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Overview of Invited Talks and Sessions
(Lecture halls HS 3042, HS 3044, and HS 1015; Poster Tent C)

Invited Talks

MO 1.1 Mon 11:00–11:30 HS 3044 Imaging ultrafast molecular dissociation dynamics; from conven-
tional to surprising paths — ∙Heide Ibrahim

MO 15.1 Wed 14:30–15:00 HS 3042 Metal Cluster opportunities — ∙Gereon Niedner-Schatteburg
MO 19.1 Thu 11:00–11:30 HS 3044 Controlling the internal quantum states of chiral molecules —

JuHyeon Lee, Elahe Abdiha, Boris Sartakov, Gerard Meijer,
∙Sandra Eibenberger-Arias

Invited Talks of the joint Symposium SAMOP Dissertation Prize 2024 (SYAD)
See SYAD for the full program of the symposium.

SYAD 1.1 Mon 14:30–15:00 Paulussaal Quantum steering of a Szilárd engine — ∙Konstantin Beyer
SYAD 1.2 Mon 15:00–15:30 Paulussaal Does a disordered Heisenberg quantum spin system thermalize?

— ∙Titus Franz
SYAD 1.3 Mon 15:30–16:00 Paulussaal Quantum optical few-mode models for lossy resonators —

∙Dominik Lentrodt
SYAD 1.4 Mon 16:00–16:30 Paulussaal Non-Hermitian topology and directional amplification — ∙Clara

Wanjura

Invited Talks of the joint Symposium Coulomb Explosion Imaging (SYCE)
See SYCE for the full program of the symposium.

SYCE 1.1 Tue 11:00–11:30 Paulussaal Dissociation of halogenated organic molecules induced by soft X-
rays – pathways and early stages — ∙Edwin Kukk

SYCE 1.2 Tue 11:30–12:00 Paulussaal X-ray induced Coulomb explosion imaging with channel-
selectivity — ∙Rebecca Boll

SYCE 1.3 Tue 12:00–12:30 Paulussaal Time-resolved Coulomb Explosion Imaging using X-ray Free-
Electron Lasers — ∙Till Jahnke

SYCE 1.4 Tue 12:30–13:00 Paulussaal Dynamics and control of microsolvated biomolecules studied by
Coulomb explosion imaging — ∙Sebastian Trippel, Jochen Küp-
per

Prize Talks of the joint Awards Symposium (SYAS)
See SYAS for the full program of the symposium.

SYAS 1.1 Tue 15:00–15:30 Paulussaal Quantum Simulations with Atoms, Molecules and Photons —
∙Immanuel Bloch
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SYAS 1.2 Tue 15:30–16:00 Paulussaal Spectroscopy of molecules with large amplitude motions: a
journey from molecular structure to astrophysics. — ∙Isabelle
Kleiner

SYAS 1.3 Tue 16:00–16:30 Paulussaal Quantum x-ray nuclear optics: progress and prospects — ∙Olga
Kocharovskaya

SYAS 1.4 Tue 16:30–17:00 Paulussaal 3D printed complex microoptics: fundamentals and first bench-
mark applications — ∙Harald Giessen

Invited Talks of the joint Symposium Controlled Molecular Collisions (SYCC)
See SYCC for the full program of the symposium.

SYCC 1.1 Wed 11:00–11:30 Paulussaal Dynamics of CO2 activation by transition metal ions - The im-
portance of intersystem crossing — ∙Jennifer Meyer

SYCC 1.2 Wed 11:30–12:00 Paulussaal Angular momentum of small molecules: quasiparticles and topol-
ogy — ∙Mikhail Lemeshko

SYCC 1.3 Wed 12:00–12:30 Paulussaal Manoeuvring chemical reactions one degree of freedom at a time
— ∙Jutta Toscano

SYCC 1.4 Wed 12:30–13:00 Paulussaal Cold and controlled collisions using tamed molecular beams —
∙Sebastiaan van de Meerakker

Invited Talks of the joint Symposium Size Selected Metal Cluster Spectroscopies (SYMC)
See SYMC for the full program of the symposium.

SYMC 1.1 Thu 11:00–11:30 Paulussaal Infrared spectroscopic studies of molecular activation at metal
clusters — ∙Stuart Mackenzie

SYMC 1.2 Thu 11:30–12:00 Paulussaal Dynamic metal-metal cooperation in chemical reactions — ∙Jana
Roithová

SYMC 1.3 Thu 12:00–12:30 Paulussaal A closer look at the electronic structure of simple metal clusters
— ∙Bernd von Issendorff

SYMC 1.4 Thu 12:30–13:00 Paulussaal IR action spectroscopy of metal clusters, complexes and di-
atomics with free electron lasers — ∙André Fielicke

Invited Talks of the joint Symposium Ultrafast Quantum Nano-Optics (SYQO)
See SYQO for the full program of the symposium.

SYQO 1.1 Fri 11:00–11:30 Paulussaal Coherent and incoherent dynamics of colloidal plexcitonic nanohy-
brids — ∙Elisabetta Collini

SYQO 1.2 Fri 11:30–12:00 Paulussaal Dissipative Many-Body Dynamics in Atomic Subwavelength Ar-
rays in Free Space — ∙Stefan Ostermann

SYQO 1.3 Fri 12:00–12:30 Paulussaal Quantum dot sources: efficiency, entanglement, and correlations.
— ∙Ana Predojević

SYQO 1.4 Fri 12:30–12:45 Paulussaal Compact chirped fiber Bragg gratings for single-photon gener-
ation from quantum dots — ∙Vikas Remesh, Ria Krämer, René
Schwarz, Florian Kappe, Yusuf Karli, Thomas Bracht, Saimon
Covre da Silva, Armando Rastelli, Doris Reiter, Stefan Nolte,
Gregor Weihs

SYQO 1.5 Fri 12:45–13:00 Paulussaal Observing Ultrafast Coherent Dynamics following Selective Ex-
citation of a Single Quantum Dot — ∙Darius Hashemi Kalibar,
Philipp Henzler, Ron Tenne, Alfred Leitenstorfer

Sessions

MO 1.1–1.7 Mon 11:00–13:00 HS 3044 Coulomb-explosion Imaging (joint session MO/A)
MO 2.1–2.8 Mon 11:00–13:00 HS 1098 Attosecond Physics I (joint session A/MO)
MO 3.1–3.8 Mon 17:00–19:00 HS 1015 Novel Spectroscopies
MO 4.1–4.6 Mon 17:00–18:30 HS 3044 Strong-field Ionization and Imaging (joint session MO/A)
MO 5.1–5.7 Tue 11:00–13:00 HS 1010 Interaction with Strong or Short Laser Pulses I (joint session

A/MO)
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MO 6.1–6.8 Tue 11:00–13:00 HS 3044 Ultracold Molecules and Precision Spectroscopy (joint session
MO/Q)

MO 7.1–7.18 Tue 17:00–19:00 Tent C Poster: Spectroscopy
MO 8.1–8.6 Tue 17:00–19:00 Tent C Poster: Collisions
MO 9.1–9.7 Wed 11:00–13:00 HS 1010 Attosecond Physics II / Interaction with VUV and X-ray light

(joint session A/MO)
MO 10.1–10.6 Wed 11:00–13:00 HS 1015 Ultracold Molecules (joint session Q/MO)
MO 11.1–11.7 Wed 11:00–12:45 HS 3044 X-ray Spectroscopy
MO 12 Wed 13:00–14:00 HS 3044 Members’ Assembly
MO 13.1–13.8 Wed 14:30–16:30 HS 1010 Interaction with Strong or Short Laser Pulses II (joint session

A/MO)
MO 14.1–14.8 Wed 14:30–16:30 HS 1015 Atomic Clusters (joint session A/MO)
MO 15.1–15.7 Wed 14:30–16:30 HS 3042 Spectroscopy of Metal Clusters
MO 16.1–16.8 Wed 14:30–16:30 HS 3044 Ultrafast Dynamics I
MO 17.1–17.12 Wed 17:00–19:00 Tent C Poster: Cold Molecules
MO 18.1–18.12 Wed 17:00–19:00 Tent C Poster: Cluster
MO 19.1–19.6 Thu 11:00–12:45 HS 3044 Chirality
MO 20.1–20.9 Thu 14:30–16:45 HS 3042 Theoretical Molecular Physics
MO 21.1–21.9 Thu 14:30–16:45 HS 3044 Ultrafast Dynamics II
MO 22.1–22.9 Thu 17:00–19:00 Tent C Poster: Molecules in Strong Fields
MO 23.1–23.9 Thu 17:00–19:00 Tent C Poster: Chirality
MO 24.1–24.8 Thu 17:00–19:00 Tent C Poster: Experimental Techniques
MO 25.1–25.7 Fri 11:00–12:45 HS 3044 Novel Experimental Approaches
MO 26.1–26.6 Fri 14:30–16:00 HS 3042 Cluster
MO 27.1–27.8 Fri 14:30–16:30 HS 3044 Ultrafast Dynamics III and High-harmonic Generation (joint

session MO/A)

Members’ Assembly of the Molecular Physics Division

Wednesday 13:00–14:00 HS 3044
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MO 1: Coulomb-explosion Imaging (joint session MO/A)

Time: Monday 11:00–13:00 Location: HS 3044

Invited Talk MO 1.1 Mon 11:00 HS 3044
Imaging ultrafast molecular dissociation dynamics; from con-
ventional to surprising paths — ∙Heide Ibrahim — Advanced
Laser Light Source (ALLS) @ Institut National de la Recherche Scien-
tifique (INRS-EMT), Varennes, QC, Canada
Coulomb explosion imaging (CEI) is a powerful tool to track a broad
variety of molecular dynamics; even if they occur in a non-concerted
manner and require single-molecule detection sensitivity. Upon photo-
excitation of a molecule it will break apart. We can see fragments
following direct, conventional dissociation paths, as well as fragments
deviating from this minimum energy path. The latter are called roam-
ing fragments and explore the potential energy landscape in a statisti-
cal manner. At the user facility ALLS we use CEI in combination with
high repetition rate laser systems. Dissociating and roaming fragments
in formaldehyde are directly captured using CEI, a hard-to-grasp sta-
tistically occurring signal. Individual pathways are distinguished based
on state-of-the-art theory analysis.

MO 1.2 Mon 11:30 HS 3044
Dynamics of H2-roaming processes, H+

3 formation in ethanol
and aminoethanol initiated by two-photon double-ionization
— ∙Aaron Ngai1, Sebastian Hartweg1, Jakob Asmussen2,
Björn Bastian3, Ltaief Ben Ltaief2, Matteo Bonanomi4,5,
Carlo Callegari6, Michele di Fraia6, Katrin Dulitz7,
Raimund Feifel8, Sarang Ganeshamandiram1, Sivarama
Krishnan9, Aaron LaForge10, Landmesser Friedemann1,
Michelbach Moritz1, Pal Nitish6, Plekan Oksana6, Rendler
NicNicolas1, Richter Fabian1, Scognamiglio Audrey1, Sixt
Tobias1, Squibb Richard8, Sundaralingam Akgash2, Stienke-
meier Frank1, and Mudrich Marcel2 — 1Physikalisches In-
stitut, Albert-Ludwigs-Universität Freiburg, Freiburg, Germany —
2Department of Physics and Astronomy, Aarhus University, Aarhus,
Denmark — 3Wilhelm Ostwald Institute for Physical and Theoretical
Chemistry, University of Leipzig, Leipzig, Germany — 4Dipartimento
di Fisica Politecnico, Milano, Italy — 5Istituto di Fotonica e Nan-
otecnologie (CNR-IFN) Milano, Italy — 6Elettra - Sincrotrone Tri-
este S.C.p.A., Basovizza, Trieste, Italy — 7Institut für Ionenphysik
und Angewandte Physik, Universität Innsbruck, Innsbruck, Austria —
8Department of Physics, University of Gothenburg, Göteborg, Sweden
— 9Department of Physics, Indian Institute of Technology Madras,
Chennai, India — 10Department of Physics, University of Connecti-
cut, Storrs, Connecticut, US
The trihydrogen cation (H+

3 ) is the simplest and one of the most
abundant triatomic cations in the universe. It plays a crucial role
in interstellar gas-phase chemistry as it facilitates molecule-forming
chemical reactions. Dynamics in simple alcohols that lead to H+

3 for-
mation typically involve the unusual so-called "roaming"-mechanism
of a neutral H2 moiety. In comparison to previous experiments us-
ing strong-field ionization by infrared (IR) pulses [1], we produce dica-
tionic ethanol and 2-aminoethanol molecules using two-photon double-
ionization with extreme ultraviolet (XUV) light, and probe the dy-
namics of H+

3 formation with a visible (VIS) pulse in a time-resolved
pump-probe scheme. We compare results between measurements with
XUV photons either below or above the double-ionization threshold,
including the lifetimes of intermediate states.

[1] Ekanayake, N. et al. Nat. Commun. 9, 5186 (2018)

MO 1.3 Mon 11:45 HS 3044
New endstation for controlled molecule experiments and ul-
trafast dynamics of OCS — ∙Wuwei Jin1,2, Ivo Vinklárek1, Se-
bastian Trippel1,3, Hubertus Bromberger1, Sergey Ryabchuk1,
Erik Månsson1, Andrea Trabattoni1, Vincent Wanie1,
Francesca Calegari1, and Jochen Küpper1,2,3 — 1Center
for Free-Electron Laser Science, Deutsches Elektronen-Synchrotron
DESY, Hamburg — 2Department of Physics, Universität Hamburg
— 3Center for Ultrafast Imaging, Universität Hamburg
Imaging ultrafast photochemical reactions with atomic-spatial and
femtosecond-temporal resolution is one of the ultimate goals of phys-
ical chemistry and the molecular sciences [1]. We present details on
our newly established transportable endstation for controlled molecules
(eCOMO) and discuss our ultrafast (sub 10 fs) time-resolved study of
the photodissociation dynamics of carbonyl sulfide (OCS) after UV-

photoexcitation at 𝜆 = 267 nm. OCS was purified and separated from
the helium seed gas using the electrostatic deflector [2]. The UV-
induced dynamics was probed through strong field ionization using a
velocity map imaging spectrometer in combination with a Timepix3
camera [3].

[1] J Onvlee, S Trippel, and J Küpper, Nat. Commun. 7462, 13
(2022)

[2] YP Chang, D Horke, S Trippel, and J Küpper, Int. Rev. Phys.
Chem. 557, 34 (2015)

[3] H Bromberger, et int. (9 authors), S Trippel, B Erk, and J
Küpper, J. Phys. B. 144001, 55 (2022)

MO 1.4 Mon 12:00 HS 3044
Complete imaging of the reaction pathways of ionized wa-
ter dimer — ∙Luisa Blum1,2, Ivo S. Vinklárek1, Hubertus
Bromberger1, Sebastian Trippel1, and Jochen Küpper1,2,3 —
1Center for Free-Electron Laser Science CFEL, Deutsches Elektronen-
Synchrotron DESY, Hamburg — 2Department of Physics, Universität
Hamburg — 3Center for Ultrafast Imaging, Universität Hamburg
We applied a pure ensemble (92 %) of water dimer (H2O)2, spa-
tially separated by electrostatic deflection, and subsequently ionized
by strong-field ionization, to investigate the ion-radical chemistry of
water clusters [1]. The direct observation of fragmentation channels
of (H2O)+2 and (H2O)+2

2 by multi-mass imaging reveals several yet
unknown ion-radical pathways and provides a comprehensive picture
of (H2O)+/+2

2 , including experimental branching ratios. Furthermore,
the ion yields for the Coulomb explosion channels of (H2O)+2

2 indicate
electron-recollision-impact ionization as the dominant process, open-
ing the discussion about avenues to control electron recollision and
multiple-ionization processes in supramolecular complexes. The study
of the (H2O)+/+2

2 ionization fragmentation process is highly relevant
to ion-radical heterogeneous chemistry occurring on ice mantles in the
Earth’s atmosphere and in interstellar space [2].

[1] Vinklárek, I. S., Bromberger, H., Vadassery N., Jin W., Küpper,
J., Trippel, S., submitted ; arXiv:2308.08006 [physics].

[2] Vogt, E., Kjaergaard, H. G., Annu. Rev. Phys. Chem., 73,
209-231 (2022).

MO 1.5 Mon 12:15 HS 3044
Understanding fragmentation dynamics of difluorodi-
iodomethane — ∙Nidin Vadassery1,3, Ivo Vinklárek1, Sebas-
tian Trippel1,2, and Jochen Küpper1,2,3 — 1Center for Free-
Electron Laser Science, Deutches Elektronen-Synchrotron DESY,
Hamburg, Germany — 2Department of Physics, Universität Ham-
burg — 3Department of Chemistry, Universität Hamburg
Unimolecular photo-fragmentation is prevalent in the many chemical
reactions that affect the environment, like ozone depletion, synthe-
sis of oxidative hydrocarbons, formation of aerosol particles, etc. [1].
The photo-dissociation of man-made and naturally occuring polyhalo-
hydrocarbons is among the major causes which contribute to such
climate-impacting reactions. Difluorodiiodomethane (CF2I2) one such
example of polyhalohydorcarbon shows unconventional dynamics near
dissociative energies [2]. Here, we present our experimental result of
exploring the dissociation dynamics of CF2I2 using near-infrared laser
pulses. A pure sample of CF2I2 was produced using the deflector in the
eCOMO endstation [3]. We show capability of the end-station to re-
veal metastable states and unravel the complex quantum-state-specific
dynamics during photo-fragmentation.

[1] J. C. G. Martin, et al., J. Am. Chem. Soc. 144, 9240 (2022).
[2] P. Z. El-Khoury, et al., J. Chem. Phys. 132, 124501 (2010).
[3] I. S. Vinklárek, et int. (3 authors), J. Küpper, S. Trippel,

arXiv:2308.08006 [physics] (2023).

MO 1.6 Mon 12:30 HS 3044
Ultrafast photofragmentation studies of CF3I·I− using mass-
selected ion-molecule cluster beam apparatus — ∙Xiaojun
Wang1,4, Mahmudul Hasan1, Lin Fan1, Yibo Wang1, Hui Li2,
Daniel Slaughter3, and Martin Centurion1 — 1Department of
Physics and Astronomy, University of Nebraska-Lincoln, Lincoln, Ne-
braska 68588, USA — 2Department of Chemistry, Nebraska Center
for Materials and Nanoscience, and Center for Integrated Biomolecu-
lar Communication, University of Nebraska-Lincoln, Lincoln, Nebraska
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68588, USA — 3Chemical Sciences Division, Lawrence Berkeley Na-
tional Laboratory, 1 Cyclotron Rd., Berkeley, California 94720, USA
— 4Deutsches Elektronen-Synchrotron DESY, Notkestr. 85, 22607
Hamburg, Germany.
We describe an apparatus for investigating the excited-state dissocia-
tion dynamics of mass-selected ion-molecule clusters by mass-resolving
and detecting photofragment-ions and neutrals, in coincidence, using
an ultrafast laser operating at high repetition rates. The apparatus
performance is tested by measuring the photofragments: I−, CF3I−
and neutrals from photoexcitation of the ion-molecule cluster CF3I·I−
using femtosecond UV laser pulses with a wavelength of 266 nm. The
experimental results are compared with our ground state and excited
state electronic structure calculations as well as the existing results and
calculations, with particular attention to the generation mechanism of
the anion fragments and dissociation channels of the ion-molecule clus-
ter CF3I·I− in the charge-transfer excited state.

Reference: Rev. Sci. Instrum. 94, 095111 (2023)

MO 1.7 Mon 12:45 HS 3044
Coulomb explosion imaging of ultrafast photochemistry in
molecular photoswitches — Kieran Cheung1, Claus Peter

Schulz2, Arnaud Rouzeé2, Till Jahnke3, Daniel Rolles4,
Giuseppe Sansone5, Michael Meyer3, Mark Brouard1, Terry
Mullins1, and ∙Kasra Amini2 — 1Chemistry Research Laboratory,
Department of Chemistry, University of Oxford, Oxford OX1 3TA, UK
— 2Max-Born-Institut, Max-Born-Str. 2A, 12489 Berlin, Germany —
3European XFEL, Schenefeld, Germany — 4J.R. Macdonald Labo-
ratory, Department of Physics, Kansas State University, Manhattan,
KS, USA — 5Physikalisches Institut, Universität Freiburg, D-79106
Freiburg, Germany
Here, we present an X-ray Coulomb explosion imaging (CEI)
study into the photofragmentation and photochemistry of trans-4,4-
difluoroazobenzene (DFAB) measured with the COLTRIMS Reaction
Microscope at the SQS station of European XFEL. We first provide
a systematic study of X-ray fragmentation in DFAB with covariance
analysis. We then present pump-probe X-ray CEI measurements of
DFAB excited to its first excited state under different visible pump
excitation conditions. We discuss the limited ability of trans-DFAB
to undergo trans-to-cis isomerization after initial population of its S1

state, and reveal the onset of a dissociative ionization photodissocia-
tion process.

MO 2: Attosecond Physics I (joint session A/MO)

Time: Monday 11:00–13:00 Location: HS 1098

MO 2.1 Mon 11:00 HS 1098
Ultrafast photoelectron spectroscopy with odd and even
high-order harmonics — ∙Marvin Schmoll1, Barbara
Merzuk1, Samuel Discher1, Dominik Ertel1, Ioannis Makos1,
Claus D. Schröter2, Thomas Pfeifer2, Robert Moshammer2,
Luca Poletto3, Fabio Frassetto3, and Giuseppe Sansone1 —
1Universität Freiburg, Physikalisches Institut, Freiburg, Germany —
2Max-Planck-Institute for Nuclear Physics, Heidelberg, Germany —
3CNR-Institute of Photonics and Nanotechnologies, Padova, Italy
High-order harmonic generation (HHG) in noble gases produces odd
harmonics of the driving field. Adding a weaker second harmonic one
can break the underlying symmetry and achieve both odd and even
high-order harmonics.

We present an implementation of a collinear setup for such two-color
HHG similar to what was first presented in ref. [1], which allows to
adjust the relative phase between the fundamental and second har-
monic component. Being implemented in combination with a collinear
beamline for XUV-IR interferometry [2] we can perform high stability
ultrafast photoelectron spectroscopy using these high order harmonics.

Our first results using Argon as a target gas show the viability of
the method by demonstrating delay-dependent oscillations in the pho-
toelectron yield for specific energies. These exhibit a period equal to
that of the fundamental driving field as opposed to twice that period,
which is known from experiments with odd orders only.

[1] N. Dudovich et al., Nature Phys. 2, 781 (2006)
[2] D. Ertel et al., Rev. Sci. Instrum. 94, 073001 (2023)

MO 2.2 Mon 11:15 HS 1098
Extreme ultraviolet wave packet interferometry using table-
top high harmonic generation — ∙Sarang Dev Ganeshamandi-
ram, Fabian Richter, Ianina Kosse, Ronak Shah, Mario
Niebuhr, Giuseppe Sansone, Frank Stienkemeier, and Lukas
Bruder — Institute of Physics, University of Freiburg, Hermann-
Herder-Str. 3, 79104 Freiburg, Germany
Quantum interference techniques such as wave packet interferometry
(WPI) in the extreme ultraviolet (XUV) domain set the basis for es-
tablishing advanced nonlinear spectroscopy methods in this wavelength
regime [1]. These methods are however very difficult to implement at
short wavelengths due to the required high phase stability and sensi-
tivity. We are exploring methods based on acousto-optical phase mod-
ulation (PM) to solve these problems. First results from applications
in seeded FELs and table-top high-harmonic generation (HHG) are
promising [2,3]. Here, we will present an interferometer setup specifi-
cally designed for application with table-top HHG and discuss current
challenges.

[1] S. Mukamel, et al., Multidimensional Attosecond Resonant X-
Ray Spectroscopy of Molecules: Lessons from the Optical Regime,
Annu. Rev. Phys. Chem. 64, 101 (2013).

[2] A. Wituschek, et al., Tracking attosecond electronic coherences
using phase-manipulated extreme ultraviolet pulses, Nat Commun 11,
883 (2020).

[3] A. Wituschek et al., Phase cycling of extreme ultraviolet pulse
sequences generated in rare gases, New J. Phys. 22, 092001 (2020).

MO 2.3 Mon 11:30 HS 1098
Controlling Photoabsorption Interferometrically with Intense
Laser Pulses from Microscopic to Macroscopic Gases — ∙Yu
He1, Shuyuan Hu1, Gergana D. Borisova1, Yizhu Zhang1,3,
Marc Rebholz1, Mette B. Gaarde2, Christian Ott1, and
Thomas Pfeifer1 — 1Max-Planck-Institut für Kernphysik, Heidel-
berg, Germany — 2Louisiana State University, Baton Rouge, USA —
3Tianjin University, Tianjin, China
Photoabsorption results from the interference between the incident
field and the newly generated one radiated by the induced dipole os-
cillation. This dipole-emitted field can be controlled by the interplay
of pulse propagation and intense laser pulses, giving rise to different
absorption lineshapes. By temporally confining this new field through
emptying the population of the excited state after its excitation, we
achieve a local enhancement of absorbance in transient absorption
spectroscopy [1,2]. In addition, in tandem with theory, we experi-
mentally demonstrate the transition of absorption profiles from natural
Lorentzian to Fano-like, which then become broader with further emer-
gence of spectral bifurcations, finally turning back to near-Lorentzian
lines in optically dense helium [3]. The integrated interferometric sce-
nario in ultrafast absorption spectroscopy provides insights into the
behavior of ensembles of dipole emitters and their temporal control.
Refs: [1] He at al., Phys. Rev. Lett. 129 273201 (2022). [2] He at al.,
manuscript submitted (2023). [3] He at al., manuscript in preparation.

MO 2.4 Mon 11:45 HS 1098
Time- and Frequency-resolved Characterization of Collective
Nuclear Dynamics — ∙Lukas Wolff and Jörg Evers — Max-
Planck-Institut für Kernphysik Heidelberg, Germany
Mössbauer nuclei have become an important tool for high precision
tests and spectroscopy owing to their extremely narrow linewidths
and long coherence times. In recent years, ensembles of nuclei em-
bedded in suitably engineered waveguide structures allowed for the
observation of cooperative phenomena such as superradiant decay and
collective level shifts. This constituted the field of nuclear quantum
optics of collective nuclear excitations. A direct and unambiguous
characterization of such level schemes in the time or frequency domain
alone is challenging and, thus, new data acquisition and evaluation
techniques are of great importance to access the underlying collective
dynamics [1]. To this end, we study the time- and frequency-resolved
collective behaviour of nuclear ensembles upon x-ray pulses with dif-
ferent temporal and spectral shape to extract signatures for collective
and nonlinear dynamics of Mössbauer resonances [2]. We expect our
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results to help guide future experiments investigating such dynamics
using suitably-shaped x-ray pulses and pulse sequences that can be
created using time-domain control of nuclear resonances.

[1] L.Wolff and J.Evers, Phys.Rev.Res. 5, 013071 (2023)
[2] L.Wolff and J.Evers, Phys.Rev.A 108, 043714 (2023)

MO 2.5 Mon 12:00 HS 1098
Designing a Topological Thin-Film X-Ray Cavity — ∙Hanns
Zimmermann1,2 and Adriana Pálffy1 — 1Julius-Maximilians-
Universität Würzburg — 2Universität der Bundeswehr München
A promising platform for the quantum control of high-frequency pho-
tons are thin-film cavities, with one or several embedded layers of res-
onant nuclei such as 57Fe with a Mössbauer transition at 14.4 keV. At
grazing incidence, incoming x-rays couple evanescently to the cavity.
In turn, the cavity field drives the nuclear transitions. The resulting
nuclear response is well described by a recently-developed quantum
optical model based on the electromagnetic Green’s function [1,2].

Here, we investigate theoretically a thin-film cavity design with mul-
tiple embedded 57Fe layers, such that its inter-layer couplings are
mostly restricted to the nearest neighbouring layers by intercalating
additional layers with high electron densities. Via the geometrical
properties of these domains and control of the evanescent field pat-
tern, we implement alternating coupling strengths between the reso-
nant layers. We show that this leads to an x-ray photonic realization
of the non-hermitian Su-Schrieffer-Heeger model and investigate how
for certain configurations localized nuclear excitations emerge at the
edges of the cavity.

[1] X. Kong, et al. Phys. Rev. A 102, 033710 (2020)
[2] P. Andrejić and A. Pálffy, Phys. Rev. A 104, 033702 (2021)

MO 2.6 Mon 12:15 HS 1098
Single-shot electron spectroscopy of highly transient mat-
ter — ∙Sara Savio1, Lars Funke1, Niclas Wieland1,3, Lasse
Wuelfing1, Markus Ilchen2,3, and Wolfram Helml1 —
1Fakultät Physik, Technische Universität Dortmund, Maria-Goeppert-
Mayer-Straße 2, 44227 Dortmund, Germany — 2Deutsches Elektronen-
Synchroton DESY, Notkestr. 85, 22607 Hamburg, Germany —
3University of Hamburg, Middle Way 177 , 20148 Hamburg, Germany
Single-shot electron spectroscopy can be used as a tool to investigate
photo-ionization processes and the various subsequent relaxation dy-
namics, ie how the inner shell vacancies are redistributed and filled in
atoms and molecules. This work investigates the generation of double-
core holes (DCH) in neon atoms with very short lifetimes using the
help of intense and tightly focused X-ray pulses at European XFEL
at the attosecond frontier. An electron-time-of-flight (e-TOF) spec-
trometer equipped with a multi-electrostatic lens system followed by a
microchannel plate(MCP) based detector is used to specifically collect
DCH Auger electrons in single-shot spectroscopy. The wavelength tun-

ability and high X-ray intensity at European XFEL together with this
spectroscopic technique enable the study of highly transient systems.
Examining the electronic structure of a core-excited system before re-
laxation can allow for gaining essential insights into ultrafast processes
and nonlinear photoabsorption under extreme intensities thus opening
a new field of spectroscopy of transient matter.

MO 2.7 Mon 12:30 HS 1098
Interatomic Coulombic Decay from Auger final states
in aqueous solution — ∙Andreas Hans1, Dana Bloß1,
Rémi Dupuy2, Florian Trinter3, Uwe Hergenhahn3, Olle
Björneholm4, and Arno Ehresmann1 — 1Universität Kassel und
CINSaT, Kassel, Germany — 2Sorbonne Université, Paris, France —
3Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany
— 4Uppsala University, Uppsala, Sweden
Interatomic Coulombic decay of resonant Auger final states (RA-ICD)
has been discovered about a decade ago. Due to the site-selective
character of the resonant excitation and the typically emitted slow
electrons, RA-ICD has been envisioned to enhance the efficiency of
radiation therapies. So far, the mechanism had only been observed ex-
perimentally in prototypical van der Waals dimers. Here, we present
the transfer of the idea to the liquid phase. To this end we investi-
gate the decay of 2𝑝→ 3𝑑 resonantly excited solvated Ca2+ ions. We
show, that using multi-electron coincidence spectroscopy increases the
contrast for slow electrons drastically and that RA-ICD can be readily
observed in the liquid phase.

MO 2.8 Mon 12:45 HS 1098
Attoclock, what can or has actually been measured? —
∙Ossama Kullie — 1 Theoretical Physics, Institute of Physics, Uni-
versity of Kassel
Attoclock is designed to measure the delay time required for a particle
to tunnel, or undergo field-ionization, from an atom interacting with a
strong laser field. However, some authors claim that the duration the
attoclock measures is not a good proxy for tunneling time. In previous
works, we showed a model that describes the tunnel- or field-ionization
of the attoclock experiment for He- [1] and H-atom [2], in the adiabatic
and nonadiabatic field calibrations [3]. In the present talk, we show
that it is possible to interpret the attoclock measurement in such a
way that real-valued tunnel-time or the delay time due to the barrier
region or the classically forbidden region can be determined. Further-
more, we show that in the limit of weak measurement the attoclock
provides the interaction time inside the barrier, which is usually mea-
sured by the Larmro clock. The limit of thick barrier, the interaction
time and the superluminal tunneling are discussed, [1] A. S. Landsman
et al, Optica 1, 343 (2014), U. S. Sainadh et al, Nature 586, 75 (2019).
[2] C. Hofmann et al. J. Mod. Opt. 66, 1052 (2019). [3] O. Kullie,
Phys. Rev. A 92, 052118 (2015), O. Kullie J. Phys. Commun. 2,
065001 (2018), O. Kullie and I. A. Ivanov, arXiv:2005.09938v6.

MO 3: Novel Spectroscopies

Time: Monday 17:00–19:00 Location: HS 1015

MO 3.1 Mon 17:00 HS 1015
Two-Dimensional IR Spectroscopy of Bifunctional Vibra-
tional Probes — ∙Claudia Gräve, Stefan Flesch, Luis Ignacio
Domenianni, Jörg Lindner, and Peter Vöhringer — Universität
Bonn, Wegelerstr. 12, 53115 Bonn, Germany
The nitrile group is a superb vibrational probe for the dynam-
ics of biomolecular systems.[1] Unfortunately, it exhibits a relatively
small transition dipole moment, which causes sensitivity issues in IR-
spectroscopic studies.

Here, we study the vibrational dynamics of small organic nitriles
featuring an azide residue, which can later be utilized for protein in-
corporation. The two nitriles studied here are 4-azidobenzonitrile (N3-
C6H4-CN) and 3-(4-azidophenyl)propiolonitrile (N3-C6H4-CC-CN).

We report on the linear Fourier-transform infrared spectra, as well
as on the femtosecond pump-probe and 2DIR spectroscopy. The linear
spectra in the azide and nitrile stretching region are highly complex
due to Fermi resonances involving the N3-fundamental. Furthermore,
the 2DIR spectra reveal the detailed vibrational energy flows between
the azide and the nitrile groups separated by the phenyl ring. Finally,
coherent oscillations resulting from impulsive excitation of the Fermi

multiplets were observed by means of pump-probe measurements. Our
results suggest that propiolonitrile is a superior vibrational probe as
compared to the bare CN.

Literature:
[1] H. Kim and M. Cho, Chem. Rev. 2013, 113, 5817-5847.

MO 3.2 Mon 17:15 HS 1015
Nonlinear 2D spectroscopy of single molecules — ∙Simon
Durst, Sanchayeeta Jana, and Markus Lippitz — Universität
Bayreuth
Fluorescence-detected 2D electronic spectroscopy (F-2DES) allows the
measurement of ultrafast electron dynamics in complex systems while
disentangling this spectral information from energetically similar phe-
nomena, such as molecular vibration. Measuring the 2D spectra of
single molecules instead of molecular ensembles should provide an even
clearer picture of the underlying physics and give insight into the sta-
tistical distribution of optical properties and the environment of the
molecules.

To measure these spectra we use four collinear, phase-modulated
femtosecond pulses, generated by a four-arm Mach-Zehnder Interfer-
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ometer to excite single molecules with a confocal microscope. Their
emitted fluorescence is modulated at the mixing frequencies of the
individual pulses, so we can use phase-sensitive lock-in detection to
detect the nonlinear signal and separate it from linear effects. This
measurement technique promises high spectral, temporal and spatial
resolution.

In this talk, we present our setup and method to measure the 2D
spectra of single dibenzoterrylene (DBT) molecules, which are immo-
bilised in a PMMA matrix. We show results from these measurements
and compare them with the ensemble data.

MO 3.3 Mon 17:30 HS 1015
Coherent multidimensional spectroscopy of PTCDA
monomers on argon clusters — ∙Yilin Li, Arne Morlok, Ul-
rich Bangert, Friedemann Landmesser, Frank Stienkemeier,
and Lukas Bruder — Institute of Physics, University of Freiburg,
Germany
The interaction and dynamics between single molecules and the envi-
ronment is of great interest yet challenging to study. In our approach,
we dope rare gas clusters with single molecules in the gas phase [1].
This provides us an ensemble of doped nanoparticles, each particle
well isolated from other environmental influences. We study these sys-
tems with coherent multidimensional electronic spectroscopy, a versa-
tile technique providing further insights into intra- and intermolecular
couplings on ultrashort time scales [2,3]. Recently we started analysing
2D beating maps to obtain information about the electronic and vi-
brational coherences, which are otherwise covered by line broadening
mechanisms, together with pump-probe measurements to study the
decoherence and the population decay of the system. First results of
PTCDA monomers on argon clusters will be presented.

[1] M. Bohlen et al., J. Chem. Phys. 156, 034305 (2022)
[2] L. Bruder et al., Nat. Commun. 9, 4823 (2018)
[3] U. Bangert, F. Stienkemeier, L. Bruder, Nat. Commun. 13, 3350

(2022)

MO 3.4 Mon 17:45 HS 1015
Next generation fs transient spectroscopy based on 1030 nm
pump — ∙Ferdinand Bergmeier and Eberhard Riedle —
Lehrstuhl f. BioMolekulare Optik, Fakultät f. Physik, LMU München
The measurement of transient electronic spectra, vital for unraveling
complex photophysical, chemical, and biological processes, is achieved
through fs excitation and broadband UV to NIR detection. We present
an innovative transient absorption spectrometer based on a newly engi-
neered kHz noncollinear optical parametric amplifier (NOPA) pumped
by a modern Yb-based 250 fs industrial-grade pump laser. Coupled
with a fully redesigned CaF2-based ultrabroad probe pulse, this spec-
trometer retains the positive aspects of the earlier Ti:Sa-based system.
This ensures compactness with minimal optics and adjustments, boast-
ing a warm-up time of under ten minutes.

The probe continuum spans 320 to 950 nm with 1030 nm pumping
and to below 280 nm with 515 nm pumping. The pump is tunable
from 220 to 950 nm with a sub-20 fs pulse length and no spectral gaps.
The instrumental response function is below 40 fs. Single-shot spectral
referencing achieves a sensitivity of approximately 20 uOD for a half-
hour measurement, near the shot noise limit. The continuum splitting
onto the signal and reference arm is achromatic and dispersion-free. A
perfectly round probe focus is achieved with a Schief-Spiegler.

With the extreme precision of the setup, we address surface-resolved
coherent artifacts that are crucial for investigating processes on the 100
fs time scale. Detailed reference and precise chirp measurements of the
probe continuum enable sub-10 fs time-zero correction.

MO 3.5 Mon 18:00 HS 1015
Effects of Strong Coupling on the Chemiluminescent Reac-
tion of Dioxetane — ∙Markus Kowalewski and Mahesh Gudem
— Stockholm University, Stockholm, Sweden
Chemiluminescence, seen in phenomena like firefly light emission, in-
volves thermally activated chemical processes. Dioxetane, the small-
est cyclic peroxide, exhibits chemiluminescence with a lower quantum
yield than firefly dioxetane. Utilizing strong light-matter coupling
as an alternative strategy, we investigate its impact on dioxetane’s
chemiluminescence reaction within an optical cavity. The extended
Jaynes-Cummings model is used to incorporate the cavity couplings
for electronic and vibrational degrees of freedom. Results reveal that
cavity interactions can either accelerate or suppress the formation of
excited-state products in the dioxetane decomposition, depending on
molecular orientation relative to cavity polarization.

MO 3.6 Mon 18:15 HS 1015
Exploring the scaling factors for infrared modes of polycyclic
aromatic nitrogen heterocycles — ∙Domenik Schleier1,2, Jerry
Kamer1, Jonathan Martens3, Giel Berden3, Jos Oomens3,4, and
Jordy Bouwman5,6,7 — 1Leiden Observatory, Leiden, The Nether-
lands — 2Uni Paderborn, Paderborn, Germany — 3FELIX Labora-
tory, Nijmegen, The Netherlands — 4University of Amsterdam, Ams-
terdam, The Netherlands — 5Laboratory for Atmospheric and Space
Physics, Boulder, USA — 6Department of Chemistry, Boulder, USA
— 7Institute for Modeling Plasma, Atmospheres and Cosmic Dust,
Boulder, USA
Infrared (IR) emission bands by interstellar Polycyclic Aromatic Hy-
drocarbons (PAHs) offer detailed insights into the chemistry and
physics of the interstellar medium. It has been suggested that het-
ero atom substituted species such as Polycyclic Aromatic Nitrogen
Heterocycles (PANHs) also contribute to the aromatic IR emission
bands. The analysis of the emission bands, and thus the interpreta-
tion of the molecular characteristics of the carriers, heavily relies on the
use of density functional theory (DFT) calculated IR spectra. How-
ever, there are significant challenges in accurately predicting the exper-
imental IR band positions, particularly for PANH emission vibrational
modes around 6 𝜇m. In this work, we present gas-phase mid-infrared
(mid-IR) spectra of cationic 3-azafluoranthene and its protonated con-
gener to investigate their experimental IR band positions in relation
to DFT calculated bands.

MO 3.7 Mon 18:30 HS 1015
VUV Photoionization spectroscopy of cyano-substituted
PAHs — ∙Madhusree Roy Chowdhury1,2, Gustavo Garcia2,
Helgi Hrodmarsson3, Jean-Christophe Loison4, and Laurent
Nahon2 — 1Institute of Physics and CINSaT, University of Kas-
sel, Kassel, 34132, Germany — 2Synchrotron SOLEIL, L’Orme des
Merisiers, Départementale 128, 91190 Saint Aubin, France — 3LISA
Laboratory, Universités Paris Est-Paris Diderot-Paris 7, UMR CNRS
7583, Créteil, France — 4Université Bordeaux, CNRS, Bordeaux INP,
ISM, UMR 5255, Talence F-33400, France
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous in the inter-
stellar medium (ISM), accounting for about a quarter of the total car-
bon mass of the ISM. The aromatic infrared emission bands (AIBs) are
the signatures of the existence of PAHs in the ISM. Although their pres-
ence is well acknowledged, the individual detection of PAHs is notori-
ously difficult. Substituted PAHs being less symmetric are promising
candidates, leading to the detection of the two isomers of cyanonaph-
thalenes (McGuire et.al. Science 2021) in TMC-1. Upon absorbing the
VUV radiation, PAHs relax via photoionization and photodissociation
processes in competition with radiative cooling. The VUV photoion-
ization and fragmentation of 1- and 2-cyanonaphthalenes is studied
using a double imaging photoelectron photoion coincidence spectrom-
eter (i2PEPICO). The KE distribution of the photoelectrons is useful
to model the photoelectric heating for radiation fields while the state-
selected fragmentation of the cations shed light on the photostability
of the cyano substituted PAHs.

MO 3.8 Mon 18:45 HS 1015
Photoelectron Photoion Multicoincidence Study of Micro-
Solvated Thymine Molecules — ∙Brendan Wouterlood1,
Stephan Schmitz1, Madhusree Roy-Chowdhury2, Gustavo
Garcia-Macias2, Laurent Nahon2, Frank Stienkemeier1, and
Sebastian Hartweg1 — 1Institute of Physics, University of Freiburg
— 2Synchrotron SOLEIL, St. Aubin, France
Studying biomolecules, such as amino acids and nucleobases, in the
gas phase allows unparalleled detail and fundamental insights into en-
ergetics and dynamics at the molecular level. However, in-vivo bio-
molecular systems exist mostly in the condensed phase, which can
affect ionisation energies as well as fragmentation and relaxation path-
ways. Micro-solvation can be exploited to bridge the gap between the
gas and the condensed phases and allows for the application of double
imaging photoelectron photoion photoion coincidence (i2PEPIPICO)
spectroscopy. The ion-ion coincidence detection enables identification
of signals arising from non-local auto-ionisation processes of clusters,
such as from intermolecular Coulombic decay. These processes are im-
portant to the field of radiation chemistry since the production of low
energy electrons can trigger reactions which damage biological mate-
rial. Here, preliminary results of a i2PEPIPICO study of small water
clusters (H2O)𝑛 (𝑛=1-10) and water-thymine complexes, will be pre-
sented.
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MO 4: Strong-field Ionization and Imaging (joint session MO/A)

Time: Monday 17:00–18:30 Location: HS 3044

MO 4.1 Mon 17:00 HS 3044
Strong-Field Ionization of Nitrous Oxide Molecule by Short
Femtosecond Laser Pulses — ∙Feras Afaneh — Physics Depart-
ment, The Hashemite University, P.O. Box 150459, Zarqa 13115, Jor-
dan.
The dissociative photoionization of nitrous oxide molecules, an im-
portant atmospheric trace gas, induced by circularly and elliptically
polarized laser pulses has been studied by photoelectron photoion co-
incidence (PEPICO) spectroscopy. PEPICO spectra were used to iden-
tify different dissociative photoionization channels. It is observed that
the ionized N2O and its fragments have different correlation trends at
different polarization schemes. The relative contributions of different
double and triple dissociative ionization channels to the total fragment
ion yield are also deduced from the coincident spectra of these chan-
nels. The results show that the double dissociative photoionization
channels: the denitrogenation (N2O2+ –> N+ + NO+) and the de-
oxygenation ( N2O2+ –> O+ + N+

2 ). Furthermore, a considerable
contribution of the triple dissociative ionization channels to the total
fragment ion yield is also observed. The channels "N+ + NO+" and
"O+ + N+

2 " can be explained by dissociation via the X3Σ− and 13Π
states of N2O2+ as the major peaks in the measured kinetic energy
release spectra suggested.

MO 4.2 Mon 17:15 HS 3044
Theoretical semiclassical modelling of Laser Induced Elec-
tron Diffraction (LIED) — ∙Álvaro Fernández1,2, Armin Iske3,
Andrey Yachmenev1,4, and Jochen Küpper1,2,4 — 1Deutsches
Elektronen-Synchrotron DESY — 2Department of Physics, Univer-
sität Hamburg — 3Department of Mathematics, Universität Hamburg
— 4Center for Ultrafast Imaging, Universität Hamburg
Experimental techniques for molecular imaging underwent a very fast
development in the past decades. From a broad range of novel tech-
niques, laser induced electron diffraction (LIED) [1] stands out because
of its high spatiotemporal resolution, high cross section, and lack of
structural damage compared to other modern techniques. However,
the complexity of this technique causes the necessity of its own theory
to understand the results. A general and accurate quantum simula-
tion of the experiment is, to this date, unfeasible and, for this reason,
semiclassical models [2] have arised as useful predicting algorithms.

In this talk, a comprehensive analysis of the LIED experiment using
a semiclassical model will be given. With this model, we can ob-
tain efficient simulations of the outcome for flexible configurations of
molecular geometries. The quality of the results will depend on several
factors such as the choice of ionisation theory or electrostatic potential
model. An study of the relevance of these factors in the computation
of effective cross section for high energy electrons will be presented
during the talk.

[1] Karamatskos, E. T, et al., J. Chem. Phys., 150, 24 (2019)
[2] Wiese, J., et al., Phys. Rev. Research, 3, 013089, (2021)

MO 4.3 Mon 17:30 HS 3044
Wavefunction Reconstruction of Excitonic Edge States using
Machine Learning — ∙Aritra Mishra and Alexander Eisfeld
— Max Planck Institute for the Physics of Complex Systems, Dresden,
Germany
A typical problem in quantum mechanics is to reconstruct the eigen-
state wave functions from measured data. In the case of molecular
aggregates, the information about the excitonic eigenstates is impor-
tant to understand the optical and transport properties [1]. It has been
shown for a linear and a 2D arrangement of the aggregate molecules
that such a reconstruction is possible from the spatially resolved near
field absorption spectra [2].

Here, we consider the aggregates arranged in two sublattices in a 2D
arrangement, each sub lattice having a particular orientation of the
molecules as described in [3]. Interestingly, such an arrangement can
lead to the formation of topological excitonic edge states. We study
the reconstruction of the excitonic wave function of such a system from
the near field absorption spectra. The reconstruction is further inves-
tigated in the presence of disorder in the Hamiltonian and noise added
to the spectra.
[1] X. Gao and A. Eisfeld, J. Phys. Chem. Lett. 9, 6003 (2018)
[2] F. Zheng, X. Gao and A. Eisfeld, Phys. Rev. Lett. 123, 163202

(2019)
[3] J. Yuen-Zhou, S. K. Saikin, N. Y. Yao and A. Aspuru-Guzik, Nature
Materials 13, 1026 (2014)

MO 4.4 Mon 17:45 HS 3044
Molecular self-probing for the visualisation of vibrational
wave-packet dynamics and its laser-induced modification —
∙Gergana D. Borisova1, Paula Barber Belda1, Shuyuan Hu1,
Paul Birk1, Veit Stooß1, Maximilian Hartmann1, Robert
Moshammer1, Alejandro Saenz2, Christian Ott1, and Thomas
Pfeifer1 — 1Max-Planck-Institut für Kernphysik, 69117 Heidelberg
— 2Institut für Physik, Humboldt-Universität zu Berlin, 12489 Berlin
We present an all-optical pump-control scheme for molecular wave-
packet (WP) visualisation and control, where the molecular ground
state acts as an intrinsic self-probe of the system, imprinting the evo-
lution of an excited wave packet onto the coherent dipole emission [1].
In a proof-of-principle experiment, coherent extreme ultraviolet (XUV)
light creates a vibrational wave packet in the electronically excited
𝐷 1Π𝑢3p𝜋 state of neutral H2. Measured XUV absorption spectra of
the 𝐷-state vibronic resonances provide access to the WP dynamics
after reconstruction of the time-dependent dipole response [2], which
probes the vibrating wave packet through the molecular ground state.
An intense near-infrared (NIR) pulse, applied shortly after the WP
excitation, is used to control the wave-packet evolution and through
this its revival. With increasing NIR intensity the WP revival shifts
to earlier times. We identify state-specific NIR-induced phase shifts
as the origin of the observed time shifts, which can be applied even to
complex molecular systems to coherently steer the recovery of vibra-
tional wave packets on electronically excited potential-energy curves
at a desired time. [1] arXiv:2301.03908 [2] PRL 121 (2018) 173005

MO 4.5 Mon 18:00 HS 3044
Ultrafast imaging of rare-gas clusters from their formation
to their ionization dynamics — ∙Alessandro Colombo for the
RareGas Clusters at SwissFEL-Collaboration — ETH Zurich, 8049
Zürich, Switzerland
Coherent Diffraction Imaging (CDI) experiments performed at Free-
Electron Lasers (FELs) allow to capture femtosecond snapshots of iso-
lated nanosamples, and are a unique tool for spatially and temporally
resolve ultrafast electron dynamics at the nanoscale. Isolated atomic
clusters represent the perfect prototypical system for such investiga-
tions, thanks to their simple electronic structure and their highly tun-
able size and shape [1]. We present imaging studies performed at Swiss-
FEL on mixed Ar/Xe nanoclusters produced by supersonic expansion
into vacuum. Imaging results at 1 keV photon energy reveal fascinating
and unexpected shapes at a spatial resolution of few nanometers, which
stimulate further research about the thermodynamics and kinematics
of these systems. Additionally, the FEL was tuned to photon energies
around 0.67 keV, corresponding to the xenon 3d electronic resonance.
Fluctuations of the scattering cross-section of Xe can be identified in
the CDI reconstructions even several tens of eV away from the 3d edge.
The observed behavior can be interpreted as the footprint of ultrafast
ionization dynamics happening within the FEL pulse duration, giving
insights into the evolution of high charge states, their optical properties
and the contribution of transient electronic resonances.

[1] A. Colombo and D. Rupp. (2023) in Structural Dynamics with
X-ray and Electron Scattering, Royal Society of Chemistry, in press

MO 4.6 Mon 18:15 HS 3044
High repetition rate ultrafast electron diffraction with direct
electron detection — Fernando Rodriguez Diaz, Mark Merö,
and ∙Kasra Amini — Max-Born-Institut, Max-Born-Str. 2A, 12489
Berlin, Germany
Ultrafast electron diffraction (UED) is a power tool that can monitor
the nuclear dynamics of photo-induced gas-phase reactions in real-time
with picometre and <250-fs spatiotemporal resolution. However, the
temporal resolution of state-of-the-art gas-phase UED setups, often
operating at <1-kHz, is insufficient to time-resolve rapidly evolving
photo-induced processes (e.g., <350-fs predicted timescale of photoi-
somerization which plays a crucial role in vision). The limited temporal
resolution is due to the severe space-charge dispersion experienced in
electron pulses containing 104 to 105 electrons.
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Here, we present a new 30-kHz 100-keV UED setup employing di-
rect electron detection that will be capable of performing time-resolved
measurements of photochemical reactions in gas-phase molecules with
<100-fs temporal resolution, going beyond the current state-of-the-art
in keV and MeV gas-phase UED. This is made possible by operating
below the severe space-charge dispersion regime using electron pulses

containing very few electrons (<102) but with sufficient electron flux
(>106 electrons/s) thanks to the high repetition rate of our system.
Latest results from the commissioning of our pump-probe UED in-
strument is presented with details of the current implementation of
radiofrequency-compressed electron pulses and the correction of time-
of-arrival jitter issues.

MO 5: Interaction with Strong or Short Laser Pulses I (joint session A/MO)

Time: Tuesday 11:00–13:00 Location: HS 1010

Invited Talk MO 5.1 Tue 11:00 HS 1010
Strong-field coherent control in the extreme ultraviolet do-
main — ∙F. Richter1, U. Saalmann2, M. Wollenhaupt3, E.
Allaria4, C. Callegari4, M. Danailov4, L. Gianessi4, M.
Zangrando4, and L. Bruder1 — 1Institute of Physics, University
of Freiburg — 2Max-Planck-Institut für Physik komplexer Systeme,
Dresden — 3Institute of Physics, University of Oldenburg — 4Elettra
- Sincrotrone Trieste S.C.p.A., Trieste, Italy
Coherent control drew a lot of interest in recent years spanning over
various fields of research regarding the promising abilities for quantum
computing and precision measurements. Coherent control extended to
the strong-field regime is particularly promising for the manipulation
of matter and the control of photochemical reactions. In this work, we
develop a scheme to extend strong-field coherent control to the XUV
domain. With intense XUV pulses, we induce Rabi oscillations in
atoms, leading to Autler-Townes level splittings in the photoelectron
spectra [1]. In the near infrared domain, the feasibility to coherently
control the population of the Autler-Townes doublet has been shown,
based on chirp manipulation of the laser pulses [2,3]. To establish com-
parable schemes in the XUV domain, we implement chirp control of
the XUV pulses from the free electron laser FERMI. By manipulat-
ing the chirp of the XUV pulses in a controlled way, we demonstrate
strong-field coherent control of Autler-Townes states in the XUV do-
main.

[1] S. Nandi et al. Nature 608, 488*493 (2022). [2] M. Wollenhaupt
et al., Appl. Phys. B 82, 183*188 (2006). [3] U. Saalmann et al., Phys.
Rev. Lett. 121, 153203 (2018).

MO 5.2 Tue 11:30 HS 1010
Intra-cavity photoelectron tomography and pulsed standing
waves at 100 MHz repetition rate — ∙Jan-Hendrik Oelmann,
Tobias Heldt, Lennart Guth, Nick Lackmann, Lukas Matt,
Thomas Pfeifer, and José R. Crespo López-Urrutia — Max-
Planck-Institut für Kernphysik, Heidelberg, Germany
To get access to multiphoton ionization studies at high laser in-
tensities (∼ 1013 W/cm2) while maintaining the high 100MHz rep-
etition rate of the driving frequency comb, we have recently devel-
oped a novel polarization-insensitive enhancement cavity with an inte-
grated velocity-map imaging (VMI) spectrometer [1, 2]. Polarization-
controlled pulse pairs with a variable time delay allow pump-probe
experiments. With this polarization control but in single-pulse oper-
ation, we were able to tomographically reconstruct 3D photoelectron
angular distributions [3] from xenon MPI at 100MHz repetition rate,
revealing resonant Rydberg states during ionization.

Now, we use counter-propagating pulses colliding at the focus to
generate intense femtosecond standing waves in the cavity. We probe
the phase of these at the nanometer scale using photoemission from
a tungsten nanotip. Colliding pulses offer the dual advantage of en-
abling Doppler-free excitation schemes and of reducing the interaction
volume at the focus.
[1] J.-H. Oelmann et al., Rev. Sci. Instrum., 93(12), 123303 (2022).
[2] J. Nauta et al., Opt. Lett. 45(8), 2156 (2020). [3] M. Wollenhaupt
et al., Appl. Phys. B 95(4), 647-651 (2009).

MO 5.3 Tue 11:45 HS 1010
Reconstruction of Three Dimensional Molecular Density
from XFEL Scattering Images using Machine Learning —
∙Siddhartha Poddar, Ulf Saalmann, and Jan Michael Rost
— Max Planck Institute for the Physics of Complex Systems
As the three-dimensional electron density profile recovery technique
for a single macro-molecule from a large dataset of coherent diffrac-
tion images generated using an X-ray free-electron laser, I have ap-
plied an unsupervised machine learning algorithm namely Generative

Adversarial Network (GAN). It learns to mimic the high-dimensional
distribution of given images by generating its own ’fake’ distribution
of images with the help of a deep convolutional neural network called
the discriminator which distinguishes samples drawn from the original
and fake distributions. To generate samples for this fake distribution
of images, GAN creates and constantly modifies a three-dimensional
structure. This structure is claimed to be unique and an equivalent
version of the target electronic density profile of the molecule.

MO 5.4 Tue 12:00 HS 1010
Retrieval of the time-dependent bond length in a molecule
from photoelectron momentum distributions using deep
learning — ∙Nikolay Shvetsov-Shilovskiy and Manfred Lein
— Leibniz Universität Hannover
We apply a convolutional neural network (CNN) to photoelectron
momentum distributions produced by strong-field ionization in or-
der to retrieve the time-varying bond length in the dissociating two-
dimensional H+

2 molecule. We consider the pump-probe scheme and
treat the motion of the atomic nuclei either classically, semiclassically,
or quantum mechanically. In all these cases, the CNN trained on mo-
mentum distributions with fixed internuclear distances [1] predicts the
time-dependent bond length with a good accuracy. We investigate
whether the neural network can also simultaneously retrieve both the
internuclear distance and the velocity with which it increases. There-
fore, our results show that deep learning can be used not only for static,
but also for dynamic molecular imaging.

[1] N. I. Shvetsov-Shilovski and M. Lein, Phys. Rev. A 105 L021102
(2022).

MO 5.5 Tue 12:15 HS 1010
Shaped free electron vortices — ∙Darius Köhnke, Tim Bayer,
and Matthias Wollenhaupt — Carl von Ossietzky university Old-
enburg, Institute of Physics, Germany
Since their first theoretical proposal [1] and their experimental demon-
stration [2], free electron vortices have attracted significant attention.
Very recently, a novel category of electron spirals, termed ”reversible
electron spirals” [3], was introduced. Departing from the conventional
approach of employing a constant delay between two subpulses, two
chirped subpulses were used. Building on this concept, we introduce
tailored free electron vortices in multiphoton ionization (MPI) using
two subpulses with circular polarization of opposite handedness, mod-
ulated by non-trivial spectral phase functions. Through the utilization
of different MPI pathways, the quantum system multiplexes the fields
of the subpulses, generating multiple complex spectral phases. These
spectral phases are encoded in continuum states characterized by dif-
ferent magnetic quantum numbers. The interference of these contin-
uum states gives rise to multiple interferograms of different symmetry
that are multiplexed into a single 3D photoelectron momentum distri-
bution. To demultiplex these interferograms and extract the encoded
spectral phases, we perform photoelectron tomography and employ
Fourier analysis on the measured wave packet. This approach enables
the retrieval of spectral information, both from the input laser fields
and signatures of the ionization process, embedded within the inter-
ferograms. [1] Phys. Rev. Lett. 115, 113004 (2015), [2] Phys. Rev.
Lett. 118, 053003 (2017), [3] Phys. Rev. A 106, 043110 (2022)

MO 5.6 Tue 12:30 HS 1010
Coherent control of 6Li multiphoton ionization by a bichro-
matic laser field — ∙Silva Mezinska1, Klaus Bartschat2,
Thomas Pfeifer1, and Alexander Dorn1 — 1Max-Planck-
Institute for Nuclear Physics, Heidelberg, Germany — 2Drake Uni-
versity, Des Moines, Iowa, USA
This work presents a coherent 6Li multiphoton ionization control by
a bichromatic laser field at 780/390 nm. In particular, we demon-
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strate a control of the left-right asymmetry of the photoelectron an-
gular distributions with respect to the plane orthogonal to the laser
polarization direction with a subwavelength accuracy. In addition, we
also consider a delay scan between the two harmonics extending be-
tween the second-harmonic pulse advancing the fundamental pulse and
vice versa. Here, we study the delay-dependent features of the photo-
electron spectra when the two harmonics are temporally overlapping
and non-overlapping. All the experimental results are compared with
calculations based on the solution of the time-dependent Schrödinger
equation in the single-active electron approximation.

MO 5.7 Tue 12:45 HS 1010
Nonspreading relativistic electron wavepacket in a strong
laser field — ∙Andre G. Campos, Karen Z. Hatsagortsyan, and
Christoph H. Keitel — Max Planck Institute for Nuclear Physics

A solution of the Dirac equation in a strong laser field presenting a
nonspreading wave packet in the rest frame of the electron is derived.
It consists of a generalization of the self-accelerating free electron wave
packet [Kaminer et al. Nature Phys. 11, 261 (2015)] to the case with
the background of a strong laser field. Built upon the notion of non-
spreading for an extended relativistic wavepacket, the concept of Born
rigidity for accelerated motion in relativity is the key ingredient of the
solution. At its core, the solution comes from the connection between
the self-accelerated free electron wave packet and the eigenstate of a
Dirac electron in a constant and homogeneous gravitational field via
the equivalence principle. The solution is an essential step towards the
realization of the laser-driven relativistic collider [Meuren et al. PRL
114, 143201 (2015)], where the large spreading of a common Gaussian
wave packet during the excursion in a strong laser field strongly limits
the expectable yields.

MO 6: Ultracold Molecules and Precision Spectroscopy (joint session MO/Q)

Time: Tuesday 11:00–13:00 Location: HS 3044

MO 6.1 Tue 11:00 HS 3044
Laser cooling of Barium Monofluoride — ∙Sebastian Alejan-
dro Morales Ramirez1, Marian Rockenhäuser1, Felix Kogel1,
Phillip Groß1, Tatsam Garg1, and Tim Langen1,2 — 15.
Physikalisches Institut, Universiäat 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.

MO 6.2 Tue 11:15 HS 3044
Towards a MOT of AlF molecules — ∙Sid Wright — 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.

MO 6.3 Tue 11:30 HS 3044
Low-energy collisions between two indistinguishable tritium-
bearing hydrogen molecules: HT+HT and DT+DT — ∙Renat
Sultanov — 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 H2+H2 or
D2+D2 collisions one can use the original H4 PES as it is, i.e. with-
out transformations. However, in the case of the non-symmetrical (or
symmetry-broken) HD+H2/D2, HT+HT, DT+DT scattering systems
one should also apply the original H4 potential (PES), but propaga-
tion (solution) of the Schrödinger 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.

MO 6.4 Tue 11:45 HS 3044
First laser spectroscopy of a rovibrational transition in the
molecular hydrogen ion H+

2 — ∙Magnus Roman Schenkel,
Soroosh Alighanbari, and Stephan Schiller — Institut für Ex-
perimentalphysik, Heinrich-Heine-Universität Düsseldorf, 40225 Düs-
seldorf, Germany
The molecular hydrogen ion H+

2 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 HD+ [2]: a direct determination of the proton-electron
mass ratio. In this work we report the first vibrational laser spec-
troscopy of para-H+

2 between low-lying rovibrational levels [3]. We
observed a first overtone electric quadrupole (E2) transition at 2.4𝜇m
and determined its spin-averaged frequency with 1.2× 10−8 fractional
uncertainty, finding agreement with theory. By using HD+ as a test
molecule, we also show that E2 spectroscopy is possible with 1×10−12

uncertainty. This demonstrates that determining 𝑚𝑝/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).

MO 6.5 Tue 12:00 HS 3044
Frequency metrology system for spectroscopy of molecular
hydrogen ions in ALPHATRAP — ∙V. Vogt1, I.V. Kortunov1,
K. Singh2, A. Kulangara Thottungal George2, B. Tu2,3, C.M.
König2, F. Raab2, J. Morgner2, T. Sailer2, V. Hahn2, F.
Heisse2, M. Bohman2, K. Blaum2, S. Sturm2, and S. Schiller1

— 1Institut für Experimentalphysik, Univ. Düsseldorf, 40225 Düs-
seldorf — 2Max-Planck-Institut für Kernphysik, 69117 Heidelberg —
3Institute of Modern Physics, Fudan University, Shanghai 200433
At MPIK, an experiment is in preparation aiming at ultra-high pre-
cision vibrational spectroscopy of single molecules H+

2 and HD+ in
the Penning-trap apparatus ALPHATRAP. We require laser light at
1.1𝜇m and 5.48𝜇m, respectively, with linewidth 10Hz, instability be-
low 1 Hz, and absolute frequency measurement capability with uncer-
tainty below 10−13. 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. Düsseldorf 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.
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[1] I. V. Kortunov et al., Nat. Phys. 17, 569 (2021)
[2] S. Alighanbari et al., Nat. Phys. 19, 1263 (2023)

MO 6.6 Tue 12:15 HS 3044
Photodissociation spectrum of a single trapped CaOH+ —
∙Zhenlin Wu, Stefan Walser, Brandon Furey, Mariano Isaza-
Monsalve, Elyas Mattivi, René Nardi, and Philipp Schindler
— Institut für Experimentalphysik, Universität 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.

MO 6.7 Tue 12:30 HS 3044
Collisional shift and broadening of Rydberg states in
thermal nitric oxide — ∙Alexander Trachtmann1, Fabian
Munkes1, Patrick Kaspar1, Florian Anschütz1, Philipp
Hengel2, Yannick Schellander3, Patrick Schalberger3, Nor-

bert Fruehauf3, Jens Anders2, Robert Löw1, Tilman Pfau1,
and Harald Kübler1 — 15. Physikalisches Institut, Univer-
sität Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart — 2Institut
für Intelligente Sensorik und Theoretische Elektrotechnik, Univer-
sität Stuttgart, Pfaffenwaldring 47, 70569 Stuttgart — 3Institut für
Großflächige Mikroelektronik, Universität 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

MO 6.8 Tue 12:45 HS 3044
Highly-resolved Stark effect measurements of Rydberg states
in thermal nitric oxide — ∙Fabian Munkes1, Alexander
Trachtmann1, Matthew Rayment2, Florian Anschütz1, Et-
tore Eder1, Yannick Schellander3, Philipp Hengel4, Patrick
Schalberger3, Norbert Fruehauf3, Jens Anders4, Robert
Löw1, Tilman Pfau1, Stephen Hogan2, and Harald Kübler1 —
15. Physikalisches Institut, Universität Stuttgart, Pfaffenwaldring 57,
70569 Stuttgart — 2Department of Physics and Astronomy, University
College London, Gower Street, London WC1E 6BT, UK — 3Institut
für Großflächige Mikroelektronik, Universität Stuttgart, Allmandring
3b, 70569 Stuttgart — 4Institut für Intelligente Sensorik und The-
oretische Elektrotechnik, Universität 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.

MO 7: Poster: Spectroscopy

Time: Tuesday 17:00–19:00 Location: Tent C

MO 7.1 Tue 17:00 Tent C
In Situ Hyperpolarized Benchtop NMR for Biomolecu-
lar Analysis at Natural Isotopic Abundance — ∙Jingyan
Xu1,2,3, Raphael Kircher1,2,3, and Danila Barskiy1,2,3 —
1Johannes Gutenberg University, Mainz, Germany — 2Helmholtz-
Institut, Mainz, Germany — 3Helmholtzzentrum für Schwerionen-
forschung, Darmstadt, Germany
Nuclear Magnetic Resonance (NMR) is a key noninvasive tool in fields
ranging from research and industry to medicine. Benchtop NMR spec-
trometers have recently emerged as practical alternatives to traditional
high-field NMR systems, especially for on-the-spot analysis and process
monitoring. A notable challenge with these systems is the detection
of low-abundance heteronuclei like 13C or 15N, hindered by low spin
polarization resulting from weak interactions with the magnetic field.
Our study introduces a novel hyperpolarization technique to overcome
this limitation by integrating Signal Amplification by Reversible Ex-
change (SABRE) with a Spin-Lock Induced Crossing (SLIC) pulse se-
quence. Applied to various molecules, this method achieves up to 12%
polarization for 15N and 0.4% for 13C, without needing sample trans-
fer. Furthermore, our method allows for continuous hyperpolarization,
paving the way for advanced applications in rapid 2D spectroscopy and
relaxometry. This development offers a cost-effective, efficient means
of detecting diluted chemicals using benchtop NMR, signaling a signif-
icant leap forward in diverse industrial and research applications.

MO 7.2 Tue 17:00 Tent C
An experimental setup to study the influence of hydra-
tion on small charged molecular systems by rotationally
resolved vibrational spectroscopy — ∙Eric Endres1, Chris-
tian Sprenger1, Franziska Dahlmann2, and Roland Wester1

— 1Institut f. Ionenphysik und Angewandte Physik, Universität Inns-
bruck, Technikerstraße 25/3, A-6020 Innsbruck, Austria — 2KTH
Royal Institute of Technology, Stockholm, Sweden
Hydration with individual water molecules significantly influences the

structure and, consequently, the function of biomolecules. This con-
tribution introduces an experimental setup designed to examine the
influence of hydration on the structure of small biomolecules using
rotationally resolved pre-dissociation spectroscopy.

Ions are generated using a custom-built Nano-ESI system housed
within a controlled environment, regulating e.g. humidity and temper-
ature, enabling the control of the hydration level. A double skimmer
setup gently transfer the ions into vacuum, avoiding breaking apart
the loosely bound water molecules. Through an octupole guide and
a quadrupole guide the water clusters are let into a cryogenic 16-pole
wire ion trap. Trap temperatures below 3K can be achieved, enabled
binding of up to four helium atoms on protonated glycine ions. The
confined ions are irradiated by a narrow-band laser system with an
output linewidth in the IR below 0.1 cm−1

The low temperatures in combination with the small linewidth of
the laser system potentially lead to rotationally resolved vibrational
spectroscopy. Here the current status will be reported.

MO 7.3 Tue 17:00 Tent C
Towards photodetachment spectroscopic studies of depro-
tonated naphthalene. — ∙Michael Hauck, Sruthi Purushu
Melath, Christine Lochmann, Robert Wild, Katrin Erath-
Dulitz, and Roland Wester — Institut für Ionenphysik und Ange-
wandte Physik, Universität Innsbruck, Technikerstraße 25/3, 6020
Innsbruck, Austria
Polycyclic aromatic hydrocarbon (PAH) molecules are important in
the study of interstellar chemistry. The discovery of benzonitrile in
the molecular cloud TMC-1 hints at the existence of larger aromatic
molecules which might explain still unassigned infrared bands [1,2]. We
are interested in the spectroscopic study of deprotonated naphthalene
(C10H

−
7 ). Photoelectron spectroscopic studies of this molecule were

performed, which found the electron affinities of two possible isomers
[3].

Here we present a 2D tomography photodetachment scan of depro-
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tonated naphthalene in our cryogenic 16 pole trap, which we measure
in order to extract the value of the absolute photodetachment cross
section. We further plan to examine the behaviour of the cross section
near threshold and measure the electron affinity of the molecule.

[1] J. Gao, G. Berden and J. Oomens, Ap. J. 787, 170 (2014)
[2] B. A. McGuire et al., Science 359, 202 (2018)
[3] M. L. Weichman, J. B. Kim and D. M. Neumark, J. Phys. Chem.

A 119, 6140 (2015)

MO 7.4 Tue 17:00 Tent C
Combination of action-based interferometric measurements
with depletion spectroscopy — ∙Leonie Werner, Ulrich
Bangert, Yilin Li, Arne Morlok, Lukas Bruder, and Frank
Stienkemeier — University of Freiburg, Institute of Physics,
Hermann-Herder-Straße 3, 79104 Freiburg im Breisgau, Germany
Isolation spectroscopy in ultracold helium nanodroplets enables the
investigation of single and multiple embedded organic molecules in a
cold, weakly perturbing environment [1]. In our lab, we combine this
method with interferometric techniques, such as wave packet interfer-
ometry (WPI) and two-dimensional electronic spectroscopy (2DES) [2,
3]. This allows us to achieve high temporal and energy resolution at
the same time. Standard detection techniques are laser-induced flu-
orescence or photoionization. Yet, these methods have problems to
capture non-radiative photochemical processes or pose a challenge in
overcoming the high ionization potentials of organic molecules. To
solve these issues, we are exploring beam depletion detection methods
[1]. First tests will be presented.

[1] J. P. Toennies and A. F. Vilesov, Angew. Chem. Int. Ed. 43,
2622 (2004).

[2] L. Bruder et al., Nat. Commun. 9, 4823 (2018).
[3] L. Bruder et al., J. Phys. B 52, 183501 (2019).

MO 7.5 Tue 17:00 Tent C
Investigating the Photodissociation Dynamics of CH2Br with
VMI — ∙Lilith Wohlfart, Christian Matthaei, and Ingo Fis-
cher — Julius-Maximilians-Universität, 97074 Würzburg, Germany
Bromomethyl belongs to the class of organic halogen radicals. There-
fore, it can potentially influence the atmosphere by reacting with the
ozone layer and causing its depletion similar to HCFCs. The photoion-
ization of bromomethyl was already investigated by several groups,
including Steinbauer and coworkers. They determined the ionization
energy and structure with VUV synchrotron radiation and investi-
gated the dissociative photoionization. To obtain further insights into
the dissociation of bromomethyl, we analyzed the fragments of the
radical using velocity map imaging (VMI).

CH2Br-NO2 was used as a precursor for the halogenated methyl radi-
cal, because the weaker C-NO2 bond can be cleaved through pyrolysis.
Subsequently, laser light in the UV region was deployed to dissociate
the formed CH2Br radical. The major dissociation pathway gave the
methylene and bromine fragments which were detected with SPI and
REMPI respectively. With velocity map ion imaging, the translational
kinetic energy distribution of the photofragments was determined. The
recorded images of the bromine and methylene photofragments showed
an anisotropic distribution, implying a direct dissociation.

MO 7.6 Tue 17:00 Tent C
Photodissociation dynamics of the CHCl2 radical — ∙Jonas
Fackelmayer and Ingo Fischer — Julius-Maximilians-Universität
Würzburg, 97074 Würzburg, Germany
Monitoring the atmospheric abundances of the ozone-depleting CFCs
has revealed a global increase in emission of these banned substances.[1]
Meanwhile the dimensions of the ozone-hole have been reported to be
at a all time high in 2023.[2] This makes the photodissociation of these
compounds of great importance since it often results in the release of
highly reactive halogen radicals. While the dissociation dynamics of
molecular halocarbons have been studied in detail in the past, less is
known about their open shell counterparts.

The photofragmentation of the open shell CHCl2, generated by py-
rolysis from the bromide and iodide precursors CHCl2Br/CHCl2I, was
investigated in a free jet utilising time-of-flight mass-spectrometry and
velocity map imaging. Photodissociation was achieved by a pulsed
dye laser in the range of 230 - 250 nm mainly producing CHCl and Cl
fragments, while ionisation was provided by either a second dye laser
(REMPI) or a frequency multiplied solid state laser at 118 nm (SPI).
Insights into the involved dissociation mechanisms are discussed.

[1] L. M. Western al., Nat. Geosci. 2023, 16, 309*313.

[2] European Space Agency, Ozone hole goes large again, 2023.

MO 7.7 Tue 17:00 Tent C
Time-resolved photoelectron and photoion spectroscopy of
phenanthridine - an experimental and computational study —
∙Katharina Theil1, Jonas Fackelmayer1, Lionel Poisson2, Lou
Barreau2, and Ingo Fischer1 — 1Institute of Physical and The-
oretical Chemistry, University of Würzburg, Am Hubland, D-97074
Würzburg — 2Institut des Sciences Moléculaires dOrsay (ISMO) UMR
8214, Rue André Rivière, Bâtiment 520, Université Paris-Saclay, F-
91405 Orsay Cedex, France
Understanding the fundamental photophysical processes in molecules
is essential for deciphering their photochemistry, given that molecules
rarely undergo reactions directly from their initially excited electronic
states. Recently, the focus has shifted towards investigating polycyclic
aromatic nitrogen heterocycles (PANHs) within the extensive studies
of polycyclic aromatic hydrocarbons (PAHs) as potential carriers of
’unidentified infrared bands’ and diffuse interstellar bands.[1] Here we
investigate the ultrafast excited-state dynamics of phenanthridine, a
prototypical PANH, employing femtosecond time-resolved pump-probe
spectroscopy conducted in the gas phase. The real-time monitoring
of these dynamics is facilitated through time-resolved photoionization
and photoelectron imaging. The experimental results are accompanied
by theoretical calculations.

[1] D. McNaughton et al., Phys. Chem. Chem. Phys., 2007, 9,
591-595.

MO 7.8 Tue 17:00 Tent C
Ultrafast UV-Vis spectroscopy on a series of novel
Fe(III) photosensitizers with linked organic chromophores
— ∙Miguel Andre Argüello Cordero1, Lennart Schmitz2,
Matthias Bauer2, and Stefan Lochbrunner1 — 1University of
Rostock, Germany — 2University of Paderborn, Germany
In recent years, the exploration of photocatalytic methodologies for
solar fuel production has garnered attention due to their promise as
a sustainable energy source. Central to these approaches are molec-
ular photosensitizers (PS) with a metal component for efficient light
absorption. However, the reliance on precious metals in conventional
PS has prompted a fervent exploration into alternatives employing
cost-efficient metals, like iron. Fe(III)-based PS exhibit a distinc-
tive bichromophoric nature, stemming from the existence of ligand-
to-metal charge transfer transitions (LMCT). This unique attribute
facilitates the capture of the entire visible spectrum, resulting in the
population of enduring LMCT states. The strategic modification of
the ligand structure further allows for the modulation of energy lev-
els and excited state lifetimes. In this study, we introduce a series of
novel Fe(III) PS featuring organic chromophores attached to their lig-
and backbones. By extending the chromophores, we uncover intriguing
ultrafast electronic dynamics following optical excitation. Their inves-
tigation is carried out through fs-UV-Vis transient absorption spec-
troscopy. This work presents our findings on pump-probe spectroscopy
applied to the Fe(III) PS, providing a comprehensive discussion on the
observed results in the context of electronic relaxation pathways.

MO 7.9 Tue 17:00 Tent C
Time-Resolved Spectroscopic Studies on the Net Hetero-
lysis of Homopolar Selenium-Carbon Bonds — ∙Daniel Jan
Grenda, Anna Franziska Tiefel, Carina Allacher, Elias Har-
rer, Roger Jan Kutta, Julia Rehbein, Alexander Breder, and
Patrick Nuernberger — Universität Regensburg, 93040 Regensburg
When thinking about chemical bonds, one considers polarity as the ma-
jor factor determining if a bond cleavage occurs homolytically or het-
erolytically, as bonds with a negligible dipole moment exclusively un-
dergo homolysis, whereas heterolysis requires a sufficiently high dipole
moment or some kind of external bond activation [1]. We demonstrate
that by combining photochemistry [2] with the radical chemistry of
organoselenium compounds [3] and the properties of the solvent hexa-
fluoroisopropanol [3, 4], net heterolysis of the homopolar selenium-
carbon bond can be achieved and utilized in a subsequent SN1-type
substitution. The mechanism of this reaction is disclosed using tran-
sient absorption spectroscopy with streak-camera detection [5] and
other advanced spectroscopic techniques, as well as theoretical and
synthetic investigations.
[1] H. Brueckner, Reaktionsmechanismen Springer Spektrum (2008).
[2] B. Koenig et al., Eur. J. Org. Chem., 15, 1979-1981 (2017).
[3] I. Colomer et al., Nat. Rev. Chem., 1, 0088 (2017).
[4] S. Park et al., Angew. Chem. Int. Ed., 61, e202208611 (2022).
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[5] R. J. Kutta et al., Appl. Phys. B, 111, 203-216 (2013).

MO 7.10 Tue 17:00 Tent C
Ultrafast Time-Resolved NIR-Spectroscopy of Metal Com-
plexes — ∙Nina Brauer1, Miguel Andre Argüello Cordero1,
Samira Dabelstein1, Jakob Steube2, Lennart Schmitz2,
Matthias Bauer2, and Stefan Lochbrunner1 — 1University of
Rostock, Germany — 2University of Paderborn, Germany
Light induced charge transfer in metal complexes is a crucial part in
many photocatalytic processes and holds great potential for future ap-
plications in solar energy harvesting. However, today most of the uti-
lized organo-metallic complexes contain a rare metal center ion, such as
ruthenium or iridium. A promising, cost-efficient replacement are iron
based complexes, which are the subject of current research to optimize
their photoactive properties.

One of the most prominent measurement techniques is transient ab-
sorption spectroscopy, during which the sample is photoexcited and
probed with a broadband femtosecond laser pulse. Up until now,
time-resolved measurements of iron complexes have been limited to
the spectral region of visible light. In this work, the supercontinuum
from an Yttrium Aluminum Garnet (YAG) crystal is used to probe the
transient absorption of Fe(III)-complexes in the near-infrared (NIR).
With a probing spectrum ranging from 820 nm up to 1250 nm, the
dynamics of the excited state absorption of these complexes are inves-
tigated.

MO 7.11 Tue 17:00 Tent C
Simplified photoelectron photoion covariance spectrometer
for challenging UV pump-probe experiments — ∙Nicolas
Ladda, Fabian Westmeier, Tonio Rosen, Sudheendran Va-
sudevan, Hangyeol Lee, Simon Ranecky, Sagnik Das, Jayanta
Ghosh, Till Stehling, Hendrike Braun, Jochen Mikosch,
Thomas Baumert, and Arne Senftleben — Institut für Physik,
Universität Kassel, Heinrich-Plett-Strasse 40, 34132 Kassel, Germany
Velocity Map Imaging spectroscopy is a powerful method for investi-
gating photoionization processes. The technique can be combined with
time-of-flight spectrometry to gain further insight into the underlying
processes. The resulting device can be used for photoelectron pho-
toion covariance (PEPICO) measurements. Here we want to present
our simple, but geometrically optimized PEPICO spectrometer, which
can measure photoelectron momenta and photoion masses with high
resolution while minimizing the background signal originating from
scattered UV photons. The spectrometer will be used to investigate
the dynamics of chiral molecules by studying time-resolved photoelec-
tron circular dichroism [1]. In addition to special viewports made of
single-crystal calcium fluoride (CaF2) with a broadband AR coating
(190 - 900 nm) to minimize reflections and scattering, baffles made of
dendritic copper oxide (𝛿-CuO) with high UV absorption are used to
capture the residual scattered photons [2].

[1] Lux, C. et al. Angew. Chem. Int. Ed. 51, 5001*5005 (2012)
[2] Clarkin, O. J., Dissertation, Queen’s University, (2012)

MO 7.12 Tue 17:00 Tent C
Resonant double core hole spectroscopy of ultrafast de-
cay dynamics in Fe complexes — ∙Julius Schwarz1, Matz
Nissen1, Alberto De Fanis2, Aljoscha Rörig2, Karolin Baev5,
Florian Trinter4, Tim Laarmann1,6, Nils Huse1, Philippe
Wernet3, Michael Meyer2, Thomas Baumann2, Simon Dold2,
Tommaso Mazza2, Yevheniy Ovcharenko2, Sergey Usenko2,
Markus Ilchen1,2, Andreas Przystawik1,6, Hampus Wikmark3,
and Michael Martins1 — 1Universität Hamburg, Germany —
2European XFEL, Hamburg, Germany — 3Uppsala University, Swe-
den — 4Fritz-Haber-Institut, Berlin, Germany — 5DESY, Hamburg,
Germany — 6The Hamburg Centre for Ultrafast Imaging, Hamburg,
Germany
Resonant double core hole (DCH) spectroscopy allows for the observa-
tion of ultrafast dynamic processes in small 3d-metal compounds in the
gas phase with enhanced sensitivity. Using the intense X-Ray pulses of
the European XFEL, electron and ion spectroscopy was used to reveal
the signature of iron 2𝑝2 resonant DCH excitation in iron pentacar-
bonyl and ferrocene. Comparing the experimental results to theoreti-
cal calculations reconstructs single core hole (SCH) and DCH photon-
matter interactions in the two targets. The DCH Auger-Meitner elec-
tron signals offer insight to the electron dynamics during the core hole
lifetime and their dependence on the chemical environment. The prod-
uct ions show evidence for DCH processes in multiply charged iron

cations.

MO 7.13 Tue 17:00 Tent C
Accurate molecular ab initio calculations in support of
photodissociation experiments — ∙Giorgio Visentin1,2, Bo
Ying2,3, Stephan Fritzsche1,2,3, and Gerhard Paulus2,3 —
1Helmholtz-Institut Jena, Fröbelstieg 3, 07743 Jena, Germany —
2GSI Helmoltzzentrum für Schwerionenforschung, 64291 Darmstadt,
Germany — 3Friedrich Schiller University, Max-Wien-Platz 1, 07743,
Jena, Germany
Novel experimental techniques based on pump-probe femtosecond laser
pulses have paved the way to the investigation of ultrafast molecular
processes, such as photodissociation. In this process, the molecule is
first ionized; then, the collision with the ejected electron induces two
competing mechanisms, i.e., dissociation by excitation to a dissocia-
tive electronic excited state or dissociation by ionization to a disso-
ciative charge state. Evaluation of these mechanisms is a crucial step
in the experimental understanding of the molecular photodissociation
dynamics. In this framework, accurate ab initio calculations of the po-
tential energy curves (PECs) of the molecular ions provide a valuable
tool in support of the experiment. In this abstract, an accurate rela-
tivistic ab initio molecular approach is proposed to model the PECs
or Ar2+ in the electronic ground and lowest-lying excited states. This
approach yields results in reasonable agreement with the available lit-
erature data and supports the ion-beam experiments investigating the
dissociation pathways of Ar2+ molecular ion. Furthermore, the success
of the aforementioned theoretical approach prospects the investigation
on the photodissociation of heavier diatomics.

MO 7.14 Tue 17:00 Tent C
Decoherence in molecular systems with structured spec-
tral densities studied with Gaussian wavepacket propaga-
tion — ∙Sreeja Loho Choudhury1, Rainer Hegger1, Rocco
Martinazzo2,3, and Irene Burghardt1 — 1Institute of Physical
and Theoretical Chemistry, Goethe University Frankfurt, Germany —
2Department of Chemistry, Università degli Studi di Milano, Italy —
3Instituto di Scienze e Tecnologie Molecolari, CNR, Milano, Italy
We investigate the time scale of decoherence in complex molecular sys-
tems following laser excitation [1]. Vibronic coupling Hamiltonians in
conjunction with realistic, structured spectral densities are employed
in order to track decoherence on a typical time scale of femtosec-
onds. Tensor network methods, notably the Gaussian-based Multi-
Configuration Time-Dependent Hartree approach [2], are used to ob-
tain accurate decoherence estimates obtained from the time-evolving
purity. We focus on a donor-acceptor system that has recently been
studied [1], comprising tens of vibrational degrees of freedom. This sys-
tem is subject to a coherent excitation energy transfer (EET) process
and exhibits irreversible decay features despite the finite dimension-
ality. Numerical decoherence decay is compared with analytical esti-
mates for pure dephasing in spin-boson systems [3-4]. [1] M. Asido et
al., Phys. Chem. Chem. Phys. 24, 1795 (2022). [2] P. Eisenbrandt, M.
Ruckenbauer and I. Burghardt, J. Chem. Phys. 149, 174102 (2018).
[3] O. Prezhdo and P. Rossky, Phys. Rev. Lett. 81, 5294 (1998).
[4] M. A. Schlosshauer, Decoherence and the Quantum-To-Classical
Transition, Springer (2007).

MO 7.15 Tue 17:00 Tent C
Photoelectron spectroscopy study of anthracene anions in gas
phase — ∙Kevin Schwarz, Aghigh Jalehdoost, and Bernd v.
Issendorff — Institute of Physics, University of Freiburg, Hermann-
Herder-Str. 3, 79104 Freiburg, Germany
Organic semiconductors like anthracene (C14H10) show interesting
properties and keep being of interest across science and technology.
They are used, for instance, in organic solar cells. To get a better un-
derstanding of those molecules they are investigated in the gas phase
by anion photoelectron spectroscopy (PES) to gain knowledge on the
different involved electronic and vibrational modes of the molecules, es-
pecially on electronic relaxation processes giving information about the
dynamics within the molecules. Furthermore, temperature-resolved
studies are of high interest due to changes in the vibrational modes
accessible to the clusters, so to address those measurements and also
to increase the resolution of the spectra in general a radio frequency
ion trap will be added into the setup.

MO 7.16 Tue 17:00 Tent C
Phase-sensitive detection of photons — Lucas Ludwig,
∙Sanchayeeta Jana, Simon Durst, and Markus Lippitz — Chair
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for experimental physics III, Universität Bayreuth, Bayreuth, Ger-
many
In quantum optics, the measured signal is often photon detection
events. Modulation and phase-sensitive detection of photons is es-
sential for many applications. Even though phase-sensitive or lock-in
detection is a compelling technique invented over 90 years ago, all
commercial lock-in detectors use an analog voltage measured by a de-
tector (e.g., a photodiode) as the input signal. Thus, one cannot use a
commercial lock-in detector with photon counters for phase-sensitive
detection of photons. For this reason, we have developed a method for
lock-in detection of photons, which we use for measuring 2D spectra
of single molecules.

We employ AOMs to phase-modulate four optical pulses for
the fluorescence-detected two-dimensional electronic spectroscopy (F-
2DES) experiment. A reference diode detects the interference signal,
and the output goes to an FPGA, where three phase lock loops (PLL)
lock the phase difference between the pulses and send the trigger pulse
to a time tagger. A single photon counting detector detects the fluo-
rescence signal from the molecules after excitation with the four phase-
modulated pulses. These photons are also registered by the time tag-
ger, thus enabling phase-sensitive detection of photons.

This work will discuss the construction of PLLs in FPGA and their
characteristics.

MO 7.17 Tue 17:00 Tent C
Cogwheel phase cycling in action-based two-dimensional
spectroscopy — ∙Stefan Müller, Ajay Jayachandran, and To-
bias Brixner — Institut für Physikalische und Theoretische Chemie,
Universität Würzburg, Am Hubland, 97074 Würzburg
Coherent two-dimensional (2D) spectroscopies, which detect an action-
based signal instead of a coherent signal, have become increasingly
popular in recent years. These signals include photoions, internal or
external photocurrents, and fluorescence. To extract the coherent in-
formation from the incoherent signal, a procedure such as phase cycling
can be employed, which is usually carried out in a “nested” fashion, i.e.,
each pulse phase is incremented sequentially. Here we adapt a proce-
dure from nuclear magnetic resonance spectroscopy, “cogwheel phase

cycling,” in which all pulse phases are varied simultaneously in incre-
ments given by so-called winding numbers [1]. We show how to perform
a numerical search for these winding numbers. Using a pulse-shaper-
assisted setup for fluorescence-detected 2D spectroscopy, we demon-
strate that fourth-order and higher-order signals can be acquired with
fewer cogwheel phase-cycling steps compared to nested phase cycling
while maintaining the same signal selectivity [2]. We predict consid-
erable time savings for various pulse-shaper-based multidimensional
spectroscopies.

[1] M. H. Levitt et al., J. Magn. Reson. 155, 300–306 (2002).
[2] A. Jayachandran et al., J. Phys. Chem. Lett. 13, 11710 (2022).

MO 7.18 Tue 17:00 Tent C
Cross-peak analysis of multiquantum signals with
polarization-controlled higher-order transient absorption
spectroscopy — ∙Katja Mayershofer1, Simon Büttner1, Ju-
lian Lüttig2, Peter A. Rose3, Jacob J. Krich3,4, and To-
bias Brixner1 — 1Institut für Physikalische und Theoretische
Chemie, Universität Würzburg, Am Hubland, 97074 Würzburg —
2Department of Physics, University of Michigan, Ann Arbor, MI,
USA — 3Department of Physics, University of Ottawa, Ottawa, On-
tario, Canada — 4Nexus for Quantum Technologies, University of
Ottawa, Ottawa, Ontario, Canada
A well-established application of two-dimensional (2D) spectroscopy is
the characterization of energy transfer processes via analyzing of 2D
cross-peaks. In transient absorption (TA) measurements, by contrast,
signals from 2D off-diagonal and on-diagonal contributions overlap on
the detection axis. In a recent paper, Zanni’s group [1] presented a
new polarization scheme that suppresses diagonal peaks and makes it
possible to investigate cross-peak features with TA spectroscopy. We
adapted and applied this polarization scheme to the new method of
higher-order TA spectroscopy [2] that separates signals of different or-
ders and thus isolates signals stemming from exciton–exciton interac-
tions (EEI). Through the combination of higher-order TA spectroscopy
and polarization control we aim to analyze cross-peak features in fifth-
order signals originating from EEI in a squaraine heterodimer.

[1] K. M. Farrell et al., PNAS 2022, 119, e2117398118.
[2] P. Malý et al., Nature 2023, 616, 280.

MO 8: Poster: Collisions

Time: Tuesday 17:00–19:00 Location: Tent C

MO 8.1 Tue 17:00 Tent C
Excitation and dissociation of astrophysically relevant
molecules by ion impacts — ∙Masato Nakamura — College of
Science and Technology, Nihon University, Funabashi, Japan
Collision-induced dissociation of molecules by ion impacts plays an
important role in the chemical evolution in molecular clouds. To re-
veal the mechanism of such processes, the energy transfer and frag-
mentation of molecules by ion impacts at hyperthermal energies are
theoretically studied. The classical trajectory (CT) calculation and
the spectator model are applied to estimate the energy transfer from
translational to internal degrees of freedom. The model predicts the
energy-transfer from the translational to the internal degrees of free-
dom with less efficiency. The threshold energy for CID of CO molecule
by ion impacts is calculated for various projectiles. When the projec-
tile is much lighter than the target, it is found that the spectator model
works well. The probability of CID depends strongly on the orienta-
tion angle at the moment of the contact. Calculation and analysis are
extended to other astrophysically relevant molecules.

MO 8.2 Tue 17:00 Tent C
Intermolecular Coulombic Decay from organic dimers
— ∙Deepthy Maria Mootheril1, Xueguang Ren2, Thomas
Pfeifer1, and Alexander Dorn1 — 1Max-Planck-Institute of Nu-
clear Physics, Heidelberg, 69115, Germany — 2School of Physics, Xi’an
Jiaotong University, Xi’an, 710049, China
Inter-atomic/intermolecular Coulombic decay (ICD) is an important
electronic relaxation mechanism after inner-valence ionization of atoms
or molecules with weakly bound neighbours. Here we study ICD in
organic heterocycle dimers like thiophene dimers and pyridine-water
complexes induced by electron collisions (109 eV) using the (e,e+2ion)
coincidence technique [1]. Collisions with electrons causes ionization of

the inner valence orbital. It is observed that the energy released after
relaxation to the inner valence vacancy is transferred to the neighbour-
ing molecule, mainly via ICD, ionizes the outer valence orbital of the
neighbor and thus inducing Coulomb explosion of the dimer. Compar-
ison of projectile energy loss spectra with theoretical single ionization
spectra shows the ICD mainly proceeds from the C 2s−1 inner valence
vacancy in thiophene dimers and from the O 2s−1 and the N 2s−1

inner-valence vacancies in pyridine-water clusters [2].
References:
[1] X. Ren et al 2018 Nature Physics 14(10) 1062- 1066
[2] A. D. Skitnevskaya et al 2023 J. Phys. Chem. Lett. 14(6) 1418-1426

MO 8.3 Tue 17:00 Tent C
Dynamics of methane CH4 activation by tantalum cations
Ta+ in gas phase — Marcel Meta1, Maximilian Huber1,
∙Maurice Birk1, Martin Wedele1, Milan Ončák2, and Jennifer
Meyer1 — 1RPTU Kaiserslautern-Landau, Fachbereich Chemie und
Landesforschungszentrum OPTIMAS, Kaiserslautern, Germany —
2Universität Innsbruck, Institut für Ionenphysik und Angewandte
Physik, Innsbruck, Austria
To understand reactions on an atomic-level, we make use of well-
defined model systems in the gas phase. We are interested in the
rearrangement of atoms during a reaction, i.e. the atomistic dynamics
which we investigate by measuring energy and angle differential cross
sections [1,2].
The reaction Ta+ + CH4 → TaCH2

+ + H2 in it’s quintet ground
state is endothermic and spin forbidden. However the reaction is still
observed at room temperature. An efficient crossing from the quintet
surface over to the triplet surface leads to the exothermic formation of
TaCH2

+ [3-6]. The title reaction was investigated by measuring exper-
imental energy and angle differential cross sections via crossed beam
velocity map imaging supported by quantum chemical calculations.
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[1] J. Meyer, R. Wester, Annu. Rev. Phys. Chem. 2017, 68, 333;
[2] M. Meta et. al., J. Phys. Chem. Lett. 2023, 14, 24, 5524; [3] J.
F. Eckhard et. al., J. Phys. Chem. 2021, 125, 5289; [4] J. M. Bakker
et. al., J. Mol. Spetrosc. 2021, 378, 111472; [5] L. G. Parke et. al.,
J. Phys. Chem. 2007, 111, 17773; [6] E. Sicilia et. al., Phys. Chem.
Chem. Phys. 2017, 19, 16178

MO 8.4 Tue 17:00 Tent C
Dynamics of the oxygen atom transfer reaction between
Ta+/Nb+ and carbon dioxide — ∙Marcel Meta1, Maxim-
ilian E. Huber1, Maurice Birk1, Tim Michaelsen2, Atilay
Ayasli2, Milan Ončàk2, Roland Wester2, and Jennifer Meyer1

— 1Fachbereich Chemie and Forschungszentrum OPTIMAS, RPTU
Kaiserslautern-Landau, Kaiserslautern, Germany — 2Institut fur Io-
nenphysik und Angewandte Physik, Universität Innsbruck, Innsbruck,
Austria
The four atom reaction M+ + CO2 presents a benchmark system for
CO2 activation in the gas phase and has been investigated throughout
the last decades with different methods and along the periodic table.
Recent crossed beam experiments on the reaction dynamics of the oxy-
gen atom transfer (OAT) reaction between Ta+ + CO2 → TaO+ +
CO showed dominantly indirect dynamics despite the thermal rates be-
ing close to collision rate and the reaction being highly exothermic.[1]
Here, we compare the dynamics of the OAT reaction for the tantalum
cation Ta+ and its lighter homologue niobium Nb+ as a means to alter
spin-orbit coupling. The main focus is to gain insight into the nature of
the bottle-neck for Ta+ + CO2: If it is a submerged transition state or
a crossing point between the quintet and triplet surfaces. Ultimately,
a multi-method approach of experiment and theoretical modelling is
used to better assign a nature to the bottleneck.
[1] M. Meta, M. E. Huber, T. Michaelsen, A. Ayasli, M. Ončàk, R.
Wester, J. Meyer, J. Phys. Chem. Lett. 24, 5524 (2023)

MO 8.5 Tue 17:00 Tent C
Setup for improved resolution in ion-molecule crossed beam

imaging — ∙Jerin Judy, Dasarath Swaraj, Tim Michaelsen,
Fabio Zappa, Robert Wild, and Roland Wester — Institut für Io-
nenphysik und Angewandte Physik, Universität Innsbruck, Innsbruck,
Austria.
Crossed-beam experiments have proven to be a powerful tool for in-
vestigating reaction dynamics in the gas-phase [1]. Our group spe-
cializes in the study of ion-molecule reactions in combination with a
velocity map imaging (VMI) spectrometer to record energy and angle
dependent differential cross-sections [2]. Currently we focus on reac-
tions involving laser ionized hydrogen molecules with argon using a
newly commissioned crossed-beam experiment, where our aim is to re-
solve the different vibrational levels in the molecular products. We
will present preliminary results on this system and describe the new
experimental setup.

[1] N. Balucani et al., Int.Rev. Phys. Chem. 25, 109 (2006).
[2] R. Wester, Phys. Chem. Chem. Phys. 16, 396 (2014).

MO 8.6 Tue 17:00 Tent C
Auger spectrum of the ultra-fast dissociating 2𝑝−1

3/2
𝜎* reso-

nance in HCl in the semi-classical one-center approximation
— ∙Mateja Hrast1,2 and Matjaž Žitnik1,3 — 1Jozef Stefan In-
stitute, Ljubljana, Slovenia — 2Institute of Science and Technology
Austria (ISTA), Klosterneuburg, Austria — 3Faculty of Mathematics
and Physics, University of Ljubljana, Slovenia
We present an ab-initio theoretical L-VV resonant Auger spectrum of
the ultrafast dissociating 2𝑝−1

3/2
𝜎* resonance in HCl. The decay rates

are derived in one-center approximation and a semi-classical descrip-
tion of dissociation is considered. The calculated profiles of Auger
spectral lines resemble those of atomic Auger decay but with the char-
acteristic tails extending towards lower electron kinetic energies. The
calculated line asymmetries reflect dissociation dynamics along the po-
tential energy curve of the initial state and its relative position with
respect to the potential energy curves of the corresponding final states.
For some transitions, the line shape is also strongly affected by the
variation of Auger decay rate with the internuclear distance.

MO 9: Attosecond Physics II / Interaction with VUV and X-ray light (joint session A/MO)

Time: Wednesday 11:00–13:00 Location: HS 1010

Invited Talk MO 9.1 Wed 11:00 HS 1010
Attosecond photoionization dynamics in CO2 using coin-
cidence spectroscopy — ∙Ioannis Makos1, David Busto1,2,
Dominik Ertel1, Jakub Benda3, Barbara Merzuk11, Fabio
Frassetto4, Luca Poletto4, Claus Dieter Schröter5, Thomas
Pfeifer5, Zdeněk Mašín3, Serguei Patchkovskii6, and Giuseppe
Sansone1 — 1Albert-Ludwigs-Universität Freiburg, Germany —
2Lund University, Sweden — 3Charles University, Prague, Czech Re-
public — 4IFN-CNR, Padova, Italy — 5MPIK, Heidelberg, Germany
— 6MBI, Berlin, Germany
Attosecond photoelectron interferometry is used to investigate molec-
ular dynamics upon photoionization, revealing electron correlation ef-
fects and electron-nuclear motions interplay. Combining two-color in-
terferometric methods with photoelectron-photoion coincidence spec-
troscopy enables angle-resolved studies in the recoil frame, providing
insights into molecular potential anisotropy. In our study, we investi-
gate carbon dioxide photoionization dynamics using attosecond coinci-
dence spectroscopy. Absorption of an extreme ultraviolet photon, pro-
vided by an attosecond pulse train, leads to a superposition of cationic
states, coupled to the photoelectron wave packet. Additional infrared
photon absorption or emission forms a two-color photoelectron spec-
trogram. Our work presents CO2 photoionization time delays, con-
sidering the impact of field-induced coupling of ionization channels.
Furthermore, we show time-resolved photoelectron angular distribu-
tions in the recoil frame by measuring ejected electrons in coincidence
with O+ dissociation fragments.

MO 9.2 Wed 11:30 HS 1010
Investigation of Correlated Electronic Dynamics by Nonlin-
ear Attosecond Spectroscopy — ∙Samuel Kellerer1, Ioannis
Makos1, Dominik Schomas1, David Busto2, Dominik Ertel1,
Robert Moshammer3, Claus Dieter Schröter3, Thomas
Pfeifer3, Arjun Nayak4, Debobrata Rajak4, Naveed Ahmed4,
Sourin Mukhopadhyay4, Tamás Csizmadia4, Balázs Nagyillés4,

Zsolt Divéki4, Katalin Varjú4, Jörn Adamczewski-Musch5,
Fabio Frassetto6, Luca Poletto6, Paraskevas Tzallas7, Dim-
itris Charalambidis7, and Giuseppe Sansone1 — 1Uni Freiburg
— 2Uni Lund — 3MPIK Heidelberg — 4ELI ALPS Szeged — 5GSI
Darmstadt — 6CNR-IFN Padova — 7IESL-FORTH Hellas
The investigation of ultrafast processes like electronic dynamics in
small quantum systems demands for generation and control of laser
pulses with durations comparable or even shorter than the timescale
of the investigated processes. Combining an attosecond source and
a photoelectron/photoion coincidence spectrometer offers the possi-
bility to investigate in detail the photoionization process, returning
information on the role played by electronic correlation in multiple
ionization of atoms. Despite its conceptual simplicity, the study of the
two-photon double-ionization process in helium presents formidable
experimental challenges, which we plan to address using the intense
attosecond pulses provided by the SYLOS laser system available at
ELI ALPS. We will present the attosecond beamline and the photo-
electron/photoion apparatus used as an end-station for coincidence
spectroscopy as well as first results.

MO 9.3 Wed 11:45 HS 1010
Extracting relative dipole moments from a laser-driven two-
electron wave packet in helium by combining attosecond
streaking and transient absorption spectroscopy — ∙Shuyuan
Hu, Yu He, Gergana D. Borisova, Maximilian Hartmann, Paul
Birk, Christian Ott, and Thomas Pfeifer — Max-Planck-Institut
für Kernphysik, 69117 Heidelberg
The electronic structure of atoms and their interaction with light is re-
flected in complex-valued transition-matrix elements that have a mag-
nitude and phase. In this work, a state-resolved phase of the time-delay
dependent modulation of absorption is used to determine the relative
signs of transition dipole matrix elements. This measurement relies
on precise absolute calibration of the time-delay information, which
is achieved by combining attosecond transient absorption and attosec-
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ond streaking spectroscopy to simultaneously measure the resonant
photoabsorption spectra of laser-coupled doubly excited states in he-
lium, together with the streaked photoelectron spectra. The streaking
measurement reveals the absolute time delay zero and the full tem-
poral profile of the interacting electric fields which is then used for a
time-dependent few-level simulation of the relevant states. By compar-
ing the 1-fs time-scale modulations across the 2𝑠2𝑝 (1𝑃 ) and 𝑠𝑝2,3+
(1𝑃 ) states between the time-delay calibrated simulation and measure-
ment, we quantify the signs of the transition dipole matrix elements
for the laser-coupled autoionizing states 2𝑠2𝑝-2𝑝2 and 2𝑝2-𝑠𝑝2,3+ to
be opposite of each other.

MO 9.4 Wed 12:00 HS 1010
Driving the high harmonic process using a multi-pass cell
— ∙Benjamin Steiner1, Dominik Ertel1, Dennis Groschupf1,
Anne-Lise Viotti2, Mario Niebuhr1, Barbara Merzuk1, David
Busto1,2, Ioannis Makos1, and Giuseppe Sansone1 — 1Institute
of Physics, University of Freiburg, Freiburg, Germany — 2Division of
Atomic Physics, Lund University, Sweden
The investigation of electronic-correlation driven processes, such as the
Auger decay in krypton [1] or single-photon double-ionisation in he-
lium [2], requires photon energies of 100 eV or higher. Using electron-
electron-ion coincidence and attosecond pulses in the XUV spectral
range obtained by high-order harmonic generation (HHG), these pro-
cesses can be resolved in time in a pump-probe scheme. The first
challenge is to demonstrate an attosecond source operating at high
repetition rates (>50kHz) characterised by a cut-off energy well above
100 eV. For this purpose, we developed a temporal pulse compression
scheme based on a gas-filled multi-pass cell for high-power through-
put driven by a commercially available Yb-based laser system. The
achieved pulses lead to high enough peak intensities for driving the
HHG process in neon efficiently, maintaining a sufficient photon flux
in the desired energy range. The generated attosecond XUV pulses
will then be employed in the already existing attosecond coincidence
spectrometer in Freiburg [3] for time-resolved investigations of electron
dynamics occurring during the above-mentioned processes.

[1] M. Drescher et al, Nature, 419 (2002) [2] C. Ott et al, Nature,
516 (2014) [3] D. Ertel et al, Rev. Sci. Instrum. 94, 073001(2023)

MO 9.5 Wed 12:15 HS 1010
Polarization dependence of high-order harmonic gener-
ation in the direct measurement of optical waveforms
— ∙Ronak Narendra Shah1, Jahanzeb Muhammad1, Ianina
Kosse1, Samuel Bengtsson2, Riccardo Mori1, Mario Niebuhr1,
Fabio Frassetto3, Luca Poletto3, and Giuseppe Sansone1

— 1Physikalisches Institut, Albert-Ludwigs Universitaet Freiburg,
Freiburg, 79104, Germany — 2Department of Physics, Lund Univer-
sity, PO Box 118, SE-221 00 Lund, Sweden — 3Istituto di Fotonica e
Nanotecnologie, CNR, Padova, Italy
We present the polarization effects in an all-optical technique to mea-
sure the electric field of a few cycle laser pulse via high harmonic
generation (HHG). In our approach, the generation of an isolated at-
tosecond pulse (IAP) and the associated photon yield serves as an
ultrashort temporal gate to characterize the electric field of a weak
perturbing unknown pulse. Changing the polarization of the unknown
laser pulse from parallel to orthogonal polarization with respect to

the pulse generating IAP, we report the modulation in the harmonic
yield at twice the laser period. The experimental results are in good
agreement with simulations based on the strong-field approximations.

MO 9.6 Wed 12:30 HS 1010
Towards AI-enhanced online-characterization of ultrashort
X-ray free-electron laser pulses — ∙Thorsten Otto1,2,4,
Kristina Dingel2, Lars Funke3, Sara Savio3, Lasse Wülfing3,
Bernhard Sick2, Wolfram Helml3, and Markus Ilchen4 —
1Deutsches Elektronen-Synchrotron DESY, Notkestraße 85, 22607
Hamburg, Germany — 2Intelligent Embedded Systems, Univer-
sity of Kassel, Wilhelmshöher Allee 73, 34121 Kassel, Germany
— 3Technische Universität Dortmund, Fakultät für Physik, Maria-
Göppert-Mayer-Straße, 44227 Dortmund, Germany — 4Universität
Hamburg, Institut für Experimentalphysik, Luruper Chaussee 149
22761 Hamburg
X-ray free-electron lasers provide ultrashort X-ray pulses with dura-
tions typically in the order of femtoseconds, but recently even entering
the attosecond regime. The technological evolution of XFELs towards
well-controllable light sources for precise metrology of ultrafast pro-
cesses can only be achieved using new diagnostic capabilities for char-
acterizing X-ray pulses at the attosecond frontier. The spectroscopic
technique of photoelectron angular streaking has successfully proven
how to non-destructively retrieve the exact time-energy structure of
XFEL pulses on a single-shot basis. By using deep learning algorithms,
we show how this technique can be leveraged from its proof-of-principle
stage towards routine diagnostics at XFELs providing precise feedback
in real time.

MO 9.7 Wed 12:45 HS 1010
Angular Streaking at 1030 nm – measurement of gigawatt-
power attosecond pulses at European XFEL — ∙Lars Funke1,
Sara Savio1, Lasse Wülfing1, Niclas Wieland1, Kristina
Dingel4, Torsten Otto2, Ruda Hindriksson4, Lutz Marder4,
Christopher Passow2, Rebecca Boll3, Alberto De Fanis3, Si-
mon Dold3, Tommaso Mazza3, Dirk Raiser3, Michael Meyer3,
Terence Mullins3, Markus Ilchen5, and Wolfram Helml1

— 1Technische Universität Dortmund, Germany — 2Deutsches
Elektronen-Synchrotron DESY, Hamburg, Germany — 3European
XFEL GmbH, Schenefeld, Germany — 4Universität Kassel, Germany
— 5Universität Hamburg, Germany
Angular Streaking can be used as a method for characterizing ultra-
short X-ray pulses by overlapping the pulse with a circularly polarized
IR laser pulse in a gaseous target. Photoelectron momenta are shifted
in a characteristic way for a given spectro-temporal X-ray pulse struc-
ture. Measuring the photoelectron energy spectra with multiple time-
of-flight spectrometers allows the reconstruction of pulse structure.

A Cookiebox -type photoelectron spectrometer array was set up at
the SQS instrument of European XFEL to characterize specially tuned
sub-femtosecond soft X-ray FEL pulses.

In the measurement, we found intense attosecond X-ray pulses, with
pulse durations on the order of 300 as and a peak power in the hun-
dreds of gigawatts. The lower-than-planned streaking laser wavelength
of 1030 nm turned out beneficial for characterizing the ultrashort pulses
provided.

MO 10: Ultracold Molecules (joint session Q/MO)

Time: Wednesday 11:00–13:00 Location: HS 1015

Invited Talk MO 10.1 Wed 11:00 HS 1015
Ultracold interactions between ions and polar molecules —
∙Leon Karpa — Leibniz Universität Hannover, Institut für 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.

MO 10.2 Wed 11:30 HS 1015
Developing a Hybrid Tweezer Array of Rydberg Atoms and
Polar Molecules — ∙Kai Voges, Daniel Hoare, Yuchen Zhang,
Qinshu Lyu, Jonas Rodewald, 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-
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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)

MO 10.3 Wed 11:45 HS 1015
Quantum Dynamics of Two Composite Bosons on a One-
Dimensional Lattice — ∙Caroline Stier, Andreas Buchleit-
ner, and Gabriel Dufour — Physikalisches Institut der Albert-
Ludwigs-Universität 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
Schrödinger equation analytically and perform numerical simulations
of the dynamics from several initial configurations. In particular, we
find that the composites can form a bound state whose group velocity
depends strongly on the nature of their constituents.

MO 10.4 Wed 12:00 HS 1015
Non-abelian invariants in periodically-driven quantum rotors
— ∙Volker 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.

MO 10.5 Wed 12:15 HS 1015
From rotational decay of diatomic molecules to quantum fric-
tion — ∙Nicolas Schüler, Omar Jesús Franca 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 MO 10.6 Wed 12:30 HS 1015
Quantum Logic Spectroscopy of the Hydrogen Molecular Ion
— David Holzapfel, Fabian Schmid, Nick Schwegler, Oliver
Stadler, Martin Stadler, Jonathan Home, and ∙Daniel 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+

2 . The hydrogen molecular ion
H+

2 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 H+

2 . We
trap a single H+

2 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 H+

2 . We utilize helium buffer-gas cooling to prepare the lowest
rovibrational state of ortho-H+

2 (rotation 𝐿 = 1, vibration 𝜈 = 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+

2 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)

MO 11: X-ray Spectroscopy

Time: Wednesday 11:00–12:45 Location: HS 3044

MO 11.1 Wed 11:00 HS 3044
Photon-recoil imaging: Nonlinear X-ray physics in molecules
— ∙L. Germeroth1, M. Agåker2, T. Baumann3, R. Boll3,
A. De Fanis3, S. Eisebitt4, M. Génévriez5, V. Kimberg6,
H. Lee1, E. Marin-Bujedo5, T. Mazza3, M. Meyer3, J.
Mikosch1, Y. Ovcharenko3, S. Patchkovskii4, D. Reiser3, J.-
E. Rubensson2, J. Söderström2, P. Schmidt3, B. Senfftleben3,
A. Senftleben1, S. Usenko3, and U. Eichmann4 — 1Universität
Kassel — 2Uppsala University — 3XFEL Hamburg — 4MBI Berlin —
5UCLouvain — 6KTH Stockholm
Non-linear Raman spectroscopy was originally developed for narrow-
band lasers. It has since become important in the spectroscopy and
microscopy of technological and biological processes. Stimulated Ra-
man scattering with optical femtosecond lasers is routinely used to ex-
cite coherent vibrational and rotational wavepackets. The advance of
ultrabright FELs enabled the extension of non-linear physics to the X-
ray domain. Some of us have recently established photon-recoil imag-
ing as a background-free technique to detect stimulated X-ray Raman

scattering (SXRS) [1]. This process is similar to STIRAP, a form of
state-to-state coherent control well known in the optical domain. Here
we extend the pioneering experiments on Neon atoms to molecules.
Near and far-off resonance SXRS in CO molecules populates efficiently
an electronically excited long-lived metastable final state. Demonstra-
tion of far-off resonance SXRS in molecules opens new possibilities to
study site-selective non-linear processes avoiding spontaneous decays.
[1] Eichmann et al., Science 369, 1630 (2020)

MO 11.2 Wed 11:15 HS 3044
Testing the potential energy curves of the H2 𝐵-𝑋 system
using its Condon diffraction bands — ∙Adrian Peter Krone1,
Philipp Schmidt2, Johannes Viehmann1, Niklas Golchert1,
Lutz Marder1, Dana Bloss1, Catmarna Küstner-Wetekam1,
Peter Baumgärtel3, Andreas Hans1, and Arno Ehresmann1 —
1Institut für Physik und CINSaT, Universität Kassel, Heinrich-Plett-
Str. 40, 34132 Kassel, Deutschland — 2European XFEL, Holzkop-
pel 4, 22869 Schenefeld, Deutschland — 3Helmholtz-Zentrum Berlin,
BESSY II, Abteilung Optik und Strahlrohre, Albert-Einstein-Str. 15,

17



Freiburg 2024 – MO Wednesday

12489 Berlin, Deutschland
The H2 𝐵-𝑋 system is investigated using its Condon diffraction
bands in order to test for a shift between the independently calcu-
lated electronic potential energy curves of the 𝐵 and 𝑋 electronic
states. The Condon diffraction bands for the rovibronic states 𝐵 (𝑣′ =
8, 9, . . . , 13, 𝐽 ′ = 0) are calculated from literature potentials, to which
internuclear distance shifts are applied. Data from a first measure-
ment of the H2 photon-excitation photon-emission map is analyzed
and compatible with the unmodified literature potentials. Planned
future measurements will significantly improve the accuracy and un-
certainty.

MO 11.3 Wed 11:30 HS 3044
X-ray absorption of CF4 driven by x-ray free-electron laser
— ∙Rui Jin1, Adam Fouda2, Alexander Magunia1, Marc
Rebholz1, Alberto De Fanis3, Kai Li2, Gilles Doumy2,
Jan-Erik Rubensson4, Maria Novella Piancastelli5, Marc
Simon5, Thomas Baumann3, Michael Straub1, Sergey Usenko3,
Yevheniy Ovcharenko3, Tommasso Mazza3, Nina Rohringer6,7,
Michael Meyer3, Linda Young2,8, Christian Ott1, and Thomas
Pfeifer1 — 1MPIK, Heidelberg — 2Argonne National Laboratory,
USA — 3European XFEL, Schenefeld — 4Uppsala University, Sweden
— 5Sorbonne Universités, Paris — 6DESY, Hamburg — 7Universität
Hamburg — 8University of Chicago, USA
X-ray absorption spectroscopy (XAS) is widely used to study atomic
and molecular structure and dynamics, especially at the core level.
X-ray free electron lasers (XFEL) have introduced coherent, high-
brilliance, and ultrashort laser pulses with tunable energies, thereby
enabling the study of multiphoton x-ray matter interactions. In this
work, the EuXFEL is combined with a grating spectrometer for a
single-pulse transient absorption study of the intermediate electronic
states arising from multiphoton-induced molecular dynamics in CF4.
The central photon energy is tuned to initiate dynamics with and with-
out producing fluorine K-holes. The spectra are measured at different
FEL intensities to study multiphoton effects. Two main findings are:
(1) neutral fluorine atoms are observed within the pulse duration (40
fs), and (2) short-lived molecular fragments with fluorine 1s-core hole
state are observed for high intensities. Precise atomic and molecular
structure calculations as well as semi-classical molecular dynamics are
used to interpret the results. Overall, this study demonstrates the
potential of XFEL-driven transient-absorption spectroscopy to study
ultrafast multiphoton dynamics of molecular systems.

MO 11.4 Wed 11:45 HS 3044
Simulation of X-ray photoelectron spectroscopy in atoms,
molecules, and clusters: Core-electron excitation from ab ini-
tio many-body approach — ∙Iskander Mukatayev1, Gabriele
D’Avino2,3, Florient Moevus1, Benoît Sklénard1,4, Valerio
Olevano2,3,4, and Jing Li1,4 — 1Université Grenoble Alpes, CEA,
Leti, F-38000, Grenoble, France — 2Université Grenoble Alpes, F-
38000 Grenoble, France — 3CNRS, Institut Néel, F-38042 Grenoble,
France — 4European Theoretical Spectroscopy Facility (ETSF)
X-ray photoelectron spectroscopy (XPS) technique, measuring di-
rectly core-electrons binding energies (BEs), provides information
about electronic structure, chemical bonding, and stoichiometry for
molecules/solids. This work presents the benchmark study of core
electrons BEs in noble gas atoms between theories, including density
functional theory (DFT), Hartree-Fock (HF) and many-body theory
perturbation theory (GW approach) against experiments first, pointing
out significant improvement of computed BEs from HF/DFT to GW.
Furthermore, XPS of noble gas clusters with 3000 atoms were stud-
ied with embedded many-body theory to estimate the environmental
polarization effect on relative BEs (chemical shifts). An analytical
formula derived from classical electrostatics accurately describes these
polarization effects, aligning well with experimental XPS for noble gas
clusters. Finally, by investigating the core-electron excitation in car-
bon 1s among various molecules, we found that the main contribution
to chemical shift comes from classical electrostatic interaction and is
one order of magnitude larger than the correlation effects.

MO 11.5 Wed 12:00 HS 3044
Soft X-Ray-induced Dimerization of Methane — ∙Simon

Reinwardt1, Ivan Baev1, Patrick Cieslik1, Karolin Baev2,
Ticia Buhr3, Alexander Perry-Sassmannshausen3, Ste-
fan Schippers3, Alfred Müller3, Florian Trinter4, Jens
Viefhaus5, and Michael Martins1 — 1Universität Hamburg, Ham-
burg, Deutschland — 2Deutsches Elektronen-Synchrotron, Hamburg,
Deutschland — 3Justus-Liebig-Universität Gießen, Gießen, Deutsch-
land — 4Fritz-Haber-Institut, Berlin, Deutschland — 5Helmholtz-
Zentrum Berlin für Material und Energie, Berlin, Deutschland
Carbon 1s photo excitation of methane, CH4 and subsequent multimer-
ization in CH4 gas has been studied using the PIPE ion-trap setup [1]
at PETRA III of DESY. Photoions resulting from the decay of the 1s
vacancy are stored within the ion trap so that they can undergo re-
actions with the surrounding neutral methane molecules. The experi-
mental results clearly show that the initial photoionization event leads
to the formation of reaction products with up to three carbon atoms [2].
Accordingly, such addition reactions can play an important role in the
formation of larger molecular ions in planetary ionospheres. A better
understanding of photoinduced reactions forming larger molecules is
essential for understanding the chemistry and chemical composition of
atmospheres such as those of exoplanets, whose investigation is planned
with celestial observatories like the James Webb Space Telescope.

[1] S. Reinwardt et al., Rev. Sci. Instrum. 94, 023201 (2023).
[2] S. Reinwardt et al., Astrophys. J. 952, 39 (2023).

MO 11.6 Wed 12:15 HS 3044
Multi-electron emission from irradiated iodide anion in so-
lution — ∙Yusaku Terao, Dana Bloss, Gabriel Klassen, Jo-
hannes Viehmann, Adrian Krone, Niklas Golchert, Arno
Ehresmann, and Andreas Hans — Institut für Physik und Center
for Interdisciplinary Nanostructure Science and Technology (CINSaT),
Universität Kassel, Heinrich-Plett-Strße 40, 34132 Kassel
Radiation effects in solvated matter is of great interests, since many
aspects of them are still poorly understood and better knowledge
can be beneficial for radiation protection and radiation therapy. Re-
cently, interatomic/intermolecular processes, that transfer deposited
excess energy or charge from the initially ionized size to so surround-
ing water molecules, were newly discovered. Some of these mech-
anisms have been experimentally observed in our group for the de-
cay of the ionized Mg dication in aqueous solution by multi-electron
coincidence spectroscopy. Here, we focused on iodide anion in solu-
tion, which has a large photoionization cross-section at its 3d ioniza-
tion region and decays by multiple auger steps, competitors to inter-
atomic/intermolecular processes. For a better understanding of com-
plex decay processes of irradiated atoms and molecules in solution,
multi-electron emission from iodide anion in aqueous solution by ion-
izing 3d iodide electrons was studied by combining the liquid micro jet
technique and multi-electron coincidence spectroscopy.

MO 11.7 Wed 12:30 HS 3044
Solvated pyrimidine molecules as donor or acceptor of X-ray
induced intermolecular energy transfer — ∙Dana Bloß1, Flo-
rian Trinter2,3, Nikolai V. Kryzhevoi4, Alexander Kuleff4,
Lorenz S. Cederbaum4, Arno Ehresmann1, and Andreas Hans1

— 1Institute of Physics and Center for Interdisciplinary Nanostruc-
ture Science and Technology (CINSaT), University of Kassel, Heinrich-
Plett-Straße 40, 34132 Kassel, Germany — 2Fritz-Haber-Institut der
Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany —
3Institut für Kernphysik, Goethe- University, Max-von-Laue-Str. 1,
60438 Frankfurt am Main, Germany — 4Institute of Physical Chem-
istry, University of Heidelberg, Im Neuenheimer Feld 229, 69120 Hei-
delberg, Germany
We investigated the effect of the presence of an aqueous environment
for small bio-relevant organic molecules after their exposure to X-ray ir-
radiation in a photoelectron-ion-ion coincidence experiment performed
at the P04 beamline of PETRA III. In the decay of electronic inner-
shell vacancies located in the solvated pyrimidine itself or in the wa-
ter environment of the molecule we found evidence for intermolecular
energy transfer in both directions. These processes can protect the
molecule from reaching dicationic states via Auger decay and their
inevitable fragmentation. The observations are compared with the
results of theoretical calculations for a deeper understanding of the
occurring effects.

MO 12: Members’ Assembly
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Time: Wednesday 13:00–14:00 Location: HS 3044
All members of the Molecular Physics Division are invited to participate.

MO 13: Interaction with Strong or Short Laser Pulses II (joint session A/MO)

Time: Wednesday 14:30–16:30 Location: HS 1010

MO 13.1 Wed 14:30 HS 1010
Focal volume reduction in pulsed standing waves for xenon
multiphoton ionization — ∙Tobias Heldt, Jan-Hendrik Oel-
mann, Lennart Guth, Nick Lackmann, Lukas Matt, Fiona
Sieber, Janko Nauta, Thomas Pfeifer, and José R. Crespo
López-Urrutia — Max-Planck-Institut für Kernphysik, Heidelberg,
Germany
To study the highly nonlinear light-matter interaction of multipho-
ton or tunnel ionization, intense light fields are needed. We use a
femtosecond enhancement cavity to fulfill this requirement by reach-
ing intensities of > 1013 W/cm2, even at the high 100MHz repetition
rate of a near-infrared frequency comb. The bow-tie cavity supports
counter-propagating pulses, leading to a pulsed standing wave when
two pulses overlap in the focus. There, we have integrated a gas nozzle
and a velocity-map imaging (VMI) spectrometer to study the angular
distribution of the emitted photoelectrons [1].

The joint focus of the counter-propagating pulses leads to a doubling
of the maximum intensity. In addition, the ionization region along the
beam propagation is also reduced because it no longer depends on the
Rayleigh length but on the < 200 fs overlap of the pulses. Our experi-
mental data show that this reduction of the focal volume renders the
electrostatic focusing in the VMI technique unnecessary. Furthermore,
the standing wave influences the emitted electrons over the structured
ponderomotive potential, leading to the Kapitza-Dirac effect.
[1] J.-H. Oelmann et al., Rev. Sci. Instrum., 93(12), 123303 (2022).

MO 13.2 Wed 14:45 HS 1010
Controlling ionization with chirped circularly-polarized laser
pulses — ∙Ulf Saalmann — Max-Planck-Institut für Physik kom-
plexer Systeme, Dresden/Germany
We show that controlling two-photon ionization with a chirp, orig-
inally predicted for linearly-polarized pulses [X], applies to circular
polarization as well. In this case the underlying mechanism is particu-
lar transparent in the rotating frame. Experimental demonstration of
this mechanism for the Helium atom has been achieved at fermi by
the Freiburg group and is presented elsewhere.
[X] Saalmann & Giri & Rost, Phys. Rev. Lett. 121 (2018) 153203.

MO 13.3 Wed 15:00 HS 1010
Coulomb-correlated multi-electron states generated by fem-
tosecond laser-triggered nanotip photoemission — ∙Rudolf
Haindl1,2, Armin Feist1,2, Till Domröse1,2, Marcel Möller1,2,
John H. Gaida1,2, Sergey V. Yalunin1,2, and Claus Ropers1,2

— 1Department of Ultrafast Dyamics, Max Planck Institute for Multi-
disciplinary Sciences, Göttingen, Germany — 24th Physical Institute,
University of Göttingen, Göttingen, Germany
Correlations between electrons are at the core of numerous phenom-
ena in atomic, molecular, and solid-state systems. For free particles,
detecting inter-particle correlations remains challenging, as ensemble-
averaged detection typically conceals few-body effects.

A powerful approach to induce strong electron-electron correlations
is spatio-temporally confined photoemission from field emitters em-
ployed in ultrafast electron microscopes. When n electrons are gener-
ated by the same laser pulse at the emitter, their initially meV-scale
inter-particle Coulomb repulsion is acceleration-enhanced in a static
electric field to an energy exchange of about 2 eV, as confirmed by
trajectory simulations.

In our experiment, we measure distinct energy correlations of pair,
triple and quadruple free-electron states in transverse and longitudinal
direction [1]. Furthermore, we demonstrate control over the magni-
tude of Coulomb correlations and discuss how they can facilitate non-
Poissonian electron pulse statistics with applications in free-electron
quantum optics.

[1] R. Haindl et al., Nat. Phys. 19, 1410-1417 (2023).

MO 13.4 Wed 15:15 HS 1010
Strong-field Electron Emission of metal Nanotips with op-

tical Single-Cycle Pulses — ∙Anne Herzig, Lennart Seiffert,
and Thomas Fennel — University of Rostock, Institute of physics,
Albert-Einstein-Straße 23, 18059 Rostock
Exposing nanostructures to strong fields enables the emission of en-
ergetic electrons via near-field driven elastic backscattering [1]. The
availability of intense single cycle or sub-single cycle waveforms [2,
3] enables to explore the formation and propagation of attosecond
electron pulses in previously inaccessible regimes of the strong-field
interaction. Recent experimental studies [4] have shown promising
results on analyzing the short backscattering electron signal. In this
talk, the electron emission from tungsten nanotips under intense single-
cycle pulses is inspected theoretically via one-dimensional single-active
TDSE simulations. The calculated carrier-envelope phase-dependent
photoelectron energy spectra reveal prominent signatures with pro-
nounced differences to previous studies performed with many-cycle
pulses [5]. The physical origins behind the observed spectral features
are disentangled by extending the famous Simple Man’s Model of
strong-field physics.

[1] M. F. Ciappina et al., Rep. Prog. Phys. 80, 054401 (2017)
[2] A. Wirth et al., Science 334, 195 (2011)
[3] M. T. Hassan et al., Nature 530, 66 (2016)
[4] H. Y. Kim et al., Nature 613, 7945 (2023)
[5] L. Seiffert et al., J. Phys. B 51, 134001 (2018)

MO 13.5 Wed 15:30 HS 1010
Observing Laser-Induced Plasma Dynamics by Time-
Resolved Coherent-Diffractive-Imaging — ∙Tom Böttcher,
Richard Altenkirch, Christian Peltz, Thomas Fennel,
Franziska Fennel, and Stefan Lochbrunner — University of Ro-
stock, Institute of Physics, Albert-Einstein-Str. 23, 18059 Rostock
Resolving the excitation and relaxation dynamics of laser-induced solid
state plasmas is crucial for a fundamental understanding of the re-
sponse of condensed matter targets to intense laser radiation. Knowl-
edge about the influence of laser parameters like the spatial, tempo-
ral and spectral pulse structure on the plasma dynamics is essential
for taylored laser machining applications. We present a method for
observing the plasma dynamics in laser-excited thin gold foils using
single-shot pump-probe coherent diffractive imaging. By employing a
phase retrieval algorithm, we can reconstruct the 2D-spatial and time
resolved complex transmission from recorded diffraction patterns. Our
targets are 30 nm thick, free-standing gold foils that are excited by a
focused femtosecond (fs)-800 nm pump pulse and subsequently imaged
by a low intensity fs-400 nm pulse. The plasma dynamics are moni-
tored on a time scale from 50 fs to 2 ns giving access to the ultrafast
excitation (fs-ps regime) as well as the melting and ablation (ps-ns
regime) dynamics.

MO 13.6 Wed 15:45 HS 1010
Extreme-UV microscopy at ultimate spatial and temporal
scales — ∙Sergey Zayko1, Hung-Tzu Chang1, Ofer Kfir2, Mu-
rat Sivis1, and Claus Ropers1 — 1Department of Ultrafast Dynam-
ics, Max-Planck-Institute for Multidisciplinary Sciences, 37077 Göttin-
gen, Germany — 2School of Electrical Engineering, Faculty of Engi-
neering, Tel Aviv University, 69978Tel Aviv, Israel
Future developments in logic and storage devices heavily rely on ver-
satile research tools operating at the relevant spatio-temporal scales.
In applied research fields such as spintronics and strongly corre-
lated electronic materials, these extend into previously unreachable
femtosecond-nanometer regimes [1]. In this work, we demonstrate
an experimental advance towards such capabilities with femtosecond
element-specific, spin-sensitive microscopy at ultimate spatio-temporal
scales, achieving simultaneous 18 nm spatial and 35 fs temporal res-
olution. This allows for a close examination of ultrafast phenomena
in real space, providing, deeper insights into the puzzles surrounding
ultrafast spin dynamics in the presence of nanoscale magnetic domains
[2]. By optimizing the experimental conditions for static imaging, we
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demonstrate real-space resolutions of 13.5 nm and 12.5 nm for spin and
charge scattering, using probe wavelengths close to the m-edges of Co
and Ni, respectively. These results from our compact high-harmonic
based microscope establish a set of new benchmarks for photon-based
imaging techniques.

[1] Zayko et al., Nat. Commun. 12, 6337 (2021)
[2] Koopmans et al., Nat. Materials 9, 259-265 (2010)

MO 13.7 Wed 16:00 HS 1010
Tracing attosecond electron emission from a nanometric
metal tip — ∙Lennart Seiffert1, Philip Dienstbier2, Timo
Paschen2, Andreas Liehl3, Alfred Leitenstorfer3, Thomas
Fennel1,4, and Peter Hommelhoff2 — 1University of Ros-
tock — 2University of Konstanz — 3Friedrich-Alexander-Universität
Erlangen-Nürnberg — 4Max Born Institute Berlin
Solids exposed to intense electric fields release electrons through tun-
nelling. This fundamental quantum process lies at the heart of various
applications such as petahertz vacuum electronics where electron
wavepackets undergoe semiclassical dynamics in an intense laser field,
similar to strong-field physics in the gas phase. Recently, we mea-
sured the subcycle-dynamics at solids, inclunding the duration of the
emission time window [1] and the temporal width of the recolliding
wavepacket [2]. Here I present how the suboptical-cycle strong-field
emission dynamics from a metallic nanotip is uncovered via two-colour
modulation spectroscopy [1,3], where energy spectra of emitted pho-
toelectrons are measured as function of the relative phase between
the colors. Projecting the solution of the time-dependent Schrödinger
equation onto classical trajectories relates phase-dependent signatures

in the spectra to the emission dynamics and yields an emission dura-
tion of 710± 30 attoseconds.

[1] P. Dienstbier et al., Nature 616, 702-706 (2023)
[2] H. Y. Kim et al., Nature 613, 662-666 (2023)
[3] L. Seiffert et al., J. Phys. B 51, 134001 (2018)

MO 13.8 Wed 16:15 HS 1010
Axially Polarized Photoelectrons in Strong-Field Ionization
— ∙Pei-Lun He, Zhao-Han Zhang, Karen Z. Hatsagortsyan,
and Christoph H. Keitel — Max-Planck-Institut für Kernphysik,
Saupfercheckweg 1, 69117 Heidelberg, Germany
The spin effects in strong-field ionization induced by a linearly polar-
ized laser field are investigated, demonstrating that the photoelectrons
exhibit axial polarization relative to the laser polarization axis typi-
cally. While the total polarization vanishes upon averaging over the
photoelectron momentum, significant momentum-resolved spin polar-
ization is found. The polarization originates from the spin-orbit cou-
pling in the bound state, establishing a correlation between the orbital
angular momentum and the spin of the valence shell electron. Conse-
quently, the correlation extends to the spin and the initial transverse
velocity of the photoelectron at the tunnel exit. The electron trajecto-
ries are thus spin-dependent and are scattered into different directions
upon recollisions, resulting in the entanglement of the angular distri-
bution with the electron spin. Furthermore, the interference between
direct and rescattered electrons leads to the feasibility of spin-polarized
electron holography, offering structural information about the atom.

MO 14: Atomic Clusters (joint session A/MO)

Time: Wednesday 14:30–16:30 Location: HS 1015

MO 14.1 Wed 14:30 HS 1015
Experimental studies on core-level interatomic Coulombic de-
cay in heterogeneous rare gas clusters — ∙Catmarna Küstner-
Wetekam1, Lutz Marder1, Dana Bloß1, Christina Zindel1,
Uwe Hergenhahn2, Arno Ehresmann1, Přemysl Kolorenč3,
and Andreas Hans1 — 1Institut für Physik und CINSaT, Univer-
sität Kassel, Heinrich-Plett-Str. 40, 34132 Kassel, Germany — 2Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195
Berlin, Germany — 3Institute of Theoretical Physics, Charles Univer-
sity, V Holesovickach 2, 180 00 Prague, Czech Republic
To understand the fundamental mechanisms of radiation chemistry in
realistic environments, it is crucial to examine prototypical systems
where molecules or atoms interact with their surroundings. Weakly
bound van der Waals clusters serve as promising model systems for
investigating novel relaxation pathways. In contrast to isolated atoms,
electronically excited states may now decay via different interatomic
processes such as interatomic Coulombic decay (ICD) or radiative
charge transfer (RCT). Due to the relatively low probability of ICD
following inner-shell ionization in rare gas clusters, multicoincidence
spectroscopy is essential for its detection. Here, we present the obser-
vation of changes in branching ratios when going from homogeneous
Ar and Kr clusters to heterogeneous ArKr clusters. This transition
effectively introduces a distinct environment for the excited atom in
each cluster, providing valuable insights into the influence of cluster
composition on interatomic decay pathways.

MO 14.2 Wed 14:45 HS 1015
Self-organized supersolidity in ion doped Helium droplets —
∙Juan Carlos Acosta Matos, Panagiotis Giannakeas, and Jan
Michael Rost — Max Planck Institute for the Physics of Complex
Systems, Dresden, Germany
It is well known that crystallized shells, of Helium atoms, a so called
snowball, forms around the ion in the otherwise (super-)fluid Helium
droplet [1]. Here, we show that for sufficiently large droplets a third
regime appears between the snowball and the liquid one with a super-
solid structure where the Helium density exhibits a periodic modula-
tion of the particle density on a spherical shell. The periodic modu-
lation emerges due to the inner shell snowball structure that provides
a lattice substrate for the outer droplet shells yielding an accumula-
tion of superfluid particles. To identify supersolidity in a geometrically
confined scenario of a droplet we combine modified density functional

theory (DFT), allowing us to describe large enough droplets, with a
Gaussian Imaginary Time Dependent Hartree (G-ITDH)[2] method
which traces the emergence of crystallized structures. Our approach
works well as a comparison to Quantum Monte Carlo results [3] for
smaller droplets reveals. [1] D. E. Galli etal, J. Phys. Chem. A 2011,
115, 7300-7309 [2] W. Unn-Toc etal, J. Chem. Phys. 137, 054112
(2012) [3] M. Rastogi etal, Phys. Chem. Chem. Phys. 2018, 20, 25569

MO 14.3 Wed 15:00 HS 1015
Disentangling the decay cascade of inner-shell vacancies
in krypton clusters — ∙Lutz Marder, Catmarna Küstner-
Wetekam, Niklas Golchert, Johannes Viehmann, Emilia
Heikura, Nils Kiefer, Arno Ehresmann, and Andreas Hans —
Institut für Physik und CINSaT, Universität Kassel, Heinrich-Plett-
Str. 40, 34132 Kassel, Germany
Noble gas clusters represent prototype systems well-suited for the in-
vestigation of fundamental atomic and molecular processes; their van
der Waals bonds enable new relaxation pathways not available in iso-
lated systems. Many of these have been studied during the recent
years, often using coincidence measurement techniques.

Our state-of-the-art experiment, where electrons and photons are
detected in coincidence, allows for investigation of multi-particle de-
cay pathways after ionization with synchrotron radiation. Upon in-
troduction of an inner-shell vacancy in a homogeneous Kr cluster, the
well-known atomic relaxation pathways – consisting of Auger-Meitner
decays and fluorescence – is altered significantly by the opening of new
interatomic relaxation mechanisms such as interatomic Coulombic de-
cay (ICD), electron-transfer mediated decay (ETMD) and radiative
charge transfer (RCT), all of which have been observed and are pre-
sented here.

MO 14.4 Wed 15:15 HS 1015
Measurements of Electron-Photon Coincidences from Lo-
cal and Non-Local Electronic Relaxation Processes in Rare-
Gas Clusters after Excitation with Synchrotron Radiation
from Multi-Bunch Operation Mode — ∙Johannes Viehmann1,
Andreas Hans1, Christian Ozga1, Nils Kiefer1, Emilia
Heikura1, Lutz Marder1, Catmarna Küstner-Wetekam1, Uwe
Hergenhahn2, and Arno Ehresmann1 — 1Institut für Physik und
CINSaT, Universität Kassel, Heinrich-Plett-Straße 40, 34132 Kassel,
Germany — 2Fritz Haber Institute of the Max Planck Society, Fara-
dayweg 4-6 14195 Berlin Germany
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Investigating interatomic (or intermolecular) processes in dense media
is of interest for understanding the emergence of new properties in con-
glomerates of interacting particles. This is a stepping stone in bottom
up approaches to describe complex environments like biological rele-
vant systems. Our group has used electron-photon coincidence mea-
surements to investigate local and non-local electronic relaxation pro-
cesses after inner-valence excitation with synchrotron radiation of rare
gas clusters. Coincidence measurements at synchrotrons have been
restricted to single bunch operation modes of the facilities due to ne-
cessities of proper time references. Here, we suggest a technique to
expand the use of such electron-photon-coincidence measurements to
arbitrary synchrotron filling patterns and show first benchmark results.

MO 14.5 Wed 15:30 HS 1015
Extreme shift of Auger cascade energies after deep inner-
shell ionization in rare-gas clusters — ∙Niklas Golchert1,
Nils Kiefer1, Catmarna Küstner-Wetekam1, Lutz Marder1,
Minna Patanen2, Christina Zindel1, Arno Ehresmann1, and An-
dreas Hans1 — 1Institut für Physik und CINSaT, Universität Kassel,
Heinrich-Plett-Str. 40, 34132 Kassel, Germany — 2Nano and Molec-
ular Systems Research Unit, Faculty of Science, P.O. Box 3000, FI-
90014, University of Oulu, Oulu, Finland
Closing the gap between isolated atoms and macroscopic objects, clus-
ters serve as ideal prototype systems for fundamental research of local
and non-local processes in dense media. By investigating their elec-
tron emission spectra after photoionization, detailed insights about the
interactions between the constituents of a medium are gained.

Here, we present recent experimental results obtained by multi-
electron coincidence spectroscopy showing the strong dependence of
Auger cascade energies in clusters on the charge state of the emit-
ting ion caused by the polarization of its surrounding. These findings
will deliver valuable information for future spectroscopic experiments
on dense media such as clusters or liquids using high-energetic light
sources.

MO 14.6 Wed 15:45 HS 1015
Reconstructing the anisotropic expansion of a laser driven
nanoplasma — ∙Paul Tuemmler1, Felix Gerke2, Chris-
tian Peltz1, Hendrik Tackenberg1, Björn Kruse1, Bern-
hard Wassermann2, Thomas Fennel1, and Eckart Rühl2 —
1University of Rostock, D-18059 Rostock, Germany — 2Freie Uni-
versität Berlin, D-14195 Berlin, Germany
Coherent diffractive imaging (CDI) at X-ray free-electron lasers (FELs)
has evolved into a well-established method for the structural investi-
gation of unsupported nanoparticles. This inherently static method
can be readily adopted to time-dependent studies by incorporating a
second pulse in a pump-probe scheme.

In a recent experiment at LCLS, we utilized this method to study
the fundamental process of free plasma expansion into vacuum using
the example of laser-pumped SiO2 nanospheres. The resulting plasma
expansion rapidly and isotropically softens the initial surface density
step. This, in turn, increases the radial decay of the scattering signal
eventually precluding meaningful measurements due to a diminishing
signal-to-noise ratio within only a few hundred femtoseconds [1].

Here, we present the results of a follow-up experiment at the Eu-

ropean XFEL where we revisited SiO2 as a target, but operated in a
weaker excitation regime. This approach allowed us to record images
over far longer timescales and revealed a strong anisotropic expansion
dynamic, as predicted by theory [2].

[1] C. Peltz et al., New J. Phys. 24, 043024 (2022).
[2] C. Peltz et al., Phys. Rev. Lett. 113, 133401 (2014).

MO 14.7 Wed 16:00 HS 1015
Superradiant parametric Mössbauer radiation — ∙Ze-An
Peng, Christoph H. Keitel, and Jörg Evers — Max-Planck-
Institut für Kernphysik, Heidelberg, Germany
Mössbauer nuclei facilitate a broad range of applications based on their
spectrally narrow resonances at energies of hard X-rays. However, the
narrow resonances render a strong excitation via intense X-ray beams
challenging. This motivates a search for alternative excitation sources.

Parametric X-ray radiation (PXR) is a well-known mechanism for
generating high-quality x-ray beams, which is based on intense rela-
tivistic electron beams passing through crystals. If the crystal contains
Mössbauer nuclei, then under suitable conditions spectrally narrow
parametric Mössbauer radiation (PMR) can be emitted [1]. Recently,
a new scheme of superradiant PXR was proposed which employs co-
herently modulated electron bunches produced in X-ray free-electron
laser accelerators [2]. This boosts the PXR intensity generated from
the crystal by orders of magnitude.

Here, we construct a superradiant parametric Mössbauer radiation
source, which is rendered possible by an extended configuration in
which the conditions for superradiant PXR and the Mössbauer reso-
nance condition can be satisfied simultaneously. After illustrating the
operation principle of the source, the properties of the generated X-ray
beam and possible applications will be discussed.
[1] O. D. Skoromnik, I. D. Feranchuk, J. Evers, and C. H. Keitel, Phys.
Rev. Accel. Beams 25, 040704 (2022). [2] I. D. Feranchuk, N. Q. San,
and O. D. Skoromnik, Phys. Rev. Accel. Beams 25, 120702 (2022).

MO 14.8 Wed 16:15 HS 1015
Nonlinear effects in the charge fractionalization of critical
chains — ∙Flávia Braga Ramos1, Imke Schneider1, Sebastian
Eggert1, and Rodrigo Pereira2 — 1University of Kaiserslautern-
Landau, Kaiserslautern, Germany — 2International Institute of
Physics, Natal, Brazil
Using the density matrix renormalization group we investigate how
a single particle excitation is accommodated in a strongly correlated
chain using an out-of-equilibrium protocol. By creating an initial
Gaussian wave packet with fixed momentum, we are able to control
the regime of energy excitations. Remarkably, the late-time dynam-
ics of the wave packet comprises up to three descendent humps: two
counter-propagating low-energy modes and an additional high-energy
contribution, whose existence depends on the energy scale set in the
initial state. We interpret this unconventional charge fractionalization
in terms of the nonlinear Luttinger liquid theory which has attracted
great theoretical interest in recent years. Our results provide a new
perspective to observe the dynamics of critical chains in the whole
range of energy excitations which could potentially be realized in ul-
tracold atomic gases.

MO 15: Spectroscopy of Metal Clusters

Time: Wednesday 14:30–16:30 Location: HS 3042

Invited Talk MO 15.1 Wed 14:30 HS 3042
Metal Cluster opportunities — ∙Gereon Niedner-Schatteburg
— Fachbereich Chemie, RPTU Kaiserslautern-Landau
Isolated Main group Metal Clusters (MMC) and those of Transition
Metals (TMC), both provide for unique physical properties and chem-
ical activities which are neither found in single atoms nor in bulk met-
als. Variation of cluster sizes provide for a scalable tuning of these
properties, with some cluster size and shape related non scalable ex-
ceptions superimposed. Empirical scaling laws often find a descriptive
interpretation while the non scalable exceptions receive or await sup-
port by explicit quantum chemical modelling. It is a major prevailing
challenge to record and to describe appropriately TMCs electronics
and their spin couplings. Upon deposition onto strongly interacting
surfaces the properties of MMCs and TMCs may change significantly,

and much less by weakly interacting surfaces.
The presentation reviews and exemplifies some of these aspects in

complement to the prior Symposium on the Spectroscopy of Metal
Clusters (SYMC). It concludes with a short outline of likely applica-
tions and limitations.

MO 15.2 Wed 15:00 HS 3042
Ultrafast Dynamics of Mass-selected Neutral Cerium Clus-
ters Probed by Femtosecond NeNePo Spectroscopy — Max
Grellmann1, Nikita Kavka2, ∙Jiaye Jin1, Roland Mitrić2, and
Knut R. Asmis1 — 1Wilhelm-Ostwald-Institut für Physikalische und
Theoretische Chemie, Universität Leipzig — 2Institut für Physikalis-
che und Theoretische Chemie, Universität Würzburg, Germany
Cerium clusters have unique physical properties, making them a sub-
ject of current research. The studies on sizes-selected clusters isolated
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in the gas phase provides information on the inherent cluster proper-
ties in the absence of a perturbing environment. Here, we report our
results on electronic-state-selected vibrational wave-packet dynamics
for the mass-selected neutral cerium clusters (Ce2−4) in a cryogenic
ion trap probed by two-color femtosecond pump-probe spectroscopy
involving the negative-neutral-positive excitation scheme (fs-NeNePo).
High-level CASSCF calculations and quantum dynamic simulations are
performed to disentangle the observed oscillatory nuclear wave-packet
dynamics on the dense potential energy surface (PES) for the neutral
Ce2, which arises mainly from two electronic states containing super-
configurations in Π symmetry. Both of the fs-NeNePo spectra for Ce3
and Ce4 show coherent vibrational wave-packet dynamics that decay
rapidly within 2 picoseconds, suggesting the presence of crossed PESs.
These valuable results demonstrate complex electronic and vibrational
structures of neutral cerium clusters and the potential of fs-NeNePo
to study femtosecond dynamics of mass-selected, neutral and tag-free
lanthanide clusters with high density of states.

MO 15.3 Wed 15:15 HS 3042
Magnetic nanodoping: cobalt doped silver clusters — ∙V.
Zamudio-Bayer1, K. Hirsch1, L. Ma2, K. De Knijf3, X. Xu4,
A. Ławicki1, A. Terasaki5, P. Ferrari3, B. von Issendorff6,
P. Lievens3, W.A. de Heer7, J.T. Lau1,6, and E. Janssens3 —
1HZB, DEU — 2TCNN, CHN — 3KU Leuven, BEL — 4UNL, USA
— 5Kyushu U., JPN — 6U. Freiburg, DEU — 7Georgia Tech, USA
The magnetic properties of neutral and charged silver metal clusters
with a magnetic cobalt atom impurity were investigated experimen-
tally by exploiting the complementary methods of Stern-Gerlach clus-
ter beam deflection and XMCD action spectroscopy and are accom-
panied by DFT calculations and charge transfer multiplet simulations
[Phys. Rev. Research 5, 033103 (2023)]. The influence of the number
of valence electrons and the consequences of impurity encapsulation
were addressed in free size-selected, singly cobalt-doped silver clus-
ters CoAg0,+𝑛 (𝑛 = 2–15). Encapsulation of the dopant facilitates the
formation of delocalized electronic shells with complete hybridization
of the impurity 3𝑑- and the host 5𝑠-derived orbitals, which results
in impurity valence electron delocalization, effective spin relaxation,
and a low-spin ground state. Doped clusters with more than nine
silver atoms are low-spin systems independent of their charge state,
coincident with the increase in stability and decrease in reactivity of
endohedrally doped silver clusters. In the exohedral cluster size range,
spin pairing in the free electron gas formed by the silver 5𝑠 electrons
is the dominating driving force determining the local 3𝑑 occupation of
the impurity and thus the cluster’s spin multiplicity.

MO 15.4 Wed 15:30 HS 3042
Electronic structure of reactive transition metal-oxygen
cations — ∙Mayara da Silva Santos1,2, Robert Medel3, Simon
Kruse2,4, Max Flach1,2, Olesya S. Ablyasova1,2, Martin Timm2,
Bernd von Issendorff1, Konstantin Hirsch2, Vicente Zamudio-
Bayer2, Tony Stüker3, Sebastian Riedel3, and Tobias Lau1,2

— 1Universität Freiburg, Freiburg, Germany — 2Helmholtz-Zentrum
Berlin, Berlin, Germany — 3Freie Universität Berlin, Berlin, Germany
— 4Humboldt-Universität zu Berlin, Berlin, Germany
Discovering compounds that present transition metals with unusual
oxidation states or reactive oxygen species (superoxide, peroxide and
oxygen-centered radical) is of great scientific and technological inter-
ests, as they have key applications as oxidizing agents, catalysts, or
reaction intermediates. Here, we use X-ray absorption spectroscopy
(XAS) at the oxygen K and metal M3 or N3 edges of gas-phase [𝑀𝑂𝑛]+
systems (𝑀 = transition metal, 𝑛 = integer), in their ground state,
to identify the spectroscopic signatures of oxygen ligands and assign
the oxidation state of the metal.[1,2] Experiments were performed at
the cryogenic ion trap endstation at the beamline UE52-PGM at the
Berlin synchrotron radiation facility BESSY II.[3] The highly oxidized
and reactive [Rh𝑉 𝐼𝐼O3]+, [Ru𝑉 𝐼𝐼𝐼O4]∙+ and [Re𝑉 𝐼𝐼O4]∙∙+ are here
investigated via XAS for the first time. References: [1] M. da S. San-
tos, et al., Angew. Chem. Int. Ed. 61, e202207688 (2022); [2] M.
da S. Santos, et al., ChemPhysChem 24, e202300390 (2023); [3] K.
Hirsch, et al., J. Phys. B: At., Mol. Opt. Phys. 42, 154029 (2009).

MO 15.5 Wed 15:45 HS 3042

Electronic state of a dioxidomanganese(V) and bis(mu-oxo)
di-manganese oxide cluster revealed by XAS and XMCD —
∙O.S. Ablyasova1,2, E.B. Boydas3, M. Ugandi3, V. Zamudio-
Bayer1, K. Hirsch1, M. Flach1,2, M. da Silva Santos1,2, M.
Timm1, B. von Issendorff2, M. Römelt3, and J.T. Lau1,2

— 1HZB, Albert-Einstein-Straße 15, 12489 Berlin, Germany; —
2Universität Freiburg, Hermann-Herder-Straße 3, 79104 Freiburg, Ger-
many — 3Humboldt Universität, Brook-Taylor-Straße 2, 12489 Berlin,
Germany
The CaMn4O5 cluster’s electronic structure plays a crucial role in un-
derstanding dioxygen formation in the Kok cycle. The S4 state, re-
sponsible for O2 formation, is difficult to observe because of the mil-
lisecond time scale of the transition. Two main models for the S4 state
feature different oxidation states of +4 and +5 of the manganese atom
at the reaction site. We report on the characterization of cold cationic
gas-phase manganese oxide complexes via XAS and XMCD. We iden-
tify oxidation and spin states by comparison with reference spectra of
manganese compounds with known oxidation states, accompanied by
multireference and density functional theory calculations. We demon-
strate that cationic Mn(V)O+

2 is only the second manganese oxo com-
plex to exist in a high-spin state. Our most important result is the
identification of a Mn2O+

3 species with Mn(V) in a high-spin state.
This is the first observation of the elusive Mn(V) high-spin state in
a polymanganese oxido complex, which may have implications for the
future study of CaMn4O5 complex structure.

MO 15.6 Wed 16:00 HS 3042
The highest oxidation states of iridium probed by soft x-
ray absorption spectroscopy — ∙Joao P. M. de Arcanto1, M.
da Silva Santos1,2, V. Zamudio-Bayer1, S. Kruse1,3, M. Timm1,
M. Flach1,2, O. S. Ablyasova1,2, K. Hirsch1, R. Medel4, S.
Riedel4, and J. T. Lau1,2 — 1HZB, Berlin, Germany — 2Universität
Freiburg, Germany — 3HU, Berlin, Germany — 4FU, Berlin, Germany
Iridium stands out prominently in the pursuit of higher oxidation states
(OS). Recently, a combined theoretical and experimental effort has
confirmed the existence of Ir in the OS +VII, +VIII, and the highest
known OS for an element, +IX with 5d2, 5d1 and 5d0 local electron
configuration, but only a few compounds are known [1]. Utilizing the
potential of the Ion Trap endstation at the beamline UE52-PGM of
the BESSY II synchrotron radiation facility, our group has success-
fully generated a series of cationic iridium oxides [IrOn]+ (n = 0-4)
in the gas phase using a magnetron sputtering source. Employing a
mass filter, Ir species of interest are selected and cooled in an ion trap.
We performed X-ray absorption spectroscopy at the iridium N3-edge
allowing to study the 5d derived valence states as well as the oxygen
K-edge, facilitating a comparative analysis across the series of iridium-
oxo species [2]. [1] Wang et al., Nature 514, 475 (2014) [2] Da Silva
Santos et al., Angew. Chem., 61, no. 38, e202207688, 2022

MO 15.7 Wed 16:15 HS 3042
Metal cluster mediated 𝑁2 activation and cleavage — ∙Gereon
Niedner-Schatteburg — Dept. of Chemistry and State Research
Center OPTIMAS, RPTU Kaiserslautern-Landau, 67663 Kaisers-
lautern
Transition metal clusters (TMC) serve a model systems for chemically
active surfaces as e.g. of catalytically active nano particles. Size se-
lected TMCs were characterized before to activate and cleave Dinitro-
gen (𝑁2) spontaneously and under isothermal cryo conditions [1,2,3].
Here, we report on the current state of understanding and on new find-
ings which elaborate the influence of cluster charge state, and which
elaborate on cooperative effects amongst multipe adsorbate molecules
on the surface of clusters. We discuss the vailidity of the across-edge
above-surface (AEAS) mechanism of 𝑁2 cleavage, and we report on
current insights of the underlying interactions. Eventually, we show
some results on Dihydrogen (𝐻2) activation, and we give reference to
initial experiments on 𝑁2 - 𝐻2 coadsorption [4].

The presentation concludes with an outline of the current and future
experimental schedule of TMC investigation in progress.

[1] https://doi.org/10.1039/D0CP06208A
[2] https://doi.org/10.1063/5.0157217
[3] https://doi.org/10.1063/5.0157218
[4] http://dx.doi.org/10.1021/acs.jpclett.8b00093
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MO 16: Ultrafast Dynamics I

Time: Wednesday 14:30–16:30 Location: HS 3044

MO 16.1 Wed 14:30 HS 3044
Imaging thermal-energy chemical dynamics of solvated
(bio)molecular complex system — ∙Mukhtar Singh1,2,3,
Matthew Scott Robinson1,2,3, Hubertus Bromberger1,2, Se-
bastian Trippel1,2, and Jochen Küpper1,2,3 — 1Center for Free-
Electron Laser Science CFEL, Deutsches Elektronen-Synchrotron
DESY, Hamburg — 2Center for Ultrafast Imaging, Universität Ham-
burg — 3Department of Physics, Universität Hamburg
We present the imaging of ultrafast thermal-energy-induced chemical
dynamics of a micro-solvated (bio) molecular complex probed with a
time-dependent strong field ionization, and ion mass spectroscopy [1].
We produce a pure gas-phase indole-water sample using a combination
of a cold molecular beam and the electrostatic deflector [2]. By em-
ploying a mid-IR pump to excite a single vibrational mode [3], the re-
sulting thermal-energy chemical dynamics between the indole and wa-
ter moieties were investigated. The dissociation of the micro-solvated
system was monitored using strong-field multi-photon ionization by
1.3 𝜇m wavelength light from a femtosecond pulsed laser, tracking the
time-dependent ion signals of the indole-water cluster as well as the
individual indole and water ionic products.

[1] J Onvlee, et al., Nat Commun. 13, 7462 (2022)
[2] S. Trippel, et al., Rev. Sci. Instrum. 89, 096110 (2018)
[3] M.S. Robinson, et al., Phys. Chem. Chem. Phys. (2023)

MO 16.2 Wed 14:45 HS 3044
Probing ultrafast nonadiabatic dynamics of NO2 with
time-resolved X-ray absorption spectroscopy at N K-
edge — ∙Lorenzo Restaino1, Zhuan-Yang Zhang2, Michael
Coates1, Michael Odelius1, Markus Kowalewski1, Erik T. J.
Nibbering2, and Arnaud Rouzé2 — 1Stockholm University, Al-
baNova University Center, SE-106 91 Stockholm, Sweden — 2Max-
Born-Institute, Max-Born-Str. 2A, 12489 Berlin, Germany
Time-resolved X-ray absorption spectroscopy (tr-XAS) is a chemically
sensitive method well-suited for investigating the intricate behavior of
electronically excited molecules. We employed tr-XAS to explore the
ultrafast nonadiabatic processes occurring at the conical intersection
(CI) between the electronic ground and first excited state of nitrogen
dioxide. Despite the success of the experimental tr-XAS spectrum in
revealing photodissociation, its capacity to capture the CI dynamics
was hindered by the restricted temporal resolution of the 60 fs UV
pump pulse. To overcome this constraint, we performed high-level
quantum dynamics simulations with a shorter pump pulse, allowing
us to access the complex nonadiabatic relaxation events. In our study,
an 8-fs UV pump pulse at 400 nm excited the system from the ground
state, followed by a 1-fs Gaussian probe pulse at the nitrogen K-edge
to probe the core-hole states. By using this temporally resolved pump,
we were able to map the system’s passage through the conical intersec-
tion, identified through a spectral signature indicative of wave packet
bifurcation. Consequently, we achieved a detailed tracing of the NO+O
dissociation process.

MO 16.3 Wed 15:00 HS 3044
Investigating the Ultrafast Molecular Relaxation of 4-
Thiouracil Using Time-Resolved X-Ray Photoelectron Spec-
troscopy — ∙Dennis Mayer1, David Picconi2, Matteo
Bonanomi3,4, Miltcho Danailov5, Alexander Demidovich5,
Michele Devetta4, Michele di Fraia5, Davide Facciala4,
Raimund Feifel6, Cesare Grazioli7, Fabiano Lever1, Nitsh
Pal8, Vasilis Petropoulos3, Kevin Prince5, Oksana Plekan5,
Richard Squibb6, Caterina Vozzi4, Giulio Cerullo3,4, and
Markus Gühr1,9 — 1DESY, Hamburg, Germany — 2University of
Groningen, The Netherlands — 3Politecnico di Milano, Italy — 4CNR-
IFN, Milan, Italy — 5Elettra-Sincrotrone Trieste, Italy — 6University
of Gothenburg, Sweden — 7CNR-IOM, Trieste, Italy — 8Heriot-Watt
University, Edinburgh, UK — 9University of Hamburg, Germany
Recent experiments on 4-thiouracil observed different time constants
for the UV-induced relaxation into its triplet state that go beyond
the difference between experiments in the gas and solution phase [1,2].
Utilizing the element- and site-selectivity of x-rays, we studied the re-
laxation process 4-thiouracil using gas-phase time-resolved x-ray pho-
toelectron spectroscopy (XPS) at the free-electron laser FERMI. Life-
times of the chemical shifts at the S 2p edge support previous gas-

phase experiments [1]. In comparison to its isomer 2-thiouracil [3], the
molecule shows an additional excited-state spectral feature.

[1] Chem. Phys. 515, 572 (2018); [2] J. Am. Chem. Soc. 140,
16087-16093 (2018); [3] Nat. Comm. 13, 198 (2022)

MO 16.4 Wed 15:15 HS 3044
Investigating the ultrafast dynamics of photoexcited azoben-
zene with an x-ray free electron laser — ∙Fabiano Lever1, Den-
nis Mayer1, Atia Tul Noor1, Gesa Goetzke1, Julius Schwarz2,
Michael Martins2, Rebecca Ingle3, Stefan Duesterer1,
Steffen Palutke1, Taran Dexter Cyrus Driver4, Ulrike
Fruehling1, and Markus Gühr1 — 1DESY, Hamburg, DE —
2Hamburg Universität, DE — 3UCL, London, UK — 4SLAC, Menlo
Park, USA
Ultraviolet excitation triggers a light-induced isomerization reaction in
the molecular switch azobenzene, changing its geometry from the trans
ground state into the cis isomer. This work presents results from an
ultrafast UV pump / soft x-ray probe experiment at the Free-Electron
Laser FLASH. The electronic state dynamics of photoexcited azoben-
zene is probed with time-resolved x-ray absorption and photoelectron
spectroscopy. In both observables, we measure dynamical features on a
sub-picosecond scale. Comparing the experimental results to theoret-
ical calculations for both datasets, we identify the ultrafast relaxation
of the initially photoexcited S2 (𝜋𝜋*) to lower states.

MO 16.5 Wed 15:30 HS 3044
Capturing ultrafast dynamics of bio-relevant molecules com-
bining few-femtosecond UV pulses with electrospray ioniza-
tion — ∙Sergey Ryabchuk1,2, Aarathi Nair1, Josina Hahne1,2,
Laura Pille3, Juliette Leroux3,4, Nicolas Velasquez5, Bart
Oostenrijk1, Erik P. Månsson6, Lucas Schwob3, Vincent
Wanie6, Sadia Bari7, and Francesca Calegari1,2,6 — 1The Ham-
burg Centre for Ultrafast Imaging, Hamburg, Germany — 2Universität
Hamburg, Hamburg, Germany — 3DESY, Hamburg, Germany —
4Université de Caen Normandie, Caen, France — 5Sorbonne Univer-
sité, Paris, France — 6CFEL, Hamburg, Germany — 7University of
Groningen, Groningen, The Netherlands
Ultraviolet (UV) light exposure induces various important chemi-
cal and biological processes in nature [1]. Electrospray ionization
(ESI) technique [2] allows to bring intact large and fragile biorelevant
molecules into the gas phase which is not feasible by other conventional
methods. Time-resolved experiments have been recently developed to
study the dynamics of such molecules following UV excitation by com-
bining ESI devices with sources of ultrashort laser pulses [3]. However,
the time resolution of these studies was limited by 80 fs UV pulses.

The present study involves the merging of an ESI source and an all-
in-vacuum beamline, delivering few-fs UV pulses with few-cycle NIR
pulses in a pump-probe scheme. This sophisticated experimental setup
allows us to track the UV-induced dynamics and non-adiabatic pro-
cesses in complex systems such as cobalt protoporphyrin IX and de-
protonated nucleotides with an unprecedented temporal resolution.

MO 16.6 Wed 15:45 HS 3044
Excited state dynamics of BN-9,10-naphthalene: The impact
of replacing CC by BN — ∙Floriane Sturm, Michael Büh-
ler, Christoph Stapper, Johannes Schneider, Holger Helten,
Ingo Fischer, and Merle Röhr — Julius-Maximilians-Universität
Würzburg
Substituting CC by BN units is an excellent means to modify the op-
toelectronic properties of PAHs.1-3 In our research, the excited state
spectroscopy and dynamics of BN-9,10-naphthalene were studied by pi-
cosecond time-resolved photoionization in a supersonic jet. A REMPI
spectrum reveals the S1 origin at 33841 cm−1, which is in very good
agreement with theory. Several vibrational bands were resolved and
assigned by comparison with computations. A [1+1] photoelectron
spectrum via the S1 origin yielded an adiabatic ionization energy of
8.27 eV. Selected vibrational bands were investigated by pump-probe
photoionization. While the origin as well as several low-lying vibronic
states exhibit lifetimes in the ns-range, a monoexponential decay is
observed at higher excitation energies, ranging from 400 ps, at +1710
cm−1 to 13 ps at +3360 cm−1. Based on quantum chemical calcu-
lations, the deactivation is attributed to a conical intersection to the
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ground state. In order to access it, an energy barrier has to be passed,
which requires sufficient excess energy.
[1] M. J. D. Bosdet, W. E. Piers, Can. J. Chem., 87, 8-29 (2009).
[2] H. L. van de Wouw, R. S. Klausen, J. Org. Chem., 84, 1117-1125
(2019).
[3] Z. Liu, T. B. Marder, Angew. Chem. Int. Ed., 47, 242-244 (2008).

MO 16.7 Wed 16:00 HS 3044
Non-adiabatic electronic relaxation of tetracene studied
by time-resolved photoelectron spectroscopy — ∙Sebastian
Hartweg1, Audrey Scognamiglio1, Karin S. Thalmann1, Nico-
las Rendler1, Aaron Ngai1, Lukas Bruder1, Pedro B. Coto2,
Michael Thoss1, and Frank Stienkemeier1 — 1Institute of
Physics, University of Freiburg, Germany — 2Materials Physics Cen-
ter, Spanish National Research Council, Donostia-San Sebastian,
Spain
Polycyclic aromatic hydrocarbons are assumed to be important sources
of carbon in the interstellar medium. Additionally, some of these
species, especially the acenes consisting of linearly-fused benzene
units, are promising candidates for organic semiconductor applications.
These applications motivate the fundamental study of the ultrafast ex-
citation dynamics of the acenes and their aggregates to provide a fun-
damental understanding of the underlying processes and energetics.

I will present a femtosecond time-resolved photoelectron spec-
troscopy study of tetracene molecules supported by high-level ab initio
calculations, revealing the ultrafast non-adiabatic dynamics following
the excitation to a bright state in the UV range. The stepwise relax-
ation via an intermediate dark state to a low lying electronic excited
state is accompanied by nuclear motion imprinted in the photoelectron

spectra by the time-dependent Franck-Condon factors of the delayed
photoionization step.

MO 16.8 Wed 16:15 HS 3044
Residue Size Dependency of the Geminate Recombination
Dynamics of the Biologically Relevant Disulfide Moiety af-
ter UV-cleavage investigated by TRXAS — ∙Jessica Harich
— Institute of Nanostructure and Solid State Physics, University of
Hamburg and Center for Free-Electron Laser Science, Germany
The tertiary structure of proteins is stabilized by disulfide bonds
formed from two spatially adjacent L-cysteinyl residues. These disul-
fide bridges are prone to UV radiation damage with potentially ad-
verse effects. We employ time resolved X-ray absorption spectroscopy
(TRXAS) to observe the UV photochemistry of the natural amino acid
dimer L-cystine and the tripeptide Glutathione disulfide in aqueous
solution to understand the photochemistry under physiological con-
ditions. Furthermore, we have first exciting insights into the UV-
photochemistry of the disulfide bridges within the protein hen egg
white Lysozyme.

We find that upon UV irradiation, apliphatic disulfides immediately
undergo S-S bond cleavage, leading to the formation of two identical
thiyl radicals, followed by fast geminate recombination indicating a
very effective recombination process for thiyl radicals to the ground
state. This process is only possible in condensed phases and its speed
increases with chain length. Our results show that L-cystine already
captures the essence of the ultrafast photochemistry of the disulfide
bridge, but that the size of the residue adjacent to the disulfide bonds
has a strong influence on the immediate recombination dynamics of
the photoproducts.

MO 17: Poster: Cold Molecules

Time: Wednesday 17:00–19:00 Location: Tent C

MO 17.1 Wed 17:00 Tent C
Photoassociation Spectroscopy of RbYb near the Yb in-
tercombination line — Christian Sillus1, ∙Arne Kallweit2,
and Axel Görlitz3 — 1Heinrich-Heine-Universität Düsseldorf
— 2Heinrich-Heine-Universität Düsseldorf — 3Heinrich-Heine-
Universität Düsseldorf
Ultracold dipolar molecules constitute a promising system for the in-
vestigation of topics like ultracold chemistry, novel interactions in
quantum gases, precision measurements and quantum information.

Here we report on experiments in our apparatus for the production
of ultracold RbYb molecules. This setup constitutes an improvement
of our old apparatus with the new approach of using the intercombi-
nation line of Yb for photoassociation. In the new setup a major goal
is the efficient production of ground state RbYb molecules.

We employ optical tweezers to transport individually cooled samples
of Rb and Yb from their separate production chambers to a dedicated
science chamber. Here we start to study interspecies interactions of dif-
ferent isotopes by overlapping crossed optical dipole traps. To explore
the pathways towards ground state molecules we start with photoas-
sociation spectroscopy.

MO 17.2 Wed 17:00 Tent C
Collisions in a quantum gas of bosonic 23Na39K molecules
— ∙Mara Meyer zum Alten Borgloh1, Jule Heier1, Philipp
Gersema1, Kai Konrad Voges3, Charbel Karam2, Leon
Karpa1, Olivier Dulieu2, and Silke Ospelkaus1 — 1Leibniz Uni-
versität Hannover, Institut für Quantenoptik — 2Université Paris-
Saclay, CNRS, Laboratoire Aimé Cotton — 3Centre for Cold Matter,
Blackett Laboratory, Imperial College London
We report on our experiments with quantum gases of polar 23Na39K
molecules. We discuss both atom-molecule and molecule-molecule col-
lisions including the origin of loss processes in a cloud of chemically
stable molecules. Furthermore, we discuss a method for suppressing
molecular loss using a coherent two-photon transition to induce a po-
tential barrier that protects the colliding molecules from reaching the
short range.

MO 17.3 Wed 17:00 Tent C
Towards cooling and thermalisation of trapped polyatomic
molecules — ∙Florian Jung, Jindaratsamee Phrompao, and

Gerhard Rempe — Max-Planck-Institut für Quantenoptik, Hans-
Kopfermann-Straße 1, 85748 Garching, Germany
Cold and controlled molecules offer a myriad of applications ranging
from quantum computation to tests of fundamental physics. In par-
ticular, polyatomic molecules are of interest, as they exhibit emergent
phenomena such as quasi-permanent electric dipole moments or chi-
rality. Their applications are benefiting from or are even inconceivable
without cooling the molecules to ultracold temperatures. To this end,
increasing the ratio between elastic and inelastic collision rates to al-
low for collisional thermalisation is an important milestone.
Combining a cryogenic buffer-gas cell with a centrifuge decelerator and
an electrostatic trap, trapping molecules for many seconds, we pre-
pared densities of up to 107cm−3 for CH3F molecules at 350 mK, allow-
ing for observation and control of losses from inelastic dipolar collisions
[1]. We expect that those can be further suppressed by opto-electrical
Sisyphus cooling [2] for which we resort to the CF3CCH molecule,
which seems suitable for this technique and exhibits a large electric
dipole moment. This would pave the way for dense and ultracold sam-
ples of polyatomic molecules. However, the attractive properties of
CF3CCH come with increased theoretical and experimental complex-
ity, which we present here alongside preliminary measurements.

[1] M. Koller et al., Phys. Rev. Lett. 128, 203401 (2022).
[2] A. Prehn et al., Phys. Rev. Lett. 116, 063005 (2016).

MO 17.4 Wed 17:00 Tent C
Design of a new apparatus for creating dipolar quantum gases
strongly coupled to an optical cavity — ∙Johannes Seifert,
Marian Duerbeck, Dalila Robledo de Basabe, Gerard Mei-
jer, and Giacomo Valtolina — Fritz Haber Institute of the MPS,
Berlin, Germany
We are designing of a new apparatus at the Fritz Haber Institute for
studying dipolar systems of atoms and molecules strongly coupled to
an optical cavity. Light-matter coupling can be used to realize exotic
many body phases from the competition between different types of
long-range interactions (dipolar vs light-mediated) or to control chem-
ical reactions. We report on our efforts to create a quantum gas of
dysprosium atoms in a preliminary version of the apparatus.

MO 17.5 Wed 17:00 Tent C
Measurement of absolute partial and total ionization cross
sections of fluorine-based ozone-damaging molecules —
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∙Mevlut Dogan, Deepthy Thomas Mootheril, Wania Wolff,
Hugo Luna, Thomas Pfeifer, and Alexander Dorn — Max-
Planck-Institut für Kernphysik, 69117 Heidelberg, Germany
Electron impact dissociative ionization of fluorine based molecules is
studied. In existing experiments mostly relative cross sections are ob-
tained due to the difficult determination of absolute data. We have
developed a calibration procedure to convert the relative cross sections
measured into absolute values. Our experiments were carried out with
a Reaction Microscope. A gas mixing device was implemented to add
known quantities of the target gas and a reference gas with known
absolute cross section. Using this setup, we minimized calibration er-
rors and the absolute cross-sections of fluorine-based ozone-damaging
molecules were measured by electron collision from threshold to the
1keV impact energy range. The ionization cross sections of each frag-
ment ion was measured on the absolute scale.

It has been suggested that molecules containing the CF3 group may
cause fluorine-catalyzed ozone loss in the Earth stratosphere. For ex-
ample, since CF3 is stable, it can destroy significant amounts of ozone
via catalytic cycles involving CF3Ox radicals. Important reactions
that may occur in the stratosphere are given in the literature (Scien-
tific Assessment of Ozone Depletion, Chapter 2: Hydrofluorocarbons,
2022). Our experimental results will be compared with theoretical and
experimental studies in the literature.

MO 17.6 Wed 17:00 Tent C
Towards a Fermi gas of lithium-rubidium molecules —
∙Christine Frank, Yunxuan Lu, and Xin-Yu Luo — Max Planck
Institute of Quantum Optics, Garching, Germany
I present our progress on building a new setup for producing a Fermi
gas of lithium-rubidium (LiRb) molecules. LiRb, with its large dipole
moment and high rotational constant, exhibits substantially longer
lifetimes and field-linked resonances at lower microwave field strengths
than NaK fermionic molecules. These traits facilitate studying the
rich phase diagram of a molecular Fermi gas near a field-linked reso-
nance, ranging from a p-wave superfluid of spin-polarized dimers to a
Bose-Einstein condensate (BEC) of dipolar tetramers. Our compact
vacuum setup comprises two sequential 2D magneto-optical traps and
a science cell housing the dual-species 3D. We aim to create 10^6 de-
generate LiRb Feshbach molecules in an optically levitated box poten-
tial, crucial for reaching temperatures below the critical temperature of
tetramer BEC formation. To boost the Li flux in our compact arrange-
ment, we’re integrating a Zeeman slowing laser beam into the Li 2D
MOT, counter-propagating to the atomic trajectories from the oven.
Our simulation suggests a sixtyfold increase in Li atom flux, promising
a good starting point for producing a large double-degenerate Bose-
Fermi atomic mixture and subsequently a deeply degenerate Fermi gas
of LiRb molecules.

MO 17.7 Wed 17:00 Tent C
Microwave spectroscopy of cold CH3F molecules in a mi-
crostructured electrostatic trap — ∙Jindaratsamee Phrompao,
Florian Jung, Manuel Koller, Martin Zeppenfeld, Isabel
Rabey, and Gerhard Rempe — Max-Planck-Institut für Quantenop-
tik, Hans-Kopfermann-Straße 1, 85748 Garching, Germany
Polar molecules exhibit strong interaction with an external electric field
as well as long-range and anisotropic interaction between themselves.
These offer fascinating research opportunities ranging from quantum
chemistry to quantum computation. Motivated by these, cooling tech-
niques are improving rapidly to prepare cold and ultracold molecular
ensembles. To perform the cooling, information about the rotational
state distribution and trapping fields is crucial for theoretical and prac-
tical considerations, addressability and controllability of the molecules.

In our experiment [1], we employ state-selective depletion by us-
ing only microwaves to determine the rotational 𝑀 -substate popula-
tion of cold CH3F molecules in an electrostatic trap [2]. The used
trap provides a strongly-peaked and narrow electric-field distribution.
While driving one transition resonantly on the peak of the distribu-
tion, other transitions can be driven resonantly in higher or lower fields
in the wings of the distribution. This renders direct observation of
the electric-field distribution difficult. However, by choosing a suit-
able transition measurement of the distribution via depletion dynamics
seems possible. Preliminary data are presented on the poster.

[1] M. Koller et al., Phys. Rev. Lett. 128, 203401 (2022).
[2] B. G. U. Englert et al., Phys. Rev. Lett. 107, 263003 (2011).

MO 17.8 Wed 17:00 Tent C
Progress on Zeeman slowing and trapping CaF — ∙Timo Poll,

Julius Niederstucke, Paul Kaebert, Mirco Siercke, and Silke
Ospelkaus — Institut für Quantenoptik, Leibniz Universität Han-
nover
Recently, great progress has been made in direct laser cooling of
molecules to temperatures close to absolute zero [1,2]. However, ex-
periments are limited by the number of molecules that can be captured
from molecular beams using typical laser-based trapping methods [3,4].
Here we discuss our approaches to increase the number of molecules
in the experiments. We show our experimental results on the Zeeman
slower for directly laser-coolable molecules proposed by our group [5]
as well as schemes and first experimental steps towards the realisation
of a sub-Doppler cooling magneto-optical trap [6,7].

-
[1] J. F. Barry et al. 2012
[2] Y. Wu et al. 2021
[3] S. Truppe et al. 2017
[4] L. Anderegg et al. 2017
[5] M. Petzold et al. 2018
[6] S. Xu et al. 2021
[7] S. Xu et al. 2022

MO 17.9 Wed 17:00 Tent C
A new apparatus for investigating collisions and chemical pro-
cesses with ultracold NaK molecules — ∙Jakob Stalmann1, Kai
Konrad Voges2, Sebastian Anskeit1, Fritz von Gierke1, and
Silke Ospelkaus1 — 1Institute of Quantum Optics, Leibniz Uni-
versity Hannover — 2Centre for Cold Matter, Blackett Laboratory,
Imperial College London
Ultracold molecular collisions feature many highly complex and still
not understood phenomena, such as formation and loss of long-lived
collisional complexes, molecular Feshbach resonances and chemical re-
actions.

Here, we present our efforts for the construction of a new exper-
imental setup using ultracold 23Na39K ground-state molecules as a
platform to investigate such collisional phenomena.

For ground-state molecule creation, we first produce optically
trapped ultracold atomic ensembles from a dual-species Zeeman slower
and MOT setup. The atoms are optically transported to a science
chamber, where molecule preparation takes place by creating weakly
bound Feshbach molecules and subsequently transfering them into
their ground state by a coherent Raman process. In the science cham-
ber a time of flight-velocity map imaging mass spectrometer will be
implemented for the detection of all educt and product particles of
molecular collisions. Combined with state-selective pulsed laser ion-
ization and fragmentation schemes this allows us to resolve chemical
reaction pathways, explore ultracold reaction dynamics and develop
new quantum control techniques for chemical reaction steering.

MO 17.10 Wed 17:00 Tent C
An Experiment to Measure the Electron’s Electric Dipole
Moment Using an Ultracold Beam of YbF Molecules —
∙Michael Ziemba, Freddie Collings, Rhys Jenkins, Jongseok
Lim, Ben Sauer, and Mike Tarbutt — Centre for Cold Matter,
Imperial College London, London, SW7 2AZ, UK
The fact that more matter than antimatter has been produced in the
early stages of the universe is unexplained [1]. One precondition is the
combined violation of charge conjugation and parity (CP-violation)
which is too small in the Standard Model. In almost all theories,
CP-violation is also a precondition for the electron to have an electric
dipole moment (d𝑒). In this respect, a measurement of de can be a
test of theories beyond the Standard Model. The value of d𝑒 can be
determined by measuring the precession rate of the electron spin in a
strong electric field. Heavy polarized molecules with their high intra-
molecular fields have already set a limit of |d𝑒| < 4.1*10−30 e cm [2].
To improve on this, we create a collimated, bright beam of laser cooled
YbF molecules [3] and have built an experiment to measure d𝑒 with
it [4]. I will report the first interferometer fringes recorded on it and
present the experiment’s key features which allow us to determine d𝑒

with a projected uncertainty of 5*10−30 e cm per day of measurement
[3].

[1] L. Canetti et al. New J. Phys. 14 095012 (2012). [2] T. Roussy,
et. al. arXiv:2212.11841 (2022). [3] X. Alauze et al. Quantum Sci.
Technol. 6, 044005 (2021). [4] N J Fitch, et al. Quantum Sci. Technol.,
6, 014006, (2021).

MO 17.11 Wed 17:00 Tent C
Ionization and Dissociation Energies of Dysprosium Monox-
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ide — ∙Sascha Schaller, Johannes Seifert, Giacomo Val-
tolina, André Fielicke, Boris G. Sartakov, and Gerard Meijer
— Fritz-Haber-Institut der Max-Planck-Gesellschaft
Previous reports for the ionization and dissociation energies of dyspro-
sium monoxide are contradictory. Thermochemical studies and elec-
tron impact ionization led to estimates for IE and D0 of DyO, but the
values are associated with large uncertainties. Furthermore, a recent
measurement of D0(DyO+) implies ΔH0 = +0.33(2) eV, however, this
conflicts with the earlier reported values for IE and D0 [1]. Here we re-
port on the characterization DyO and DyO+ in a supersonic molecular
beam by applying a variety of spectroscopic approaches using different
REMPI and PFI schemes, MATI, and (V)UV single-photon ioniza-
tion. Isotope specific excitation schemes allow to obtain rotationally
resolved spectra, and several Rydberg-series converging to the ioniza-
tion limits of different rotational states of DyO+. The Rydberg series
can be clearly assigned starting with the lowest J=7.5 state. Beside
these long-living Rydberg molecules, a number of short-lived molec-
ular states are found. From the spectroscopic data obtained for the
fermionic 161DyO and the bosonic 162DyO, the values of IE and D0

are determined with a high precision. This leads to the conclusion that
the reaction Dy + O → DyO+ + e− clearly proceeds exothermic.

[1] M. Ghiassee et al., J. Phys. Chem. A 127 (2023), 169

MO 17.12 Wed 17:00 Tent C
Characterization of 4𝑓136𝑠2 hole states of ytterbium fluo-
ride using resonant multiphoton ionization spectroscopy —
∙Luca Diaconescu1, Stefan Popa2, Sascha Schaller1, André
Fielicke1, and Gerard Meijer1 — 1Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Berlin, Germany — 2Imperial College London,
London, UK
The ionically bonded ytterbium monofluoride molecule YbF, used for
measuring the electron’s electric dipole moment (eEDM), is capable
of entering a Yb+[4𝑓136𝑠2] “hole” configuration, defined by excitation
of one of the inner 4𝑓 shell electrons of the constituent ytterbium ion
into the outer shell. The electronic levels derived from this configu-
ration, along with the ones derived from the “normal” Yb+[4𝑓146𝑠1]
configuration, coexist within the molecule’s energy landscape. Using
resonance enhanced multiphoton ionization spectroscopy (REMPI), we
have rotationally characterized the low lying 4𝑓−1

7/2,1/2
hole state for

𝜈 = 0, 1. This knowledge will help improve laser cooling schemes for
YbF, thus enabling more precise eEDM measurements. Furthermore,
significant differences in the ionization behavior of YbF between the
normal and the 4𝑓 hole configurations were observed and ionization
energies for both configurations were determined.

MO 18: Poster: Cluster

Time: Wednesday 17:00–19:00 Location: Tent C

MO 18.1 Wed 17:00 Tent C
Nickel L3 excitation energy shifts and spectroscopic sig-
natures revealing different electronic characteristics within
cationic nickel halides — ∙Max Flach1,2, Konstantin Hirsch1,
Tim Gitzinger2, Martin Timm1, Mayara da Silva Santos1,2,
Olesya Ablyasova1,2, Markus Kubin1, Tobias Lau1,2, Bernd
von Issendorff2, and Vicente Zamudio-Bayer1 — 1Helmholtz-
Zentrum Berlin — 2Universität Freiburg
Electronic configurations play an important role for the catalytic abil-
ities of late transition metals. Late first row transition metal halides
like nickel halides have been of interest in various studies regarding
their possible use in catalytic reactions and reactivity studies reveal
differences in their reactivity with respect to the halogen ligand. In
this study we use x-ray absorption spectroscopy at the nickel L3-edge
of [NiX]+ (X=F,Cl,Br,I) and mono atomic nickel cations in two well
defined electronic configuration to show the change from NiF+ with a
predominant 3d8 configuration to [NiX]+ (X=Cl,Br,I) with a predom-
inant 3d9 L configuration. Experimentally obtained L3-edge shifts of
the mono atomic species correspond well to the well established theory
for exact one integer change in 3d occupation in atomic core level spec-
troscopy. The obtained L3-edge shifts of the [NiX]+ (X=F,Cl,Br,I) se-
ries shows shifts associated with an integer change in oxidation state in
literature. Comparison between mono atomic with valence electrons in
purely atomic orbitals and the diatomic samples with valence electrons
contributing to molecular orbitals provides insight on the influence of
3d electrons participating in bonding on L3 excitation energy shifts.

MO 18.2 Wed 17:00 Tent C
DFT and TD-DFT study of the gas-phase nickel tetracar-
bonyl complex — ∙A. Hreben1,2, O. S. Ablyasova2,3, M.
Flach2,3, M. Timm2, M. da Silva Santos2,3, V. Zamudio-Bayer2,
K. Hirsch2, and J. T. Lau2,3 — 1Humboldt-Universität zu Berlin,
Brook-Taylor-Straße 2, 12489 Berlin, Germany — 2HZB, Albert-
Einstein-Straße 15, 12489 Berlin, Germany — 3Universität Freiburg,
Hermann-Herder-Straße 3, 79104 Freiburg, Germany
Investigations of transition metal carbonyl complexes have a signifi-
cant role in the rapid development of coordination chemistry. Metal
carbonyls are widely used as catalysts in synthesis and industrial pro-
cesses and also find applications in electrochemistry and laser chem-
istry as precursors. The first discovered homoleptic carbonyl complex
was Ni(CO)4, whose structure and binding properties are still under
discussion. In this research, we focused on calculating the most stable
structure of Ni(CO)+4 using DFT methods. Four possible multiplic-
ities of the given complex were analyzed using three different func-
tionals (B3LYP, M06L, TPSSh) and two basis sets (def2-TZVP, 6-
311+G(3df)). Based on the comparison of the obtained final total
energies of optimized geometries, the method giving minimal energy

was used for further TD-DFT calculations. The obtained simulated
oxygen K-edge of the X-ray absorption spectra (XAS) are compared
to experimental data. For that matter, gas-phase Ni(CO)+4 complex
measurements were performed via XAS in ion yield mode at the oxy-
gen K-edge on mass-selected ions, cryogenically cooled in the Ion-Trap
end station located in BESSY II.

MO 18.3 Wed 17:00 Tent C
Detailed investigation of unexpected photoelectron spectra
via angle-resolved spectroscopy of Gold clusters — ∙Steve
Takouan Tchounga, Lukas Weise, and Bernd von Issendorff —
Physikalisches Institut der Albert-Ludwigs-Universität Freiburg, Ger-
many
Angle-resolved spectroscopy provides an important test of the theoret-
ical description of clusters since these spectra carry more information
than the bare electron binding energies. Specifically, the anisotropy of
photoelectron spectra depends on the angular momentum state. [1].
In the experiment cluster anions are produced in a magnetron sputter
source, cooled to 7K, and enter a time-of-flight spectrometer for mass
selection. Electrons are then detached by linear polarised laser light
and projected onto an MCP detector in a velocity map imaging setup.

The presented analysis utilizes the additional information from
angle-resolved spectroscopy to gain a better understanding of the elec-
tronic structure of the cluster. For Au−33 an electronic shell closing is
expected, leading to the opening of a new shell for Au−34. The angu-
lar momentum character of this new shell is not in accordance with
a simple shell model. It also differs from the mixed character as ob-
served for Sodium clusters of the same size [2]. Possible influences of
the high-lying d-band are discussed.

[1] A. Piechaczek, C. Bartels, C. Hock, J.-M. Rost, and B. v. Is-
sendorff, Phys. Rev. Lett. 126, 233201 (2021). [2] C. Bartels, C.
Hock, R. Kuhnen, M. Walter, and B. v. Issendorff, Physical Review A
88, 043202 (2013).

MO 18.4 Wed 17:00 Tent C
New setup for synchrotron x-ray photoelectron spectroscopy
on gas-phase size selected clusters — ∙Lotar Kurti, Phillip
Stöcks, Fabian Bär, Lukas Weise, and Bernd v. Issendorff —
Physikalisches Institut der Albert-Ludwigs-Universität Freiburg, Ger-
many
A new apparatus has been constructed which will allow performing
X-ray photoelectron spectroscopy on mass selected cluster ions at syn-
chrotrons for the first time. The core of the setup is a liquid nitrogen
cooled linear Paul trap, in which stored cluster ions will interact with
synchrotron radiation. Emitted electrons will be guided by a specially
designed magnetic field into a Hemispherical Energy Analyser, where
photoelectron spectra are recorded. The clusters will be produced in
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a magnetron cluster source and mass selected by a quadrupole mass
spectrometer before insertion into the linear ion trap. Measuring ele-
ment specific binding energies of core levels is expected to yield specific
information about the chemical bonding in pure and mixed metal and
semiconductor clusters.

MO 18.5 Wed 17:00 Tent C
High-resolution photoelectron spectroscopy on tantalum and
gold clusters — ∙Maziyar Kazemi, Fabian Bär, and Bernd
v.Issendorff — Institute of Physics University of Freiburg
The characteristics of deeply cold tantalum clusters (Ta4* to Ta23*)
and gold clusters (Au3* to Au40*) have been studied using high-
resolution photoelectron spectroscopy at 3.9K. Our magnetic bot-
tle time-of-flight photoelectron spectrometer, which employs a time-
dependent deceleration for electron package focusing, possesses an en-
ergy resolution of ΔE/E = 0.22% (5.5 meV at 2.0 eV kinetic energy
for Pt ions). This is five times better than a conventional magnetic
bottle spectrometer and competitive with hemispherical energy analyz-
ers, which have the disadvantage of a significantly smaller collection
efficiency. Combining the improved spectrometer with a low-jitter,
short-pulse picosecond laser operating at 211 nm enables us to inspect
states bound with up to 5.9eV binding energy with unprecedented reso-
lution. This allows us to observe features like vibrational progressions
or contributions from different isomers that have not been resolved
before.

MO 18.6 Wed 17:00 Tent C
Single-shot electron and ion coincidence spectroscopy of rare
gas clusters. — ∙Frederic Ussling, Yves Acremann, Alessan-
dro Colombo, Linos Hecht, Katharina Kolatzki, Mario
Sauppe, José Gómez Torres, Alexandre Rosillo Vorsin, and
Daniela Rupp — ETH Zurich, Laboratory for Solid State Physics,
John-von-Neumann-Weg 9, 8093 Zurich, Switzerland
Intense short-wavelength pulses from free-electron lasers (FELs) or lab-
based high harmonic generation (HHG) sources enable structural in-
vestigation of individual nanometre-sized specimens like viruses [1] or
clusters [2] via diffraction imaging (CDI). The intense short-wavelength
pulses lead to a highly ionized system followed by complex dynamics
covering many different time scales. In this context, atomic and molec-
ular clusters can serve as ideal model systems to study light-matter in-
teraction on the nanoscale. Each interaction residual, such as ejected
electrons or ions, gives insights into different processes inside the clus-
ter: Direct electron measurement allows to probe (sub-)femtosecond
dynamics, including ionization and nanoplasma formation [3]. Cluster
dissociation dynamics, proceeding on longer timescales, can typically
be studied via ion time-of-flight spectroscopy [3]. Consequently, the si-
multaneous measurement of ejected electrons and ions through coinci-
dence spectroscopy is a powerful tool to study light-matter interaction.
We present first tests towards single-shot electron and ion coincidence
spectroscopy combined with CDI of large rare-gas clusters. [1] M. Seib-
ert et al., Nature 470,(2011) [2] D. Rupp et al., Nat Commun 8, 493
(2017) [3] M. Arbeiter and T. Fennel, New J. Phys. 13 053022 (2011)

MO 18.7 Wed 17:00 Tent C
A new helium droplet source setup for nanoparticle deposi-
tion — ∙Fabio Zappa, Anna-Maria Reider, Thomas Pohl, Jan
Mayerhofer, Masoomeh Mahmoodi-Darian, Elisabeth Gruber,
and Paul Scheier — Institut für Ionenphyik und Angewandte Physik
- Universität Innsbruck
Helium droplets have been extensively used in the last years to pro-
duce taylor-made clusters of various atomic and molecular species,
which can be analysed both in *in flight* or deposited on surfaces.
Surface deposition with helium droplets presents various challenges
as well as opportunities which our group is presently exploring. The
present communication gives an overview of a new setup that is be-
ing developed in our group, which will allow the deposition of doped
helium droplets both in neutral or multiply charged state. Various
benchmarks and comparisons with other instruments in our lab will
be presented, as well as preliminary deposition results with gold as
dopant of the droplets.

The work was supported by the Standort Agentur Tirol, K-Regio
Project SupremeByNano

MO 18.8 Wed 17:00 Tent C
Density optimization of a pure indole-water molecular
beam for thermal-energy studies — ∙Hossein Saberiansani1,2,3,
Matthew Scott Robinson1,2,3, Mukhtar Singh1,2,3, Hubertus

Bromberger1,2, Sebastian Trippel1,2, and Jochen Küpper1,2,3

— 1Center for Free-Electron Laser Science CFEL, Deutsches
Elektronen-Synchrotron DESY, Hamburg — 2Center for Ultrafast
Imaging, Universität Hamburg — 3Department of Physics, Universität
Hamburg
Microsolvated systems, wherein a small number of solvent molecules
are clustered around a solute, provide a unique window into solva-
tion effects present in the bulk [1]. In particular, the interaction of
biomolecules such as indole with water provides ideal model systems
for ultrafast dynamics studies of ambient-temperature/thermal-energy
chemistry [2]. To study such systems, we need to start with a pure
and high-density molecular beam. Using high-pressure supersonic ex-
pansions and the electrostatic deflector, we are able to produce such
samples [3]. Here, I will detail how our molecular beam was optimized
by tuning valve conditions, and how the absolute density measurements
were done using strong-field ionization techniques.

[1] L. He, et int.(6 authors), J. Küpper, S. Trippel, J. Phys. Chem.
Lett.14, 10499 (2023)

[2] M. S. Robinson and J. Küpper, Phys. Chem. Chem. Phys.20,
20205 (2023)

[3] Y.-P Chang, et int.(2 authors), J. Küpper, Int. Rev. Phys.
Chem.34, 557 (2015)

MO 18.9 Wed 17:00 Tent C
Time-resolved laser photodissociation investigation of a
cationic Iridium(III) complex in an ion trap — ∙Philipp
Weber1, Marcel J. P. Schmitt1, Christoph Riehn1, and
Christoph Lambert2 — 1Department of Chemistry, RPTU Kaiser-
slautern — 2Institute for Organic Chemistry, Universität Würzburg
Iridium complexes are well known for their exceptional photophysi-
cal properties, which lead to their application in the fields of OLEDs
and photovoltaics. [1] Transient laser photodissociation experiments
were conducted on an isolated Ir(III) complex in the ion trap of an
electrospray ionization mass spectrometer, giving dynamics on time
scales from sub-ps to 𝜇s. We present preliminary results for intrinsic
gas phase dynamics of an Iridium(III) two donor- one acceptor (D2-A)
system based on a substituted triarylamine as electron donor (D, ppz-
TAA) and tetramethyl-phenanthroline (A, tmp) as electron acceptor,
which showed a long-lived (tens of ns) non-fluorescing charge-separated
state in solution. [2] We observed, both, fragmentation and photoion-
ization (generating the dication) upon photoexcitation, with the latter
dominating the signal for pump-probe investigations. The observed
dynamics (∼0.2 ps, ∼9 𝜇s) point more towards the fast formation of a
long-lived triplet electronic state rather than a charge-separated state,
with the latter possibly destabilized with respect to solution. We dis-
cuss different scenarios of electronic state dynamics for gas phase and
solution.

[1] Longhi; De Cola. Iridium(III) Complexes for OLED Application.
John Wiley & Sons, 2017. [2] Chem. Commun., 2009, 1670-1672.

MO 18.10 Wed 17:00 Tent C
Towards Femtochemistry in a Micro-Solvated Environment —
∙Deepak K. Pandey1, Liliana M. Ramos Moreno1, Claus-Peter
Schulz2, and Jochen Mikosch1 — 1Institut für Physik, Universität
Kassel, Heinrich Plett Str. 40, 34132 Kassel, Germany — 2Ultrafast
XUV-Physics, Max Born Institute (MBI), Max-Born-Straße 2A, 12489
Berlin, Germany
Chemical reactions, intrinsic to both natural processes and technolog-
ical advancements, exhibit diverse dynamics, particularly within the
realm of solution-phase environments. Understanding these dynamics
is crucial, especially when employing gas-phase techniques to inves-
tigate reactions in solution, a trend that has gained prominence. In
contrast to the popular liquid-jet technique, we aim to systematically
introduce water molecules to a gas-phase photochemical reaction in a
bottom-up approach - one at a time. Our experimental setup utilizes
the water cluster technique pioneered by Udo Buck in combination
with a Photoelectron Photoion Coincidence (PEPICO) spectrometer.
At the University of Kassel, we aim to investigate the impact of micro-
solvation on chemical reactions, ultimately using VUV light as a probe.
The initial focus is on the steric effects of water on photochemical dy-
namics, employing a conventional pump-probe experiment to study
processes such as photodissociation and photo-induced isomerization
reactions. Our poster will focus on the experimental approach, char-
acterization of the water cluster source and the spectrometer, and ex-
perimental advance toward studying photochemical reactions.

MO 18.11 Wed 17:00 Tent C
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Supramolecular dynamics investigated on hydrogen-bonded
pyrrole-water clusters upon site-specific x-ray photoioniza-
tion — ∙Wuwei Jin1,2, Ivo Vinklárek1, Hubertus Bromberger1,
Sebastian Trippel1,3, Rebecca Boll4, Michael Meyer4, and
Jochen Küpper1,2,3 — 1Center for Free-Electron Laser Science,
Deutsches Elektronen-Synchrotron DESY, Hamburg — 2Department
of Physics, Universität Hamburg — 3Center for Ultrafast Imaging,
Universität Hamburg — 4European XFEL GmbH, Schenefeld
The solvation of molecules crucially affects their photostability and
introduces additional pathways for relaxation dynamics compared to
isolated molecules. To gain molecular-level insights into the solvation
effects on the photofragmentation dynamics of a supramolecular sys-
tem, we investigate the dynamics of a spatially separated pure sample
of pyrrole-water (pyr-H2O) clusters prepared by the electric deflector
[1-2]. This is achieved through an IR-pump-x-ray-probe experiment
at EuXFEL. An ionizing IR pulse triggers the (pyr-H2O)+ fragmenta-
tion. The resulting dynamics are site-specifically probed by x-ray free-
electron laser pulses [3]. This study of the hydrogen-bonded pyrrole-
H2O system is particularly relevant to pyrrole-containing biomolecules
and establishes a new approach to study the key role of intermolecular
interactions in supermolecular dynamics.

[1] M Johny, S Trippel, and J Küpper, Chem. Phys. Lett. 721, 149
(2019) [2] YP Chang, D Horke, S Trippel, and J Küpper, Int. Rev.
Phys. Chem. 557, 34 (2015) [3] J Onvlee, S Trippel, and J Küpper,
Nat. Commun. 7462, 13 (2022)

MO 18.12 Wed 17:00 Tent C
UV photo-induced dissociation dynamics of solvated
(bio)molecular complex system — ∙Mukhtar Singh1,2,3,
Matthew Scott Robinson1,2,3, Hubertus Bromberger1,2,
Jolijn Onvlee1,3, Sebastian Trippel1,2, and Jochen Küpper1,2,3

— 1Center for Free-Electron Laser Science CFEL, Deutsches
Elektronen-Synchrotron DESY, Hamburg — 2Center for Ultrafast
Imaging, Universität Hamburg — 3Department of Physics, Universität
Hamburg
We present the investigation of ultrafast chemical dynamics induced by
UV excitation in a micro-solvated indole-water-complex system probed
by time-dependent strong-field ionization, and ion mass spectroscopy
[1]. Indole-water is important due to indole’s role as the chromophore
of tryptophan, the strongest near UV absorber in proteins. The experi-
mental setup contains a molecular beam and the electrostatic deflector
to produce a pure gas-phase sample of indole-water [2]. We conducted
a UV-IR pump-probe experiment, wherein we excited the system to the
electronic excited state using 270 nm light. The dissociation dynamics
of the system was monitored using strong-field multiphoton ionization
by 1.3 𝜇m wavelength light from a femtosecond laser, tracking the
time-dependent ion signals of the indole and indole-water ions.

[1] J Onvlee, et al., Nat Commun. 13, 7462 (2022)
[2] S. Trippel, et al., Rev. Sci. Instrum. 89, 096110 (2018)

MO 19: Chirality

Time: Thursday 11:00–12:45 Location: HS 3044

Invited Talk MO 19.1 Thu 11:00 HS 3044
Controlling the internal quantum states of chiral molecules
— JuHyeon Lee, Elahe Abdiha, Boris Sartakov, Gerard Mei-
jer, and ∙Sandra Eibenberger-Arias — Fritz-Haber-Institut der
Max-Planck-Gesellschaft, Berlin, Germany
Controlling the internal quantum states of chiral molecules enantiomer-
specifically has a wide range of fundamental and practical applications.
The recently developed method of enantiomer-specific state transfer
[1,2] holds great promise in providing the crucial ingredient for enabling
the first experimental measurement of the long-predicted parity viola-
tion in chiral molecules. It also has the potential of enabling spatial
separation of enantiomers in the gas phase and opening new avenues
in chiral studies. For this to be possible, (almost) perfect enantiomer-
specific state transfer is necessary. However, previous studies have
been limited by thermal population in all involved quantum states for
all currently accessible molecular temperatures. I will present recent
efforts of our group targeted at increased state-specific enantiomeric
enrichment and quantitative understanding thereof [3,4]. I will also
give an outlook on future experimental directions. [1] S. Eibenberger,
J. Doyle, D. Patterson, Phys. Rev. Lett. 118, 123002 (2017) [2] C.
Pérez, A. L. Steber, S. R. Domingos, A. Krin, D. Schmitz, M. Schnell,
Angew. Chem. Int. Ed. 56, 12512 (2017) [3] J.H. Lee, J. Bischoff,
A. O. Hernandez-Castillo, B. Sartakov, G. Meijer, S. Eibenberger-
Arias, Phys. Rev. Lett. 128, 173001 (2022) [4] J.H. Lee, J. Bischoff,
A.O. Hernandez-Castillo, E. Abdiha, B. Sartakov, G. Meijer, Sandra
Eibenberger-Arias, arxiv: 2310.11120 (2023)

MO 19.2 Thu 11:30 HS 3044
Towards perfect enantiomer-specific state transfer of chiral
molecules — ∙Elahe Abdiha, Juhyeon Lee, Johannes Bischoff,
Daniel Fontoura Barroso, Boris Sartakov, Gerard Meijer,
and Sandra Eibenberger-Arias — Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany
Chiral molecules are important in many chemical and biological pro-
cesses and are also at the heart of some fundamental physics ques-
tions. Recently, enantiomer-specific state transfer (ESST) was exper-
imentally demonstrated [1,2]. Here, the application of three mutu-
ally orthogonally polarized microwave fields yields enantiomer-specific
population control in a chosen quantum state that is part of a triad of
rotational states. I will present our recent work on ESST, where we
largely overcome the previous limitation due to initial thermal popu-
lation by combining ESST with optical methods [3]. By depleting the
target state using resonant UV light prior to ESST we achieve state-
specific enantiomeric enrichment in the order of 50%. Importantly,

we quantitatively study ESST, explicitly including the role of spatial
degeneracy. I will also discuss our recent study on the influence of mi-
crowave pulse conditions on ESST [4]. Extensions to our scheme will
allow to create a molecular beam with an enantiomer-pure rotational
level, holding great prospects for future spectroscopic and scattering
studies.

[1] Eibenberger et al, PRL 118, 123002 (2017) [2] Pérez et al, Angew.
Chem. Int. Ed. 56, 12512 (2017) [3] Lee et al, PRL 128, 173001 (2022)
[4] Lee et al, arxiv: 2310.11120 (2023)

MO 19.3 Thu 11:45 HS 3044
Purcell effect in chiral environments — ∙Omar Jesus Franca
Santiago1, Claudio Salvador Rapp1, Janine Christine Franz2,
and Stefan Yoshi Buhmann1 — 1Institute of Physics, University of
Kassel, Germany — 2University of Freiburg, Germany
The Purcell effect describes the modification of the spontaneous de-
cay rate in the presence of electromagnetic media and bodies. In this
work, we shed light on the dependencies and magnitude of this effect
for chiral materials. Using the framework of macroscopic quantum
electrodynamics [1,2] and Fermi’s golden rule, we study a chiral bulk
medium with and without local field corrections, an idealised chiral
mirror and a chiral surface. The results imply that the chiral effect is
greatest for large transition frequencies, molecules with large optical
rotatory strength, and media with a strong cross-susceptibility. In the
case of a surface, short distances from the molecule to the interface
additionally enhance the effect.

[1] D.T. Butcher, S.Y. Buhmann, and S. Scheel, New J. Phys. 14,
113013 (2012).

[2] S. Y. Buhmann, Dispersion Forces II: Many-Body Effects, Ex-
cited Atoms, Finite Temperature and Quantum Friction, (Springer,
Berlin Heidelberg, 2012).

MO 19.4 Thu 12:00 HS 3044
Silicon 2p inner-shell photoelectron circular dichroism in
sec-butyl trimethylsilylether — ∙Emilia Heikura, Christina
Zindel, Lutz Marder, Catmarna Küstner-Wetekam, Niklas
Golchert, Johannes Viehmann, Denis Kargin, Rudolf
Pietschnig, Andreas Hans, and Arno Ehresmann — University
of Kassel, Heinrich-Plett-Straßse 40, 34132 Kassel
Photoelectron circular dichroism (PECD) is one of the most powerful
methods for investigating molecular chirality in the gas phase. PECD
is a forward-backward asymmetry of emitted photoelectrons from chi-
ral molecules after interaction with a circularly polarized light. The
asymmetry can be observed even in randomly oriented chiral molecules.
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Site-selectivity of inner-shell photoelectrons enables the investigation
on chirality as a function of a distance from a stereocenter. It is still
unknown how the magnitude of PECD is affected by the distance of the
emission site from the stereocenter. To be able to investigate this phe-
nomenon, a series of specifically synthesized molecules was created. In
sec-butyl trimethylsilylether and it’s derivatives the distance between
stereocenter and a marker atom can be increased by inserting addi-
tional CH2 groups while otherwise the structure of the molecule stays
intact.

MO 19.5 Thu 12:15 HS 3044
Control of circular dichroism in ion yield of 3-methyl
cyclopentanone using femtosecond laser pulses — ∙Sagnik
Das, Jayanta Ghosh, Sudheendran Vasudevan, Hangyeol Lee,
Nicolas Ladda, Simon Ranecky, Tonio Rosen, Till Stehling,
Fabian Westmeier, Arne Senftleben, Thomas Baumert, and
Hendrike Braun — Institut für Physik, Universität Kassel, Heinrich-
Plett-Strasse 40, 34132 Kassel, Germany
Circular dichroism in ion yield (CDIY) is the difference in ion yield
from left and right circular polarised light interacting with an enan-
tiomer of a chiral molecule. The cyclic ketone 3-methyl cyclopentanone
(3-MCP) has long been studied for its large circular dichroism in the
𝜋* ← 𝑛 transition. We used femtosecond laser pulses tuned in wave-
length around one of the vibrational modes in the 𝜋* ← 𝑛 band to
study the effect of pulse parameters like linear chirp and peak inten-
sity on the CDIY. In the 3-photon resonance enhanced multiphoton
ionization (1+1+1) of 3-MCP, we observed an enhancement of CDIY
for chirped pulses. At the same time, almost no change in CDIY
was detected for variation of the peak intensity of bandwidth-limited
pulses. Not only the magnitude of the chirp but also its sign influences
the CDIY, indicating more than the pulse duration or peak intensity

as the underlying cause. It highlights the role of frequency ordering
in the observed enhancement of CDIY for chirped pulses. Moreover,
the progression of the CDIY with regard to the applied linear chirp
sensitively depends on the central wavelength of the laser pulses.

MO 19.6 Thu 12:30 HS 3044
Photoelectrons from transiently populated nonresonant
states — ∙Simon Ranecky, Sudheendran Vasudevan, Han-gyeol
Lee, Till Stehling, Nicolas Ladda, Tonio Rosen, Fabian West-
meier, Sagnik Das, Jayanta Ghosh, Hendrike Braun, Arne Sen-
ftleben, and Thomas Baumert — Universität Kassel, Institut für
Physik und CINSaT, D-34132 Kassel
When an intense laser pulse induces a two-photon electronic transition
from one state to another, all other states are populated transiently
with various proportions during the interaction time. This transient
population in nonresonant states can absorb further photons and then
become ionized so that these states become visible in the photoelectron
spectrum. This effect was already observed for Sodium atoms [1].

Here, we report the observation of the same ionization mechanism
for the first time on molecules using Fenchone and fs- to ns-lasers
around 400 nm. The main ionization scheme for this molecule at this
wavelength is 2+1 resonance-enhanced multiphoton ionization. And
besides the photoelectrons from resonant s- and p-states, we could see
photoelectrons from further, nonresonant states.

With this study, we want to encourage spectroscopists to have a close
look at the background of their photoelectron spectra. Doing this for
Fenchone and observing the weak signals from transiently populated,
nonresonant states, we were able to determine the energies of these
states.

[1] Krug et al. N.J. Phys. 11 (2009) 105051

MO 20: Theoretical Molecular Physics

Time: Thursday 14:30–16:45 Location: HS 3042

MO 20.1 Thu 14:30 HS 3042
Dynamics of AlF-AlF: Potential energy surface and inter-
mediate complex characterization — ∙Xiangyue Liu1, Weiqi
Wang1, and Jesús Pérez-Ríos2,3 — 1Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany —
2Department of Physics and Astronomy, Stony Brook University,
Stony Brook 11794, New York, USA — 3Institute for Advanced Com-
putational Science, Stony Brook University, Stony Brook 11794-3800,
New York, USA
Diatomic metal-fluorine molecules are crucial for cryogenic buffer gas
cooling, widely used in precision spectroscopy and laser cooling. Re-
cently, AlF has gained attention for laser cooling due to its efficient lab-
oratory production and highly-diagonal Franck-Condon matrix. This
study focuses on the undesirable formation of AlF-AlF dimer com-
plexes. We developed an accurate machine-learning potential energy
surface for the AlF-AlF complex at the coupled-cluster theory level.
Based on the resulting PES, ab initio molecular dynamics simulations
have been performed, revealing primary reaction mechanisms. The life-
time of the intermediate AlF-AlF complex at different temperatures
has been estimated.

MO 20.2 Thu 14:45 HS 3042
Exotic charged molecules and Rydberg glue — ∙Daniel J.
Bosworth1,2, Peter Schmelcher1,2, and Matthew T. Eiles3 —
1Zentrum für Optische Quantentechnologien, Universität Hamburg,
Luruper Chaussee 149, 22761 Hamburg, Germany — 2The Hamburg
Centre for Ultrafast Imaging, Universität Hamburg, Luruper Chaussee
149, 22761 Hamburg, Germany — 3Max Planck Institute for the
Physics of Complex Systems, 01187 Dresden, Germany
Neutral-ion interactions are of fundamental interest in physics and
chemistry. Recent experiments are starting to explore them within the
quantum regime. The sensitivity of Rydberg atoms to electric fields
enables them to form weakly-bound diatomic molecular ions. These
dimers bind on micrometer length scales due to the Rydberg’s large
induced dipole moment, which is the leading-order term in the ion-
neutral interaction series. In this theoretical work, we explore the
role of the higher-order terms in this interaction series. We first con-
sider a system of a pair of cations interacting with a Rydberg atom

at long-range. Surprisingly, we reveal that the Rydberg’s quadrupole
compensates the enormous Coulomb repulsion between the cation pair,
forming a metastable trimer with mixing between states in neighbour-
ing n-manifolds. We discuss the rapid decay of these trimers due to
charge transfer of the Rydberg electron. Additionally, we reveal that
the quadrupole interaction term introduces a dependence on the sign
of the ion’s charge, which can significantly alter non-adiabatic cou-
plings between Rydberg states. Such modified couplings would not
only affect vibrational dynamics, but also molecular lifetimes.

MO 20.3 Thu 15:00 HS 3042
The effects of dipole self energy in a molecular Tavis-
Cummings model — ∙Lucas Borges, Markus Kowalewski, and
Thomas Schnappinger — Department of Physics, Stockholm Uni-
versity, AlbaNova University Center, SE-106 91 Stockholm, Sweden
Theoretical studies in polariton photochemistry describe the molecular
and photonic field interactions within the long-wavelength limit. The
Pauli-Fierz Hamiltonian in the length gauge representation features a
linear light-matter interaction term and a squared dipole self-energy
(DSE) term, which assures a stable ground state for the total system.
However, this representation blurs the distinction between photon and
matter degrees of freedom. We performed nuclear wave functions dy-
namics from one to three MgH+ molecules interacting with a single
photonic mode in an optical cavity at the electronic strong-coupling
regime. We investigate how additional DSE terms in the interaction
Hamiltonian affect the system by producing new inter-molecular en-
ergy transfer pathways.

MO 20.4 Thu 15:15 HS 3042
Cavity-Born-Oppenheimer Hartree-Fock: Vibronic-Strong-
Coupling beyond a single molecule — ∙Thomas Schnappinger
and Markus Kowalewski — Department of Physics, Stockholm Uni-
versity, Sweden
When a molecule interacts with the vacuum field of a nanoscale cavity,
strong coupling reshapes the potential energy surfaces to form hybrid
light-matter states called polaritons. Recent experiments show that
this strong coupling between light and matter is capable of modifying
chemical and physical properties. The situation in which the quan-
tized cavity modes are coupled via their characteristic frequency to
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vibrational degrees of freedom of molecules is called vibrational strong
coupling (VSC). In the VSC regime, the chemistry of a single elec-
tronic state (mostly the ground state) and its vibrational spectroscopy
are influenced by the cavity interaction. In this theoretical contribu-
tion we use the ab-initio Cavity-Born-Oppenheimer-Hartree-Fock ap-
proach to study the effect of VSC on the ground state properties of
single molecules and small ensembles of such molecules. We are able
to optimize cavity-coupled molecular systems and can calculate vibro-
polaritonic IR spectra, since we have implemented analytical gradients.
Our ab-initio treatment allows us to study the interactions between in-
dividual molecules mediated by the cavity. These interactions give rise
to local strong coupling effects that allow the modification of chemical
reactivity in the VSC context.

MO 20.5 Thu 15:30 HS 3042
Multi-state mapping approach to surface hopping — ∙Johan
Runeson and David Manolopoulos — Physical and Theoretical
Chemistry Laboratory, University of Oxford, UK
Many important problems in physics and chemistry involve non-
adiabatic dynamics: nuclear motion on two or more coupled electronic
potential energy surfaces. The most popular method to treat this prob-
lem is fewest-switches surface hopping (FSSH), which involves stochas-
tic hops of classical nuclear trajectories between adiabatic electronic
states. This method can be used with ab initio potentials and is widely
applied in photochemistry. However, its long-standing problems are
overcoherence and violation of detailed balance. A new ‘mapping ap-
proach to surface hopping’ (MASH) [1] appears to resolve many of
these issues: it avoids ad hoc decoherence corrections and provably
relaxes to the correct quantum–classical equilibrium. Although origi-
nally developed for two states, we have extended the method to any
number of states and applied it to a variety of problems, including
gas-phase photochemistry, spin-boson models, and exciton transfer in
photosynthetic systems [2]. In all cases, we find MASH to be more
accurate as well as more numerically tractable than FSSH. The talk
will summarize this development and mention some current exciting
applications, including charge transport in organic materials.

[1] J. R. Mannouch and J. O. Richardson, J. Chem. Phys. 158,
104111 (2023). [2] J. E. Runeson and D. E. Manolopoulos. J. Chem.
Phys. 159, 094115 (2023).

MO 20.6 Thu 15:45 HS 3042
Open quantum system approach to non-adiabatic molec-
ular physics — Michael Reitz1, ∙Nico Baßler2,3, Raphael
Holzinger4, Ágnes Vibók5,6, Gábor Halász5, and Claudiu
Genes3,2 — 1Department of Chemistry and Biochemistry, Univer-
sity of California San Diego, La Jolla, California 92093, USA —
2Department of Physics, Friedrich-Alexander-Universität Erlangen-
Nürnberg (FAU), D-91058 Erlangen, Germany — 3Max Planck Insti-
tute for the Science of Light, D-91058 Erlangen, Germany — 4Institut
für Theoretische Physik, Universität Innsbruck, A-6020 Innsbruck,
Austria — 5Department of Information Technology, University of De-
brecen, H-4002 Debrecen, Hungary — 6ELI-ALPS, ELI-HU Non-Profit
Ltd, H-6720 Szeged, Hungary
Non-adiabatic molecular phenomena, i.e., processes due to the break-
down of the Born-Oppenheimer approximation, govern the fate of most
photophysical and photochemical processes. We propose here an open
quantum system approach based on quantum Langevin equations to
non-adiabatic molecular physics, with relevance during or after the pro-
cess of photoexcitation and in the presence of a dissipative, thermal
environment. Based on a linear vibronic coupling model, we derive an-
alytical expressions for the non-radiative transition rates of processes
occurring at the intersection between two potential energy surfaces
such as internal conversion and conical intersections. Our work allows
for an intuitive understanding of these processes in terms of multi-
phonon sidebands and establishes a connection between open quantum
system dynamics, molecular quantum optics, and quantum chemistry.

MO 20.7 Thu 16:00 HS 3042
Molecular motion enhanced excitation transport in molecular
aggregates despite internal molecular vibrations — ∙Ritesh
Pant1, Varadharajan Srinivasan2, Alexander Eisfeld1, and Se-
bastian Wüster2 — 1Max Planck Institute for the Physics of Com-

plex Systems, Dresden, Germany — 2Indian Institute of Science Edu-
cation and Research, Bhopal, India
Molecular aggregates can under certain conditions transport electronic
excitation energy over large distances due to the long range dipole-
dipole interactions [1]. It was shown earlier that the thermal centre-
of-mass motion of molecules can enhance the efficiency of transport
compared to the static case in the presence of diagonal disorder, when
neglecting molecular vibration [2]. Our current research extends this
understanding by examining the impact of molecular vibrations, with a
particular focus on adiabatic excitation transport. To simulate quan-
tum dynamics of the electronic excitation coupled to vibrations we
use non-Markovian quantum state diffusion, solved through the hier-
archy of pure states, combined with classical molecular dynamics for
centre-of-mass motion of molecules [2, 3]. Using a specific model of tor-
sional molecular motion, we can identify parameter regimes in which
the motion aids excitation transfer even in the presence of vibrations,
although adiabatic transport appears disrupted by vibrations.

[1] T. Brixner et. al., Adv. Energy Mater. 7, 1700236 (2017). [2]
R. Pant et. al., Phys. Chem. Chem. Phys. 22, 21169 (2020). [3] D.
Suess et. al., Phys. Rev. Lett. 113, 150403 (2014).

MO 20.8 Thu 16:15 HS 3042
Gas-phase sugar synthesis: The formation of protonated
glycolaldehyde — ∙Weiqi Wang1, Hunarpreet Kaur2, Sandra
Brünken2, and Jesús Pérez Ríos3,4 — 1Fritz-Haber-Institut der
Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany —
2FELIX Laboratory, Faculty of Science, Radboud University, Toer-
nooiveld 7c, 6525 ED Nijmegen, The Netherlands. — 3Department of
Physics and Astronomy, Stony Brook University, Stony Brook 11794,
New York, USA — 4Institute for Advanced Computational Science,
Stony Brook University, Stony Brook 11794-3800, New York, USA
The investigation into the origins and processes of prebiotic synthesis
in our universe is pivotal to unraveling the mystery of life’s begin-
nings. Currently, the understanding of the chemical pathways leading
to complexity is incomplete and mostly experiential.

A crucial initial step in understanding prebiotic synthesis involves
exploring pathways that give rise to simple sugars. This study delves
into the intricate reaction networks governing the formation of proto-
nated glycolaldehyde, a key component in sugar synthesis. Through
the ab initio molecular dynamics method, we systematically explore
the entire relevant phase space. To identify the species observed in
infrared (IR) experiments, we calculate IR spectra from simulations
at finite ensemble temperatures or under specific kinetic temperature
conditions. Furthermore, we determine the thermodynamic conditions
within the experimental chamber.

MO 20.9 Thu 16:30 HS 3042
A Time-dependent Perspective on Resonant Inelastic X-ray
Scattering of Pyrazine — ∙Antonia Freibert1, David Mendive-
Tapia2, Nils Huse1, and Oriol Vendrell2 — 1University of Ham-
burg — 2Heidelberg University
The developments of advanced x-ray sources have enabled the study
of physical phenomena occurring on the intrinsic timescale of nuclear
and electronic motion. One technique that gained considerable atten-
tion is resonant inelastic x-ray scattering (RIXS) and its extension into
the ultrafast time domain. RIXS involves a coherent scattering pro-
cess where the system is resonantly excited into short-lived core-hole
states and subsequently decays back to the ground and valence excited
states. This technique combines the element specificity of core-level
spectroscopy with the ability to reach valence excited states across a
wide spectral range and a spectral resolution that is not limited by the
large core-hole lifetime broadening, making it a versatile and promis-
ing tool to study the local electronic structure in complex molecular
systems.

I will present RIXS simulations of pyrazine at the nitrogen K-edge
including wavepacket dynamics in both the valence- and core-excited
state manifold. This allows to accurately depict dynamic processes oc-
curring within the ultrashort core-hole lifetime and their manipulation
through changes in excitation frequency. Additionally, I will discuss
the impact of the spectral distribution of the incoming X-ray pulse
and how it manifests in the resulting spectra striving for an optimal
interplay between theory and experiment.
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MO 21: Ultrafast Dynamics II

Time: Thursday 14:30–16:45 Location: HS 3044

MO 21.1 Thu 14:30 HS 3044
Reversible Switching based on intramolecular long-range
Proton Transfer — Chris Rehhagen1, Miguel Argüello
Cordero1, Fadhil Kamounah2, Vera Deneva3, Ivan Angelov3,
∙Marvin Krupp1, Søren Svenningnsen2, Michael Pittelkow2,
Stefan Lochbrunner1, and Liudmil Antonov3 — 1Institute for
Physics and Department of Life, Light and Matter, University of Ros-
tock, 18059 Rostock, Germany — 2Department of Chemistry, Univer-
sity of Copenhagen, DK-2100 Copenhagen, Denmark — 3Institute of
Electronics, Bulgarian Academy of Sciences
A molecular switch is one of the essential elements in molecular elec-
tronics. The main requirement in the design of molecular switches is
to provide a fast and clean interconversion between structurally dif-
ferent molecular (on- and off-) states. Currently existing molecular
switches are either chemically or light driven. The proton transfer
could be a new and attractive elementary switching process, because
the change in the tautomeric state is always accomplished by a fast
proton exchange between the reaction centers in the same molecule.
The energy required for proton transfer is fairly low, which provides
the opportunity for fueling with visible and near infrared light. There-
fore, absorption and emission spectra of a new compound HQBT are
investigated and further characterized with femtosecond transient ab-
sorption spectroscopy. The system consists of a benzothiazole rotor
attached to a 7-hydroxy quinoline stator. A clean and ultrafast off-
/on- switching, based on intramolecular long-range proton transfer, is
observed in solution.

MO 21.2 Thu 14:45 HS 3044
Unraveling the photochemistry of TiIVCp2(NCS)2 — ∙Jonas
Schmidt, Luis Ignacio Domenianni, Marcel Leuchner, An-
dreas Gansäuer, and Peter Vöhringer — Rheinische Friedrich-
Wilhelms-Universität, Bonn, Deutschland
Recently, we reported the observation of the entry event of
TiIVCp2(NCS)2 into a photocatalytic cycle in real-time.[1] In this
study we were able to show the thermally activated delayed fluores-
cence of TiIVCp2(NCS)2 after excitation with 450 nm light. Further-
more, we were able to observe the reductive quenching of the reactive
triplet state with NPh3 as an electron donor using time-resolved spec-
troscopy.

In a further step, we now want to investigate the following steps
in the catalytic cycle. Therefore, we employ a substrate that acts
as the amine electron donor to reduce the titanocene as well as the
epoxide for radical arylation. To achieve this goal, we will utilize
the long pump-probe delays of up to 300𝜇s of our synchronized dou-
ble Ti:Sapphire regenerative amplifier setup for fs-UV/Vis-pump/mIR-
probe spectroscopy. To aid the analysis of the spectroscopic findings,
we will employ density functional theory as well as cooperate with
synthetic chemists. From these experiments, we hope to gain further
insight into the later mechanism of the photocatalytic cycle as it is still
unclear if one or two equivalents of the substrate are involved.
Literature:
[1] J. Schmidt et al., Angew. Chem. Int. Ed. 2023, 62, e202307178.

MO 21.3 Thu 15:00 HS 3044
Ultrafast Formation of Metallo-Nitrenes — ∙Markus Bauer,
Luis Domenianni, and Peter Vöhringer — Clausius Institut
für physikalische Chemie, Rheinische Friedrich-Wilhelms-Universität
Bonn, Deutschland
Nitrenes have shown great potential as nitrogen-transfer reagents, ow-
ing to their high reactivity. For the same reason they are often found
only as transient species and have to be prepared in-situ.[1] Therefore,
to utilize their synthetic potential to the fullest, a firm understanding
of the primary processes leading up to their formation is crucial.

Herein, a set of square-planar diazide complexes[2], [M(N3)2(dppe)]
(dppe=1,2-Bis(diphenylphosphino)ethan, M=Ni, Pd, Pt) was stud-
ied using ultrafast UV-pump-mIR-probe and time-resolved FTIR-
spectroscopy. For all complexes nitrene formation is observed, with
an increase of the quantum yield dependent on the mass of the metal.
Additionally an intermediate triplet state preceding the nitrene forma-
tion could be identified.

Literature: [1] T. Schmidt-Räntsch, H. Verplancke, J. N. Lienert, S.

Demeshko, M. Otte, G. P. Van Trieste, K. A. Reid, J. H. Reibenspies,
D. C. Powers, M. C. Holthausen, S. Schneider, Angew. Chem. Int.
Ed. 2022, 61, e202115626. [2] Hennig, H., Hofbauer, K., Handke, K.,
Stich, R., 1997. Angew. Chem. Int. Ed. Engl. 36, 408*410.

MO 21.4 Thu 15:15 HS 3044
Time-resolved insights in the fs-range on novel Fe(III)-
complexes with functional modifications — ∙Samira
Dabelstein1, Jakob Steube2, Miguel Andre Argüello
Cordero1, Franziska Fennel1, Lennart Schmitz2, Marvin
Krupp1, Christoph von der Oelsnitz1, Matthias Bauer2,
and Stefan Lochbrunner1 — 1University of Rostock, Germany
— 2Paderborn University, Paderborn, Germany
Precious metal-based photosensitizers in photochemistry face scarcity
and extraction challenges. There’s a growing shift towards Earth-
abundant metal alternatives, with iron being a promising, widely avail-
able, and cost-efficient candidate. The filled t2g orbitals in Fe(II)-
complexes facilitate metal-to-ligand charge transfer (MLCT) upon op-
tical excitation, while the ligand-to-metal charge transfer (LMCT)
state is optimally achieved in Fe(III)-complexes owing to the partially
filled t2g orbitals. In this study, we present a series of emitting Fe(III)-
complexes modified with functional groups. These modified variants
exhibit emission from LMCT states. The lifetime and energy of the
LMCT state appear to be modulated by the attachment of diverse
functional groups to the ligand’s backbones. Our findings, obtained
through time-resolved methods, specifically femtosecond transient ab-
sorption UV-Vis spectroscopy and streak camera measurements, are
presented herein. These results are thoroughly examined in the con-
text of electronic relaxation dynamics, shedding light on the intricate
processes governing the observed phenomena.

MO 21.5 Thu 15:30 HS 3044
Photophysical and photochemical investigations on a se-
ries of group VI carbonyl complexes with a meso-ionic car-
bene ligand — ∙Daniel Marhöfer1, Pit Boden1, Tobias Benz2,
Sophie Steiger1, Biprajit Sarkar2, and Gereon Niedner-
Schatteburg1 — 1Department of Chemistry and Research Center
Optimas, RPTU Kaiserslautern-Landau, Erwin-Schrödinger-Straße
52, 67663 Kaiserslautern, Germany. — 2University of Stuttgart, Chair
of Inorganic Coordination Chemistry, Institute of Inorganic Chemistry,
Pfaffenwaldring 55, 70569 Stuttgart, Germany.
Photo-catalysis is a well-explored field in contemporary research. It
enables reactions under comparably mild conditions, that wouldn’t
otherwise take place. A drawback of most photo-catalysts is the re-
quirement for rare metals as late transition metals or even rare earth
metals. In order to make this field of research more sustainable and
economical, it is of particular interest to develop photo-catalysts, that
contain only earth-abundant metals.

In this work we present a series of Cr(0), Mo(0) and W(0) carbonyl
complexes that are able to stereo-selectively cleave a CO ligand un-
der irradiation and recombine in the dark thereafter both in the solid
phase and in solution. The photophysical behavior regarding emission
and excited state vibrations as well as the respective excited state life-
times was investigated on using luminescence spectroscopy and step-
scan spectroscopy. The results were compared to previously reported,
isomeric complexes and backed up by DFT calculations.

MO 21.6 Thu 15:45 HS 3044
Symmetry-breaking charge transfer and intersystem cross-
ing in copper phthalocyanine thin films — ∙Esther del Pino
Rosendo1, Okan Yildiz2, Tomasz Marszalek2, Charusheela
Ramanan3, and Paul W. M. Blom2 — 1Johannes Gutenberg-
Universität. Staudingerweg 7, 55128 Mainz — 2Max Planck Institut
für Polymerforschung. Ackermannweg 10 55128 Mainz — 3Vrije Uni-
versiteit Amsterdam. De Boelelaan 1105, 1081 HV Amsterdam
Intermolecular interactions in 𝜋-stacked chromophores strongly influ-
ence their photophysical properties, and thereby also their function
in photonic applications. Mixed electronic and vibrational coupling
interactions lead to complex potential energy landscapes with compet-
itive photophysical pathways. The photoexcited dynamics of the small
molecule semiconductor CuPc are characterized in solution as well as
in thin film. In the thin film case, the material can organize in two
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different 𝜋-stacked architectures, 𝛼-CuPc and 𝛽-CuPc. In solution,
CuPc undergoes ultrafast ISC to the triplet excited state. In the solid
state, both 𝛼-CuPc and 𝛽-CuPc morphologies exhibit a mixing be-
tween Frenkel and charge-transfer excitons. We find that this mixing
influences the photophysical properties differently, based on morphol-
ogy. 𝛼-CuPc demonstrates symmetry-breaking charge transfer, which
furthermore depends on excitation wavelength. This mechanism is not
observed in 𝛽-CuPc. These results elucidate how molecular organiza-
tion mediates the balance of competitive photoexcited decay mecha-
nisms in organic semiconductors.

MO 21.7 Thu 16:00 HS 3044
Insights into exciton coupling of RNA-templated merocya-
nine dimer through higher-order transient absorption spec-
troscopy — ∙Ajay Jayachandran1, Julia Dietzsch2, Stefan
Müller1, Claudia Höbartner2, and Tobias Brixner1 — 1Institut
für Physikalische und Theoretische Chemie, Universität Würzburg,
Am Hubland, 97074 Würzburg, Germany — 2Institut für Organis-
che Chemie, Universität Würzburg, Am Hubland, 97074 Würzburg,
Germany
The synthesis of oligonucleotide scaffolds to arrange chromophores into
molecular aggregates with control over the formation of their molecular
excitonic states offers an exciting prospect for achieving programmable
photophysics. Our study exploits the Watson-Crick base pairing inter-
actions in a RNA double helix by incorporating a new barbituric acid
merocyanine as a nucleobase surrogate via solid-phase synthesis [1].
We observe the formation of a non-fluorescent, short-lived H-aggregate.

In order to study the single- and multi-excitonic manifold of this
aggregate and its associated dynamics, we use a technique that we
recently developed which employs systemic intensity variation of the
pump pulse in pump–probe spectroscopy to separate pure third-order
and fifth-order nonlinear signals [2]. We apply this higher-order tran-
sient absorption spectroscopy for the first time on oligonucleotide scaf-
folds and find indications for ultrafast exciton–exciton annihilation in
the H-type dimer system [1].

[1] J. Dietzsch et al., Chem. Commun. 59, 7395–7398 (2023).
[2] P. Malý et al., Nature 616, 280–287 (2023).

MO 21.8 Thu 16:15 HS 3044
Exciton Dynamics Pathways in a Merocyanine Dye-based
Artificial Light-Harvesting Antenna — ∙Rebecca Fröhlich1,
Ajay Jayachandran1, Alexander Schulz2, Matthias Stolte3,
Frank Würthner2,3, and Tobias Brixner1 — 1Institut für
Physikalische und Theoretische Chemie, Universität Würzburg, Am
Hubland, 97074 Würzburg — 2Institut für Organische Chemie, Uni-
versität Würzburg, Am Hubland, 97074 Würzburg — 3Center for

Nanosystems Chemistry (CNC), Universität Würzburg, Theodor-
Boveri-Weg, 97074 Würzburg
Natural photosynthesis relies on light-harvesting systems with pre-
cisely arranged chromophore structures. We investigate the exciton
dynamics in an artifical light-harvesting antenna comprised of four
dipolar merocyanine chromophores, covering a broad range of the visi-
ble spectrum. The molecule shows a solvent-depending folding-induced
fluorescence enhancement previously described on a trimer structure
[1]. Irrespective of excitation wavelength, the molecule fluoresces only
from the lowest excitonic state, which is a sign for efficient energy
transfer in the tetramer. To investigate the exciton transfer pathways
we performed transient absorption measurements with selective exci-
tation of the exciton bands and coherent 2D electronic spectroscopy.
The data show downwards energy transfer via parallel energy transfer
pathways. A solvent comparison reveals that the energy transfer times
depend on the folding degree of the supramolecular structure.

[1] A. Schulz and F. Würthner, Angew. Chem. Int. Ed., 61,
e202114667 (2022)

MO 21.9 Thu 16:30 HS 3044
Following the Chlorophyll Coupled Dynamics with High-
Level Multireference X-ray Absorption Spectra — ∙Lena
Bäuml and Regina de Vivie-Riedle — Department of Chemistry,
LMU Munich, Germany
The omnipresent natural pigment chlorophyll is crucial for photosyn-
thetic light-harvesting. Its nonradiative relaxation from high-energy
excited states to the ground state is still not fully understood.

In an already published study we could show that the 𝑄𝑥 and 𝑄𝑦

band are strongly coupled via internal vibrations by applying grid-
based wavepacket quantum dynamics on representative XMS-CASPT2
potential energy surfaces[1]. We accounted for the coupled nuclear and
electron dynamics using the NEMol ansatz developed in our group.
Due to the strong coupling of the states we found the electronic co-
herence to be present during the entire simulation time. Transient
X-ray absorption spectra (XAS) offer the possibility to resolve the
ultrafast coupled dynamics experimentally. To predict the observed
features we simulated XAS for the magnesium and nitrogen K-edge
of chlorophyll a at the XMS-CASPT2 level of theory. We derived
time-resolved XAS using a workflow to combine the static XAS with
the coupled NEMol dynamics[2]. Explicitly accounting for the pump
pulse we could follow the nuclear wavepacket dynamics as well as
predict the influence of the electronic coherence on the XAS.

[1] L. Bäuml et al., Phys. Chem. Chem. Phys. 24, 27212 (2022).
[2] L. Bäuml et al., J. Phys. Chem. A, 127, 9787 (2023).

MO 22: Poster: Molecules in Strong Fields

Time: Thursday 17:00–19:00 Location: Tent C

MO 22.1 Thu 17:00 Tent C
Dissociation Dynamics of Diiodomethane following XUV-
induced inner-shell ionisation — ∙F. Trost1, H. Lindenblatt1,
S. Meister1, K. Schnorr1, S. Augustin1, G. Schmid1, Y.
Liu1, P. Schoch1, F. Hosseini2, M. Zmerli2, M. Braune5, M.
Kuhlmann5, S. Díaz-Tendero4, F. Martín4, R. Guillemin2, M.-
N. Piancastelli3, M. Simon2, T. Pfeifer1, C. D. Schröter1,
and R. Moshammer1 — 1Max-Planck-Institut für Kernphysik, Hei-
delberg — 2Sorbonne Université, Paris — 3Uppsala Universitet —
4Universidad Autónoma de Madrid — 5DESY, Hamburg
Knowledge of de-excitation, charge redistribution and fragmentation
of molecules upon XUV irradiation is essential for our understanding
of light-matter interaction. Here, the sequential three-body fragmen-
tation of diiodomethane (CH2I2) following 4d inner-shell ionisation
of one iodine atom is presented. The data was obtained by a time-
resolved XUV-XUV pump-probe measurement using the reaction mi-
croscope endstation at the free-electron laser FLASH2 at DESY. In
the two-step dissociation process of the CH2I2 molecule a rotating
intermediary state is identified through time-resolved 3D momentum
correlation of the fragments. These results are supported by classical
as well as quantum-mechanical simulations.

MO 22.2 Thu 17:00 Tent C
Energy and Charge Transfer in Xenon Dimers and

Trimers after XUV-photoionization at FLASH2 — ∙Hannes
Lindenblatt1, Kirsten Schnorr2, Sven Augustin2, Severin
Meister1, Florian Trost1, Patrizia Schoch1, Georg Schmid1,
Yifan Liu1, Markus Braune3, Marion Kuhlmann3, Rolf
Treusch3, Claus Dieter Schröter1, Thomas Pfeifer1, and
Robert Moshammer1 — 1Max-Planck-Institut für Kernphysik, Hei-
delberg — 2Paul Scherrer Institut, Villigen, Schweiz — 3DESY, Ham-
burg
We investigated the relaxation dynamics of xenon dimers and trimers
employing momentum coincidence spectroscopy at the reaction micro-
scope beamline FL26 at FLASH2. Using the grazing incidence split,
delay and focusing optics, an XUV-XUV pump-probe scheme was uti-
lized to track dissociation dynamics. On the poster, we present the
measurement scheme and time-resolved results for different fragmen-
tation channels. For example, in dimer-fragmentation we identified the
role of radiative electron-transfer, and for trimers the so-called electron
transfer-mediated decay (ETMD3), where all three atoms are involved,
was observed as function of time.

MO 22.3 Thu 17:00 Tent C
Time-resolved Imaging of CH4 Fragmentation in Strong
Laser Fields — ∙Weiyu Zhang, David Vacas Chicharro, Niko-
las Rapp, Thomas Pfeifer, and Robert Moshammer — Max-
Planck-Institut für Kernphysik, Saupfercheckweg 1, 69117 Heidelberg,
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Deutschland
With a Reaction Microscope (ReMi) [1] the ionization and dissocia-
tion dynamics of methane in strong laser fields were studied in a series
of pump-probe experiments. For the creation of temporally separated
laser pulses and pulse shaping a spatial light modulator (SLM) was
used. It allows control of laser pulses in terms of amplitude, polariza-
tion, and phase [2, 3]. By employing the SLM technique we successfully
compressed the laser pulses to below 10 fs and achieved a precise con-
trol over the time-delay between the two pulses. Upon strong-field
ionization the molecule undergoes fragmentation and Coulomb explo-
sion (CE) [4] and the corresponding ionic fragments are collected with
the ReMi. For example, in the case of CE the initial inter-nuclear
distances can be determined via the measurement of final kinetic ener-
gies, and in pump-probe measurements the evolution of the molecular
geometry is visualized as function of time. Selected results will be
presented and discussed.

References:
[1] J. Ullrich et al.,2003, Rep. Prog. Phys. 66, 1463-1545
[2] Stefanie Kerbstadt, 2016, MA thesis. Universität Oldenburg
[3] T Brixner and G Gerber, 2001, Opt. Lett. 26,557-559
[4] Larsen, J et al., 1998, J. Chem. Phys. 109, 8857-8863

MO 22.4 Thu 17:00 Tent C
Dynamics of Molecules in Intense Laser Fields Studied with a
Reaction Microscope — ∙Martín Garro, Arne Senftleben, and
Jochen Mikosch — Institut für Physik, Universität Kassel, Heinrich-
Plett-Straße 40, 34132 Kassel, Germany
Intense laser fields can drive coherent electronic dynamics in a molecule
on a timescale faster than the optical cycle of the light field. Electron
wavepackets released by field-assisted tunneling ionization can be ac-
celerated and driven back to the ion core with substantial energy by the
action of the oscillating laser field. Different attosecond processes may
ensue upon return of the continuum wavepacket. Here we are partic-
ularly interested in the aspect of a laser-driven scattering experiment
which leads to the diffraction of the wavepacket encoding structural
information on the molecule.

A Reaction Microscope allows us to experimentally investigate the
electron dynamics of molecules exposed to strong ionizing fields with
coincidence detection of electron and ion momenta. On the one hand
side, we will present our previous work on laser-driven rescattering
with two different, simultaneously created electron wavepackets in the
1,3-butadiene molecule. We show that the return probability of the
electron depends on the molecular frame and contains structural in-
formation of the ionized orbital. On the other hand we will discuss
our progress towards recollision and diffraction experiments on chiral
molecules at the University of Kassel.

MO 22.5 Thu 17:00 Tent C
Electron-nuclear energy sharing through low-energy inelas-
tic recollisions in dissociative multiphoton ionization of D2

— ∙Sebastian Hell1, Gerhard G. Paulus1,2, and Matthias
Kübel1,2 — 1Institute for Optics and Quantum Electronics, Univer-
sität Jena, D-07743 Jena, Germany — 2Helmholtz Institute Jena, D-
07743 Jena, Germany
Inelastic electron recollisions are known to contribute to high (i.e. sev-
eral eV) kinetic energy release (KER) ion emission from D2 in strong
laser fields. Low-KER ion emission (i.e. up to few eV), however, is typ-
ically understood to result from single or multiphoton absorption from
the laser field. Using coincidence detection of the correlated final states
of photoelectron and ionic fragments, we investigate the dissociative
ionization of D2 in an intense 515 nm laser field with a half-frequency
perturbation. Our experimental results show unambiguous fingerprints
of low-energy inelastic electron recollisions contributing to dissociation
of D+

2 , even at KER below 1 eV. Our observations provide evidence
for vibrational excitation and dissociative electron capture following
laser-driven electron collisions.

MO 22.6 Thu 17:00 Tent C
Time-resolved measurement of laser-induced dissociation of
the argon dimer cation with a two-color pump-probe scheme
— ∙Bo Ying1,2,3, Giorgio Visentin2,3, Matthias Kübel1,2,
Stephan Fritzsche2,3,4, and Gerhard G Paulus1,2,3 — 1Institute
of Optics and Quantum Electronics, Friedrich Schiller University Jena,
Max-Wien-Platz 1, 07743 Jena, Germany — 2Helmholtz Institute
Jena, Fröbelstieg 3, 07743 Jena, Germany — 3GSI Helmholtzzentrum
für Schwerionenforschung GmbH, Planckstraße 1, 64291 Darmstadt,
Germany — 4Institute for Theoretical Physics, Friedrich Schiller Uni-

versity Jena, Max-Wien-Platz 1, 07743 Jena, Germany
We present the time-resolved measurements of the photodissociation
dynamics in the argon dimer cation 𝐴𝑟+2 , utilizing a pump-probe tech-
nique involving two different colors. In the experiment, the first laser
pulse dissociates the generated 𝐴𝑟+2 ions, and the consequent dynamics
are probed by a time-delayed second pulse. In contrast to the previous
measurements of the simplest molecular ion 𝐻+

2 , the delay-dependent
kinetic energy distribution of the fragments not only shows the break-
age of 𝐴𝑟+2 on the femtosecond time scale, but also reveals some in-
triguing features. Calculations of the potential energy curves of 𝐴𝑟+2
and 𝐴𝑟2 help to understand the origin of such features, which results
from the inherent multielectron nature of these heavy ions. This capa-
bility paves the way to investigate the temporal dynamics of hitherto
unexplored molecular ion targets.

MO 22.7 Thu 17:00 Tent C
Studies on the construction of a neon recycling system for
High Harmonic Generation — ∙Ron Ducke, Maximilian Pol-
lanka, Maximilian Forster, and Reinhard Kienberger — Chair
for Laser and X-Ray Physics E11, Technical University Munich, Ger-
many
The poster deals with a current project in which a neon recycling sys-
tem is being implemented in our attosecond laboratory. In that, high
harmonics, which are high-energy ultrashort light pulses, are gener-
ated in a vacuum chamber. For this purpose, neon gas is fed into
this chamber and a pulsed near-infrared laser is focused on it. This
produces the aforementioned high harmonics. By superimposing these
pulses with the near-infrared laser pulse, physical effects can be mea-
sured in the attosecond range. This measurement technique is known
as ”attosecond streaking”. The consumption of the required neon gas
is one of the main costs of operating the laboratory (ca. 40.000 ¤
in 2022). Previously, the gas was released into the exhaust air after
passing through the chamber. The current attempt is to implement a
recirculation of the neon gas. My efforts are aimed at reducing neon
consumption and making the laboratory more sustainable on the one
hand, but also massively reducing the costs of running the laboratory
on the other. The first step is to collect the gas from the chamber and
analyze its composition. The required set-up includes three pumps, a
gas sampling bag and a measuring chamber with a mass spectrometer.

MO 22.8 Thu 17:00 Tent C
Attosecond Electron Dynamics of Surface-Oriented
Iodomethane on Pt(111) — ∙Sven-Joachim Paul1, Pascal
Scigalla1, Christian Schröder1, Konstantin Seidenfus1, Pe-
ter Feulner2, and Reinhard Kienberger1 — 1Chair for laser and
x-ray physics, E11, Technische Universität München, Germany —
2Surface and Interface Physics, E20, Technische Universität München,
Germany
We report on attosecond streaking measurements of the electron
photoemission process from Pt(111) surfaces covered in well-oriented
iodomethane molecules. Attosecond streaking allows for the measure-
ment of relative time delays in photoemission from two energetically
different bound electronic states. For this experiment, the photoe-
mission from the platinum valence band has been timed against the
photoemission of the iodine 4d orbital in iodomethane. A routine has
been developed to control the self-assembly surface orientation process
of the adsorbed iodomethane molecules by varying the coverage of
the Pt(111) crystal. Depending on the surface coverage, iodomethane
aligns vertically or horizontally on the surface. This enables the study
of photoemission dynamics through a well-oriented potential. Attosec-
ond streaking has then been systematically performed for nine different
surface coverages, most of them in the sub-monolayer regime. With
that, first-ever insights into the influence of adsorbate potential orien-
tation and density on photoemission delay were possible.

MO 22.9 Thu 17:00 Tent C
Attosecond Chronoscopy of CO-Structures on Pt(111) —
∙Konstantin Seidenfus, Pascal Scigalla, Sven-Joachim Paul,
and Reinhard Kienberger — Chair for Laser and X-Ray Phyisics,
E11, Technische Universität München, Germany
This work investigates time delays occuring in the electron photoemis-
sion process of a Carbon-monoxide-covered Pt(111)-Surface, for which
the attosecond streaking technique is used. The relative time delay in
photoemission of multiple energetic differently bound electronic states
can be measured with this technique. In this case, the platinum va-
lence band is measured against the carbon valence band, at different
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coverages. A routine for sub-monolayer accurate, reproducible surface
coverages of CO is developed and testet with TPD. Carbon monoxide
has previously been investigated in the gas phase, where it was mea-
sured against a helium reference. CO orients itself vertically on the

surface of the platinum crystal, whereas in gas the orientation is inco-
herent. This enables one to gain additional insight into the physical
effect of an oriented potential on the photoemission process.

MO 23: Poster: Chirality

Time: Thursday 17:00–19:00 Location: Tent C

MO 23.1 Thu 17:00 Tent C
Towards perfect enantiomer-specific state transfer of chiral
molecules — ∙Elahe Abdiha, Juhyeon Lee, Johannes Bischoff,
Daniel Fontoura Barroso, Boris Sartakov, Gerard Meijer,
and Sandra Eibenberger-Arias — Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany
Chiral molecules are important in many chemical and biological pro-
cesses and are also at the heart of some fundamental physics ques-
tions. Recently, enantiomer-specific state transfer (ESST) was exper-
imentally demonstrated [1,2]. Here, the application of three mutu-
ally orthogonally polarized microwave fields yields enantiomer-specific
population control in a chosen quantum state that is part of a triad of
rotational states. I will present our recent work on ESST, where we
largely overcome the previous limitation due to initial thermal popu-
lation by combining ESST with optical methods [3]. By depleting the
target state using resonant UV light prior to ESST we achieve state-
specific enantiomeric enrichment in the order of 50%. Importantly,
we quantitatively study ESST, explicitly including the role of spatial
degeneracy. I will also discuss our recent study on the influence of mi-
crowave pulse conditions on ESST [4]. Extensions to our scheme will
allow to create a molecular beam with an enantiomer-pure rotational
level, holding great prospects for future spectroscopic and scattering
studies.

[1] Eibenberger et al, PRL 118, 123002 (2017) [2] Pérez et al, Angew.
Chem. Int. Ed. 56, 12512 (2017) [3] Lee et al, PRL 128, 173001 (2022)
[4] Lee et al, arxiv: 2310.11120 (2023)

MO 23.2 Thu 17:00 Tent C
Intensity dependence of PECD using near-ultraviolet fem-
tosecond laser pulses — ∙Sudheendran Vasudevan, Han-gyeol
Lee, Eric Kutscher, Simon T. Ranecky, Nicolas Ladda, Tonio
Rosen, Sagnik Das, Till Stehling, Jayanta Ghosh, Anton N.
Artemyev, Hendrike Braun, Arne Senftleben, Philipp V. De-
mekhin, and Thomas Baumert — Institut für Physik, Universität
Kassel, Heinrich-Plett-Str. 40, 34132 Kassel
Exploiting an electric dipole effect in ionization, photoelectron circu-
lar dichroism (PECD), i.e., an asymmetry in the photoelectron an-
gular distribution along the light propagation, is a highly sensitive
enantioselective spectroscopy for studying chiral molecules in the gas
phase using either single-photon [1] or multiphoton ionization [2]. In
the latter case, resonance-enhanced multiphoton ionization (REMPI)
gives access to intermediate electronic states [3]. The PECD sensitiv-
ity opens the door to study control of the coupled electron and nuclear
motion in enantiomers. A prerequisite is the detailed understanding of
PECD in REMPI schemes. In this contribution, we demonstrate the
intensity-dependence of PECD on fenchone via 2+1 REMPI using 30
fs near-ultraviolet laser pulses centered at 396 nm. We find that the
magnitude of LPECD decreases with the linear increase in the FWHM
of the photoelectron spectra.
References
[1] Böwering, N. et al. Phys. Rev. Lett. 86, 1187 (2001).
[2] Lux, C. et al. Angew. Chem. Int. Ed. 51, 5001*5005 (2012).
[3] Lee, H.-g. et al. PCCP 24, 27483*27494 (2022).

MO 23.3 Thu 17:00 Tent C
Photoelectron circular dichroism after O1s ionization in
sec-butyl trimethylsilylether — ∙Christina Zindel, Emilia
Heikura, Catmarna Küstner-Wetekam, Lutz Marder, Jo-
hannes Viehmann, Denis Kargin, Rudolf Pietschnig, Andreas
Hans, and Arno Ehresmann — Institut für Physik and CINSaT,
University of Kassel, Heinrich-Plett-Str. 40, 34132 Kassel, Germany
Following ionization with circularly polarized radiation, randomly ori-
ented enantiomers show a forward-backwards asymmetry in their pho-
toelectron angular distribution (PAD) with respect to the light’s prop-
agation direction. This effect is described as photoelectron circular

dichroism (PECD) — a powerful tool to examine the molecular chiral-
ity of gas-phase samples. In our studies, we use a velocity map imaging
spectrometer (VMI) along with synchrotron radiation to investigate
the chiral molecule sec-butyl trimethylsilylether (C4H9-O-Si3(CH3)).
When varying the distance between the stereocenter and the silicon
atom by subsequently inserting CH2 groups in between, it is of inter-
est whether the PECD magnitude changes after ionization of the O1s
orbital, because although the length of the molecule varies in this case,
for oxygen, its geometry with respect to the stereocenter remains the
same.

MO 23.4 Thu 17:00 Tent C
Coherent Control of Photoelectron Circular Dichroism us-
ing Two-color Laser Pulses — ∙Till Stehling, Hangyeol Lee,
Sudheendran Vasudevan, Simon Ranecky, Nicolas Ladda, To-
nio Rosen, Sagnik Das, Jayanta Ghosh, Hendrike Braun, Arne
Senftleben, and Thomas Baumert — Universität Kassel Institut
für Physik Heinrich-Plett-Str. 40 34132 Kassel/Germany
We study two-pathway interference in multiphoton ionization of fen-
chone. By employing two pulses at 380 nm and 440 nm, two distinct
(2+1) resonance-enhanced multiphoton ionization (REMPI) pathways
via the 3s and the 3p band of fenchone are simultaneously driven.
The ionization out of these states can result in the same final contin-
uum state, such that the which-way-information is unknown, and in-
terference can be observed. Photoelectron energy-spectra (PES) show
three distinct peaks attributed to different ionization pathways. One
of which exhibits a dependence on the temporal delay between the two
pulses. These preliminary results may indicate a successful implemen-
tation of two-pathway interference during the ionization of fenchone.
Future experiments will be concerned with the influence of such inter-
ference effects on the photoelectron-circular-dichroism (PECD) of fen-
chone as they present a possible method to implement control schemes
in chiral photophysics.

MO 23.5 Thu 17:00 Tent C
Experimental setup to study enhancement of circular dichro-
ism in ion yield of 3-methyl cyclopentanone via tailored fem-
tosecond laser pulses — ∙Sagnik Das, Jayanta Ghosh, Sud-
heendran Vasudevan, Hangyeol Lee, Nicolas Ladda, Simon Ra-
necky, Tonio Rosen, Till Stehling, Fabian Westmeier, Arne
Senftleben, Thomas Baumert, and Hendrike Braun — Institut
für Physik, Universität Kassel
Femtosecond laser pulses were employed to ionize 3-methyl cyclopen-
tanone (3-MCP) in the home-built time-of-flight mass spectrometer.
A ‘twin peak’ measurement technique [1] was utilized, to obtain ion
yields from left and right circularly polarised laser pulses in the same
laser shot. Such a technique reduces the statistical error of measure-
ment and allows for simultaneous chirp compensation in both left and
right-handed light. Circular dichroism in ion yield (CDIY) is the dif-
ference in ion yield from the left and right circularly polarised light for
a given enantiomer [2,3]. Switching the enantiomer, the sign of CDIY
is flipped. At the wavelengths where we performed the experiments,
a 1+1+1 resonance-enhanced multiphoton ionization in 3-MCP takes
place via the 𝜋* ← 𝑛 band, which exhibits a strong circular dichroism.
It was found that linear chirp enhances the CDIY. We systematically
investigated the reason behind the enhancement of CDIY for chirped
pulses.

[1] T. Ring et al., Rev. Sci. Instrum., 92, 033001, 2021
[2] U. Boesl and A. Bornschlegl, ChemPhysChem, 7, 2085, 2006
[3] H. G. Breunig et al., ChemPhysChem, 10, 1199, 2009

MO 23.6 Thu 17:00 Tent C
Time-Resolved Circular Dichroism Spectroscopy with Ultra-
fast Broadband Circularly Polarized Laser Pulses — ∙Karina
Heilmeier1, Emely Freytag2, Christina Kaufmann2, Frank
Würthner2, Christoph Lambert2, and Tobias Brixner1 —
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1Institut für Physikalische und Theoretische Chemie, Universität
Würzburg, Am Hubland, 97074 Würzburg, Germany — 2Institut
für Organische Chemie, Universität Würzburg, Am Hubland, 97074
Würzburg, Germany
Chiral exciton states that have a small dipole strength have only weak
contributions in linear absorption spectroscopy. However, such states
can be well resolved with circular dichroism spectroscopy. Analogously,
time-resolved circular dichroism (TRCD) spectroscopy may give infor-
mation on the ultrafast dynamics of these exciton states which cannot
be resolved with non-chiral transient absorption spectroscopy.[1]

Here, we report a TRCD setup based on the pump–probe approach
employing ultrafast broadband white-light probe pulses with left- and
right-handed circular polarization. The circular polarization is induced
by a polarization grating. In TRCD one measures the difference in ab-
sorption of left- and right-circularly polarized light of the excited and
non-excited states. To investigate the dynamics of chiral excitons, mea-
surements were carried out on a chiral squaraine dimer and a chiral
perylene bisimide dimer, both exhibiting excitonic coupling.

[1] L. Ress, P. Malý, J. B. Landgraf, D. Lindorfer, M. Hofer, J. Selby,
C. Lambert, T. Renger, T. Brixner, Chem. Sci. 14, 9328 (2023).

MO 23.7 Thu 17:00 Tent C
Electron correlation in circular dichroism and chirality-
induced spin selectivity — ∙Raoul M. M. Ebeling1, Maurice
Béringuier1, Vladimiro Mujica2, Daniel M. Reich1, and Chris-
tiane P. Koch1 — 1Freie Universität Berlin, Berlin, Germany —
2Arizona State University, Arizona, United States of America
We study two phenomena related to the interaction of chiral molecules
with circularly polarized light, absorption circular dichroism (CD), and
chirality-induced spin selectivity (CISS). We investigate both phenom-
ena in chiral hydrogen and chiral helium, two model systems into which
we introduce chirality via an artificial chiral potential. The chiral po-
tential is constructed from a superposition of spherical harmonics and
it can be interpreted as a way to mimic the chiral environment of a
real molecule. Alternatively, our chiral hydrogen and chiral helium
models could even be experimentally realized by placing the atoms in
a setup involving several electric fields. Quantifying the chirality of
the potential with a suitable measure, we find that it can be tuned
via the coefficients in the spherical harmonics expansion. We investi-
gate the influence of the strength of the chiral potential, the strength
of the spin-orbit coupling, and the strength of the electron-electron
interaction on both CD and CISS.

MO 23.8 Thu 17:00 Tent C

Towards Comparing the PECD Effect in Closed-Shell and
Open-Shell Chiral Molecules — ∙Viktoria K. Brandt, André
Fielicke, Gerard Meijer, and Mallory Green — Department of
Molecular Physics, Fritz Haber Institute of the MPG, Berlin
Photoelectron Circular Dichroism (PECD) is a chiral optical effect
that manifests in the angle-dependent photoemission of an electron
upon irradiation of a chiral molecule by circularly polarized light. A
PECD effect in anions was observed for the first time in 2021, showing
that forces other than long-range coulombic interactions can yield a
measurable PECD effect. To further explore the effect of short-range
forces, as well as the universal electron dynamics that govern PECD,
1-phenylethanol was investigated as a closed-shell deprotonated an-
ion, a dehydrogenated, neutral radical and a closed-shell neutral. A
photoelectron spectrum of the anion showed the presence of only two
deprotonated tautomers. However, the landscape of radical isomers,
formed by reaction with fluorine atoms, is calculated to be complicated
and includes a large number of achiral species, making a comparison
to the closed-shell species difficult. In the energy region that overlaps
with predicted spectra of chiral isomers, photoionization of the rad-
ical enantiomers shows a reversal of a small PECD effect. However,
statistics of this effect are low and confirmation of this effect is still in-
conclusive. At this point, only the closed-shell neutral has a confirmed
PECD measured at around 5%. Further work will focus on obtaining a
PECD of the closed-shell anion and identifying new molecular targets
with less complicated isomeric landscapes.

MO 23.9 Thu 17:00 Tent C
Raman Optical Activity Of Glucose — ∙Klaus Hofmann,
Luisa Martin, and Ingo Fischer — Universität Würzburg, 97074
Würzburg, Germany
Raman Optical Activity (ROA) is a type of vibrational circular dichro-
ism: chiral samples show different Raman intensities when utilizing
circular polarized light. The ROA signal is very sensitive to the molec-
ular geometry and environment of the sample, but also exhibits high
levels of noise and false signals, since the intensity difference is roughly
0.1% of the corresponding Raman peak.

Using a custom built cost-efficient ROA spectrometer, the signal of
the two glucose enantiomers in aqueous solution was recorded, with
exposure times of one week each. Python was used to automate the
setup modulation, data acquisition and post-processing. The result
agrees with literature and matches spectra acquired on commercially
availible spectrometer.

MO 24: Poster: Experimental Techniques

Time: Thursday 17:00–19:00 Location: Tent C

MO 24.1 Thu 17:00 Tent C
Ionic Liquids with Three-Valent Cations: Spectroscopic
Studies Towards Their Use as Reaction Media — ∙Max Sc-
ahdenfroh, Carina Allacher, Selina Reigl, Manuel Rothe,
Werner Kunz, and Patrick Nürnberger — Institut für Physikalis-
che und Theoretische Chemie, Universität Regensburg, 93040 Regens-
burg
Ionic liquids (ILs) are defined as salts with a melting point below
100 ∘C [1]. ILs are multifaceted systems with highly customizable phys-
ical and chemical properties, and thus offer a plethora of applications.
While classical ILs are often toxic and environmentally harmful, a new
class of ILs was introduced in 2018 [2], which better satisfies the prin-
ciples of Green Chemistry. These compounds rely on the COncept
of Melting Point Lowering due to EThoxylation (COMPLET). More
recently, this concept could be extended to three-valent cations [3].
Here, we present spectroscopic studies of ionic liquids containing Eu3+,
Y3+, and La3+ cations. Combining excitation and emission spec-
troscopy, an energy transfer from the anionic ligand to the metal upon
photoexcitation can be corroborated. This ligand-metal interaction
may be exploited in photochemical organic synthesis by utilization
of these ILs as solvent environment. The approach to combine cata-
lyst and solvent in one compound could be beneficial for confinement-
controlled synthesis and an alternative to conventional photocatalysts.
[1] H. Weingärtner, Angew.Chem. Int. Ed. 47, 654–670 (2008).
[2] E. Müller et al., J.Mol. Liq. 251, 61–69 (2018).

[3] M. Rothe et al., Chem.Eur. J., 27, 13052–13058 (2021).

MO 24.2 Thu 17:00 Tent C
Ultrafast dynamics of Metanil Yellow studied by time-
resolved transient absorption and XUV photoelectron
spectroscopies in solution — ∙Alina Khodko1,4, Matthew
Mgbukwu3, Camilo Granados1,3, Evgenii Titov2, Nataliia
Kachalova4,5, Valerii Voitsekhovych4, Igor Dmytruk4,6, Ste-
fan Haacke3, Oleg Kornilov1, and Jérémie Léonard3 — 1Max
Born Institute, Berlin, Germany — 2Institute of Chemistry, University
of Potsdam, Germany — 3Institut de Physique et Chimie des Matéri-
aux de Strasbourg, Université de Strasbourg, France — 4Institute
of Physics, Kyiv, Ukraine — 5L.M. Litvinenko Institute of Physical
and Organic Chemistry and Coal Chemistry, Kyiv, Ukraine — 6Taras
Shevchenko National University of Kyiv, Ukraine
The excited-state dynamics of the Metanil Yellow (MY) were stud-
ied by ultrafast transient absorption (TA) spectroscopy and state-of-
the-art XUV time-resolved photoelectron spectroscopy (TRPES). Here
the TA experiments were carried out with two excitation wavelengths,
𝜆=370 nm and 𝜆=490 nm, to investigate the non-hydrated and hy-
drated forms of the molecule and reveal differences in their dynamics in
two solvents: water and ethanol. In TRPES experiments the dynamics
were studied in water solution, using a 𝜆=400 nm pump, thus exciting
both forms. In general, the timescales from the TRPES experiments
are in good agreement with the results from the TA measurements.
Based on quantum chemical calculations, the dynamics are tentatively
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assigned to the S2*S1 conversion followed by relaxation to a long-lived
state, the nature of which remains to be confirmed.

MO 24.3 Thu 17:00 Tent C
A through-flow cell for highly-resolved Stark effect mea-
surements of Rydberg states in thermal nitric oxide —
∙Florian Anschütz1, Ettore Eder1, Fabian Munkes1, Alexan-
der Trachtmann1, Philipp Hengel2, Yannick Schellander3,
Patrick Schalberger3, Matthew Rayment4, Stephen Hogan4,
Norbert Fruehauf3, Jens Anders2, Robert Löw1, Tilman
Pfau1, and Harald Kübler1 — 15. Physikalisches Institut, Uni-
versität Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart — 2Institut
für Intelligente Sensorik und Theoretische Elektrotechnik, Univer-
sität Stuttgart, Pfaffenwaldring 47, 70569 Stuttgart — 3Institut für
Großflächige Mikroelektronik, Universität Stuttgart, Allmandring 3b,
70569 Stuttgart — 4Department of Physics and Astronomy, University
College London, Gower Street, London WC1E 6BT, UK
We show the setup of a glass cell equipped for the electric readout
of Rydberg states in nitric oxide (NO) at room temperature. The
field distribution is discussed and our results on both the Stark effect
and the collisional shift and broadening of Rydberg states in NO is
presented.

MO 24.4 Thu 17:00 Tent C
Near field spectroscopy of molecular aggregates with topolog-
ical phases — ∙Sidhartha Nayak, Aritra Mishra, and Alexan-
der Eisfeld — Max Planck Institute for the Physics of Complex
Systems, Dresden, Germany
In this theoretical study, we focus on delocalized electronic excitonic
states in molecular aggregates, particularly those exhibiting topolog-
ical phases. It has been shown that a two-dimensional molecular ag-
gregate, composed of two different sublattices and complex transition
dipole moments, possesses topological edge states [1]. However, these
states are predominantly ’dark’ in traditional far-field absorption spec-
tra. We consider a typical scattering scanning optical near-field mi-
croscopy (s-SNOM) setup, where the aggregate interacts with the near
field stemming from a metallic tip [2, 3]. With the help of s-SNOM, we
can not only excite these dark states but also record spatially resolved
absorption spectra, revealing clear signatures of both excitonic edge
states and bulk states.
[1] J.Y. Zhou, S. K. Saikin, N.Y. Yao and A. Aspuru-Guzik, Nature
materials 13, 1026-1032 (2014)
[2] X. Gao and A. Eisfeld, J. Phys. Chem. Lett. 9, 6003 (2018)
[3] S. Nayak, F. Zheng and A. Eisfeld, J. Chem. Phys. 155, 134701
(2021)

MO 24.5 Thu 17:00 Tent C
Installation of a hollow cathode molecular ion source —
∙Julian Rimatzki, Simon Reinwardt, and Michael Martins —
Universität Hamburg, Hamburg, Deutschland
A research plan has been devised for studying inner-shell photoioniza-
tion of molecular ions with a small thermal energy at the photon-ion
spectrometer at PETRA III (PIPE)[1] of DESY in Hamburg. First
result to characterise the plasma of a hollow cathode ion source will be
shown. Such a characterisation can be obtained by studying COH+

and HCO+ isomers in the gas phase using soft X-Ray spectroscopy.
The challenge of forming ions in a higher geometrical state like the
COH+ can be solved by using a ion source with a plasma temperature
below 18.000 K [2].

We are undergoing the construction and parametrization of our new
Ion source at the PIPE-setup. We will present first results to form
homogeneous ion beams with only one constitutional isomer.

[1] Schippers, S. et al., X-ray Spec., 2020, 49, 11.
[2] Nobes, R. H., Radom, L., Chem. Phys., 1981, 60, 1.

MO 24.6 Thu 17:00 Tent C

Characterization of a simple supersonic expansion source for
small molecular ions — ∙Lukas Berger1, Aigars Znotins1,
Florian Grussie1, Damian Müll1, Felix Nüsslein1, Arnaud
Dochain2, Joffrey Fréreux2, Xavier Urbain2, and Holger
Kreckel1 — 1Max-Planck-Institut für Kernphysik, 69117 Heidelberg,
Germany — 2Institute of Condensed Matter and Nanosciences, Uni-
versité Catholique de Louvain, Louvain-la-Neuve, B-1248 Belgium
The Cryogenic Storage Ring (CSR) at the Max Planck Institute for
Nuclear Physics in Heidelberg is an electrostatic storage facility with
a circumference of approx. 35 m that can be cooled to cryogenic tem-
peratures (∼4 K) by a closed-cycle liquid helium unit. The blackbody
radiation field is strongly reduced compared to room-temperature ex-
periments, and small infrared-active molecular ions will cool to their
lowest rotational states within minutes in this environment, allow-
ing for experiments with ions in defined quantum states. However,
some astrophysically relevant molecular ions do not cool on accessi-
ble timescales, owing to the lack of a permanent dipole moment. To
address this issue, we have developed a simple supersonic expansion
ion source, based on a commercial pulsed valve and static discharge
voltages. We have characterized the source performance with N2O+

ions, conducting experiments at the STARGATE setup at UCLouvain
(Louvain-la-Neuve, Belgium), which resulted in internal temperatures
between 40 K and 200 K. The ion source was then integrated into the
ion source platform of the CSR to deliver cold ions for merged beams
experiments. The design and performance will be presented.

MO 24.7 Thu 17:00 Tent C
Resonance Energy Transfer Involving Chiral Molecules and
Macroscopic Environment — ∙Janine C. Franz1,2, Stefan
Yoshi Buhmann1, and A. Salam3 — 1University Kassel, Germany —
2University Freiburg, Germany — 3Wake Forest University, Winston-
Salem, USA
Resonance energy transfer between chiral molecules can be used to
discriminate between different enantiomers. The transfer rate be-
tween chiral molecules consists of nondiscriminatory and discrimina-
tory parts. We show that their ratio is usually larger in the far zone
regime and that the degree of discrimination can be modified when
considering a surrounding medium. We highlight the importance of
local field effects on the degree of discrimination, predict the optimum
dielectric medium for general identical chiral molecules for discrimina-
tion, and show that exotic media can even invert the discriminatory
effect. When considering a chiral medium, the environment can ac-
tively participate in the discrimination, but the local-field corrections
become more involved. We show that the local-field corrections in a
chiral medium then lead to a surprising effect in the discrimination.

MO 24.8 Thu 17:00 Tent C
Relayed hyperpolarization for zero- to ultralow-field nu-
clear magnetic resonance — ∙Erik Van Dyke1,2,3, James
Eills1,2,3,4, Roman Picazo-Frutos1,2,3, Kirill Sheberstov1,2,3,5,
Yinan Hu1,2,3,6, Dmitry Budker1,2,3,7, and Danila Barskiy1,2,3

— 1Helmholtz Institute Mainz, Mainz, Germany — 2Johannes Guten-
berg University, Mainz, Germany — 3GSI Helmholtz Center for Heavy
Ion Research, Darmstadt, Germany — 4Institute for Bioengineering
of Catalonia, Barcelona, Spain — 5Ecole normale superieure, Paris,
France — 6Chinese Academy of Sciences, Beijing, China — 7University
of California at Berkeley, Berkeley, USA
Zero- to ultralow-field nuclear magnetic resonance (ZULF NMR) pro-
vides rich spectroscopic information in the absence of large magnetic
fields. Still, signal acquisition requires a bulk magnetic moment for
detection. We demonstrate that the parahydrogen-based Signal Am-
plification by Reversible exchange-Relay method (SABRE-Relay) can
be used to generate hyperpolarized analytes for ZULF-NMR by ob-
serving J-spectra of methanol and ethanol (from vodka) at natural
13C isotopic abundance. The magnetic-field dependence of SABRE
efficiency is also shown.
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MO 25: Novel Experimental Approaches

Time: Friday 11:00–12:45 Location: HS 3044

MO 25.1 Fri 11:00 HS 3044
Cryo-cooled beams of "small" macromolecules — ∙Jingxuan
He1,2,3, Lena Worbs1,2, Surya Kiran Peravali1,4, Armando
D. Estillore1, Amit K. Samanta1,3, and Jochen Küpper1,2,3

— 1Center for Free-Electron Laser Science (CFEL), Deutsches
Elektronen-Synchrotron DESY, Hamburg, Germany — 2Department
of Physics, Universität Hamburg, Germany — 3Center for Ultra-
fast Imaging (CUI), Universität Hamburg, Germany — 4Fakultät für
Maschinenbau, Helmut-Schmidt-Universität,Germany
We have demonstrated the preparation of cold and controlled beams of
nanoparticles and macromolecules that are desired for x-ray single par-
ticle diffractive imaging (SPI) using the buffer-gas cell (BGC) cooling
and aerodynamic focusing techniques [1-2]. The cooling and control
techniques we developed for SPI can be extended to experiments to
study the electron dynamics in complex biomolecules on the few fem-
tosecond timescale, such as charge and energy transfer following elec-
tronic excitation, where the details have not been revealed so far [3].
We present an approach towards investigating the time-resolved ultra-
fast dynamics in proteins with UV/VIS ultrashort-pulse lasers. The
photoexcitation-induced energy transfer, for instance, can be studied
by photofragmentation of cryogenically-cooled proteins with time-of-
light mass spectrometry and velocity-map-imaging.

[1] A. K. Samanta, et al., Structural dynamics 7, 024304 (2020)
[2] L. Worbs, et al., In preparation, (2024)
[3] H. Duan, et al., PNAS 114, 8493 (2017)

MO 25.2 Fri 11:15 HS 3044
Characterizing temperature, charging and adsorption dy-
namics of single nanoparticles — ∙Björn Bastian, Sophia
Leippe, Kleopatra Papagrigoriou, and Knut Asmis — Wilhelm-
Ostwald-Institut, Linnéstraße 2, D-04103 Leipzig
Single nanoparticle (NP) techniques allow to probe intrinsic properties
of nanoparticles, but typically rely on surface deposition. Instead, we
develop the analysis of single NPs in the gas phase using a cryogenic
radio-frequency ion trap and UV/Vis or IR action spectroscopy. Ab-
sorption is indirectly monitored using NP mass spectrometry (NPMS):
the produced heat causes the loss of messenger atoms or molecules that
are adsorbed to the particle surface. Here, we present current progress
on controlling and characterizing the charge state, temperature and
surface coverage of single trapped NPs that will ease the implementa-
tion and quantitative analysis of future experiments.

Inducing charge changes is crucial for absolute mass determination
and facilitates control in long experiments (∼ days). Using a filament
to emit electrons for electron attachment or charge transfer—mediated
by different collision gases at different pressures —we demonstrate full
control of the charge state of positively charged silica NPs.

Characterizing binding sites and energies is an important goal for
NP characterization and essential for quantitative action spectroscopy.
Extensive adsorption measurements on silica NPs are presented and we
demonstrate in situ fluorescence thermometry for semiconductor quan-
tum dots. We will report on the latest progress to simultaneously mea-
sure temperature and adsorption on single fluorescent nanoplatelets.

MO 25.3 Fri 11:30 HS 3044
Laser-induced alignment of macromolecules and nanoparti-
cles — ∙Lukas Vincent Haas1,2,3, Xuemei Cheng1, Muhamed
Amin1, Amit Kumar Samanta1,2,3, and Jochen Küpper1,2,3

— 1Center for Free-Electron Laser Science (CFEL), Deutsches
Elektronen-Synchrotron DESY, Hamburg, Germany — 2Department
of Physics, Universität Hamburg, Germany — 3Center for Ultrafast
Imaging (CUI), Universität Hamburg, Germany
X-ray free-electron lasers (XFELs) promise to enable the diffractive
imaging of single molecules and nanoparticles, while image reconstruc-
tion remains a major bottleneck in achieving atomic spatial resolu-
tion [1]. Laser-induced alignment of nanoparticles and macromolecules
has the potential to improve the achievable resolution by reducing the
complexity of the diffraction volume search space and push it toward
the atomic scale [2]. Here, we will present quantitative computational
modeling of nanoparticle alignment using classical mechanics and elec-
trodynamics [3] and first experimental evidence of laser-induced align-
ment of tobacco mosaic virus (TMV) in a setup that is applicable to
XFEL experiments [4]. Furthermore, a recently conducted XFEL ex-

periment provides first results on diffractive imaging of laser-aligned
TMV. Comparing computational and experimental results, we can con-
clude that a high degree of alignment is achieved for TMV in our ex-
periments.

[1] K. Ayyer, et al., Optica 8(1) (2021)
[2] J. C. H. Spence, et al., Phys. Rev. lett. 92, 198102 (2004)
[3] M. Amin, et al., arXiv:2306.05870 [physics], (2023)

MO 25.4 Fri 11:45 HS 3044
Charge density model for the interaction of molecules with
vortex beams — Mikhail Maslov1, Georgios M. Koutentakis1,
∙Mateja Hrast1, Oliver H. Heckl2, and Mikhail Lemeshko1 —
1Institute of Science and Technology Austria (ISTA), Klosterneuburg,
Austria — 2Christian Doppler Laboratory for Mid-IR Spectroscopy
and Semiconductor Optics, Faculty Center for Nano Structure Re-
search, Faculty of Physics, University of Vienna, Austria
We present a new model for the interaction of molecules with the
orbital angular momentum of light, which has long been argued to
benefit structural studies and quantum control of molecular ensem-
bles. We derive a general description of the light-matter interaction
in terms of the coupling between spherical gradients of the electric
field and an effective molecular charge density that exactly reproduces
molecular multipole moments. Our model can accommodate for an
arbitrary complexity of the molecular structure and is applicable to
any electric field, with the exception of tightly focused beams. Within
this framework, we derive the general mechanism of angular momen-
tum exchange between the spin and orbital angular momenta of light,
molecular rotation and its center-of-mass motion. We demonstrate
that vortex beams strongly enhance certain ro-vibrational transitions
that are considered forbidden in the case of a non-helical light.

MO 25.5 Fri 12:00 HS 3044
Investigation on the dynamics of single atom catalysis in
superfluid helium nanodroplets — ∙Wentao Chen, Brendan
Wouterlood, and Frank Stienkemeier — Institute of Physics,
University of Freiburg, 79104 Freiburg
We introduce a new experimental approach on the dynamics of single
atom catalysis in superfluid helium nanodroplets. Single-atom cat-
alysts have recently emerged as a new type of catalysts which are
comprised of one metal atom and has different catalytic properties
compared to bulk-particle catalysts. The common way to form single-
atom catalysts is to isolate a single metal atom on a supporting sur-
face, which makes it difficult to characterize the catalytic activity of
the single atom and separate the influence of the surface. Super-
fluid helium nanodroplets can be an ideal tool to form the isolated
molecule-metal atom complexes by doping the reactant molecule and
the metal atom successively. Specifically, we were able to form 1,8-
octanediol- Aun(n=0-2) complexes without a supporting surface by
sequentially doping octanediol and a gold atom in helium droplets.
After ionizing the complexes by electron impact and comparing the
fragment, it has been found that the complexes with Au atoms promi-
nently produce C2H4+ in this dissociative reaction, while the com-
plexes without Au atoms have more diverse fragments: C2H4+, HCO+
and CH2OH+. We plan to use femtosecond pump-probe spectroscopy
and photoelectron-photoion coincidence methods to study the real-
time dynamics of the octanediol- Aun complex during the reaction.

MO 25.6 Fri 12:15 HS 3044
Nanophotonics for precise mid-infrared molecular spec-
troscopy — ∙Jérémie Pilat1, Lucas Deniel1, Melissa A.
Guidry2, Daniil M. Lukin2, Bingxin Xu1, Kiyoul Yang2,
Joshua Yang2, Jelena Vučković2, Theodor W. Hänsch1,3, and
Nathalie Picqué1,4 — 1Max-Planck Institute of Quantum Optics,
Garching, Germany — 2E. L. Ginzton Laboratory, Stanford Univer-
sity, Stanford, California, USA — 3Ludwig-Maximilian University of
Munich, Faculty of Physics, München, Germany — 4Max Born Insti-
tute, Berlin, Germany
A nanophotonic silicon-carbide waveguide on a 5x5 mm2 chip dramati-
cally simplifies comb-assisted mid-infrared spectroscopy. The emerging
4H silicon carbide (SiC) on insulator platform provides a high refrac-
tive index, strong second- and third-order optical nonlinearity, low
losses, and a broad transparency range. Here, a mode-locked laser at
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1560 nm excites a dispersion-engineered SiC waveguide. This simul-
taneously enables frequency-comb self-referencing with an integrated
f-2f interferometer and mid-infrared dispersive-wave frequency-comb
generation at low 120-pJ pulse energies. By stabilizing the carrier-
envelope offset frequency beatnote 𝑓ceo provided by the integrated f-2f
interferometer and the repetition rate of the mode-locked laser, accu-
rate tunable-laser molecular spectroscopy of methane is demonstrated
at 3.6 𝜇m. Our new tool opens up new opportunities for precision
measurements in the mid-infrared molecular fingerprint region, where
most molecules exhibit characteristic intense rovibrational transitions,
of interest to fundamental research and environmental sensing.

MO 25.7 Fri 12:30 HS 3044
Azobenzene based lipids as a tool to manipulate physiochem-
ical properties of membrane mimetic systems via light —
∙Justin Hornbogen1, Ritu Rajender2, Stefan Kins2, Annette
Meister3, David Glück4, Sandro Keller4, and Rolf Diller1 —
1Phys. Dept., RPTU, 67663 Kaiserslautern, GER. — 2Human Biol.
Dept., RPTU, 67663 Kaiserslautern, GER. — 3Inst. Biochem. and

Biotech., MLU, 06120 Halle, GER. — 4Inst. Molecular Bioscience
(IMB), Univ. of Graz, 8010 Graz, AUT.
Regulation of physiological membrane properties is an auspicious ap-
proach towards the treatment of various illnesses, e.g. Alzheimer dis-
ease (AD). Azobenzene (AB) decorated lipids are used to manipu-
late membranes by photoinduced AB trans(E)/cis(Z)-isomerization.
We present the photophysical switching behaviour of 18:0-azo-
phosphatidylcholin incorporated into unilamellar phosphatidylcholine
(POPC or DMPC) LUV’s and glycodiisobutylene/maleic acid lipid
particles (POPC- or DMPC-nanodiscs). In addition, we explore the
physicochemical impact of AB isomerization by means of methods like
(transient) UV/Vis spectroscopy, TEM, DLS and others. The self-
assembling nanoparticles can serve as a model system to investigate
biochemical functionality of membrane proteins in native-like biomem-
branes while altering membrane properties such as structure, thickness,
lateral pressure, permeability etc. through a light stimulus. Ongoing
purification and incorporation of APP and 𝛾-secretase may reveal an
influence of AB isomerization on the generation of pathogenic amyloid
plaques and 𝛾-secretase activity related to AD.

MO 26: Cluster

Time: Friday 14:30–16:00 Location: HS 3042

MO 26.1 Fri 14:30 HS 3042
Setup for time- and energy-resolved fluorescence measure-
ments of collective effects in polyacene aggregates attached to
rare gas clusters — ∙Aleksandr Demianenko, Moritz Michel-
bach, Sebastian Hartweg, and Frank Stienkemeier — Institute
of Physics, University of Freiburg, Germany
Collective effects in organic semiconductors affect excited state life-
times, important for organic optoelectronic and photovoltaic appli-
cations. A complete understanding of the energy level structure,
and decay mechanisms require high spectral and temporal resolution.
We present a setup combining conventional laser-induced fluorescence
(LIF) spectroscopy with time-correlated single photon counting (TC-
SPC) and discuss advantages and implementation challenges. Using
wavelength-tunable nanosecond dye laser pulses allows us to measure
high-resolution LIF spectra of transitions to highly excited states of
tetracene embedded in superfluid helium nanodroplets, or deposited
on solid rare-gas clusters. The newly implemented TCSPC detection
in combination with a femtosecond laser system is aimed at studying
radiative and non-radiative decay mechanisms connected to collective
effects in aggregates of polyacenes. This technique allows us to cover
the sub-ns lifetime region not previously reachable in our fluorescence
measurements.

MO 26.2 Fri 14:45 HS 3042
Investigation of the homogeneous linewidth of organic
molecules on solid rare-gas clusters — ∙Arne Morlok, Ul-
rich Bangert, Yilin Li, Felix Riedel, Leonie Werner, Lukas
Bruder, and Frank Stienkemeier — University of Freiburg, Insti-
tute of Physics, Hermann-Herder-Str. 3, 79104 Freiburg, Germany
Doped rare-gas clusters are a well-established model system to study
molecular systems. In order to harness the full potential of such
cluster isolation techniques, it is crucial to understand the residual
system-bath interaction between cluster and dopant. We employ two-
dimensional electronic spectroscopy (2DES) to study the interaction
of organic molecules with solid rare-gas clusters, which allows us to re-
solve the ensemble inhomogeneity and retrieve information about the
molecule-cluster binding configurations [1]. Previously, this approach
was applied to resolve the homogeneous linewidth of phthalocyanine
molecules attached to neon clusters and ultimately provided a deeper
understanding of the structural configurations in a nanoconfined sys-
tem [2].

We extended this investigation in varying the cluster species and im-
proving the data acquisition scheme, since the previous measurements
were limited by long acquisition times. First results are presented,
which suggest differences in the homogeneous linewidth and dynamics
depending on the cluster species.

[1] L. Bruder et al., J. Phys. B: At. Mol. Opt. Phys. 52 183501
(2019).

[2] U. Bangert et al., Nat. Commun. 13 3350 (2022).

MO 26.3 Fri 15:00 HS 3042
Collision dynamics and uptake of alcohol molecules by hy-
drated nitric acid clusters — Yihui Yan1, Karolína Fárníková2,
Andriy Pysanenko2, Eva Pluhařová2, Michal Fárník2, and
∙Jozef Lengyel1 — 1TU München, Garching, Germany — 2Czech
Academy of Sciences, Prague, Czechia
Aerosol particles represent one of the most important, yet perhaps
the least understood, components of our atmosphere. Due to their
influence on global climate, there is a need for detailed kinetic data
to be used in climate prediction models. We have therefore devel-
oped a novel method for quantifying the uptake process of various
molecules by hydrated HNO3 clusters using a pickup technique. Our
experiment combines mass spectrometry of the clusters with velocity
measurements. However, the evaluation of the uptake cross sections
from the experimental data is based on simplifying assumptions about
the molecule-cluster collisions. We validate these assumptions through
extensive MD simulations. These calculations allow evaluation of the
scattering and uptake processes in the collisions, and subsequently the
uptake cross sections can be derived and compared to the experimental
values. Herein, we examine the uptake of different alcohol molecules
by hydrated HNO3 clusters. We discuss the dependence of uptake on
the length of the carbon chain (i.e., size, mass, and hydrophobicity)
and on steric effects. The combination of experimental data with simu-
lations provides insight into the dynamics involved in molecule-cluster
collisions, which is essential for validating our experimental approach.

MO 26.4 Fri 15:15 HS 3042
Mass Spectrometry Analysis of Binary Formic Acid-Water
Clusters upon Collision with Electrons — ∙Kevin Li1, Jozef
Ďurana2, Michal Fárník2, and Jozef Lengyel1 — 1TU München,
Garching, Germany — 2Czech Academy of Sciences, Prague, Czechia
A significant portion of atmospheric particles is formed through the
nucleation and condensation of precursor gases in a process known
as new particle formation (NPF), where organic acids play a crucial
role as key precursor gases that enhance nucleation rates. It is, there-
fore, essential to understand the collisions of gas-phase molecules with
clusters and to establish protocols for analyzing these particles us-
ing mass spectrometry. This is particularly important for hydrogen-
bonded particles, as they frequently undergo extensive fragmentation
upon ionization. In our experiments, mixed clusters of formic acid
and water were produced in supersonic expansion and subsequently
investigated by mass spectrometry using different ionization meth-
ods, namely (i) the electron ionization at 70 eV (EI) and (ii) the
low energy electron attachment (EA). While for positive ionization
mainly protonated clusters (H2O)n/(HCOOH)m/H+ were detected,
negative mass spectroscopy revealed two species, (H2O)n/(HCOOH)-m
and (H2O)n/(HCOOH)m-1/HCOO-. Both techniques indicate that
higher water content in the solution results in clusters with a high de-
gree of hydration and fewer formic acid molecules. Additionally, the
fraction of the two anionic species is influenced by cluster size, level
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of hydration, and electron energy. The detailed behavior of ionization
will be discussed in the presentation.

MO 26.5 Fri 15:30 HS 3042
Electron scattering in neutral water clusters — ∙Katinka
Horn1, Svetlana Tsizin1, Loren Ban1, Sebastian Hartweg2,
Petra Hoffmann1, Egor Chasovskikh1, Bruce L. Yoder1, and
Ruth Signorell1 — 1ETHZ, Laboratory of Physical Chemistry,
Switzerland — 2University of Freiburg, Institute of Physics, Germany
A detailed understanding of low-energy electron scattering in water
(with kinetic energies below 100 eV) is crucial to modeling and con-
trolling many processes occurring in nature, ranging from atmospheric
chemistry to radiation biology. While condensed and gas phase elec-
tron scattering cross sections are known for water, analogous data for
scattering in water clusters is still missing. This is the case even though
clusters, often exhibiting unique/tunable properties, are of great inter-
est for bridging the gap between the gas and condensed phases. The
presented work is an extension and refinement of previous studies,
providing more detailed information on electron scattering in neutral
water clusters of various sizes ionized with photon energies up to ~50
eV. Electron transport scattering in water clusters was investigated by
angle-resolved photoelectron spectroscopy. The scattering cross sec-
tions for the model were retrieved from cluster-size and energy re-
solved data contained in the photoelectron anisotropy parameter 𝛽.
We found larger electron scattering cross sections for clusters than
for the condensed phase, likely due to reduced dielectric screening in
clusters. Good agreement to experiment is achieved with a condensed
phase scattering model, using a kinetic energy and scattering channel

dependent scaling of bulk cross sections.

MO 26.6 Fri 15:45 HS 3042
Electron transfer processes and the formation of solvated di-
electrons by UV excitation in sodium-ammonia clusters —
∙Sebastian Hartweg1,2, Jonathan Barnes3, Bruce L. Yoder3,
Gustavo A. Garcia2, Laurent Nahon2, Evangelos Miliordos4,
and Ruth Signorell3 — 1Institute of Physics, University of Freiburg,
Germany — 2Synchrotron Soleil, St. Aubin, France — 3DCHAB, ETH
Zürich, Switzerland — 4Auburn University, Alabama, USA
Solvated electrons play important roles in the origin and formation of
radiation damage in biological tissue as well as for large-scale chemical
synthesis. Electron solvation has first been observed in alkali ammo-
nia solutions. These systems with their many peculiar concentration
dependent properties[1-3] including the formation of stable solvated di-
electrons and a transition to a metallic phase, are not well understood
on a molecular level, despite the many studies conducted on them.

I will present our recent photoelectron/photoion coincidence study
with support from quantum chemical calculations[4], in which we could
identify different electron transfer processes occurring in sodium am-
monia clusters upon interaction with UV and VUV radiation. Among
these processes, the formation of transient solvated dielectrons and
their subsequent decay via an electron-transfer mediated decay pro-
cess constitutes the first direct observation of solvated dielectrons.

1.Zurek, E., et al. Angew. Chem. Int. Ed., 2009. 48(44)
2.Buttersack, T., et al. Science, 2020. 368(6495)
3.Hartweg, S., et al. Angew. Chem. Int. Ed., 2016. 55(40)
4.Hartweg, S., et al. Science, 2023. 380(6650)

MO 27: Ultrafast Dynamics III and High-harmonic Generation (joint session MO/A)

Time: Friday 14:30–16:30 Location: HS 3044

MO 27.1 Fri 14:30 HS 3044
Absolute photoemission timing in neon — ∙Maximilian
Forster, Maximilian Pollanka, Christian Schröder, and Rein-
hard Kienberger — Chair for laser and x-ray physics, E11, Technis-
che Universität München, Germany
We measure the relative photoemission time delay between the Ne2p,
Ne2s and the Iodine 4d states in iodomethane utilizing attosecond
streaking. This allows us to experimentally determine the absolute
time delay of neon 2s and 2p photoelectrons for the first time. The de-
lay of neon, being the first ever evidence of atomic delay, has received
repeated attention by both experimental and theoretical investigations
due to the large cross section and convenient properties of neon. While
helium has been the gold standard for absolute time delay measure-
ments, enabled by remarkable theoretical agreement, due to spectral
overlap helium cannot be used to reference neon. Recent developments,
namely the availability of different chronoscopes, enable measuring the
absolute time delay of neon. We take the path via iodomethane and the
I4d core state, which has been timed on an absolute scale, and use it
to reference neon. The delay between Ne2s and Ne2p can be extracted
simultaneously, allowing for a positive consistency check with previous
experiments conducted only with neon. Timing neon on an absolute
scale allows an assignment of absolute values to these experiments in
retrospect and establishes neon as a chronoscope species.

MO 27.2 Fri 14:45 HS 3044
Isosteric molecules in the time-domain — ∙Maximilian Pol-
lanka, Christian Schröder, Maximilian Forster, and Reinhard
Kienberger — Physik Department, Technische Universität München,
James-Franck-Str. 1, 85748 Garching, Germany
We report on absolute photoemission timing measurements on isosteric
molecules in the gas phase. Photoemission time delays are accessed
via streaking spectroscopy on attosecond timescales. To be able to
(directly) access absolute photoemission times of the respective outer
and inner valence states of N2O and CO2 we are using iodomethane
(I4d) as a timing reference. In a complementary study He was used as
reference to cross-check the results as well as to verify the usability of
the respective chronoscope species. Due to the similarities in molecular
structure (isostericity) and electronic configurations (isoelectronicity)
between these investigated molecules, the pure effect of the specific
molecular/orbital characteristics is expected to be probed. Addition-
ally, N2 and CO is studied in the same way on the basis of their isos-

teric behavior. The experimental data show great similar tendencies
but also differences between the compared molecular orbitals, which
are determined but not completely understood up to now. Nonethe-
less, recent theoretical calculations hint towards an additional channel
coupling photoemission time delay contribution that can be assigned to
electron correlations responsible for re-disturbing the excitation among
different final photoionization channels.

MO 27.3 Fri 15:00 HS 3044
Attosecond time-resolved coincidence spectroscopy of ethy-
lene — ∙Barbara Merzuk1, David Busto1,2, Ioannis Makos1,
Dominik Ertel1, Marvin Schmoll1, Benjamin Steiner1, Fabio
Frassetto3, Luca Poletto3, Robert Moshammer4, Claus Di-
eter Schröter4, Thomas Pfeifer4, Serguei Patchkovskii5,
Jakub Benda6, Zdeněk Mašín6, and Giuseppe Sansone1 —
1Albert-Ludwigs-Universität Freiburg,Germany — 2Lund Univer-
sity,Sweden — 3CNR,Padova,Italy — 4MPIK,Heidelberg,Germany —
5MBI Berlin,Germany — 6Charles University,Prague,Czech Republic
Studying photoionization dynamics and characterising the time de-
lays associated with the photoemission of an electron wave packet can
unveil important characteristics of coupled electronic-nuclear dynam-
ics in molecular systems. Attosecond photoelectron spectroscopy in
combination with electron-ion coincidence detection is beneficial since
this allows disentangling the different photoionization and dissociation
channels. Additionally, it may give access to the orientation of the
molecule at the instant of photoionization. Using our experimental
setup that consists of an attosecond beamline, based on high-order
harmonic generation operating at 50 kHz repetition rate, we investi-
gate the photoionization dynamics in ethylene molecules by perform-
ing RABBIT (Reconstruction of Attosecond Beating By Interference of
Two-photon transitions) measurements while detecting photoelectrons
and photoions in coincidence. The experimental results are interpreted
with the help of multi-electron R-matrix calculations of two-photon
ionization.

MO 27.4 Fri 15:15 HS 3044
Probing well aligned molecular environments on surfaces via
attosecond streaking — ∙Pascal Scigalla1, Sven Paul1, Chris-
tian Schröder1, Peter Feulner2, and Reinhard Kienberger1

— 1Chair for laser and x-ray physics, E11, Technische Universität
München, Germany — 2Surface and Interface Physics, E20, Technis-
che Universität München, Germany
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We report on the photoemission timing measurements of well-aligned
iodomethane and -ethane molecules on a Pt111 surface. In this set
of experiments, we clock the I4𝑑 photoemission of iodine against the
Platinum valence photoemission using the attosecond streak camera
technique, allowing the extraction of a relative photemission delay. As
the 𝐼4𝑑 photoemission in the selected energy range is dominated by
a giant resonance in the 𝐼4𝑑 → 𝑒𝑓 channel, its photoemission time
is mostly unaffected by its chemical environment; thus, any observed
change in the photoemission delay can be attributed to the traversed
potential landscape of the molecule. By carefully selecting the detec-
tion angle and crystal surface coverage we can reliably choose whether
only parts of the molecule or its entirety was traversed by the detected
photoelectron wavepackets. It is furthermore possible to investigate
the influence of slight coverage variations onto the observed photoe-
mission delay. Planned, complementary scattering simulations will be
used to gain deeper insight into the observations with the goal to es-
tablish photoemission timing experiments as an efficient and accurate
means to study molecular environments on surfaces.

MO 27.5 Fri 15:30 HS 3044
Automatic optimization of intense high-harmonic pulses
— ∙José Gómez Torres, Frederic Ussling, Simon Wächter,
Alessandro Colombo, Linos Hecht, Katharina Kolatzki,
Alexandre Rosillo Vorsin, Mario Sauppe, and Daniela Rupp —
ETH Zurich, Laboratory for Solid State Physics, John-von-Neumann-
Weg 9, 8093 Zurich, Switzerland
High harmonic generation (HHG) allows the production of extreme
ultraviolet pulses ranging from picosecond up to attosecond timescales
from intense infrared (IR) pulses, making it an invaluable tool for the
study of ultrafast phenomena. It has been recently demonstrated that
HHG is capable of producing pulses intense enough for diffraction ex-
periments like coherent diffraction imaging of isolated nanoparticles
[1]. Very intense pulses of short time duration in a stable delivery over
hours are necessary for this, requiring a time-consuming optimization
of the experimental parameters. We developed a tool for the auto-
matic optimization of HHG parameters, sweeping different geometric
parameters of the setup and measuring for each step the pulse energy
achieved. Due to the complexity of simulating the specific conditions
of the experiment, this trial and error approach is a necessary final step
to achieve the highest pulse energy. In order to optimize the XUV peak
focal intensity, we perform electron spectroscopy on a diffuse gas in the
focus region. Via IR-XUV pump probe, RABBITT measurements can
be carried out for the temporal characterization of pulses.

[1] D. Rupp et al., Nature Communication 8, 493 (2017)

MO 27.6 Fri 15:45 HS 3044
Orbital interference effects in low-order harmonic genera-
tion in benzene — ∙Samuel Schöpa, Falk-Erik Wiechmann,
Franziska Fennel, and Dieter Bauer — Universität Rostock, Ro-
stock, Germany
We explore the impact of the driving laser’s ellipticity and polariza-
tion on the low-order harmonic spectrum of benzene and find a strong
interference in the 5th harmonic between emission originating from
transitions between 𝜋 orbitals and emission from 𝜎 orbitals. The con-
tribution of the 𝜋 orbitals entirely vanishes due to interference for
driving with a laser polarized along a 𝜎𝑣 mirror axis. However, the

𝜋 orbital’s contribution takes over for elliptic polarization while being
fundamentally different from the 𝜎 orbital emission, i.e., having the
opposite helicity and a perpendicular major polarization axis. The
resulting interference yields a complex dependence of the low-order
harmonic spectrum of benzene on the ellipticity and the polarization
of the driving field.

MO 27.7 Fri 16:00 HS 3044
Observation of HHG from organic molecular crystals
— ∙Falk-Erik Wiechmann1, Samuel Schöpa1, Alexander
Villinger2, Dieter Bauer1, and Franziska Fennel1 — 1Institute
of Physics, Rostock, Germany — 2Institute of Chemistry, Rostock,
Germany
This project aims at a detailed understanding of the harmonic genera-
tion process in large organic molecules in the crystalline phase. Unlike
previous studies, which were limited to small molecules in the gas
phase, we introduce organic molecular crystals as a novel target for
HH spectroscopy, taking advantage of the inherent molecular align-
ment. Unlike in gas phase experiments, neighboring molecules in or-
ganic crystals experience a weak but finite coupling, leading to ’solid
like’ features, e.g. a delocalization of the electronic states over sev-
eral unit cells. With a fundamental 4000 nm mid-IR beam reaching 6
TW/cm2 we demonstrate that HHG up to the order of 17 is possible
without imposing physical damage. When the fundamental driving
polarization is rotated, maxima of harmonic emission occur at po-
larization directions parallel to connecting axes between neighboring
molecules, reflecting the crystal structure. Despite the linearly polar-
ized driving field, the emitted harmonics exhibit elliptical polarization
with a main axis different from the fundamental polarization direction.

MO 27.8 Fri 16:15 HS 3044
High-order Harmonic Generation (HHG) in the nonadiabatic
regime over a sub-mm glass chip — ∙Sabine Rockenstein1,2,
Agata Azzolin1,2, Gaia Giovanetti2, Guangyu Fan2,3, Md
Sabbir Ahsan2,4, Oliviero Cannelli2, Lorenzo Colaizzi1,2,5,
Erik P Månsson2, Davide Faccialà4, Fabio Frassetto4,
Dario W Lodi5, Cristian Manzoni4, Rebeca M Vàzquez4,
Michele Devatta4, Roberto Osellame4, Luca Poletto4, Sal-
vatore Stagira4,5, Caterina Vozzi4, Vincent Wanie2, Andrea
Trabattoni2,6, and Francesca Calegari1 — 1UHH (DE) —
2DESY (DE) — 3CUI (DE) — 4CNR (IT) — 5Politecnico di Milano
(IT) — 6Uni. Hannover (DE)
HHG-based sources are nowadays operating up to the soft-x spectral
region. One of the main challenges remains to extend the cut-off fre-
quency while retaining high-photon flux. Approaches based on the so-
called nonadiabatic regime have allowed to overcome phase matching
limitations and achieve substantial cut-off extension [1]. We present
a new HHG source, operating with high driver laser intensities (up to
1E16W/cm2) and a laser-micromachined glass cell allowing for highly
efficient gas confinement over 900𝜇m, to achieve nonadiabatic phase
matching. The setup was operated with both 800-nm and 1500-nm
sub-35-fs driving pulses. With the 800-nm driver, the HHG energy
cutoff was extended to 100 eV in Argon and 180 eV in Neon, 160 eV
were reached using the 1500-nm driver in Argon. Our results highlight
the potential of optimizing the nonadiabatic regime for covering the
water-window spectral region. [1] Johnson et al., Sci. Adv. 4(5), 2018
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