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Invited Talk HL 3.1 Mon 9:30 EW 202
Unraveling spin dynamics from charge fluctuations — Eric
KLeINHERBERS!? and eJUrRGEN KoNig! — !Faculty of Physics and
CENIDE, University of Duisburg-Essen, Germany — 2Department of

Physics and Astronomy, University of California, Los Angeles, USA

The use of single electron spins in quantum dots as qubits requires
detailed knowledge about the processes involved in their initialization
and operation as well as their relaxation and decoherence. In optical
schemes for such spin qubits, spin-flip Raman as well as Auger pro-
cesses play an important role, in addition to environment-induced spin
relaxation. In [1], we demonstrate how to quantitatively extract all
these rates in one go from analyzing charge fluctuations of the quan-
tum dot measured with resonance fluorescence [2]. For this, we em-
ploy the tools of waiting-time distributions and full counting statistics
characterized by factorial cumulants and discuss the role of detector
imperfections [3].

[1] E. Kleinherbers et al., Phys. Rev. Res. 5, 043102 (2023).

[2] A. Kurzmann et al., Phys. Rev. Lett. 122, 247403 (2019).

[3] E. Kleinherbers et al., Phys. Rev. Lett. 128, 087701 (2022).

HL 3.2 Mon 10:00 EW 202
Coupling a single spin to high-frequency motion — FEDERICO
FepeLE!, eFEDERICO CERIsoLAal2, L. BresQue3, F. Vianeaul, J.
MonseL?, A. Paryi®, J. ANpers?©, and NataLia Ares' — 1Univ.
of Oxford, Oxford, UK — 2Univ. of Exeter, Exeter, UK — 3Univ.
Grenoble Alpes, CNRS, Grenoble, France — *Chalmers Univ. of
Technology, Géteborg, Sweden — 5Budapest Univ. of Technology,
Budapest, Hungary — %Univ. of Potsdam, Potsdam, Germany

Coupling a single spin to mechanical motion is exciting from a fun-
damental perspective and is also at the heart of applications such as
quantum sensing, long-distance spin-spin coupling, and classical and
quantum information processing. Previous experiments have observed
such coupling in low-frequency mechanical resonators that are mostly
confined to the classical regime, such as diamond cantilevers. Here we
report the first experimental demonstration of spin-mechanical cou-
pling with a high-frequency resonator. We achieve this all-electrically
on a fully suspended carbon nanotube device. A new mechanism gives
rise to this coupling, which stems from spin-orbit coupling, and it is not
mediated by strain. We observe both resonant and off-resonant cou-
pling as a shift and broadening of the electron dipole spin resonance,
respectively. We develop a complete theoretical model taking into ac-
count the tensor form of the coupling and non-linearity in the motion.
Our results advance spin-mechanical platforms to an uncharted regime,
with promising applications ranging from the operation of fully quan-
tum engines to the demonstration of macroscopic superpositions, to
quantum simulators.

HL 3.3 Mon 10:15 EW 202
Spin-flip rates of single electrons in coupled quantum dots
— oOLra Dani!, RoBerr Husskin?, Jouannes C. Baver!, KrLaus
Pierz?, Sicmunp Konrer?, and Rovrr J. Hauvc! — !Institut
fir Festkorperphysik, Leibniz Universitdt Hannover, Hanover, Ger-
many — 2Institut fiir Festkdrpertheorie und -optik, Friedrich-Schiller-
Universitit Jena, Jena, Germany — 3Physikalisch-Technische Bunde-
sanstalt, Braunschweig, Germany — 4Instituto de Ciencia de Materi-
ales de Madrid, CSIC, Madrid, Spain

Spin-flips are one of the limiting factors for spin-based information
processing. We study electron transport through asymmetrically cou-
pled InAs double quantum dots, demonstrating an approach for de-
termining the spin-flip rates in such devices. Due to the different
Landé-factors of the two quantum dots, the Zeeman splitting becomes
inhomogeneous so that two spin channels are never resonant simulta-
neously. This leads to a spin-dependent blockade mechanism for single
electrons at low temperatures. An electron may be trapped in the
off-resonant channel and block transport until a spin flip occurs. We
analyzed this blockade in terms of spin flips for different temperatures
and magnetic fields and we were able to directly extract the spin-flip
rates for single spins in coupled quantum dots from the measured res-
onant tunnel currents [1].

[1] Dani, O., Hussein, R., Bayer, J. C., Pierz, K., Kohler, S., Haug,
R. J., Direct measurement of spin-flip rates in single-electron tunnel-
ing, arXiv:2310.11259 (2023)

Location: EW 202

HL 3.4 Mon 10:30 EW 202
Impact of competing energy scales on the shell-filling
sequence in elliptic bilayer graphene quantum dots —
eLucca VaLerius!, SAMUEL MOLLERY 2, Luca Banszerus!2, AN-
ceLikA KnoTHe®, KaTriIN Hecker!?, Eike Ickine!2, KEeni
WatanaBe?, Takasui Tanicucur®, CurisTIAN Vork!b2, and
CHrisTOPH STAMPFERYZ — 1 JARA-FIT and 2nd Institute of Physics,
RWTH Aachen, Germany — 2Peter Griinberg Institute, FZ Jiilich,
Germany — 3Institut fiir Theoretische Physik, Universitit Regens-
burg, Germany — %Research Center for Functional Materials, NIMS,
Tsukuba, Japan — ®International Center for Materials Nanoarchitec-
tonics, NIMS, Tsukuba, Japan

We investigate the shell-filling sequence of gate-defined elliptic bilayer
graphene quantum dots (QDs) with low charge carrier occupation
(N < 12), using magnetotransport spectroscopy and numerical cal-
culations. Considering short-range electron-electron interactions and
wave-function-dependent valley g-factors, we deepen our understand-
ing of the fourfold shell-filling sequence, emphasizing the need to in-
clude these factors. They introduce an additional energy splitting at
half filling of each orbital state, and different energy shifts in out-of-
plane magnetic fields. Our analysis of 31 bilayer graphene QDs shows
that the valley g-factor and energy splitting increase as QD size de-
creases, aligning with theoretical predictions. The charging energy of
these QDs does not consistently correlate with size, revealing complex
electrostatics and offering insights for future BLG QD devices.

HL 3.5 Mon 10:45 EW 202
Electron dynamics of the inter Coulombic decay in higher
excited states — eSara Maranpo'3 and AnNika Banpgel?
1Helmholtz-Zentrum Berlin fiir Materialien und Energie GmbH, Hahn-
Meitner-Platz 1, 10409 Berlin, Germany — 2Institute of Inorganic
Chemistry, Leibniz University Hannover, Callinstr. 9, 30167 Han-
nover, Germany — 3Institute of Chemistry and Biochemistry, Freie
Universitat Berlin, Arnimallee 22, 14195 Berlin, Germany

Quantum dots (QDs) are semiconducting nanoparticles important due
to their size-tunable excitation energy and optical properties: in their
self-assembled form they can host electronic or spin qubit states with
a decent lifetime . To model electronic processes like the interatomic
Coulombic decay (ICD) , in QDs, we apply the Multiconfiguration
Time-Dependent Hartree (MCTDH) algorithm in an antisymmetrized
version. ICD is described as a decay process between two or more
atomic species facilitated by the long-range Coulomb interaction be-
tween electrons at different spatial locations: on the one hand, an elec-
tron in a high energy state relaxes to a lower energy state while the
energy is transferred to an electron neighbour, which is simultaneously
ionised. The system studied in this work consists of a one-dimensional
double-well GaAs potential. It is modeled to accommodate different
electronic levels (s to d energy levels) and allows ICD to occur among
higher excited states.

15 min. break

HL 3.6 Mon 11:15 EW 202
Study of non-linear dynamics of a nanomechanical resonator
with single-electron tunneling — eSoria SEviTz!, KUSHAGRA
AccarwaL?, JANET ANDERsD3, and NaTaLia Ares? — 1University
of Potsdam, Institute of Physics and Astronomy, 14476 Potsdam, Ger-
many — 2Department of Materials, University of Oxford, Oxford OX1
3PH, United Kingdom — 3Physics and Astronomy, University of Ex-
eter, Exeter EX4 4QL, United Kingdom — *Department of Engineer-
ing Science, University of Oxford, Oxford OX1 3PJ, United Kingdom

Devices that present non-linear behaviour are of much interest for their
broad applications ranging from thermodynamics, chaos to metrology.
A promising platform is a suspended Carbon Nanotube (CNT) con-
taining an electrostatically defined quantum dot. The electronic trans-
port couples to the mechanical degrees of freedom of the CNT. When
the coupling is in the ultrastrong regime, the CNT experiences a pro-
nounced back-action that leads to non-linear dynamics. When the
CNT is driven weakly, this non-linearity is presented as a softening of
the resonance frequency of the CNT. However, when the CNT is sub-
jected to a strong driving, intrinsic non-linearities of the mechanics take
over. The main feature is the emergence of arch-like resonances in the
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electronic transport. In this talk, we describe our physical model that
captures the combined interplay between the intrinsic non-linearities
of the mechanics (modeled as a Duffing oscillator) and the electrome-
chanical coupling under different driving regimes. Finally, we show
that our model is in good agreement with our experimental electron
transport measurements.

HL 3.7 Mon 11:30 EW 202
Size distribution determines the charge transport in
ZnO quantum dot (QD) materials — eMORTEZA SHOKRANI,
DoroTHEA SCHEUNEMANN, CLEMENS GOHLER, and MARTIIN KE-
MERINK — Institute for Molecular Systems Engineering and Advanced
Materials Heidelberg University, 69120 Heidelberg, Germany

QD solids, often referred to as artificial atoms, offer the potential to
create new materials with tunable macroscopic properties. Indeed, the
investigation of the electronic properties of such QD assemblies has
attracted attention due to the increasing applications of QD arrays
in both electronics and optoelectronics. In literature, charge trans-
port in QD assemblies has been explained by a variety of mutually
exclusive theories, with the Mott and Efros-Shklovskii variable range
hopping models being the most common. However, these theories
fall short in explaining the anomalous exponents of the temperature-
dependent conductivity o< exp <f (% observed in various QD ma-
terials. Here, we measure the temperature dependent conductivity of
ZnO QDs under different UV illumination intensity. Regulating the
UV intensity allows us to systematically change the effective diameter
of the ZnO QDs without having to rely on cumbersome size control
by synthesis. Instead, the UV level controls the width of the QD de-
pletion shell and therefore the size distribution in the overall material.
We observe exponents that systematically increase from v = 0.25 to
v = 0.75 with increasing illumination intensity, which we interpret
in terms of a charge transport being limited by the (size-dependent)
charging energy of the QDs.

HL 3.8 Mon 11:45 EW 202
Coherent Charge Oscillations in a Bilayer Graphene Dou-
ble Quantum Dot — eKaTriN HEcker!'2, Luca Banszerus!?,
AARON ScHAPERs!, SAMUEL MOoLLER'2, AnToN PETERs!, EIKE
Icking®2, KeNJl WATANABE®, Takasar TANIGUCHI*, CHRISTIAN
Vork!2, and CurisTiAN STAMPFERD2 — 12nd Institute of Physics,
RWTH Aachen University, Germany — 2Peter Griinberg Institute
(PGI-9), Forschungszentrum Jiilich, Germany — 3Research Center For
Functional Materials, NIMS Tsukuba, Japan — “International Center
for Matertial Nanoarchitronics, NIMS Tsukuba, Japan

The coherent dynamics of a quantum mechanical two-level system
passing through an anti-crossing of two energy levels can give rise to
Landau-Zener-Stiickelberg-Majorana (LZSM) interference. LZSM in-
terference spectroscopy has proven to be a fruitful tool to investigate
charge noise and charge decoherence in semiconductor quantum dots
(QDs). Recently, bilayer graphene has emerged as a promising plat-
form for highly tunable QDs potentially useful for hosting spin and
valley qubits. So far, coherent oscillations have not been observed in
this system and little is known about charge noise in this material.
Here, we report coherent charge oscillations and T2* charge decoher-
ence times in a bilayer graphene double QD. The charge decoherence
times are independently measured using LZSM interference and photon
assisted tunneling. Both techniques yield T2* average values ranging
from 400 to 500 ps. The observation of charge coherence allows to
study the origin and spectral distribution of charge noise in future
experiments.

HL 3.9 Mon 12:00 EW 202
Dynamics of hot carriers in core-shell InGaAs/InAlAs
nanowires — eNABI IsaEv!, HaMiDREZA EsMAIELPOUR!, JAYESH
SoLomoN Davar!, Imam Maknrupz?, MARKUs DOBLINGERS,
JonarHAN J. FINLEY!, and GREGOR KoBLMULLER! — ! Walter Schot-
tky Institut, TUM School of Natural Sciences, Technical University of
Munich, 85748 Garching, Germany. — 2IM2NP, UMR CNRS 7334,
Aix-Marseille Université, Marseille 13013, France. — 3Department
of Chemistry, Ludwig-Maximilians-University Munich, Munich, 81377,

Germany.

The study of hot carrier dynamics in nanowires is of significant im-
portance for advanced concept photovoltaic solar cells, such as hot
carrier solar cells, which aim to improve the efficiency of this tech-
nology beyond the upper theoretical limit for single junction devices.
The one-dimensional geometry of nanowires can improve the effects of
hot carriers by confining them spatially, and increase photo-absorption
by increasing internal reflection. Here we present our results on hot
carrier dynamics in core-shell InGaAs/InAlAs nanowires grown by
molecular beam epitaxy using a catalyst-free growth method. Micro-
photoluminescence spectroscopy has shown evidence of hot carrier ef-
fects in these nanowires. Furthermore, strong structural and dimen-
sional dependencies in hot carrier properties were observed for these
nanowires with diameters ranging from 110 nm to 200 nm. The origin
of this effect is attributed to the influence of phonon bottleneck effects,
Auger recombination and structural properties of the nanowires on hot
carriers.

HL 3.10 Mon 12:15 EW 202
Silicon Nanowire Transistors: Device Characteristics to Sens-
ing Applications — eSavanTan Guosu'2, Aumap Ecuresu!, UL-
ricH KeNnTscH!, SLawoMirR PrucNaLl, VaisHALl VARDHAN?, SuB-
naJT Biswas3, JusTin HoLmEes?, ArRTUR ErBE!2, and YOorRDAN M.
Georciev!* — llnstitute of Ion Beam Physics and Materials Re-
search, Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany
— 2TU Dresden, Dresden, Germany — 3School of Chemistry, Univer-
sity College Cork, Cork, Ireland — “Institute of Electronics, Bulgarian
Academy of Sciences, Sofia, Bulgaria

Field-effect transistors based on silicon nanowires have been exten-
sively used for sensing applications since the compact nanoscale struc-
tures allow excellent regulation of electrostatic potential across the
nanowire channel. Sensors based on Junctionless Nanowire Transis-
tors (JNT) have shown excellent sensitivity in liquid phases but they
have not yet been operated in the gas phase.

In this work, we report the fabrication and characterisation of
silicon-based JNT devices and their initial tests as gas sensors. Silicon-
on-insulator wafers are doped by ion implantation and flash lamp an-
nealing. Device patterning is based on electron beam lithography,
inductively-coupled reactive ion etching, metal deposition and lift-off.

JNT sensor tests exhibited characteristic shifts in the transfer curve
and a systematic increase and decrease of p- and n-type current, re-
spectively, under the influence of different gases like NO2 and NH3 con-
firming potential suitability as gas sensors for detecting atmospheric
radicals.

HL 3.11 Mon 12:30 EW 202
frequency effect on channel blockade in a two- path gate-
defined quantum dot — ®HATEF GHANNADI MARAGHEH!, JOHANNES
Cc. BAYER!, NIKOLAI SPITZER?, ARNE LUDWIGZ?, and ROLF J. HAUG!
— Unstitut fiir Festkorperphysik, Leibniz Universitdt Hannover, D-
30167 Hanover, Germany — 2Ruhr-Universitit Bochum, Lehrstuhl fiir
angewandte Festkorperphysik, Universitatsstrafse 150, 44801 Bochum,
Germany

Knowing how any quantum device, like semiconductor-based qubit, is
functioning under any condition is of vital importance to characterizing
nano devices. This would be more difficult in case the structure of the
device gets complicated. The device under the investigation consists
of split-gate quantum dots in a GaAs/AlGaAs heterostructure where
one side has a quantum dot while the other side is free. The frequency
of the measurement ranged from 280 Hz to 1980 Hz.

Electron transport through the quantum dot system has been inves-
tigated for different conditions [1] including frequency [2,3] and two
path cases [4,5]. For two path case, while one side has higher probabil-
ity for electron transport compare to the other side, as the frequency
changes, the transport behavior of the free side also changes due to
the fact that the conductivity of the quantum dot is influenced by the
frequency. But, these changes become less explicit as the number of
electrons in the quantum dot is reduced. Furthermore, the correspon-
dence between differential conductance for a fixed value for the plunger
gate for both sides, has been investigated.



