation in the quality of
the state. In particular, our work focuses on an optical Raman control
scheme and microwave control. Both types of control operations enable
single and two-qubit gates, which are crucial for the deterministic gen-
eration of resource states. Additionally, the study introduces a novel
quality measure, which highlights the significance of fast, high-fidelity
control techniques.

Q 43.3 Thu 11:30 Aula
Investigation of microwave spin control of unstrained neg-
atively charged group-IV color centers in diamond
eMoHAMED BELHASSEN!, GREGOR PiepLow!, and TiM SCHRODER
— Humboldt-Universitét zu Berlin, Berlin, Germany — 2Ferdinand-
Braun-Institut, Berlin, Germany

1,2

Microwave control is a standard technique for manipulating the elec-
tronic spin of diamond color centers owing to its advantages when
implementing complex control sequences. For microwave control, a dc
magnetic field is used to lift the spin degeneracy. An ac microwave
pulse drives the system. Aligning the dc field parallel to the color
center’s symmetry axis and the ac field perpendicular to it has been
commonly used in previous works. This configuration, although work-
ing well for the light color centers, has been shown to require high strain
or large microwave powers for heavier ions, such as the tin- and lead-
vacancy center. In addition to providing the theoretical framework to
explain the requirement of strain for heavy defects in the above field
configuration, we study the dependence of the Rabi frequency on the
dc and ac fields orientations and strain. We provide analytical expres-
sions and exact numerical simulations of the impact of strain and field
orientations on microwave control. We find that strain can be rendered
obsolete, while simultaneously producing higher Rabi frequencies for
an alternative setup, where the dc field is aligned perpendicular to the
color center symmetry axis and the ac field is aligned parallel to it.
We show that this configuration is also efficient for the spin’s optical
initialization, readout and analyse resulting gate fidelities.

Q 43.4 Thu 11:45 Aula
Optically Detected Magnetic Resonance in Microdiamonds
Embedded in Polymer Waveguides — eMARINA PETERsD?Z,
Jonas HoMRIGHAUSEN!, TIM BUSKASPER2, SHQIPRIM ADRIAN
ABaz1?, DANIEL WENDLAND?, CARSTEN ScHUCK?, and MARKUS
GrEGOR! — !Department of Engineering Physics, FH Miinster Uni-
versity of Applied Sciences, Germany — 2Department for Quantum

Technology, University of Miinster, Germany

Nitrogen vacancy centers in diamond hold great potential for quantum
sensing applications. The challenge of integration can be addressed
by using integrated photonics based on modern nanofabrication tech-
niques. Here, we present optically detected magnetic resonance mea-
surements from deterministically embedded microdiamonds with NV
centers in polymer waveguides on silicon substrates. In combination
with electrically conductive microstructures for microwave supply, this
method of optical access provides the basis for scaling up to highly
integrated on-chip sensors with excellent spatial magnetic resolution
and sensitivity.

Q 43.5 Thu 12:00 Aula
Microscale NMR of hyperpolarized nuclei with NV centers in
diamond — Luca Troise!, eNicoLAs STAUDENMAIER?, CHRISTOPH
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FinpLER? 3, KIRSTINE BERG-S@RENSEN!, FEDOR JELEZKO?, and JAN
HeNRIK ARDENKJAER-LARSEN! — !Department of Health Technol-
ogy, Technical University of Denmark, 2800, Kongens Lyngby, Den-
mark — Z2Institute of Quantum Optics, Ulm University, Albert-
Einstein-Allee 11, 89081 Ulm, Germany — 3Diatope GmbH, Buchen-
weg 23, 88444 Ummendorf, Germany

We present a groundbreaking approach that combines nitrogen-
vacancy (NV) center ensemble based quantum sensing with dynamic
nuclear polarization to perform nuclear magnetic resonance (NMR)
spectroscopy of picoliter samples. Traditional NMR spectroscopy suf-
fers from poor sensitivity and requires larger sample volumes, typically
in the milliliter range. However, the introduction of NV centers in di-
amond for NMR spectroscopy has revolutionized the field, enabling
the analysis of unprecedented sample volumes. In our study, we uti-
lize the dissolution dynamic nuclear polarization (dDNP) technique to
hyperpolarize carbon nuclei, thereby overcoming previous sensitivity
limitations and providing a pathway to high-resolution spectroscopy
on molecules in dilute solutions. By integrating dDNP into NV-based
NMR spectrometers, we not only promise to extend the capabilities
of mass-limited NMR spectroscopy but also open up new avenues for
research at the picoliter scale, including drug discovery, catalysis re-
search, and single-cell studies.

Q 43.6 Thu 12:15 Aula

Laser noise compensation to enable high fidelity spin-photon
gates — eMaRA BRINKMANN', LENNART MANTHEY!, DoNIKA
ImerIY2, RikHav SHAH!, Timo EikeLMANN!, KoNsTANTIN Beck?!,
and RaLF RiEpINGERD'2 — 1Zentrum fiir Optische Quantentechnolo-
gien, Universitat Hamburg, 22761 Hamburg, Germany — 2The Ham-

burg Centre for Ultrafast Imaging, 22761 Hamburg, Germany

Current research areas in quantum communication entail quantum net-
works, consisting of optically connected nodes, which can efficiently
distribute entanglement. We use silicon-vacancy (SiV) color centers
in diamond, which show great potential for optically coupled quan-
tum processors. To address the probes at millikelvin temperature and
achieve high fidelities for spin-photon quantum gates, we rely on pulsed
weak laser light. Sideband-noise, such as relaxation oscillations, can
result in off-resonant scattering, reducing the gate fidelity. Here we
present our approach to optimize the temporal and spectral properties
of the laser light, employing mode cleaner cavities. The spin-photon
gates can subsequently be used to create high-fidelity entanglement
between remote quantum processors.

Q 43.7 Thu 12:30 Aula
Optimization of nuclear spin control with germanium va-
cancy centre in diamond at mK temperatures — eNick GRIMM,
KATHARINA SENKALLA, PHILIPP VETTER, and FEDOR JELEZKO — In-
stitute for Quantum Optics, Ulm University

Long-distance quantum communication requires a platform which al-
lows to collect, store and process quantum information. Promising
candidates for such quantum nodes are the negatively charged group-
IV defects in diamond as they provide an efficient spin-photon interface
with high photon flux, long coherence times and high-fidelity single
qubit gates. Moreover, addressing of proximal nuclear spins can be
used for computational purposes or act as memory qubits. Here we
demonstrate for the first time the coherent control of a hybrid register
of a negatively charged germanium vacancy centre (GeV) electron spin
and a strongly coupled single 13C nuclear spin with excellent coherence
properties at mK temperatures. We show initialisation and readout of
the nuclear spin using a SWAP gate with the optically addressable
GeV electron spin. Applying optimized microwave and radiofrequency
pulses on the electron and nuclear spin, respectively, allows to reach
increased fidelities. The realization of this fully controlled two-qubit
register is laying the groundwork for the implementation of quantum
repeaters.

Q 43.8 Thu 12:45 Aula

Spin-phonon entanglement in SiC optomechanical quantum
oscillators — eRuomiNG Peng!, XunTao WU2, DURGA DasARI',
and JoerG WracHTRUP! — 13. Physikalisches Institut, University of
Stuttgart, 70569 Stuttgart, Germany — 2Pritzker School of Molecular

Engineering, University of Chicago, Chicago IL 60637, USA

Scaling up quantum systems, especially solid-state spins, presents a
significant challenge in the field of quantum information science. In
this study, we propose a hybrid spin-phonon architecture based on
spin-embedded optomechanical crystal (OMC) cavities. This archi-
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tecture combines integrated photonic and phononic accesses, allowing
for the entanglement of multiple spins. Remarkably, this hybrid spin-
optomechanical system can offer a coupling of the spin to the vibration
mode of simulated Silicon Carbide OMC cavities approaching MHz
in a Raman-facilitated mechanism, enabling a fast and efficient spin-
phonon entanglement with fidelity of 98%. By incorporating the Stim-
ulated Raman Adiabatic Passage (STIRAP) protocol into the coupled
tripod-phonon system, a two-qubit Controlled-Z gate with 97% fidelity

Q 44: Quantum

Time: Thursday 11:00-13:00

Q 44.1 Thu 11:00 HS 1199
A fine structure qubit encoded in metastable strontium
trapped in an optical lattice — eSEBASTIAN PucHER!2, VALENTIN
KrosenER!2, JAN GrIGERD2) FELIX SPRIESTERSBACH!2, IMMANUEL
Brocu!»?:3, and SEBAsTIAN BrarT!:2:3 — IMax-Planck-Institut fiir
Quantenoptik, Hans-Kopfermann-Strafe 1, 85748 Garching, Germany
— 2Munich Center for Quantum Science and Technology, 80799
Miinchen, Germany — 3Fakultét fiir Physik, Ludwig-Maximilians-
Universitat Miinchen, 80799 Miinchen, Germany

The development of scalable, high-fidelity qubits is a key ongoing re-
search challenge in quantum information science, with neutral atoms
trapped in optical lattices being a promising candidate. Here, we
present spectroscopy of a new Raman qubit using long-lived metastable
states in Sr. This architecture enables fast single- and two-qubit
gates. We coherently transfer the atoms from the ground state to
the metastable 3P3 state and couple this state to the 3Py state using
a two-photon Raman transition. We demonstrate high-fidelity Rabi
oscillations of atoms trapped in an optical lattice and study the co-
herence times in our system. This work establishes metastable Sr as a
promising candidate for realizing quantum computing.

Q 44.2 Thu 11:15 HS 1199
Optimization of Optical Spin Gates for negatively charged
Group-IV Colour Centers in Diamond — eYANNICK STROCKA,
GREGOR PierLow, and TimM ScHRODER — Humboldt-Universitit zu
Berlin, Department of Physics, Berlin, Germany

The control of the spin of negatively charged Group-IV colour cen-
ters in diamond plays an important role in various applications such
as quantum computers and quantum repeaters. These applications re-
quire high fidelity control of the spin qubit, which is formed by the two
lowest lying energy eigenstates of the system. Typically a microwave
control is used to manipulate the qubit. In this work, however, we
theoretically study the control using optical means. The optical con-
trol is composed of two laser pulses, whose frequencies are detuned
from the transition between the lowest lying ground and excited state.
This way a, so called, Raman spin gate is created. Optical pulses have
the advantage that they allow the control over a much larger range
of splittings. Under idealized assumptions perfect gates are in theory
possible. The details of the color centers, however, are such that fast
phononic decay greatly impacts the gate fidelity: Spurious population
in the highest lying states, reduce the fidelity of the Raman spin gates
due to spontaneous phononic relaxation. In order to counteract that
decoherence effect any population in the levels affected must be mini-
mized. In this work we combine gradient-free optimization such as the
Nelder-Mead algorithm and gradient-based methods like Grape and
Krotov to achieve this goal

Q 44.3 Thu 11:30 HS 1199
Enhancing the purity of single photons in parametric down-
conversion through simultaneous pump-beam and crystal-
domain engineering — eBaGHDASAR BAGHDASARYAN!:2) FaBIAN
STEINLECHNERY'24, and STEPHAN FRiTzZscHE!3® — 1FSU Jena —
2IAP Jena — 3HI Jena — 4Fraunhofer IOF, Jena — 5TPI, Jena

Spontaneous parametric down-conversion (SPDC) has shown great
promise in the generation of pure and indistinguishable single pho-
tons. Photon pairs produced in bulk crystals are highly correlated in
terms of transverse space and frequency. These correlations limit the
indistinguishability of photons and result in inefficient photon sources.
Domain-engineered crystals with a Gaussian nonlinear response have
been explored to minimize spectral correlations. Here, we study the
impact of such domain engineering on spatial correlations of generated
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is implemented by engineering the non-vanishing geometry phase in a
strongly coupled spin-phonon dark state basis, which is robust against
the dominant loss from the excited state and allow for full connection
of spins through the cavity phonon. Our work establishes a crucial
platform for exploring the spin entanglement with potential scalability
in addition to the optical link, which opens the path to investigate
quantum acoustics in hybrid solid-state systems

Information Il

Location: HS 1199

photons. We show that crystals with a Gaussian nonlinear response
reduce the spatial correlations between photons. However, the Gaus-
sian nonlinear response is not sufficient to fully eliminate the spatial
correlations. Therefore, the development of a comprehensive method
to minimize these correlations remains an open challenge. Our solu-
tion to this problem involves simultaneous engineering of the pump
beam and crystal. We achieve purity of single-photon state up to 99
% without any spatial filtering. Our findings provide valuable insights
into the spatial waveform generated in structured SPDC crystals, with
implications for applications such as boson sampling.

Q 44.4 Thu 11:45 HS 1199
Phase compensation for free space continuous variable
quantum key distribution wusing unscented Kalman fil-
ter — eWENJiA Erser!2, Steran RicHTERY2, and CHRISTOPH
MarqQuarpTh2 — 1Max Planck Institute for the Science of Light,
Erlangen, Germany — Z2Friedrich Alexander University Erlangen-

Niirnberg, Germany

Continuous variable quantum key distribution (CV-QKD) is typically
conducted in a very low signal to noise ratio (SNR) regime associated
with the quantum signal. As a result, the tracking and compensation of
laser phase noise is critical to reducing excess noise in the signal. This
work concerns the phase compensation of our experiment data over
an urban free-space CV-QKD link. Implementing time-division multi-
plexed reference pulses to provide a sufficiently high SNR reference for
laser phase tracking, we apply an unscented Kalman filter (UKF) on
the phase estimation and investigate its effect on the quantum signal
excess noise.

Q 44.5 Thu 12:00 HS 1199
Detection of spin order from collective photon scattering —
eBENJAMIN ZENZ!, ANSGAR SCHAEFER!, MAURIZIO VERDE!, ZvaD
SHEHATAZ, STEFAN RICHTER?, JoAacHIM VON ZANTHIER?, and FERDI-
NAND ScHMIDT-KALER! — 'QUANTUM, Institut fiir Physik, Mainz,
Germany — 2Institut fiir Physik, Erlangen, Germany

Ton traps are ideal candidate platforms for quantum simulators of inter-
acting spin systems by encoding the effective spins within the internal
energy levels of the ions. This talk presents a way to efficiently read
out the spin order of an 4°Cat ion crystal in a segmented Paul trap
by detecting collective, coherent photon scattering in the far-field. In
the past, we employed far-field photon detection to reveal the ion’s
position [1]. Now, we utilize a two-photon process involving a narrow
quadrupole transition near 729 nm and a dipole transition near 854 nm
to achieve background-free detection of 393 nm photons. Additionally,
this scheme enables a spin-selective detection, such that we can de-
termine the spin order of an ion crystal and investigate it’s temporal
evolution. Our experimental results are obtained with linear crystals
of 3,4 and more ions and fit the theory expectations.

[1] S. Wolf, J. Wechs, J. von Zanthier, and F. Schmidt-Kaler Phys.
Rev. Lett. 116, 183002 (2016)

Q 44.6 Thu 12:15 HS 1199
Determination of free-electron density matrices using hetero-
dyne detection and maximum likelihood estimation — eHao
Jeng!?, JaN-WiLkE Henke!2, and Craus Ropers!? — Max
Planck Institute for Multidisciplinary Sciences, D-37077 Gottingen,
Germany — 2University of Gottingen, D-37077 Géttingen, Germany

Free electrons interacting with light are known to scatter into super-
positions of momentum states [1], but existing methods to determine
these density matrices are limited in accuracy [2]. We have developed
a reconstruction algorithm based on maximum likelihood estimation
that circumvents these issues, and we have used this method to verify
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the formation of attosecond electron pulses. We have also developed
an analogue of optical heterodyne detection for free electrons, which
we use to examine the quantum states produced from interactions with
light in a waveguide. These techniques greatly simplify the measure-
ment and reconstruction of free-electron states, opening up new routes
of investigation into the quantum interaction between free electrons
and light.

[1] Feist et al., Nature 521, 200 (2015).

[2] Priebe et al., Nature Photonics 11, 793 (2017).

Q 44.7 Thu 12:30 HS 1199
Free-electron cavity-photon interaction via integrated pho-
tonics — eGERMAINE ARENDM2, Yusia Yang34, ArmiN Fristh?2,
GuanHao Huanc®?,  Jan-WiLke HeNkel2, ARSLAN SAJID
Raia®?4, F. Jasmin Kapperr!2, Rur Nine Wancg34, Huco
Lourenco-Marrinsb2, Junqu Liv3?4, Orer Krirl2, ToBias
J. KippenBERG?#, and Craus Ropers'? — IMax Planck Insti-
tute for Multidisciplinary Sciences, D-37077 Gottingen, Germany —
2Georg-August-Universitit Gottingen, D-37077 Géttingen, Germany
— 3Swiss Federal Institute of Technology Lausanne (EPFL), CH-1015
Lausanne, Switzerland — #Center for Quantum Science and Engineer-
ing, EPFL, Lausanne, Switzerland

Quantum communication largely relies on the generation of photon
pairs as well as their interactions with different quantum systems. Cou-
pling of single photons with free electrons, a potential candidate, has
been hampered due to limited control over the optical states and the
lack of coincidence detection capabilities. Here, we generate electron-
photon pairs by inelastic scattering of free electrons with the evanes-
cent optical field of a SigNy4 resonator and detect the generated pho-
tons, as well as the corresponding electron energy loss. The temporal
correlation of both particles demonstrates a distinct peak of coinci-
dence events, highlighting their common origin [1]. The connection

between energy loss and photon number enables post-selection onto
single, or even n-photon states. This setup enables the exploration
of new experimental concepts in free-electron quantum optics. [1] A.
Feist, G. Arend et al., Science 377, 777 (2022)

Q 44.8 Thu 12:45 HS 1199

Mesoscopic quantum dynamic in X-ray waveguides — ePETAR

AnDREJIC!, LEON Lonse?3, and ADpriANA PaLrry?* — 1Friedrich-
Alexander-Universitit Erlangen-Niirnberg — ?Deutsches Elektronen-
Synchrotron — 3Georg-August-Universitdt Gottingen — 4Julius-

Maximilians-Universitat Wiirzburg

Grazing incidence X-ray waveguides have become a well established
platform for X-ray quantum optics. In these systems, X-rays are scat-
tered resonantly by Mdssbauer transitions in atomic nuclei, leading to
a collective interaction between the indistinguishable nuclei and the
waveguide field.

We show that driving such X-ray waveguides at forward incidence
allows for direct excitation of multiple guided modes, with centimetre
scale attenuation lengths [1]. In this regime, the embedded Moss-
bauer nuclei absorb and emit collectively into a super-position of these
modes, with the resultant radiation field displaying pronounced inter-
ference beats on a micrometre scale. We show that this interference
pattern leads to sub-radiance of the nuclear ensemble, with suppres-
sion of the dynamical beat at certain critical waveguide lengths. We
also consider structuring the nuclear ensemble into micrometre scaled
patches, and show that it is feasible to engineer the resultant inter-
nuclear coupling to create mesoscopic and hopping models [2], with
potential for applications in quantum simulation and experimental ex-
ploration of mesoscopic quantum dynamics and topological physics.

[1] https://doi.org/10.1364 /opticaopen.24028686.v2

|2] https://doi.org/10.48550/arXiv.2305.11647

Q 45: Quantum Metrology for Fundamental Physics

Time: Thursday 11:00-13:00

Invited Talk Q 45.1 Thu 11:00 HS 1221
Quantum Sensing in Space for Fundamental Physics and Ap-
plications — eNAcEUR GaaLouL — Leibniz University of Hanover,
Institute of Quantum Optics, Hanover, Germany

Space-borne quantum technologies, particularly those based on atom
interferometry, are heralding a new era of strategic and robust space
exploration. The unique conditions of space, characterized by low-
noise and low-gravity environments, open up diverse possibilities for
applications ranging from precise time and frequency transfer to Earth
Observation and the search of new Physics.

This contribution focuses on recent mission concepts utilizing
quantum-gas sensors. The first mission, Space-Time Explorer and
Quantum Equivalence Principle Space Test (STE-QUEST), introduces
a dual-species atom interferometer operating over extended durations.
This mission aims to tackle fundamental questions in Physics, such as
testing the universality of free fall with unprecedented accuracy (better
than one part in 10*17)7 exploring various forms of Ultra-Light Dark
Matter, and scrutinizing the foundations of Quantum Mechanics.

The second satellite mission is the CARIOQA pathfinder, recently
endorsed by the European Commission. It is set to lay the ground-
work for a space Geodesy mission, utilizing atom accelerometers to
map temporal variations in Earth’s gravity field.

To conclude, this presentation offers an overview of recent exper-
imental results from orbital quantum laboratories, highlighting the
cutting-edge advancements in the field of space-based quantum tech-
nologies.

Q 45.2 Thu 11:30 HS 1221

Polarization dynamics in a self-compensated comagne-
tometer for dark matter searches eDANIEL GAVILAN-

MarTinD2, MikaaiL Papniuk®, EMMANUEL KLINGERD24, GRzE-
GoRrz LukasiEwicz®, SzymMoN PuUsTELNY?, DEREK JACKSON
1,2

KimBaLr®, DmiTrRy Bupker!2%, and ARNE WICKENBROCK
9 b

Helmholtz-Institut Mainz — 2Johannes Gutenberg-Universitit Mainz
— 3Marian Smoluchowski Institute of Physics, Jagiellonian Univer-
sity in Krakow — %Université de Franche-Comté — 5Department
of Physics, California State University East Bay, Hayward —
SDepartment of Physics, University of California, Berkeley
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Self-compensated comagnetometers, employing overlapping samples of
spin-polarized alkali and noble gases (for example K-3He) are promis-
ing sensors for exotic beyond-the-standard-model fields and high-
precision metrology such as rotation sensing. We propose and demon-
strate a general method to calibrate the response of an atomic co-
magnetometer, to any possible perturbation of the atomic spins. The
method uses a convenient, easy-to-implement protocol that is experi-
mentally verified by successfully using it to predict the comagnetome-
ter response to rotations. Furthermore, I will discuss the prospects of
a search for gradient coupled axion-like dark matter conducted with
such machine.

Q 45.3 Thu 11:45 HS 1221
Parity violation in atomic ytterbium: a progress report —
eSTEFANOS NaNnos, IRAKLIS PaprigkioTis, TIMOLEON AVGERIS, and
Dionvysios ANTYPAs — Department of Physics, University of Crete,
GR-70013 Heraklion, Greece

Small-scale tabletop experiments are emerging as a complement to
their large-scale high-energy-physics counterparts conducted in large
facilities, for studies on fundamental physics. Specifically, atomic par-
ity violation (APV) serves as a gateway to understanding the effects of
weak interaction in atoms. Recent observations on how the APV effect
varies among a chain of ytterbium (Yb) isotopes motivate the imple-
mentation of this method as a versatile probe of nuclear and particle
physics.

In this spirit, our team has initiated construction of an atomic beam
apparatus, focusing on detecting isotopic variation of APV in Yb. The
new setup is currently under development at the Physics Department
of the University of Crete in Greece, with the purpose of measuring the
Yb 6s2 1Sy — 5d6s 3D; optical transition at 408 nm. The project aims
to significantly expand existing approaches, through high-precision
APV measurements, with a focus on probing the neutron distribu-
tions in the Yb nuclei. These investigations seek to address questions
related to the size of neutron-rich nuclei and neutron stars. More-
over, the method will serve as a probe of physics beyond the Standard
Model, involving studies of electron-nucleon interactions which would
be mediated by additional Z bosons.
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Q 45.4 Thu 12:00 HS 1221
Dark Energy Detection at the Einstein-Elevator — e CHARLES
GARcioN!, MAGDALENA MissLiscu!, SukniovaN Giir!, ToanNts
Papapakis?, SHENG-wEY CuHiow3, NaN Yu3, and ErnsT RaseL!
— lnstitut fiir Quantenoptik, Leibniz Universitit Hannover, Ger-
many — 2Ferdinand Braun Institut, Humboldt Universitit Berlin,
Germany — 3Jet Propulsion Laboratory, California Institute of Tech-

nology, Pasadena, United States of America

Investigating dark energy, which constitutes 70% of the universe’s en-
ergy and drives its accelerated expansion, remains a fundamental chal-
lenge. Scalar fields with screening mechanisms such as chameleon,
symmetron and galileon have been proposed as potential explanations
for dark energy. Cold atom experiments, particularly in chameleon and
symmetron parameter constraints, have been valuable but face limita-
tions due to the uncertainties on the gravity interactions between test
masses and atoms.

This presentation discusses the collaborative D3E3/DESIRE project
between JPL and Leibniz University Hannover. Utilizing atom inter-
ferometers in the microgravity environment of the Einstein-Elevator,
the project aims to modify the scientific payload from the MAIUS-1
sounding rocket mission. This modification involves implementing a
periodic test masse and multi-loop atom interferometers to enhance
dark energy model constraints.

The DESIRE project is supported by the German Space Agency
DLR with funds provided by the Federal Ministry of Economics Af-
fairs and Climate Action (BMWK) under grant number 50WM2155

Q 45.5 Thu 12:15 HS 1221
Reflective atom interferometer and its applications —
eJoHANNES FIEDLER and BopiL HorLst — Department of Physics
and Technology, University of Bergen, Norway

The field of atom interferometry has experienced significant growth in
recent decades, finding applications in diverse areas, from measuring
fundamental physics constants to precision atomic clocks. Many ap-
plications involve the use of cold atoms or Bose-Einstein condensates,
employing laser pulses to split the atomic wave function. In contrast,
transmission interferometers with thermal atoms utilize dielectric ob-
jects [1] or a standing laser field [2] for beam splitting, limiting the
separation to a few milliradians [3]. This presentation introduces a
reflective atom interferometer scheme, leveraging surface diffraction
between two parallel plates to achieve a large-angle separation of the
wave function [4]. The talk covers a feasible interferometer setup,
showcases expected interference patterns, and outlines optimal designs
for applications in acceleration measurements and velocity selection.

[1] N. Gack et al. Phys. Rev. Lett. 125, 050401 (2020). [2] S.
Eibenberger et al. Phys. Rev. Lett. 112, 250402 (2014). [3] C. Brand
et al. Nature Nanotechnology 10, 845 (2015). [4] J. Fiedler et al. Phys.
Rev. A 108, 023306 (2023).
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Q 46.1 Thu 11:00 HS 3118
High Power UV Laser Systems for Bunched Beam Laser
Cooling — eBENEDIKT LANGFELD, JENS GUMM, TAMINA GRUNWITZ,
and THomAs WALTHER — TU Darmstadt, Institut fiir Angewandte
Physik
Laser cooling of bunched relativistic ion beams has been shown (e.g.
at GSI Helmholtzzentrum) to be a powerful technique to generate ion
beams with small emittances and narrow longitudinal velocity distri-
butions. For highly relativistic (large v-factors) and intense heavy-ion
beams, laser cooling will be very efficient and cooling times of the order
of seconds are expected. For these reasons, laser cooling will be the
only available cooling method at the planned heavy-ion synchrotron
SIS100 at FAIR.

In this talk, we discuss the principle of bunched beam laser cool-
ing using multiple laser beams. We will give an overview of two laser
systems that will be used at the SIS100, namely one continuous-wave
(cw) laser system and one pulsed picosecond laser system. At the TU
Darmstadt, the cw master-oscillator-power-amplifier UV laser system
- with two SHG cavities - and the tunable high repetition rate (1-10

Theory of multi-axis atom interferometric sensing for iner-
tial navigation — eCHRISTIAN STRUCKMANN, KNUT STOLZENBERG,
DEenNIs ScHLIPPERT, and NACEUR GAALOUL — Leibniz University
Hannover, Institute of Quantum Optics, Welfengarten 1, 30167 Han-
nover, Germany

Quantum sensors based on the interference of matter waves provide
an exceptional measurement tool for inertial forces, and are considered
next generation accelerometers for applications in geodesy, navigation,
or fundamental physics due to the absence of drifts. However, con-
ventional atom interferometers are only able to measure inertial forces
along one single axis, resulting in one acceleration and one rotation
component. To determine the motion of a moving body, an inertial
measurement unit needs to measure the acceleration and rotation of
the body along three perpendicular directions. Extending this atom
interferometeric measurement scheme to multiple components would
normally require the subsequent measurement along a differently ori-
ented axis.

In this contribution, we present our theory and simulation efforts
based on experimental schemes enabling three dimensional sensing us-
ing simultaneously operated single-axis atom interferometers. We de-
tail the sensitivity and dimensionality scaling of the measurement as
well as its potential and improvement avenues.

This work is supported by DLR funds from the
(50WM2263A-CARIOQA-GE and 50WM2253A-(A1)"2).

BMWi

Q 45.7 Thu 12:45 HS 1221
Scenario building for Earth Observation Space Missions Fea-
turing Quantum Sensors — eGINA KLEINSTEINBERG, CHRISTIAN
STRUCKMANN, NACEUR GaaLouL, and FOR THE CARIOQA Con-
sorTIUM — Institute of Quantum Optics, Leibniz University Hanover,
Welfengarten 1, 30167 Hanover, Germany

Being extremely sensitive to accelerations and rotations with high sta-
bility at low frequencies, atom interferometer configurations offer a
versatile approach not only for Fundamental Physics research but also
for Earth Observation. The latter is currently gaining more and more
significance, as consequences of climate change, e.g. sea level rise and
changes in water mass distributions are directly reflected in Earth’s
gravity field. In order to increase the maturity of quantum sensors
in space, the European Commission envisages a quantum pathfinder
mission, CARIOQA-PMP (Cold Atom Rubidium Interferometer in Or-
bit for Quantum Accelerometry - Pathfinder Mission Preparation),
to be launched by the end of this decade. In this contribution, we
present a simulation tool capable to analyse the mission scenarios for
the quantum pathfinder as well as for the follow-on full-fledge quantum
gravimetry mission. The mission scenario is developed in close cooper-
ation with the geodesy community within the CARIOQA-PMP project
from the classical satellite simulations, the quantum measurement and
finally the recovery of the gravity field from the interferometer signal.
This work is supported by DLR funds from the BMWi (50WM2263A-
CARIOQA-GE and 50WM2253A-(AI)"2).

Lasers |
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MHz) pulsed UV laser system - with a continuously adjustable pulse
duration between 50 and 735 ps - are being developed. With these
systems, we achieved very high UV output powers of over 2W UV (cw
system) and over 4W average power (pulsed system).

Q 46.2 Thu 11:15 HS 3118
Two-cycle laser pulse at 1600 nm from a compact fiber-
feedback OPO and OPA combination at 76 MHz repeti-
tion rate — eJOHANN THANNHEIMER, ABDULLAH ALABBADI, T'OBIAS
STEINLE, and HARALD GieEsseN — University of Stuttgart

Compact and powerful few-cycle sources between 1 ym and 2 pm are
required to generate mid-infrared light for spectroscopy via intra-pulse
difference frequency generation, as well as for ultrafast metrology via
electro optic sampling. We demonstrate fiber-based compression down
to two optical cycles (12 fs) at 1600 nm with an average power of
570 mW and a repetition rate of 76 MHz. We use an Yb-based pump
laser for an optical parametric oscillator which is subsequently am-
plified to the watt scale using an optical parametric amplifier. The
nonlinear frequency broadening and anomalous dispersion which is re-
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quired for pulse compression, is realized by just coupling the light into
a 42-mm-long common single mode fiber. FROG measurements con-
firm that our system realizes few cycle pulses based on an extremely
compact, stable, and low-noise solid-state laser system.

Q 46.3 Thu 11:30 HS 3118
A single-stage dispersion-controlled multipass cell setup
to efficiently drive resonant dispersive wave emission. —
e AMMAR BIN WaHID!, LAURA SILLETTI!, TEODORA F. GRIGOROVAZ,
LoreENzO PraroLLi!, CHRrisTIAN Branms?, EsMErRaNDO Escorol,
PranNay Barral3, Supriva Rasuans':3, Karinka Hornl,
Lutz WINKELMANN!, VNCENT WAaNIE!, ANDREA TRABATTONI}'?,
CurisTorH M. Hevir!3, Joun C. Travers?, and FRANCESCA
CaLEGARI! — IDESY, Germany — 2Heriot-Watt University, United
Kingdom — 3Helmholtz-Institute Jena, Germany — “Leibniz Univer-

sitdt Hannover, Germany

Yb-based lasers are characterised by their ability to operate at high
average power and high repetition rates. However, they are limited by
relatively long Fourier transform limit pulse duration, typically span-
ning from 100 fs up to the few ps regime. To overcome these challenges,
multi-pass cells (MPCs) are becoming an increasingly attractive solu-
tion. They allow operation at high peak and average power while
maintaining high efficiencies (>90%), high compression ratios, com-
pact setup sizes and excellent beam quality. [1][L. Silletti et al.Optics
Letters, 48(7), 1842-1845]. Here we present tunable 3fs transform-
limited deep-UV light generation by driving resonant dispersive waves
(RDWs) in an argon-filled hollow core fibres [2][J.C. Travers et.Nat.
Photonics 13, 547-554 (2019)] cascaded by a single-stage dispersion-
engineered MPC, which is capable of compressing 150-fs pulses to sub-
20-fs durations with scalability from 1kHz up to 200kHz.

Q 46.4 Thu 11:45 HS 3118
8-Fold Energy Upscaling by Divided-Pulse Spectral Broad-
ening in a Multi-Pass-Cell — eHrNRIK ScHycuLLAl2, NayLa
Jimenez34, Yusiao Jianc!, Hoseyin Cankaval, INaMarR HARTLY,
and Marcus SepEL!34 — IDESY, Hamurg, Deutschland — 2Uni
Hamburg, Deutschland — 3Helmbholtz Institute Jena, Deutschland —
4GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, Darmstadt,
Deutschland

Multi-pass-cells (MPC) offer an excellent spectral broadening method,
but a current challenge is its peak power scalability [1]. To resolve
this, we divided the input pulse [2] into 8 replicas and demonstrated a
corresponding increase of pulse energy after nonlinear compression.

The used laser generated 208fs pulses at 1030nm with a pulse en-
ergy of up to 140uJ. The input pulse was divided into 8 replicas using
3 calcite crystals and sent through the MPC for spectral broadening
to a 45fs bandwidth limit. Afterwards, the replicas were recombined
with an identical set of crystals and compressed via chirped mirrors. A
duration of 49fs after compression was measured by FROG. The non-
linear compression performance of a single 17uJ pulse and the 140uJ
pulse train was compared: The polarisation cleaning losses for the
divided-pulse setting were 5%, the pulse duration remained the same.

These results enable switching laser repetition rates for FLASH
pump-probe experiments [3] without compromising the pulse duration.

[1] Viotti et al. Optica 9, 197 (2022); [2] Stark et al. J. Phys. Pho-
tonics 4, 035001 (2022); [3] Viotti et al. Rev. Sci. Instr. 94, 023002
(2023)

Q 46.5 Thu 12:00 HS 3118
Intra-Cavity Control of Dual-Comb Soliton Motion inside a
single Fiber Laser — eJuLia A. Lanc!, SAra HUTTER?, ALFRED
LEITENSTORFER?, and GEoRG HERINK! — l!Experimental Physics
VIII - Ultrafast Dynamics, University of Bayreuth, Bayreuth, Ger-
many — 2Department of Physics and Center for Applied Photonics,
University of Konstanz, Konstanz, Germany

Ultrafast lasers can exhibit dynamic sequences of multiple solitons.
However, understanding and controlling their dynamics or utilizing
them practically remains challenging. In this contribution, we intro-
duce a new method for the precise control of relative soliton motion. By
employing intra-cavity acousto-optic modulation, we selectively mod-
ulate single pulses out of two interlaced harmonically mode-locked fre-
quency combs in an all-fiber Er:fiber laser. Upon external stimuli, the
trajectories exhibit rapid and deterministically adjustable behaviour as
a result of the interplay of ultrafast nonlinearity and laser gain dynam-
ics. Based on these findings, we demonstrate fast all-optical scanning
of picosecond pump-probe delays and programmable free-form soliton
trajectories [1].
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[1] Lang, J. A., Hutter, S. R., Leitenstorfer, A., & Herink, G. (2023).
Controlling Dual-Comb Soliton Motion inside a single Fiber Laser Cav-
ity. arXiv preprint arXiv:2308.13472.

Q 46.6 Thu 12:15 HS 3118
Optical pumped 10pum amplifier — eBerND WiTzEL, PAUL-
EMILE CHANTREL, BERNARD SEVIGNY, and MICHELE P1cHE — Centre
d’Optique Photonique et Laser (COPL) and Département de Physique
de Génie Physique et d’Optique Université Laval, Québec, Québec,
G1V 0A6,Canada

We have demonstrated a high-energy, single-crystal Optical Paramet-
ric Oscillator (OPO) pumped directly by a Nd-YAG laser operating at
1064 nm. In our study, we compare this system to a standard Mas-
ter Oscillator Power Amplifier (MOPA) setup equipped with one OPO
and four amplification stages. We achieved pulse energies of 90 mJ at 2
pm for the high-energy OPO and 115 mJ for the MOPA system. The
duration of both the signal and idler beams is approximately seven
nanoseconds. Both systems allow for wavelength tuning between 1.9
pm and 2.4pum. We aim to explore the feasibility of pumping a 10 uym
amplifier and present our initial findings regarding this amplification.
The active gas employed in this amplifier is CO2 under high-pressure.
This system is designed for the amplification of 10 um ultra-short laser
pulses with a duration of 200 fs.

Q 46.7 Thu 12:30 HS 3118
Ultraviolet supercontinuum generation using a differentially-
pumped glass chip — eJosina Hanne!?, VINCENT WAaNIES,
PasQuaLE BarBaTO*®, SERGEY RyAaBcHUKD 2, AMMAR BN WAHID?,
Davib AmoriM3, Erik P. MAnson3, ANDREA TRABATTONI?:O,
RoBErRTO OsELLAME?, REBECA MARTiINEZ VAzQUEZ®, and
FrancEscA CaLEcARrI)?3 — 1Universitat Hamburg — 2The Ham-
burg Centre for Ultrafast Imaging — 3CFEL, Hamburg — 4Politecnico
di Milano — S5CNR-INF, Milano — ®Leibniz Universitit Hannover

UV pulses with a duration of a few- or sub-femtosecond durations
are of great interest in the field of ultrafast spectroscopy, since they
provide access to the UV-induced electron dynamics in biologically rel-
evant molecules. Sub-3-fs UV pulses have previously been generated
by third-harmonic generation in gas cells or resonant dispersive wave
emission in hollow capillaries. Here, we present a compact glass chip
design which combines a gas cell with two differential pumping stages,
providing high gas confinement, to minimize the reabsorption of the
generated UV pulses and preserve their temporal duration. The re-
sulting UV pulse energy reaches up to 0.8 uJ in neon (0.2% conversion
efficiency). The generated spectra spann from 200 to 325 nm, support-
ing transform limit durations of 2.1 fs in argon and 1.9 fs in neon. To
gain further insight into the nonlinear process, numerical simulations
have been performed. Ionisation has been found to be key for the
exceptional broadening of the UV pulses due to the spatio-temporal
reshaping of the driving field as well as plasma blue shifting.

Q 46.8 Thu 12:45 HS 3118
NOPA rainbow: 10 fs regime pulses tunable over more than
an octave — eFERDINAND BERGMEIER and EBERHARD RIEDLE —
Lehrstuhl f. BioMolekulare Optik, Fakultat f. Physik, LMU Miinchen

We combine a contemporary Yb-based 250 fs industrial-grade pump
laser with a newly devised and comprehensively engineered non-
collinear optical parametric amplifier (NOPA). The NOPA employs
easily interchangeable 515 and 343 nm pumping, facilitating funda-
mental tunability from 390 to 950 nm without any gaps. Output pulse
energies of some uJ are reached in a single amplification stage with a
clean Gaussian beam shape. The repetition rate can be varied between
1 and 200 kHz without adjustments at constant pulse parameters. A
single stage of second harmonic generation (SHG) extends this range
down to below 220 nm. The spectral width across all centre wave-
lengths is sufficient for sub-10 fs pulses. We routinely achieve pulse
lengths between 10 and 20 fs. The system has stably run without any
adjustments for three months.

To scrutinize the characteristics of the pump laser/NOPA combina-
tion, we developed a detector capable of shot-to-shot measurements at
a rep rate of 200 kHz. This detector was employed to analyse the shot-
to-shot fluctuations and correlation of the NOPA at various repetition
rates and pulse picker settings of the pump laser. Beyond the over-
all rms of the output pulses all relevant nonlinearly generated pulses
inside the NOPA were compared and correlated to the pump laser be-
haviour. It was found that the long-term fluctuations of the NOPA
output are below 0.5% at a 0.1% level of the pump laser.
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Q 47: Open Quantum Systems

Time: Thursday 11:00-13:00

Q471 Thu 11:00 HS 3219
Optimal Cooling in Markovian Quantum Systems
eEMANUEL MALVETTI — School of Natural Sciences, Technische Uni-
versitdt Miinchen, 85737 Garching, Germany — Munich Center for
Quantum Science and Technology & Munich Quantum Valley, 80799
Miinchen, Germany

We address the task of cooling a Markovian quantum system to a
pure state. Here the system drift takes the form of a Lindblad mas-
ter equation and we assume fast control over the unitary group. This
setting allows for a natural reduction of the control system to the
eigenvalues of the state density matrix. We give a simple necessary
and sufficient characterization of systems which are (asymptotically)
coolable, and present explicit time-optimal cooling protocols for chosen
low-dimensional systems. As an outlook we connect the task of cooling
subsystems to embedding non-Markovian dynamics using a Markovian
shell.

Q 47.2 Thu 11:15 HS 3219

perturbed open systems

Quantum speed limit for
eBENJAMIN  YADIN, SarovAa Imali, and OTFRIED GUHNE
Naturwissenschaftlich-Technische  Fakultdt,  Universitdt Siegen,
Walter-Flex-Strafe 3, 57068 Siegen, Germany

Quantum speed limits provide upper bounds on the rate with which
a quantum system can move away from its initial state. Here, we
provide a different kind of speed limit, describing the divergence of a
perturbed open system from its unperturbed trajectory. In the case
of weak coupling, we show that the divergence speed is bounded by
the quantum Fisher information under a perturbing Hamiltonian, up
to an error which can be estimated from system and bath timescales.
We give two applications of our speed limit. Firstly, it enables exper-
imental estimation of quantum Fisher information in the presence of
decoherence that is not fully characterised. Secondly, it implies that
large quantum work fluctuations are necessary for a thermal system to
be driven quickly out of equilibrium under a quench.

Q 47.3 Thu 11:30 HS 3219
Adiabatic quantum trajectories in engineered reservoirs —
eEMMa King!, Luiar GIaNNELLIZ®4, RAPHAEL MENU!, JOHANNES
KrieL®, and GrovanNa Morici! — ! Theoretische Physik, Universitét
des Saarlandes, D-66123 Saarbriicken, Germany — 2Dipartimento di
Fisica e Astronomia “Ettore Majorana”, Universita di Catania, Via S.
Sofia 64, 95123 Catania, Italy — 3CNR-IMM, UoS Universita, 95123
Catania, Italy — “INFN Sezione di Catania, 95123 Catania, Italy —
S5Institute of Theoretical Physics, Stellenbosch University, Stellenbosch
7600, South Africa

We analyze the efficiency of protocols for adiabatic quantum state
transfer assisted by an engineered reservoir. The target dynamics is
a quantum trajectory in the Hilbert space and is the fixed point of
a time-dependent master equation. We specialize to quantum state
transfer in a qubit and determine the optimal schedule for a class of
time-dependent Lindblad equations. The speed limit on state transfer
is extracted from a physical model of a qubit coupled to a reservoir,
from which the Lindblad equation is derived in the Born-Markov limit.
Our analysis shows that the resulting efficiency is comparable to the
efficiency of the optimal unitary dynamics. Numerical studies indicate
that reservoir-engineered protocols could outperform unitary proto-
cols outside the regime of the Born-Markov master equation, namely,
when correlations between the qubit and reservoir become relevant.
Our study contributes to the theory of shortcuts to adiabaticity for
open quantum systems and to the toolbox of protocols of the NISQ
era.

Q474 Thu 11:45 HS 3219
Stochastic unravelling of Lindblad equation for N coupled
oscillators — JuaN MoRENO!, e ABH1IIT PENDSE!, and ALEXANDER
EisreLpb?2 — Max Planck Institut fiir Physik komplexer Systeme,
Nothnitzer Str. 38, 01187 Dresden, Germany — 2Universitit Pots-
dam, Institut fiir Physik und Astronomie, Karl-Liebknecht-Str. 24-25,
14476 Potsdam, Germany
The dynamics of a system of N coupled oscillators in presence of
gain/loss can be understood by solving the Lindblad master equa-
tion numerically. However, the time propagation of the density matrix
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presents limitations in the computational memory since its size in-
creases exponentially with the number of oscillators N. In this talk, we
will present an alternative way to study the dynamics of this system
using the quantum state diffusion formalism (QSD). In this formal-
ism, the dynamics of the density matrix is given by a mean over an
ensemble of trajectories that are obtained by propagating a stochas-
tic QSD equation. This stochastic equation is written in terms of a
non-Hermitian Hamiltonian, whose diagonalization leads to QSD equa-
tion that is only coupled via noise correlations. This allows one to do
time propagation of N individual oscillators without dealing with the
memory limitations that are present in the numerical solution of the
Lindblad equation.

Q 47.5 Thu 12:00 HS 3219
Collision models from the perspective of fast scattering
events — eMicHAEL GAIDA and STEFAN NIMMRICHTER — Univer-
sitdat Siegen, Deutschland

A collision model is a blueprint for generic opensystems in which the
environment is modeled as a sequence of ancillas unitarily interacting
with the system. It can be viewed as a mathematical idealization of
scattering processes in which kinetics are reduced to a mere swichting
on and off of the interaction. Such models are capable of describing
thermalization processes if one restricts to energy preserving interac-
tion terms, but the link to dynamical scattering models with both
internal and motional degrees of freedom remains to be explored. Re-
cently this link has been investigated in a one-dimensional setting [1,
2]. Here we consider two and three-dimensional scenarios and study
under which conditions they can be described by collision models, once
the motional degrees of freedom are averaged out. Specifically, we
focus on (non-relativistic) high energy scattering and the energy ex-
change between internal and kinetic energy. We identify the parameter
regimes and interaction types that lead to Gibbsian or non-Gibbsian
equilibrium state of the internal degrees of freedom.

[1] S. L. Jacob, M. Esposito, J. M. R. Parrondo, and F. Barra, Quan-
tum scattering as a work source, Quantum 6, 750 (2022).

[2] S. L. Jacob, M. Esposito, J. M. Parrondo, and F. Barra, Ther-
malization induced by quantum scattering, PRX Quantum 2, 020312
(2021).

Q 47.6 Thu 12:15 HS 3219
Spin Coherence in Strongly-Coupled Spin Baths in Quasi
Two-Dimensional Layers — PuiLip ScuArzLE"? and eWALTER
Haun! — Fraunhofer Institute for Applied Solid State Physics IAF,
Tullastr. 72, 79108 Freiburg, Germany — ?Department of Sustain-
able Systems Engineering (INATECH), University of Freiburg, Emmy-
Noether-Str. 2, 79110 Freiburg, Germany

We investigate the spin-coherence decay of NV~ -spins interacting with
the strongly-coupled disordered bath of the substitutional nitrogen
defects in diamond layers. We show that the short-time decay fol-
lows a stretched-exponential function with a dimensionality-dependent
stretched-exponential parameter that challenges analytical predictions.
We find that this discrepancy is caused by the hyperfine interaction
which strongly modifies the bath dynamics. We use a novel method
based on the correlated-cluster expansion applied to partitions of the
bath, which includes important high-order spin correlations. The re-
sults pave the way for enhanced materials for quantum-technology de-
vices.

Q 47.7 Thu 12:30 HS 3219
Dissipative quantum phase transition in an interacting many-
particle system: from two-level to multilevel spins — eLukas
PauscH, Frangois DAMANET, THIERRY BAsSTIN, and JOHN MARTIN
— Institut de Physique Nucléaire, Atomique et de Spectroscopie, Uni-
versité de Liége, Belgium
The dissipative Lipkin-Meshkov-Glick model of N all-to-all interact-
ing two-level systems subject to collective and/or individual decay is
known to display a dissipative phase transition. There, the collective
or individual nature of the dissipation defines the order of the phase
transition and the characteristics of the different phases, while having
no impact on the position of the critical point.
Here, we investigate a generalization of this model to d-level spins
(d > 2). While basic features of the transition, such as the critical
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point, remain identical to the two-level case, the spin expectation val-
ues that characterize the different phases become ever more distinct
from each other as d increases. Furthermore, depending on the exact
form of the dissipator, the critical point transforms into a critical re-
gion that grows with d. Around the phase transition, the steady state
of the system is entangled, and different choices of the dissipator may
lead to a suppression or even an enhancement of entanglement by the
individual dissipation.

Q 47.8 Thu 12:45 HS 3219
Exceptional points at x-ray wavelengths — eFABIAN RICHTER
and ADRIANA PALFFY — Julius-Maximilians-Universitat Wiirzburg,
Am Hubland, 97074 Wiirzburg, Germany

Non-Hermitian Hamiltonians allow for an effective description of dis-
sipative systems. They exhibit a variety of exciting phenomena that
cannot be observed in the Hermitian realm. Exceptional Points (EPs)

Q 48: Ultra-cold Atoms, lons
Time: Thursday 14:30-16:30

Q 48.1 Thu 14:30 HS 1010
ATOMIQ: An easy-to-use abstarction layer for ARTIQ —
oSUTHEP PoMmiaksiLp!, CHRIisTIAN HOLZEL?, FLORIAN MEINERT?,
Herwic Ott!, and TrHOMAS NIEDERPRUM! — lDepartment of
Physics and research center OPTIMAS, Rheinland-Pfélzische Technis-
che Universitat Kaiserslautern-Landau, Kaiserslautern, Germany —

25th Institute of Physics, Universitit Stuttgart, Stuttgart, Germany

In recent years, the emergence of a vast landscape of quantum technol-
ogy experiments created a still growing demand for high perfomance
experiment control systems. In contrast to proprietary systems, the
Sinara hardware and ARTIQ software ecosystem are fully open-source
while reaching nanosecond timing performance. Yet, the subset of
Python commands used by ARTIQ predominantly describes hardware
like digital frequency synthesizers, DACs and ADCs, making it time-
consuming to implement experimental sequences.

The ATOMIQ framework aims to bridge the gap between this hard-
ware and entities familiar to experimental physicists like AOM con-
trolled lasers, coils and cameras. In addition, ATOMIQ consolidates
common routines (loading a magneto-optical trap, load and evapo-
rate a dipole trap) into building blocks which can be transported in
between experiments while preserving the possibility to leverage the
high-perfomance primitives of ARTIQ. Finally, we demonstrate how
ATOMIQ can be seamlessly integrated into a non-realtime data acqui-
sition and control system.

Q 48.2 Thu 14:45 HS 1010
Circular Rydberg qubits of alkaline earth atoms in opti-
cal tweezers — eEINIUs PurLTiNEVICIUS, CHRISTIAN HOLZL, AARON
GOTZELMANN, MoRITZ WIRTH, and FLORIAN MEINERT — 5th Insti-
tute of Physics, Universitat Stuttgart, Stuttgart, Germany

We report the first demonstration of trapped circular Rydberg states of
an alkaline-earth metal atom (Strontium) in an optical tweezer array.
Circular Rydberg states promise orders of magnitude longer lifetimes
compared to their low-L counterparts, which allows for overcoming
fundamental limitations in the coherence properties of Rydberg atom
based quantum simulators and quantum computers. In our experi-
ments, we utilize tweezer trapped Strontium atoms and demonstrate
efficient transfer into high-n circular Rydberg atoms with n=79 via
rapid adiabatic passage. We implement a qubit between circular states
of closeby hydrogenic manifolds coupled via a two-photon microwave
transition and study its coherence via Rabi and Ramsey measurements.
We also demonstrate trapping of the circular state enabled via the sec-
ond available valence electron of the Sr atom. Our results open exciting
prospects for exploiting unique properties of long-lived circular states
of two-valence electron atoms, comprising coherent core excitation, for
quantum technologies.

Q 48.3 Thu 15:00 HS 1010
Universal Self-Organization Dynamics in a Strongly Inter-
acting Fermi Gas — eTimMo ZwEeTTLER!:2, TABEA BUHLERD?Z,
AURELIEN FaBre!2, Gaia Boroanini®2, Vicror HerLsonb2, Giu-
Lia DEL Paceb?, and Jean-PuiLippE BrantuT!:2 — lnstitute of

Physics, EPFL, Switzerland — 2Center of Quantum Science and En-

are a prime example thereof. At EPs not only the complex eigenvalues,
but also the eigenvectors coalesce and sensitivity to perturbations is
enhanced. This concept has recently found fertile ground in optics and
photonics where non-Hermitian eigenstates can be created and super-
posed through optical gain and loss [1]. So far, these concepts have
been mostly discussed in the optical regime. Similar control of x-rays
is desirable due to their superior penetration power, high focusability
and detection efficiency.

Here, we investigate theoretically non-Hermitian x-ray photonics in
a thin-film cavity setup containing Mossbauer nuclei resonant to the x-
ray radiation entering under grazing incidence. These cavities present
loss that can be controlled via adjustment of the cavity geometry and
the x-ray incidence angle [2]. We show that external magnetic fields
may be used to tune the system towards EPs and explore the rich
topological properties of the x-ray thin-film nanostructures.
[1] L. Feng et al., Nature Photon. 11, 752-762 (2017).
[2] X. Kong, D. Chang, A. Palffy , Phys. Rev. A 102, 033710 (2020).

and BEC Il (joint session A/Q)

92

Location: HS 1010

gineering, EPFL, Lausanne, Switzerland

Cavity-coupled many-body systems constitute a new emergent field in
condensed matter systems, where complex quantum materials are com-
bined with cavity quantum electrodynamics (cQED) to substantially
modify material properties by strong light-matter coupling.

We realize a prototypical cavity quantum material by combining
cQED with a strongly interacting Fermi gas, providing an ideal, micro-
scopically controllable platform for the study of collective light-matter
coupling in strongly correlated matter. We explore the interplay of
strong, short-range collisional interactions in the Bose-Einstein con-
densate to Bardeen-Cooper-Schrieffer (BEC-BCS) crossover and en-
gineered, long-range cavity-mediated interactions, which arise from a
two-photon scattering process in the transversally pumped atom-cavity
system.

In recent experiments, we advance our understanding of density-
wave ordering by investigating the out-of-equilibrium dynamics fol-
lowing a quench across the quantum phase transition. By observing
the photons leaking from the optical cavity, we reveal the universal
behaviour of the order parameter dynamics in this driven-dissipative
system.

Q 48.4 Thu 15:15 HS 1010
Repulsively-bound pair states in the 1D extended Hub-
bard model — ePascal WEckEssER! 2, KRITSANA SRAKAEW!:2,
Davip WErh2, DanieL ApLeErY'2, SucHITA AGRAWALY'2, IMMANUEL
Brocu?:3, and JonanNnNes ZremHER!? — l1Max-Planck-Institut fiir
Quantenoptik, 85748 Garching, Germany — 2Munich Center for Quan-
tum Science and Technology (MCQST), 80799 Munich, Germany —
3Fakultat fiir Physik, Ludwig-Maximilians-Universitét, 80799 Munich,
Germany

The binding between two particles is usually mediated by attractive
forces. Operating in an external confinement however, one can ob-
serve pair-binding despite having repulsive interactions. The existence
of such bound states has been conjectured for the one-dimensional ex-
tended Hubbard model, yet so far their observation remained elusive.

In this talk, we present our recent findings on realizing one-
dimensional extended Hubbard systems for 8’Rb atoms trapped in
optical lattices and explore the emerging exotic bound states. Here,
the long-range repulsion between two adjacent lattices sites is engi-
neered using stroboscopic Rydberg dressing. We probe the presence of
the bound state by monitoring the out-of-equilibrium dynamics of two
particles using our quantum gas microscope, giving us direct access to
the evolution of the density and the underlying correlations. As a final
measurement, we explore multiparticle binding between three atoms.
Our results path the way to study complex extended Hubbard models
and string breaking in spin chains.

Q 48.5 Thu 15:30 HS 1010
Josephson effect in a double-well potential and its general-
ization for finite temperatures — eKATERYNA KORsHYNskA!2
and SEBASTIAN ULBRICHT?® — lDepartment of Physics, Taras
Shevchenko National University of Kyiv, 64/13, Volodymyrska
Street, Kyiv 01601, Ukraine — 2Physikalisch-Technische Bunde-
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sanstalt (PTB), Bundesallee 100, D-38116 Braunschweig, Germany —
3Technische Universitat Braunschweig, D-38106 Braunschweig, Ger-
many

In modern cold atom physics the study of many-particle bosonic sys-
tems gives insight into fundamental quantum processes and lays the
foundation for powerful tools in precision metrology. The quantum na-
ture of a bosonic system manifests itself in the Josephson effect, when
the particles are placed in a double-well potential. In this potential
one can define time-dependent probabilities of a single particle to be
in the left or the right well. From that we develop the description
of a many-particle system in the regime of global coherence (BEC)
and in the case when the system is partially non-coherent. Focusing
on the latter case we address the changes in many-particle dynamics,
giving rise to a generalization of Josephson equations, which describe
the system in non-equilibrium at finite temperatures. In this regime
they predict deviations from the standard Josephson effect, which be-
come more pronounced for high temperatures and a small number of
bosons. For low temperatures, moreover, we find that the amplitude
of Josephson oscillations is restricted. This prediction can be used to
test the principles of statistics of a many-particle quantum system.

Q 48.6 Thu 15:45 HS 1010
Investigating interference with phononic bright and dark
states in a trapped ion — eRoBIN THoMM!, HARRY PARKE!,
AvLan C. Santos?, ANDRE Ciprim?, GERARD Hicains!, MAR-
1o0N MaLweceR!, Naravia Kuk!, SuaLiNa Saniv!, Rowmain
BAcHELARD?3, CeLso J. ViLLas-Boas?, and Markus HENNRICH!
— IDepartment of Physics, Stockholm University, Stockholm, Swe-
den — 2Departamento de Fisica, Universidade Federal de Sao Carlos,
Sao Carlos, Brazil — 3Institut de Physique de Nice, Université Cote

d’Azur, Valbonne, France

Interference underpins some of the most unusual and impactful prop-
erties of both the classical and quantum worlds, from macroscopic
systems down to the level of single photons. In this work a new de-
scription of interference, based on the formation of collective bright
and dark states, is investigated experimentally. We employ a single
trapped ion, whose electronic states are coupled to two of its motional
modes in order to simulate a multi-mode light-matter interaction. We
observe the emergence of phononic bright and dark states for both a
single phonon and a superposition of coherent states. The collective
dynamics of these systems demonstrate that a description of interfer-
ence based solely on bright and dark states is sufficient to explain the
light-matter coupling of any initial state in both the quantum and
classical regimes.

Q 48.7 Thu 16:00 HS 1010

Fermi-liquid-like thermal and spin diffusion between unitary
superfluids by dissipation — eMEgNG-Z1 Huang, PHiLIPP FABRI-
TIUS, JEFFREY MOHAN, MOHSEN TALEBI, SiMON WILI, and TILMAN
EssLiINGER — Institute for Quantum Electronics, ETH Ziirich, 8093
Zirich, Switzerland

Dissipation engineering in strongly correlated systems is an emerg-
ing territory of nontrivial interplay between coherent and incoherent
dynamics. With direct particle and entropy measurements in a two-
terminal setting, we show that the Seebeck response of a strongly-
interacting Fermi gas can be enhanced by particle dissipation. This
enhancement is robust when changing the dimensionality of the con-
nection between the reservoirs and even the nature of the dissipation
mechanisms, namely from spin-selective to pairwise losses. The dissi-
pation also enhances thermal diffusion and spin diffusion, restoring the
Fermi-liquid thermal and spin conductance which is initially strongly
suppressed in this non-Fermi liquid. Although a microscopic theory is
still missing, we provide a phenomenological model that can describe
the observations.

Q 48.8 Thu 16:15 HS 1010
A Fermionic Quantum Gas Microscope for the Continuum
— @JORIS VERSTRATEN, MAXIME DiXxMERIAS, KUNLUN DAI, SHUWEI
JiN, BRuno PEAUDECERF, TiM DE JoONGH, and TARIK YEFSAH —
Ultracold Fermi Gases, Laboratoire Kastler Brossel, Paris, France

Quantum gas microscopes have emerged as powerful tools to investi-
gate the microscopic details of ultracold many-body systems. It en-
ables the imaging of dilute quantum gases with single atom resolution
and has shed light on the properties of various systems such as the
Bose- and Fermi-Hubbard models. As it relies on optical lattice po-
tentials, this method was restricted to periodic systems, in which atoms
are already constrained to move between lattice sites. On the other
hand, using a deep optical lattice to pin atoms initially prepared in a
continuous trap leads to a non-trivial projection on discrete positions.

Here we report on the realization of a Lithium 6 based quantum
gas microscope intended to study the microscopic characteristics of ul-
tracold Fermi gases inside the continuum regime. We investigate the
fidelity of the pinning process through a dynamical study of individ-
ually prepared non-interacting atoms in free space, and are able to
experimentally reconstruct the wavefunction of single atoms expand-
ing from a locally harmonic trap. Imaging fidelity as high as 99% can
also be achieved under the right experimental conditions, proving that
single-atom imaging of bulk systems is not only technically possible
but also a reliable method of measuring the microscopic properties of
continuous sytems. This opens up the path for the study of correlations
in continuous, strongly interacting systems of fermions.

Q 49: Precision Spectroscopy of Atoms and lons IV (joint session A/Q)

Time: Thursday 14:30-16:15

Q 49.1 Thu 14:30 HS 1098
Laser-spectroscopic determination of the nuclear charge ra-
dius of '3C — eParrick MuULLER!, EMiLy BurBacH!, PHILLIP
ImgraM?, KrisTiaN Konic!, WIiLFRIED NORTERSHAUSER!, and
JuLieEN Spaun! — lInstitut fiir Kernphysik, TU Darmstadt, 64289
Darmstadt, Germany — 2Instituut voor Kern- en Stralingsfysica, KU

Leuven, 3001 Leuven, Belgium

Collinear laser spectroscopy (CLS) has proven to be a powerful method
to benchmark nuclear and atomic structure calculations. Light heli-
umlike systems are ideal test cases for both worlds as they exhibit a
greatly varying nuclear structure and are accessible for high-precision
ab-initio calculations. In an ongoing effort, it is planned to determine
absolute and differential nuclear charge radii, Rc and §{r2), of the
light elements Be to N by purely using CLS and ab-initio nonrela-
tivistic quantum electrodynamics calculations in the helium-like ions.
As a first step, the 15253S; — 1s2p 3P transitions in 12:13C4+ were
determined using the Collinear Apparatus for Laser Spectroscopy and
Applied Science (COALA) at the Technical University of Darmstadt.
We present results for §(r?)12:13 and the hyperfine structure of 13C4+,
which is modulated by significant hyperfine-induced mixing, and com-
pare them to ab-initio nuclear and atomic structure calculations. In
both cases, our model independent results can be used to improve the-
ory and help quantifying theoretical uncertainties. A comparison to the
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model-dependent results from elastic electron scattering and muonic
atom spectroscopy will help to improve these experimental methods.
This project is supported by DFG (Project-ID 279384907 - SFB 1245).

Q 49.2 Thu 14:45 HS 1098

Coherent excitation of a Sub-mHz optical magnetic
quadrupole transition — eVALENTIN KLUSENER!:?2, SEBSTIAN
PuceeErRY2, DiMITRY YANKELEV!:2, FELIX SPRIESTERSBACH!'2, JAN
TRAUTMANNT2, IMMANUEL Brocu?:3, and SeastiaNn Brart!?2:3
— 1Max-Planck-Institut fiir Quantenoptik, 85748 Garching, Ger-
many — 2Munich Center for Quantum Science and Technology, 80799
Miinchen, Germany — S3Fakultét fiir Physik, Ludwig-Maximilians-
Universitdt Miinchen, 80799 Miinchen, Germany

Ultranarrow clock transitions to metastable states are fundamental
for many applications in quantum metrology, simulation and infor-
mation. We report on the first coherent excitation of the 1Sp-3Pa
magnetic quadrupole (M2) transition in ®8Sr. By confining atoms in
a state insensitive three-dimensional optical lattice, we achieve excita-
tion fractions of 97 % and observe Fourier limited linewidths as narrow
as 55 Hz. We characterize the coherence of the prepared states by per-
forming Ramsey spectroscopy and find coherence times of 10 ms, which
can be extended to 250 ms with a spin-echo sequence. Finally, we use
our spectroscopic results to determine the decay rate of the M2 transi-
tion to 154(32) x 10795~ ! in agreement with longstanding theoretical
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predictions. These results establish an additional clock transition in
neutral strontium and pave the way for applications of the metastable
3P, state in precision quantum metrology, simulation and information
processing.

Q 49.3 Thu 15:00 HS 1098
Multi-Cubic-Meter Atom Trapping for Project 8 — eALEC
LinpMmaN for the Project 8-Collaboration — Institute for Physics and
Excellence Cluster PRISM A+, Johannes Gutenberg University Mainz

The Project 8 direct neutrino mass experiment will achieve its next-
generation sensitivity of 40 meV by improving precision (with its Cy-
clotron Radiation Emission Spectroscopy method), statistics (which
scale with active volume in Project 8 rather than area), and control of
systematics (by replacing molecular tritium with atomic tritium).

Since atomic tritium recombines on contact with surfaces, a large,
static magneto-gravitational trap will hold the tritium atoms in free
space. To achieve its sensitivity, Project 8 requires a density of about
10'7 atoms per m? at about 1 mK and a total volume of about 100
m3, divided among ten identical 10 m? traps.

Keeping such a trap full over the multi-year runtime of the experi-
ment requires producing a high flux of atoms (10'? atoms/s) with a hot
atom source, continuously cooling them (first on surfaces, and then us-
ing magnetic fields and gas-gas collisions), and finally injecting the cold
beam into the trap. This talk will describe the intended trap design,
the difficulties and advantages of a large trap, plans for the cooling
system, and experimental progress on a high-flux tritium-compatible
atom source.

Q 49.4 Thu 15:15 HS 1098
Sensitivity of Project 8’s wire detector for an atomic tritium
beam — eDARrIus FENNER and MARTIN FERTL — Institut fiir Physik,
Johannes Gutenberg-Universitat Mainz, Mainz, Deutschland

The Project 8 experiment aims to achieve a sensitivity of 40 meV on the
neutrino mass through precise measurements of the tritium beta spec-
trum near its endpoint. To achieve the required energy resolution, the
production of atomic tritium is imperative because it has no molecular
final state distribution. Such a distribution, caused by vibrational and
rotational modes of the molecules, smears the energy spectrum. At the
setup in Mainz the thermal dissociation of hydrogen instead of tritium
is studied. The efficiency of this process is quantified using a wire de-
tector equipped with three 5um tungsten wires. As atomic hydrogen
recombines on the wire surface and releases the recombination energy,
the temperature change of the wire is measured as a resistance change.
However, the measured signal depends on the position along the wire,
as heat can more readily dissipate near the mountings. In this work,
the wire’s sensitivity curve is determined as a function of wire posi-
tion. The measurement process involves a 2D scan of the wire while
performing pointwise heating with a laser. Moreover, the sensitivity is
simulated in a COMSOL heat transfer simulation to complement the
experimental findings.

Q 49.5 Thu 15:30 HS 1098
Using Non-linear Dissociation Processes of BeH- for the
Alignment of the Laser Pulse Overlap in XUV Frequency
Comb Spectroscopy of He+ — eFLORIAN EGLI, JORGE MORENO,
THEODOR WoLrFcaNG HANscH, THOMAs UDEM, and AKIRA OzAawa
— Max-Planck-Institut fiir Quantenoptik, Garching, Deutschland

The energy levels of hydrogen-like atoms and ions are accurately de-
scribed by bound-state quantum electrodynamics (QED). With spec-
troscopic measurements of hydrogen and hydrogen-like atoms, the Ry-
dberg constant and the proton charge radius can be determined. The
comparison of the physical constants obtained from different combina-
tions of measurements serves as a consistency check for the theory. The

hydrogen-like He™ ion is an interesting spectroscopic target for QED
tests. Due to their charge, He™ ions can be held nearly motionless in
the field-free environment of a Paul trap, providing ideal conditions
for high-precision measurements. The 1S-2S two-photon transition in
He™ can be directly excited by an extreme-ultraviolet frequency comb
at 60.8 nm generated by a high-power infrared frequency comb using
high-order harmonic generation (HHG). In order to perform Doppler-
free spectroscopy on the 1S-2S transition, the frequency comb is split
into double pulses which are overlapped at the ions. As a signal for
the pulse overlap alignment, we investigate non-linear dissociation pro-
cesses of BeHt. The processes discussed here are using 204 nm and
255 nm light, which can be generated from our infrared frequency
comb.

Q 49.6 Thu 15:45 HS 1098
An optical clock for robust operation and remote compar-
isons — eSaaswatH JK, MARTIN STEINEL, MELINA FILZINGER, JIAN
JiaNg, EKKEHARD PEIK, NiLs HUNTEMANN, and THE OPTICLOCK
coNsORTIUM — Physikalisch-Technische Bundesanstalt, Braunschweig,
Germany

We report on a transportable and easy-to-operate optical clock that
uses the 251/2 - 2D3/2 transition of a single trapped 7'Yb? ion at
436 nm as the reference. The system has been developed within a pi-
lot project for quantum technology in Germany led by industry and is
set up in two 19" racks [1]. In this way, transportation can easily be
realized, and the large degree of automatization allows for robust op-
eration. Comparisons to existing high-accuracy optical clock systems
at PTB enabled verification of the clock’s uncertainty budget at the
low 10717 level. During these tests, operation with 99.8% availability
over more than 14 days has been achieved. Furthermore, the system
has been operated for a significant fraction of the year 2023, enabling
a very accurate determination of its frequency and contributions to
timescales. We are currently improving the robustness of the setup
and reducing uncertainties of shifts from thermal radiation and elec-
tric field gradients. This prepares Opticlock well for transportation
to Finnland and Czechia, where it will be compared to other high-
performance optical clocks. This will demonstrate a novel approach
for key comparisons in time and frequency.
[1] J. Stuhler, et al. Measurement: Sensors 18, 100264 (2021)

Q 49.7 Thu 16:00 HS 1098
Laser spectroscopy of Fermium-255 at the RISIKO mass
separator facility eMaTou STEMMLER for the Fermium-
Collaboration — Johannes Gutenberg Universitdt Mainz, 55099
Mainz, Germany

Laser spectroscopy can provide information about fundamental prop-
erties of both atomic and nuclear structure. Such measurements are
of particular importance for the heaviest actinides and superheavy el-
ements, where data is sparse. During the last measurement campaign
at the RISIKO mass separator facility in the Institute of Physics at
Johannes Gutenberg University Mainz (JGU), nine successive samples
of the artificially produced ultra-rare isotope 2%°Fm (Z=100) of 10® to
10° atoms each, were used to study the atomic and nuclear structure
of fermium. The samples originate from an initial 2°4Es sample that
was produced at the Oak Ridge National Laboratory high flux nuclear
reactor (USA). The sample was subsequently re-irradiated at the In-
stitut Laue-Langevin reactor in Grenoble (F) with thermal neutrons
to produce 2%°Es (half-life: 39.8 d), which decays to 2°Fm (20.07 h)
via B~ decay. This presentation will focus on the atomic structure
studies of 255Fm, for which a new three-step laser ionization scheme
was developed. Rydberg convergences were studied and the accuracy
of the ionization potential was improved [1].

[1] J. Am. Chem. Soc. 44, 14609-14613 (2018)

Q 50: Quantum Gases (joint session Q/A)

Time: Thursday 14:30-16:30

Q 50.1 Thu 14:30 Aula
Braiding Laughlin quasi-holes in ultracold atoms using Ram-
sey interferometry — eoFELix PaLmb2, NapeEr MosTaanb?2,
NarHAN GoLpMAN2, and FaBiaN GruspT! — 'LMU Munich & MC-
QST, Munich, Germany — 2CENOLI, Université Libre de Bruxelles,
Brussels, Belgium
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Braiding non-Abelian anyons in topologically ordered systems has been
proposed as a possible route towards topologically protected quantum
computing. While recent experiments based on various platforms have
made significant progress towards this goal, coherent control over in-
dividual anyonic excitations has still not been achieved today. At the
same time, progress in cold-atom quantum simulators resulted in the



Freiburg 2024 — Q

Thursday

realization of a two-boson v = 1/2-Laughlin state, a paradigmatic
fractional quantum Hall state hosting Abelian anyonic quasi-holes.

Here we show that cold atoms in quantum gas microscopes are a
suitable platform to create and manipulate these quasi-holes. First,
we show that a Laughlin state of eight bosons can be realized by con-
necting small patches accessible in experiments. Next, we demonstrate
that two cross-shaped pinning potentials are sufficient to create two
quasi-holes in this Laughlin state. Starting with these two quasi-holes
we numerically perform an adiabatic exchange procedure, and reveal
their semionic braiding statistics for various exchange paths, thus clar-
ifying the topological nature of these excitations. Finally, we propose
an experimentally feasible interferometry protocol to probe the braid-
ing phase in quantum gas microscopes, using a two-level impurity im-
mersed in the fractional quantum Hall fluid.

Q 50.2 Thu 14:45 Aula
Adiabatic Preparation of a Chiral Spin Liquid — eMOoRiTz
SCHLECHTRIEM, FRANCEsco PETizioL, and ANDRE ECKARDT —
Technische Universitat Berlin, Institut fiir Theoretische Physik, Hard-
enbergstrafie 36, 10623 Berlin, Germany

Efficient protocols to prepare spin-liquid states are essential for explor-
ing these phases of matter and harnessing their potential for applica-
tions. The goal of this study is to investigate the adiabatic preparation
of a chiral spin liquid ground state on the Kagome lattice. Consider-
ing different easily-realizable initial Hamiltonians and different system
sizes, the minimal duration for a high-fidelity adiabatic transition into
the spin-liquid phase is determined and optimal adiabatic paths are
explored. In a second step, the analysis is extended to the case in
which the spin-liquid Hamiltonian is realized via Floquet engineering.

Q 50.3 Thu 15:00 Aula
The anyon-Hubbard model: From few to many-body —
eMARTIN BoNkKHOFF — I. Institut fiir Theoretische Physik, Univer-
sitdt Hamburg

Recent experimental progress in the engineering of density-dependent
Peierls phases has rekindled the interest in one-dimensional anyonic
lattice models of the Hubbard type. We review specific ground-state
properties of such anyons on hand of the single-species anyon-Hubbard
model. Thereby we focus primarily on the distinction between few-
particle systems, or very small system sizes, and a real many-body set-
ting [2,3]. For the former case we use integrable techniques to study the
properties of the model, which is contrasted then with field-theoretical
methods for long-wavelengths. The emphasis is thereby on the co-
herence properties of the model that are intrigiungly modified by the
statistical interactions in contrast to ordinary, local inter-particle inter-
actions. We find a quite different phenomenology for the two regimes
and discuss related experimental challenges.

[1] Martin Bonkhoff, Simon B. Jiger, Imke Schneider, Axel Pelster,
and Sebastian Eggert, Phys. Rev. B 108, 155134 (2023)

[2] Martin Bonkhoff, Kevin Jagering, Sebastian Eggert, Axel Pelster,
Michael Thorwart, and Thore Posske, Phys. Rev. Lett. 126, 163201
(2021)

Q 50.4 Thu 15:15 Aula
Bogoliubov theory of 1D anyons in a lattice — eBinuaN Tang!,
AxeL PeLsTER!, and MARTIN BoNkHOFF? — !Physics Department
and Research Center OPTIMAS, RPTU Kaiserslautern-Landau, Ger-
many — 2I. Institute for Theoretical Physics, Universitit Hamburg,
Germany

In a one-dimensional lattice anyons can be defined via generalized
commutation relations containing a statistical parameter, which in-
terpolates between the boson limit and the pseudo-fermion limit. The
corresponding anyon-Hubbard model is mapped to a Bose-Hubbard
model via a fractional Jordan-Wigner transformation, yielding a com-
plex hopping term with a density-dependent Peierls phase. Here we
work out a corresponding Bogoliubov theory. To this end we start with
the underlying mean-field theory, where we allow for the condensate
a finite momentum and determine it from extremizing the mean-field
energy. With this we calculate various physical properties and dis-
cuss their dependence on the statistical parameter and the lattice size.
Among them are both the condensate and the superfluid density as
well as the equation of state and the compressibility. Based on the
mean-field theory we then analyse the resulting dispersion of the Bo-
goliubov quasi-particles, which turns out to be in accordance with the
Goldstone theorem. In particular, this leads to two different sound ve-
locities for wave propagations to the left and the right, which originates
from parity breaking.

95

Q 50.5 Thu 15:30 Aula

Hamiltonian learning for quantum field theories — ROBERT

OtT!2, ToRSTEN ZAcHE!"2, eMAXIMILIAN PRUFER®, SEBASTIAN
ErRNE3, MoHAMMADAMIN TaJik3, HaNNEs PicHLER!2, JORG
ScHMIEDMAYER?®, and PETER ZoLLER!'2 — lInstitute for Theoreti-

cal Physics, University of Innsbruck — 2Institute for Quantum Optics
and Quantum Information of the Austrian Academy of Sciences —
3Vienna Center for Quantum Science and Technology, Atominstitut,
TU Wien

Synthetic quantum systems, such as those based on bosonic quantum
gases, offer an excellent opportunity to study complex phenomena aris-
ing in quantum many-body physics. Recently, a set of efficient tools
called Hamiltonian learning (HL) has been developed to uncover the
underlying microscopic interactions in quantum systems from exper-
iments. While HL is well developed for discrete lattice-based many-
body systems, its application to continuous quantum systems faces a
challenge due to the absence of a lattice scale. In this work, we propose
a protocol that capitalizes on the locality of effective field theories to
extract their Hamiltonians from experimental data. By varying the
resolution scale of the measurements, our protocol gives access to the
scale dependence of coupling parameters reminiscent of the running of
couplings with the renormalization group flow. To demonstrate the
effectiveness of our method, we apply it to theoretical studies of both
classical and quantum fields. We furthermore showcase its application
in an ultracold quantum gas experiment, learning the Hamiltonian un-
derlying its classical statistical description.

Q 50.6 Thu 15:45 Aula
Towards simulation of lattice gauge theories with ultra-
cold ytterbium atoms in hybrid optical potentials — eRENE
ViLLeLal?, Tim Houn'2) ETienne Staus!2, LEoNnARDO Brzzol:?,
RoneN Krorze'?, and Monika AIDELSBURGERY2?3 — 1Ludwig-
Maximilians-Universitét, Miinchen, Germany — 2Munich Center for
Quantum Science and Technology, Miinchen, Germany — 3Max-
Planck-Institut fiir Quantenoptik, Garching, Germany

Gauge theories play a fundamental role in our understanding of nature,
ranging from high-energy to condensed matter physics. Their formula-
tion on a regularized periodic lattice geometry, so-called lattice gauge
theories (LGTs), has proven invaluable for theoretical studies, as nu-
merical studies on, e.g., their real-time dynamics are computationally
challenging. We report progress on developing a quantum simulator for
LGTs using neutral ytterbium atoms. Ytterbium’s internal level struc-
ture provides a ground and metastable clock state pair, and fermionic
isotopes further host nuclear spin degrees of freedom. We combine
optical lattice and optical tweezers technology that can enable robust
and scalable implementation of LGTs. To realize state-selective con-
trol, which is key for our approach to simulate LGTs, we exploit magic
and tune-out wavelengths. We present the first measurements of such
wavelengths near the narrow cooling transition at 556 nm and discuss
prospects in implementing local gauge invariance.

Q 50.7 Thu 16:00 Aula
Fast preparation of cold Ytterbium gases for Rydberg
quantum optics experiments — eXIN WanG, THILINA MUTHU-
ARACHCHIGE, Tanci LEGraND, Lubwic MULLER, WOLFGANG ALT,
Epuarpo URUNUELA, and SEBASTIAN HOFFERBERTH — Institute of
Applied Physics, University of Bonn, Germany

Mapping the strong interaction between Rydberg excitations in ultra-
cold atomic ensembles onto single photons paves the way to realize
and control high optical nonlinearities at the level of single photons.
Demonstrations of photon-photon gates or multi-photon bound states
based on this concept have so far exclusively employed ultracold alkali
atoms. Two-valence electron species, such as Ytterbium, offer unique
novel features namely narrow-linewidth laser-cooling, optical detection
and ionization or long-lived nuclear-spin memory states.

In this talk, we present our experimental progress towards the real-
ization of strong photon-photon interactions, mediated by the Yb-174
Rydberg polaritons formed in a 1-D ultracold Ytterbium gas. Specif-
ically, we discuss our compact two-chamber experimental design en-
abling fast production of ultracold Yb-174 gases at high density. In-
stead of an oven and Zeeman slower, we use a fast-loading two-stage
hybrid MOT sequence to prepare and load the atoms in an elongated
dipole trap, where we generate Rydberg polaritons under Rydberg elec-
tromagnetically induced transparency. Owing to the zero nuclei spin
of Yb-174 and singlet spin state in bivalent structure, longer coherent
times are expected compared to experiments with alkali atoms.
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Q 50.8 Thu 16:15 Aula
Borromean states in a one-dimensional three-body system —
eToBIAS SCHNURRENBERGER', Lucas Happ2, and Maxim EFrEMov!
— 'German Aerospace Center (DLR), Institute of Quantum Technolo-
gies, 89081, Ulm, Germany — 2Few-body Systems in Physics Labo-
ratory, RIKEN Nishina Center for Accelerator-Based Science, Wako,
Saitama 351-0198, Japan

We show the existence of Borromean states in a one-dimensional quan-

tum three-body system composed of two identical, heavy bosons and
a different, lighter particle. It is assumed that there is no interac-
tion between the two bosons, while the heavy-light subsystems do not
have a bound state. Within the framework of the Faddeev equations,
the three-body spectrum and the corresponding wave-functions are
computed numerically. In addition, we identify the parameter-space
region of the heavy-light interaction, where the Borromean states oc-
cur, investigate their dependence on the mass ratio, and evaluate their
geometric properties.

Q 51: Quantum Optical Correlations

Time: Thursday 14:30-16:30

Invited Talk Q 51.1 Thu 14:30 HS 1199
From the origin of antibunching to novel quantum light
sources based on two-photon interference — e MARTIN CORDIER,
Luke MAasTERS, GABRIELE MARON, XIN-XIN Hu, Lucas PAcHE,
PHILIPP SCHNEEWEISS, MAX SCHEMMER, JURGEN VoLz, and ARNO
RAUSCHENBEUTEL — Department of Physics, Humboldt-Universitat
zu Berlin, 10099 Berlin, Germany

Generating useful quantum states of light is key to many applications
in quantum science and technology. Here, I will report on a new ap-
proach to controlling and tailoring the photon statistics of light fields.
It is based on an effect, which we put into evidence in a recent ex-
periment and which challenges the conventional notion that a single
two-level emitter can only scatter one photon at a time [1]. There, we
show that photon antibunching in resonance fluorescence arises from
the destructive interference between two types of two-photon scattering
processes, referred to as coherent and incoherent scattering. Building
on this insight, we also study the collective enhancement of this inco-
herently scattered two-photon component when laser light propagates
through an atomic ensemble. By adjusting the number of atoms and
the laser detuning, we have full control over the two-photon interfer-
ence, which allows us to tune the photon statistics of the transmitted
light from strong photon bunching to antibunching [2,3].

[1] Masters et al., Nature Photonics 17, 972 (2023). [2] Prasad et
al., Nature Photonics 1 (2020). [3] Cordier et al., Phys. Rev. Lett.
131, 183601 (2023).

Q 51.2 Thu 15:00 HS 1199
Boson bunching is not maximized by indistinguishable par-
ticles — eBENoiT SErRON!, LEONARDO Novo!:?, and Nicoras J.
CeRrF! — !Centre for Quantum Information and Communication,
Brussels, Belgium — 2International Iberian Nanotechnology Labora-
tory (INL), Braga, Portugal

Boson bunching is amongst the most remarkable features of quantum
physics. A celebrated example in optics is the Hong-Ou-Mandel effect,
where the bunching of two photons arises from a destructive quantum
interference between the trajectories where they both either cross a
beam splitter or are reflected. This effect takes its roots in the indis-
tinguishability of identical photons. Hence, it is generally admitted —
and experimentally verified — that bunching vanishes as soon as pho-
tons can be distinguished, e.g., when they occupy distinct time bins
or have different polarizations. Here we disproof this alleged straight-
forward link between indistinguishability and bunching by exploiting a
recent finding in the theory of matrix permanents. We exhibit a family
of optical circuits where the bunching of photons into two modes can
be significantly boosted by making them partially distinguishable via
an appropriate polarization pattern. This boosting effect is already
visible in a 7-photon interferometric process, making the observation
of this phenomenon within reach of current photonic technology. This
unexpected behavior questions our understanding of multiparticle in-
terference in the grey zone between indistinguishable bosons and clas-
sical particles.

Q 51.3 Thu 15:15 HS 1199
Superradiant bursts of light from cascaded quantum emit-
ters: Experiment on photon-photon correlations — Con-
STANZE BAcH, CHRISTIAN LIEDL, ARNO RAUSCHENBEUTEL, @ PHILIPP
ScHNEEWEISS, and FELIX TEBBENJOHANNS — Department of Physics,
Humboldt-Universitat zu Berlin, Germany

Recently, superradiant bursts of light have been, for the first time,
experimentally observed for a cascaded quantum system. This was
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realized using an ensemble of waveguide-coupled two-level atoms that
exhibit chiral, i.e., propagation direction-dependent coupling to the
waveguide mode. Here, we experimentally study this collective ra-
diative decay of a fully inverted atomic ensemble and measure the
second order quantum correlation function, g(®(t1,t2), of the light
emitted by the atoms into the waveguide. We observe ¢g(2 ~ 2 in
the beginning of the decay (t1 = 0,t2 = 0), followed by a decrease to
g(2>(t1,t2 = ¢1) ~ 1 within the characteristic time scale of the burst
dynamics. This can be interpreted by assuming that, following an ini-
tially independent emission, the atoms synchronize during their decay,
leading to an emission that more and more resembles the photon statis-
tics of a coherent state. In addition to these observations, we find an
anti-correlation of photon detection events, i.e., g(z)(h ,t2) < 1, in cer-
tain parameter regions in which t; # t3. Our measurement outcomes
can be well described with a model based on the truncated Wigner ap-
proximation. Our findings contribute to understanding the fundamen-
tals of light—matter interaction and help engineering protocols for the
generation of non-classical light. [1] C. Liedl et al., arXiv:2211.08940

Q 51.4 Thu 15:30 HS 1199
Multiple Quantum Coherence signals by multilevel atoms
with internal degeneracy — eVvacHEsLav SHaTokHINDZ and
ANDREAs BucHLEITNER''? — 1Physikalisches Institut der Albert-
Ludwigs-Universitét Freiburg, Freiburg, Germany — 2EUCOR. Centre
for Quantum Science and Quantum Computing der Albert-Ludwigs-
Universitat Freiburg, Freiburg, Germany

Manifestations of dipole-dipole interactions in dilute thermal atomic
vapors are difficult to sense, because of strong inhomogeneous broaden-
ing. Recent experiments with alkali-metal atoms revealed signatures of
such interactions in fluorescence detection-based measurements of mul-
tiple quantum coherence (MQC) signals. We develop an open quantum
systems theory of MQC signals in dilute thermal gases, which allows
us to obtain good qualitative agreement with the experimental obser-
vations.

In the present talk, we outline the characteristic features of our
theory which incorporates the vector character of the atomic dipoles,
as well as driving laser pulses of arbitrary strength and polarization,
includes the far-field coupling between the dipoles, which prevails in
dilute ensembles, and effectively accounts for the atomic motion via a
disorder average. We then discuss the impact of the multilevel internal
structure of alkali-metal atoms on the fundamental properties of MQC
signals.

Q 51.5 Thu 15:45 HS 1199
Large Deviation Statistics of Adiabatic Open Quantum Dy-
namics — ePauLo PauLino!, Icor Lesanovsky!:2, and FEDERICO
CaroLLo! — lInstitut fiir Theoretische Physik, Eberhard Karls Uni-
versitat Tlibingen, Auf der Morgenstelle 14, 72076 Tiibingen, Germany
— 2School of Physics and Astronomy and Centre for the Mathematics
and Theoretical Physics of Quantum Non-Equilibrium Systems, The
University of Nottingham, Nottingham, NG7 2RD, United Kingdom

The state of an open quantum system undergoing an adiabatic pro-
cess evolves by following the instantaneous stationary state of its time-
dependent dynamical generator. This observation allows one to com-
pletely characterize, for generic adiabatic evolutions, the (average)
master equation dynamics of the system. However, it does not pro-
vide information about the behavior of the system in single dynamical
realizations, or single experimental runs. As a consequence, our un-
derstanding of full counting statistics of interesting quantities, such as
the number of photons emitted by a slowly-driven optical system or
the time-integrated stochastic entropy production in an adiabatic ma-
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chine, remains rather limited. Here, we make progress in this direction
and derive the full counting statistics of emission-related observables
in generic adiabatic open quantum dynamics. We further compute the
probability associated with any possible trajectory of the observable
and devise a dynamics which can realize it as its typical behavior. Our
findings provide a way to characterize and engineer adiabatic open
quantum dynamics as well as to fully control their fluctuating behav-
ior.

Q 51.6 Thu 16:00 HS 1199
Multi-particle Hong-Ou-Mandel interference with Ultracold
Atoms — eMARTIN QUENSEN, MAREIKE HETzEL, and CARSTEN
KrLeEmMPT — Institut fiir Quantenoptik, Leibniz Universitdt Hannover,
Welfengarten 1, D-30167 Hannover, Germany

Two photons, coupled by a 50:50 beamsplitter, always exit at the same
output port. This effect was first observed in 1987 by Hong, Ou and
Mandel and lies at the heart of quantum optics, as it describes the
interference of single, indistinguishable bosons.

Here, we demonstrate this effect with massive particles instead of
photons, and extend it to the interference of up to eight atoms at
once. To achieve this, we employ spin-changing collisions in a Bose-
Einstein condensate of Rb-87 and generate coherent superpositions of
multiple twin-atom pairs. A dynamic, low-noise microwave source re-
alizes the 50:50 beamsplitter-like coupling via Rabi oscillations. We
use an optical-molasses-based detection setup to count the number of
atoms in the output ports with single-atom accuracy.

The observation of the Hong-Ou-Mandel effect in our setup paves
the way for the generation and analysis of entangled quantum states
of massive particles with increasing fidelity and atom number. The

concepts can be employed for realizing Heisenberg-limited atom inter-
ferometry with mesoscopic states of matter.

Q 51.7 Thu 16:15 HS 1199
Simulations of Hong-Ou-Mandel interference for parametric
down-conversion in lossy waveguides — eDENis KopyLov!:2,
PoriNa SHARAPOVAL, SiLia BaBEL?, LAURA PADBERG®, MICHAEL
STEFszZKY3, CHRISTINE SILBERHORNS, and ToRsSTEN MEeierb? —
1Department of Physics, Paderborn University, Warburger Str. 100,
33098 Paderborn, Germany — 2Institute for Photonic Quantum Sys-
tems (PhoQS), Paderborn University, Warburger Str. 100, 33098
Paderborn, Germany — 3Paderborn University, Integrated Quantum
Optics, Institute of Photonic Quantum Systems (PhoQS), Warburger
Str. 100, 33098 Paderborn, Germany

Nowadays, parametric down-conversion (PDC) provides a flexible
framework for the experimental realization of various types of non-
classical light. Waveguide-based PDC sources are especially relevant
for integrated quantum optical circuits, however imperfections of long
nonlinear waveguides may lead to losses of the PDC field and conse-
quently the desired quantum state cannot be realized exactly.

In this work we study numerically the Hong-Ou-Mandel (HOM) in-
terference for PDC, generated in lossy nonlinear waveguides and show
how the HOM interference pattern reveals the presence of losses. In
our approach we solve the Heisenberg-Langevin equation for broad-
band multimode type-II PDC. Hong-Ou-Mandel interference is calcu-
lated in the framework of Gaussian states detected with click-detectors
which allow us to study the non-perturbative PDC regime. The dif-
ference between internal waveguide losses and coupling losses of PDC
on the HOM interference is demonstrated and analyzed.

Q 52: Structured Light

Time: Thursday 14:30-16:30

Invited Talk Q 52.1 Thu 14:30 HS 1221
Structured light and its interaction with matter — eROBERT
FickLER, RAFAEL Barros, LEa Koprr, and MArRco ORNIGOTTI —
Tampere University, Tampere, Finland

Shaping light fields in all degrees of freedom, i.e., space, time, and
polarization, has become a versatile tool to explore fundamental op-
tics effects and fruitful applications in various fields of photonics and
quantum optics. In this talk, I will present some of our recent studies
in this thriving branch of optics.

At first, I will discuss the behavior of light having optical phase
vortices getting reflected off a planar surface. It was predicted that
higher-order vortices split into a constellation of unit-charged vortices,
a phenomenon which is related to fundamental optical beam shifts. We
were able to observe this effect for the first time experimentally and
proof that that the physical quantity of interest is the mathematical
abstraction of elementary symmetric polynomials of the coordinates
of a vortex constellation. Our results pave the path to novel material
characterization techniques and might also find applications in other
system exhibiting vortices, e.g., superfluids or Bose-Einstein conden-
sates.

I will then present a simple experimental scheme to generate more
complex states of light in which space, wavelength, and polarization
are non-separable. We demonstrate that these so-called spatio-spectral
vector beams can exhibit simultaneously all possible polarization states
across their frequency spectrum and transverse spatial extent and point
out interesting analogies to entangled tri-partite quantum systems.

Q 52.2 Thu 15:00 HS 1221
Orbital angular momentum modes generated in the para-
metric down-conversion process with a non-Gaussian pump
— eLucas GEHSE, DENNIS SCHARWALD, and POLINA SHARAPOVA —
University Paderborn, Paderborn, Germany

Electric fields can carry two types of angular momentum. The first is
the spin angular momentum, which arises from the polarization of the
light, and the second is the orbital angular momentum (OAM) which
arises from the light phase distribution. OAM modes have an unlimited
basis, which makes them very promising for fast and efficient quan-
tum information and communication protocols [1]. In this work, we
investigate an SU(1,1) interferometer consisting of two PDC sources,
which are two nonlinear crystals pumped by a Laguerre—Gaussian
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pump with different orbital and radial numbers. We consider various
crystal lengths, pump widths and distances between the crystals, in
order to find configurations with high-order OAM modes populated.
We have found configurations in which the orbital Schmidt number
can achieve K, = 101.31. The orbital Schmidt number is defined
as K, = ﬁ, where A,, = Zm Amn is the weights of the orbital
modes, withnnrbeing the orbital number and m - the radial number
of Schmidt modes. Mode shapes and intensity profiles for various
configurations of the SU(1,1) interferometer were investigated.

[1] Erhard et al., Light Sci Appl 7, 17146 (2018)

Q 52.3 Thu 15:15 HS 1221
Vortex-light Raman interaction with “°Cat ion crystals —
eMauRrizio VERDE!, BENJAMIN ZENz!, ULRIcH PoscHINGER!, Nico-
LAs NuNEz3, CHRISTIAN SCHMIEGELOWS, and FERDINAND SCHMIDT-
KaLer!?2 — 1QUANTUM, Institut fiir Physik, Universitit Mainz,
Mainz, Germany — Z2Helmholtz-Institut Mainz, Mainz, Germany
— 3FCEyN, Departamento de Fisica, Universidad de Buenos Aires,
Buenos Aires, Argentina

Light beams carrying Orbital Angular Momentum (OAM) differently
excite electronic and motional transitions of trapped atoms, and may
thus be interesting for quantum optics, -sensing and -information pro-
cessing. We experimentally demonstrated the transfer of transverse op-
tical momentum to the quantized motion of a single 4°Cat ion [1] and
provided a general theoretical framework to describe the light-matter
interaction for spatially structured light [2]. Here, we investigate vor-
tex light in the Raman scheme, where two beams excite trapped 9Cat
ions near 397nm and one of them is formed as a vortex beam with topo-
logical charge | = +1. We report on the Raman spectra for a single
ion to determine the impact on its electronic and motional excitation.
We extend this study for the orbital angular momentum transfer to
two-ions crystals.

[1]Stopp et al., Phys. Rev. Lett. 129, 263603 (2022)

[2]Verde et al., arXiv:2306.17571 (2023), accepted on Sci. Rep.

Q 52.4 Thu 15:30 HS 1221

Universal crosstalk of structured light in random media —
eDaviD BacHMANN!, AsHErR KLuG2?, MATHIEU IsoARD'3, VyacH-
ESLAV SHATOKHIN!, GiacoMo SoreLLIb®, ANDREAS BUCHLEITNER!,

and ANDREw ForBEs?2 — !Physikalisches Institut der Albert-
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Ludwigs-Universitét Freiburg — 2University of the Witwatersrand,
Johannesburg, South Africa — S3Laboratoire Kastler Brossel, Paris,
France — 4Fraunhofer Institute for Optronics, Ettlingen, Germany

Structured light offers wider bandwidths and higher security for
communication and strives to answer the growing demand of non-
stationary links. However, propagation through complex random me-
dia, such as the Earth’s atmosphere, typically induces crosstalk be-
tween spatial modes of light. We show numerically and experimentally
that coupling of photonic orbital angular momentum (OAM) modes is
governed by a universal function of a single parameter — the ratio
between the random medium’s and the beam’s transverse correlation
lengths, even in the regime of pronounced intensity fluctuations.

Q 52.5 Thu 15:45 HS 1221
Optimized generation of maximally entangled photon pairs
in orbital angular momentum by simultaneous pump and
crystal engineering — eRICHARD BERNECKER!2, BAGHDASAR
BAGHDASARYAN?3, and STEPHAN FriTzscue'? — 1Theoretisch-
Physikalisches Institut, Friedrich-Schiller-Universitdt Jena, Max-
Wien-Platz 1, 07743, Jena, Germany — 2Helmholtz-Institut Jena,
Frobelstieg 3, 07743, Jena, Germany — 3Institut fiir Angewandte
Physik, Friedrich-Schiller-Universitat Jena, Albert-Einstein-Str. 6,
07745, Jena, Germany

Photon pairs generated from spontaneous parametric down-conversion
(SPDC) are the predominant method to realize photonic entanglement.
Laguerre-Gaussian modes, which carry orbital angular momentum
(OAM), are commonly exploited to encode high-dimensional states
experimentally. In particular, maximally entangled states (MES) in
dimensions d > 2 show promising features like improving the capacity
and security of quantum communication protocols. However, the di-
rect generation of MES in higher-dimensional subspaces of the OAM
basis remains a challenging task in the SPDC process. The manipu-
lation of entangled OAM states by shaping the spatial profile of the
pump beam and the increase of the single-photon purity by customized
crystal-domain configurations have been demonstrated lately. We com-
bine these both approaches and show theoretically that simultaneous
pump and crystal engineering enables the direct preparation of full
MES within OAM subspaces of varying dimensions.

Q 52.6 Thu 16:00 HS 1221
Scalable Generation of Continuous Variable Multipartite
Quantum Correlated States of Light — eDaipa Tuomasb?2,
Saesun Kim!2) and ArLserTo MariNo':234 — 1Homer L. Dodge

Department of Physics and Astronomy, University of Oklahoma, Nor-
man, OK, 73019, USA — 2Center for Quantum Research and Technol-
ogy, University of Oklahoma, Norman, OK, 73019, USA — 3Quantum
Information Science Section, Computational Sciences and Engineer-
ing Division, Oak Ridge National Laboratory, Oak Ridge, TN, 37831,
USA — *Quantum Science Center, Oak Ridge National Laboratory,
Oak Ridge, TN 37381, USA

Continuous variable (CV) entangled states of light serve as the founda-
tion for a number of applications in quantum information science, such
as quantum sensing, quantum computing, and quantum networking.
To build a long distance multichannel quantum network or the resource
states for CV quantum computing, multi-partite entangled states are
needed. Here we report on the experimental scalable generation of
CV multi-partite quantum correlated states. To this end, we leverage
the multi-spatial mode properties of four wave mixing to implement a
modified SU(1,1) interferometer that introduces quantum correlations
between the different spatial modes. The expected quantum correla-
tions involving conjugate variables are analyzed in terms of squeezing
for all possible bipartitions. These results represent a first step toward
the generation of multi-partite entangled states in connected graph
states and show the expected connectivity of the graph.

Q 52.7 Thu 16:15 HS 1221
Image resolution of quantum imaging with undetected light
— oRENE SoNDENHEIMERD2? and MARTA GILABERTE Basser?:3
— lInstitute of Condensed Matter Theory and Optics, Friedrich-
Schiller-University Jena, Max-Wien-Platz 1, 07743 Jena, Germany
— 2Fraunhofer Institute for Applied Optics and Precision Engineer-
ing IOF, Albert-Einstein-Str. 7, 07745, Jena, Germany — 3Institute
of Applied Physics, Abbe Center of Photonics, Friedrich-Schiller-
University Jena, Albert-Einstein-Str. 6, 07745, Jena, Germany

Image resolution of quantum imaging with undetected photons is gov-
erned by the spatial correlations existing between the photons of a
photon pair that has been generated in a nonlinear process. These
correlations allow for obtaining an image of an object with light that
never interacted with that object. Depending on the imaging con-
figuration, either position or momentum correlations can be exploited.
We analyze how different source parameters affect the image resolution
when using spatial correlations of photons that have been generated via
spontaneous parametric down conversion in a nonlinear interferometer.
In particular, we discuss the intricate dependency of the resolution on
the strength of the correlations within the biphoton states.

Q 53: Quantum Control

Time: Thursday 14:30-16:30

Q 53.1 Thu 14:30 HS 3118

Quantum Control on a Quantum Computer: Theory and ex-
periment — eNikoLAY ViTaNnov — Sofia University, Bulgaria

Recent results from quantum control experiments on some quantum
processors offered by IBM Quantum will be reported. The experi-
ments have been performed using the back-end Qiskit Pulse package,
which offers full control over the experimental parameters: pulse am-
plitude, frequency, phase and shape. The results include the demon-
stration of composite pulses - trains of pulses with well-defined relative
phases used as control parameters - for complete (X gates) and partial
(Hadamard and general rotation gates) population inversion, which
cancel the experimental errors to an arbitrary order. Another exam-
ple is the newly proposed quantum control technique of polychromatic
pulse trains - sequences of pulses of different appropriately chosen fre-
quencies used, instead of the phases, as control parameters.

Conventional wisdom suggests that the excitation line profile should
broaden when the Rabi frequency increases - this is the textbook effect
of power broadening. Earlier work demonstrated that power broaden-
ing may not occur in pulsed excitation and revealed the near absence
of power broadening in excitation by Gaussian pulses. Quite remark-
ably, we have observed the counterintuitive phenomenon of power nar-
rowing with driving pulses of Lorentzian shape - the squeezing of the
excitation line profile when the Rabi frequency increases. While this
stunning effect had been predicted earlier it has never been observed
in an experiment.

Q 53.2 Thu 14:45 HS 3118
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Location: HS 3118

Determining the ability for universal quantum comput-
ing: Testing controllability via dimensional expressivity
— oFERNANDO Gaco-EnciNas!, Tosias HarTung?3, DANIEL M.
REeicu!, KarL Jansen?, and CurisTiaNE P. Kocu! — !Freie Uni-
versitét Berlin, Berlin, Germany — 2Northeastern University London,
London, United Kingdom — 3Northeastern University, Boston, Mas-
sachusetts, USA — 4NIC, DESY, Zeuthen, Germany

Universal quantum computing requires a quantum system that is
operator-controllable. However, the number of resources required for
controllability in complex systems is not obvious and, moreover, assess-
ing this property on the systems themselves is a difficult task to achieve
in practice. In this project we present a hybrid quantum-classical al-
gorithm, uniting quantum measurements and classical calculations.

The key to our approach is the design of a parametrized quantum
circuit (PQC), which can be run on the original system with some
auxiliary qubits. By applying dimensional expressivity analysis we
are able to count the number of independent parameters in the PQC.
This represents the dimensional expressivity of the PQC, which is then
linked back to the controllability of the initial system.

Q 53.3 Thu 15:00 HS 3118
Optimizing bosonic two-qubit quantum gates — eMARcCUS
MescHeEDE! and Lupwic Maruey!2 — llnstitut fiir Quantenphysik,
Universitit Hamburg, 22761 Hamburg, Germany — 2The Hamburg
Centre for Ultrafast Imaging, Luruper Chaussee 149, 22761 Hamburg,
Germany
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Qubits that are encoded in the bosonic modes of cavities have emerged
as a compelling platform for robust quantum computing. This is due
to their high dimensional encoding of the logical qubit states, for which
several error correcting schemes exist. Circuit and cavity QED setups
realize this system through microwave cavities, coupled by additional
ancillary transmon qubits. In this work, we optimize local driving
pulses of the cavities and the transmon in order to implement two
qubit quantum gates. We evaluate different choices for the logical
qubit encoding in the presence of realistic decoherence processes and
find high-fidelity quantum gate implementations.

Q 53.4 Thu 15:15 HS 3118
Applying optimal control to atomic quantum simulators —
eMarTHIAS HULs!, RoBERT ZEIER!, FELIX MoTZOo1!, and ToMMASO
Cavarco’?3 — 1Forschungszentrum Jiilich GmbH, Peter Griin-
berg Institute, Quantum Control (PGI-8), Jiilich 52425, Germany
— 2Institute for Theoretical Physics, University of Cologne, K&ln
50937, Germany — 3Dipartimento di Fisica e Astronomia, Universita
di Bologna, 40127 Bologna, Italy

We study how optimal control can enhance the efficiency and robust-
ness of atomic quantum simulators. We develop effective control pulses
adapted to experimental platforms based on neutral atoms in optical
lattices and Rydberg atoms. We compare optimization techniques us-
ing model-based numerical simulations and black-box feedback directly
operating on the experimental setup. We employ the quantum-control
software library QuOCS [1] which provides a unified framework for
applying control algorithms such as d-CRAB and GRAPE. We high-
light how technical and experimental challenges influence the choice of
control techniques.

[1] M. Rossignolo, T. Reisser, A. Marshall, P. Rembold, A. Pagano,
P. J. Vetter, R. S. Said, M. M. Mueller, F. Motzoi, T. Calarco,
F. Jelezko, and S. Montangero, "Quocs: The quantum optimal con-
trol suite”, Comuputer Physics Communications 291, 108782 (2023),
https://doi.org/10.1016/j.cpc.2023.108782

Q 53.5 Thu 15:30 HS 3118
Simulation and optimization methods for collision gates with
ultra-cold atoms — eJaN ReuTERD2, Tommaso CavLarcol2:3,
FeLix Motzor'2, and RoBERT ZEIER! — !Peter Griinberg Insti-
tute - Quantum Control (PGI-8), Forschungszentrum Jiilich GmbH,
Wilhelm-Johnen-Strafie, 52428 Jiilich, Germany — 2Institute for The-
oretical Physics, University of Cologne, Ziilpicher Strafe 77, 50937
Cologne, Germany — 3Dipartimento di Fisica e Astronomia, Univer-
sita di Bologna, 40127 Bologna, Italy

Atoms in an optical lattice can be used for various applications of quan-
tum technologies, including quantum simulators or quantum comput-
ers. In our study, we simulate fermionic ®Li atoms in an optical lattice
using a split-step method to solve the Schrodinger equation in up to
three dimensions. We analyze the behavior of one, two or three atoms
in a double-well potential in a 1D-confinement under the influence
of a SWAP- or vVSWAP-gate. For this task, we optimize our time-
dependent controls by simulating the gradient and the Hessian matrix
of the quantum state with respect to these controls. Furthermore, we
can verify our results by showing that the simulation of a two-atom
collision in a 1D-confinement agrees with the result of a corresponding
simulation assuming a 2D-confinement with a tight potential in one of
these dimensions.

Q 53.6 Thu 15:45 HS 3118

Optimal control methods for two-qubit gates in optical lat-
tices — eJunr Sinen'?, FrLIx MoTzor!, Tommaso CarLarcol2:3,

and RoBERT ZErIER' — !Forschungszentrum Jillich GmbH, Peter

Griinberg Institute, Quantum Control (PGI-8), 52425 Jiilich, Germany
— 2Institute for Theoretical Physics, University of Cologne, 50937
Koln, Germany — 3Dipartimento di Fisica e Astronomia, Universita
di Bologna, 40127 Bologna, Italy

We use quantum optimal control to identify fast collision-based two-
qubit gates in ultracold atoms trapped in superlattices based on clas-
sical Fermi-Hubbard simulations. We manipulate the hopping and
interaction strengths inherent in the Fermi-Hubbard model by opti-
mizing the lattice depth and the scattering length. We show that a
significant speedup can be achieved by optimizing the lattice depths
in a time-dependent manner, as opposed to maintaining a fixed depth.
We obtain non-adiabatic fast gates by including higher bands of the
Hubbard model in the optimization. Furthermore, in addition to two-
qubit states, our optimized control pulses retain their effectiveness for
one, three, or four atoms in the superlattice. We compare our Fermi-
Hubbard approach with real-space simulations using Wannier func-
tions.

Q 53.7 Thu 16:00 HS 3118
Atom transport optimization: theoretical frameworks, con-
trol algorithms, and experimental integration. — eCRISTINA
CicaLib2, RoBerr ZeiER!, FeLix Motzor»2, and TommAaso
CaLarco!?3 — 1Forschungszentrum Jiilich,Peter Griinberg Insti-
tute, Quantum Control (PGI-8), 52428 Jiilich, Germany — 2Institute
for Theoretical Physics, University of Cologne, 50937 Koln, Germany
— 3Dipartimento di Fisica e Astronomia, Universita di Bologna, 40127
Bologna, Italy

Ultracold atoms constitute a promising platform for quantum com-
puting and quantum simulation. We study the transport of individual
atoms in optical tweezers using methods of optimal control. As part
of the BMBF project FemiQP, we are developing a theoretical frame-
work for numerically optimizing atom transport trajectories, including
strategies aimed at maximizing the transport fidelity, velocity, and
robustness against experimental imperfections. Quantum control al-
gorithms such as the dressed-CRAB (d-CRAB) and Gradient Ascent
Pulse Engineering (GRAPE) are compared with regard to their utility
to effectively optimize the atom transport. In collaboration with the
group Christian Grof$, optimized control protocols are adapted to the
experimental platform in Tiibingen.

Q 53.8 Thu 16:15 HS 3118
Quantum Error Correction with Quantum Autoencoders —
eDiEGo ALBERTO OLVERA MILLAN!, Davip LocHER?3, LORENZO
CArDARELLIY, JaNINE HiLpErR!, Markus MoLLER?2, ULRICH
PoscHINGER!, and FERDINAND ScHMIDT-KALER! — lInstitut fiir
Physik, Universitdt Mainz, Staudingerweg 7, 55128 Mainz, Ger-
many — 2Peter Griinberg Institute, Theoretical Nanoelectronics,
Forschungszentrum Jiilich, D-52425 Jiilich — 3Institute for Quantum
Information, RWTH Aachen University, D-52056 Aachen, Germany —

4Pasqal, 7 Rue Leonard de Vinci, 91300 Massy, France

Active quantum error correction is a critical element in realizing robust
quantum computation. Quantum Autoencoders have the potential for
discovering error correction algorithms [1]. Our study aims to tran-
sition this theoretical framework into practical hardware implementa-
tion. Our approach involves a trainable circuit. This parameterized
ansatz was trained in a simulator backend and subsequently validated
on a shuttling-based trapped-ion quantum computer. Future work
will center around performing training using the Quantum computer
to evaluate the cost function and finding codes for correcting the native
error sources of the hardware.

Q 54: Quantum Optics in Space

Time: Thursday 14:30-16:30

Q 54.1 Thu 14:30 HS 3219
Two-Beam Interference in Rindler Spacetime — eYaTiN Ku-
MAR JaiswaLl2 and SeBasTiaN ULsricHT!? — 1Physikalisch Tech-
nische Bundesanstalt, Braunschweig, Germany — 2Technische Univer-
sitdt Braunschweig, Germany

The study of polarized light in curved spacetime has been a promising
endeavour in the past with theoretical predictions like the gravitational
analogue of the Faraday effect and the Spin Hall effect. Motivated by
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Location: HS 3219

these successes, we conduct a similar investigation for light propaga-
tion in Earth’s gravity at laboratory scales. One way to do that is
to model Earth’s local gravity as spacetime perceived by a homoge-
neously accelerated observer, i.e., the Rindler Spacetime. This model
is justified because the Equivalence Principle posits that experiments
done in a constantly accelerated frame or in a homogenous gravita-
tional field are indistinguishable. In this contribution, we study the
propagation of light in Rindler Spacetime and investigate the interfer-
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ence of two light waves with arbitrary polarizations in the Geometrical
Optics regime. We present the most general expression of the Stress-
Energy tensor in this spacetime to linear order in gL/cz, where L is a
typical length scale of table-top experiments. Further, we analyze the
Poynting vector, i.e., the intensity and its dependence on polarization,
as well as the orientations and wavelengths of the interfering beams.

Q 54.2 Thu 14:45 HS 3219
Space Magnetic Gradiometry using Atom Interferometers —
oGABRIEL MULLER!, TimoTHE EsTraMPEs'2, ANNIE PicHERYD?Z,
Nicnoras P. BiceLow?®, Nacrur Gaarour!, and tare CUAS
Consorrium® — !Leibniz University Hannover, Germany — 2Institut
des Sciences Moléculaires d’Orsay, Université Paris-Saclay, France —

3University of Rochester, USA

Quantum Sensing is becoming a valuable tool for several applications
such as gravity sensing, inertial navigation or magnetometry. Atom
Interferometry (AI), a pillar of quantum sensing, has been successfully
demonstrated in the lab and field settings.

Here, we report on pioneering Al experiments operated in NASA’s
Cold Atom Lab (CAL) onboard the International Space Station [E.
Elliott et al., Nature 623, 502 (2023)]. In this unique microgravity
environment, we prepare 3’Rb condensed clouds and utilise them in
various atom interferometric schemes. This allows to measure local
magnetic potential curvatures and detect tiny residual differential mag-
netic forces, thereby outperforming the sensitivity of classical methods.

These results pave the way to future Space missions leveraging Al
sensors such as for Space Magnetometry. Moreover, we discuss strate-
gies to overcome current sensitivity-limiting factors by improving the
Al laser beam optical quality or the atom number as planned for the
recently installed CAL upgrade Science Module SM3B.

Acknowledgements: Funded by the German Space Agency (DLR)
with funds under Grant No. 50WM2245A (CAL-II).

Q 54.3 Thu 15:00 HS 3219
Quantum gas mixtures in an Earth-orbiting research labo-
ratory — eANNIE PicHeEry!:2, TimMoTHE EsTrRaMpEs!:?2, GABRIEL
MuoLLER!, Nicuoras P. BigeLow?3, Eric CnarRroN?, NACEUR
GaarouL!, and THE CUAS Consortium® — !Leibniz Universitét
Hannover,Institut fiir Quantenoptik, Germany — 2Université Paris-
Saclay, CNRS, Institut des Sciences Moléculaires d’Orsay, France —
3University of Rochester, Rochester, NY, USA

The Cold Atom Laboratory (CAL) is a multi-user Bose-Einstein Con-
densate (BEC) machine aboard the International Space Station, op-
erated by NASA’s Jet Propultion Lab. Since its upgrade in 2020, it
enables the production and manipulation of dual-species BEC mix-
tures of K and Rb. We report here about the first quantum mixture
experiments realized in space [E. Elliott et al., Nature 623, 502 (2023)]
and study its dynamics in weightlessness to prepare dual-species atom
interferometry and future tests of the Universality of Free Fall.

Space provides, indeed, an environment where atom clouds can float
for extended times of several seconds, as well as miscibility condi-
tions different from ground. Simulating these quantum phases and the
dynamics of interacting dual species presents however computational
challenges due to the long expansion times. We present a novel the-
oretical framework based on re-scaled computation grids that allowed
to follow the extended free dynamics of quantum mixtures in space.

We acknowledge financial support from the German Space Agency
(DLR) with funds provided by the Federal Ministry of Economic Af-
fairs and Energy (BMWi) under Grant No. CAL-II 50WM2245A /B.

Q 54.4 Thu 15:15 HS 3219
Status of the Laser System for Cold Atom Experi-
ments in BECCAL onboard the ISS — eHamisu Brck!,
HRUDYA THAIVALAPPIL SUNILKUMAR!, MARC KITZMANN!, MATTHIAS
Scuocu!, CurisTorn Weise!, Bastian Levkaur!, EvGENY
KovaLcauk!, JakoB PonL!, Acumm PeTERs!, and THE BECCAL
CoLLABORATION2:3:4,5,6,7,8,9,10 __ 1HUB, Berlin — 2FBH, Berlin
— 3JGU, Mainz — *LUH, Hanover — °DLR-SI, Hanover — SDLR-
QT, Ulm — “UULM, Ulm — 8ZARM, Bremen — 9DLR, Bremen —
10DLR-SC, Braunschweig

The Bose-Einstein Condensate and Cold Atom Laboratory (BECCAL)
is designed for operation onboard the International Space Station
(ISS). This multi-user facility will enable experiments with K and Rb
ultra-cold atoms and BECs in mircogravity. Fundamental physics will
be explored at longer time- and lower energy-scales compared to those
achieved on earth.

The BECCAL laser system is comprised of micro-integrated diode
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lasers, miniaturized free-space optics on Zerodur boards, and a system
of fibres to bring light to the physics package. The design is subject to
strict size, weight, and power (SWaP) constraints, and the operation
of the system is supported by extensive ground-based systems.

An update on the progress of the laser system will be given, touching
upon the flight model design and the status of ground-based systems
built from commercial components.

This work is supported by the DLR with funds provided by the
BMWK under grant number 50WP2102.

Q 54.5 Thu 15:30 HS 3219
Compact and robust design of a crossed optical dipole trap
for space application — eJaN Simon Haase!, JaNiNa HaMAaNN?,
ALEXANDER Fiecutn?, JENs Kruse?, CARSTEN KLEMPT!:2, and THE
INTENTAS Tram! — lnstitut fiir Quantenoptik, Leibniz Univer-
sitdt Hannover, Welfengarten 1, 30167 Hannover — 2DLR Institut fiir
Satellitengeodésie und Inertialsensorik, Callinstrafe 30b, 30167 Han-
nover

Towards the implementation of atom interferometry in commercial sen-
sors, improvements of the current systems in compactness and robust-
ness are a next necessary step. Also, for applications in space it is
urgent to compactify the sensors and make them robust against accel-
erations and vibrations.

In the INTENTAS project (Interferometry with entangled atoms in
space) evaporative cooling in a novel, optical dipole trap will be used to
create Bose-Einstein condensates in a microgravity environment. The
project will demonstrate a compact source of entangled atoms in the
Einstein-Elevator, a microgravity platform which allows zero-gravity
tests for up to 4s. The planned experiments will pave the way to
employ entangled atomic sources for high-precision interferometry in
space applications.

In this talk, the novel design of the optical dipole trap is presented.
Simulations of the beam deformation and measurements from first
flight tests are shown.

Q 54.6 Thu 15:45 HS 3219
QUBE-II: Towards Quantum Key Distribution between a
CubeSat and Ground — eJonas PubpeLko for the QUBE-II-
Collaboration — Friedrich-Alexander-Universitat Erlangen-Niirnberg,
Lehrstuhl fiir optische Quantentechnologien, Staudtstr. 7/B2, D-91058
Erlangen, Germany — Max Planck Institute for the Science of Light,
Staudtstr. 2, D-91058 Erlangen, Germany

The limited range of quantum key distribution (QKD) in fiber based
systems has led to several projects aiming for the development of a
satellite based QKD infrastructure, like the MICIUS mission, which
impressively demonstrated QKD on a global scale. However, the high
costs of satellite launches for such a system can be reduces dramatically
by further reduction in size, weight and power.

The QUBE-II mission is designed to perform the first QKD ex-
change between a small 8U CubeSat (10 x 20 x 40 cm?) and a ground
station. Based on the predecessor mission QUBE, two enhanced in-
tegrated QKD transmitters implement polarization and phase based
versions of the BB84 decoy protocol. Both transmitters are managed
by a protocol board, which is using a photonically integrated quantum
random number generator as an entropy source. The quantum states
are transmitted via an optical telescope with aperture size of 80 mm,
which is also used to establish a bi-directional classical data link for
post processing.

In this work, we will present the mission concept and discuss the
challenges of performing quantum optic experiments on a CubeSat in
space.

Q 54.7 Thu 16:00 HS 3219
Time Synchronization in Satellite and Long Distance
Quantum Communication — ePriTom Paur2, CHRISTOPHER
Spiess!'2, and FaBIAN STEINLECHNERD'2 — Fraunhofer Institute for
Applied Optics and Precision Engineering, Albert-Einstein-Str. 07,
07745 Jena, Germany. — 2Friedrich Schiller University, Institute of

Applied Physics, Albert-Einstein-Str. 15, 07745 Jena, Germany.

To establish quantum communication, it is crucial to accurately iden-
tify and resolve single photon detection events. Issues arise in space-
based and long-distance quantum communication systems, where
achieving secure communication and picosecond timing accuracy is hin-
dered by low signal-to-noise ratio resulting from propagation loss and
atmospheric turbulence. The signal to noise ratio of the synchroniza-
tion signal improves by the introduction an attenuated pulsed laser
from which the timing offset could be determined by its own single
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photon detection events. Using time multiplexing, the pulsed signal
can be isolated from the quantum signal, thereby facilitating the iden-
tification of synchronization windows within the detected signal.

In this work we develop a synchronization protocol involving an at-
tenuated pulsed laser combined to the output of an entangled photon
source and detected using superconducting nanowire single-photon de-
tectors. Next, we introduce channel losses to emulate a real-world
quantum network. This reflects scenarios with substantial node dis-
tances, incorporating losses attributed to atmospheric turbulence, par-
ticularly in the context of satellite and free space-based networks.

Q 54.8 Thu 16:15 HS 3219
Angular Bloch Oscillations and their applications — eBERND
KonraD and MaxiM EFrREMov — German Aerospace Center (DLR),
Institute of Quantum Technologies, 89081 Ulm, Germany

Inspired by the fast-developing field of compact and mobile quantum
sensors for space- and ground-based applications, we propose a new
concept for measuring the angular acceleration of external rotation.
For this, we study the dynamics of ultra-cold atoms in a toroidal trap
with additional modulation along the angular direction, realized in
labs with the superposition of two Laguerre-Gauss (LG) beams with
indices | and —I. In the presence of external rotation with small an-
gular acceleration, or by having a well-controllable chirp between the
two LG beams, our system is shown to display a new phenomenon we
name as the Angular Bloch Oscillations (ABOs). In addition, we show
that ABOs can be utilized (i) to precisely transfer certain angular mo-
menta (multiples of 2I/) from the field to trapped atoms, by using the
slowly varying chirp, and (ii) to determine the angular acceleration of
the external rotation, by measuring the Bloch period of ABOs.

Q 55: Poster VI

Time: Thursday 17:00-19:00

Q 55.1 Thu 17:00 Tent B
Enhanced laser systems for photoassociation spectroscopy
and cold Hg atoms — eRupoLr Homm and THOMAS WALTHER —
Technische Universitdt Darmstadt, Institut fiir Angewandte Physik,
Laser und Quantenoptik, Schlossgartenstrafte 7, 64289 Darmstadt

Cold Hg atoms in a magneto-optical trap offer opportunities for vari-
ous experiments. The two stable fermionic isotopes are of interest for a
new time standard based on an optical lattice clock employing the 'Sg
- 3Pg transition at 265.6 nm. All stable isotopes can be used to form
ultracold Hg dimers by photoassociation combined with vibrational
cooling by applying a specific excitation scheme.

Our experimental setup consists of two UV laser systems and a
magneto-optical trap for Hg atoms with a 2D-MOT for preselection
of the desired isotopes. Both laser systems consist of a MOFA setup
followed by two successive frequency doubling stages.

The cooling laser aims for stabilization at a fixed frequency and high
output power. Therefore, we use Doppler-free saturation spectroscopy
and a frequency doubling stage with an elliptical focus in the crystal.
We can now produce more than 1 W at 253.7 nm without any sign of
degradation in the BBO crystal.

We improved the output power of the spectroscopy laser to over
200 mW at 254.1 nm and are installing a feed-forward setup for the
frequency doubling cavities to match the tuning range of the ECDL.

We will report on the status of the experiments.

Q 55.2 Thu 17:00 Tent B
Machine Learning techniques in Quantum Gas Transport
Experiments — eGABRIEL MULLER', VicTor J. MARTINEZ-
LAHUERTA!, PHILIPP-IMMANUEL SCHNEIDER?'3, IvaAN SEKULIC?3, and
NaceurR GaarouL! — lLeibniz University Hannover, Germany —
2JCMwave GmbH, Berlin, Germany — 3Zuse Institute Berlin, Ger-

many

Precision atom interferometry (AI) requires an accurate quantum state
engineering of the atomic ensembles at the input port. With Bose-
Einstein Condensates (BECs), quick and robust transports have been
experimentally realised using shortcut to adiabaticity (STA) protocols
[N. Gaaloul et al., Nature communications 13(1), 7889 (2022)]. These
STA protocols, however, as well as alternative approaches featuring
Optimal Control Theory (OCT) [S. Amri et al. Scientific Reports 9(1),
5346 (2019)], are either limited by approximations to avoid expensive
computations or by a limited number of control parameters.

To address these limitations, we propose a novel approach that
utilises Bayesian optimisation with Gaussian processes as machine
learning surrogates. We evaluate its level of control in comparison
to STA and OCT methods and later extend the application to reduce
the amount of approximations and open up more degrees of freedom.

Once these methods are verified, one could consider dual-species
transport and improve its robustness by taking into account experi-
mental imperfections on ground and in microgravity.

Acknowledgements: Funded by the German Space Agency (DLR)
with funds under Grant No. 50WM2253A /B (Al-quadrat).

Q 55.3 Thu 17:00 Tent B

Preparation and Adaptation for the Integration of the
BECCAL Laser System — eMarc KiTzMANN!, MATTHIAS
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ScuocH!, CuristopH WEise!, HamisH Bgeck!, HRruDvA
THAIVALAPPIL ~ SUNILKUMAR!, BAsTIAN LEYKAUF!, EvVGENY
KovaLcuuk!, Jakos PonL!, Acamm PeTERs!, and THE BECCAL
CoLLABORATION2:3:4,5,6,7,8,9,10 __ 1HUB, Berlin — 2FBH, Berlin
— 3JGU, Berlin — 4LUH, Hannover — 5DLR-SI, Hannover — 5DLR-
QT, Ulm — “UULM, Ulm — 3ZARM, Bremen — °DLR, Bremen —
10DLR-SC, Braunschweig

The Bose-Einstein Condensate and Cold Atom Laboratory (BECCAL)
is a cold atom experiment designed for operation onboard the ISS. This
multi-user facility will enable the exploration of fundamental physics
with Rb and K BECs and ultra-cold atoms in microgravity, facilitating
prolonged time- and ultra-low energy scales.

BECCAL must be operable without intervention for three years on
the ISS. To reach that goal and match the stringent SWaP limitations,
we have to fulfill strict product assurance requirements for the com-
plex laser system. This not only involves higher cleanliness and ESD
standards but also demands a meticulous integration process. To nav-
igate this, the use of prototypes becomes imperative. In this context,
the first essential integration tests, along with the adaptations made,
based on the experience gained, will be presented.

This work is supported by the DLR with funds provided by the
BMWK under grant number 50WP2102.

Q 55.4 Thu 17:00 Tent B
Optical zerodur bench system for the BECCAL ISS quan-
tum gas experiment — eFARUK ALEXANDER SELLAMI', AN-
DRE WENzLAWSKI!, EsTHER DEL PINo Rosenpol, JEAN PIERRE
MaBURGER!, OrrwiN HEeLLmic?, Kraus SeNGsTock?, PATRICK
WinDpPassINGER!, and THE BECCAL TEAM!23:4,5,6,7,8,9,10,11
— nstitut fiir Physik, JGU Mainz — 2ILP, Universitit Hamburg
— 3Institut fiir Physik, HUB — 4FBH, Berlin — °IQ & IMS, LUH,
Hannover — SZARM, Bremen — 7Institut fiir Quantenoptik, Uni-
versitat Ulm — 8DLR-SC, Braunschweig — 9DLR-SI, Hannover —

LODLR-QT, Ulm — *OHB-SE, Bremen

The NASA-DLR collaboration BECCAL will be a multi-user-multi-
purpose facility for the study of Bose Einstein Condensates in the
microgravity environment of the International Space station. Its laser
system provides light distribution and frequency stabilization and must
be robust and compact to withstand the rocket launch and temperature
fluctuations during the runtime on the ISS. To this end a toolkit based
on the glass ceramic Zerodur is developed, that has already success-
fully been used on numerous space missions like FOKUS, KALEXUS
or MAIUS. This poster discusses the optical modules developed and
tested for BECCAL. Our work is supported by the German Space
Agency DLR with funds provided by the Federal Ministry for Eco-
nomic Affairs and Energy (BMWK) under grant number 50 WP1433,
50 WP 1703 and 50 WP 2103.

Q 55.5 Thu 17:00 Tent B
Purcell modified Doppler cooling of quantum emitters inside
optical cavities — eJuLiaN LyNe!2, Nico BassLEr!'2, SEONG EUN
Park3, Guipo PupiLLo?, and CLaupiu GeENgs?! — !Department of
Physics, Friedrich-Alexander-Universitat Erlangen-Niirnberg, Staudt-
strafe 7, D-91058 Erlangen, Germany — 2Max Planck Institute for
the Science of Light, D-91058 Erlangen, Germany — 2Daegu Gyeong-
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buk Institute of Science and Technology,333 Techno jungang-daero,
Hyeonpung-eup, Dalseong-gun, Daegu, South Korea — “Centre Eu-
ropéen de Sciences Quantiques (CESQ), Institut de Science et d’ In-
génierie Supramoléculaires (ISIS) (UMR7006) and Atomic Quantum
Computing as a Service (aQCess), University of Strasbourg and CNRS,
Strasbourg 67000, France

Standard cavity cooling of atoms or dielectric particles is based on the
action of dispersive optical forces in high-finesse cavities. We investi-
gate here a complementary regime characterized by large cavity losses,
resembling the standard Doppler cooling technique. For a single two-
level emitter a modification of the cooling rate is obtained from the
Purcell enhancement of spontaneous emission in the large cooperativ-
ity limit. This mechanism is aimed at cooling of quantum emitters
without closed transitions, which is the case for molecular systems,
where the Purcell effect can mitigate the loss of population from the
cooling cycle. We extend our analytical formulation to the many parti-
cle case governed by weak individual coupling but exhibiting collective
strong Purcell enhancement to a cavity mode.

Q 55.6 Thu 17:00 Tent B

Laser system Designs in BECCAL for Cold Atom Ex-

periments on ISS — eHRUDYA THAIVALAPPIL SUNILKUMAR!,
Jakos Pour'2, MarTtHias Scuocu!, CuHristopH WEISE!,
HamisH Brck!, Marc Kitzmann!, BasTtiaN  LEYKAUF!,
Eveeny KovaLcuuk!, Acuim Prrers'?, and Tue BECCAL

CoLLABORATION:2:3:4,5,6,7,8,9,10 __ 1HUB, Berlin — 2FBH, Berlin
— 3JGU, Mainz — 4LUH, Hannover — 5DLR-SI, Hannover — SDLR-
QT, Ulm — “UULM, Ulm — 8ZARM, Bremen — 9DLR, Bremen —
10DLR, Braunschweig

Bose-Einstein Condensate and Cold Atom Laboratory (BECCAL) is
a multi-user facility designed for operation on the ISS. This DLR and
NASA collaboration enables the exploration of fundamental physics
with Rb and K BECs and ultra-cold atoms in microgravity, facilitat-
ing prolonged timescales and ultra-low energy scales.

A ground-based replicate of the apparatus must also be built to
support the operation of the flying experiment. The size, weight, and
power constraints of such a Ground-based Test Bed (GTB) are relaxed,
and so the laser system may be made from Commercial Off-The-Shelf
(COTS) components. The design of this GTB laser system will be
presented alongside the design of the flight hardware for a direct com-
parison.

Funding by DLR / BMWK grant numbers 50 WP 2102, 2103, 2104.

Q 55.7 Thu 17:00 Tent B
Two-dimensional grating magneto-optical trap — eJoseEpH
MvucHovo!, Henprik HEeINe!, AapiTya MisHrAl, JuLiaN
LeMBURG!, KaIl-CHRISTIAN BruNA!, WALDEMAR HERR!:2, CHRIs-
TIAN ScHUBERT}Z, and ErRNsT M. RaseL! — 1Leibniz Universitit
Hannover, Institut fiir Quantenoptik — 2Deutsches Zentrum fiir Luft-
und Raumfahrt e.V. (DLR), Institut fiir Satellitengeodésie und Inter-

tialsensorik (SI)

Ultracold atoms provide exciting opportunities for matterwave inter-
ferometry and tests of fundamental physics. When used as separate
source chambers, Two-dimensional (2D) magneto-optical traps MOTs
are advantageous in pre-cooling and faster loading of atoms to three-
dimensional grating MOTs. To realise field applications of quantum
sensors utilising cold atoms, there is need for simpler, more efficient
and more compact sources.

In this poster, we will present the design, simulation and imple-
mentation of a 2D grating MOT requiring only a single input cooling
beam. This will lead to a robust, compact and efficient source of ul-
tracold atoms that can be used in field and space applications.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry for Economic Affairs and Cli-
mate protection (BMWK) due to the enactment of the German Bun-
destag under grant number DLR 50RK1978 (QCHIP) and by the Ger-
man Science Foundation (DFG) under Germany’s Excellence Strategy
- EXC-2123 QuantumFrontiers - 390837967.

Q 55.8 Thu 17:00 Tent B
Chip-Scale Quantum Gravimeter — eJuLIAN LEmBURG!, HEN-
prRiIK HEINE!, JosepH MucHovo!, Aapitya MisHral, Kal-
CurisTIAN Bruns!, ErnsT M. Raser!, WaLpemar Herrb2, and
CHRISTIAN ScHUBERTY2 — 1Leibniz Universitdt Hannover, Institut
fiir Quantenoptik — 2Deutsches Zentrum fiir Luft- und Raumfahrt

(DLR), Institut fiir Satellitengeodésie und Inertialsensorik (SI)
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Atom interferometry with Bose-Einstein condensates enables very pre-
cise measurements of gravity with residual uncertainties on the order
of nm/sQ. A low size, weight, and power consumption are essential
for potential applications like ground or space-borne geodesy. This
challenge can be tackled by using atom chips as they offer the de-
sired magnetic fields at low power. Additionally, the atom chip can be
equipped with a grating to facilitate the creation of a magneto-optical
trap with a single beam or with a mirror for Raman interferometry.

In this poster, we will present a concept for a novel atom chip that
combines the features of the grating and the mirror, that allows us to
reduce the sensor head to shoe-box size. With this novel atom chip
and an additional relaunch scheme an innovative single-beam quantum
gravimeter is envisaged. Through the miniaturization and reduction
of complexity of the sensor head, the transportability and usability of
the quantum gravimeter are enhanced and ease in-field operations.

This work is funded by the German Research Foundation (DFG) in
the CRC 1464 "TerraQ" (Project A03) and under Germany’s Excel-
lence Strategy (EXC 2123) "QuantumFrontiers".

Q 55.9 Thu 17:00 Tent B
Assessing interactions of Rb vapor with mirror coatings —
e CONSTANTIN AVVACUMOV, ALEXANDER HERBsST, KLAUS ZIPFEL, ALI
Lezeik, DoroTHEE TELL, JoNAs KLUSSMEYER, and DENNIS SCHLIP-
PERT — Leibniz Universitdt Hannover, Institut fiir Quantenoptik

Atom interferometers are effective tools for fundamental research and
geodesy applications, e.g. for gravimetry. Fundamentally, quantum
projection noise motivates the development of high-flux sources of cold
atoms. A typical first cooling stage is a two-dimensional magneto-
optical trap (2D-MOT). In recent years, attempts to improve on 2D-
MOTs’ SWaP (size, weight, and power) budget raised questions re-
garding the compatibility of high-quality optical coatings exposed to
alkali vapor, e.g. rubidium or potassium.

In this work, we systematically analyse the interaction of Rb va-
por with highly reflective coating materials (gold, silver, aluminium,
dielectric coatings). Our mirror testing setup enables simultaneous
exposure of multiple mirror samples to a high flux of Rb atoms and
measurement of their reflectivity degradation as a function of time and
alcali partial pressure. The results will yield better understanding of
the reactivity of alkali vapor with various materials and will thus be
useful for future compact quantum optical experiments.

Q 55.10 Thu 17:00 Tent B
Comparison of Laser system Designs in BECCAL for
Cold Atom Experiments on ISS — eHruDYAa THAIVALAP-
PIL SUNILKUMAR!, Hamisn Beck!, Marc KiTzmMANN!, MATTHIAS
Schnocn!, CurisTorn WEise!, BasTian Levkaur!, EvgeENy
KovaLcauk!, Jakos PonL!, Acumm PETERs!, and THE BECCAL
CoLLABORATION!2:3:4,5,6,7,8,9,10 __1HUB, Berlin — 2FBH, Berlin —
3JGU, Mainz — 4LUH, Hannover — ?DLR-SI, Hannover — SDLR-
QT, Ulm — “UULM, Ulm — 3ZARM, Bremen — °DLR, Bremen —

10DLR- SC, Braunschweig

Bose-Einstein Condensate and Cold Atom Laboratory (BECCAL) is
a multi-user facility designed for operation on the ISS. This DLR and
NASA collaboration enables the exploration of fundamental physics
with Rb and K BECs and ultra-cold atoms in microgravity, facilitat-
ing prolonged timescales and ultra-low energy scales.

A ground-based replicate of the apparatus must also be built to
support the operation of the experiment. The size, weight, and power
constraints of such a Ground-based Test Bed (GTB) are relaxed, and so
the laser system may be made from Commercial Off-The-Shelf (COTS)
components. The design of this GTB laser system will be presented
alongside the design of the flight hardware for a direct comparison.

This work is supported by the DLR with funds provided by the
BMWK under grant number 50WP2102.

Q 55.11 Thu 17:00 Tent B
Driving Raman transitions using a nano-structured atom chip
— eKaI-CHRISTIAN Bruns!, JurLian LEmBUurc!, HENDRIK HEINE!,
Josepn Mucnovo!, Aapirya MisHrA', WALDEMAR HERR?, CHRIs-
TIAN ScHUBERT?, and ERNST M. RAseL! — !Leibniz Universitat Han-
nover, Institut fiir Quantenoptik — 2Deutsches Zentrum fiir Luft- und
Raumfahrt (DLR), Institut fiir Satellitengeodésie und Inertialsensorik
(S1)
In the field of quantum sensing, atom interferometers are a crucial tool
for high-resolution measurements. Unfortunately, current systems re-
main bulky and power consuming making them unreliable for field ap-
plications. Grating atom chips simplify quantum sensors by enabling



Freiburg 2024 — Q

Thursday

the trapping of atoms in a MOT with a single incident beam.

In this poster, we show measurements of Raman transitions on an
atom chip with a grating with a single incident modulated laser beam
as well as simulations, which support the results. Using the diffracted
beams from the grating in combination with the incoming beam, we
can drive Raman transitions along different axes allowing for the con-
struction of a compact multi-axis atom interferometer.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry for Economic Affairs and
Climate protection (BMWK) due to the enactment of the German
Bundestag under grant number DLR 50WM1947 (KACTUS II), by
the German Research Foundation (DFG) in the CRC 1464 'TerraQ’
(Project A03) and from ’QVLS-Q1’ through the VW foundation and
the ministry for science and culture of Lower Saxony.

Q 55.12 Thu 17:00 Tent B
The MAIUS-2 laser system — ePawkL Arciszewski!, Kraus
DoORINGsHOFF!, AcaiM PETERs!, and THE MAIUS Tram!23:45
Mnstitut fiir Physik, Humboldt-Universitit zu Berlin — 2Ferdinand-
Braun-Institut, Berlin — 3ZARM, Zentrum fiir Angewandte Raum-
fahrttechnologie und Mikrogravitation, Bremen — “Institut fiir

Physik, JGU Mainz — 5IQO, Leibniz Universitit Hannover

The first production of a Bose-Einstein condensate in space carried out
in the MAIUS-1 sounding rocket mission in January 2017 paved the
way for more advanced experiments with ultra-cold matter in space.
The goal of the MAIUS-2 mission is the creation of mixtures of ultra-
cold rubidium and potassium atoms onboard a sounding rocket.

To this end, an advanced laser system was developed, that can pro-
vide the light required for simultaneous laser cooling of rubidium and
potassium as well as imaging of the Bose-Einstein condensates. The
system was realized and qualified to meet the demands of a sounding
rocket mission.

We report on the performance of the system, its assembly process,
the used technologies as well as tests carried out to assure that the
laser system can face the needs of the mission.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry of Economics and Technology
(BMWi) under grant number 50 WP 1432.

Q 55.13 Thu 17:00 Tent B
PRIMUS - all-optical source of ultracold rubidium atoms
for microgravity — eMariAN WorLTMANN!, JAN ERIC STIEHLER!,
Magrius Prinz!, SvEN HERRMANN!, and TuE PRIMUS-TEaMb2 —
LCenter of Applied Space Technology and Microgravity (ZARM), Uni-
versity of Bremen, Germany — 2Institute of Quantum Optics, LU
Hannover, Germany

Atom interferometers based on ultracold atoms have proven to be ef-
fective tools in measuring weakest forces. As their sensitivity scales
with the squared interrogation time, the application of matter wave
interferometers in microgravity offers the potential of highly increased
sensitivities. While many cold-atom based microgravity-experiments
use magnetic chip traps, the PRIMUS-project develops an all-optical
trap as an alternative source of ultracold rubidium atoms in a drop
tower experiment. Solely using optical potentials offers unique advan-
tages, e.g. improved trap symmetry, trapping of all magnetic sub-levels
and the accessibility of Feshbach resonances. We demonstrated rapid
Bose-Einstein condensation of 87Rb in less than two seconds on ground
while now focusing on the optimization for an efficient preparation in
microgravity. The PRIMUS-project is supported by the German Space
Agency DLR with funds provided by the Federal Ministry for Economic
Affairs and Climate Action under grant number DLR 50 WM 2042.

Q 55.14 Thu 17:00 Tent B
Experimental realization of a two-dimensional sodium potas-
sium mixture — eBRriaN BosTwick, ANTON EBERHARDT, MALAIKA
GOoRriITZ, LiLo HOCKER, JAN KiLinc, HELMUT STROBEL, and MARKUS
K. OBERTHALER — Kirchhoff Institut fiir Physik, Heidelberg, Deutsch-
land

Multiple-species Bose-Einstein condensates provide versatile platforms
for many-body quantum dynamics. Mixtures of sodium and potassium
are particularly attractive due to the substantial interspecies and in-
traspecies Feshbach resonances, providing a broad range of tunability
via magnetic fields. Experiments in reduced dimensions enable prob-
ing the excitations on the atomic cloud with high spatial resolution.
We show the latest developments of our experimental setup for the
production and imaging of a dual-species Bose-Einstein condensate in
2D.
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Q 55.15 Thu 17:00 Tent B
An ion-trap chip with integrated elements for a scalable quan-
tum processor — eBENJAMIN BURGER, IvaN BoLrpiN, CHRISTOF
WUNDERLICH, SAPTARSHI Biswas, and DaNIEL Buscu — University
of Siegen, Germany

Scaling up a trapped ion-based quantum information processing to
hundreds of qubits could be achieved by arranging several trapping
zones on an ion-trap-chip. The zones can be entangled by means of
shuttling ions between the zones [1]. Here, we use hyperfine levels as
qubits of 171Yb+ ions trapped in a planar microstructured trap with
MAgnetic Gradient Induced Coupling (MAGIC) between them [2]. We
report on the design and characterization of this novel trap chip that
includes an integrated microwave electrode for efficient single-qubit
manipulations, permanent magnets for creating a field gradient of 100
T/m required for multi-qubit gates via MAGIC, and an ion transport
zone for testing the qubit coherence properties when shuttling the ion
in and out of the interaction zone. The trap chip is designed to serve
as a basis for a up-scalable device.

References:

[1] D. Kielpinski, C. Monroe and D. J. Wineland, Nature 2002

Vol. 417 Pages 709-711

[2] Piltz et al 2016

Q 55.16 Thu 17:00 Tent B
Towards Sympathetic Cooling of Ytterbium Ions Us-
ing Sub-Doppler Cooled Barium Ions in a Novel Planar
Micro-Structured Segmented Linear Paul Trap — ePEDRAM
YacHouBl, FLorRIAN KOPPEN, ERNsT ALFRED HACKLER, DORNA Ni-
ROOMAND, MICHAEL JOHANNING, and CHRISTOF WUNDERLICH — De-
partment of Physics, School of Science and Technology, University of
Siegen, 57068 Siegen, Germany

Sympathetic cooling of trapped ions in an inhomogeneous magnetic
field is important for various applications in quantum information pro-
cessing, quantum simulation, and precision measurements. We work
towards sub-Doppler cooling of Barium ions and their use for sympa-
thetically cooling Ytterbium ions [1]. We use a novel planar micro-
structured segmented linear Paul trap to trap Yb+ and Ba+ ions
simultaneously. Two schemes for Electromagnetically Induced Trans-
parency (EIT) cooling tailored to the use in inhomogeneous magnetic
fields are investigated, the first one takes advantage of Zeeman sub-
levels of the S1/2-P1/2 transition, and the second includes sublevels
of the D3/2 state in 138Ba+. We showcase the outcomes of numeri-
cal simulations for various cooling methods, indicating that ions can
achieve mean phonon numbers of 0.9 at rates of a few kHz in the
axial mode at 150 kHz secular trap frequency. Furthermore, details
of the experimental setup and first measurement results are presented.
Specifically, we investigate tailored EIT cooling schemes in the absence
and presence of magnetic field gradients. References [1] K. Sosnova, et
al., Physical Review A 103, 012610 (2021)

Q 55.17 Thu 17:00 Tent B
Elements for quantum computing with trapped ions us-
ing cryogenic electronics — eRopoLFO MUNOz-RODRIGUEZ,
DorNA NIRoOMAND, IvAN BoLpiN, DaNIEL BuscH, PATrick HUBER,
MarkuUs NUNNERICH, and CHRISTOF WUNDERLICH — Department of
Physics, School of Science and Technology, University of Siegen, 57068
Siegen, Germany

Coherently controlling internal and motional degrees freedom of
trapped ions is a prerequisite for using them for quantum informa-
tion processing. Scaling up ion traps such that control of a large
number of ions becomes possible requires typically excellent vacuum
(XHV) and low heating rates of the ions motion, both are achieved
in a cryogenic environment. At the same time, electronics generat-
ing electro-magnetic fields for ion control should be placed on or near
micro-structured traps.

We set up an apparatus for investigating cryogenic (4 K) planar
ion traps with electrodes controlled by cryogenic digital-to-analog-
converters (DACs). Our trap chip architecture includes elements for
creating a static magnetic field gradient which allows the use of radio
frequency fields for coherent control. The integrated DACs allow for
flexibly shaping the trapping potential for the targeted control and
optimization of the interaction between ions for specific gate opera-
tions, and transport ions between different trapping zones. The first
trap generation will consist of a single layer metallization layer, a sin-
gle processing zone, 26 DC electrodes and a combination of integrated
and external DACs.
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Q 55.18 Thu 17:00 Tent B
Double imaging and stray light suppression for a multi species
Paul trap for quantum computing — eErRNST ALFRED HACKLER,
PepraM YacnHouBl, FLorian KO6pPPEN, HENDRIK SIEBENEICH, and
CurisTOF WUNDERLICH — Department of Physics, School of Science
and Technology, University of Siegen, 57068 Siegen, Germany

Multi-species ion crystals are useful, for example, for quantum infor-
mation processing with trapped ions or for quantum logic spectroscopy.
Here, we report on the development and performance of an imaging
system for mixed ion crystals of Barium and Ytterbium ions. Since the
wavelengths of the resonance fluorescence of these two ion species are
far apart (369 nm and 493 nm, respectively), dispersion in a refractive
imaging system has to be considered. To image both species simulta-
neously, a double imaging system was designed and built, taking into
account dispersion and chromatic aberrations. At the same time, this
set-up efficiently suppresses stray light. In this poster, I present the
simulation and measurement results that were used to quantify the
performance of this set up.

Q 55.19 Thu 17:00 Tent B
Towards a Quantum Gas Microscope for fermionic NaK
molecules — eLEONARD BLEIZIFFER, SHRESTHA BISWAS, SEBASTIAN
EppeLT, XINGYAN CHEN, CHRISTINE FrANK, TimMoN HILKER, IMm-
MANUEL BrocH, and XiNyu Luo — Max Planck Institute for Quan-
tum Optics, Garching, Germany

This poster presents the development of a quantum gas microscope
tailored for fermionic sodium-potassium (NaK) molecules in an opti-
cal lattice. Our approach involves disassembling the molecules and
then applying Raman Sideband cooling to the potassium atoms. This
technique will enable the imaging of potassium atoms through the
utilization of thousands of scattered photons, ensuring their retention
within the lattice despite the heating due to photon recoil. We address
the challenges associated with implementing Raman sideband cooling
in such a setup, particularly the required Raman-and repumper-beams
apparent from the hyperfine fermionic potassium level structure. Also,
we describe the plan for a modification of the optical lattice into a
deep, bow-tie configuration to reach the Lamb-Dicke regime necessary
for Raman Sideband cooling. As a demonstrative example, we want to
explore the long-range XY model, which is particularly noteworthy as
it can only be simulated in the context of the long-range interactions
characteristic of polar molecules, a feat not achievable with standard
atomic quantum simulators. We currently work on a tensor-network
simulation of the long-range XY model showcasing the dynamics of the
global spin-polarization that we later want to compare to the quantum
simulation utilizing the new Quantum gas microscope.

Q 55.20 Thu 17:00 Tent B
Non-abelian invariants in periodically-driven quantum rotors
— oVoLKER KARLE, AREG GHAZARYAN, and MIKHAIL LEMESHKO
— Institute of Science and Technology Austria, Am Campus 1, 3400
Klosterneuburg

This poster explores the role of topological invariants in the non-
equilibrium dynamics of periodically-driven quantum rotors, inspired
by experiments on closed-shell diatomic molecules driven by periodic,
far-off-resonant laser pulses. This approach uncovers a complex phase
space with both localized and delocalized Floquet states. We demon-
strate that the localized states are topological in nature, originating
from Dirac cones protected by reflection and time-reversal symmetry.
These states can be modified through laser strength adjustments, mak-
ing them observable in current experiments through molecular align-
ment and observation of rotational level populations. Notably, in sce-
narios involving higher-order quantum resonances leading to multiple
Floquet bands, the topological charges become non-Abelian. This re-
sults in the remarkable finding that the exchange of Dirac cones across
different bands is non-commutative, enabling non-Abelian braiding,
paving the way for the study of controllable multi-band topological
physics in gas-phase experiments with small molecules, as well as for
classifying dynamical molecular states by their topological invariants.

Q 55.21 Thu 17:00 Tent B
Signatures of many-body localization in a two-dimensional
lattice of ultracold polar molecules with disordered filling
— eoTivorny J. Harrish 23 ANDREw J. GROSzEK!, ARGHAVAN
Saravi-NANI?*® and MartaEw J. Davis! — 1ARC Centre of Ex-
cellence for Engineered Quantum Systems, School of Mathematics and
Physics, University of Queensland, Brisbane, QLD 4670, Australia —
2Department of Physics and Arnold Sommerfeld Center for Theoretical
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Physics, Ludwig-Maximilians-Universitat Miinchen, 80333 Miinchen,
Germany — 3Munich Center for Quantum Science and Technology,
80799 Miinchen, Germany — *Institute for Theoretical Physics, Insti-
tute of Physics, University of Amsterdam, Science Park 904, 1098 XH
Amsterdam, the Netherlands — ®QuSoft, Science Park 123, 1098 XG
Amsterdam, the Netherlands

We present our work exploring many-body localization (MBL) in sys-
tems of ultracold polar molecules confined to a two-dimensional (2D)
optical lattice with disordered filling. We perform large-scale exact di-
agonalization simulations to characterize the dynamics and eigenstate
properties of the system. We observe several key signatures of MBL
as the relative strength of the spin-density interactions is increased,
including retention of initial state memory in the system’s long-time
dynamics, logarithmic growth of bipartite entanglement entropy and a
transition to Poissonian level-spacing statistics. Our predictions may
be realised in state-of-the-art quantum gas microscope experiments
with alkali-metal dimers, and open exciting new avenues to explore
non-equilibrium many-body physics with ultracold polar molecules.

Q 55.22 Thu 17:00 Tent B
Evaluation of the potential of PL5-7 centers in 4H-SiC for
spin-based quantum sensing — eéRAPHAEL WORNLE!, JONATHAN
KorBER!, Timo STEIDL!, GEORGY AsTakHOVZ, FLORIAN KaIsERD3,
and Jore WracHTRUP! — 13rd Institute of Physics, IQST and Re-
search Centre SCoPE, University of Stuttgart, ZAQ, Stuttgart, Ger-
many — 2Helmholtz-Zentrum Dresden-Rossendorf, Institute of Ion
Beam Physics and Materials Research, Dresden, Germany — 3MRT
Department, Luxembourg Institute of Science and Technology, Bel-
vaux, Luxembourg

4H-silicon carbide (SiC) has emerged as a promising platform to host
point defects with possible applications in quantum technologies, such
as distributed quantum computing or sensing. However, the typically
detected spin signal contrast of color centers in SiC and the count rates
are quite low.

Recently, divacancies located near stacking faults in 4H-SiC (PL5- 7
centers) have drawn considerable attention. They impress with a high
readout contrast and a high photon count rate, making them com-
petitive with the NV center in diamond. However, as the defects are
relatively new, their theoretical properties are unexplored and their
creation is not yet deterministically possible.

Here, we present the generation of PL5-7 centers through ion irra-
diation and characterize their spin properties via optically detected
magnetic resonance (ODMR) and pulsed measurements at room tem-
perature. Further, we show the coupling between a nuclear spin and
single defect spins.

Q 55.23 Thu 17:00 Tent B

Computer Simulation Framework for coherent two-
dimensional electronic Spectroscopy — ¢JoEL STROHMANN and
Mario Acio — Laboratory of Nano Optics, Universitdt Siegen,

Siegen, Germany

2D spectroscopy represents the electric field intensity as a correlation
map of two independent variables, e.g. the excitation and emission fre-
quency of a quantum system. This allows the deconvolution of different
spectral features along the second axis, in particular the presence of
coherent couplings in off-diagonal peaks between the coupled states.
My masters project was to summarize the mathematical formulation of
the optical response function for an arbitrary pulse trail based on per-
turbation theory and develop a software framework for the automated
computation of the optical response. The system’s properties and the
pulse shape are provided as external parameters to the software and
the numerical simulation is carried out either with full integration over
the pulse envelope or in the semi-impulsive limit. In particular, the
computation of the optical response of an arbitrary number of two-level
systems with arbitrary, lossless pair-wise couplings can be computed
automatically including dephasing and population relaxation for each
two-level system.

Q 55.24 Thu 17:00 Tent B
Quantum photonics using color centers in a diamond
membrane coupled to a photonic structure — eSURENA
Fatemib2, AurgLlE Broussier?, Rovy KonNNoTH ANCELZ, JAN
Farr3, CuristopHE CouTeau?, and CHRIsSTOPH BECHER! —
1Fachrichtung Physik, Universitit des Saarlandes, Campus E2.6,
66123, Saarbriicken, Germany — ?Light, nanomaterials, nanotechnolo-
gies (L2n), EMR CNRS 7004, Université de Technologie de Troyes

(UTT) 12 rue Marie Curie, CS 42060, 10004 Troyes cedex, France. —
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3FZU - Institute of Physics of the Czech Academy of Sciences, Prague

In recent years, color centers of wide band-gap materials have drawn a
lot of attention due to their superior properties for quantum technolo-
gies. One of the most interesting color center systems are the group-IV
color centers in diamond due to their long spin coherence times and
excellent optical properties such as narrow optical emission lines, high
spectral stability, and bright single-photon emission. However, one of
the main obstacles for realization of a quantum device exploiting color
centers is the lack of efficient out-coupling of photon emission from
the diamond itself which leads to low photon rates. We consider a
group-IV color center in a diamond membrane evanescently coupled to
photonic waveguides such as Silicon-on-Insulator and Ion-Exchanged
glass waveguides. We present design studies and simulations including
the membrane geometry, coupling interface, and waveguide structures
using Finite-Element-Method simulations and Monte-Carlo optimiza-
tion to improve the out-coupling of the emission in order to achieve
high photon rates.

Q 55.25 Thu 17:00 Tent B
A triggered narrow-band photon number adjustable emitter
using organic molecule — eY1JuN WANG, SUBHABRATA GHOSH,
MAaxIMILIAN LUka, and ILjA GERHARDT — Institut fiir Festkorper-
physik, Leibniz Universitdt Hannover, Appelstrafe 2, D-30167 Han-
nover, Germany

We utilize single molecule microscopy under cryogenic conditions as
single photon emitters. Our near-sodium-resonance photon emitters’
robustness allows for triggered photon emission with a narrow band-
width and an adjustable photon count. We implement off-resonant
excitation on DBATT molecule and detect the near-sodium resonance
photons after a Faraday filter. The photons are generated with a
”"button press” style and are triggered. The single photon purity is
well proved by the auto-correlation function. The photon number per
”button press” can be adjusted by tuning an external electric field.

Q 55.26 Thu 17:00 Tent B
Organic molecule photon number adjustable quantum emit-
ters — oY1JUN WANG, SUBHABRATA (GHOSH, MAXIMILIAN LUKA, and
ILja GERHARDT — Institut fiir FestkOrperphysik, Leibniz Universitit
Hannover, Appelstrafe 2, D-30167 Hannover, Germany

We utilize single molecule microscopy under cryogenic conditions to
implement non-classical photon sources. Our near-sodium-resonant
photon emitters allow for triggered photon emission with a narrow
bandwidth and an adjustable photon number per trigger. We im-
plement off-resonant excitation on DBATT molecules and detect the
near-sodium resonant photons behind an atomic vapor filter based on
the Faraday effect. The photons are generated in a "press-button"
style. Our emitters could behave as very good single photon emitters.
The single photon purity is well justified by the low value of g(2)(0).
Alternatively, we can adjust the photon number per "press-button" by
the DC Stark shift.

Q 55.27 Thu 17:00 Tent B
Organic molecule photon number adjustable quantum emit-
ters — e¢Y1JUN WANG, SUBHABRATA GHOSH, MAXIMILIAN LUKkA, and
ILja GERHARDT — Institut fiir FestkOrperphysik, Leibniz Universitit
Hannover, Appelstrafe 2, D-30167 Hannover, Germany

We utilize single molecule microscopy under cryogenic conditions to
implement non-classical photon sources. Our near-sodium-resonant
photon emitters are based on organic molecules, and allow for trig-
gered photon emission with a narrow bandwidth and an adjustable
photon number per trigger. We implement off-resonant excitation on
DBATT molecules and detect the near-sodium resonant photons be-
hind an atomic vapor filter based on the Faraday effect. The photons
are generated in a “press-button” style. The single photon purity is
well justified by the low value of g(2)(0). Alternatively, we can adjust
the photon number per trigger by the DC Stark shift.

Q 55.28 Thu 17:00 Tent B
Homogeneous etching of nanofabricated waveguide struc-
tures in 4H-SiC for quantum information applications —
eNITHIN THOMAS ALEX, MARCEL KRUMREIN, and JORG WRACHTRUP
— 3rd Institute of Physics, IQST, and Research Centre SCoPE, Uni-
versity of Stuttgart, Germany
Silicon Carbide (SiC) is a wide bandgap semiconductor used abun-
dantly in high power electronics applications. It has also found its
way into the quantum industry as it can host color centers with great
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spin-optical properties. Integration of these defects into nanophotonic
structures, such as waveguides and photonic crystal cavities (PCCs),
is key to implement quantum network nodes. Even though the re-
search in this field is making steady progress, proper fabrication tech-
niques for the scalability of these structures still needs to be addressed.
The current techniques, such as using a Faraday cage, for fabricating
waveguides and PCCs with a triangular cross-section[1] lack homoge-
nous etching on the wafer scale. To overcome these challenges, we
have been testing various recipes in the state-of-the-art reactive ion
beam etching (RIBE) device from OXFORD instruments, called Ion-
fab 300+.

[1] S. Majety, V. A. Norman, L. Li, M. Bell, P. Saha, and M. Radu-
laski, *Quantum photonics in triangular-cross-section nanodevices in
silicon carbide,* Journal of Physics: Photonics, vol. 3, p. 34008, 2021.

Q 55.29 Thu 17:00 Tent B

Optimizing Sensing using NV-centers via Spin-to-Charge

conversion — eToBias FruerBacH, NiMBA PANDEY, OLIVER
OraLucH, and ELkE NEU-RUFFING — Rheinland Pfélzische Tech-
nische Universitdt Kaiserslautern, Fachbereich Physik, Erwin-

Schroedinger-Str., Bau 56, Raum 278

Quantum sensing leverages quantum mechanics to achieve unprece-
dented levels of precision in measuring physical quantities. Nitrogen-
vacancy (NV) centers in diamond are among the most promising can-
didates in this fast-emerging field. They can be used to measure mag-
netic fields, pressure and temperature, for example. Single NV centers
at room temperature have been shown to enable measurement sensi-
tivity in the n'T/v/Hz range and nanoscale resolution at the same time
[1]. Despite the versatility and sensitivity of diamond-based sensors,
the inherent noise of the readout process restricts their potential. The
classical readout relies on spin state dependent fluorescence and thus is
limited by photon shot noise. Spin-to-charge conversion (SCC) based
methods offer a remedy to this issue and achieve higher readout con-
trast and better readout fidelity. Previous works have shown a five-fold
improvement in the sensitivity using SCC based readout [2]. In this
work, we present the basic idea of SCC based readout, and demon-
strate the setup design required to enable the method. The primary
goal of the work is to utilize SCC based methods to study the host
material along with its application for different sensing protocols.

[1] Wrachtrup et al., Phys. Rev. Lett., vol.102, p.057403, Feb 2009.

[2] Walsworth et al., Phys. Rev. Appl., vol.11, p.064003, Jun 2019.

Q 55.30 Thu 17:00 Tent B
Ultrafast single-photon detection at high repetition rates
based on optical Kerr gates under focusing — eAMR FARRAG!,
ABpurL-Hamip Fartan!, Assecip MEenGisTU Fratae!, and MaRrio
Acio'? — 1Laboratory of Nano-Optics and Cp, University of Siegen,
57072 Siegen, Germany — 2National Institute of Optics (INO), Na-

tional Research Council (CNR), 50125 Florence, Italy

The ultrafast detection of single photons’ emitters is currently bound
by the limited time resolution (a few picoseconds) of the available
single-photon detectors. Optical Kerr gates can offer a faster time res-
olution, but until now they have been applied to ensembles of emitters.
Here, we demonstrate through a semi-analytical model that the ultra-
fast time-resolved detection of single quantum emitters can be possible
using an optical Kerr shutter at GHz rates under focused illumination.
This technique provides sub-picosecond time resolution, while keeping
a gate efficiency at around 85%.

Q 55.31 Thu 17:00 Tent B
Mobile quantum sensing setup based on Nitrogen-Vacancy
centers in diamond — eWanNronG Li', OLiver GERULL!, MIKE
Jonannes!, FLorian Boum!, Masazumi Fusiwara?, and OLIVER
Benson! — 'Humboldt-Universitéit, Berlin, Germany — 2Okayama
University, Okayama, Japan

Nitrogen-Vacancy (NV) defect centers in diamonds have exhibited re-
markable quantum properties with diverse applications in quantum
technology and sensing. Here we introduce a mobile setup designed
for efficient quantum sensing such as on-site magnetometry based on
the exceptional sensitivity of NVs to magnetic fields at the nanoscale.
We measured the Optically Detected Magnetic Resonance (ODMR)
[1] spectra of NVs, by sweeping the microwave frequency and moni-
toring the fluorescence signal. The positions and shapes of the dips
in the spectrum provide information about the NV center’s electron
spin properties, enabling precise measurement for magnetic field vari-
ations. The versatility of this setup allows for exploration not only of
ensembles of NVs but also at the single NV level. Additionally, the
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setup enables T2 (spin-spin relaxation time) measurements [2], pro-
viding insights into the coherence times of the spin states. Looking
ahead, this mobile platform has the potential to serve as a robust tool
for conducting sensing in biophysics research, and other studies that
strictly required on-site measurements.

References:

[1] M. Fujiwara et al., Phys. Rev. Res. 2, 043415 (2020).

[2] F. Bohm, Ph.D. thesis, Humboldt-Universitiat zu Berlin (2022).

Q 55.32 Thu 17:00 Tent B
Using low-cost Blu-Ray Optical Pickup Units for Mea-
surement of Single Photon Emission from NV-Centers —
eSivoN Krua!, Jonas HOMRIGHAUSEN!, PETER GLOSEKOTTER?, and
MaRrkus GREGOR! — !Department of Engineering Physics, University
of Applied Science, Miinster, Germany — 2Department of Electrical
Engineering and Comuputer Science, University of Applied Science,
Miinster, Germany

Color centers in diamonds have proven to be promising quantum emit-
ter candidates for many applications in quantum information and
quantum sensing. Not only do they serve as efficient single pho-
ton sources at room temperature, but they also enable the analysis
of spin dynamics and spin coherence times. Conventional detection
approaches using high-NA microscope objectives and intricate piezo
positioning systems [1] have turned out to be expensive and sophisti-
cated [2]. In response to these challenges, our setup utilizes Blu-Ray
optical pickup units (OPUs) [3] and offers a cost-effective solution to
enhance access to single-photon research. These OPUs have built-in
aspheric lenses and positioning mechanisms which we utilize to iden-
tify emitters and successfully measure single photon emssion from NV
nanodiamonds.

[1] B. Rodiek et al., Optica, vol. 4, no. 1, Jan. 2017.

[3] T. Schréder et al., Opt. Express, vol. 20, no. 10, May 2012.

[4] T.-J. Chang et al., Commun. Phys., vol. 4, no. 1, Feb. 2021.

Q 55.33 Thu 17:00 Tent B
Artificial light-harvesting complexes based on silicon-
vacancy color centers in diamond. — eLAuriN Go6B1:2, As-
secip Fratae!2, Frorian Srepz!2, Lukas Straucu!2, JoEL
STROHMANND2| and MaRIo Aciol? — Laboratory of Nano-Optics,
University of Siegen, 57072 Siegen, Germany — 2Cp - Research Cen-
ter of Micro- and Nanochemistry and (Bio)Technology, University of

Siegen, 57068 Siegen, Germany

Light-harvesting complexes (LHC) are nanoscale structures found in
photosynthetic organisms. They are ring-like structures used to effi-
ciently absorb light and transport quantum excitations to induce chem-
ical processes. Constructing artificial complexes, that mimic these nat-
ural phenomena, allow to develop new functional materials for quan-
tum photonics. In this work, we introduce LHC based on silicon-
vacancy color-centers in diamond coupled to gold nanostructures and
study their photophysics.

Q 55.34 Thu 17:00 Tent B
Surface-supported single organic molecules demonstrate
lifetime-limited linewidths eAsHLEY SHIN!, Masoup
MirzAE""2, ALEXEY SHKARIN', JOHANNES ZIRKELBACH', JAN
ReNGER!, ToBias UtikaL!, STEpHAN GOTZINGER!'Z3 | and VaHID
SanpocHDAR!? — Max Planck Institute for the Science of Light,
91058 Erlangen, Germany — 2Department of Physics, Friedrich-
Alexander University Erlangen-Niirnberg, 91058 Erlangen, Germany
— 3Erlangen Graduate School in Advanced Optical Technologies
(SAOT), Friedrich-Alexander University Erlangen-Niirnberg, 91052
Erlangen, Germany

Polycyclic aromatic hydrocarbons (PAHs) have robust photophysics,
synthetic tunablity, and facile handling properties, making them an
excellent platform for molecular quantum optics. The PAH molecules
are often embedded in crystals to minimize environmental dephas-
ing, which limits non-optical access that otherwise can be useful for
nanoprobe technologies or novel nanophotonic designs. In this work,
we investigate dibenzoterrylene (DBT) molecules placed on top of
pristine anthracene crystals. Despite being at the interface between
vacuum and crystal, the DBT molecules demonstrate Fourier-limited
linewidths at sub-Kelvin temperatures. The on-surface DBTs emit
at higher frequencies and longer lifetimes from their embedded coun-
terparts, while following a similar temperature-dependent dephasing
trend. We report via a comprehensive set of fluorescence measure-
ments that desired photophysical properties of DBTs as single quan-
tum emitters are preserved on the surface.
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Q 55.35 Thu 17:00 Tent B
Identifying Yellow Color-Centers in Hexagonal Boron-Nitride
— ePaBLO TiEBEN!2 and ANDREAS W. ScHELL? 1PTB, Bunde-
sallee 100, 38116 Braunschweig, Deutschland — 2LUH, Inst. f. Fes-
tkorperphysik, Appelstrasse 2, 30167 Hannover, Deutschland — 3JKU,
Inst. f. Halbleiter und Festkorperphysik, Altenberger Str. 69, 4040
Linz, Osterreich

Single photon emitters are an essential resource for the rapidly devel-
oping field of quantum technologies. Color centers in hexagonal boron
nitride (hBN) pose a suitable system for single photon generation due
to their bright and stable photon emission at room temperature. Due
to the large bandgap of the material a plethora of emitters across the
visible and near-infrared spectrum have been discovered. Some emit-
ters exhibit intricate level structures with the possibility for advanced
optical control. Recently the origin of emitters in the yellow spectral
region have been tied to carbon related defects, but the exact atomic
composition remains elusive. Based on previously found connections
between the emission and excitation characteristics of these emitters,
we perform additional spectroscopic measurements under simultane-
ous excitation with multiple wavelengths. We analyze the emission
spectrum, photon flux and temporal emission stability as well as the
second-order autocorrelation for fixed primary and varying secondary
excitation wavelength. The dependency of these properties on the sec-
ondary wavelength can reveal additional information about the under-
lying level structure. Paired with theoretical predictions for different
carbon defects the atomic origin can be narrowed down even further.

Q 55.36 Thu 17:00 Tent B
SiV centers in nanodiamonds for quantum networks —
eRicHARD WarrricH!, Marco Krorz!, ANDREAS TANGEMANN',
Lukas AnTontuk!, NikrLas LeETTNER!, ViaTcHESLAV AcAFoNOVZ,
and ALEXANDER KUBANEK! — lInstitut fiir Quantenoptik Universi-

tat Ulm — 2Universite Francois Rabelais de Tours

The realization of a quantum network is of great interest. The com-
bination of the good optical and spin properties of group IV defects
in diamond with established technologies such as photonic structures
brings the realization of a quantum network node within reach. We
present measurements of characteristic properties of SiV centers in
nanodiamonds compared to bulk diamond, showing key features for
the realization of a quantum network node such as improved coher-
ence times, spin control, and indistinguishable photons.

Q 55.37 Thu 17:00 Tent B

towards coherent dipole-dipole coupling: cryogenic single-

molecule microscopy of dbatt dimers — eSiwrr Luol2,
MicHAEL Becker!, Hisnam MazaLl, ALEXEY SHARKIN!,
ALEKSANDR  OSCHEPKOVS, KONSTANTIN  AMSHAROVS, Tim
HeseNnsTREIT!'2, JaNn ReNcer?!, Vammp Sanpocupar!, and

STeEPHAN GoTZINGERD? — Max Planck Insitute for the Science

of Light, Erlangen, Germany — 2Department of Physics, Friedrich-
Alexander University Erlangen-Niirnberg (FAU), Erlangen, Germany
— 3Insitute of Chemistry, Martin Luther University Halle Wittenberg,
Halle, Germany

Coherently coupled molecules are an interesting resource for quan-
tum optics and quantum information processing, providing access to
sub- and superradiant decay paths. Such pairs of molecules have only
been found in the past by brute force methods, since molecules are
usually randomly doped into the host matrix and high doping levels
cannot be tolerated. To address this longstanding issue, our new ap-
proach is based on recent developments in organic chemistry where
an organic linker with a known length of less than 2nm can connect
two fused 2D acene emitters. Here we will present cryogenic single-
molecule spectroscopy and localization microscopy studies on 2,3,8,9-
dibenzanthanthrene (DBATT) dimers. By embedding these dimers in
shock-frozen tetradecane matrices, they clearly demonstrate lifetime-
limited linewidths and similar fluorescence spectra as single DBATT
molecules. Our results are a first step towards a routine investigation
of cooperative phenomena using molecular dimers.

Q 55.38 Thu 17:00 Tent B
Utilizing Integrated Single Photon Emitters on Waveg-

uides for Testing Extended Quantum Theories — eJOSEFINE
Krause!, MoHAMMAD NasimMuzzaMAN  MisHuk!, KABILAN
SripaTHY!, NaJME AnmaDpI!, SEBAsTIAN RITTER!, MoOSTAFA

ABASIFARD!, G1acomo CorigeLLI®, and Tosias VoGL!»2 — 1 Friedrich
Schiller University Jena, Institute of Applied Physics, Albert-Einstein-
Strake 15, 07745 Jena — 2Technical University of Munich, TUM
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School of Computation, Information and Technology, Arcisstrafe 21,
80333 Miinchen — 3Consiglio Nazionale delle Ricerche (IFN-CNR),
Istituto di Fotonica e Nanotecnologie, Piazza Leonardo da Vinci 32,
20133 Milano, Italy

Efficient utilization of quantum information processing, for example
for satellite-based quantum communication, relies on the miniaturiza-
tion and combination of components into compact, space-compatible
structures. For this, we follow the hybrid approach of integrating quan-
tum emitters hosted in two-dimensional materials onto a photonic chip
containing femtosecond laser-written waveguides. The single photon
source (SPS), which is a fluorescent defect in hexagonal boron nitride,
operates at room temperature and has potential to outperform laser-
based decoy quantum key distribution protocols with a higher data
rate. The waveguides form a tunable three-path interferometer that
offers to test the boundary of a fundamental postulate of quantum
physics, being Born’s rule, by measuring higher order interferences.
Both this, and the purity of the SPS will be tested on a 3U CubeSat
in microgravity as part of the QUICK3 mission.

Q 55.39 Thu 17:00 Tent B
Spin Properties of SiV Center in Nanodiamonds — eKATHRIN
Scewer!, Marco Krotz!, ANDREAs TANGEMANN!, RICHARD
WarLTricH!, VIATCHESLAV AGAFoNovZ, and ALEXANDER KUBANEK!
— Mnstitut fiir Quantenoptik Universitit Ulm — 2Universite Francois

Rabelais de Tours

Combining conventional photonic systems with the good optical and
spin properties of group IV defects in diamond puts a platform for
quantum technologies into reach. Here, we present measurements of
characteristic properties of SiV centers in nanodiamond in compari-
son with bulk diamond. This reveals key benefits of a nanostructured
defect host for future integration into photonic-enhancing structures,
e.g. cavities.

Q 55.40 Thu 17:00 Tent B
Investigating exciton-plasmon interaction in an ion-
exchanged glass covered by silver iodide nanoparticles —
eRAzIEH TALEBI — Department of Physics, University of Isfahan,
81747-73441 Isfahan, Iran — Department of Physics, University of
Isfahan, 81747-73441 Isfahan, Iran

Silver nanoparticles embedded in dielectric or semiconductor films have
attractive optical properties that make these materials to be used as
plasmonic sensors and waveguides. The silver ions are doped in a thin
layer of glass under ion-exchange process. Subsequently, the silver
nanoparticles can form in this layer by post-annealing treatment which
is tracked by in-situ XRD pattern. The exciton of semiconductors such
as silver iodide can interact with the localized surface plasmon reso-
nance of silver nanoparticles. The exciton-plasmon interaction in an
ion-exchanged glass covered with silver iodide is investigated by ab-
sorption spectra at room temperature. The spectra of these materials
before and after silver iodide nanoparticles are exposed, are compared.

Q 55.41 Thu 17:00 Tent B
Fluorescence resonance energy transfer near plasmonic
nanostructures — eSHUBHADEEP MonDAL and MARKUS LiPPITZ
— University of Bayreuth

Fluorescence resonance energy transfer (FRET) plays a key role in pho-
tosynthesis, photovoltaics, biosensing, light sources, and more. It de-
scribes the nanoscale energy transfer between fluorophores, taking into
account the near-field non-radiative dipole-dipole (donor-acceptor) in-
teraction. Our goal is to study the coupling between quantum emitters
and the influence of the nanoscale environment on it, for which it is
crucial to design a photonic environment to control the FRET rate and
efficiency. FRET can be measured by its influence on donor lifetime
and acceptor brightness, but the plasmonic environment also modifies
both signals by the Purcell effect and fluorescence quenching. We will
discuss our experimental setup and data analysis to disentangle these
effects.

Q 55.42 Thu 17:00 Tent B
Metal-enhanced photosensitization in riboflavin function-
alized gold nanoparticles: photophysical mechanisms and
application in bioimaging — eJELENA Pajovic!, Rapovan
DouciLovic?, DrRaGANA Tosic?, MaTTHIEU REFREGIERS?, DUSAN
Bozanic?, and ViabimMiR ViapiMir? — Faculty of Physics, Uni-
versity of Belgrade, Belgrade, Serbia — 2Vinca Institute of Nuclear
Sciences - National Institute of the Republic of Serbia, University of
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Belgrade, Belgrade, Serbia — 3Centre de Biophysique Moleculaire,
Orleans, France

Photodynamic therapy relies on the photogeneration of reactive oxygen
species in complex environments by photosensitizing (PS) molecules.
However, challenges persist in enhancing the PS processes while de-
creasing the concentration of the agents employed. This study explores
the integration of PS biomolecules onto plasmonic nanoplatforms to in-
crease their efficiency. Specifically, we report on the influence of gold
nanoparticles on the PS activity of riboflavin molecules. The physi-
cal characterization of riboflavin-functionalized gold nanoparticles was
conducted to better understand their electronic interactions that lead
to enhanced singlet oxygen generation. The effects of the functional-
ized nanoparticles on live bacteria and hepatocellular carcinoma cells
were investigated by fluorescence bioimaging. Preliminary findings in-
dicate higher cell death rates in both organism systems, suggesting the
nanoparticles’ potential as efficient PS agents.

Q 55.43 Thu 17:00 Tent B
Nonlinear emission properties of inverted plasmonic nanos-
tructures — eVALENTIN DicHTL, THORSTEN SCHUMACHER, and
Markus LippiTz — Experimental Physics III, University of Bayreuth

The nonlinear third-order material response of noble metals allows the
shaping of the third-harmonic near-field around a plasmonic nanos-
tructure [1]. The corresponding spatial emission pattern of the third-
harmonic hot spots changes drastically when the fundamental wave-
length is slightly tuned by a linear resonance of the nanorod.
However, third harmonic generation (THG) also leads to high tem-
peratures in the structure and its surroundings. These temperatures
tend to be high enough to destroy more complex samples. Therefore,
structures with the same emission characteristics but a higher ratio of
THG to temperature are needed.

To overcome this, we are inspired by Babinet’s principle. In this sense,
a rod antenna can be replaced by a slit in a thin gold film. The sur-
rounding gold should now be more effective in diffusing heat than a
single rod. This poster compares the (nonlinear) emission properties
of plasmonic nanostructures and their complementary counterparts.
[1] Wolf, D. et al. Shaping the nonlinear near field. Nat. Commun.
7:10361 (2016). doi: 10.1038 /ncomms10361

Q 55.44 Thu 17:00 Tent B
Optical Interferometry for precise phase measurement —
eDaHI IBRAHIM — Engineering and Surface Metrology Lab., National
Institute of Standards, Tersa St., El haram, El Giza, Egypt

Precision measurements are important across all fields of science. Op-
tical phase measurements which can be used to measure distance, posi-
tion, displacement, acceleration, and optical path length are of partic-
ular interest. In this research, we have demonstrated an optical phase
measurement using a polarization interference microscope with tem-
poral stability down to 1.3 nm for one hour. The microscope is based
on the measurement of the Stokes parameters S2 and S3. The Stokes
parameters describe the polarized light incident to the camera. The
microscope was used to calibrate a groove structure of 60 nm nomi-
nally. The axial and lateral measurements of the groove structure are
presented. The axial depth measurement is performed based on the
ISO 5436 profile analysis. Since the ISO 5436 profile analysis doesn’t
provide a direct measurement of the lateral step height/depth stan-
dards, a Hamming area model is proposed to perform this task. For
the axial measurement, the computed results show that the depth of
the groove structure is 59.7 +- 0.6 nm. For the lateral measurement,
the computed results show that the difference between the two line
edges of the groove structure is 151.7 4+- 2.5 nm. The results lead the
way to new high-precision measurement applications.

Q 55.45 Thu 17:00 Tent B
Optical properties of biosynthesized nanoscaled Eu203 for
red luminescence and potential antidiabetic applications —
eHamza MounAMED — UNISA, Cape Town, South Africa

This contribution reports on the optical properties of biosynthesised
Eu203 nanoparticles bioengineered for the first time by a green and
cost effective method using aqueous fruit extracts of Hyphaene the-
baica as an effective chelating and capping agent. The morphological,
structural, and optical properties of the samples annealed at 500%C
were confirmed by using a high-resolution transmission electron mi-
croscope (HR-TEM), x-ray diffrac tion analysis (XRD), UV*Vis spec-
trocopy, and photoluminescence spectrometer. The XRD results con-
firmed the characteristic body-centered cubic (bcc) structure of Eu203
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nanoparticles with an average size of 20 nm. HRTEM revealed square
type morphology with an average size of ¥6 nm. Electron dispersion
energy dispersive x-ray spectroscopy spectrum confirmed the elemen-
tal single phase nature of pure Eu203. Furthuremore, the Fourier
transformed infrared spectroscopy revealed the intrinsic characteristic
peaks of Eu*O bond stretching vibrations. UV*Vis reflectance proved
that Eu203 absorbs in a wide range of the solar spectrum from the
VUV*UV region with a bandgap of 5.1 eV. The luminescence prop-
erties of such cubic structures were characterized by an intense red
emission centered at 614 nm. It was observed that the biosynthesized
Eu203 nanoparticles exhibit an efficient red-luminescence and hence
a potential material as red phosphor.

Q 55.46 Thu 17:00 Tent B
Single mode coupled emission of cw and resonant excited
GaAs quantum dots — eMAaRTIN KErnBacH!, SopHiA Fuchs?,
JuLian SiLLER?, and ANDREAs W. ScHELL! — lJohannes Kepler
University Linz — 2Leibniz University Hannover

Advanced quantum technologies like computing or sensing demand for
deterministic bright sources of single indistinguishable photons. In or-
der to provide quantum light of isolated systems properly usable for
quantum applications, an efficient excitation and extensive collection
in a single mode is required. Single molecules and cavity confined
quantum dots are convenient sources. The coupling to the excited
state is maximized on resonance, but challenges the usability of the
emitter due to the effort for separation of the optical excitation mode
from the mode of emission. A temporal, spacial, spectral, or combined
method for separation is typically used.

Here we present a realization of a single emitter under resonant exci-
tation in a confocal setup with a polarization filtered emission coupled
into a single mode fiber. The optical path is free beam along a one
meter long stick which dives the objective lens and scanning stage into
a liquid helium reservoir. For resonant cw excitation of GaAs semi-
conductor quantum dots a SNR of polarization suppression up to 400
and count rates of 2 Mcps are archived by using a collecting lens with
NA 0.68 only. Under this scheme further investigations regarding the
blinking behavior are possible as well as probing alternative emitters
like single molecules.

Q 55.47 Thu 17:00 Tent B
Squeezed States for Gaussian Boson Sampling From a KTP
Waveguide Resonator — eJonNAs SICHLER, CHRISTINE SILBER-
HORN, and MICHAEL STEFSzZKY — Paderborn University, Integrated
Quantum Optics, Institute of Photonic Quantum Systems (PhoQS),
Warburger Str. 100, 33098 Paderborn, Germany

Gaussian boson sampling (GBS) stands at the forefront of quantum
computational research, offering the possibility of demonstrating quan-
tum computational advantage and may also be suitable for solving
complex problems beyond the reach of classical computers. The gener-
ation of suitable squeezed states is essential in harnessing the quantum
advantages of this architecture, but is a technically challenging feat.

Here, we investigate the possibility of producing the required single-
spectral mode, single-mode squeezed states using a resonator assisted
type 0 parametric down-conversion (PDC) process in KTP waveguides.
We present our findings on cavity parameter optimisation and initial
experimental results.
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Q 56.1 Thu 17:00 KG I Foyer
High-order harmonic generation in gases with pJ laser pulses
— eMatrTHIAS MEIER!, PHIiLIP DIENSTBIER!, YUva MORIMOTO?,
Francesco Tani®, and PeETer HoMMELHOFF! — l1Department of
Physics, Friedrich-Alexander-Universitdt Erlangen-Niirnberg (FAU),
91058 Erlangen, Germany — 2RIKEN Cluster for Pioneering Research
(CPR), RIKEN Center for Advanced Photonics (RAP), Japan — 3Max

Planck Institute for the Science of Light, 91058 Erlangen, Germany

Applying strong few-cycle pulses in the infrared together with attosec-
ond pulses in the ultraviolet regime in a pump-probe scheme provides
a mighty tool for spectroscopy of ultrafast electron dynamics. In or-
der to improve statistics as well as signal-to-noise ratio while keeping
the measurement time to a minimum, high repetition rates are de-
sirable. Here, we present a laser system operating at 1 MHz which
delivers near infrared 8 fs pulses with an energy of 10 pJ. These pulses
drive the process of high-order harmonic generation in an adjacent vac-
uum chamber where the pulses can furthermore be characterized. The
infrared pulses are obtained from shortening 210 fs pulses of an Ytter-
bium laser amplifier with stable carrier-envelope phase by means of a
two-stage compressor based on two argon-filled hollow-core photonic
crystal fibers.

Q 56.2 Thu 17:00 KG I Foyer
Influence of molecular properties on matter-wave interfer-
ometry — eLukas MARTINETz!, BENJAMIN A. STICKLERZ2, KSENIJA
SimoNovié3, RicHARD FErsTL®, MarRkuUs ARNDT?, and KLaus
HorNBERGER! — 1University of Duisburg-Essen, Germany — 2Ulm
University, Germany — 3University of Vienna, Austria

Matter-wave interferometers served to confirm the wave-particle dual-
ity with large molecules [1] and enabled to prepare highly delocalized
quantum states with molecules of ever increasing mass [2]. Since the
internal molecular dynamics can play a decisive role in the interac-
tion with the diffraction grating, matter-wave interferometers hold out
the prospects of being sensitive probes for molecular properties. Here,
we quantify the impact of these properties by calculating the inter-
ference pattern of molecules that are diffracted at a standing laser
wave. The interaction with the laser enters through the Talbot coeffi-
cients, which incorporate state-dependent polarizabilities and photon-
absorption cross sections, and the depletion of the molecular beam
through ionization or cleavage. Furthermore, our calculation accounts
for the finite size of the particle source and collimation slits, for a dis-
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tribution of initial particle velocities, as well as for gravity, the Coriolis
force and an asymmetric standing laser wave due to non-ideal retrore-
flection at the grating mirror. We display and discuss features of the
pattern for the different molecular processes and compare our model
with recent experiments aiming at measuring molecular parameters.
[1] M. Arndt et al., Nature 401, 680 (1999)
[2] Y. Y. Fein et al., Nat. Phys. 15, 1242 (2019)

Q 56.3 Thu 17:00 KG I Foyer
Tunable Bragg-diffraction beam splitters for molecular mat-
ter waves — eERIC vAN DEN Boscu!, BENJAMIN A. STICKLERZ,
Lukas MAarTINETZ!, and KrLaus HORNBERGER! — 1University of

Duisburg-Essen, Germany — 2Ulm University, Germany

Matter-wave interferometry offers rich applications ranging from test-
ing fundamental principles of quantum mechanics with large particles
to probing material properties and measuring accelerations with high
precision. The lack of brilliant sources for heavy particles requires ef-
ficient ways to split an incident wave packets into two branches. One
way to achieve such large momentum beam splitters is Bragg diffrac-
tion at thick optical gratings, as realised experimentally in [1].

We study how further modulations of the laser grating, e.g. adia-
batic application of an additional constant force, may extend estab-
lished means to control populations in the interferometer arms [2], as
well as provide a first step towards Bragg diffraction at thin gratings.

[1] Brand, Kialka, Troyer, Knobloch, Simonovi¢, Stickler, Horn-
berger, Arndt (2020). Bragg diffraction of large organic molecules.
Physical Review Letters, 125(3) [2] Siemf, Fitzek, Abend, Rasel,
Gaaloul, Hammerer (2020). Analytic theory for Bragg atom inter-
ferometry based on the adiabatic theorem. Physical Review A, 102(3)

Q 56.4 Thu 17:00 KG I Foyer
Atom interferometry with ultra-cold atoms in micrograv-
ity — eANURAG BHADANE!, JuLia PanL?, DORTHE LEOPOLDT?,
SveN ABEND3, ErNsT M. Raser®, Markus Krutzik??®, SVEN
HerRrRMANN?, ANDRE WENZLAWSKI!, PATRICK WINDPASSINGER!, and
TaE QUANTUS Team!1:2:3:4.67 __ 1JGU Mainz — 2HU Berlin —
3LU Hannover — 4U Bremen — °FBH Berlin — U Ulm — "TU
Darmstadt
QUANTUS-2 is a mobile, robust, high flux 3”Rb atom interferometry
device that can operate in the microgravity environment provided
by the drop tower and Gravitower located in Bremen and act as a
pathfinder for future space missions. QUANTUS-2 exploits a mag-
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netic lens enhanced by the quadrupole field of the atom chip which
enables longer coherence times under microgravity to perform atom
interferometery over one second with double Bragg diffraction.

Here, we present the latest results on atom interferometry on extended
time scales in the drop tower and initial experiments in the Gravitower.

This project is supported by the German Space Agency DLR with
funds provided by the Federal Ministry for Economic Affairs and
Climate Action under grant number DLR 50WM1952-1957.

Q 56.5 Thu 17:00 KG I Foyer
Generating auto-ponderomotive potentials using flat, chip-
based electrodes for shaping electron beams — eFRrRANZ
ScHMIDT-KALER, MICHAEL SEIDLING, ROBERT ZIMMERMANN, NILS
Bobpg, FaBian BammEs, LArRs RADTKE, and PETER HOMMELHOFF
— Department Physik, Friedrich-Alexander-Universitdt Erlangen-
Niirnberg (FAU), 91058 Erlangen

Manipulating free electron beams has been realized with complex elec-
trostatic fields generated with planar electrodes. Within the frame
of the moving electron, these static fields transform into an alternat-
ing auto-ponderomotive potential, resembling the one of a microwave-
driven Paul trap confining the electrons. Prior, we showed that we can
split and guide electron beams along curved paths this way, with elec-
tron energies ranging from a few electron volts to 1.7 keV (for splitting)
and 9.5 keV (for guiding). Here we focus on electron beam resonators.
We have demonstrated the first linear version to work for 50 €V elec-
trons and measured its coupling efficiency. All configurations can be
integrated into standard SEM*s, offering entirely new options for fu-
ture coherent electron control. Interaction-free measurement schemes
based on repeated electron sample interaction could benefit greatly.

Q 56.6 Thu 17:00 KG I Foyer
Characterization of auto-ponderomotive electron guides —
eNiLs Bobpg, Franz ScumIiDT-KALER, FaBiaN BaMMEs, LARs
RADTKE, MICHAEL SEIDLING, ROBERT ZIMMERMANN, and PETER
HoMmMmELHOFF — Physik Department, Friedrich-Alexander-Universitét
Erlangen-Nirnberg, Staudtstrafe 1, 91058 Erlangen

Advanced control over electron beams may enable new coherent elec-
tron applications such as a quantum electron microscope. With the
help of auto-ponderomotive structures, we have recently demonstrated
electron guiding with energies ranging from 20eV to 9,5keV. These elec-
tron guides utilize patterned electrostatic electrode assemblies, which,
seen from the comoving frame of the electron, generate a pseudopo-
tential similar to conventional Paul traps. We investigate the stability
regions of these new 2D traps as well as the coupling efficiencies, both
numerically and in experiment, for beam energies between 50eV and
500eV. Additionally, the interim deceleration of electrons inside the
guiding potential down to energies of about 0.1eV was simulated. Ini-
tial preliminary measurements show a successful deceleration of 40%
for an 500eV electron beam.

Q 56.7 Thu 17:00 KG I Foyer
Demonstration of a well-controlled atomic source for Very
Long Baseline Atom Interferometry — eDoRrROTHEE TELL, VISHU
Gupta, KAl GRENSEMANN, ERNsT M. RAseL, and DENNIS SCHLIP-
PERT — Leibniz Universitat Hannover, Institut fiir Quantenoptik

The sensitivity of an atom interferometer measuring the acceleration
of a freely falling atomic ensemble can be increased by scaling up the
available free fall time. At the Hannover Very Long Baseline Atom
Interferometry (VLBAI) facility, we have set up a 10m long base-
line for fountain interferometry with up to 2.4s of free fall. This
promises highly accurate measurements of gravitational accelerations
for gravimetry, but also offers several possibilities to test fundamental
physics, e.g. at the interface of quantum mechanics and general rela-
tivity. However a high level of control over all systematic effects and
noise sources is necessary.

This contribution focuses on the source of rubidium Bose-Einstein
condensates recently installed in the facility to complete the setup.
We demonstrate how the strict constraints necessary for the operation
of a highly accurate inertial sensor can be realized. This comprises a
fast all-optical evaporation sequence, flexible methods for manipulat-
ing the atoms in a time-averaged optical dipole trap e.g. for reducing
the expansion speed during free fall, and methods for a well-controlled,
efficient launch of the atoms into the baseline based on an accelerated
Bloch lattice.
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Q 56.8 Thu 17:00 KG I Foyer
Atomic diffraction from single-photon transitions in gravity
and Standard-Model extensions — eALEXANDER Bort!, FaBIo
D1 Pumpo!, and EnNno Giese?3 — !nstitut fiir Quantenphysik and
Center for Integrated Quantum Science and Technology (IQST), Uni-
versitdt Ulm, Albert-Einstein-Allee 11, D-89081 Ulm, Germany —
2Technische Universitit Darmstadt, Fachbereich Physik, Institut fiir
Angewandte Physik, Schlossgartenstr. 7, D-64289 Darmstadt, Ger-
many — 3Institut fiir Quantenoptik, Leibniz Universitdt Hannover,
Welfengarten 1, D-30167 Hannover, Germany

Single-photon transitions are one of the key technologies for design-
ing and operating very-long-baseline atom interferometers tailored
for terrestrial gravitational-wave and dark-matter detection. Since
such setups aim at the detection of relativistic and beyond-Standard-
Model physics, the analysis of interferometric phases as well as of
atomic diffraction must be performed to this precision and includ-
ing these effects. In contrast, most treatments focused on idealized
diffraction so far. In this contribution, we study single-photon tran-
sitions, both magnetically-induced and direct ones, in gravity and
Standard-Model extensions modeling dark matter as well as Einstein-
equivalence-principle violations. We take into account relativistic ef-
fects like the coupling of internal to center-of-mass degrees of freedom,
induced by the mass defect, as well as the gravitational redshift of the
diffracting light pulse. To this end, we also include chirping of the light
pulse required by terrestrial setups, as well as its associated modified
momentum transfer for single-photon transitions.

Q 56.9 Thu 17:00 KG I Foyer
Atom interferometers in weakly curved spacetimes: Case
study of the VLBAI — eMicHAEL WERNER and KLEMENS Ham-
MERER — Institut fiir Theoretische Physik, Leibniz Universitdt Han-
nover, Appelstrafe 2, 30167 Hannover, Germany

‘We present a systematic approach to determine all relevant phases
in the VLBAI (Very Long Baseline Atom Interferometer) experiment
in Hannover, including (general-) relativistic effects and certain noise
sources. Through this approach, we automate the derivation of al-
gebraic expressions for all relevant phases and analyze the impact of
mitigation strategies, spanning from the Coriolis effect to gravity gra-
dients. Our objective is to enhance the precision of experiments per-
formed in the VLBALI facility and deepen our understanding of the
physics inside such a large scale setup for the detection of relativistic
effects.

Q 56.10 Thu 17:00 KG I Foyer
Analytical theory of double Bragg atom interferometers
— eRur Li!, KLemeENs HamMmeRERZ, and NAcEUR GaaLour! —
ILeibniz University Hanover, Institute for quantum optics, Hannover,
Germany — 2Leibniz University Hanover, Institute for theoretical
physics, Hannover, Germany

In this talk, we will provide some new physical insights into a com-
monly used tool in atom interferometry, namely the double Bragg
diffraction (DBD). After reviewing the traditional treatment of DBD
with rotating wave approximations and its limitations, we derive an ef-
fective two-level-system (TLS) Hamiltonian via Magnus expansion for
describing the so-called *quasi-Bragg regime* where most light-pulse
atom interferometers are operating. With this effective TLS Hamil-
tonian, we systematically study the effects of polarization error and
AC-Stark shift due to second-order process on the efficiency of double-
Bragg beam-splitters. Furthermore, we show that effects of Doppler
broadening can be easily included by extending our TLS description to
a three-level-system description. Finally, we design an optimal beam-
splitter based on our effective theory via a time-dependent detuning
and show its robustness against polarization error and asymmetric
beam-splitting due to Doppler effect.

Q 56.11 Thu 17:00 KG I Foyer
Phase and error estimation of differential atom interferome-
try experiments on the ISS — eDavip B. REINHARDT!, NICHOLAS
P. BiceLow?, MarThias MeisTER!, and THE CUAS TEAMD:2:3:4 —
LGerman Aerospace Center (DLR), Institute of Quantum Technolo-
gies, Ulm, Germany — 2Department of Physics and Astronomy, Uni-
versity of Rochester, Rochester, NY, USA — 3Institut fiir Quanten-
physik and Center for Integrated Quantum Science and Technology
IQST, Ulm University, Ulm, Germany — %Leibniz University Han-
nover, Institute of Quantum Optics, QUESTLeibniz Research School,
Hanover, Germany
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Matter-wave interferometers in space are excellent tools for high pre-
cision measurements, relativistic geodesy, or Earth observation. In
differential interferometric setups common-mode noise can be supp-
resed and the differential phase enables the determination of magnetic
field curvatures or gravity gradients. Precise estimation of the differ-
ential phase is therefore key as its error contributes significantly to the
uncertainty of the whole measurement. If the ignorance about noise
types is high and the number of measurements points is small the error
estimation becomes severely more challenging. To tackle these issues,
we present an improved ellipse fitting method for the estimation of
phase, contrast, and population offset of differential interferometers as
well as their errors using a modified least-square algorithm combined
with bootstrapping of experimental data. Finally, we apply our new
method to recent data from the CAL mission measuring magnetic field
curvatures on the International Space Station.

Q 56.12 Thu 17:00 KG I Foyer

Quantum-clock interferometry — eMariO MONTERO!, ALI
Lezeik!, Kravs Ziprer!, ErNsT M. RasgL!, CHRISTIAN
ScuuBeRTH2, and DENNIS ScHLIPPERT! — !Leibniz Universitit Han-

nover, Institut fiir Quantenoptik — 2Deutsches Zentrum fiir Luft und
Raumfahrt, Institut fiir Satellitengeodésie und Inertialsensorik

The Equivalence Principle assumes the Universality of Gravitational
Redshift (UGR), which asserts that the ticking rate of two idealized
clocks in a gravitational field is independent of their internal compo-
sition. High-precision UGR tests confirm General Relativity’s validity
but hold the potential to reveal new physics if deviations are found.
Quantum-Clock Interferometry (QCI) offers a UGR test based on spe-
cific interferometer geometries with delocalised optical clock states to
measure differences in proper time affecting the interferometer’s phase
[1]. We propose an interferometer geometry sensitive to gravitational
redshift that benefits from a common-mode rejection of noise effects.

The feasibility of QCI experiments measuring gravitational redshift
depends on the availability of long-lived internal states with large en-
ergy difference, making the Yb optical clock transition an ideal can-
didate. We report on the status of our high-flux source of cooled Yb
atoms [2]. The optical transition will be driven by a two-photon E1-M1
Doppler-free excitation, requiring a narrow linewidth and high power
light source [3]. Here we present our ultra narrow clock laser at 1156
nm with high powers in excess of 20 W.

[1] PRX QUANTUM 2, 040333 (2023). [2] J. Phys. B: At. Mol.
Opt. Phys. 54, 035301 (2021). [3] Phys. Rev. A 90, 012523 (2014).

Q 56.13 Thu 17:00 KG I Foyer
Multi-axis quantum gyroscope with multi loop atomic
Sagnac interferometry — ePoLINA SHELINGOVSKAIAL, ANN SaBU!,
Yueyane Zoul, MouiNe ABbipi!, PHILIPP BARBEY!, AsHWIN
RAJAGOPALANY, CHRISTIAN SCHUBERT?, MATTHIAS GERSEMANN!,
DENNIS ScHLIPPERT!, ErnsT M. Raser!, and Sven ABeEnD! —
Hnstitut fiir Quantenoptik - Leibniz Universitiat, Welfgarten 1, 30167

Hannover — 2Deutsches Zentrum fiir Luft- und Raumfahrt,

Twin-lattice atom interferometers promise high-sensitivity rotation
measurements. Our objective is to create a transportable multi-axis
gyroscope.

This poster will present the technique of a multi-loop atom inter-
ferometer scheme that combines large momentum transfer with the
possibility to increase the available free fall time.The focus is on the
ongoing progress in the construction of the sensor head using BECs of
8TRb atoms. The associated schematic and the realisation of the nec-
essary laser system for cooling and manipulation are also highlighted.

We acknowledge financial support from the Deutsche Forschungs-
gemeinschaft (DFG, German Research Foundation) under Germany’s
Excellence Strategy - EXC-2123 QuantumFrontiers - 390837967 and
from DLR with funds provided by the BMWi under grant no. DLR
50NA2106 (QGyro+).

Q 56.14 Thu 17:00 KG I Foyer
Operating an atom interferometer in a vibrationally noisy
environment — e ASHWIN RajacopraLaN, ErRNsT M. RASEL, SVEN
ABEND, and DENNIS SCHLIPPERT — Leibniz Universitdt Hannover, In-
stitut fiir Quantenoptik,
Welfengarten 1, 30167 Hannover, Germany

Quantum inertial sensing with atom interferometry is a promising tool
for reliable and long term stable measurements of inertial effects. Due
to its limited dynamic range and reciprocal response the challenge lies
in being able to operate an atom interferometer (AI) in a high vi-
brational noise environment. We have demonstrated operating a T =
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10 ms Al without any vibration isolation with the help of a compact
opto-mechanical accelerometer. The accelerometer signal was used to
suppress the effects of ambient ground vibrational noise coupling into
our Al. The coupled noise with a Gaussian full width half maximum
of 3.2 mm/s? obscures the Al fringes. With our approach, we were not
only able to resolve Al fringes and remove measurement ambiguity,
but could also measure at a level which is 8 times more sensitive than
the ambient vibrational noise that the AI experiences. The new im-
proved version of the opto-mechanical accelerometer has the potential
for high precision AI and accelerometer correlation as they share the
same inertial reference. We report on the preliminary results and dis-
cuss prospects for AI hybridization suitable for dynamic environments.

Funded by the DFG EXC2123 QuantumFrontiers - 390837967 sup-
ported by the DLR with funds provided by BMWK under Grant No.
DLR 50NA2106 (QGyro+) and DFG SFB 1464 TerraQ.

Q 56.15 Thu 17:00 KG I Foyer
Artificial Intelligence for Quantum Sensing — eVIcTOR JOSE
MARTINEZ LAHUERTA, JAN-NicLas KIRSTEN-SIEMsS, and NACEUR
GaaLouL — Leibniz University Hannover, Institut of Quantum Op-
tics, Welfengarten 1, 30167 Hannover, Germany

Algorithms from the field of artificial intelligence (AI) and machine
learning have been employed in recent years for a variety of applica-
tions to efficiently solve multidimensional problems. In physics, these
algorithms are applied with increasing success, for example, to solve
the Schrédinger equation for many-body problems, or used experimen-
tally to generate ultracold atoms and control lasers. In this project we
aim to work on three fundamental pillars of Al in atom interferome-
try: theory modeling, measurement data extraction, and operation of
experiments. Within this context, I will show our results modeling a
diffraction phase-free Bragg atom interferometry.

Acknowledgements: This project is funded by the German Space
Agency (DLR) with funds provided by the German Federal Ministry of
Economic Affairs and Energy (German Federal Ministry of Education
and Research (BMBF)) due to an enactment of the German Bundestag
under Grant No. DLR 50WM2253A

Q 56.16 Thu 17:00 KG I Foyer
Dark Energy search using atom interferometry in micrograv-
ity — eSUKHJOVAN SINGH GILL!, MAGDALENA MissLiscH!, CHARLES
GarcioN!, Ioannis Papapakis?, Baptist Piest!, VLADIMIR
ScHKOLNIK?, SHENG-WEY CHiow?, NaN Yu?, and ERNST MARIA
RasgeL! — lInstitut fiir Quantenoptik, Leibniz Universitit Hannover,
Germany 30167 — Z2Institut fiir Physik, Humboldt Universitiat zu
Berlin, Berlin, Germany 12489 — 3Jet Propulsion Laboratory, Cal-
ifornia Institute of Technology, Pasadena, California, USA 91109

The nature of Dark energy is one of the biggest quests of modern
physics. It is needed to explain the accelerated expansion of the uni-
verse. In the chameleon theory, a hypothetical scalar field is proposed,
which might affect small test masses like dilute atomic gases. In the
vicinity of bulk masses, the chameleon field is hidden due to a screen-
ing effect making the model in concordance with observations. Dark
Energy Search using Interferometry in the Einstein-Elevator(DESIRE)
studies the chameleon field model for dark energy using Bose-Einstein
Condensate of 87Rb atoms as a source in a microgravity environ-
ment. The Einstein-Elevator provides 4 seconds of microgravity time
for multi-loop atom interferometry to search for phase contributions
induced by chameleon scalar fields shaped by a changing mass density
in their vicinity. This method suppresses the influence of vibrations,
gravity gradients and rotations via common mode rejection. The spe-
cially designed test mass suppresses gravitational effects from self-mass
and its environment. This work will further constrain thin-shell models
for dark energy by several orders of magnitude.

Q 56.17 Thu 17:00 KG I Foyer
Absolute light-shift compensated laser system for a
twin-lattice atom interferometry — eMiknalL CHEREDINOV!,

MatTHiAs GERSEMANN', Exim T. HaniMELI?, StMmoN KANTHAKS,

SVEN ABEND', ErNsT M. RaseL!, and tHE QUANTUS
TEAM1»2:3:4,5,6 nstitut fiir Quantenoptik, LU Hannover —
2ZARM, Uni Bremen — 3Institut fiir Physik, HU Berlin — “Institut
fiir Quantenphysik, Uni Ulm — SInstitut fiir Angewandte Physik, TU
Darmstadt — SInstitut fiir Physik, JGU Mainz

Twin-lattice atom interferometry (AI) is a method for forming sym-
metric interferometers with matter waves of large relative momentum
spitting by using two counter-propagating optical lattices. It has a
prospect of enabling highly sensitive inertial measurements.



Freiburg 2024 — Q

Thursday

A limiting factor for large momentum transfer is the loss of contrast,
associated with the differential absolute light shift of far detuned light
fields, linked to light fields imperfections. Thanks to a flat-top shaped
beam and addition of an oppositely detuned light field, this limitation
can be mitigated, and new records in momentum separation can be
achieved. This contribution presents the realization of a high power
laser system for absolute light shift compensated twin-lattice AT with
a monolithically mounted flat-top beam shaper.

We acknowledge financial support from the Deutsche Forschungs-
gemeinschaft (DFG, German Research Foundation) under Germany’s
Excellence Strategy - EXC-2123 QuantumFrontiers - 390837967 and
from DLR with funds provided by the BMWi under grant no. DLR
50WM2250 (QUANTUSH).

Q 56.18 Thu 17:00 KG I Foyer
Squeezing-enhanced Bragg guided BEC interferometry —
eMarTHEW GLAYSHER!, RoBIN CoRGIER?, and NacEUR GaaLouL!
— lnstitut fiir Quantenoptik, Leibniz Universitdt, Hannover —
2LNE-SYRTE, Observatoire de Paris, Université PSL, CNRS, Sor-
bonne Université, France

Atom interferometers test fundamental theories and have practical ap-
plications such as gravimeters, gradiometers and gyroscopes. Using
uncorrelated or classically correlated atomic probes state-of-the-art de-
vices already operate at the standard quantum limit (SQL) set by their
finite baseline and/or atom number resources.

To push the boundaries of compact devices, we study the realisation
of a a Bose-Einstein condensate (BEC) guided interferometer based
on Bragg diffraction [R. Corgier et al., PRA, 103 (2021)]. Taking
advantage of the BEC oscillations in the waveguide and the possibil-
ity to tune atom-atom interactions we investigate the generation of
spin-squeezing dynamics between the two modes in well-defined and
well-controlled momentum states. The entangled input state feeds
a second interferometer sequence with quantum-enhanced sensitivity
capabilities. Realistic aspects of the state-preparation parameters, in-
cluding diffraction efficiencies and BEC collisions and deformations,
are addressed in our scheme.

This project was funded within the QuantERA II Programme that
has received funding form the European Union’s Horizon 2020 research
and innovation programme under Grant Agreement No 101017733 with
funding organisation DFG (project number 499225223).

Q 56.19 Thu 17:00 KG I Foyer
Three-dimensional absorption detection system in the trans-
portable Quantum Gravimeter QG-1 eNAJWA SOPHIE
AL-Zak1', PaBLo Nufez voN Voiat!, Nina Heine!, WALDE-
MAR HERR?, CHRISTIAN ScHUBERT?, LUDGER TIMMEN3, JURGEN
MULLER?, and ERNsT M. Raser! — !Leibniz Universitét Hannover,
Institut fiir Quantenoptik, Hannover, Germany — 2Deutsches Zen-
trum fiir Luft und Raumfahrt, Institut fiir Satellitengeodésie und In-
ertialsensorik, Hannover, Germany — 3Leibniz Universitit Hannover,

Institut fiir Erdmessung, Hannover, Germany

The transportable Quantum Gravimeter QG-1 is designed to deter-
mine local gravity to the low nm/s? level of uncertainty. The in-
stallation of two additional absorption detection systems allows the
extension of the interferometer separation time 2T. The consecutive
detection of the atomic ensemble in two directions enables reconstruc-
tion of their three-dimensional position and size, offering new tools for
investigating limiting sources of error. This work focuses on estimating
the uncertainty of the bias acceleration due to the Coriolis effect by
analyzing the reconstructed three-dimensional trajectory.

We acknowledge financial funding by the Deutsche Forschungs-
gemeinschaft (DFG, German Research Foundation) - Project-ID
434617780 - SFB 1464 and under Germany’s Excellence Strategy -
EXC 2123 QuantumFrontiers, Project-ID 390837967.

Q 56.20 Thu 17:00 KG I Foyer
Noise Description in Bragg Atom Interferometer Using
Squeezed States — eJuLiAN GUNTHER!'2, JAN-NicLas KIRSTEN-
SiemMss?, NACEUR GaaLouL?, and KLEMENS HAMMERER! — !Institut
fiir Theoretische Physik, Hannover, Germany — 2Institut fiir Quan-
tenoptik, Hannover, Germany

Using entanglement for N-particle states in matter wave interferom-
eters allows one to outperform the standard quantum limit of —=
for the uncertainty in the phase measurement. We consider the use of
one-axis twisted, spin squeezed atomic states in a Bragg Mach-Zehnder
interferometer. We evaluate the phase uncertainty in the phase mea-

111

surement taking into account the fundamental multi-port and multi-
path nature of the Bragg processes, and determine optimally squeezed
states for a given geometry.

This project was funded within the QuantERA II Programme that
has received funding form the European Union’s Horizon 2020 research
and innovation programme under Grant Agreement No 101017733 with
funding organisation DFG (project number 499225223).

Q 56.21 Thu 17:00 KG I Foyer
Towards a three axes hybrid quantum inertial sensor for
navigation — eDavip LATORRE BasTipas!, Dennis KNoop?, AN-
pRE WENzLAWSKI', JENS GRossE2, SVEN HERRMANN?, and PATRICK
WINDPASSINGER! — llnstitute of Physics, JGU Mainz — 2ZARM,
University of Bremen

Hybrid quantum inertial sensors based on cold atom interferometry
have been proposed as a more accurate alternative for tracking ac-
celeration, e.g. for inertial navigation, compared to current classi-
cal accelerometers. In such hybrid sensors, the atom interferometer
is used to correct the drift of the classical sensor. Furthermore, the
hybridization of both sensors allows for a higher repetition rate and
dynamic range compared to pure quantum atom interferometers. In
this project, we plan to build a combination of an atom interferome-
ter based on stimulated Raman transitions in a Mach-Zehnder config-
uration using Rubidium-87 with opto-mechanical sensors, where the
acceleration is measured sequentially for each axis. In the framework
of this project a simulation tool was developed to find the optimal
operating parameters.

This poster will give an overview of the current design and of the
simulations that were used to optimize the measurement sequence.
Further, an outlook is given on future on-site measurements and inter-
mediate goals of the project.

Q 56.22 Thu 17:00 KG I Foyer
Laser stabilization for a compact multi-axis inertial nav-
igation system — ePuIiLIPP BARBEY!, MATTHIAS GERSEMANN!,
MouIiNe ABIDI', AsHwIN RAJaGopAaLAN', ANN SaBul, PoLINA
SHELINGOVSKAIA!, YUEvANG Zou!, CHRISTIAN SCHUBERTZ?, DENNIS
ScuLiPPERT!, ERNsT M. RaseL!, and SvEN ABEND! — lInstitut fiir
Quantenoptik - Leibniz Universitéit, Welfgarten 1, 30167 Hannover —
2Deutsches Zentrum fiir Luft- und Raumfahrt

The application of cold and ultracold atoms in light-pulse atom in-
terferometry enables the development of new technologies, including
inertial measurement systems for navigation. Quantum sensors utiliz-
ing atom interferometry offer precise measurements of inertial forces
with a focus on long-term stability, yet developing sensors for field ap-
plications requires advancements in the development of compact and
scalable technology.

One of our goals is the development of new electronics that con-
trol the sensor’s operation. In the past, these have often been built
using analog components only. Especially in the feedback loops con-
trolling the laser frequency, digital components offer more flexibility
in adjusting operational parameters. This poster presents an overview
of our proposed quantum sensor, highlighting new developments for
laser stabilization, partially based on the ARTIQ experiment control
framework.

We acknowledge financial support by the DFG EXC2123 Quantum-
Frontiers - 390837967 and by the DLR with funds provided by BMWK
under Grant No. DLR 50NA2106 (QGyro+)

Q 56.23 Thu 17:00 KG I Foyer
State-of-the art suppression of seismic noise for Very Long
Baseline Atom Interferometry — eKar C. GRENSEMANN, JONAS
KLussMEYER, Kraus ZIPFEL, ERNST M. RASEL, and DENNIS SCHLIP-
PERT — Leibniz Universitat Hannover, Institut fiir Quantenoptik

The Hannover Very Long Baseline Atom Interferometer (VLBAI) fa-
cility offers exciting capabilities for absolute precision gravimetry with
applications in geodesy and tests of fundamental physics. Its 10 m
baseline enables free fall times of up to 27" = 2.4 s and therefore large
measurement sensitivity scale factors k.gT2. However, the sensitivity
to vibrational noise of the inertial reference mirror increases similarly.
To attenuate seismic vibrations coupling to the mirror, the VLBAI fa-
cility is equipped with a state-of-the-art in-vacuum seismic attenuation
system (SAS).

Here we present the recently installed SAS with its range of featured
sensors and actuators, as well as a first benchmark of the passive vi-
bration attenuation performance. Passive attenuation in all degrees of
freedom is achieved by three sets of inverted pendula suspended from
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geometric antispring filters with a low vertical resonance frequency of
320 mHz. Residual motion at the resonance can be damped actively
using three seismometers spread over the suspended platform and six
voice coil actuators in a feedback loop. Furthermore, a central out-of-
loop low-noise seismometer provides data to post-correct the interfer-
ometer measurements. We estimate that the SAS in combination with
post-correction will allow instabilities of ~ 4 - 10*10552 at 1s, close to
the shot-noise limit of & 2 - 10~10 S% for 10% atoms.

Q 56.24 Thu 17:00 KG I Foyer
Theory of multi-axis atom interferometric sensing for iner-
tial navigation — e CHRISTIAN STRUCKMANN, KNUT STOLZENBERG,
DENNIS ScHLIPPERT, and NACEUR GaaLouL — Leibniz University
Hannover, Institute of Quantum Optics, Welfengarten 1, 30167 Han-
nover, Germany

Quantum sensors based on the interference of matter waves provide
an exceptional measurement tool for inertial forces, and are considered
next generation accelerometers for applications in geodesy, navigation,
or fundamental physics due to the absence of drifts. However, con-
ventional atom interferometers are only able to measure inertial forces
along one single axis, resulting in one acceleration and one rotation
component. To determine the motion of a moving body, an inertial
measurement unit needs to measure the acceleration and rotation of
the body along three perpendicular directions. Extending this atom
interferometeric measurement scheme to multiple components would
normally require the subsequent measurement along a differently ori-
ented axis.

In this contribution, we present our theory and simulation efforts
based on experimental schemes enabling three dimensional sensing us-
ing simultaneously operated single-axis atom interferometers. We de-
tail the sensitivity and dimensionality scaling of the measurement as
well as its potential and improvement avenues.

This work is supported by DLR funds from the
(50WM2263A-CARIOQA-GE and 50WM2253A-(AI)"2).

BMWi

Q 56.25 Thu 17:00 KG I Foyer
Scenario building for Earth Observation Space Missions Fea-
turing Quantum Sensors — eGINA KLEINSTEINBERG, CHRISTIAN
STRUCKMANN, NACEUR GaaLouL, and ForR THE CARIOQA Con-
SORTIUM — Institute of Quantum Optics, Leibniz University Hanover,
Welfengarten 1, 30167 Hanover, Germany

Being extremely sensitive to accelerations and rotations with high sta-
bility at low frequencies, atom interferometer configurations offer a
versatile approach not only for Fundamental Physics research but also
for Earth Observation. The latter is currently gaining more and more
significance, as consequences of climate change, e.g. sea level rise and
changes in water mass distributions are directly reflected in Earth’s
gravity field. In order to increase the maturity of quantum sensors
in space, the European Commission envisages a quantum pathfinder
mission, CARIOQA-PMP (Cold Atom Rubidium Interferometer in Or-
bit for Quantum Accelerometry - Pathfinder Mission Preparation),
to be launched by the end of this decade. In this contribution, we
present a simulation tool capable to analyse the mission scenarios for
the quantum pathfinder as well as for the follow-on full-fledge quantum
gravimetry mission. The mission scenario is developed in close cooper-
ation with the geodesy community within the CARIOQA-PMP project
from the classical satellite simulations, the quantum measurement and
finally the recovery of the gravity field from the interferometer signal.
This work is supported by DLR funds from the BMWi (50WM2263A-
CARIOQA-GE and 50WM2253A-(AI)"2).

Q 56.26 Thu 17:00 KG I Foyer
Quantum metrology for levito-dynamics — eFrancis HEADLEY
— Tiibingen Universitat

There has been much interest in testing the quantum nature of Gravity
through table-top opto-mechanical experiments. In particular levito-
dynamic systems have been proposed as ultrasensitive force and ac-
celeration sensors and could thus also become a strong candidate for
testing the possibility of entangling two massive objects via the grav-
itational field. These levito-dynamic set-ups promise low decoherence
environments which should allow us to probe the quantum dynamics
of massive mechanical objects. We present recent theoretical develop-
ments for interferometric experiments which utilise a system of massive
particles levitated in superconducting traps. Coupling these mechan-
ical oscillators via Gravity harbours the promise of new types of high
fidelity measurement of Newtons constant, as well as providing a new
and promising play ground for testing different quantum models.
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Q 56.27 Thu 17:00 KG I Foyer
Towards a Miniaturized Spaceborne Rubidium Two-Photon
Frequency Reference — eDanNiEL EmanverL Kownvrl:2, JuLiEn
Kruce!2, Moritz EiseBrrT!:2, KLaus DORINGSHOFF!2, NicoLAs
MANRIQU]«:1’27 and Markus Krutzikb?2 — lInstitut fiir Physik -
Humboldt-Universitiit zu Berlin — 2Ferdinand-Braun-Institut (FBH),
Leibniz-Institut fiir Hochstfrequenztechnik

We present the development of a miniaturized rubidium two-photon
frequency reference using the 5S;,5 — 5Dy /9 transition at 778.1 nm,
developed as a part of the CRONOS project. The project’s goal is
to demonstrate a micro-satellite-based optical clock in low earth or-
bit. Optical frequency standards based on frequency modulation spec-
troscopy of atomic vapor are a promising candidate for realization of
compact optical clocks for application in next generation global naviga-
tion satellite systems. Rubidium offers a 300 kHz linewidth two-photon
transition accessable with inherently Doppler free spectroscopy.

We show a prototype of a compact spectroscopy module achieving
fractional frequency instabilities in the regime of 1073 /\/7. The de-
sign comprises a projected volume below 0.5 I, mass below 1 kg and
a power consumption below 10 W. Further we present first results of
the utilization of MEMS rubidium vapor cells to reduce the size weight
and power budget of the spectroscopy module.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry for Economic Affairs and Cli-
mate Action (BMWK) due to an enactment of the German Bundestag
under grant numbers 50RK1971, 50WM2164.

Q 56.28 Thu 17:00 KG I Foyer
Two-Photon Frequency References for Optical Clocks
and Hyperfine Spectroscopy — eMoritz Eisesrrrh?, JULIEN
Krueeb2, DanierL Emanven Koun!:2, Kraus DORINGSHOFFDZ,
and Markus Krurzik!:? IFerdinand-Braun-Insitut, Leibniz-
Institut fiir Hochstfrequenztechnik — 2Institut fiir Physik, Humboldt-
Universitat zu Berlin

We present our monochromatic two-photon frequency references at
778 nm, operating on the 55 /5 — 5D5 /5 transition in Rubidium. We
use inherently Doppler-free frequency modulation spectroscopy of the
approximately 500 kHz broad transition, with detection via the fluores-
cence at 420nm. The fractional instability, derived from a beat-note
between two independent references, is below 1.7 - 10’13/ﬁ, reaching
6-10~1% for an averaging time 7 of 1000s. We present details on the
noise analysis including the influence of residual amplitude modulation
and fluctuations in the optical power.

Further, measurements of the dipole, quadrupole and octupole hy-
perfine structure constants of Rb 5Ds5 /o are presented which surpass
the precision of the current state-of-the-art values by one order of mag-
nitude.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry for Economic Affairs and Cli-
mate Action (BMWK) due to an enactment of the German Bundestag
under grant numbers 50RK1971, 50WM2164.

Q 56.29 Thu 17:00 KG I Foyer
First aluminium ion clock comparisons at PTB — eFaBiaN
Dawerb?, Jomannes Kramerb2, Marexk Hmp'2, LENNART
PeLzer!, Kar Dierzeb2, and PieT O. ScamipT!»?2 — 'Physikalisch-
Technische Bundesanstalt, 38116 Braunschweig, Germany — 2Leibniz

Universitdt Hannover, 30167 Hannover, Germany

A single trapped 27AlT ion is an excellent frequency reference for
an optical clock, as it is largely insensitive to external field shifts.
Achieved inaccuracies are below the 10718 level and thus make alu-
minum clocks a promising candidate for the re-definition of the SI
second and enable for cm-scale height difference measurements in rel-
ativistic geodesy. We estimated the systematic uncertainty budget of
PTB’s AlT clock using a single 4°Ca™ ion as a sensor. Included in the
analysis are shifts by black body radiation, collisions with background
gas molecules, residual kinetic energy from uncompensated micromo-
tion and the ac Zeeman shift caused by fast oscillating magnetic fields.
The statistical uncertainty is measured by comparing Alt with the
strontium lattice clock at PTB. This clock comparisons also allow us
to estimate the absolute frequency and compare it to other frequency
ratio measurements.

Q 56.30 Thu 17:00 KG I Foyer
Red-Emitting DBR Laser for Strontium-Based Optical
Atomic Clocks — eSANDY SzERMER, NORA (GOOSSEN-SCHMIDT,
Bassem ARAR, AHMAD Bawawmia, JOore FRricke, Jonas Hawm-
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PERL, KARL HAUSLER, ANDRE MAASSDORF, CHRISTOPH PYRLIK,
Max ScHIEMANGK, HaNs WENZEL, ANDREA KNIGGE, and ANDREAS
WicHT — Ferdinand-Braun-Institut, Leibnitz-Institut fiir Hochstfre-
quenztechnik, Gustav-Kirchhoff-Str. 4, 12489 Berlin

Strontium (Sr)-based optical atomic clocks provide promising appli-
cations such as improved satellite navigation or fundamental research
e.g. redefining the unit of time.

To deliver the repumping wavelengths for a compact, transportable
Sr lattice optical clock, we have developed red-emitting distributed
Bragg reflector (DBR) ridge waveguide (RW) lasers at 679 nm and
707nm. A higher-order surface Bragg grating is monolithically incor-
porated into a section of the RW to achieve frequency selectivity and
low frequency noise. We optimised the design of the DBR laser with re-
spect to gain section length and front facet reflectivity. For both wave-
lengths, the lasers reach FWHM linewidths (S3-separation method)
of around 1 MHz at optical output powers of more than 70 mW. We
present the current status of our work and discuss ongoing life tests
for the assessment of the operational reliability.

This work was supported by DLR Space Administration with fund
provided by the Federal Ministry for Economic Affairs and Climate
Action under grant number 50WM2152 and 50WM2351C.

Q 56.31 Thu 17:00 KG I Foyer
Towards demonstrating a rubidium based optical clock in
space — oeNicoLas MANRIQUE!'2, MoriTz EISEBITT!'2, STEPHANIE
GerkeN!, JurLieN Kruce!?2, DanierL Emanuver Kowur'2, Marhis
MULLER!, NorBERT MULLER!, Max ScHIEMANCK!, DiaN Zoul,
Kraus DoriNngsHOFF!2, ANDREAs WicHT!, Markus KruTzik!?2,
and THE QUEEN/CRONOS Teamb3% — IFerdinand-Braun-
Institut, Leibniz-Institut fiir Hochstfrequenztechnik — 2Institut fiir
Physik - Humboldt-Universitéit zu Berlin — 3Institut fiir Luft- und
Raumfahrt - Technische Universitét Berlin — *Menlo Systems GmbH

The QUEEN mission aims to demonstrate an optical atomic clock
aboard a micro-satellite in low-earth orbit. The optical clock payload
named CRONOS includes a micro-integrated extended cavity diode
laser, whose frequency is stabilized to a narrow linewidth Rubidium
two-photon transition at 778 nm. A space-borne optical frequency
comb transfers the frequency stability of the laser system to the RF
regime, providing an electrical clock output at 10 MHz with targeted
fractional frequency instabilities better than 3 x 10713 /\/7 over time
scales from 1 s to 10° s.

Here we present the current design and architecture of the CRONOS
payload, targeting a maximum volume of 25 L, mass of 20 kg, and
power consumption under 60 W, which shall operate two years in or-
bit.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry for Economic Affairs and Cli-
mate Action (BMWK) due to an enactment of the German Bundestag
under grant numbers 50WM2164.
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A highly stable laser for quantum logic spectroscopy in

an optical 27AlT clock — eGavaTrl R. SasipHARAND2, BEN-
JamiN Kraus!2, FaBian Dawer!:2, LenNarr PeLzer!?, Con-
1,2

SsTANTIN Nauk!2, Joost HinricHs!2, and PiET O. SCHMIDT

— !Physikalisch-Technische Bundesanstalt, 38116 Braunchweig, Ger-
many — 2Leibniz Universitdt Hannover, Institut fiir Quantenoptiik,
30167 Hannover, Germany

Optical clocks using trapped 27AlT clock frequency reaches a frac-
tional frequency uncertainty below 1078 [1]. This makes it a viable
candidate in a transportable setup for relative geodesy measurements
at cm height resolution. The cooling and detection transitions of Alt
ion is not directly accessible. Therefore, a co-trapped Ca™ ion is used
for sympathetic cooling and state readout through quantum logic spec-
troscopy. Highly stable lasers are needed to address both logic transi-
tions for #°Cat and 27 Alt. We present a laser system operating at 729
nm and 1068 nm locked to a Fabry-Pérot cavity of length 5 cm with
dual wavelength coating maintained at a pressure 3 x 10~2 mbar [2].
The 729 nm laser is used for the 4°Ca™ logic transition. The 1068 nm
laser is frequency quadrupled and used for 27Alt state preparations
and quantum logic operations. The results on stability measurements
of two lasers onto the same cavity and correlation measurements in
photo-thermal noise are shown.

[1] S. M. Brewer, et al., PRL 123, 033201(2019).

[2] Fabian Dawel, et al., arXiv:2311.11610.
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Artificial clock transitions with multiple trapped 4°Cat ions
as frequency references — eKal DieTze!"2, LENNART PELZER!,
Lupwic KrINNER!:2] FaBiaN DaweL!, JonanNes Kramer!2, and
Pier O. ScumipT!? — 1QUEST Institute for Experimental Quan-
tum Metrology, Physikalisch-Technische Bundesanstalt, 38116 Braun-

schweig, Germany — 2Bundesallee 100

The statistical uncertainty of trapped ion optical atomic clocks is of-
ten limited by the quantum projection noise (QPN) of the underlying
quantum system. Low ion numbers, dephasing and transition broad-
ening due to environmental noise or adjacent ions is limiting the tran-
sition linewidth and signal-to-noise ratio and therefore the achieavable
statistical uncertainty. Here we focus on creating artificial quantum
system with the Zeeman states of the 45,5 to 5D5/5 clock transi-
tion of 49Ca™, improving the QPN compared to classical interrogation
protocols. We will present our results on creating a frequency ref-
erence using continuous dynamical decoupling, mitigating noise from
magnetic field fluctuations as well as the quadrupole-shift often lim-
iting larger ion numbers [1]. Furthermore we will present results on
using GHZ entangled states between two ions as a frequency reference.
These state are designed to be in a decoherence free subspace against
magnetic field fluctuations, allowing close to lifetime limited coherence
times. We demonstrated QPN-limited relative frequency stability for
this system, reaching even below the QPN of uncorrelated atoms for
intermediate timescales.

[1] Pelzer et al., arXiv:2311.13736

Q 56.34 Thu 17:00 KG I Foyer
Recent progress on PTB’s transportable AlT ion clock —
eConsTANTIN Nauk!, BEnsamin Kraus!, Joost Hinricus!2, Gay-
ATRI SAsiDHARAN!, and Pier O. ScmmipT!? — !Physikalisch-
Technische Bundesanstalt, 38116 Braunschweig, Germany — 2Leibniz
Universitat Hannover, Institut fiir Quantenoptik, 30167 Hannover,
Germany

Optical atomic clocks demonstrate remarkable fractional systematic
and statistical frequency uncertainties on the order of 10~1® open-
ing the door to novel applications. One such application are height
measurements in relativistic geodesy at the cm level. However, earth
monitoring field campaigns require robust, reliable and transportable
hardware.

For this purpose, we are currently setting up a clock based on the
1Sy — 3Py transition in 27AlT. A co-trapped 4°Cat ion allows state
detection and cooling through quantum logic spectroscopy and sym-
pathetic cooling.

We present the 19" rack design and the current status of the trans-
portable apparatus. The physics package, including the vacuum sys-
tem designed for pressure ranges below 10710 mbar, and the surround-
ing optics are discussed. Notably, we present a combining laser setup
that combines laser light for ionization, cooling, state read-out and
repumping into one fiber. Additionally, we showcase the performance
of the cavity-stabilized clock light fundamental laser with a fractional
frequency instability of about 2- 10716 at 1 second.

Q 56.35 Thu 17:00 KG I Foyer
Probing physics beyond the standard model using ultra-
cold mercury — eTHORSTEN GRoH, SaAscHA HEIDER, and SimoN
STELLMER — Physikalisches Institut, Universitdt Bonn, Nussallee 12,
53115 Bonn

Dark matter searches for physics beyond the standard model (SM)
range from cosmological observations to high-energy collision experi-
ments and low-energy table-top experiments. The baryon asymmetry
of the universe explained by recent baryogenesis therories requires a de-
gree of CP-violation that might result in a measurable atomic electric
dipole moment (EDM). High precision spectroscopy of atomic isotope
shifts could probe for a new force carrier that directly couples neutrons
and electrons [Delaunay, PRD 96, 093001 (2017); Berengut, PRL 120,
091801 (2018)].

Mercury being one of the heaviest laser-coolable elements makes
it an ideal platform for beyond SM physics like baryon asymmetry
searches [Graner PRL 116, 161601 (2016)]. Excellent for isotope shift
spectroscopy it possesses five naturally occurring bosonic isotopes, all
of which we laser cool in our lab.

We report on recent improvements and upgrades on the machine for
transferring magneto-optically trapped mercury atoms to a high power
optical dipole trap. We present latest results on high resolution deep
UV laser isotope shift spectroscopy and multidimensional King plot
analysis of the nonlinearities. Furthermore we give outlook to beyond
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the state-of-the-art measurements of the atomic EDM of mercury.

Q 56.36 Thu 17:00 KG I Foyer
Towards an Autonomous Laser System for Operation in
Quantum Technology Applications — eJANPETER HIRSCH, MAR-
TIN GARTNER, STEPHANIE GERKEN, SRIRAM HARIHARAN, NORA
Goo0sseEN-ScHMIDT, SiMON KuBiTzA, NORBERT MULLER, MAX
ScHIEMANGK, CHRISTOPH TYBORSKI, DIAN Zou, and ANDREAS
WicHT — Ferdinand-Braun-Institut (FBH), Berlin, Germany

In the domain of quantum sensors, compact laser systems with ex-
tremely narrow linewidth and precise control over emission frequency
and output power are indispensable components. To alleviate the
user’s workload, expedite operational processes, and reduce the level of
expertise required, an automated adjustment of various actuators be-
comes essential. As part of an integrated solution, we introduce a high-
power, narrow-linewidth laser module, complemented by a frequency-
tunable reference module, both operating at a wavelength of 767 nm.
While the laser module features an active stabilization of the opti-
cal resonator length and enables mode-hop-free tuning of the optical
emission frequency, the frequency reference module facilitates an ac-
celerated lock-acquisition. Together, these advancements pave the way
for more accessible and efficient quantum technology applications.
Acknowledgement: This work was supported by VDI Technolo-
giezentrum GmbH / Federal Ministry of Education and Research
(grant numbers: 13N14906, 13N15724), by DLR Space Administration
/ Federal Ministry for Economic Affairs and Climate Action (grant
numbers: 50WM2053, 50WM2152, 50WM2176, 50WM2164) and by
Investitionsbank Berlin / European Union (grant number:10168115).

Q 56.37 Thu 17:00 KG I Foyer

Sideband Thermometry on Ion Crystals — eIvaAN VYBORNYI!,

Laura Dreissen?3, DomiNik KieseNHOFERY®, HELENE HaINzERYD,
MarTHIAS Bock®?, TuoMas OLLIKAINEN®® DANIEL VADLEJCHZ,
CHRISTIAN Roos*®, TanjaA MeHLSTAUBLER?®, and KLEMENS

HaMMERER! — lInstitut fiir theoretische Physik, Leibniz Universitét
Hannover, Appelstrafie 2, 30167 Hannover, Germany — 2Physikalisch-
Technische Bundesanstalt (PTB), Bundesallee 100, 38116 Braun-
schweig, Germany — 3Department of Physics and Astronomy, Laser-
Lab, Vrije Universiteit, De Boeleaan, 1081 HV Amsterdam, The
Netherlands — “4Universitét Innsbruck, Institut fiir Experimental-
physik, Technikerstrafe 25, 6020 Innsbruck, Austria — °Institut
fiir Quantenoptik und Quanteninformation, Osterreichische Akademie
der Wissenschaften, Technikerstraffe 21a, 6020 Innsbruck, Austria —
SInstitut fiir Quantenoptik, Leibniz Universitit Hannover, Welfen-
garten 1, 30167 Hannover, Germany

Coulomb crystals of cold trapped ions are a leading platform for quan-
tum computing, simulations and metrology. For these applications, it
is essential to be able to determine the crystal’s temperature with high
accuracy, which is a challenging task for large crystals due to complex
many-body correlations. Recently [arXiv:2306.07880v3] we presented
an ion crystal thermometry method that deals with this problem. With
two experiments (4 ions 1D linear chain and 19 ions 2D crystal) we test
the new method and cross-check it via other techniques. The results
confirm the new method being accurate and efficient. Current work
aims to generalize ion thermometry for non-thermal states of motion.

Q 56.38 Thu 17:00 KG I Foyer
Nigtrogen vacancy center based magnetometer and gra-
diometer — oJIXING ZHANG, MICHAEL KUEBLER, MAGNUS BENKE,
Ymua Wang, ANjana Karuvavarin, and JOERG WRACHTRUP — 3rd
Institute of Physics, University of Stuttgart, 70569 Stuttgart, Germany

Diamond nitrogen vacancy (NV) centers have emerged as a promis-
ing platform for quantum sensing with diverse applications spanning
multiple disciplines. This research focuses on harnessing the unique
capabilities of high-concentration NV centers to achieve unparalleled
sensitivity in magnetometry, thereby unlocking significant potential for
magnetic measurements. In comparison to established magnetometry
technologies like SQUID and OPM, NV-based magnetometry stands
out by offering a larger dynamic range, enhanced bandwidth, and su-
perior spatial resolution. This abstract introduces a novel magnetic
gradiometer, comprising two NV-based magnetometers strategically
designed to resolve weak magnetic signals from a test object amid chal-
lenging high environmental magnetic field noise conditions. The study
showcases the design principles and presents compelling measurement
results for the NV ensemble gradiometer. Our findings highlight its
remarkable potential for capturing magnetic signals associated with
human muscle and brain activity. This breakthrough not only under-
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scores the versatility of NV-based magnetometry but also positions
it as a transformative technology for advancing our understanding of
complex biological processes.

Q 56.39 Thu 17:00 KG I Foyer
Optimal Ramsey interferometry with echo protocols based on
one-axis twisting — eMaJja ScHArRNAcL!, Timm KieLinskiZ, and
KreMENS HaMmMERER? — lInstitute for Theoretical Physics, Leib-
niz University Hannover, Appelstrasse 2, 30167 Hannover, Germany
— 2Institute for Theoretical Physics and Institute for Gravitational
Physics (Albert-Einstein-Institute), Leibniz University Hannover, Ap-
pelstrasse 2, 30167 Hannover, Germany

We study a variational class of generalized Ramsey protocols that in-
clude two one-axis twisting (OAT) operations, one performed before
the phase imprint and the other after. In this framework, we opti-
mize the axes of the signal imprint, the OAT interactions, and the
direction of the final projective measurement. We distinguish between
protocols that exhibit symmetric or antisymmetric dependencies of the
spin projection signal on the measured phase. Our results show that
the quantum Fisher information, which sets the limits on the sensi-
tivity achievable with a given uniaxially twisted input state, can be
saturated within our class of variational protocols for almost all initial
twisting strengths. By incorporating numerous protocols previously
documented in the literature, our approach creates a unified frame-
work for Ramsey echo protocols with OAT states and measurements.

Q 56.40 Thu 17:00 KG I Foyer
Progress towards a continuous wave superradiant Calcium
Laser — eDaviD Nak and ANDREAs HEMMERICH — Institut fir
Quantenphysik, Universitdt Hamburg, Hamburg, Deutschland

Superradiant Lasers are suitable as light sources with ultralow band-
width, as their emission frequency is only weakly dependent on an
eigenfrequency of the laser cavity. They can be used as a read-out tool
for precise optical atomic clocks. Currently, our experiment loads cold
Calcium-40 atoms from a magneto optical trap into a one-dimensional
optical lattice prepared inside a cavity. By incoherent population of
the metastable triplet state, pulsed superradiant emission on the in-
tercombination line was realized [1].

We will present our progress with the advancement of our bichro-
matic MOT and our incoherent repumping protocol, which will enable
us to maintain the superradiant state for an extended period of time.

[1] T. Laske, H. Winter, and A. Hemmerich, Pulse Delay Time Statis-
tics in a Superradiant Laser with Calcium Atoms, Phys. Rev. Lett.
123, 103601 (2019).
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spin-dependent exotic interactions — eLel concl2, wer jib2,
PAVEL FADEEV!, FILIP FICEK!, MIN JIANG!, VICTOR V. FLAMBAUM!,
HAOSEN GUAN!, DEREK F. JACKSON KIMBALL!, MIKHAIL G. KOzLOV',
YEVGENY V. STADNIK!, and DMITRY BUDKER! — 1Helmholtz-Institut,

Mainz 55128, Germany, and others — 2Equal contribution

The fifth force may arise due to “new physics” beyond the standard
model. We focus on the spin-dependent fifth forces that are medi-
ated by new particles, such as spin-0 particles (axion and axion-like-
particles) and spin-1 particles (e.g. light Z’ particle or massless para-
photon). These new ultralight particles are also candidates for dark
matter and dark energy, and may also break fundamental symmetries.
Spin-dependent interactions between fermions have been extensively
searched for in experiments, employing methods such as comagnetome-
ters, nitrogen-vacancy spin sensors, and precision measurements of
atomic and molecular spectra |1, 2, 3]. Our research involves a theoret-
ical reassessment of exotic spin-dependent forces [4]. It produces a sys-
tematic and complete set of interaction potentials expressed in terms
of reduced coupling constants. We will conduct an extensive analysis
of the existing body of experimental literature on spin-dependent fifth
forces, which will produce systematic exclusion plots. This will lead to
a comprehensive understanding of the current research landscape and
provide insights for further research.

References: [1] Wei Ji, et al. PRL, 130, 133202, 2023. [2]| Xing
Rong, et al. NC, 9, 739, 2018. [3] Filip Ficek, et al. PRL, 120,
183002, 2018. [4] Pavel Fadeev, et al. PRA, 99, 022113, 2019.

Q 56.42 Thu 17:00 KG I Foyer
Low-noise magnetic sensing with tin-vacancy centers — e GEsa
WELKER!, YUuraN Li!, ToENO VAN DER SAR!, and RicHARD NORTE2
— 1Faculty of Applied Sciences, TU Delft, The Netherlands —
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2Faculty of 3mE, TU Delft, The Netherlands

Similar to the well-known nitrogen-vacancies (NV), tin-vacancy (SnV)
defects in diamond have optically active spins. One of their most in-
triguing properties is their resilience to electrical noise, which is four
orders of magnitude higher than for NV centers [1]. SnV centers are
therefore expected to be formidable magnetic field sensors that out-
perform NV-based sensors at cryogenic temperatures. To the best
of our knowledge, SnV centers have not been used for sensing since
their experimental realization in 2017 [2,3]. We develop a fiber-coupled
scanning-SnV-magnetometry setup, based on earlier work in our group
with fiber-coupled NV centers [4]. We attach a diamond nanobeam

with SnV centers to a tapered optical fiber, which we then scan across
a sample. Fiber coupling increases sensitivity via a high optical excita-
tion and collection efficiency. It allows using low laser power, thereby
bringing millikelvin magnetometry into reach. Furthermore, fiber cou-
pling eliminates the need for realignment of free-space optics when
cooling to cryogenic temperatures. Our goal is achieving a sensitivity
high enough to study weak magnetic signatures in condensed matter
systems, e.g. 2D materials or correlated electron systems. [1] De San-
tis et al., PRL 127, 147402 (2021) [2] Iwasaki et al., PRL 119, 253601
(2017) [3] Ditalia Tchernij et al., ACS Photonics 4, 2580-2586 (2017)
[4] Li et al., ACS Photonics 10, 1859-1865 (2023)
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Q 57.1 Thu 17:00 Aula Foyer
Implementation of a laser system for alkali vapor MEMS
cell activation eJANICE WOLLENBERG', JENICHI CLAIR-
vaux FerLizco?, JurieN Krucel2, Danier EmaNueL Kourb?2,
Karl GeHRKEZ, ANDREAs THiEs?, Kraus DORINGSHOFFL'2, OLAF
KrUGER?, and Markus Krurzik'? — llnstitut fiir Physik -
Humboldt-Universitét zu Berlin — 2Ferdinand - Braun-Institut, Leib-

niz - Institut fiir Hochstfrequenztechnik

We present a laser system designed for activating and characterizing
Rubidium vapor MEMS cells. These mm-size cells are intended for
use in chip-scale optical frequency references utilizing two-photon spec-
troscopy of Rubidium at 778 nm.

Our approach involves employing a high-power laser at 1064 nm to
release elementary Rb from a dispenser pill within the MEMS cell.
Within the dual-chambered MEMS cell, one chamber contains the Rb
dispenser pill, which gets activated by the 1064 nm laser and releases
Rb vapor into the second spectroscopy chamber via micro-channels.
There, we use Doppler-free saturation spectroscopy of the D2 transi-
tion at 780 nm to characterize the quality of the cells. The outcomes
of this work are expected to contribute to the development of optical
frequency references, expanding their potential applications, e.g., in
optical atomic clocks based on two-photon spectroscopy of Rubidium.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry for Economic Affairs and Cli-
mate Action (BMWK) due to an enactment of the German Bundestag
under grant numbers 50RK1971.

Q 57.2 Thu 17:00 Aula Foyer
Status of a modern Michelson Morley experiment using ul-
trastable cryogenic cavities and shot noise limited cryogenic
detectors — eERrIcH GUNTER LEO PAPE, EVGENY KOVALCHUK, and
AcHim PETERS — Newtonstr. 15, 12489, Berlin, Humboldt Univer-
sitdt zu Berlin, Institut fiir Physik

We present advancements in cryogenic experiments, showcasing an
optical sapphire cavity setup for a Michelson-Morley experiment on
Lorentz violations with a target frequency stability of 10*16Hz/\/Hiz.
Furthermore, we present our cryogenic detectors using a cryogenic
MESFET preamplifier for high bandwidth shot noise-limited perfor-
mance at 10uW laser power, contributing to enhanced precision in
signal detection.

Q 57.3 Thu 17:00 Aula Foyer
Optofluidic lasing within a fiber-based microresonator —
eMusTaAFA GERDAN, SHALOM PaALkHIVALA, LARissaA KoHLER, and
Davip HunGER — Karlsruhe Institute of Technology, Karlsruhe, DE

Most biochemical processes which are of interest to biological examina-
tions occur in aqueous environments and require sensitive measurement
techniques. The process of laser generation is highly sensitive to subtle
changes in environmental conditions, making a lasing-based sensor a
promising candidate for biosensing. As a first step towards optoflu-
idic lasing-based sensing, we have demonstrated a dye microlaser in a
fiber-based Fabry-Perot optical resonator [1] using rhodamine 6G as a
gain medium. The resonator is integrated into a microfluidic system,
allowing reactions within the gain medium to directly influence the
lasing of the microlaser. By monitoring the lasing output, e.g. via
the lasing threshold, small changes in the vicinity can be investigated.
We shall report work towards constructing an optofluidic microlaser
using europium-based molecules [2] as the gain medium. Europium
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presents distinct advantages in contrast to organic dyes, including its
resistance to bleaching, precisely defined energy levels of the 4f-states,
narrow linewidth of f-f transitions, and long lifetime. Such a device
shows promise as a sensitive method in the monitoring of biochemical
processes, such as small concentration changes or cell dynamics in a
solution phase.

[1] Kohler, L. et al. Nat Commun 12, 6385 (2021)

[2] Kuzmanoski, A. et al. Zeitschrift fiir Naturforschung B,

Vol. 69 (Issue 2), pp. 248-254 (2014)

Q 57.4 Thu 17:00 Aula Foyer
Status of Laser Cooling at the FAIR SIS100 — eDENISE
Scuwarz!, Jens Gumm!, BENEDIKT LANGFELD!, SEBASTIAN
KrammMmis?, DanvaL WINTERs?, and THomas Warrherb3 — 1TU

Darmstadt — 2GSI Darmstadt — 3SHFHF Darmstadt

Bunched relativistic ion beams with a narrow momentum distribution
are key for precision experiments at accelerator facilities. To reduce
the relative momentum distribution, the principle of laser cooling can
be utilized.

Past experiments conducted at the Experimental Storage Ring (ESR)
at GSI have demonstrated the advantage of both cw and pulsed UV
laser in decreasing the relative momentum distribution of bunched rel-
ativistic ion beams.

To achieve even better result, the integration of three laser systems,
one cw and two pulsed laser, has been proposed for laser cooling at
the FAIR SIS100. To implement this new scenario, overlap in space,
time and energy of the three laser beams with the ion beam needs to
be optimized.

This work presents the specifics of laser cooling with the integration of
three laser systems and focuses mainly on creating good spatial over-
lap between ion and laser beams, also taking into account the need for
active laser beam stabilization.

Q 57.5 Thu 17:00 Aula Foyer
Utilizing coupled mode theory for surrogate modeling with
3D FDTD simulations of GaAs-based surface Bragg grating
— eYasMIN RaHIMOF, IcorR NECHEPURENKO, STEN WENZEL, REzA
ManaNI, and ANDREAS WICHT — Ferdinand-Braun-Institut (FBH)

Diode lasers with remarkably narrow linewidths, like Extended Cav-
ity Diode Lasers (ECDLs), are vital components for photonic systems
which have various applications in quantum computing, optical atomic
clocks and quantum sensors based on atom interferometry. The mono-
lithic ECDL (mECDL) represents an advanced photonic device, inte-
grating electro-optical efficiency and compactness onto a single GaAs
chip. This study introduces a surrogate model for the Bragg gratings
in mECDL.

Recent mECDL improvements focus on optimizing Bragg gratings to
reduce frequency noise. Achieving this goal involves utilizing Finite-
Difference Time-Domain (FDTD) simulations to investigate the re-
flectance spectra. However, conducting these simulations is compu-
tationally complex. This complexity presents challenges, particularly
in the context of large-scale structure simulations. To overcome this
problem, we have employed a more efficient approach by integrating 3D
FDTD with 1D coupled mode theory. This "hybrid” method created
an accurate surrogate model for predicting Bragg grating’s reflectance
spectrum, drastically reducing simulation time. In summary, our re-
search introduces a robust surrogate model for mECDL Bragg grat-
ing, enabling precise performance predictions instead of implementing
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time-consuming 3D simulations.

Q 57.6 Thu 17:00 Aula Foyer
Tunability of a Pulsed UV Laser System for Laser Cool-
ing of Relativistic Bunched Ion Beams — eTaMINA GRUNWITZ,
BeNEDIKT LANGFELD, and THOMAS WALTHER — Technische Univer-
sitdt Darmstadt

The usage of laser cooling as the only cooling method at FAIR’s new
synchrotron SIS100 promises a narrow momentum distribution of the
relativistic bunched ion beams. In order to address a wide range of
ion velocities, the pulsed laser system used for cooling must have the
ability to be tunable at the cooling wavelength in the UV region.

In this contribution, we present our tunable pulsed laser system at a
center wavelength of 257 nm. For tunability of the whole system, the
seed wavelength can be tuned over a range of 3 nm around the center
wavelength of 1030 nm. To ensure that this change in wavelength
is converted to the UV region at maximum performance, both angle
adjustments of the fiber amplifiers ASE filters and phase matching of
the second SHG stage (critical phase matching) must be automated.
In this work, we will present recent progress on these automations and
their performance.

Q 57.7 Thu 17:00 Aula Foyer
Generation of cw UV radiation using elliptical focusing en-
hancement cavities — eJenNs Gumm!, DaNIEL PRreissLEr!, and

TroMas WarLTHERD2 — 1TU Darmstadt — ?HFHF Darmstadt

Long term cw laser operation with high output power in the UV spec-
tral range is of great interest in many scientific and commercial appli-
cations.

Generation of cw-UV light is often realized by resonant second har-
monic generation employing S-Barium Borate (BBO) as the nonlinear
optical medium. A known parasitic effect in BBO is the degradation
of the crystal due to two-photon absorption.

We theoretically showed that elliptical focusing can lead to higher con-
version efficiencies compared to the spherical optimum and decreases
the peak intensity in the nonlinear crystal.

Experimentally, we demonstrated UV powers in excess of 2W.

Q 57.8 Thu 17:00 Aula Foyer
Defect Dynamics and Microstructure in Colloidal Glasses Us-
ing Holographic Optical Tweezers — eRHUTHWIK SRIRANGA2Z,
RATIMANASEE SAHUL, DipTABRATA PAULY, GV Pavan Kumar!, Vi-
JAYAKUMAR CHIKKADI!, and PATRIcK WINDPASSINGER? — !Indian
Institute of Science Education and Research Pune, India — 2Institute
of Physics, Johannes Gutenberg-Universitat Mainz

This study delves into the intricate relationship between plastic activ-
ity and microstructure in amorphous materials using optical tweezer
techniques. Shear fields in a colloidal monolayer are generated using
holographic optical tweezers with a Laguerre-Gaussian beam and a
spatial light modulator. With this setup, we examine the relationships
between defect dynamics and microstructure in a quasi-2D system of
colloidal glasses, including the orientation of defects with respect to
the shear direction. Using time-shared optical tweezers to trap more
than 250 particles, we investigate the effect of random pinning on the
phonon modes in colloidal crystals and glasses. Through these optical
techniques, we aim to bridge the gap in understanding the behaviour
of disordered solids and their response to external stimuli, providing
valuable insights into the fundamental mechanics of amorphous sub-
stances.

Q 57.9 Thu 17:00 Aula Foyer
Advancing Fiber Cavity QED with Precision Mirror Fabri-
cation — eNick THEILACKER, PATRICK MAIER, GREGOR BAYER,
SELENE SACHERO, ROBERT BERGHAUS, DaviD OPFERKUCH, and
ALEXANDER KUBANEK — University Ulm , Institute for Quantum Op-
tics, Albert-Einstein-Allee 11, 89081 Ulm, Germany

In quantum photonic applications, achieving efficient single-photon ex-
change requires high-quality resonators. Researchers focus on reducing
mode volume (V) and increasing quality factor (Q) in Fabry-Pérot res-
onators. This involves crafting concave structures with a small radius
of curvature (ROC) and low surface roughness (Osc). Here, we re-
port on our latest effort to optimize the ratio of Q over V to estabish
concave mirrors for next generation F.-P. microcavities.

Q 57.10 Thu 17:00 Aula Foyer
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Noise cancelling in solid-state lasers — eTnHomas KoNRAD!,

Tosias StTrINLE!, RoMAN BEk?, MICHAEL SCHARWAECHTERZ,
MATTHIAS SEIBOLD2, ANDY STEINMANNY, and HARALD GIESSEN!
— 14th Physics Institute and Research Center SCoPE, University of
Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart — 2Twenty-One Semi-

conductors GmbH, Allmandring 3, 70569 Stuttgart

Ultra-low-noise laser sources are key for fast and precise measurements,
for instance in the fields of bioimaging, near-field optical microscopy,
and gravitational wave detection. Besides efficient detection, the laser
noise figure is the dominating factor that should be exploited to the
fundamental limit demarked by the shot noise. Higher laser noise can
be compensated by longer averaging, but the penalty in measurement
time scales with the square of the excess noise. Especially with biologi-
cal samples a significant longer measurement time can alter the results.
Therefore, noise reduction of the system itself is more beneficial than
longer measurement durations.

In this work we investigate an active noise cancelling scheme in solid
state lasers, which are commonly used in many high precision appli-
cations. Instead of reducing the noise after the laser, we investigate
approaches to reduce the laser noise at its source, namely the laser cav-
ity itself. Due to a resonant coupling between the lifetime of the gain
medium and the intracavity laser field, relaxation oscillations are one
dominating noise phenomenon in solid-state lasers. Our approach is to
actively modulate the absolute gain in a solid-state laser against the
relaxation oscillations to achieve wide-band ultra-low intensity noise.

Q 57.11 Thu 17:00 Aula Foyer
Machine-aided Autonomous Dispersion Compensation of
Femtosecond Pulses in a Fiber-Integrated System — eMEHMET
MuUrTU0oGLU, BENNET FIscHER, and MAR1iO CHEMNITZ — Leibniz-
Institute of Photonic Technologies, Albert-Einstein-Str. 9, 07745 Jena,
Germany.

Dispersion compensation is crucial for optical communication and non-
linear optics. Typical compensation methods rely on bulky disper-
sive elements such as prisms and gratings or dispersive compensating
fibers(DCFs). In this work, we compensated 6-meter fiber system dis-
persion to achieve transform-limited femtosecond pulses at the lead
fiber’s distal end. Wave shaping manipulates individual frequencies in
the frequency domain, enhancing control over the phase profile. Our
setup consists of a laser, an amplifier(EDFA), a waveshaper, an auto-
correlator, and a computer. Our methodology incorporates a feedback
loop between the autocorrelator and the waveshaper to optimize the
phase of an ultrashort pulse autonomously. For unsupervised system
control, we implement the Particle Swarm Optimization algorithm to
compensate for target system configuration (e.g. fiber lengths or pump
power). The swarm algorithm optimizes the seven free parameters of
a polynomial Taylor expansion in 6th order. In our experiments, we
consistently approached transform-limited pulses in various scenarios,
achieving durations of 120 fs at lower power and 72 fs at higher power.
Our machine-assisted compression method is applicable to supercon-
tinuum spectra excitation in highly nonlinear fibers.

Q 57.12 Thu 17:00 Aula Foyer
Coherent control in V-type systems: Simulation insights
using intense two-dimensional coherent spectroscopy —
eRisHABH TRripaTHI, KRiISHNA KUMAR MAURYA, and ROHAN SINGH
— Indian Institute of Science Education and Research, Bhopal

Our study investigates coherent control in V-type three-level sys-
tems using high-intensity, ultrafast laser pulses, explored through two-
dimensional coherent spectroscopy (2DCS). Employing numerical so-
lutions of the optical Bloch equations, we analyze the response of a
V-type system to Gaussian pulses of 10 fs and 120 fs. The research
reveals that shorter pulses induce uniform Rabi oscillations, whereas
longer pulses result in complex quantum interference and state-specific
population dynamics. This distinction underscores the pivotal role of
pulse duration and spectral properties in modulating quantum inter-
actions.

Our 2DCS simulations, utilizing phase-cycling methods, provide in-
sights into the system’s spectral response in both perturbative and
non-perturbative regimes. These simulations reveal the manipulation
of spectral peak amplitudes and phases by adjusting the pulse areas,
demonstrating control over the system.

This work contributes to the understanding of light-matter interac-
tions in quantum systems and highlights the potential of tailored laser
pulses for advanced coherent control, with implications for atomic va-
pors, semiconductor nanostructures, and photonics research.
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Q 57.13 Thu 17:00 Aula Foyer
Towards frequency comb Raman spectroscopy for quantum
logic — eErLyas MatTivi — Institut flir Experimentalphysik, Univer-
sitdt Innsbruck, Technikerstr. 25, A-6020 Innsbruck, Austria

One of the most attractive quantum computing platforms is that of
atomic ions. We aim to investigate an alternative approach that substi-
tutes atomic ions with molecular ions, which allows for the utilization
of rotational degrees of freedom for quantum information encoding.
However, due to the complex internal structure of molecules, advanced
methods are required to manipulate and readout their quantum states.
In order to prepare, control, and characterize molecules at the quan-
tum level, we are developing a setup for two-beam frequency comb
Raman spectroscopy.

The two-beam frequency comb Raman setup allows precise control
over driving rotational transitions in molecular ions. We will drive two-
beam frequency comb Raman carrier transitions between the electronic
D-levels in Ca+. The same system will be used for driving rotational
state transitions in CaH+ and CaOH-+. The possibility of directly
driving sideband transitions with the frequency comb will also be ex-
plored. Driving rotational transitions in molecules, especially sideband
transitions, requires higher intensities, necessitating the use of an am-
plifier. Dispersion in the optical path also decreases Raman efficiency.
My project focuses on the amplification and dispersion compensation
of the comb light used in this Raman setup.

Q 57.14 Thu 17:00 Aula Foyer
Towards state preparation, readout, and control of poly-
atomic molecular ions using quantum logic spectroscopy —
eMARIANO Isaza-MoNSALVE — University of Innsbruck, Innsbruck,
Austria

Molecular ions offer more degrees of freedom than atomic ions. These
larger Hilbert spaces are rich and interesting landscapes to explore,
possibly enabling quantum information applications such as quantum
error correcting (QEC) schemes not available in atomic ions. This
requires efficient and precise control of the molecular ion states. Co-
trapping a molecular ion with an atomic ion facilitates state prepa-
ration and readout via quantum logic spectroscopy. Our group aims
to use calcium-based molecules, e.g., CaH+ or CaOH+, co-trapped
with a 40Ca+ ion for exploring these applications in QEC and preci-
sion spectroscopy. Coherent control within a rotational manifold of a
molecular ion can be achieved by driving two-beam Raman transitions,
as direct transitions between the sublevels in the same manifold are
forbidden by selection rules.

Q 57.15 Thu 17:00 Aula Foyer
Enhancing multi-electron event reconstruction for delay line
detectors using deep learning — eTobias VorLk!, Marco
KniprER!, STEFAN MEIER!, Jonas HeMERL!, SERGEI GLEYZERZ,
and PeTErR HoMmMELHOFF! — lDepartment of Physics, Friedrich-
Alexander-Universitidt Erlangen-Niirnberg (FAU), 91058 Erlangen,
Germany — 2Department of Physics and Astronomy, University of
Alabama, Tuscaloosa, AL 35487, USA

Accurate detection of multiple, closely spaced electrons is of utmost in-
terest for correlation experiments |1, 2]. However, the reconstruction of
individual electrons becomes particularly challenging if multiple elec-
trons arrive closely confined in space and time. One possibility for
a multi-hit capable detector system are so-called delay line detectors,
where the core aspect of electron event reconstruction is the detection

Q 58: Ultra-cold Atoms, lons
Time: Friday 11:00-13:00

Q 58.1 Fri 11:00 HS 1098
Accurate and efficient Bloch-oscillation-enhanced atom inter-
ferometry — eFLORIAN FiTzEK!2, JAN-Ni1cLAS KIRSTEN-SIEMSS?,
ErnsT M. RaseL?, Naceur GaaLouL?, and KLEMENS HAMMERER!
— Mnstitut fiir Theoretische Physik, Leibniz Universitit Hannover,
Germany — 2Institut fiir Quantenoptik, Leibniz Universitit Hannover,
Germany

Bloch oscillations of atoms in optical lattices offer a powerful technique

to significantly enhance the sensitivity of atom interferometers by or-
ders of magnitude. To fully exploit the potential of this method, an

of voltage peaks. While classical methods work well on single electron
events, they fail to reconstruct multiple close electrons arriving within
a narrow time window. The result is a profound dead zone hinder-
ing the evaluation of especially interesting, close electron events. To
address this challenge, we introduce a deep learning approach for the
spatio-temporal reconstruction of multi-electron events [3]. We achieve
a dead radius of 2.5 mm, reducing the classical limit by a factor of 8
while improving the overall resolution. Based on this, already existing
delay-line setups can be improved posterior, not limited to electrons.

[1] S. Meier et al., Nature Physics 19, 1402-1409 (2023)

[2] R. Haindl et al., Nature Physics 19, 1410-1417 (2023)

[3] M. Knipfer et al., arXiv:2306.09359 (2023)

Q 57.16 Thu 17:00 Aula Foyer

Optical coherence tomography of encapsulated two-
dimensional materials using extreme ultraviolet radiation
from high-harmonic generation sources — eFELIX WIESNER!,

Jurtus RemnHARDY2, Jonann J ABrL!, MARTIN WONsScHE!, GER-
HARD G Paurus'»2, and Stvio Fucus! 23 — lInstitute of Optics and
Quantum Electronics, Friedrich Schiller University Jena, Jena, Ger-
many — 2Helmholtz Institute Jena, Jena, Germany — 3University of
Applied Sciences Mittweida, Laserinstitut (LHM, Mittweida, Germany

Atomically thin materials, such as graphene or transition-metal dichal-
gonides (TMDs), demonstrate exciting physical properties. For the
majority of applications, the monolayers must be encapsulated for pas-
sivation, protection, or functionalization. Although many techniques
exist to characterize the monolayers themselves, methods for imaging
encapsulated monolayers are lacking.

Coherence tomography with extreme ultraviolet light (XCT) is a
high resolution, high sensitivity technique for axial imaging. The high
spatial resolution is enabled by the use of broadband extreme ultravio-
let (EUV) light produced by high-harmonic generation (HHG). Conse-
quently, XCT promises to provide important information on the struc-
ture of samples containing encapsulated monolayers.

This study applies XCT to the investigation of graphene layers
in a silicon encapsulation. Mono-, bi-, and trilayers of encapsulated
graphene can be differentiated. Furthermore the interface roughness
and the thickness of native oxide layers can be reconstructed. We
discuss the applicability of the method to additional types of samples.

Q 57.17 Thu 17:00 Aula Foyer
Evolution of Floquet topological quantum states in
drivensemiconductors — ANDREAs Lusarscu! and eREGINE

Frank?3 — 1Physikalisches Institut, Rheinische Friedrich Wilhelms
Universitaet Bonn — 2College of Biomedical Sciences, Larkin Univer-
sity, Miami, Florida, USA — 3Donostia International Physics Center,
20018 Donostia-San Sebastian, Spain

Spatially uniform excitations can induce Floquet topological band-
structures within insulators which have equal characteristics to those of
topological insulators. We demonstrate the evolution of Floquet topo-
logical quantum states for electromagnetically driven semiconductor
bulk matter. We show the direct physical impact of the mathematical
precision of the Floquet-Keldysh theory when we solve the driven sys-
tem of a generalized Hubbard model with our framework of dynamical
mean field theory (DMFT) in the non-equilibrium with physical con-
sequences for opto-electronic applications. [1] A. Lubatsch, R. Frank,
Eur. Phys. J. B (2019) 92: 215 [2] A.Lubatsch, R. Frank, Symmetry
2019, 11, 1246 [3] P.-C. Chang, J.G.Lu, Appl. Phys. Lett. 2008, 92,
212113

and BEC IV (joint session A/Q)
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accurate theoretical description of losses and phases beyond current
treatments is essential. In this work, we introduce a comprehensive
theoretical framework for Bloch-oscillation-enhanced atom interferom-
etry [Fitzek et al., arXiv:2306.09399]. We confirm its accuracy through
comparison with an exact numerical solution of the Schrédinger equa-
tion [Fitzek et al., Sci Rep 10, 22120 (2020)]. Using our approach,
we define the fundamental efficiency and accuracy limits of Bloch-
oscillation-enhanced atom interferometers and establish design crite-
ria to achieve their saturation. We compare these limits to current
state-of-the-art atom interferometers and formulate requirements for
the improvement of future quantum sensors.
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This work is supported through the Deutsche Forschungsge-
meinschaft (DFG) under EXC 2123 QuantumFrontiers, Project-ID
390837967 and under the CRC1227 within Project No. A05 as well
as by the VDI with funds provided by the BMBF under Grant No.
VDI 13N14838 (TAIOL).

Q 58.2 Fri 11:15 HS 1098
Quantum fluctuations in one-dimensional supersolids —
eCHris BUHLER, ToBias ILg, and HANs PETER BUCHLER — Insti-
tute for Theoretical Physics III and Center for Integrated Quantum
Science and Technology, University of Stuttgart

In one dimension, quantum fluctuations prevent the appearance of
long-range order in a supersolid, and only quasi-long-range order can
survive. We derive this quantum critical behavior and study its in-
fluence on the superfluid response and properties of the solid. The
analysis is based on an effective low-energy description accounting for
the two coupled Goldstone modes. We find that the quantum phase
transition from the superfluid to the supersolid is shifted by quan-
tum fluctuations from the position where the local formation of a solid
structure takes place. For current experimental parameters with dipo-
lar atomic gases, this shift is extremely small and cannot be resolved
yet, i.e., current observations in experiments are expected to be in
agreement with predictions from mean-field theory based on the ex-
tended Gross-Pitaevskii formalism.

https://journals.aps.org/prresearch/abstract /10.1103 /PhysRevResear

Q 58.3 Fri 11:30 HS 1098
Realizing freely programmable passively phase-stable 2D op-
tical lattices — Davip WEr"?, eDaNIEL ADLERDZ, KRITSANA
SrakAEWD2) SucHiTA AcrRawaLl?, Pascar WrcokesserD2, Im-
MANUEL Brocu®?23  and Jonannes ZemHerD?2 — 1Max-Planck-
Institut fiir Quantenoptik, 85748 Garching, Germany — 2?Munich Cen-
ter for Quantum Science and Technology (MCQST), 80799 Munich,
Germany — 3Fakultit fiir Physik, Ludwig-Maximilians-Universitit,
80799 Munich, Germany

Ultracold atoms in optical lattices have become a vital platform for ex-
perimental quantum simulation, enabling the precise study of a variety
of quantum many-body problems. For most experiments, the layout
of the lattice beams restricts the accessible lattice configurations and
thus the underlying physics. Here, we present a novel tunable lattice,
which provides programmable unit cell connectivity and in principle
allows for changing the geometry mid-sequence. Our approach builds
on the phase-stable realization of a square or triangular lattice com-
bined with microscopically projected repulsive local potential patterns.
We benchmark the performance of this system through single-particle
quantum walks in the square, triangular, kagome, and Lieb lattices.
In the strongly correlated regime, we microscopically characterize the
geometry dependence of the quantum fluctuations.

Q 58.4 Fri 11:45 HS 1098
Phase diagram of the extended anyon Hubbard model in
one dimension — eIMKE ScHNEIDER!, MARTIN BoNkHOFFZ, KEVIN
JAcerING!, Snuie Hu3, AXEL PELSTER!, and SEBASTIAN EGGERT!
— 1University of Kaiserslautern-Landau, Landesforschungszentrum
OPTIMAS — 2Universitit Hamburg — 2Beijing Computational Sci-
ence Research Center

Anyons with arbitrary exchange angle can be realized using ultracold
atoms in optical lattices. Here, we study the anyonic extended Hub-
bard model in one dimension. At unit filling a repulsive next-nearest
neighbor interaction generally leads to gapped phases but it is far from
trivial which correlations are the dominant ones as a function of topo-
logical exchange angle and on-site interaction U. We find that a careful
derivation of all terms in the Luttinger liquid theory predicts an inter-
mediate phase between a Mott insulator for large repulsive U and a
charge density wave at negative U. As a function of exchange angle the
intermediate phase changes from Haldane insulator for pseudo bosons
to a dimerized phase for pseudo fermions at an interesting multicritical
point. Our results are confirmed by extensive numerical simulations.

Q 58.5 Fri 12:00 HS 1098

Spontaneous ignition of an ion trap engine — ePETER STABEL,
Dieco FiecurH, and JAMES ANGLIN — RPTU Kaiserslautern

Do the microscopic roots of thermodynamics extend even before the
onset of chaotic ergodization, into the integrable Hamiltonian mechan-
ics of small, isolated systems? Here we propose a set of experiments
on the three-dimensional motion of a single ion in a linear Paul Trap,

118

in which the focus is not on any form of thermalization, but on the
engine-like secular transfer of energy between fast and slow degrees of
freedom, analogous to the rapid motions of hot gas particles slowly
lifting a weight. The ion’s three motional degrees of freedom consti-
tute the entire system, which is isolated and undriven; a high-frequency
transverse vibrational mode of the ion plays the role of a battery or fuel
tank, or hot reservoir to power steady axial motion against an opposing
force. We show that this combustion engine-like system can generically
run autonomously, but that only under a certain more stringent condi-
tion can the engine also start autonomously. This non-trivial condition
for autonomous starting of the engine-like process can be derived from
unitarity, via the classical Kruskal-Neishtadt-Henrard theorem and its
recent quantum extension. Although these post-adiabatic theorems do
not involve ergodization, they do involve a certain increase of phase
space areas, or subspace dimensions, and may play a role similar to
that played macroscopically by thermodynamics, in constraining the
design of microscopic autonomous machines.

Q 58.6 Fri12:15 HS 1098
Emergence of a Bose polaron in a small ring threaded by the
Aharonov-Bohm flux — eFaBIAN BRAUNEIS!, AREG (GHAZARYANZ,
Hans-WERNER HaMMER!3, and ArRTEM VoLosNiEvZ — !Technische
Universitdt Darmstadt, Department of Physics, 64289 Darmstadt,

Germany — 2Institute of Science and Technology Austria (ISTA),

h¥08skdesterneuburg, Austria — 3ExtreMe Matter Institute EMMI

and Helmholtz Forschungsakademie Hessen fiir FAIR (HFHF), 64291
Darmstadt, Germany

The model of a ring threaded by the Aharonov-Bohm flux underlies
our understanding of a coupling between gauge potentials and matter.
The typical formulation of the model is based upon a single particle
picture, and should be extended when interactions with other particles
become relevant. Here, we illustrate such an extension for a particle in
an Aharonov-Bohm ring subject to interactions with a weakly inter-
acting Bose gas. Our findings demonstrate that the system’s ground
state can be effectively characterized using the Bose polaron concept
— a particle dressed by interactions with a bosonic environment. Our
results suggest the Aharonov-Bohm ring as a platform for the few-
to many-body crossover of quasi-particles that arise from an impurity
immersed in a medium.

This work has received funding from the DFG Project no. 413495248
[VO 2437/1-1].

Q 58.7 Fri 12:30 HS 1098
Effective Theory for the Gaudin-Yang model — eTiMoTHY

GEORGE BACKERT!, Hans-WERNER ~ HaMMERD3, ARTEM

VoLosniev?, FapiaNn Brauneis!, Joacuim Branp?, and Mariia
bl b b

Curar?* — 1Technische Universitat Darmstadt, Department of Physics

— 2Institute of Science and Technology Austria (ISTA) — 3ExtreMe
Matter Institute EMMIand Helmholtz Forschungsakademie Hessen fiir
FAIR (HFHF) — *New Zealand Institute for Advanced Study, Massey
University, New Zealand

We investigate the crossover from a Bardeen-Cooper-Schrieffer super-
fluid with loosely bound Cooper pairs to a Bose-Einstein condensate of
tightly bound dimers (molecules) for a one-dimensional spin-1/2 Fermi
gas (Gaudin-Yang model [GY]) on a ring. We obtain exact Bethe-
Ansatz solutions which describe the BCS-BEC crossover in the form
of a transition from a (BCS-like) gas of loosely bound fermion pairs to
a Tonks-Girardeau gas of tightly bound dimers. For the experimen-
tally relevant case of an external potential only numerical solutions can
be obtained. In order to obtain analytical insights into the case with
an external potential, we set up an effective theory with fermions and
dimers as degrees of freedom and determine the coupling constants by
matching to the Bethe-Ansatz results. We find good agreement with
the numerical results for small particle numbers. This paves the way
for the exploration of many-body systems using this effective theory.
Supported by the Deutsche Forschungsgemeinschaft (DFG, German
Research Foundation) * Project-ID 279384907 * SFB 1245.

Q 58.8 Fri 12:45 HS 1098
Three-charged-particle systems in the framework of coupled
coordinate-space few-body equations — eRENAT SuLTANOV —
Odessa College, Department of Mathematics, 201 W. University Blvd.
Odessa, TX USA

We study three-charged-particle low-energy elastic collision and
particle-exchange reaction with special attention to the systems with
Coulomb and an additional nuclear interaction employing a close-
coupling expansion scheme to a set of coupled two-component few-
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body equations [1]. First we apply our formulation to compute low-
energy elastic scattering phase shifts for the d+ (¢~ )15 collision, which
is of significant interest for the muon-catalyzed-fusion D-T cycle. Next,
we study the particle-exchange reaction d + (pX ~) — p+ (dX ) with
the long-lived elementary heavy lepton stau X~ which can play a crit-
ical role in the understanding of the Big-Bang nucleosynthesis and the
nature of dark matter. We also study the total cross sections and
rates for two particle-exchange reactions involving antiprotons (p),
deuteron (d) and triton (t), e.g., P + (du~)1s — (pd)1s + u~ and

Q 59:
Time: Friday 11:00-13:00

Q 59.1 Fri 11:00 HS 1015
Low Repetition Rate Optical Frequency Combs for Pre-
cision Spectroscopy — eMunammap THARIQ!, FRANCEsco
CaneLLAl23 JonaNNEs WEITENBERG 4, FABIAN ScHMID!®, PARAS
Dwivepih %, GianLuca Gavrzerano®, TrHeopor W. Hinsculf,
TrOoMAS UpEMYS, and Akira Ozawal — Max-Planck-Institut fiir
Quantenoptik, 85748 Garching, Germany — 2Dipartimento di Fisica,
Politecnico di Milano, 20133 Milan, Italy — 3Istituto di Fotonica
e Nanotecnologie - Consiglio Nazionale delle Ricerche, 20133 Milan,
Italy — 4Fraunhofer-Institut fiir Lasertechnik ILT, 52074 Aachen, Ger-
many — %Institute for Quantum Electronics, ETH Ziirich, 8093 Zurich,
Switzerland — SFakultét fiir Physik, Ludwig-Maximilians-Universitét
Miinchen, 80799 Munich, Germany

High harmonic generation (HHG) can be used to generate extreme
ultraviolet (XUV) frequency combs (FCs) for precision spectroscopy.
Unfortunately, HHG requires very high peak power for frequency con-
version. In this work, we propose to use a low repetition rate FC to
drive HHG, where the repetition rate is reduced using an AOM-based
pulse picker, while the peak power of the FC is increased, allowing
HHG to be performed at moderate average powers. A 40 kHz repe-
tition rate FC is demonstrated from a 40 MHz repetition rate mode-
locked Yb:KYW oscillator. Pulse amplification to 4.175 pJ pulse en-
ergy is achieved using multi-stage Yb:LuAG amplifiers, with future
plans to reach up to 50 puJ. The results show the prospect of generat-
ing XUV frequency combs with average powers below 10 W, making
XUV FCs more accessible to researchers across disciplines.

Q 59.2 Fri11:15 HS 1015
Methods for focusing VUV laser light onto a single 22°Th
ion — eTamiLa RoziBakiEval, IRT1zA M. Hussain!, LiLLi LOBELLY,
Danie. Moritz!, Kgevin ScuHarL!, Jonannes WEITENBERG?,
MaRrkus WIESINGER!, STEPHAN H. WissenBERG2, and PETER G.
THIROLF! !Ludwig-Maximilians-Universitit Miinchen (LMU) —

2Fraunhofer Institute for Laser Technology (ILT), Aachen

Direct frequency-comb spectroscopy is a promising way for narrow-
band nuclear laser excitation. The combination of a VUV frequency
comb being developed at Fraunhofer ILT and a cryogenic Paul trap
set up at LMU Munich as part of the ERC synergy project "Thorium
Nuclear Clock", will enable us to excite the isomeric first excited state
in 229Th using laser radiation of 148.7 nm wavelength, an important
step towards the realization of a nuclear clock that can be used to
search for new physics beyond the standard model. For the single-ion
nuclear clock, a laser-cooled 229Th3% jon must be irradiated with a
single mode of a frequency comb with narrow bandwidth. When fo-
cusing to a spot with a diameter of 3 pm, we envisage sufficient laser
radiation intensity for driving nuclear Rabi oscillations. For such tight
focusing of a VUV beam on a single ion, it is important to choose the
proper optical elements that minimize optical aberrations and power
losses due to interaction with optical materials. Different methods and
simulations for focusing a VUV beam down to 3 pm, such as a spher-
ical mirror, an off-axis parabolic mirror and an achromatic lens, will
be presented. Funding: ERC Synergy project, Grant Agreement No.
856415 and BaCaTec (grant 7-2029-2).

Q 59.3 Fri11:30 HS 1015
Spectroscopic isotope separation in hot rubidium vapor —
eTmmoN DamBock!, DENis UnLAND!, GUNNAR LANGFAHL-KLABES!,
RoBERT Loéw?2, and ILja GERHARDT! — !Leibniz Universitdt Han-
nover, Appelstrasse 2, 30167 Hannover — 2Universitit Stuttgart, Pfaf-
fenwaldring 57, 70569 Stuttgart

P+t~ )1s = (Pt)1s +p~, where p~ is a muon. The effect of the final
state short-range strong (pd) and (pt) nuclear interactions is signifi-
cant in these reactions, which increases the reaction rates by a factor
of ~3. Additionally (if time permits), a 3-body p+Mwu collision will
be discussed, where Mu is a muonium atom [2].

1. R. A. Sultanov and S. K. Adhikari, Phys. Rev. C 107, 064003
(2023).

2. R. A. Sultanov and D. Guster, J. Phys. B 46, 215204 (2013).
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Whether for medical applications, radiation protection or the utiliza-
tion in physical metrology — having access to a pure or enriched amount
of a single isotope can be a major advance. Natural abundant rubid-
ium is composed of 85Rb and 87Rb. Since these isotopes differ in their
nuclear spin, the hyperfine groundstates are spectrally well separated.
Our experimental setup consists of two vapor cells which are intercon-
nected by a capillary. Resonant high power lasers are used to exert a
light induced drift on the individual rubidium isotopes [1]. Changes in
isotope concentration in the cells are measured using absorption spec-
troscopy. This talk will discuss our progress to enrich and separate
rubidium isotopes in hot atomic vapor using light induced drift.

[1] Okamoto, M. et al. Observation of Light-Induced Drift Effect of
Rubidium by Using Two Diode Lasers for Pumping and Re-Pumping.
Materials Transactions. 49, 11 (2008), pp. 2632-2635.

Q 59.4 Frill:45 HS 1015
Bioelectronics with ultrashort pulses eHRVOJE
SKENDEROVIG!, MaRIO Rakié!, and VEDRAN DiErEk? — llnstitute
of Physics, Bijenicka cesta 46, 10000 Zagreb, Croatia — 2Physical
Department University of Zagreb, Bijenicka cesta 32 cesta

Two dimensional golden electrodes are drawn on a flexible polyimide
sheet by ultrashort laser pulses. Laser parameters for efficient ablation
of the metal (about 10 nm thin) without damaging the PI substrate
(about 50 micrometers thin) were investigated. The fabrication is op-
timised by spatial beam shaping.

Q 59.5 Fri12:00 HS 1015
Nonliner Dynamics in Optical fibers for Sensing — eGLiTTA
RosaLia CHEERAN, BENNET FiscHER, and MARIO CHEMNITZ — Leib-
niz Institute of Photonic Technology

The study of nonlinear dynamics in optical fibers has attracted signif-
icant attention due to their applications in multi-frequency laser en-
gineering and nonlinear imaging. In particular, supercontinuum gen-
eration, a complex nonlinear process that leads to the generation of
new frequencies over hundreds of terahertz, has emerged as a versa-
tile ultra-broadband source of light. This complex process depends
on various factors, including the properties of the input pulse and the
optical fiber involved. Our objective is to exploit the phase and am-
plitude sensitivity of supercontinuum generation for sensing by exam-
ining alterations of the spectral features of the output spectrum when
an ultrashort pulse travels through a highly nonlinear fiber. The aim
is to comprehend this nonlinear behavior through numerical methods
and utilize these dynamics to create highly sensitive devices that can
measure both the amplitude and phase of a sample object with high ac-
curacy. In the presentation, we will introduce the uncommon concept
of utilizing supercontinuum generation as a sensor instead of a source.
We demonstrate a model sensing system, featuring an artificial spec-
tral resonance as a narrowband frequency window, called ”bit”, within
the spectral bandwidth of a 100 fs input pulse defined around 1550
nm. The sensitivity of supercontinuum spectra is then measured using
different statistical methods. The next step is to utilize the simulation
to examine realistic gas or liquid resonances.

Q 59.6 Fri12:15 HS 1015
Ophthalmic Surgeries with Picosecond Laser Pulses —
eMicHAEL KOrRBER!"2, JaAkoB FELLINGER3, MILAN FRITsSCHE!, AN-
pREAS GIese!, KonsTanTINA KosTourou?, DaNIEL Kopr3, MAN-
FRED KoTTckE!, FRANCEScO Luciant®, JosEF M. SCHMIDBAUER??,
JonaTHAN WENK!, and BERND BraUN! — INuremberg Institute of
Technology, Nuremberg, Germany — 2Paracelsus Medical University,
Nuremberg, Germany — 3MONTFORT Laser GmbH, Gé&tzis, Aus-
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tria — *NANEO Precision IBS Coatings GmbH, Lindau, Germany —
5Klinik Niirnberg Nord, Nuremberg, Germany

We demonstrate the advancement of various ophthalmic surgeries by
using picosecond laser pulses. The surgeries evaluated were iridotomy,
capsulotomy, selective laser-trabeculoplasty and lens fragmentation.
The tests were executed on porcine eyes. We used a standard two-stage
12 ps laser and a novel ultra-compact 130 ps laser, as well as state-
of-the art Nd:YAG nanosecond lasers as reference to current surgery
methods. The picosecond results were significantly better in all aspects
tested compared to nanoseconds: The pulse energy could be lowered
to some tens of microjoule instead of some millijoule, and the tissue
ablation is more precise, more deterministic and less frayed. Further-
more, we measured large differences in shock wave pressures between
the pulse lengths. Similar differences were found for the heat input.
The results could be transferred to human tissue samples and showed
the same advantages. In summary, we achieved substantial benefits
with picosecond laser pulses. Thus, the ultra-compact picosecond laser
provides a stable basis for a new generation of ophthalmic lasers.

Q 59.7 Fri 12:30 HS 1015
Far-field petahertz sampling of plasmonic fields — eKai-
Fu Wonch2, Wemwer Li®4, Zicona Wang®?4, VINCENT WANIEZ,
Erik MANsson?, DomiNIK HoiNnGg!:5, JouannEs BLocuL3:4, THoMAS
NuBBEMEYER®?, ANDREA TraBATTONI>® HoLGER LANGE!?,
FranceEsca CaLecARIM2, and Marruias F. Krine®%7 — 1The
Hamburg Centre for Ultrafast Imaging, Universitdt Hamburg, Luru-
per Chaussee 149, 22761 Hamburg, Germany — 2Center for Free-
Electron Laser Science, DESY, Notkestr. 85, 22607 Hamburg,
Germany — S5Max Planck Institute of Quantum Optics, MPQ,
Hans-Kopfermann-Strafe 1, 85748 Munich, Germany — “4Ludwig-
Maximilians-Universitdt Miinchen, LMU, Am Coloumbwall 1, 85748
Munich, Germany — °Institute of Physical Chemistry, Universitit
Hamburg, Grindelallee 117, 20146 Hamburg, Germany — SInstitute
of Quantum Optics, Leibniz Universitdt Hannover, Welfengarten 1,
30167 Hannover, Germany — ' SLAC National Accelerator Laboratory,

Stanford University, 2575 Sand Hill Rd, Menlo Park, 94025 California,
USA

We demonstrate the realtime observation of linear plasmonic fields by
optical field sampling. A comparison between non-resonantly and reso-
nantly excited samples shows that dephasing features of the resonantly
excited case sustain into the far-field domain. Our findings also demon-
strate the ability to manipulate the spectral properties of ultrashort
laser pulses by plasmonic samples, which can act as metasurfaces.

Q 59.8 Fri 12:45 HS 1015
X-ray photon diagnostics at the European X-ray Free Elec-
tron Laser — eJAN GRUNERT, JoakiM LaksmaN, Jia Liu, WoLF-
GaANG FrReEuUND, TuBa CoNKA YILDIZ, FLORIAN DIETRICH, NARESH
KujaLa, THEOPHILOS MALTEZOPOULOS, and ANDREAS KocH — Eu-
ropean XFEL, Holzkoppel 4, 22869 Schenefeld

The European X-ray Free-Electron Laser (European XFEL), the
world’s largest and brightest X-ray free-electron laser, went into op-
eration in 2017. It is a large-scale accelerator-based photon source
that provides beams of ultrashort (femtosecond), highly coherent and
very intense (exceeding 10'3 photons per pulse) X-ray pulses at high
repetition rate (up to 4.5 MHz) to scientific users in various fundamen-
tal science fields like bio-molecular dynamical structure determination,
femtosecond chemistry, materials research under extreme conditions
and many more.

This contribution provides an overview of the x-ray photon diagnos-
tics for this facility, the diagnostics commissioning and their applica-
tion for commissioning of the facility as well as exciting results from
the first years of user operation. The beam properties assessed by pho-
ton diagnostics include per-pulse intensity, beam position and shape,
lateral dimensions, spectral properties and temporal characteristics.

This contribution strives to provide an overview for newcomers to
the field of ultrafast X-ray science, but at the same time include new
developments and recent results, which will be mentioned for the ex-
perts.

Q 60: Quantum Computing and Simulation |
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Q 60.1 Fri11:00 Aula
A quantum perceptron gate and a classical Toffoli gate

with microwave-driven trapped ions — eParrick H. HUBER!,

Parrick BarTHEL!, Soucaro Bose3, Juan Jost GARcia-RipoLL?,
Jonann HaBErR!, Yasser Owmar2?, Sacar Pratapsi?, Erik
ToRRONTEGUI?, and CHRisTOF WUNDERLICH! — !University of
Siegen, Germany — 2Universidade de Lisboa, Portugal — 3University
College London, UK — “Instituto de Fisica Fundamental IFF-CSIC,

Madrid, Spain

Direct implementation of multi-qubit gates with three or more qubits
circumvents decomposition into two-qubit operations, effectively re-
ducing the required depth of quantum circuits. Using the inherent all-
to-all coupling in a trapped ion quantum computer, we experimentally
realize classical Toffoli and perceptron gates with three microwave-
driven hyperfine qubits using 17'Yb™T ions. The classical Toffoli gate
is used to efficiently implement a half-adder. The perceptron gate,
when nested with other perceptrons, can be used as universal approx-
imator. Both, the perceptron and Toffoli gates are implemented by
a continuous microwave driving field, while the qubits’ coherence is
protected by pulsed dynamical decoupling. We report the implemen-
tation of a two-layer neural network using successive perceptron gates.
Here the 171YbT ions are stored in a linear Paul trap exposed to a
permanent magnetic field gradient.

Q 60.2 Fri 11:15 Aula
high-fidelity gates on trapped-ion qubits at Oxford
Ionics — eCLEMENS LoscHNAUER!, Amy Hucnrs!, RAGHAVEN-
DRA SRINIvAs!, Jacopro Mosca Tosal, Marwwus WEBER!, Ma-
cie; Marivowski!, Roranp Mart!, SteVvEN King!, CLEMENS
MarTHIESEN!, THOMAS HARTY!, and Curis BaLLance™? — 1 Oxford
Tonics, Oxford, UK — 2Department of Physics, University of Oxford,

Oxford, UK

Electronic control of trapped-ion qubits using oscillating magnetic field
gradients has delivered some of the highest-fidelity quantum gates ever

Fast,
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reported [1, 2]. However, two-qubit entangling operations using this
method are typically slower than laser-based gates, limiting overall
computing speeds. We demonstrate high-fidelity two-qubit entangling
gates with a duration of 100 ps using a chip trap with integrated
microwave antenna, thereby reaching the typical speed of laser-based
gates in a highly scalable architecture.

[1] T. P. Harty et al., Phys. Rev. Lett. 117, 140501 (2016)

[2] R. Srinivas et al., Nature 597, pp 209-213 (2021)

Q 60.3 Fri11:30 Aula
Register-based trapped-ion quantum processor on a linear
paul trap — eRoprico MuNoz!, FLoRIAN UNGERECHTS!, JAN-
INA Bircee!, AxeL HorrMmann'?, TEREsA MEINERs!, BRIGITTE
KauNE!, and CHRISTIAN OSPELKAUs3 — Institut fiir Quantenoptik,
Leibniz Universitdt Hannover, Welfengarten 1, 30167 Hannover, Ger-
many — 2Institut fiir Hochfrequenztechnik und Funksysteme, Leib-
niz Universitat Hannover, Appelstrafie 9a, 30167 Hannover, Germany
— 3Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116

Braunschweig, Germany

A promising approach for a trapped-ion based quantum computer is
the quantum-charge-coupled-device architecture, as it enables scala-
bility by use of micro-fabrication methods. While using a junction
naturally allows all-to-all connectivity of the qubit-array, it is more
time efficient to resort to swapping operations for a certain fraction of
qubit-shuffles. We present a trap design based on a linear Paul trap
that is capable of driving near-field gradient two-qubit gates as well
as swapping, merging and splitting two-ion crystals. It also features
storage registers using the bucket brigade approach. We will show sim-
ulation results that allow extraction of ions from the storage registers
as well as merging and swapping.

Q 60.4 Fri11:45 Aula
Chip based integrated photonics - one key element for up-
scaling the performance of ion-based quantum computer —

oSTEFFEN SAUERD'Z3 AnasTasiia SorokINAL2 CARL GRIMPE?,
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GuocHUN Du?, ELENA JORDAN®, FATEMEH SALAHSHOORI®, TANJA
MEeHLSTAUBLER?4 and STEraNiE KrokERD:2:3 — lInstitut fiir Hal-
bleitertechnik, Technische Universitdt Braunschweig, Braunschweig,
Germany — 2Laboratory for Emerging Nanometrology, Braunschweig,
Germany — 3Physikalisch- Technische Bundesanstalt, Braunschweig,
Germany — *Institut fiir Quantenoptik, Leibniz Universitit Hannover,
Hannover, Germany — 5Laboratorium fiir Nano- und Quantenengi-
neering, Hannover, Germany

The use of compact, robust, and highly scalable quantum experiments
will become an increasingly important factor in the coming decades.
Chip-integrated photonics offers the perfect solution for a wide range
of applications in quantum technology. By miniaturizing and integrat-
ing photonic components into a chip, advantages such as improved
control and manipulation of light (beam waists of a few pum) to atoms
are made possible. Combined with surface traps for ions, photonic
layers in the trap realize the scalability of ion-based quantum comput-
ers. Within the joint project ATIQ, we develop integrated photonics
for an ion-based quantum computer with the goal to realize 40 qubits
(ions). We present simulations and measurements of our integrated
optical components, such as waveguides or outcouplers, chip designs,
and characterization setups for linear and circular light across the UV
to IR wavelength range.

Q 60.5 Fri 12:00 Aula
Trapped-ion electric field gates — eRima X. ScHUSSLER, MAT-
TEO MAzzANTI, CLARA RoBALO PEREIRA, NELLA DIEPEVEEN, Louls
GALLAGHER, ZEGER ACKERMAN, ARGHAVAN SAFAVI-NAINI, and RENE
GERRITSMA — University of Amsterdam, Amsterdam, The Nether-
lands

Trapped ions are an optimal platform for quantum computation. We
plan to combine ions with optical microtraps and oscillating electric
fields for a new type of two-qubit geometric phase gate, shown theo-
retically in [1]. This gate has the advantage that it does not require
ground state cooling of the ions. Additionally, the ions involved in the
gate can be freely chosen by aligning the tweezers on them. As the
electric field couples to all ions equally, the gate works even in very
long ion chains.

In our experiment, we use an equidistant ion chain of 171Yb™ ions
in a segmented 3D Paul trap. The tweezer shape are produced by
a spatial light modulator, while single ion addressing is done by an
acousto optical deflector.

The current experimental status as well as steps taken to align the
tweezers on the ions will be presented.

[1] Mazzanti, M., Schiissler, R.X., Espinoza, J.A., Wu, Z., Gerritsma,
R. and Safavi-Naini, A., 2021. Trapped Ion Quantum Computing Us-
ing Optical Tweezers and Electric Fields. Physical Review Letters,
127(26), 260502

Q 60.6 Fri 12:15 Aula
Fast, robust and laser-free universal entangling gates for

trapped-ion quantum computing — eMAaRKUS NUNNERICH!,

Patrick BarrseL!, Patrick HuBer!, DorRNa NIROOMAND!,
CHRIsSTOF WUNDERLICH!, DANIEL COHENZ, and ALEX RETZKER? —
IDepartment of Physics, School of Science and Technology, Univer-
sity of Siegen, 57068 Siegen, Germany — 2Racah Institute of Physics,

Hebrew University of Jerusalem, 91904 Jerusalem, Israel

Entangling gates are an essential building block of any quantum pro-
cessor, ideally working at high speeds in a in a robust and scalable
We introduce and experimentally realize a novel Mglmer-
Sgrensen-type entangling gate. We implement double-dressing of qubit
states [1], thus protecting their coherence and simultaneously inducing

manner.

the gate interaction. Only a single modulated RF driving field per ion
is used. The gate is implemented with trapped 171Yb+-ions in a static
magnetic gradient of 19 T/m. We generate symmetric and antisym-
metric Bell states in 300 us with fidelities better than 97 %. This is an
order-of-magnitude improvement in gate time compared to previous
entangling gates using the same small magnetic gradient. [2, 3]. In
higher magnetic field gradients, already available, this entangling gate
speed can be further improved.

[1] D. Farfurnik et al, Phys. Rev. A, 96, 013850 (2017) [2] Ch. Piltz
et al, Sci. Adv.2, e1600093 (2016) [3] P. Barthel et al, New J. Phys.,
25, 063023 (2023)

Q 60.7 Fri 12:30 Aula
Towards an entangling gate between bosonic qubits in
trapped ions — eSTEPHAN WELTE, MoORITZ FONTBOTE-SCHMIDT,
MARTIN WAGENER, EDGAR BRrRuckE, PauL Rocara, IvaNn Roskov,
FLORENTIN REITER, and JoNATHAN HoME — ETH Zurich, Zurich,
Switzerland

Encoding quantum information in a harmonic oscillator provides a
resource-efficient platform for quantum error correction. A promis-
ing code is Gottesman-Kitaev-Preskill (GKP) encoding [1], which was
realized both in trapped ions [2, 3] and superconducting qubits [4].
State preparation, single qubits rotations, readout, and error correc-
tion have been realized in both architectures. However, a universal
two-qubit gate has yet to be demonstrated. I will describe our work
towards an entangling gate between GKP qubits prepared in the mo-
tional modes of Calcium ions in a Paul trap. The modes are coupled
via the Coulomb repulsion approximating a beam splitter interaction.
Together with squeezing operations, this interaction can realize the
desired universal gate. In theoretical work, we investigate this gate
for experimentally realistic parameters and finite energy states [5]. In
parallel, we are developing an apparatus for an experimental imple-
mentation, including the fabrication of a novel ion trap and the imple-
mentation of individual addressing with tightly focused laser beams.
[1] D. Gottesman, A. Kitaev, and J. Preskill. PRA 64, 012310 (2001)
[2] C. Flihmann et al. Nature 566, 513(2019) [3] B. de Neeve et al.
Nat. Phys. 18, 296 (2022) [4] V. Sivak et al. Nature 616, 50 (2023) [5]
I. Rojkov et al. arXiv:2305.05262 (2023)

Q 60.8 Fri12:45 Aula

Multi-Band Matching Network for a Microwave Surface-
Electrode in a High Fidelity Trapped-Ion Quantum Pro-

cessors — eAXEL HorrMmaNN!, FLOrRIAN UNGERECHTS?, RODRIGO
Munoz2, JaNINA BATce?, TERESA MEINERSZ, BRIGITTE KAUNEZ,
Dirk MANTEUFFEL!, and CHRisTIAN OsPELKAUS?3 — lInstitut fiir

Hochfrequenztechnik und Funksysteme, Leibniz Universitdt Hannover,
Appelstr.  9A, 30167 Hannover, Germany — 2Institut fiir Quan-
tenoptik, Leibniz Universitdt Hannover, Welfengarten 1, 30167 Han-
nover, Germany — 3Physikalisch-Technische Bundesanstalt, Bunde-
sallee 100,38116 Braunschweig, Germany

Trapped-ion quantum processors with integrated microwave conduc-
tors for near-field quantum control are a promising approach for scal-
able quantum computers. To reduce error sources and allow high fi-
delity it is not only the microwave electrode integrated in the processor
chip that has to be designed carefully. The connection to the source
must as well be efficiently designed to enable error reduction. Different
approaches to match integrated and external sources to the quantum
processors microwave electrode are presented. Here, the reduction of
error sources due to inherent electromagnetic behavior and sensitiv-
ity to fabrication tolerances are the main focus. The main problem
sources and methods to overcome them are discussed. These include
electromagnetic simulations and measurement routines.

Q 61: Trapped lons (joint session Q/A)

Time: Friday 11:00-13:00

Invited Talk Q 61.1 Fri11:00 HS 1199
Photonic integration for trapped-ion quantum metrology
— eELENA Jorpan!, GuocnuN Dul, CARL-FREDERIK GRIMPE!,
FATEMEH SALAHSHOORI', MARKUS KROMREY!, ATAst CHATTERJIEE!,
ANASTASIIA SOROKINAZ3, STEFFEN SAUER!'2:3, ANTON PEsakov!:Z,
GILLENHAAL Brck?, KARAN MEHTA®, STEFANIE KROKERDZ:3, AN-
DREY SURzHYKOV!:2:3 and TanNja MEHLSTAUBLERD'6:7 — 1PTB,
Braunschweig, Germany — 2Technische Universitit Braunschweig,
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Location: HS 1199

Germany — 3Laboratory for Emerging Nanometrology Braunschweig,
Germany — 4Institut fiir Quantenelektronik ETH Ziirich, Switzerland
— 3School of Electrical and Computer Engineering Cornell University,
Ithaca, NY 14850, USA — SInstitut fiir Quantenoptik Leibniz Univer-
sitit Hannover, Germany — 7Laboratorium fiir Nano- und Quante-
nengineering Leibniz Universitdt Hannover, Germany

Integrated photonics make ion trap setups scalable to large numbers of
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ions, help to compactify the setup and improve the robustness against
vibrations for portable optical clocks and quantum sensors. We are
developing ion traps with integrated photonics for quantum metrol-
ogy. With photonic design structured light can be generated that,
combined with improved pointing stability, enables the excitation of
forbidden transitions in trapped ions. For the cooling and addressing
of YbT ions wavelengths from UV to NIR are required. The light is
coupled in from optical fibers, distributed via waveguides, and coupled
out through the surface of the chip via gratings. Our aim is to em-
ploy the traps in portable optical clocks that can be used for geodetic
measurements.

Q 61.2 Fri11:30 HS 1199
Apparatus design for scalable cryogenic trapped-ion quantum
computing experiments — eToBias Poorz!, Lukas KiLzer!, Ck-
LESTE ToRKzABAN!, and CHRIsTIAN OspPELKAUs!:2 — llnstitut fiir
Quantenoptik, Leibniz Universitdt Hannover, Welfengarten 1, 30167
Hannover, Germany — 2Physikalisch-Technische Bundesanstalt, Bun-
desallee 100, 38116 Braunschweig, Germany

Future applications for trapped ion quantum computers require a sig-
nicant increase in the number of ion qubits and excellent interconnec-
tivity. In my talk I will describe the design of cryogenic demonstra-
tor machines for this task, implementing surface-electrode ion traps
mounted on a universal interchangeable socket. The apparatus design
is based on a vibration-isolated cold head to cool a cryogenic vacuum
system to temperatures below 10 K. The system features several hun-
dred DC control lines to support transport of qubits through dedicated
trap structures including junctions, storage, detection and manipula-
tion registers. Multi-qubit quantum gates will be implemented through
the use of chip-integrated microwave lines. The system has been de-
signed to accommodate the integration of new components for scaling
as the development of the underlying enabling technologies progresses,
such as chip integrated waveguides. Multiple setups were built. One
setup is based on 9Be+ qubits and 40Ca+ ions for sympathetic cool-
ing; a second setup will be based on 43Ca+ qubits and 88Sr+ cooling
ions.

Q 61.3 Fri 11:45 HS 1199
Fabrication of multisegmented ion traps in a specialized
cleanroom — eALEXANDER MULLER!, JAN MOLLER!, BIORN
Lekrrscu!, and FERDINAND ScuMIDT-KALERD'Z — 1QUANTUM,
Institut fir Physik, 55128 Mainz, Germany — 2Helmholtz-Institut

Mainz, 55099 Mainz, Germany

Trapped ions are among the leading platforms in quantum comput-
ing. We aim to scale up to 50 ions by taking advantage of versa-
tile linear multi-segmented ion traps which combine qubit register re-
configurations [1] and individual addressing of ions in these registers.
A fully three-dimensional shaping of electrodes, a homogeneous well-
conducting high quality metallic coverage, the precise alignment of
trap structures, an excellent optical access, and a fully reliable and
repeatable fabrication process are required.

For this we established a special purpose cleanroom. By Selective
Laser-induced Etching (SLE) a 3D structure is formed out of fused
silica [2]. Metallic sputter deposition results in functional trap chips,
which are assembled using a die-bonder, finally fixed on a carrier
PCB, and wirebonded for electrical connection of the electrodes. All
fabrication steps can be performed in-house and without leaving the
cleanroom in a rapid prototyping fashion (<10 days). We report the
testing of devices and the trapping of Ca+ ions.

[1] V. Kaushal et al., AVS Quantum Sci.; 2 (1):014101.
[2] S. Ragg et al., Rev. Sci. Instrum.; 90 (10):103203.

Q 61.4 Fri 12:00 HS 1199

Microfabrication of surface ion traps for operation with
Strontium Rydberg ions eSiMON  ScHEY!2, MICHAEL
PreIrERD3, MARION MALLWEGER?, Nararia Kuk?2, Ivo STRAKAZ,
CLEMENS RossLER!, YVvEs CoLoMmBE!, and Markus HENNRICHZ —
Hnfineon Technologies Austria AG, Villach, Austria — 2Stockholm
University, Stockholm, Sweden — 3University of Innsbruck, Innsbruck,
Austria

Recently, using Rydberg-states for gate operation in trapped ions has
been shown to greatly reduce two qubit gate times down to 700ns
[1]. Those experiments were performed in a macroscopic Paul trap at
room temperature. We propose to perform similar experiments but in
a cryogenic environment as well as on a of surface ion trap chip that
is industrially microfabricated at Infineon Technologies [2,3|. This will
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prove further scalability of this gate scheme.

As UV-Lasers are needed for the Rydberg gate operation, we discuss
material and design choices for making our ion trap resilient against
radiation down to a wavelength of around 240nm and show successful
microfabrication of an ion trap on a sapphire substrate.

[1] Chi Zhang et al., Nature 580, 345-349 (2020)

[2] Ph. Holz et al., Adv. Quantum Technol. 3, 2000031 (2020)

[3] S. Auchter et al., Quantum Sci. Technol. 7, 035015 (2022)

Q 61.5 Fri 12:15 HS 1199
Industrial microfabrication of 2D and 3D ion traps for
quantum information processing — eYvEs CoLoMBE!, SILKE
AvcnutiEr!, KLEMENS ScHUPPERT!, MaTTHIiAsS DIETL!2, ALEXAN-
DER ZESARD3, JakoB WanL!2, Max Grantscunicl?, CHRis-
TIAN Frascub?, SmmoN ScHEv!:®, FABIAN LAURENT!:S, MIicHAEL
PrerrerRD2, FaBiaN ANMasseRD2, MicHAEL HARTMANN?, LEON
Dixius”, MouaMMAD ABU ZAHRA”, JEns REPP?, NINA MEGIER!,
MatTthias BrRanpL?, and CLEMENS ROssLER! — Infineon Technolo-
gies, Villach, Austria — 2University of Innsbruck, Innsbruck, Austria
— 3University of Graz, Graz, Austria — *PTB, Braunschweig, Ger-
many — 9University of Stockholm, Stockholm, Sweden — SMontan
University of Leoben, Leoben, Austria — 7Infineon Technologies,

Oberhaching, Germany

Scaling TIQC to thousands of ions requires microfabricated traps pro-
duced in highly reliable facilities. Industrial fabrication provides pre-
cise process control as well as in-line measurements tools that ensure
high reliability and reproducibility.

Various ion trap designs have been produced at Infineon Technolo-
gies cleanroom facilities, including 2D ion trap arrays and 3D traps
assembled at wafer level. In this talk I will report on our current work
towards large-scale ion traps, including fabrication on dielectric sub-
strates (fused silica, sapphire), through-glass-vias, use of Kelvin probe
force microscopy for DC surface potential measurements, integration
of fs-laser-written optical waveguides, and development of electronic
devices that can operate at 4 K.

Q 61.6 Fri12:30 HS 1199
Optical integration in ion-trap chips at Infineon —
e ALEXANDER ZESARD?2, JakoB WAHL?3, BERNHARD LAMPRECHT?,
PuiLipp Hurpax®, KLEMENS ScHUPPERT2, CLEMENS ROSSLERZ,
Yves CoLomBE?, SILKE AUcHTER?, Soria Cano CasTroZ6, Max
GLANTSCHNIG?7, MARCO SCHMAUSER®, MARCO VALENTINI?, PHILIPP
ScHINDLER?, THoMAS Monz3#, and JoacaiM KreNN! — 1University
of Graz, Graz, Austria — 2Infineon Technologies Austria AG, Villach,
Austria — 3University of Innsbruck, Innsbruck, Austria — *Alpine
Quantum Technologies GmbH, Innsbruck, Austria — 5Joanneum Re-
search Materials, Weiz, Austria — SPolytecnico di Milano, Milan, Italy
— "Physikalisch-Technische Bundesanstalt, Braunschweig, Germany

Trapped ions are among the most researched and advanced quantum
computing (QC) hardware platforms. Currently used free-space optics
for ion addressing will block upscaling due to beam pointing errors and
spatial restrictions. Therefore, future QC architectures with trapped
ions require integrated waveguiding and focusing for scalable and sta-
ble placement of laser beams in microfabricated ion-trap chips.

This talk gives a concise overview of photonics and optics integration
schemes developed at Infineon. We will discuss some of the challenges
that come with femtosecond-laser-written waveguides as well as slab
waveguides in conjunction with focusing grating couplers, including
fiber-to-chip coupling and integration density. The talk concludes with
an outlook on scalable ion-trap chips with integrated photonics as a
necessary condition for useful trapped-ion quantum computing.

Q 61.7 Fri12:45 HS 1199
How to Wire a 1000-Qubit Trapped-Ion Quantum Com-
puter — Macies MaLinowski!, Davib Arrcock!:2, eCLEMENS
MarTHIESEN!, and Curis BaLLancel3 — 1Oxford Ionics, Oxford,
UK — 2University of Oregon, Eugene, USA — 3University of Oxford,
Oxford, UK

Scaling up quantum computers requires efficient signal delivery to the
quantum processor (the "wiring" challenge). It is likely that integra-
tion of control electronics into the processor package will be necessary,
but this process is heavily constrained by chip microfabrication and
chip operation specifications. Here, we present our WISE (Wiring us-
ing Integrated Switching Electronics) architecture as an answer to the
wiring question, where judicious integration of simple switching elec-
tronics into the ion trap chip is combined with parallel trap electrode
control [1]. This significantly reduces the number of signal sources
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needed, such that a fully connected 1000-qubit trapped ion quantum
computer might be operated using only ~ 200 signal sources.

[1] M. Malinowski et al., PRX Quantum 4, 040313 (2023)

Q 62: Precision Measurements |l (joint session Q/A)

Time: Friday 11:00-13:00

Q 62.1 Fri 11:00 HS 1221
Noise Description in Bragg Atom Interferometer Using
Squeezed States — eJurian GUNTHERD2, JAN-NicLas KIRSTEN-
Siemss?, NaAcEUR GaaLouL?, and KLEMENS HAMMERER! — !Institut
fiir Theoretische Physik, Hannover, Germany — 2Institut fiir Quan-
tenoptik, Hannover, Germany

Using entanglement for N-particle states in matter wave interferom-
eters allows one to outperform the standard quantum limit of —=
for the uncertainty in the phase measurement. We consider the use of
one-axis twisted, spin squeezed atomic states in a Bragg Mach-Zehnder
interferometer. We evaluate the phase uncertainty in the phase mea-
surement taking into account the fundamental multi-port and multi-
path nature of the Bragg processes, and determine optimally squeezed
states for a given geometry.

This project was funded within the QuantERA II Programme that
has received funding form the European Union’s Horizon 2020 research
and innovation programme under Grant Agreement No 101017733 with
funding organisation DFG (project number 499225223).

Q 62.2 Fri1l:15 HS 1221
Squeezing-enhanced Bragg guided BEC interferometry —
eMarTHEW GLAYSHER!, RoBIN CoRGIER?, and NAcEUR GaaLouL!
— lnstitut fiir Quantenoptik, Leibniz Universitdt, Hannover —
2LNE-SYRTE, Observatoire de Paris, Université PSL, CNRS, Sor-
bonne Université, France

Atom interferometers test fundamental theories and have practical ap-
plications such as gravimeters, gradiometers and gyroscopes. Using
uncorrelated or classically correlated atomic probes, state-of-the-art
devices already operate at the standard quantum limit (SQL) set by
their finite baseline and/or atom number resources.

To push the boundaries of compact devices, we study the realisa-
tion of a Bose-Einstein condensate (BEC) guided interferometer based
on Bragg diffraction [R. Corgier et al., PRA, 103 (2021)]. Taking
advantage of the BEC oscillations in the waveguide and the possibil-
ity to tune atom-atom interactions we investigate the generation of
spin-squeezing dynamics between the two modes in well-defined and
well-controlled momentum states. The entangled input state feeds
a second interferometer sequence with quantum-enhanced sensitivity
capabilities. Realistic aspects of the state-preparation parameters, in-
cluding diffraction efficiencies and BEC collisions and deformations,
are addressed in our scheme.

This project was funded within the QuantERA II Programme that
has received funding form the European Union’s Horizon 2020 research
and innovation programme under Grant Agreement No 101017733 with
funding organisation DFG (project number 499225223).

Q 62.3 Fri 11:30 HS 1221
Analytical theory of double Bragg diffraction in light-pulse
atom interferometers — eRur Li', KLEMENs HAMMERER?, and
NaceUR GaarLoun! — lLeibniz University Hanover, Institute for
quantum optics, Hannover, Germany — 2Leibniz University Hanover,
Institute for theoretical physics, Hannover, Germany

In this talk, we provide some new physical insights into a recently
used tool in atom interferometry, namely the double Bragg diffraction
(DBD). We derive an effective two-level-system (TLS) Hamiltonian via
Magnus expansion for describing the so-called *quasi-Bragg regime*
where most light-pulse atom interferometers are operating. With this
effective TLS Hamiltonian, we systematically study the effects of po-
larization error and AC-Stark shift due to second-order process on the
efficiency of double-Bragg beam-splitters. Furthermore, we show that
effects of Doppler broadening can be easily included by extending our
TLS description to a three-level-system description. With the help of
our effective theory, we design an optimal beam-splitter via a time-
dependent detuning and show its robustness against polarization error
and asymmetric beam-splitting due to Doppler effect.

This work is supported through the Deutsche Forschungsge-
meinschaft (DFG) under EXC 2123 QuantumFrontiers, Project-ID
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390837967 and under the CRC1227 within Project No. A05 as well
as by DLR funds from the BMWi (50WM2250A-QUANTUS+)

Q 62.4 Frill:45 HS 1221
‘Wave-packet evolution during laser pulses for single- and
two-photon atomic diffraction — eNapja AucsT and ALBERT
Roura — Institute of Quantum Technologies, German Aerospace Cen-
ter (DLR), Ulm

Light-pulse atom interferometry is a valuable tool for high-precision
inertial sensing and also offers promising prospects for dark-matter
and gravitational-wave detection [1]. This work investigates the wave-
packet evolution for an atom’s center of mass during a laser pulse of
arbitrary duration driving either a single-photon transition or Raman
diffraction, and the results are also valid for Bragg diffraction in the
deep Bragg regime. In particular, we consider the effects of finite
pulse duration on the central trajectory of the atomic wave packets for
beam-splitter and mirror pulses as well as pulses with arbitrary pulse
areas. Our analysis encompasses a wide range of the cases including
square and Gaussian pulse shapes as well as an arbitrary detuning of
the central momentum.

While the resulting deviations of the central trajectories are typically
quite small, they can have a significant impact on the interferomet-
ric phase shift in high-precision measurements and a detailed analysis
is therefore important. Our approach relies on a description of the
matter-wave propagation in terms of central trajectories and centered
wave packets [2].

[1] K. Bongs et al., Nature Rev. Phys. 1, 731 (2019).

[2] A. Roura, Phys. Rev. X 10, 021014 (2020).

Q 62.5 Fri 12:00 HS 1221
Squeezing Enhanced Matterwave Interferometry with BECs
— oCHRISTOPHE CAsseNs, BERND MEYER-HoprpPE, and CARSTEN
KLEMPT — Leibniz Universitdt Hannover, Institut fiir Quantenoptik,
Welfengarten 1, D-30167 Hannover, Germany

The gravitational acceleration can be measured with atom interferom-
eters with unprecedented resolution. The ultimate resolution is fun-
damentally restricted by the standard quantum limit. This restriction
can be lifted by operating the interferometer with entangled atoms,
which carry quantum correlations among them. Here we present how
a squeezed state in the magnetic field insensitive clock states of a Rb-
87 BEC of 6000 atoms can be used to improve the sensitivity of an
atom gravimeter sequence to -1.5dB below the SQL and -3.3dB below
the sensitivity achieved in the same sequence with a coherent state.
The here presented technique promises to be applicable in state-of-
the-art BEC-based matterwave-interferometers and to increase their
sensitivity especially in size, weight and power limited environments.

Q 62.6 Fri12:15 HS 1221
Simulating matter-wave lensing of BECs in 2D and 3D —
eNico ScHWERSENZ and ALBERT RoURA — Institute of Quantum
Technologies, German Aerospace Center (DLR), Ulm

The extended microgravity conditions granted by cold-atom experi-
ments in space enable free-evolution times of many seconds, which
can be exploited in high-precision measurements based on atom in-
terferometry. However, in order to reach such long evolution times,
it is necessary to employ ultracold atoms combined with matter-wave
lensing techniques, and a detailed modeling is required.

We present full 3D numerical simulations performed on a GPU
cluster of BECs freely expanding for tens of seconds and compare
them to effectively 1D and 2D simulations for spherically- and axially-
symmetric configurations. A particularly interesting case arises when
the lensing potential is applied after the BEC has expanded sufficiently
so that the diffraction effects associated with the finite size of the BEC
dominate over the mean-field interaction. This enables the valida-
tion of our simulations in a regime where the time-dependent Thomas-
Fermi approximation fails to provide an accurate description of the dy-
namics. Finally, as an application of our methods for axially-symmetric
configurations, additional features that arise in the anisotropic case will
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be discussed as well.

Q 62.7 Fri 12:30 HS 1221
Simulation of atomic diffraction through a nanograting —
eMATTHIEU BRUNEAUY2, CHARLES GARcION!2] JULIEN LECOFFREZ,
QuENTIN Bouton2?, Eric CHARRON®, GAaBRIEL DuTier?, and
NAcCEUR GaaLour! — Mnstitut fiir Quantenoptik, Leibniz Universitét
Hannover, Germany — 2Laboratoire de physique des lasers, Université
Sorbonne Paris Nord, Villetaneuse, France — 3Université Paris-Saclay,

CNRS, Institut des Sciences Moléculaires d’Orsay, France

Recent advances in the field of cold atoms have made atomic interfer-
ometry a versatile and precise tool with various applications, particu-
larly in fundamental physics experiments.

This contribution focuses on the modeling of an experiment involving
the diffraction of cold metastable Argon atoms through a transmission
nanograting at the Laboratoire de Physique des Lasers. The observed
diffraction pattern in this experiment is intrinsically related to the dis-
persion forces between the atoms and the material. A numerical model
of the experiment has been developed, and the influence of these forces
has been thoroughly investigated.

The simulation is based on an efficient numerical solution of the
time-dependant Schrédinger equation that overcomes the limitations
of the more standard semi-classical approach. This methodology pro-
vides an accurate description of the diffraction pattern, allowing a
Casmir-Polder force measurement beyond the state of the art.

This work is supported by DLR funds from the
(50WM2250A-QUANTUSH).

BMWi

Q 62.8 Fri12:45 HS 1221
Double Bragg atom interferometry with Bose-Einstein con-
densates in microgravity — eJuLia PanL!, ANUrRAc BHADANE2
DorrHE LeopoLDT?, SVEN HERRMANN?, ANDRE WENZLAWSKIZ,
SVEN ABEND®, PATRICK WINDPASSINGER?, ERNsST M. RAsrL3,
Markus Krurzik!:5, and THE QUANTUS Teamb2:3:46,7 __ 1HU
Berlin — 2JGU Mainz — 3LU Hannover — 4U Bremen — °FBH
Berlin — 5U Ulm — "TU Darmstadst

QUANTUS-2 is the 2nd generation mobile atom interferometer oper-
ating at the ZARM drop tower in Bremen. With its high-flux, atom
chip-based atomic rubidium source, it serves as a pathfinder for future
space missions. We are examining key technologies like the generation
of Bose-Einstein condensates (BECs), implementation of magnetic
lensing or application of various atom interferometry geometries with
interferometry times over one second. In this talk, we present our lat-
est results on double Bragg atom interferometry of magnetically lensed
rubidium ensembles, using asymmetric Mach-Zehnder interferometers.
By exploiting the emerging interferometer fringes we can visualize the
anharmonicities of the magnetic lens and determine the interferometer
contrast as well as the effective kinetic energy of the ensemble in a
single shot. Interferometer times of 27" = 1.7 s have been reached.

)

2

This project is supported by the German Space Agency DLR with
funds provided by the Federal Ministry for Economic Affairs and
Climate Action under grant number DLR 1952-1957.

Q 63: Strong Light-Matter Interaction

Time: Friday 11:00-12:45

Q 63.1 Fri 11:00 HS 3118
A stochastic approach to exact dynamics and tunneling in
the generalized open Dicke model — eKA1r MULLER and WALTER
T. STruNz — Institut fiir Theoretische Physik, Technische Universitat
Dresden, D-01062 Dresden, Germany

As a fundamental model of quantum optics, the Dicke model has been
known and studied for a long time. Recently, however, interest in this
model has been revived by the emergence of numerous Cavity QED
experiments that allow the controlled realisation of the Dicke model
(and its generalised versions) over a wide parameter regime. In the
thermodynamic limit N — oo the mean-field solution of the Dicke
model becomes exact, but to study the emergence of genuine quan-
tum effects in the dynamics of these systems at finite IV, a description
that goes beyond mean-field theory is required. Here, we present a
novel open-system method that allows us to push the boundary for
the exact numerical solution of the model up to a mesoscopic number
of atoms (N = 500) and to investigate the deficiencies of a mean-field
description in this regime. We explore in which parameter regions true
quantum effects, such as tunneling, become relevant for the dynamics
and observable in experiments.

Q 63.2 Fril1l:15 HS 3118
Dissipative Dicke time crystals: an atoms’ point of view —
eSiMON B. JAGER, JAN MAaTHIS GIESEN, IMKE SCHNEIDER, and SE-
BASTIAN EcGERT — Physics Department and Research Center OPTI-
MAS, University of Kaiserslautern-Landau

We develop and study an atom-only description of the Dicke model
with time-periodic couplings between atoms and a dissipative cavity
mode. The cavity mode is eliminated giving rise to effective atom-
atom interactions and dissipation. We use this effective description to
analyze the dynamics of the atoms that undergo a transition to a dy-
namical superradiant phase with macroscopic coherences in the atomic
medium and the light field. Using Floquet theory in combination with
the atom-only description we provide a precise determination of the
phase boundaries and of the dynamical response of the atoms. From
this we can predict the existence of dissipative time crystals that show
a subharmonic response with respect to the driving frequency. We
show that the atom-only theory can describe the relaxation into such
a dissipative time crystal and that the damping rate can be understood
in terms of a cooling mechanism.

Q 63.3 Fri 11:30 HS 3118
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Quantum Monte Carlo simulation of the Dicke-Ising model on
hypercubic lattices — e ANjA LANGHELD, MAX HORMANN, and KA1
PuiLLip ScuMIDT — Department Physik, Staudtstrafe 7, Friedrich-
Alexander Universitiat Erlangen-Niirnberg, D-91058 Erlangen, Ger-
many

We study the Ising model in a light-induced quantized transverse field
[1, 2] using quantum Monte Carlo to investigate the influence of light-
matter interactions on correlated quantum matter. To avoid a direct
sampling of the photons, we develop a quantum Monte Carlo algorithm
based on the recently introduced wormhole algorithm for spin-boson
systems [3], in which the bosonic degrees of freedom are integrated out
analytically.

We provide quantitative phase diagrams and critical properties for
ferromagnetic as well as antiferromagnetic interactions on hypercubic
lattices. For antiferromagnetic interactions, we confirm the existence
of a non-trivial intermediate phase, displaying magnetic order and fi-
nite photon density at the same time, predicted by a semi-classical
mean-field study [1]. However, this intermediate phase turns out to be
much smaller and certain phase transitions turn out to be of first order
rather than of second order. In the case of ferromagnetic interactions,
a change in the order of the quantum phase transition for finite Ising
coupling and longitudinal field is observered.

[1] J. Rohn et al., Phys. Rev. Research 2, 023131 (2020)

[2] Y. Zhang et al., Sci Rep 4, 4083 (2014)

[3] M. Weber et al., Phys. Rev. Lett. 119, 097401 (2017)

Q 63.4 Frill:45 HS 3118
Entangled time-crystal phase in an open quantum light-
matter system — eRoBERT MaTTEs!, Icor LEsanovsky!:2, and
FEDERICO CaArROLLO! — lInstitut fiir Theoretische Physik, Univer-
sitdt Tibingen, Auf der Morgenstelle 14, 72076 Tibingen, Germany
— 2School of Physics and Astronomy and Centre for the Mathematics
and Theoretical Physics of Quantum Non-Equilibrium Systems, The
University of Nottingham, Nottingham, NG7 2RD, United Kingdom

Time-crystals are nonequilibrium many-body phases in which the state
of the system dynamically approaches a limit cycle. While these phases
are recently in the focus of intensive research, it is still far from clear
whether they can host quantum correlations. In fact, mostly classi-
cal correlations have been observed so far and time-crystals appear
to be effectively classical high-entropy phases. Here, we consider the
nonequilibrium behavior of an open quantum light-matter system,
realizable in current experiments, which maps onto a paradigmatic
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time-crystal model after an adiabatic elimination of the light field.
The system displays a bistable regime, with coexistent time-crystal
and stationary phases, terminating at a tricritical point from which
a second-order phase transition line departs. While light and matter
are uncorrelated in the stationary phase, the time-crystal phase fea-
tures bipartite correlations, both of quantum and classical nature. Our
work unveils that time-crystal phases in collective open quantum sys-
tems can sustain quantum correlations, including entanglement, and
are thus more than effectively classical many-body phases.

Q 63.5 Fri 12:.00 HS 3118
(Almost) Everything is a Dicke model — eANDREAS SCHEL-
LENBERGER and Kar PHiLLip ScuMIDT — FAU Erlangen-Niirnberg,
Erlangen, Deutschland

We investigate classes of interacting quantum spin systems in a single-
mode cavity with a Dicke coupling, as a paradigmatic example of corre-
lated light-matter systems. Coming from the limit of weak light-matter
couplings and large system sizes, we map the relevant low-energy sector
of these models onto the exactly solvable Dicke model.

We apply the outcomes to the Dicke-Ising model as a paradigmatic
example [1,2], in agreement with results obtained by mean-field theory
[2]. We further accompany and verify our findings with finite-size cal-
culations, using exact diagonalization and the series expansion method
pest++ [3].

[1] J. Rohn et al., Phys. Rev. Research, 2, 2020

[2] Y. Zhang et al., Sci. Rep., 4, 2014

[3] L. Lenke et al., Phys. Rev. A, 108, 2023

Q 63.6 Fri12:15 HS 3118
Optomechanical subradiant states in a many-body cavity
QED system — ALEXANDER BAUMGARTNER!, ¢SiMON HERTLEIN!,
Tom ScamiT?, Davipe Dreon!, CarLos MaxiMol, and GlovaNNA
Morici? — lInstitute for Quantum Electronics, Eidgendssische Tech-
nische Hochschule Ziirich, 8093 Zurich, Switzerland — 2Theoretische

Physik, Universitdt des Saarlandes, 66123 Saarbriicken, Germany
The essence of subradiance lies in its counterintuitive suppression of

spontaneous emission, challenging conventional expectations of the col-
lective behavior of scatterers. In the experimental setting of a Bose-

Einstein condensate (BEC) system positioned at the mode crossing of
two optical cavities, the onset of superradiance in one cavity causes the
emergence of a subradiant state in the adjacent cavity. The identifica-
tion of this subradiant state is facilitated by the revelation of hysteretic
behavior during transitions between the superradiant states of the cav-
ities. We investigate experimentally and theoretically the extents of
this effect and measure its limitations. This phenomenon, governed
by an interplay of constructive and destructive interference, showcases
the potential of subradiance as a controllable and exploitable quan-
tum phenomenon in many-body systems interacting with multi-mode
cavities.

Q 63.7 Fri12:30 HS 3118
Breakdown of the Jaynes-Cummings model for cavities with
small emitter-induced scattering loss. — eJURGEN VoLz, MAR-
TIN BraHA, and ARNO RAUSCHENBEUTEL — Institut fiir Physik,
Humboldt-Universitidt zu Berlin

Strong coupling between a single optical mode and a single quan-
tum emitter is key for a plethora of applications in quantum science
and technology and is commonly described by means of the Jaynes-
Cummings (JC) model. A key aspect of many cavity quantum electro-
dynamics (CQED) experiments is to maximize the ratio between the
emitter-mode coupling rate and the photon loss rates of the system in
order to realize a coherent emitter-light interaction.

Here, we show that, surprisingly, the JC model in general does not
provide a valid physical description when the emitter-induced scatter-
ing loss becomes too small. Indeed, the JC description is only valid
when the solid angle covered by the cavity mode is small. We present
a Hamiltonian description of CQED that correctly takes into account
scattering loss [1]. For the case of large scattering loss, our model’s
predictions agree with the JC model, while we observe qualitative and
quantitative differences in the situation of large solid state angle cav-
ities. As minimizing scattering loss into free-space modes is one of
the key design goals for many experimental setups, e.g., in quantum
technology, providing an accurate theoretical description is crucial for
developing new and optimizing existing cavity-based quantum proto-
cols.

[1] M. Blaha, A. Rauschenbeutel, J. Volz, arXiv:2301.07674 (2023)

Q 64: Solid State Quantum Optics Il

Time: Friday 11:00-13:00

Q 64.1 Fri 11:00 HS 3219
Chip-fibre interface for integrated quantum networks —
oTivM EncrLiNng' 3, Jonas Zarscu'3, JeLprik HusTeEr!3, Simon
ABDANTY 3 CHRISTIAN SCHWEIKERT?, and STEFANIE Barz!':3
Hnstitute for Functional Matter and Quantum Technologies, Univer-
sity of Stuttgart, 70569 Stuttgart, Germany — 2Institute of Electri-
cal and Optical Communications Engineering, University of Stuttgart,
70569 Stuttgart, Germany — 3Center for Integrated Quantum Science
and Technology (IQST)

Integrated photonics provides a compact and robust way to process
quantum information, and thus, offers a platform for scaling up quan-
tum technologies. We introduce a silicon-on-insulator chip, which of-
fers control of quantum states on the chip, and also, allows converting
different degrees of freedom. The manipulation of path is achieved
through the use of integrated beam splitters and phase shifters. Fur-
thermore, switching between encoding in path and polarisation, and
vice versa, is facilitated by 2D grating couplers. We demonstrate the
chip’s functionality by utilizing it for the generation, analysis, and
conversion of quantum states of light. Our approach enables the con-
nection of multiple integrated photonic chips, laying the foundation
for implementing networked protocols in quantum communication and
quantum computing.

Q 64.2 Fri1l:15 HS 3219
Towards Cavity-Enhanced Spectroscopy of Single Europium
Ions in Yttria Nanocrystals — eTimoN Eicunorn!, JaNNIs
HEesseNAUER!, PHILIPPE GOLDNER2, DiaNA SERRANOZ, and Davip
Hunger! — Karlsruher Institut fuer Technologie, Karlsruhe, Ger-
many — 2Université PSL, Chimie ParisTech, Paris, France

A promising approach for realizing scalable quantum registers lies
in the efficient optical addressing of rare-earth ion spin qubits in a
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solid state host. We study Eu3t ions doped into Y2O3 nanoparticles
(NPs)[1] as a coherent qubit material and work towards efficient single
ion detection by coupling their emission to a high-finesse fiber-based
Fabry-Pérot microcavity [2,3]. A beneficial ratio of the narrow ho-
mogeneous line to the inhomogeneous broadening of the ion ensemble
makes it possible to spectrally address single ions. The coherent con-
trol of the 5Dy —7 Fy transition then permits optically driven single
qubit operations on the Europium nuclear spin states. A Rydberg-
blockade mechanism between nearby ions permits the implementation
of a two-qubit CNOT gate to entangle spin qubits and perform quan-
tum logic operations. We observed fluorescence signals from small
ensembles of Europium ions at cryogenic temperatures and measured
cavity-enhanced optical lifetimes of half the free-space lifetime result-
ing in effective Purcell-factors of one. We will report on measurements
of the optical coherence of small Eu3t ion ensembles and our progress
towards single ion readout and control. [1] Nano Lett. 17 (2017) 778-
787, [2] New J. Phys. 12 (2010) 065038, [3] New J. Phys. 20 (2018)
095006

Q 64.3 Fri11:30 HS 3219
Maximizing photon-number resolution from an SNSPD —
eNIKLAS LAMBERTY, TIMON SCHAPELER, THOMAS HUMMEL, FABIAN
SCHLUE, MICHAEL STEFSzZKY, BENJAMIN BRECHT, CHRISTINE SILBER-
HORN, and TiM J. BARTLEY — Institute for Photonic Quantum Sys-
tems, Department of Physics, Paderborn University, Warburger Str.
100, 33098 Paderborn, Germany

Recent work has shown intrinsic Photon-Number Resolution (PNR) of
Superconducting Nanowire Single-Photon Detectors (SNSPDs) based
on the evaluation of various properties of the electrical output signal.
In order to gain a more comprehensive understanding of the features
responsible for PNR in SNSPDs, we record a data set of electrical
output signals under coherent state illumination and analyze the data
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using Principal Component Analysis (PCA).

PCA generates a set of basis functions, where the coefficients ob-
tained from projection of the data set onto these basis functions have
maximized variance. The basis functions thus indicate areas which
are most relevant for PNR and the coefficients indicate which photon-
number was measured on the detector.

Using this technique we demonstrate PNR up to four photons and
show which features contribute most to the PNR. These results are
then verified using a time to digital converter. This intrinsic PNR
without the need for multiplexing schemes will simplify many quan-
tum optical experiments like single photon heralding or gaussian boson
sampling.

Q 64.4 Frill:45 HS 3219
Efficient heralding of pure single-photons at telecom wave-
length from pulsed cavity-enhanced SPDC — eXavViER BAR-
cons Pranas!?2, HELEN M. CHrzaNowski?, LEoN MEessNERZ, and
Janik Worters?:3 — lInstitut fiir Physik, Humboldt-Universitit zu
Berlin, Berlin, Germany — 2Institute of Optical Sensor Systems, Ger-
man Aerospace Center, Berlin, Germany — 3Institut fiir Optik und
Atomare Physik, Technische Universitiat Berlin, Berlin, Germany

Entangled quantum states of multiple photons are crucial for pushing
the boundaries of photonic quantum technologies. The generation of
large multi-photon entangled states demands light sources that pro-
vide highly pure photons with high efficiency (either deterministic or
heralded), as these factors limit scalability. A popular approach is
to herald single-photons from photon-pair sources based on sponta-
neous parametric down-conversion (SPDC). Despite the spatial and
spectral multimode emission of the process, potentially constraining
the heralding efficiency and purity, the emitted photons can be en-
gineered with single-mode characteristics, through waveguide geome-
tries [1], group velocity matching techniques [2] or cavity resonators
[3]. Here, we present a narrowband (170 MHz) single-photon source at
the C-band based on pulsed SPDC in a monolithic crystal cavity. Pure
(P > 95%) and fiber-compatible single-photons have been generated
with 85% heralding efficiency.

[1] A. Christ et al., Phys. Rev. A 80, 033829 (2009).

[2] P. J. Mosley et al., Phys. Rev. Lett. 100, 133601 (2008).

[3] R. Mottola et al., Opt. Express 28, 3159 (2020).

Q 64.5 Fri 12:00 HS 3219
Quantum optical properties of higher harmonics generated in
semiconductors — ePuiLip HEINZEL! and RENE SONDENHEIMER 2
— 1Friedrich-Schiller-University — 2Fraunhofer Institute for Applied
Optics and Precision Engineering

The exploration of resource state generation for quantum applications
has gained increased attention in recent years. Higher harmonics, gen-
erated through non-classical effects, stand out as promising candidates
for their potential quantum attributes. To delve deeper into this phe-
nomenon, our study focuses on the generation of non-classical light
via laser-driven semiconductor intraband excitations, as investigated
in [1]. Building upon the parametrical approximation method [2], we
adopt the approach outlined in [1] to characterize the generated states.
Our objective is to extend the linearized Hamiltonian approximation
up to the quadratic order, introducing potential squeezing effects and
rotations. Furthermore, we aim to investigate the resulting states, ex-
ploring their photon number statistics and quantum effects such as
entanglement between different harmonic modes. This examination
will provide a more nuanced understanding of the quantum proper-
ties inherent in states generated through laser-driven semiconductor
intraband excitations.

References

[1]https://arxiv.org/abs/2211.06177v2

[2]https://arxiv.org/abs/2106.15720

Q 64.6 Fri 12:15 HS 3219
Room-temperature ladder-type memory compatible with
single photons from InGaAs quantum dots — eBENJAMIN
Maass!23, NormaN ViINceENz EwaLp'?23, Avuir Barua3,
STEPHAN REITZENSTEIN®, and JaNTK WorTERs! 2 — ! Deutsches Zen-
trum fiir Luft- und Raumfahrt (DLR), Institut fiir optische Sensorsys-
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teme, Berlin — 2Technische Universitat Berlin, Institut fiir Optik und
atomare Physik, Berlin — 3Technische Universitét Berlin, Institut fiir
Festkorperphysik, Berlin

The on-demand storage and retrieval of quantum information in co-
herent light-matter interfaces is a key requirement for future quantum
network and quantum communication applications. Non-cryogenic al-
kali vapor memories offer scalable and robust high-bandwidth storage
at high repetition rates which makes them a natural fit for interfaces
with single-photon sources. We present a detailed experimental char-
acterization of a room-temperature ladder-type atomic vapor-based
memory that operates on the Cs D1 line. We demonstrate on-demand
storage and retrieval of weak coherent laser pulses (0.06 photons per
pulse) at a high signal-to-noise ratio (SNR=625). The memory reaches
a maximum internal storage efficiency of nipt = 16 % and a 1/e stor-
age time of 75 = 24 ns. Benchmark properties for the storage of single
photons from inhomogeneously broadened state-of-the-art solid state
emitters are estimated from the memory’s performance. Together with
the immediate availability of InGaAs quantum dots emitting at 894 nm
this provides a clear prospect for experiments on a heterogeneous on-
demand quantum light interface.

Q 64.7 Fri 12:30 HS 3219
Solid state quantum emitter in wide band gap materials — o A.
Kumar!, C. SaAMANER?, C. CHoLsuk!, T. MarTHEs!, S. SUwANNAZ,
S. Ares?, and T. VocL? — FSU Jena, Germany — 2iiT, Turkey —

3Mahidol University, Thailand — 4TU Munich, Germany

With the rapid development of quantum technology, there has been
a growing demand for materials capable of hosting quantum emitters.
One such material platform is fluorescent defects in wide band gap ma-
terials capable of hosting deep sub-levels within the band gap. Here,
we investigate experimentally and theoretically using DFT simulations
and compare the fabrication and photophysical properties of quantum
emitters in multi-layer mica, hBN and other 3D crystals, such as silicon
carbide and gallium nitride which are known to host quantum emitters.
‘We used localized electron beam irradiation process to induce single
emitters emitting at 575 nm in hBN with a high yield and emitter
ensembles in Mica. The emitters in hBN present a strong correlation
with hBN crystal axis, which provides an important step towards the
identification of emitters and their formation process. Additionally, we
explore temporal polarization dynamics, uncovering a mechanism that
governs the time-dependent polarization visibility and dipole orienta-
tion of color centers in hBN and diamond. Our further investigation
involves the integration of hBN emitters with a nanophotonics plat-
form to develop on-chip quantum light sources for future quantum
technology applications.

Q 64.8 Fri 12:45 HS 3219

Characterizing random laser and cavity exiton-polariton
supported random laser action in disordered ensembles of
the hybrid perovskite CH3 NH 3 PbBr 3 (MAPB) —
eREGINE FrANK!2, PAUL BouTEYRE®, HA1 SoN NauvEN®®, CHRIs-
TIAN SEassaL®® EMMANUELLE DELEPORTE®, and BART A. vAN
TicceLEN® — 1College of Biomedical Sciences, Larkin University,
Miami, Florida, USA — 2Donostia International Physics Center,
20018 Donostia-San Sebastian, Spain — 3Universite Paris-Saclay,
ENS Paris-Saclay, CNRS, CentraleSupélec, LuMIn, Gif-sur-Yvette,
France — 4Universite de Lyon, Institut des Nanotechnologies de Lyon,
INL/CNRS, Ecole Centrale de Lyon, Ecully, France — 5Institut Uni-
versitaire de France (IUF), Paris, Franceb — 6Universite Grenoble
Alpes, Centre National de la Recherche Scientifique, LPMMC, Greno-
ble, France

We present semi analytical as well as numerical results (WENO) for
photonic transport and Anderson localization of photons in laser ac-
tive disordered ensembles of the hybrid perovskite CH3 NH3PbBr3
(MAPB) capped by PMMA. We compare experiments of two dimen-
sional and three dimensional transport to time and space resolved nu-
merics coherent to descriminate between directed random laser emis-
sion and exciton-polariton supported random laser emission. We
present a systematic study of for disordered and quasi ordered en-
sembles.
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Q 65: Ultra-cold Atoms, lons
Time: Friday 14:30-16:30

Q 65.1 Fri 14:30 HS 1010
Pairing dome from an emergent Feshbach resonance in
a strongly repulsive bilayer model — eHaNNan LaNGe!2:3,
Lukas Howmeier!?, EugeNeE DEMLER?, ULRICH ScHOLLwOCKD3,
ANNABELLE BoHrpT?®, and FaBian Gruspr!h? — 'LMU Munich,
Germany — 2MPI for Quantum Optics, Garching, Germany —
3Munich Center for Quantum Science and Technology, Germany —
4ETH Zurich, Switzerland — 5University of Regensburg, Germany

A key to understanding unconventional superconductivity lies in un-
raveling the pairing mechanism of mobile charge carriers in doped an-
tiferromagnets, giving rise to an effective attraction between charges
even in the presence of strong repulsive Coulomb interactions. In this
talk, I will consider a mixed-dimensional t-J ladder, a system that
has recently been realized with ultracold atoms [1], and show how it
can be extended with a nearest neighbor Coulomb repulsion. With
repulsion turned off, the system features tightly bound hole pairs and
large binding energies (closed channel). When the repulsion strength
is increased, a crossover to more spatially extended, correlated pairs of
individual holes (open channel) can be observed. In the latter regime,
we still find robust binding energies that are strongly enhanced in the
finite doping regime. The effective model in the strongly repulsive
regime reveals that the attraction is mediated by the closed channel,
in analogy to atomic Feshbach resonances between open and closed
channels [2].

[1] Hirthe et al., Nature 2023

[2] Lange et al., arXiv:2309.15843, 2309.13040

Q 65.2 Fri 14:45 HS 1010
ARPES spectroscopy of an extended Majumdar-Ghosh
model — eSivoN M. LinseLb2, NaDER MosTaan!:2:3 ANNABELLE
BourpT?*, and FaBian Gruspr!:2 — 1LMU Munich, Germany —
2Munich Center for Quantum Science and Technology, Germany —
3Université Libre de Bruxelles, Brussels, Belgium — “*University of
Regensburg, Germany

Experimental and numerical spectroscopy have revealed novel physics
in anti-ferromagnets, in particular in frustrated and doped systems.
The Majumdar-Ghosh (MG) model has an analytically known spin-
disordered ground state of dimerized singlets as a result of magnetic
frustration. Here we study the single-hole angle-resolved photoemis-
sion spectroscopy (ARPES) spectrum of an extended MG model, where
we introduce a spin-density interaction that is experimentally accessi-
ble with ultracold molecules. We report a bound spinon-holon ground
state and clear signatures of a spinon-holon molecule state and po-
larons in the ARPES spectrum at different magnetizations. We also
apply a Chevy ansatz to gain analytical insights into the molecule spec-
trum. Our results provide new insights into the physics of dopants in
frustrated t-J models.

Q 65.3 Fri 15:00 HS 1010
In-Situ Observation of Antibunching at the Single-Atom
Level in a Continuous Fermi Gas — oT1Mm DE JoNGH, MAXIME
DixMERIAS, JORIS VERSTRATEN, CYPRIEN DArx, BRuNO PEAUDE-
cerF, and TArRik YEFsaH — Laboratoire Kastler Brossel, Paris,
France

Fermionic systems adhere to Pauli Exclusion, one of the most fun-
damental principles of quantum mechanics that prevents identical
fermions from occupying the same quantum state. This leads to an
antibunching of particles which manifests itself in density-density cor-
relations and sub-Poissonian number fluctuations. Here we present the
direct, in situ observation of antibunching at the single-atom level. Us-
ing a newly developed Lithium 6 quantum gas microscope devoted to
the study of continuous many-body systems, we probe both the density
correlations and number fluctuations in an ultracold two-dimensional,
non-interacting Fermi Gas in continuous space. For these highly degen-
erate gases, we observe distinct antibunching behavior in the density
correlations as well as a clear suppression of the number fluctuations in
the gas. The ability to distinguish the quantum fluctuation (zero tem-
perature) contribution and the thermal contribution, allows us to use
the fluctuation-dissipation theorem to extract the temperature of these
samples from the number fluctuations, offering a direct thermometry
method for single-atom imaging techniques. These results represent
the first application of a quantum gas microscope to a many-body sys-
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tem in continuous space and offer the perspective to probe strongly
interacting Fermi gases in free space at an unprecedented length scale.

Q 65.4 Fri15:15 HS 1010
Towards Probing Heat Transport in an Anharmonic Ion
Chain — eMoriTz G6B!, Bo DENG!, LEA LAUTENBACHERZ, GIlO-
VANNI SPAVENTAZ, DaQing WanG!3, MarTIN B. PLENIO?, and KiL-
1AN SINGER! — lInstitut fiir Physik, Universitdt Kassel, Heinrich-
Plett-Strafie 40, 34132 Kassel, Germany — 2Institut fiir Theoretische
Physik und IQST, Universitdt Ulm, Albert-Einstein-Allee 11, 89069
Ulm, Germany — 3Institut fiir Angewandte Physik, Universitit Bonn,
Wegelerstrafe 8, 53115 Bonn, Germany

Trapped ions are a versatile platform, which is well suited for probing
thermodynamics down to a single atom [1]. We have indentified non-
linear dynamics that results in a Duffing-type resonance that can be
used to improve sensing of very small forces [2]. Motivated by these
results we present how the experimental setup has relevance in the con-
text of resource theory and how the special features of the tapered ion
trap can be exploited to implement a model system for heat transport
[3]
[1] J. Rofnagel, S. T. Dawkins, K. N. Tolazzi, O. Abah, E. Lutz, F.
Schmidt-Kaler, and K. Singer, A single-atom heat engine, Science 352,
325 (2016).

[2] B. Deng, M. Goéb, B. A. Stickler, M. Masuhr, K. Singer, and
D. Wang, Amplifying a zeptonewton force with a single-ion nonlinear
oscillator, PRL 131, 153601 (2023).

[3] M. Lostaglio, An introductory review of the resource theory ap-
proach to thermodynamics, Rep. Prog. Phys. 82 114001 (2019).

Q 65.5 Fri 15:30 HS 1010
Optimal time-dependent manipulation of Bose-Einstein con-
densates — oTimoTHE EsTrAMPES)'2, ALEXANDER HERBsT!, AN-
NIE P1cHERY!2, GABRIEL MULLER!, DENNIS SCHLIPPERT!, ERNST M.
RaseL!, Eric CHARRONZ, and NACEUR GaaLouL! — !Leibniz Uni-
versity Hannover, Institut fiir Quantenoptik, Germany — 2Université
Paris-Saclay, CNRS, Institut des Sciences Moléculaires d’Orsay, France

Quantum sensing experiments benefit from fast Bose-Einstein Conden-
sate (BEC) generation with small expansion energies. Here, we the-
oretically find the optimal BEC collimation parameters with painted
optical potentials to experimentally achieve 2D expansion energies of
438(77) pK taking advantage of the tunable interactions by driving
Feshbach resonances and engineering the collective oscillations. Based
on these findings and corresponding simulations, we propose a scenario
to realize 3D expansion energies on ground below 16 pK, going beyond
the experimental state of the art in microgravity [A. Herbst et al.,
arXiv:2310.04383 (2023)].

Furthermore, we report on current theoretical studies of the dynam-
ics of space single- and dual-BEC experiments including applications in
NASA’s Cold Atom Lab aboard the International Space Station or the
sounding rocket mission MAIUS-2, paving the way for next-generation
quantum sensing experiments, including tests of fundamental physics
such as Einstein’s equivalence principle.

This work is supported by the "ADI 2022" project funded by the
IDEX Paris-Saclay, ANR-1-IDEX-0003-02 and the DLR with funds
provided by the BMWi under Grant No. CAL-II 50WM2245A /B.

Q 65.6 Fri 15:45 HS 1010
Magnetic polarons beyond linear spin-wave theory: Mesons
dressed by magnons — eP1T BERMEs and FABiaAN GrRusDT — LMU
Munich & MCQST, Munich, Germany

When a mobile impurity is doped into an antiferromagnet, its move-
ment will distort the surrounding magnetic order and yield a magnetic
polaron. The resulting complex interplay of spin and charge degrees
of freedom gives rise to very rich physics and is widely believed to
be at the heart of high-temperature superconductivity in cuprates.
Recent experimental realizations of the doped Fermi-Hubbard model
in ultra-cold quantum gases allowed to probe the local structure of
the polarons. Drawing from experimental insights, we present a new
quantitative theoretical formalism to describe these quasiparticles in
the strong coupling regime. Based on the phenomenological parton
description and geometric string picture, we construct an effective
Hamiltonian with weak coupling to the spin-wave excitations in the
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background, making the use of standard polaronic methods possible.
We apply our formalism to calculate beyond linear spin-wave spec-

tra, analyze the pseudogap expected at low doping and resolve the

difference between hole an electron doping on local correlations.

Q 65.7 Fri 16:00 HS 1010

A fluid of 10 ultracold fermions — eLars HeLce Heven!, Giu-

LiaNo GiacaLoNe!, and STEFAN FLOERCHINGER? — lUniverstitit
Heidelberg, Deutschland — 2Friedrich-Schiller-Universitit Jena,
Deutschland

Recent experiments in heavy-ion collisions have challenged our un-
derstanding of the applicability of fluid dynamics by showing typical
signatures of collective flow with only a small number of final state
particles. Motivated by this, we investigate fluidlike behavior in a sys-
tem of few ultracold fermions. Our key observable is the inversion of
the shape of the cloud after release from an anisotropic harmonic trap.
This elliptic flow is shown to persist down to as low as 10 particles. I
discuss ongoing efforts to understand these experimental observations.

Q 65.8 Fri 16:15 HS 1010
Anisotropic and Non-Additive Interactions of Rydberg
Impurities in Bose-Einstein Condensates — eAILEEN A.T.
Durst!?, SETH T. RiTTENHOUSE®2, HoOSSEIN R. SADEGHPOURZ,

and Martuew T. EmLes' — 'Max-Planck-Institute for the Physics
of Complex Systems, Germany — 2ITAMP, Harvard & Smithsonian,
USA — 3United States Naval Academy, USA

The interaction between a highly electronically excited atomic impu-
rity and surrounding BEC atoms is typically characterised by a scat-
tering length which can rival or even surpass the average interparticle
spacing. The significance of this interaction depends on the density:
when the average distance between Bosons is smaller than the scat-
tering length, the system exhibits a rich absorption spectrum which
extends typical polaron physics. However, within a dense bath, the
absorption spectrum consists only of a single broad Gaussian, indicat-
ing an almost classical response. The scattering length and interaction
strength of a Rydberg impurity can be altered by changing the princi-
pal quantum number. Additionally, the electronic angular momentum
of the impurity can be changed in order to control the nature of the
interaction potential, which becomes anisotropic when the spherical
symmetry is broken. In free space, this manipulation leads to the
emergence of (214+1) degenerate electronic potential energy surfaces,
introducing additionally non-additive interactions. Our investigation
delves into the impact of these non-additive and anisotropic interac-
tions on the absorption spectrum of a Rydberg impurity within an
ideal BEC.

Q 66: Precision Spectroscopy of Atoms and lons V / Ultra-cold Plasmas and Rydberg Systems
Il (joint session A/Q)

Time: Friday 14:30-16:30

Q 66.1 Fri 14:30 HS 1098
Laser Spectroscopy of Californium-253,254 — eSEBASTIAN
BERNDT for the Fermium-Collaboration — Johannes Gutenberg Uni-
versitdat Mainz, 55099 Mainz, Germany

Laser resonance ionization spectroscopy (RIS) is an efficient and
element-sensitive technique to study the atomic and nuclear structure
of transuranium elements. We present recent activities at the RISIKO
mass separator at Johannes Gutenberg University Mainz (JGU) re-
garding laser spectroscopy of the exotic isotopes 2%3:254Cf. Here, the-
oretical predictions point to a relevant role of 254Cf in kilonova events
associated with r-process nucleosynthesis in the cosmos. For this study,
targets of 244=248Cm were neutron-irradiated at the High Flux Isotope
Reactor, Oak Ridge National Laboratory (ORNL) to breed 253:254Es,
which was chemically separated at ORNL’s Radiochemical Engineer-
ing Development Center. This sample was shipped to JGU via Florida
State University and then sent to Institut Laue-Langevin for a sec-
ond irradiation with thermal neutrons to produce 2°°Es (39.8 d). As
the sample also contained about 109 atoms of 252Cf, this was in addi-
tion transmuted to 253:254Cf. The hyperfine structure of the 420 nm
ground state transition in 2°3Cf as well as the isotope shift of 254Cf
in the 417 nm and 420 nm ground-state transitions were investigated
with high resolution RIS, giving access to the nuclear ground-state
properties.

Q 66.2 Fri 14:45 HS 1098
Laser-induced population transfer in 2°Mg*™ at the
CRYRINGQ@ESR storage ring — eKoNSTANTIN MoHR for the
STOA-Collaboration — Institut fiir Kernphysik, TU Darmstadt, Ger-
many

At the magnetic storage ring CRYRINGQESR located at the GSI fa-
cility for heavy ion research the laser spectroscopy experiment is per-
formed on 2°Mgt to investigate the interplay between internal and
external degrees of freedom, i.e. quantum states and particle momenta.

Particular interest is devoted to the question whether it is possible to
achieve and maintain a nuclear polarization of 2°Mg* by optical pump-
ing within the magnetic manifold of the hyperfine structure. This was
studied with an electron-cooled coasting ion beam as well as in bunched
beam operation at energies of about 155keV /u. In bunched-beam oper-
ation, it turned out that both the laser-induced spontaneous force and
the varying velocity of the ions due to synchrotron oscillations need to
be considered in order to explain the subtleties of the resonance shape.

We present our recent results and discuss the dynamic behavior of
both modes of operation.

We acknowledge support from the BMBF under contract num-
bers 05P21RDFA1 and 05P19PMFA1, and from the DFG-Project-Id
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279384907-SFB 1245.

Q 66.3 Fri 15:00 HS 1098
Stopping mass-selected alkaline-earth  metal mono-
fluoride beams via formation of unusually stable an-
ions — eKonsTANTIN Gaurl, RonaLp F. Garcia Ruiz?, and
RoBErT BERGER! — !Fachbereich Chemie, Philipps-Universitit
Marburg,Hans-Meerweinstrale 4, 35032 Marburg, Germany
2Massachusetts Institute of Technology, Cambridge, MA 02139, USA

Direct laser-coolability and a comparatively simple electronic struc-
ture render alkaline-earth metal monofluoride molecules (MF), versa-
tile laboratories for precision tests of fundamental physics. In this
theoretical work, prospects for efficient stopping and cooling of hot
beams of mass-selected MF molecules via their anions are explored.
With sophisticated quantum chemical methods it is shown that these
molecular anions posses an unusually strong chemical bond and have
favourable photo-electron detachment energies. For RaF~ a vibronic
structure with favorable properties for efficient pre-cooling is identi-
fied. This study indicates even chances for direct laser-cooling of the
anion.

Q 66.4 Fri 15:15 HS 1098
Precise Temperature Characterization of Project 8’s Atomic
Hydrogen Source — eBRUNILDA MugoGLLAVA and MARTIN FERTL
for the Project 8-Collaboration — Johannes Gutenberg Universitét
Mainz

In order to achieve a neutrino mass sensitivity of 40 meV, the Project
8 experiment aims to use the Cyclotron Radiation Emission Spec-
troscopy technique to analyze the atomic tritium beta decay spec-
trum. Due to the radioactive nature of tritium, initial measurements
have been carried out using a Hydrogen Atom Beam Source (HABS)
at the Mainz atomic test stand. Molecular hydrogen is introduced
into the HABS setup, flowing through a 1 mm diameter tungsten cap-
illary which is radiatively heated to 72300 K by a tungsten filament.
This causes the molecules to thermally dissociate in a temperature-
dependent way. Accurate capillary temperature measurements with
low uncertainty at these high temperatures are required to characterize
the source accurately and understand the dissociation efficiency from
molecular to atomic hydrogen. This talk will present infrared spec-
troscopy measurement results of the capillary, addressing challenges
arising from uncertain emissivity values, ultra-high vacuum conditions,
and device-dependent absolute calibration.

Q 66.5 Fri 15:30 HS 1098
Quantum Gate Optimization for Rydberg Architectures
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in the Weak-Coupling Limit — eNicoLas HgemMannb2:3,
Lukas Broers'2, Nesira PinTuLb2, ToBias PeTERSEN!2, KOEN
SPoONSELEE!2, ALEXANDER ILIN':2:3, CHrisTorH BECKER!2, and

Lupwic Mathey!:2:3 — 1Zentrum fiir Optische Quantentechnolo-

gien, Universitdt Hamburg, 22761 Hamburg, Germany — 2Institut
fir Quantenphysik, Universitat Hamburg, 22761 Hamburg, Germany
— 3The Hamburg Centre for Ultrafast Imaging, 22761 Hamburg, Ger-
many

We demonstrate machine learning assisted design of a two-qubit gate
in a Rydberg tweezer system. Two low-energy hyperfine states in each
of the atoms represent the logical qubit and a Rydberg state acts
as an auxiliary state to induce qubit interaction. Utilizing a hybrid
quantum-classical optimizer, we generate optimal pulse sequences that
implement a CNOT gate with high fidelity, for experimentally realistic
parameters and protocols, as well as realistic limitations. We show
that local control of single qubit operations is sufficient for performing
quantum computation on a large array of atoms. We generate opti-
mized strategies that are robust for both the strong-coupling, block-
ade regime of the Rydberg states, but also for the weak-coupling limit.
Thus, we show that Rydberg-based quantum information processing
in the weak-coupling limit is a desirable approach, being robust and
optimal, with current technology.

Q 66.6 Fri 15:45 HS 1098
FRESNEL: Engineering a Neutral Atom Quantum Computer
— oGUILLAUME VILLARET for the FRESNEL-Collaboration — Pasqal
SAS, 7 Rue Léonard de Vinci, 91300 Massy, France

Based on the work from the group of A. Browaeys and T. Lahaye
at Institut d’Optique, quantum startup PASQAL developed and pro-
duced a first generation of commercial QPUs called FRESNEL. These
devices allow analogical computations on arrays of up to 100 Ryd-
berg atoms. Interfaced through a cloud access, these QPUs already
proved their reliability. They allowed quantum software engineers to
propose and demonstrate applications for solving hard combinatorial
optimisation problems, non-linear differential equations and classify-
ing sets of graphs using machine learning. Some of these QPUs are
currently under construction in two HPC centers in Jilich, Germany
and in Bruyéres-le-Chéatel, France. This represents a big step forward
in term of reliability for neutral atoms QPUs, and more generally for
cold atoms technologies which require a high level of engineering. We
will give an overview of the technical building blocks of the FRESNEL
products, discuss its capabilities for analog-based quantum computing

in the NISQ era, and present the latest results.

Q 66.7 Fri 16:00 HS 1098
NON-ADIABATIC COUPLINGS AS A STABILIZA-
TION MECHANISM IN LONG-RANGE RYDBERG
MOLECULES AILEEN DURST, eMILENA SIMIC,
NEETHU ABRAHAM, and MATTHEW EILES — Max-Planck-
Institut for The Physics of Complex Systems, Dresden, Germany

The electronic potential curves of long-range Rydberg molecules com-
posed of a Rydberg atom and a ground-state atom possess several
distinctive features, including oscillations as a function of internuclear
distance and, for an alkaline ground state atom, a steep drop when
the electron-atom scattering interaction becomes resonant. This latter
feature is accompanied by a narrow avoided crossing between poten-
tial energy curves, which implies that non-adiabatic couplings could
become significant very close to the position of this rapid change in
the potential curve. When these couplings are sufficiently strong, they
can stabilize the molecule by shielding the vibrational states from the
steep drop and possible decay. To demonstrate the importance of the
non-adiabatic couplings in a rubidium Rydberg molecule, we compare
the binding energies and lifetimes of the vibrational states obtained in
the Born Oppenheimer approximation with those including beyond-
Born Oppenheimer effects.

Q 66.8 Fri 16:15 HS 1098
Quantum Optimization of Two-Qubit Gate of Neutral Ryd-
berg Atoms — eAsrLaM Parves'2, NicoLas Hemmann!-2, Lukas
BroEers!2, and Lupwic MaTuEY 2 — 1Zentrum fiir Optische Quan-
tentechnologien, Universitdt Hamburg, 22761 Hamburg, Germany —
2Institut fiir Quantenphysik, Universitdt Hamburg, 22761 Hamburg,
Germany

The fundamental cause of error for the high-fidelity gates in the quan-
tum computing architectures of neutral atoms in optical tweezer arrays
is the unwanted entanglement of motional excitations in the tweezer
traps. We study the machine learning aided neutral Rydberg atoms
in the weakly-interacting regime of two Rydberg atoms, with van der
Walls interaction to implement a high-fidelity two-qubit controlled-Z
gate while returning to the system to its motional ground states and
generates an optimized pulse using hybrid quantum-classical optimizer.
In the set up, the Rydberg state is coupled with logical qubit via global
Rabi pulse and the motional degrees of freedom inside optical tweezers
is coupled with each Rydberg atom.

Q 67: Machine Learning

Time: Friday 14:30-16:30

Invited Talk Q 67.1 Fri 14:30 Aula
Towards an Artificial Muse for new Ideas in Quantum Physics
— eMario KrRENN — Max Planck Institute for the Science of Light,
Erlangen, Germany

Artificial intelligence (AI) is a potentially disruptive tool for physics
and science in general. One crucial question is how this technology
can contribute at a conceptual level to help acquire new scientific un-
derstanding or inspire new surprising ideas. I will talk about how AI
can be used as an artificial muse in quantum physics, which suggests
surprising and unconventional ideas and techniques that the human
scientist can interpret, understand and generalize to its fullest poten-
tial.

[1] Krenn, Kottmann, Tischler, Aspuru-Guzik, Conceptual under-
standing through efficient automated design of quantum optical ex-
periments. Physical Review X 11(3), 031044 (2021).

[2] Krenn, Pollice, Guo, Aldeghi, Cervera-Lierta, Friederich, Gomes,
Héase, Jinich, Nigam, Yao, Aspuru-Guzik, On scientific understanding
with artificial intelligence. Nature Reviews Physics 4, 761 (2022).

[3] Krenn, et al., Forecasting the future of artificial intelligence with
machine learning-based link prediction in an exponentially growing
knowledge network. Nature Machine Intelligence 5, 1326 (2023).

Q 67.2 Fri15:00 Aula
Artificial Intelligence for Quantum Sensing — eVICTOR JOSE
MARTINEZ LAHUERTA, JAN-NicLas KiIrRsTEN-SiEMsS, and NACEUR
GaaLouL — Leibniz University Hannover, Institut of Quantum Op-
tics, Welfengarten 1, 30167 Hannover, Germany
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Algorithms from the field of artificial intelligence (AI) and machine
learning have been employed in recent years for a variety of applica-
tions to efficiently solve multidimensional problems. In physics, these
algorithms are applied with increasing success, for example, to solve
the Schrodinger equation for many-body problems, or used experimen-
tally to generate ultracold atoms and control lasers. In this project we
aim to work on three fundamental pillars of Al in atom interferometry:
theory modeling, measurement data extraction, and operation of ex-
periments. Within this context, I will talk about our results modeling
a diffraction phase-free Bragg atom interferometry.

Acknowledgements: This project is funded by the German Space
Agency (DLR) with funds provided by the German Federal Ministry of
Economic Affairs and Energy (German Federal Ministry of Education
and Research (BMBF)) due to an enactment of the German Bundestag
under Grant No. DLR 50WM2253A

Q 67.3 Fril15:15 Aula
Optimizing the active isolation of an optical table with ma-
chine learning — eJAN-NIKLAS FELDHUSEN, ARTEM BASALAEV, and
OLIVER GERBERDING — Institut fiir Experimentalphysik, Universitét
Hamburg, 22761 Hamburg, Germany

Environmental seismic disturbances, also called seismic noise, limit the
sensitivity of ground based gravitational wave detectors.

These disturbances couple via the optical components into the sig-
nal. To mitigate this noise, the optical components are passively iso-
lated with suspensions. Parts of the suspension system include an
active isolation, which suppresses the inflicted movement by knowing
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the transfer function of the suspension system and the motion on the
ground.

We study if it is possible to improve the active isolation with an
artificial neural network. In our laboratory at Universitat Hamburg
we have a large vacuum chamber with a seismically isolated optical
table inside, intended for in-vacuum testing of interferometric inertial
sensors - a task that has qualitatively similar requirements for seismic
isolation as the first isolation stages of gravitational wave detectors. In
this study we show that it is possible to infer averaged spectral den-
sity of motion of the table from measurements with seismometers on
the floor, by utilizing artificial neural networks. We can get a better
estimate of the seismic noise spectral amplitudes on the optical table
than a Wiener Filter. We also investigate the ability of the neural
network to predict future motion to get a real-time active isolation by
feedforward of the inverted anticipated motion.

Q 67.4 Fri15:30 Aula
Evalutation of machine learning algorithms for applications
in quantum gas experiments — eOLIVER ANTON', VICTORIA
HenpERrsoN', Enisa Da Ros!, PHILIPP-IMMANUEL SCHNEIDER3:#,
Ivan SekuLic®%, SveEN Burcer®?, and Markus Krurzik!:?
Hnstitut fiir Physik and IRIS, Humboldt-Universitit zu Berlin —
2Ferdinand-Braun-Institut, Berlin — 3JCMwave GmbH, Berlin —

4Zuse Institute Berlin (ZIB), Berlin

The generation of clouds containing cold and ultra-cold atoms is a com-
plex process that requires the optimization of noisy data in multi di-
mensional parameter spaces. Optimization of this problem can present
challenges both in and outside of the lab due to constrains in time, ex-
pertise, or access for lengthy manual optimization.

Machine learning offers a solution thanks to its ability to efficiently
optimize high dimensional problems without the need for knowledge
of the experiment itself. In this presentation, we show the results
of benchmarking various optimization algorithms and implementa-
tions, testing their performance in real-world experiment, subjected
to inherent noise. This work is partially supported by the German
Space Agency (DLR) with funds provided by the Federal Ministry of
Economic Affairs and Climate Action (BMWK) under grant numbers
No. 50WM2067, 50WM2175 and 50WM2247.

Q 67.5 Fril5:45 Aula
Machine learning optimal control pulses in an optical quan-
tum memory — eEL1ZABETH RoBERTsON!, Luisa Escuerral:2,
LeoN MEssNER!, GUILLERMO GALLEGO?, and JANIK WoLTERs!2 —
!Deutsches Zentrum fiir Luft- und Raumfahrt e.V. (DLR), Ruther-
fordstr. 2, 12489 Berlin, Germany — 2Technische Universiit Berlin,
Institute for Optics and Atomic Physics, Hardenbergstr. 36, 10623
Berlin, Germany — SEinstein Center Digital Future and Science of
Intelligence Excellence Cluster 10117 Berlin, Germany

Efficient optical quantum memories are a milestone required for several
quantum technologies including repeater-based quantum key distribu-
tion and on-demand multi-photon generation [1,2]. We present an
optimization of the storage efficiency of an optical electromagnetically
induced transparency (EIT) memory experiment in a warm cesium
vapor using a genetic algorithm to update the control laser waveform.
The write pulse is represented either as a Gaussian or free-form pulse,
and the results from the optimization are analyzed and compared. We
find that the free-form pulses offer a 3%(7) improvement in efficiency,
over the learned Gaussian. By limiting the allowed pulse power in a

solution, we show a power-based optimization giving a 30% reduction
in power, with minimal efficiency loss.

[1] M. Giindogan et al., Topical white paper: A case for quantum
memories in space (2021), arXiv:2111.09595 [2] J. Nunn et al., Mul-
timode memories in atomic ensembles, Physical Review Letters 101,
260502 (2008).

Q 67.6 Fri 16:00 Aula
Bayesian Optimization for Robust State Preparation
in Quantum Many-Body Systems eTiziaN Brarz!:?
and ANNABELLE BourDT?3 ILudwig-Maximilians-Universitt
Miinchen, Miinchen, Germany — 2Munich Center for Quantum Sci-
ence and Technology (MCQST), Miinchen, Germany — 3University of
Regensburg, Regensburg, Germany

New generations of ultracold atom experiments are continually raising
the demand for efficient solutions to optimal control problems. We
present a Bayesian-optimization approach to improve a state- prepa-
ration protocol recently implemented in an ultracold-atom experiment
to realize a two-particle fractional quantum Hall state. Compared
to manual ramp design, we demonstrate the superior performance of
our optimization approach in a numerical simulation, resulting in a
protocol that is faster by an order of magnitude at the same fidelity,
even when taking into account experimentally realistic levels of dis-
order in the system. We extensively analyze and discuss questions of
robustness and the relationship between numerical simulation and ex-
perimental realization, and how to make the best use of the surrogate
model trained during optimization. We find that numerical simulation
can be expected to substantially reduce the number of experiments
that need to be performed with even the most basic transfer learning
techniques. The proposed protocol and workflow will pave the way
toward the realization of more complex many-body quantum states in
experiments.

Q 67.7 Fri 16:15 Aula
Entanglement certification for mixed quantum states pre-
pared on noisy quantum hardware — eANDRrREAs J. C.
Worrzik!, Eric Brunnerb2, Jineon Seong?, HyEokijaE Kwon3,
SEUNGCHAN SE0®, JooNwoo BaE3, ANDREAS BUCHLEITNER!#, and
Epoarpo Carniol#* — IPhysikalisches Institut, Albert-Ludwigs-
Universitat Freiburg, Freiburg im Breisgau, Federal Republic of Ger-
many — 2Quantinuum, London, United Kingdom — 3School of Elec-
trical Engineering, Korea Advanced Institute of Science and Technol-
ogy, Daejeon, Republic of (South) Korea — *EUCOR. Centre for Quan-
tum Science and Quantum Computing, Freiburg im Breisgau, Federal
Republic of Germany

Entanglement is a fundamental aspect of quantum physics, conceptu-
ally, as well as for its many applications. Classifying a given mixed
state as entangled or separable — a task referred to as the separability
problem — poses a significant challenge, since a N-qubit state can be
entangled with respect to many different partitions of the N qubits.

We have developed a classification method that feeds the statistics of
random local measurements into a non-linear dimensionality reduction
algorithm, to determine with respect to which partitions a given quan-
tum state is entangled. After training a model on randomly generated
quantum states with different entanglement structures, and of varying
purity, we verify the accuracy of its predictions on synthetic test data,
and finally apply it to states prepared on IBM quantum computing
hardware.

Q 68: Quantum Computing and Simulation Il

Time: Friday 14:30-16:30

Q 68.1 Fri 14:30 HS 1199
Single atoms in a cavity: a platform for photonic graph
states generation — PHirLip THOMAS, LEONARDO Ruscio, eOLIVIER
MoriN, and GERHARD REMPE — Max-Planck-Institut fiir Quantenop-
tik, Hans-Kopfermann-Strafse 1, 85748 Garching

Photonic graph states are powerful resources for numerous quantum
information applications, from pure quantum computation, with so-
called measurement based quantum computing (MBQC), to the one-
way quantum repeater for quantum communication. However, gen-
erating graph states experimentally is a tremendous challenge. The
cavity QED toolbox offers all that is needed to efficiently generate
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graph states. Using a single atom in an optical cavity we have shown
the generation record-size Greenberger-Horne-Zeilinger (GHZ) states
and linear cluster states [1]. With only one photon emitter, the type
of graph states one can generate remains limited though. Hence, to
go beyond, we show that elementary graph states — generated by two
independent atoms — can be fused into more complex graph states,
such as ring states, used for error correction, and tree states for the
one-way quantum repeater [2]. This concept can be extended to an
even larger number of atoms, providing a universal platform. Hence,
these demonstrations are moving forward the potential of graph states
for realistic applications in quantum information.
[1] P. Thomas et al., Nature 608, 677-681 (2022).
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[2] P. Thomas et al., Under review (2024).

Q 68.2 Fri 14:45 HS 1199
Towards Photonic Cluster-State Generation eTHOMAS
HAFFNER, S1avaAsH QODRATIPOUR, and OLIVER BENSON — Nano-
Optik, Institut fiir Physik, Humboldt-Universitdat zu Berlin, Berlin,
Deutschland

Fusion-based linear optical quantum computing (LOQC) is a promis-
ing platform, where the complexity is shifted from two-qubit gates
to the generation of a resource state, a highly entangled cluster state
[1]. As the goal is an integrated photonic implementation of such
a quantum computer, our experiment is completely in optical fibers.
Therefore a suitable choice for qubits is the time-bin degree of free-
dom of single photons. Time-bin entangled pairs of two single photons
are generated in a type-II periodically-poled LiNbO3 waveguide by a
pulsed laser source [2]. We show Hong-Ou-Mandel (HOM) interference
between two photons of two subsequent time-multiplexed pairs. The
visibility of the HOM interference is a measure of the pureness and in-
distinguishability of single photons, which are necessary to efficiently
entangle photons into cluster states. Multi-pair generation decreases
the visibility of the HOM interference. A time-multiplexed pseudo-
photon-number-resolving detector was built and is used to optimize
the probability of generating exactly one photon pair per pump pulse.
Recent results of the experimental implementation towards a time-bin
fusion gate will be presented. [1] Bartolucci, S. et al. Fusion-based
quantum computation. Nat. Commun. 14, 912 (2023) [2] Montaut,
N. et al. High-Efficiency Plug-and-Play Source of Heralded Single Pho-
tons. Phys. Rev. Applied 8, 024021 (2017)

Q 68.3 Fri 15:00 HS 1199
Entanglement Transfer Properties in Time-Multiplexed
Discrete-Time Quantum Walks — eJoNas LAMMERS, FEDERICO
PeEGcoraro, PHiLIP HELD, NIDHIN PRASANNAN, FABIAN SCHLUE,
BeNjaMIN BrREcHT, and CHRISTINE SILBERHORN — Paderborn Uni-
versity, Integrated Quantum Optics, Institute for Photonic Quantum
Systems (PhoQS), Warburger Strafe 100, 33098 Paderborn, Germany

Entanglement, as it arises from quantum mechanics, is a powerful re-
source underlying many protocols demonstrating quantum advantage.
Interestingly, the inseparability of multiple degrees of freedom under-
lying entanglement has a classical analog exhibited for example by
coherent laser light. As this classical inseparability (aka. modal en-
tanglement) cannot be used to violate local realism, it has a contro-
versial role in the field of quantum information science. In this work,
we contribute to this discussion by studying how modal entanglement
interacts with quantum entanglement between two photons when sub-
jecting one photon to a quantum walk evolution. For this purpose we
generate two polarization entangled photons. One of which we send
to a free-space time-multiplexed discrete-time quantum walk (QW).
Here we investigate how the modal entanglement generated via the
QW transfers multi-particle entanglement from the initial polarization-
polarization towards the position-polarization encoding spanning both
photons. For this purpose, we perform two photon polarization tomog-
raphy at each individual position of the QW. We further developed an
original measure which reveals signatures of multi-particle entangle-
ment in conditioned position distributions.

Q 68.4 Fri 15:15 HS 1199
Implementation of a scalable quantum network node —
eMaTTHIAS SEUBERT!, LUkas HaRrrunc!, STEPHAN WELTEZ,
EMANUELE DisTanTE!, and GERHARD REMPE! — !Max- Planck-
Institut fir Quantenoptik, Hans-Kopfermann-Str. 1, 85748 Garching

— 2ETH Ziirich, Otto-Stern-Weg 1, 8093 Ziirich

For many envisioned applications of quantum networks, efficient and
scalable quantum nodes are needed. A promising candidate are single
neutral atoms trapped at the center of an optical resonator. While
this architecture has proven its capabilities for storing and processing
quantum information [1], probabilistic loading limits the number of in-
dividual controllable qubits to two. Optical tweezers by contrast, have
demonstrated deterministic loading and a high degree of scalability [2].

In this talk, we show the merging of an optical cavity setup in the
strong coupling regime with an optical tweezers setup. 87Rb atoms
are loaded at the center of a resonator and transferred into an optical
tweezers array. Exploiting movable tweezers, individual atoms are re-
arranged in predefined atomic patterns with sub-wavelength precision.
Afterwards we load the atoms into a 2D optical lattice. In this manner,
we show a significant increase of preparing a deterministic number of
simultaneously coupled atoms at predefined positions. Furthermore,
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we demonstrate the addressing capabilities of our setup by consecu-

tively generating photons from individual atoms. In the future, this

setup will be used to efficiently generate atom-photon entanglement.
[1] A. Reiserer and G. Rempe, Rev. Mod. Phys. 87, 1379 (2015)
[2] D. Barredo et al., Science 354, 6315 (2016)

Q 68.5 Fri 15:30 HS 1199
Robust quantum-network nodes through real-time noise miti-
gation — eYanc Wanc!2, SjoERD LoeNEN?, BARBARA TERHALZ'3,
and TiM Taminiauv? — 13. Physikalisches Institut, ZAQuant, Uni-
versity of Stuttgart, Allmandring 13, 70569 Stuttgart, Germany —
2QuTech, Delft University of Technology, PO Box 5046, 2600 GA
Delft, The Netherlands — 3JARA Institute for Quantum Information,
Forschungszentrum Juelich, D-52425 Juelich, Germany

The nitrogen-vacancy (NV) center in diamond and other solid-state
defect centers hold great potential for constructing quantum networks.
NV centers can be remotely connected through entanglement via pho-
tonic links. Furthermore, by utilizing the electronic spin of the NV
center to control associated nuclear spins, a small multi-qubit register
can be formed. However, reliably storing entangled states while gener-
ating new entanglement links poses a significant challenge when scaling
towards large networks. In this study, we propose a method that uti-
lizes spectator qubits to mitigate noise on stored quantum states in
real time. We consider a single NV center with multiple nuclear-spin
qubits, and some nuclear spins are selected as spectator qubits that
are not entangled with other nuclear spins serving as data qubits. The
spectator qubits are initialized in a phase-sensitive state, and measur-
ing them after sequences of optical entanglement attempts allows us
to infer the stochastic phases acquired by the data qubits without ad-
ditional operations on them. The spectator qubit approach is flexible
and simple, and our experiments demonstrate that spectator qubits
may be a useful tool for realizing robust quantum-network nodes.

Q 68.6 Fri15:45 HS 1199
Two-qubit encoding strategy for a continuous quantum sys-
tem — eSEBASTIAN LUHN and MATTHIAS ZIMMERMANN — DLR e. V.,
Institut fiir Quantentechnologien, Ulm

Bosonic codes employ particular states of an infinite-dimensional
Hilbert space to encode a qubit within a continuous quantum system.
Despite the enormous resources available in a continuous quantum sys-
tem [1], typical encodings only exist for single qubits [2]. Here we go
one step further and present an encoding for two qubits (four states),
which protects against errors in the shift of the canonical variables q
and p. Furthermore, we present possible implementations of common
single and two-qubit operations, based on particular symmetry opera-
tions for continuous quantum states represented by a square lattice in
phase space.

[1] Lloyd, S. and Braunstein, S. (1999). Quantum Computation over
Continuous Variables Phys. Rev. Letters, Vol. 82, No. 8

[2] Gottesman, D., Kitaev, A., and Preskill, J. (2001). Encoding a
qubit in an oscillator. Phys. Rev. A, 64:012310

Q 68.7 Fri 16:00 HS 1199
Programmable high-dimensional mode-sorting of time-
frequency states of single photons — eLAURA SERINO, ABHI-
NANDAN BHATTACHARJEE, MICHAEL STEFszKY, CHRISTOF EIGNER,
BeNjaMIN BrREcCHT, and CHRISTINE SILBERHORN — Paderborn Uni-
versity, Integrated Quantum Optics, Institute for Photonic Quantum
Systems (PhoQS), Warburger Str. 100, 33098, Paderborn, Germany

The time-frequency (TF) degree of freedom of single photons provides
high-dimensional encoding alphabets that can enhance quantum infor-
mation science by increasing the robustness and capacity of quantum
information carriers. These alphabets are generally classified into fre-
quency bins, time bins and temporal modes, each coming with its own
unique challenges and advantages. Simultaneously manipulating or de-
tecting multiple single-photon TF modes and their superpositions is a
challenging task, and most experimental demonstrations rely on com-
plex interferometric setups or on a combination of phase modulators
and pulse shapers, which are bound to a specific encoding alphabet.
In this work, we present for the first time programmable high-
dimensional mode-sorting of single-photon-level TF states, achieved
through a multi-output quantum pulse gate (mQPG). We demonstrate
high-fidelity simultaneous high-dimensional projections onto temporal
modes, frequency bins and time bins, where the encoding alphabet
is changed programmatically via pulse shaping. For each encoding al-
phabet, we demonstrate projections onto multiple superposition bases,
paving the way for practical applications in quantum information sci-
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ence.

Q 68.8 Fri 16:15 HS 1199

Towards solving Computer Vision optimization problems on

an ion-trap-based quantum computer — eFLORIAN KOPPEN',
SEBASTIAN BECKER3, MARCEL SEELBACH BENKNERZ?, MICHAEL
MoLLER?, and CHrisTOF WUNDERLICH! — 1Dept. Physik,

Naturwissenschaftlich-Technische Fakultét, Universitat Siegen, Siegen,
Germany — 2Dept. Informatik, Naturwissenschaftlich-Technische
Fakultit, Universitdt Siegen, Siegen, Germany — 3Mathematisch-
Naturwissenschaftliche Fakultdt, Heinrich-Heine-Universitat Diissel-
dorf, Diisseldorf, Germany

Many problems in computer vision are optimization problems with

quadratic cost functions - quadratic assignment problems (QAP) -
which are NP-hard and are solved on classical computers by heuristics
and relaxation algorithms. A QAP can be mapped onto an Ising-
type Hamiltonian, which in turn could in principle be solved efficiently
and exactly on a quantum computer by quantum annealing. With the
help of magnetic gradient-induced coupling (MAGIC) between trapped
ion-qubits, the long-range all-to-all interaction of the Ising Model is re-
alized[1]. Here, we present an algorithm translating a QAP into the
physical coupling between qubits and further into concrete parameter
settings of a microstructured, segmented ion trap. This work is guided
by using quantum annealing with trapped ions for solving pertinent
problems in computer vision. [1| Pilz et al., Sci. Adv. 2 (7) 2016,
€1600093

Q 69: Precision Measurements Ill (joint session Q/A)

Time: Friday 14:30-16:30

Q 69.1 Fri 14:30 HS 1221
Coriolis bias estimation in the transportable Quantum
Gravimeter QG-1 — ePaBLo NuNEz voN Voiar!, NiNna HEINE!,
Nasjwa AL-Zaki!, WALDEMAR HERR?, CHRISTIAN SCHUBERT?Z,
LupcerR TIMMEN®, JURGEN MULLER3, and ErnsT M. RaseL! —
1Leibniz Universitdt Hannover, Institut fiir Quantenoptik, Hannover,
Germany — 2Deutsches Zentrum fiir Luft und Raumfahrt, Institut
fiir Satellitengeodédsie und Inertialsensorik, Hannover, Germany —
3Leibniz Universitit Hannover, Institut fiir Erdmessung, Hannover,

Germany

The Quantum Gravimeter QG-1 relies on the interferometric inter-
rogation of magnetically collimated Bose-Einstein condensates (BEC)
in a transportable setup. The falling BEC is detected via absorption
imaging, allowing a better characterization of uncertainties of the mo-
tional degrees of freedom than fluorescence detection. The horizontal
velocity component is utilized to estimate the uncertainty in the bias
acceleration due to the Coriolis effect. Estimations from a gradiome-
ter measurement are presented together with proposed measures to
compensate for the Coriolis effect.

We acknowledge financial funding by the Deutsche Forschungs-
gemeinschaft (DFG, German Research Foundation) - Project-ID
434617780 - SFB 1464 and under Germany’s Excellence Strategy -
EXC 2123 QuantumFrontiers, Project-ID 390837967.

Q 69.2 Fri14:45 HS 1221
Inertial sensing deploying painted optical potentials — eKNUT
STOLZENBERG, SEBASTIAN BODE, CHRISTIAN STRUCKMANN, ALEXAN-
DER HERBsT, Daipa Tuomas, NACEUR GaaLouL, ErRNsST RASEL,
and DENNIS ScCHLIPPERT — Leibniz Universitdt Hannover, Institut
fiir Quantenoptik

Inertial sensors based on atom interferometers can become a viable
addition to classical IMUs, e.g., for autonomous driving or aviation
in GNSS-denied environments. While they are superior with respect
to their accuracy and long-term stability, it remains challenging to si-
multaneously measure accelerations and rotations in one or more axes
in present experiments. In our experiment a 1064 nm crossed optical
dipole trap (ODT) is used for creation of quantum-degenerate ensem-
bles. By using acousto-optical deflectors in both ODT beam paths, we
add versatile control over the trapping potentials with respect to posi-
tion and trap depth. This allows for the creation of BECs amounting to
a total number of up to 300 x 103 ultracold 87Rb atoms prepared in the
magnetically insensitive state F' = 1, mp = 0. We report on prospects
of implementing guided quantum inertial sensors by light-pulsed atom
interferometry in waveguides and by atomtronics in painted potentials.

Q 69.3 Fri 15:00 HS 1221
Enhancing the sensitivity and dynamic range of atom inter-
ferometer measurements using an integrated opto-mechanical
vibration sensor — eAsHwIN RajacopaLaN, ErnsT M. RASEL,
SVEN ABEND, and DENNIS SCHLIPPERT — Leibniz Universitdt Han-
nover, Institut fiir Quantenoptik,
Welfengarten 1, 30167 Hannover, Germany

The measurement sensitivity of an atom interferometer (AI) is pre-
dominantly impaired by vibrational noise, this is due to its slow mea-
surement rate and relatively small dynamic range. As a first proof of
principle, we demonstrated implementing a miniaturized Al compati-
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ble opto-mechanical accelerometer to a T = 10 ms Al which resolves
measurement ambiguity and measures the local gravitational accelera-
tion with an uncertainty of 4 x 10~% ms~2 after an integration time of
18000 seconds without any vibration isolation. We are now in prepa-
ration to implement the next enhanced version of the opto-mechanical
accelerometer which is fully integrated with the retro-reflection mirror
of the AI, such that the AI and accelerometer share a common inertial
reference. This new accelerometer incorporates a Fabry Pérot inter-
ferometer with a mirror reflectivity of 99.9 percent for highly sensitive
read-out. An efficient vibrational signal read-out scheme has been
implemented and first correlation with a state of the art commercial
accelerometer has been observed even at sub-Hertz frequencies.

Funded by the DFG EXC2123 QuantumFrontiers - 390837967 sup-
ported by the DLR with funds provided by BMWK under Grant No.
DLR 50NA2106 (QGyro+) and DFG SFB 1464 TerraQ.

Q 69.4 Fri15:15 HS 1221

Towards compact and field deployable quantum sensors for
inertial navigation — eANN SaBU!, POLINA SHELINGOVSKAIAL,
Yueyance Zoul, MouiNe Abipi!, PHiLIPP BARBEY!, AsHWIN
RAJAGOPALAN', CHRISTIAN SCHUBERT?, MATTHIAS GERSEMANND,
Dennis ScHLIPPERT!, ERNST M. Rasen!, and Sven ApenD!
Hnstitut fiir Quantenoptik - Leibniz Universitit, Welfgarten 1, 30167

Hannover — 2Deutsches Zentrum fiir Luft- und Raumfahrt

Quantum sensors using atom interferometry enable precise measure-
ments of inertial forces with long-term stability. Highly sensitive and
compact quantum sensors for field applications still pose a challenge.

In this talk, the progess of three experimental devices will be pre-
sented: a robust single-axis accelerometer for dynamic applications; a
transportable multi-axis gyroscope; and a six-axis quantum sensor ca-
pable of measuring accelerations and rotations compatible for quantum
navigation.

Telecom fiber laser systems are used for all the three devices. For
the multi-axis gyroscope and the six-axis sensor, we exploit atom chip
technology to create Bose-Einstein condensates for its low expansion
rates. We also use a combination of twin-lattice and relaunch mecha-
nisms to form multiple loops, providing a framework for both compact
and large-area sensors along with large momentum transfer.

We acknowledge financial support by the DFG EXC2123 Quantum-
Frontiers - 390837967 and by the DLR with funds provided by BMWK
under Grant No. DLR 50NA2106 (QGyro+).

Q 69.5 Fri15:30 HS 1221
Optically guided BEC interferometry with a single wave-
length — eSiMoN Kantuak!, Rur Li?2, EkiM HaNMELIS, MIKHAIL
CHEREDINOVZ, MATTHIAS GERSEMANN?, SVEN HERRMANN®, NACEUR
GaaLouL?, SvEN ABEND?, ErRnsT M. RaserL?, Markus Krurzik!,
and THE QUANTUS TEAM!:2:3:4.5 — 1Ingtitut fiir Physik, HU Berlin
— 2Institut fiir Quantenoptik, LU Hannover — 3ZARM, Universitt
Bremen — “Institut fiir Quantenphysik, Uni Ulm — ®Institut fiir
Angewandte Physik, TU Darmstadt

Precision sensing with Bose-Einstein condensates (BECs) has been
achieved in macroscopic interferometers with underlying large scale
enclosed space-time areas. As an alternative approach, trapped atom
systems offer the opportunity for BEC sensors in more compact pack-
ages. This requires an optical guide, crossed beams and beam splitters
usually operated at different wavelengths.
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We report on an optically guided BEC interferometer operated with
a single wavelength. To this end, atoms are first Bose condensed
and delta-kick collimated using the magnetic potentials supplied by
an atom chip. A single far-detuned focused beam in a linear retro-
reflector configuration then provides both the tools to levitate as well
as symmetrically split and recombine the matter-wave packets to form
a guided Mach-Zehnder type atom interferometer.

This work is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry for Economic Affairs and
Climate Action (BMWK) under grant number DLR 50WM2250B
(QUANTUSH).

Q 69.6 Fri 15:45 HS 1221
First experiments in the Hannover Very Long Base-
line Atom Interferometer facility — eVisuu Guptal, Kar
GRENSEMANNY, DoroTHEE TELL!, AL1 LEzEIK!, MARIO MONTERO!,
Jonas KrussMEYER!, Kraus Ziprer!, CHRISTIAN SCHUBERT!:2,
ErnsT Raser!, and DenNis ScHLIPPERT! — lLeibniz Universitét
Hannover, Institut fiir Quantenoptik — 2Deutsches Zentrum fiir Luft

und Raumfahrt, Institut fiir Satellitengeodasie und Inertialsensorik

The gravitational acceleration of freely falling atoms can be measured
accurately by tracking their movement with vertical lattices of light in
a matter-wave interferometer scheme. The Very Long Baseline Atom
Interferometry (VLBAI) facility at the Hannover institute of technol-
ogy allows for highly accurate inertial measurements with applications
ranging from fundamental physics to geodesy. The 10 m baseline fa-
cility with Bose-Einstein Condensates (BECs) and high performance
seismic attenuation system (SAS) raises great potential for absolute
gravimeter. In the Hannover VLBAI facility, rubidium BECs will be
launched into the 10 m baseline to perform interferometery based on
Bragg momentum transfer. Here we present the recent development of
the VLBALI facility. To this point the installation of the Hannover VL-
BAI facility is complete with the Bragg interferomtery laser system, an
all-optical source of rubidium BEC and high-performance in-vacuum
SAS. We demonstrate the current status of the all optical Rb-BEC
source, first steps for passive vibration isolation using an SAS and
the necessary methods such as matter-wave lenses and Bragg beam
splitters for first inertial measurements.

Q 69.7 Fri 16:00 HS 1221

Probe thermometry with continuous measurements —
eJuLiA Borvens!, BIORN ANNBY-ANDERSSONZ?, PHARNAM
BAKHSHINEZHAD?®,  GERALDINE HaAck®, MARTI PERARNAU-

LroBET?, STEFAN NiMMRICHTER!, PATRICK P. PoTTs®, and Monam-
MAD MEeHBoUDI®? — 1Naturwissenschaftlich-Technische Fakultét,
Universitit Siegen, Siegen 57068, Germany — 2Physics Department

and NanoLund, Lund University, Box 118, 22100 Lund, Sweden —
3Technische Universitéit Wien, Stadionallee 2, 1020 Vienna, Austria
— 4Département de Physique Appliquée, Université de Genéve, 1211
Genéve, Switzerland — SDepartment of Physics, University of Basel
and Swiss Nanoscience Institute, Klingelbergstrasse 82, 4056 Basel,
Switzerland

Accurate thermometry plays a vital role in natural sciences. A well
studied approach is to prepare a probe and allow it to interact with a
thermal environment of unknown temperature for a fixed time before
being measured. However, in some experimentally relevant settings, it
is more practical to allow the probe to interact continuously with the
environment. We consider a minimal model consisting of a two-level
probe coupled to the thermal environment. Monitoring thermal transi-
tions enables real-time estimation of temperature. We discuss adaptive
and non-adaptive strategies. In particular, we evaluate the Fisher in-
formation for the trajectories of the probe and optimise according to
this. Finally, we investigate the performance of the thermometer when
the measurements made are subject to noise. This lays the foundation
for experimentally realised real-time adaptive thermometry.

Q 69.8 Fri16:15 HS 1221
Sideband Thermometry on Ion Crystals — eIvaAN VYBORNYI!,
LAURA DRrEIssEN?3, DoMINIK KIESENHOFER®'®, HELENE HAINZER®?,
MatTthias Bock?®®, Tuomas OLLIKAINEN®® DANIEL VADLEICHZ,
CHRISTIAN Roos*®, Tania MEeHLSTAUBLER?S, and KLEMENS
HaMmMERER! — lInstitut fiir theoretische Physik, Leibniz Universitit
Hannover, Appelstrafie 2, 30167 Hannover, Germany — 2Physikalisch-
Technische Bundesanstalt (PTB), Bundesallee 100, 38116 Braun-
schweig, Germany — 3Department of Physics and Astronomy, Laser-
Lab, Vrije Universiteit, De Boeleaan, 1081 HV Amsterdam, The
Netherlands — 4Universitit Innsbruck, Institut fiir Experimental-
physik, Technikerstrae 25, 6020 Innsbruck, Austria — °Institut
fiir Quantenoptik und Quanteninformation, Osterreichische Akademie
der Wissenschaften, Technikerstrafe 21a, 6020 Innsbruck, Austria —
SInstitut fiir Quantenoptik, Leibniz Universitit Hannover, Welfen-
garten 1, 30167 Hannover, Germany

Coulomb crystals of cold trapped ions are a leading platform for quan-
tum computing, simulations and metrology. For these applications, it
is essential to be able to determine the crystal’s temperature with high
accuracy, which is a challenging task for large crystals due to complex
many-body correlations. Recently [arXiv:2306.07880v3| we presented
an ion crystal thermometry method that deals with this problem. With
two experiments (4 ions 1D linear chain and 19 ions 2D crystal) we test
the new method and cross-check it via other techniques. The results
confirm the new method being accurate and efficient. Current work
aims to generalize ion thermometry for non-thermal states of motion.

Q 70: Quantum Optics

Time: Friday 14:30-16:15

Q 70.1 Fri 14:30 HS 3118
Bose-Einstein Condensation of Photons in a Four-Site Quan-
tum Ring — e ANDREAS REDMANN, CHRISTIAN KURTSCHEID, NIELS
WoLr, FRANK VEWINGER, JULIAN ScHMITT, and MARTIN WEITZ —
Institut fiir Angewandte Physik, Universitdt Bonn, Germany

Bose-Einstein condensation can be observed with e.g. ultracold
atomic gases, polaritons and since about a decade ago also with low-
dimensional photon gases [1]. In recent work with photon gases direct
condensation into a coherently split state of light has been realized [2].
Here we report on experimental work directed at realizing thermalized
photon gases in periodic potentials of increased complexity, i.e. beyond
a double well.

Our experiments use a controlled mirror surface delamination tech-
nique to imprint four micro-wells arranged in a ring giving rise to a
hybridized ground state for the photon gas [3]|. This ring of micro-wells
is enclosed by a spherically curved potential providing a manifold of
harmonically spaced oscillator levels.

We observe macroscopic accumulation of photons in the ground state
when reaching the condensation threshold and the measured spectral
photon distribution closely follows a room temperature Bose-Einstein
distribution. Using an optical interferometer we probe for the relative
phase relation of the emission of the microsites, revealing the relative
coherence between the four wells.
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[1] J. Klaers et al., Nature 468, 545-548 (2010)
[2] C. Kurtscheid et al., Science 366, 894-897 (2019)
[3] C. Kurtscheid et al., EPL 130, 54001 (2020)

Q 70.2 Fri 14:45 HS 3118
Degenerate Cavity for Dispersive Imaging of Ultracold Atoms
— eOLIVER LuecHAMER!, THoMAs JUFFMANNZ3, and MAXIMILIAN
PrOFER! — 1Vienna Center for Quantum Science and Technology,
Atominstitut, TU Wien — 2University of Vienna, Faculty of Physics,
VCQ — 3University of Vienna, Max Perutz Laboratories, Department
of Structural and Computational Biology

Dispersive imaging is routinely used in cold atom experiments. How-
ever the quantum limited operation is still a challenge. We present an
approach using a degenerate cavity, which allows the probe beam to
pass the sample multiple times. Degenerate cavities were already used
in quantum microscopy to surpass the shot noise limit without the use
of delicate quantum states. For this mostly biological investigations, a
pulsed laser operation was employed. Only recently continuous wave
applications were implemented experimentally.

We develop and test such a degenerate cavity setup for the poten-
tial use in a consisting atom chip experiment. We are able to show a
signal to noise ratio (SNR) enhancement for large biological samples
(e.g. epithelial cells of a human cheek). We investigate the possibility
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of quickly driving the input mirror over the free spectral range to have
enhancement without stabilizing the cavity. We conclude by giving
an outlook on the possibility to use this technique for ultracold atom
experiments.

Q 70.3 Fri 15:00 HS 3118
Rb-Xe Magnetometer - Quantum Memory Based on Rare
Gases — oDENIs UHLAND!, Luisa Escuerra?4, NORMAN VINCENZ
EwaLp?3, Tianuao Liv3, Worrgang Kinian®, Jens VoiaT?, JANIK
Worrers??, and ILia GERHARDT! — Leibniz University Hannover,
Institute of Solid State Physics, Light and Matter Group, Hannover
— 2German Aerospace Center (DLR), Institute of Optical Sensor
Systems, Berlin — 3Physikalisch-Technische Bundesanstalt, FB 8.2
Biosignale, Berlin — 4Technische Universitét Berlin, Institut fiir Op-
tik und Atomare Physik, Berlin

Optical quantum memories allow for the storage and retrieval of quan-
tum information. A common approach to establish such memories is to
map the photonic state onto optically accessible matter states. Even
longer storage can be realized with rare gases, but unfortunately, they
lack convenient optical access, which seemingly can be overcome [1].
Due to spin-exchange collisions arising from a polarized ensemble of
alkali atoms, it is possible to transfer photonic states onto optical in-
accessible spin states of the nucleus of rare gases. That results in an
increase of the memory time from milliseconds seen in alkali vapors to
several minutes or even hours [2]. A recent achievement uses 133Cs as
an optical interface for photons stored in collective spin excitation via
EIT [3]. Here, we present our first steps toward quantum memories
based on an Rb-129Xe mixture in a magnetically shielded environment.

[1] O. Katz et al., Phys. Rev. A (2022) 105, 042606

[2] C. Gemmel et al., Eur. Phys. J. D (2010) 57, 303

[3] L. Esguerra et al., Phys. Rev. A (2023) 107, 042607

Q 70.4 Fri 15:15 HS 3118
Proposal for an experimental demonstration of unforge-
able quantum tokens in a room-temperature atomic mem-
ory — eLuisa Escuerral2, ELizaBern Roserrson2, HELEN
Curzanowski!, INNa Kviatkovski®!, LeoN MEessNER!, NORMAN
VinceNz EwaLpl4, MartHiEu Bozzio®, and JANIK WoLTERs!:2
LGerman Aerospace Center (DLR), Institute of Optical Sensor Sys-
tems, Berlin — 2TU Berlin, Institut fiir Optik und Atomare Physik
— 3TU Berlin, Institut fiir Luft und Raumfahrt — 4Physikalisch-
Technische Bundesanstalt, FB 8.2 Biosignale, Berlin — °University
of Vienna, Faculty of Physics, Vienna Center for Quantum Science
and Technology (VCQ)

Alkali vapor cell quantum memories offer a simple platform for a
plethora of applications in quantum information technologies. In this
context, the efficient and low-noise storage of quantum tokens for au-
thentication purposes remains an outstanding challenge. Inspired by
a proposal for quantum money [1,2], we develop a quantum-token pro-
tocol based on a time-bin encoding, and use the memory system pre-
sented in [3] as a test platform for secure storage of the quantum token.
This constitutes an important first step towards the realisation of au-
thentification tokens secured by quantum mechanics.

[1] M. Bozzio et al., npj Quantum Inf 4, 5 (2018).

[2] M. Bozzio et al., Phys. Rev. A 99, 022336 (2019).

[3] L. Esguerra et al., Phys. Rev. A 107, 042607 (2023).

Q 70.5 Fri 15:30 HS 3118
Analytic Expressions of a closed-loop excitation scheme for
phase-sensitive RF E-field sensing using Rydberg atom-based
sensors — eMATTHIAS ScHMIDT 2, STEPHANIE BonAlcHuk!, V1IN
VENU!, FLORIAN CHRISTALLER', CuaNG Liu', HARALD KUBLERDZ,
and James P. SHarrer! — l1Quantum Valley Ideas Laboratories,

485 Wes Graham Way, Waterloo, ON N2L 0A7, Canada — 25.

Physikalisches Institut, Universitdt Stuttgart, Pfaffenwaldring 57,
70569 Stuttgart, Germany

In this talk, we present theoretical work aimed at understanding ra-
dio frequency phase measurement using all-optical, atom-based electric
field sensors. Atom-based radio frequency field sensors have a number
of applications in communications, radar and test measurements. All
of these applications benefit from being able to detect phase, which
remains illusive for Rydberg atom-based sensors in the steady-state.
To obtain an analytic expression for phase detection, we investigate
closed-loop excitations in cesium that preserve phase information in a
probe laser signal transmission coupled to one transition of the loop.
Insight into the mechanisms that enable phase determination is gained
by analyzing the close-loop processes. We find the highest sensitivity
region by looking at the absorption contrast. The sensitivity maxi-
mizes when the atomic vapor is weakly probed. By applying the weak
probe approximation to the Lindblad-master equation, we find an ana-
lytic expression for the absorption coefficient. With this expression, we
gain a deeper understanding of the multi-photon interference and how
this applies to phase readout in atom-based radio frequency sensors.

Q 70.6 Fri 15:45 HS 3118
Chiral Orbital States with Rydberg Atoms — eSTEFAN AULL!,
STEFFEN GIESEN?, PETER ZAHARIEV!3, ROBERT BERGER?, and KIL-
1AN SINGER! — !Experimentalphysik 1, Universitit Kassel, Heinrich-
Plett-Str. 40, 34132 Kassel, Germany — 2Fachbereich Chemie,
Philipps-Universitdt Marburg, Hans-Meerwein-Str. 4. 35032 Marburg
— 3Institute of Solid State Physics, Bulgarian Academy of Sciences,
72, Tzarigradsko Chaussee, 1784 Sofia, Bulgaria

A protocol for the preparation of chiral orbital Rydberg states in atoms
is presented. It has been shown theoretically that using a suitable su-
perposition of hydrogen wave functions, it is possible to construct an
electron density and probability current distribution that has chiral na-
ture [1]. Circular Rydberg states can be generated and subsequently
manipulated with tailored RF pulses under the influence of electric and
magnetic fields, so that the desired chiral superposition of hydrogen-
like states with corresponding phases can be prepared. A method to
produce such Rydberg states is outlined and their properties includ-
ing time evolution are discussed. Necessary conditions for quantum
numbers of superposition states have been derived analytically. The
results are aimed to be used for chiral discrimination [2] of molecules.

[1] A. F. Ordonez and O. Smirnova, Propensity rules in photoelec-
tron circular dichroism in chiral molecules. I. Chiral hydrogen, Phys.
Rev. A, vol. 99, no. 4, p. 43416 (2019)

[2] S. Y. Buhmann et al., Quantum sensing protocol for motionally
chiral Rydberg atoms, New Journal of Physics, vol. 23, no. 8, Art.
no. 8, (2021)

Q 70.7 Fri 16:00 HS 3118
Chiral sensing with nanophotonics — eDiANA SHAKIROVA, ADRIA
CAaNGs VALERO, and THomAas WEIss — Institute of Physics, Univer-
sity of Graz, Universitaetsplatz 5, 8010 Graz, Austria

Chirality is a geometrical property whereby the mirror image of an
object does not coincide with the object itself. The handedness (left
or right orientation in space) of chiral molecules can define its action
on living organisms, making chiral sensing a crucial task in biology,
chemistry and medicine. The difference in transmission (DT) between
left- and right-handed circularly polarized incident light is used as a
sensing measure, but this signal is extremely small. Nanophotonics
provides a great potential for enhancing DT using resonances main-
tained by nanostructures in optical frequency range. In the work we
discuss a theory of chiral light-matter interaction, general approaches
to enhance DT,and present particular nanostructures for chiral sensing
that support high-Q modes.

Q 71: Nano-Optics

Time: Friday 14:30-16:30

Q 71.1 Fri 14:30 HS 3219
Near-field Fano spectroscopy of MaPbl3 nanoparticles —
JINXIN Zuan!, eTom JeHLE!, SVEN STEPHAN!, SAM NocHowirz!,
PeETRA GRross!, EKATERINA TIGUNTSEVAZ, SERGEY MAKAROV?Z, and
CuristopH Lienau® — MUniversitdt Oldenburg, Germany — 2St. Pe-

tersburg, Russia
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Dielectric nanoparticles particles have optical shape resonances that
confine light on the nanoscale in localized modes with well-defined
spatial field profiles. A particularly interesting example are halide per-
ovskite nanoparticles, for which the coupling between excitons and Mie
modes results in Fano lineshapes in the spectral domain [1]. Here, we
use a new broadband, interferometric sSSNOM technique [2] to probe
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the time dynamics of the local optical near-fields of such particles. We
measure amplitude and phase of the scattered light field in a broad
spectral range and with 10 nm spatial resolution. Direct Fourier trans-
formation gives the time dynamics of the local electric field, recorded
with sub-cycle resolution. We uncover biexponential near-field decays
with a characteristic destructive interference dip after a few fs. In
the spectral domain, this corresponds to a Fano resonance with an
unual 27 phase jump. We show that this signature arises from the
intereference between spectrally broad dipole and narrow quadrupole
resonances of the particles. Our results give new insight into the opti-
cal properties of high-index, active semiconductor nanoparticles with
intriguing applicatoins for nanoscale all-opticals switching and lasing.
[1] Tiguntseva, E. Y., et al. Nano Lett. 2018, 18 (2), 1185-1190. [2]
Zhan, J., et al. Advanced Photonics 2020, 2 (04).

Q 71.2 Fri 14:45 HS 3219
Dynamics of exciton-polaritons in optically driven ZnO
nano-particles — ANDREAs LusaTscuH! and eREGINE FRrRank?2:3
— !Physikalisches Institut, Rheinische Friedrich Wilhelms Universi-
taet Bonn — 2College of Biomedical Sciences, Larkin University, Mi-
ami, Florida, USA — 3Donostia International Physics Center, 20018
Donostia-San Sebastian, Spain

We implement externally excited ZnO Mie resonators in a framework of
a generalized Hubbard Hamiltonian to investigate the lifetimes of exci-
tons and exciton-polaritons out of thermodynamical equilibrium. Our
results are derived by a Floquet-Keldysh-Green’s functions formalism
with Dynamical Mean Field Theory (DMFT) and a second order iter-
ative per-turbation theory solver (IPT). We find polaritons that result
from a Fano resonance in the sense of coupling of the continuum of the
LDOS to the quantised ZnO resonator mode with lifetimes between
0.6 ps and 1.45 ps. Our results are compared to recent experiments of
ZnO polariton lasers and to ZnO random lasers.

[1] A. Lubatsch, R. Frank, Appl. Sci. 2020, 10, 1836 [2] A. Lu-
batsch,R. Frank, Symmetry 2019, 11, 1246 [3] T.-C. Lu, et. al. Opt.
Express 2012, 20, 5530

Q 71.3 Fri 15:00 HS 3219
Magnetoplasmonic routing components: isolator, switch, cir-
culator — eSEvAG ABADIAN, MICHAIL SYMEONIDIS, MARIAN Boag-

DAN SIRBU, and TorLca TEKIN — Fraunhofer IZM, Gustav-Meyer-
Allee 25/Gebdude 17, 13355 Berlin

The surge in data traffic driven by mobile apps, high-definition con-
tent, IoT, and AR is intensifying the demand for data centers to
rapidly process and store massive amounts of information. PICs hold
promise for data centers by potentially reducing power consumption
and space requirements while optimizing data traffic management. Ad-
vancement of routing components which play a pivotal role in enabling
efficient and seamless data flow across diverse applications, is a must.
To achieve these functionalities, a medium that breaks spatial and
time symmetry is necessary. Among the different mechanisms used,
magneto-plasmonics has emerged as an efficient tool to be exploited.
Plasmonic slot waveguides can host coupled SPP modes which un-
der external magnetization, loose their symmetric and anti-symmetric
modal profiles and become asymmetric and anti-asymmetric. For iso-
lators, this opens up the way for switching the light path in the forward
and backward directions between the parallel plasmonic interfaces, al-
lowing the creation of high amplitude difference when the backward
travelling wave is completely absorbed or radiated by cavities or grat-
ings. For switches or circulators, this opens up the way for switching
the light path to one of the two or three arms. Magneto-plasmonics
has emerged as a satisfactory solutions for integratable routing com-
ponents with high efficiency and small footprint.

Q 71.4 Fri 15:15 HS 3219
Ultrafast near-field scanning optical oscilloscopy — eJUANMEI
Duan, ToMm JeEHLE, SAM NocHowiTz, and CHRISTOPH LIENAU —
Universitdt Oldenburg, D-26129, Germany

Metallic, dielectric and hybrid nanoparticles offer exciting opportuni-
ties to localize, manipulate and switch light on the nanoscale. A direct
measurement of the local electric field at the surface of the nanos-
tructures is challenging however, since these fields are often localized
on exceedingly short length and time scales. While experiments such
as attosecond photoelectron emission microscopy or phase-resolved
photon-induced near-field electron microscopy have been proposed, di-
rect time-resolved measurements are still lacking. Here, we describe
and demonstrate a new experimental technique, ultrafast near-field
oscilloscopy, to probe coherent optical near-fields in the time with
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nanometer spatial resolution. For this, amplitude and phase of the
local near-field scattered by a sharp metal taper are recorded in a
broad spectral range and on a time scale that is faster than the tip
modulation period. This allows us to record spectra as a function
of tip-sample distance, the key to probe tip-sample coupling experi-
mentally. Direct Fourier transform of the scattering spectra gives the
local near-field dyanamics with sub-cycle temporal and nanometer spa-
tial resolution. We demonstrate the versatility of this new approach
by probing near-fields of dielectric and semiconducting nanoparticles,
as well as different localized and propagating plasmon mode of metal
nanostructures.

Q 71.5 Fri 15:30 HS 3219
Ultrabright single photon sources from single molecules —
oSUBHABRATA GHOSH, YIJUN WANG, MaxiMmILIAN Luka, and Inja
GERHARDT — light & matter Group, Institute for Solid State Physics,
Leibniz University Hannover, Appelstrasse 2, D-30167 Hannover, Ger-
many

A single photon source emits a stream of individual photons at most
one at a time and one after the another. Single organic dye molecules
are considered as versatile single photon sources due to their very nar-
row line widths and negligible spectral diffusion. One of the major
issues with single photon sources is the engineering towards a maxi-
mal photon flux and how to detect these photons then efficiently. The
brightness and purity of single photon sources are measured by satu-
ration scans and intensity auto-correlation functions. The high bright-
ness of the single photon sources with very narrow spectral width at
1K will be presented. These sources can play an important role in
quantum communications and technology.

Q 71.6 Fri 15:45 HS 3219
On-chip interference of scattering from two individual
molecules — ®ALEXEY SHKARIN', DOMINIK RATTENBACHER!, JAN
RENGER!, ToBias UrikaLl, STepHAN GOTZINGERYZ, and VAHID
SanpoGHDAR!"? — Max Planck Institute for the Science of Light,
D-91058 Erlangen, Germany — 2Department of Physics, Friedrich
Alexander University Erlangen-Nuremberg, D-91058 Erlangen, Ger-
many

Scaling up quantum optical networks entail interconnecting ever larger
number of remote quantum emitters through optical means. The most
technologically-compatible way of doing this involves coupling mul-
tiple emitters to photonic chip structures prepared according to the
experimental requirements. Such efforts are frequently stymied by low
coupling efficiency of emitters to photonic structures, which is often
overcome through resonant enhancement. In our work, we employ on-
chip disk resonators evanescently coupled to multiple dibenzoterrylene
molecules serving as optically active quantum two-level system. To
preserve the quality factor of the resonators, we use polyethylene (PE)
as a host material for molecules. Somewhat surprisingly, despite disor-
dered nature of PE we find that a large fraction of molecules preserve
their excellent optical properties, including lifetime-limited linewidths.
Thanks to the high resonator finesse, we observe Purcell enhancement
of almost an order of magnitude in the emission and strong molecule-
induced extinction of the resonator mode. Finally, we simultaneously
couple two molecules at the same frequency and observe significant
suppression of backwards scattering compared to a single emitter.

Q 71.7 Fri 16:00 HS 3219
Fourier-limited Single Molecules on a Surface — eMasoup

Mirzagl' 2, ALEXEY SHKARIN!, JOHANNES ZIRKELBACH!, AsH-

Ly Jiwon SmiN', Jan REenger!, Tosias UTikaL!, STEPHAN
GoTzINGERD23, and VaHID SANDOGHDAR!:? — Max Planck In-
stitute for the Science of Light, 91058 Erlangen, Germany —
2Department of Physics, Friedrich-Alexander University Erlangen-
Niirnberg, 91058 Erlangen, Germany — 3Erlangen Graduate School
in Advanced Optical Technologies (SAOT), Friedrich-Alexander Uni-

versity Erlangen-Niirnberg, 91052 Erlangen, Germany

We investigate the spectroscopic properties of individual dibenzoter-
rylene (DBT) molecules on pristine anthracene crystal surfaces at sub-
Kelvin temperatures. By quantifying temperature-induced dephasing
effects on the molecular transitions, we show that dephasing becomes
negligible below 2K, leading to Fourier-limited zero-phonon lines in
DBT. We report on the spectral stability of single molecule transi-
tions as a function of laser power. Furthermore, polarization sen-
sitive measurements allow us to determine the transition dipole ori-
entation, which in turn provides direct information about the pre-
ferred orientation of DBT molecules on anthracene crystal surfaces,
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in agreement with theoretical predictions. Our work marks the first
instance of a lifetime-limited emission for molecules placed on naked
surfaces, opening the door to investigations in the deep optical near-
field regime, where atomic-resolution microscopy can be combined with
high-resolution molecular spectroscopy.

Q 71.8 Fri 16:15 HS 3219

High-resolution cryogenic spectroscopy of single or-
ganic molecules in printed nanocrystals — eMoHAMMAD
MusaviNEzHAD 3, JAN RENGER!, JOHANNES ZIRKELBAcCH!', To-

Bias UrikaL!, Craupio U. HaiL?, Dimos PouLikaKos?, STEPHAN
GorzingER!3, and VamiD SanpocuparR® — 1Max Planck Insti-
tute for the Science of Light, Erlangen, Germany — 2ETH, Ziirich,
Switzerland — 3FAU Erlangen-Nuremberg, Erlangen, Germany.

Organic dye molecules have shown promising functionalities in quan-
tum photonic devices, but deterministic control of the molecules’ po-
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sition and density remains a challenge. Here, we extend our previous
efforts on printing organic nanocrystals (NCs) [1] to the new system of
dibenzoterrylene (DBT) in anthracene (Ac). We examined the zero-
phonon transitions of individual DBT molecules in printed Ac NCs at
2 K. By using high-resolution fluorescence excitation spectroscopy, we
confirm that single-molecule transitions in printed NCs are nearly as
narrow as their lifetime-limited counterparts in bulk Ac. Moreover, we
show that resonance instabilities are typically less than one linewidth.
We characterize the orientation and lateral coordinates of individual
molecules in a large number of NCs to assess the degree of crystallinity
and the lateral dimensions of the printed structures [2]. The combina-
tion of the emitters’ subwavelength placement precision enabled by our
nanoprinting method and their spectral quality makes them attractive
candidates for integration into quantum optical circuits.
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