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Q 22.1 Tue 16:30 Empore Lichthof
Conformal duality of Bose-Einstein condensates with two-
and three-body interactions — eDaviD REINHARDT!, MATTHIAS
MeisTER!, DEAN LEE?, and WoLrcaNg P. ScuLEicH? — !German
Aerospace Center (DLR), Institute of Quantum Technologies, Ulm,
Germany — 2Michigan State University, Department of Physics and
Astronomy, East Lansing, Michigan, USA — 3Institute of Quantum
Physics, Ulm University, Ulm, Germany

It is well known that the eigenstates of nonlinear quantum systems (e.g.
Bose-Einstein condensates described by the Gross-Pitaevskii equation)
differ from those of the linear Schrédinger equation [1]. For instance,
solitons only occur in nonlinear systems. When additionally consider-
ing three-body interactions new solution types emerge [2]. By analyz-
ing the different solution spaces, we find that there exists a conformal
duality between systems with two- and three-body interactions. This
allows to predict the properties in the three-body case by means of the
two-body case. For example, irregular two-body solutions can become
bound solutions when including three-body interactions.

[1] L. D. Carr et al., PRA 62, 063610 (2000).

[2] H. Schiirmann, PRE 54, 4312 (1996).

Q 22.2 Tue 16:30 Empore Lichthof
Matter-wave lensing of shell-shaped Bose-Einstein conden-
sates — oPaTRICK BOEGEL!, ALEXANDER WOLF2?, MATTHIAS
MEeisTER?, and MaxiM EFrEMov!h2 — lInstitut fiir Quantenphysik
and Center for Integrated Quantum Science and Technology (IQ5T),
Universitat Ulm, D-89081 Ulm, Germany — 2German Aerospace Cen-

ter (DLR), Institute of Quantum Technologies, D-89081 Ulm, Germany

Motivated by the recent experimental realization [1] of ultracold quan-
tum gases in shell topology, we propose a straightforward implementa-
tion of matter-wave lensing techniques for shell-shaped Bose-Einstein
condensates. This approach allows to significantly extend the observa-
tion time of the condensate shell during its free expansion and enables
the study of novel quantum many-body effects on curved geometries.
With both analytical and numerical methods, we derive optimal pa-
rameters for realistic lensing schemes to conserve the shell shape of the
condensate for times up to hundreds of milliseconds [2].

This project is supported by the German Space Agency (DLR) with
funds provided by the Federal Ministry for Economic Affairs and Cli-
mate Action (BMWK) due to an enactment of the German Bundestag
under Grants Nos. 50WM1862 and 50WM2245B.

[1] Nature 606, pages 281-286 (2022)

[2] P Boegel, et. al, arXiv:2209.04672

Q 22.3 Tue 16:30 Empore Lichthof
Understanding the dynamics of quantum mixtures for
dual species atom interferometry in space — ePRIVYANKA
GucciLam.L!, Jonas Boum!, BaprisT Piest!, ERNsT RAsEL.M!,
and THE MAIUS TEAM!:2:3:45.6 _ 1Ingtiut fiir Quantenoptik, LU
Hannover — 2ZARM, Uni Bremen — 3FBH Berlin — *DLR Instiut
fiir Raumfahrtsysteme, Bremen — SInstiut fiir Physik, HU Berlin —
SInstiut fiir Quantenoptik, Universitat Mainz

The MAIUS (Matter wave interferometry under microgravity) project
aims to demonstrate atom interferometry in space as a promising tool
for precision measurements, e.g., of Einstein’s equivalence principle
(EEP), with accuracies that couldn’t be achieved with classical tests.
With the launch of MAIUS-1, it was possible to create the first BECs
in space using Rb-87 atoms and performing interference experiments
with these macroscopic quantum objects. In the MAIUS-2/3 missions,
we concentrate on the understanding of the dynamics of K-41 and Rb-
87 quantum mixtures in microgravity and to utilize them as sources
for dual species atom interferometry in space. This contribution fo-
cuses on the mission goals, simulation results of quantum mixture den-
sity profiles, transport of mixtures considering gravitational effects and
preparation of mixtures using delta-kick cooling for further reduction
of the momentum spread. These techniques are important prerequi-
sites to perform EEP tests with BECs created on an atom chip under
microgravity. The MAIUS project is supported by the German Space
Agency DLR with funds provided by the Federal Ministry of Economics
and Technology (BMWi) under grant number: 50WP1431.

Q 22.4 Tue 16:30 Empore Lichthof

Location: Empore Lichthof

Non-equilibrium steady states of driven dissipative quantum
gases beyond ultraweak coupling — eADRIAN KOHLER, ANDRE
EckarpT, and ALEXANDER ScHNELL — TU Berlin, Berlin, Deutsch-
land

The microscopic description of ideal quantum gases in presence of a fi-
nite coupling to a heat bath poses a theoretical challenge. Even though
the system itself is non-interacting, the system-bath coupling is cubic
in the field operators making the problem interacting. As a first step,
we study the mean-field dynamics of the single-particle density matrix
under the Redfield quantum master equation. We find that typical
steady-state solvers converge only in a very limited parameter regime,
forcing one to rely on numerically more costly time-integration. We
also discuss approaches to overcome this problem using perturbation
theory in the coupling strength. We apply our approach to a Bose gas
coupled to two baths of different temperature, for which in the regime
of ultraweak coupling Bose condensation is predicted also in cases,
where both bath temperatures lie well above the equilibrium crtiti-
cal temperature [PRL 119, 140602]. In the regime of finite coupling,
we find that steady-state solutions of the Redfield quantum master
equation form a condensate in the ground state.

Q 22.5 Tue 16:30 Empore Lichthof
Compressibility and the equation of state of an optical quan-
tum gas in a box — eLroN EspPeErRT MIRANDA, ERIK BUSLEY,
ANDREAS REDMANN, CHRISTIAN KURTSCHEID, KIRANKUMAR KARK-
HALLI UMEsH, FRANK VEWINGER, MARTIN WEITZ, and JULIAN
ScuMITT — Institut fiir Angewandte Physik, Universitdt Bonn, Ger-
many

The compressibility of a medium, quantifying its response to mechan-
ical perturbations, is a fundamental quantity determined by the equa-
tion of state. For gases of material particles, studies of the mechanical
response are well established, in fields from classical thermodynamics
to cold atomic quantum gases. Here we demonstrate a measurement
of the equation of state as well as the compressibility of a homoge-
neously trapped two-dimensional quantum gas of light inside a nanos-
tructured dye-filled optical microcavity. Upon reaching quantum de-
generacy we observe signatures of Bose-Einstein condensation in the
finite-size system, causing a sharp increase of the density response to
an external force, hinting at the infinite compressibility of the uniform
two-dimensional Bose gas.

Q 22.6 Tue 16:30 Empore Lichthof
Bath engineering in atomic quantum gas mixtures — eLORENZ
WANCKEL, ALEXANDER SCHNELL, and ANDRE EcCKARDT — Technis-
che Universitat Berlin, Institut fiir Theoretische Physik, 10623 Berlin,
Germany

Periodically driven isolated quantum systems usually heat up over time
to the infinite temperature state via resonant excitation. For open
driven systems, which are allowed to dissipate energy into a thermal
bath, there is a non-equilibrium steady state, which is determined by
the details of driving and dissipation. Appropriate engineering of the
system and bath parameters can lead to interesting system states. We
investigate theoretically a one-dimensional ideal Bose gas, which is lo-
cally driven and globally coupled to a three dimensional thermal bath,
given by a second species of atoms. We explore the spectral densities
for various baths, fermionic and bosonic, and show that the inter-
play of driving and dissipation can induce Bose condensation in the
ground state or some excited state at bath temperatures well above
the crossover temperature, at which Bose condensation would occur
as a finite size effect in the system. Our analysis, which is based on a
microscopic model that is solved using Floquet-Born-Markov theory,
can be used to probe the results in a realistic experiment.

Q 22.7 Tue 16:30 Empore Lichthof
Vortex Motion and Annihilation in Holographic Superflu-
ids — PauL WiTTMERY2, CHRISTIAN-MARCEL SCHMIED?3, € M ARTIN
ZBoronN3, THoMAs GaseNzERD2:3 and CarLo Ewerz!:2 — nstitut
fiir Theoretische Physik, Universitat Heidelberg, Philosophenweg
16, 69120 Heidelberg — 2ExtreMe Matter Institute EMMI, GSI
Helmholtzzentrum fiir Schwerionenforschung, Planckstrafe 1, 64291
Darmstadt — 3Kirchhoff-Institut fiir Physik, Universitit Heidelberg,
Im Neuenheimer Feld 227, 69120 Heidelberg
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Gauge-gravity duality establishes a connection between strongly corre-
lated quantum systems and higher-dimensional gravitational theories
at weak coupling. In general, finding the quantitative parameters of the
quantum system thus described is challenging. We numerically simu-
late dynamics of generic vortex configurations in the holographic su-
perfluid in two and in three spatial dimensions and match to these the
corresponding dynamics resulting from the dissipative Gross-Pitaevskii
equation. Excellent agreement between the vortex core profiles and
their trajectories in both frameworks is found, both in two and three
dimensions. Comparing our results to phenomenological equations for
point- and line-like vortices allows us to extract friction parameters of
the holographic superfluid. The parameter values suggest the applica-
bility of two-dimensional holographic vortex dynamics to strongly cou-
pled Bose gases or Helium at temperatures in the Kelvin range, effec-
tively enabling experimental tests of holographic far-from-equilibrium
dynamics.

Q 22.8 Tue 16:30 Empore Lichthof
Dynamical phases in an atom-cavity system: From time
crystals to dark states — eJim SkurTEb2, PHATTHAMON
KonckHAMBUT!, RICHELLE J.L. TUQUEROS, KESSLER!,
Javyson G. CosMme3, ANDREAS HEMMERICH and Lubpwic
MaTtHEY!2 — 1Zentrum fiir Optische Quantentechnologien and Insti-
tut fiir Laser-Physik, Universitat Hamburg, 22761 Hamburg, Germany.
— 2The Hamburg Center for Ultrafast Imaging, Luruper Chaussee 149,
22761 Hamburg, Germany. — 3National Institute of Physics, Univer-
sity of the Philippines, Diliman, Quezon City 1101, Philippines.

Hans
1,2
b

Ultracold atoms placed inside a high finesse optical cavity, which are
continuously pumped or periodically driven display very rich phase di-
agrams. We specifically discover non-equilibrium phases called time
crystals emerging in this platform. Time crystals are classified as dis-
crete or continuous depending on whether they spontaneously break
discrete or continuous time translation symmetry. First, we study an
emergent limit cycle phase for a blue-detuned pump and show that this
state can be classified as a continuous time crystal [1]. On the other
hand, phase shaking of the pump beam can be used to map the sys-
tem onto a parametrically driven dissipative three-level Dicke model
[2]. For weak driving this leads an incommensurate time crystal, while
for strong driving this state is only metastable and relaxes into a dark
state [3]. [1] P. Kongkhambut et al., Science 377, 6606 (2022)

[2] J. Skulte et al., PRA 127, 253601 (2021)

[3] J. Skulte et al., arXiv:2209.03342 (2022)

Q 22.9 Tue 16:30 Empore Lichthof
Dynamical light-matter phases in an atom-cavity platform
— ePuarrnaMoN Koncekuamsutr!, Hans KessLer!, Jim SKULTE!,
Lupwic MAaTHEY!, JavysoNn G. CosMEZ2, and ANDREAS HEMMERICH!
— Mnstitut fiir Laser-Physik, Universitdt Hamburg — ?National In-

stitute of Physics, University of the Philippines

We are experimentally exploring the light-matter interaction of a Bose-
Einstein condensate (BEC) with a single light mode of an ultra-high
finesse optical cavity. The key feature of our cavity is the very small
field decay rate (k/2m = 3.5 kHz), which is in the order of the re-
coil frequency (wrec/2m = 3.6 kHz). This leads to a unique situation
where cavity field evolves with the same time scale as the atomic den-
sity distribution. Pumping the system with a steady state light field,
red detuned with respect to the atomic resonance, the Dicke model is
implemented including the self-organisation phase transition. Starting
in the self-ordered superradinat phase and modulating the amplitude
of the pump field, we observe a dissipative discrete time crystal, whose
signature is a robust subharmonic oscillation between two symmetry-
broken states [1]. Modulation of the phase of the pump field give
rise to an incommensurate time crystalline behaviour [2]. For a blue-
detuned pump light with respect to the atomic resonance, we observe
limit cycles. Since the used pump protocol is time-independent, the
emergence of a limit cycle phase heralds the breaking of continuous
time-translation symmetry(3]. [1] H. Kefiler et al., PRL 127, 043602
(2021), [2] P. Kongkhambut et al., PRL 127, 253601 (2021), [3] P.
Kongkhambut et al., Science 377, 6606 (2022).

Q 22.10 Tue 16:30 Empore Lichthof
Vortex splitting, not stirring — eLLARs ARNE SCHAFER — Institut
fiir angewandte Physik, Technische Universitat Darmstadt, Hochschul-
strafe 4A, D-64289 Darmstadt

We examine Bose-Hubbard ring systems in two dimensional config-
urable arrays of dipole potentials [1]. This is an example for an atom-
tronics device [2]. Here, an individual small ring with few sites and few

particles acts like an artificial atom with a clearly resolved spectrum.
We analyze the single-particle spectrum in terms of eigenfunctions of
the Hamiltonian operator as well as the discrete translational symme-
try of the 1-D lattice. Coupling two or more of such systems creates a
quantum network.

It is experimentally feasible to create controllable time-dependent
on-site optical potentials by means of electronic wavefront manipu-
lation (DMD, SLD) and microlens arrays. In contrast to phase im-
printing, we study two counter-propagating lattice potentials to create
persistent currents or vortices of few bosons. This is in analogy to
Bragg matter-wave splitters for linear momentum states [3]. Finally,
we study the efficiency for pulsed splitting of many-body states into
vortex-anti-vortex pairs.

[1] M. R. Sturm et al., Phys. Rev. A, 95, 063625 (2017)

[2] R. Dumke et al., J. Opt., 18, 093001 (2016)

[3] A. Neumann, M. Gebbe, and R. Walser, Phys. Rev. A, 103, 043306
(2021)

Q 22.11 Tue 16:30 Empore Lichthof
Constructing a matter-wave microscope for lithium atoms
featuring a highly tunable optical lattice — eMAaTHIS FISCHER,
Nora Bipzinski, JusTus BRUGGENJURGEN, LucAa ASTERIA, HENRIK
ZAaHN, MARrceL KoscH, KLaus SENGsTOCK, and CHRISTOF WEITEN-
BERG — Institut fiir Laserphysik, Universitdt Hamburg, Germany

Imaging is crucial for gaining insight into physical systems. In the
case of ultracold atoms in optical lattices, quantum gas microscopes
have revolutionized the access to quantum many-body systems by de-
tecting single particles. However they are limited to investigating 2D
systems and are technically demanding. We have developed the novel
technique of matter-wave microscopy that allows for a magnification
of an atomic sample that can then be imaged using standard absorp-
tion imaging techniques. This enables sub-lattice resolution of single
lattice-sites and imaging of coherence properties in 3D systems even
with rather low-resolution imaging setups. In addition, we have in-
troduced a novel lattice setup with a highly stable and dynamically
controllable lattice geometry. The interference of three laser beams is
suppressed by detuning their frequencies and then pairwisely reestab-
lished by imprinting sidebands onto each beam. This setup allows us
to use the same beams as a dipole trap, which we can employ as a
confining potential during matter-wave optics and for creating BECs.
We are currently upgrading our lithium machine to combine these de-
velopments with the precise control over the interaction strength using
Feshbach resonances. In the future, we plan to implement single par-
ticle sensitive imaging to study intriguing many-body systems.

Q 22.12 Tue 16:30 Empore Lichthof
Towards a K39 Quantum gas microscope — RUBEN
ErLENsSTEDT!, ScorT HUBELE!2, MARTIN SCHLEDERER!"2, ALEXAN-
pRA MozpzeND2, GUILLAUME SaLoMon':2, and HENNING MoriTz!:2
— lnstitut fiir Laserphysik, Universitit Hamburg, Hamburg,
Deutschland — 2Cluster of Excellence: CUI - Advanced Imaging of
Matter

Ultracold atoms offer unique opportunities for studying quantum mag-
netism due to the tunability of the interaction strength as well as the
tunneling parameters in optical lattices. In recent years, we have built
a setup able to cool 39K atoms to Bose-Einstein condensation and to
image them with a high resolution (NA=0.7) using an in-vacuo objec-
tive. Together with a brief overview of the machine, I will present the
progress of my master’s thesis towards realising the ’science’ optical
lattices that will be used for the realization of Hubbard models as well
as near resonant ’pinning’ optical lattices that will be used for single
atom sensitive imaging.

Q 22.13 Tue 16:30 FEmpore Lichthof
A functional renormalization group approach to non-thermal
fixed points in an ultracold Bose gas — eALEKSANDR N.
Mikueev! 2, JaAN M. Pawrowski?3, and TrHomas GAsENzeR!:2
— 1Kirchhoff-Institut fiir Physik, Ruprecht-Karls-Universitat Hei-
delberg, Im Neuenheimer Feld 227, 69120 Heidelberg, Germany —
2Institut fiir Theoretische Physik, Ruprecht-Karls-Universitdt Heidel-
berg, Philosophenweg 16, 69120 Heidelberg, Germany — 3ExtreMe
Matter Institute EMMI, GSI, Planckstrafe 1, 64291 Darmstadt, Ger-
many

Classification and understanding of scaling solutions in closed quan-
tum systems far from thermal equilibrium, known as non-thermal
fixed points, is one of the open problems in non-equilibrium quantum
many-body theory. The usual method involves searching for possible
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self-similar solutions to a (non-perturbative) evolution equation, e.g.,
Boltzmann or Kadanoff-Baym, starting from a far-from-equilibrium
initial condition. We outline an alternative approach based on the
correspondence between scaling and fixed points of the renormaliza-
tion group. Using an ultracold Bose gas as an example we show how
possible far-from-equilibrium scaling solutions can be systematically
obtained by solving fixed-point renormalization-group equations.

Q 22.14 Tue 16:30 Empore Lichthof
Non-thermal fixed points of universal sine-Gordon coarsen-
ing dynamics — PuiLipp HEINEN!, ALEKSANDR N. MIKHEEV!Z,
CHRISTIAN-MARCEL ScHMIED!, and eTHoMAs GAaSENzERDZ
IKirchhoff-Institut fiir Physik, Universitdt Heidelberg, Im Neuen-
heimer Feld 227, 69120 Heidelberg — 2Institut fiir Theoretische
Physik, Universitét Heidelberg, Philosophenweg 16, 69120 Heidelberg

We examine coarsening of field-excitation patterns of the sine-Gordon
(SG) model, in two and three spatial dimensions, identifying it as
universal dynamics near non-thermal fixed points. The focus is set
on the non-relativistic limit, governed by a Schrodinger-type equation
with Bessel-function nonlinearity. The results of our classical statisti-
cal simulations suggest that, in contrast to wave turbulent cascades,
in which the transport is local in momentum space, the coarsening
is dominated by rather non-local processes corresponding to a spatial
containment in position space. The scaling analysis of a kinetic equa-
tion obtained with path-integral techniques corroborates this numer-
ical observation and suggests that the non-locality is directly related
to the slowness of the scaling in space and time. Our methods, which
we expect to be applicable to more general types of models, could
open a long-sought path to analytically describing universality classes
behind domain coarsening and phase-ordering kinetics from first prin-
ciples, which are usually modelled in a near-equilibrium setting by a
phenomenological diffusion-type equation in combination with conser-
vation laws.

Q 22.15 Tue 16:30 Empore Lichthof
A sodium potassium mixture experiment for simulating po-
laron physics — eJaN Kininc, LiLo HOckER, LoreENz HAHN,
Joris HorFMANN, MAURUS HaNs, HELMUT STROBEL, and MARKUS
OBERTHALER — Kirchhoff Institut fiir Physik, Heidelberg, Deutsch-
land

The motion of quantum impurities in a Bose-Einstein condensate
(BEC) is an exemplary many-body phenomenon and a theoretical chal-
lenge especially in the regime of strong interactions between the im-
purities and the BEC. In the experiment such a Polaron problem can
be studied using an atomic mixture, where one species realizes the
impurity, while the BEC is realized with the other species. The inter-
action can be controlled by sizeable inter-species Feshbach resonances
between sodium and potassium. In this poster, we present the current
status of our sodium potassium experiment.

Q 22.16 Tue 16:30 Empore Lichthof
Non equilibrium dynamics of bosons populating higher bands
of an optical lattice — eJosg Varcas!:2, Car HippLER!, and AN-
DREAS HEMMERICH!2 — 1Zentrum fiir Optische Quantentechnologien
and Institut fiir Laser-Physik, Universitdt Hamburg, 22761 Hamburg,
Germany — 2The hamburg center for Ultrafast Imaging, Luruper
Chaussee 149, 22761 Hamburg, Germany

We experimentally and theoretically explore from single-particle to
many-body dynamics of a Bose-Einstein condensate populating higher
bands of an optical lattice. Topics such as Bloch-oscillations along
different paths over each addressable Brillouin zone of the lattice,
pair-tunneling phenomenon, and re-condensation dynamics are inves-
tigated.

Q 22.17 Tue 16:30 Empore Lichthof
Effective Model of Phase Excitations in a 1D Spin-1 BEC Far
from Equilibrium — Ipo Siovitz, eHANNES KOPER, ALEKSANDR
MikHEEV, PHiLIPP HEINEN, STEFAN LANNIG, YANNICK DELLER,
HeLMuT STROBEL, MARKUS OBERTHALER, and THOMAS (GASENZER
— Kirchhof Institut fiir Physik, Universitdt Heidelberg, Heidelberg,
Deutschland

The spin-1 Bose gas quenched far from equilibrium to the easy-plane
shows a plethora of interesting phenomena, of which we discuss the uni-
versal spatio-temporal self-similar scaling on account of the system’s
vicinity to an hypothesized non-thermal fixed point. The appearance
of topological excitations, such as instantons, in the transversal spin

degree of freedom during the equilibration process of the condensate
leads to a varying length scale, reflecting the self-similar scaling of
correlations. Due to the multitude of degrees of freedom in the spin-
1 BEC, the causes of the system’s behavior far from equilibrium are
difficult to investigate.

We present a low-energy effective field theory to describe the dynam-
ics of the system and find the driving mechanism behind the production
of such topological objects in the system. We show that the effective
model presents the same self similar scaling behavior of the full spin-1
Bose gas quenched to the easy-plane phase.

Q 22.18 Tue 16:30 Empore Lichthof
Stability analysis of a periodically driven ultra-cold Bose
gas — oL ARISSA SCHWARZ, SIMON B. JAGER, DiMmo CLAUDE, IMKE
SCHNEIDER, and SEBASTIAN EGGERT — Physics Department and Re-
search Center OPTIMAS, Technische Universitat Kaiserslautern, D-
67663, Kaiserslautern, Germany

We theoretically study the dynamics of a Bose-Einstein condensate
under periodic driving of the s-wave scattering length. In this setup,
we first determine the stability of the condensate using Bogoliubov
theory with time-periodic modulation. We find an exponential gain in
the resonant k-modes due to a parameteric amplification which leads
to a rapid condensate depletion. These findings are compared with the
simulation of the Gross-Pitaevskii equation which shows the formation
of a density-wave pattern with the predicted k-wavevector. We extend
the Bogoliubov theory by including non-linearities which result in an
effective damping of the k-modes. This enables the creation of sta-
ble density-wave pattern below a critical driving strength. Moreover,
above this critical driving strength we analyze simple non-quadratic
models and find macroscopic and stable occupation of the resonant
k-mode.

Q 22.19 Tue 16:30 Empore Lichthof
Study of a matter wave neural network — eMORITZ STRATER,
NixkvLas KAmiNg, Kraus SENGsTOCK, and CHRISTOF WEITENBERG —
Universitdt Hamburg (UHH), Hamburg, Deutschland

Machine learning and neural networks have proven a powerful tool
for studying quantum many-body physics. Moreover, the search for
new architectures and implementations of neural networks building on
optical or quantum hardware is an ongoing research topic.

In this poster, we present the progress on the evaluation of a new con-
cept of a matter-wave neural network based on the coherent coupling
of momentum modes of a BEC. We study the effects of interactions on
the capacity and performance of the network for example classification
tasks.

In the future, we hope to find and quantify a possible advantage of
coherence, non-linearities and quantum correlations for generic classi-
fication tasks, which are offered in such cold-atom hardware.

Q 22.20 Tue 16:30 Empore Lichthof
A Rydberg Atom in a BEC — eAiLEen A. T. Durst and
MarTHEW T. EiLEs — Max Planck Institute for the Physics of Com-
plex Systems, 01187 Dresden, Germany

A Rydberg atom immersed in a BEC has many extreme interaction
features. While the interaction between one of the BEC particles and
its neighbors is typically short-ranged compared to other length scales
in the condensate, the range of the interaction of the enormous Ryd-
berg impurity and the surrounding bath particles is comparable to or
even larger than the mean interparticle distance in the gas. Further-
more, this interaction potential is highly oscillatory and can support
multiple bound states. These properties complicate the theoretical
description and analysis of the Rydberg impurity, whose interaction
potential cannot be replaced in general by a contact pseudopotential.
We relate the Rydberg impurity problem to other impurity problems
by characterizing it by the number of bound states and, equivalently,
the Rydberg-bath particle scattering length, and in this way inves-
tigate in which parameter regions the system exhibits quasiparticle
character.

Q 22.21 Tue 16:30 Empore Lichthof
Pattern formation and symmetry breaking in a periodically
driven 2D BEC — eNikoLas LIEBSTER!, MARIUS SPARN!, ELINOR
Karn!, Maurus Hans!, Keisuke Fuin?, Saran GOruiTz2, HELMUT
STrOBEL!, TiLMAN Enss?, and MarRkUs OBERTHALER! — 1Kirchhoff-
Institut fiir Physik, Heidelberg, Germany — 2Institut fiir Theoretische
Physik, Heidelberg, Germany
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Dynamical pattern formation is a ubiquitous phenomenon in nature,
and has relevance in many fields in physics. The emergence of these
patterns, as well as how symmetries are broken, remains an open field
of research in quantum physical systems. By periodically driving the
scattering length in a 2D potassium-39 Bose-Einstein condensate, we
use parametric resonance to non-linearly populate specific momentum
modes of trapped condensates. We show the emergence of randomly
oriented standing waves with D4 symmetry and investigate the effects
of background density distributions on the formation of patterns on
the condensate.

Q 22.22 Tue 16:30 Empore Lichthof
BKT Physics for Bose Gas in 2D Box — eTiL MOHNEN and
AxEL PELSTER — Physics Department and Research Center OP-
TIMAS, Rheinland-Pfélzische Technische Universitiat Kaiserslautern-
Landau, Germany

For a two-dimensional Bose gas a Berezinskii-Kosterlitz-Thouless
(BKT) transition from a superfluid phase of bound vortex-antivortex
pairs to a normalfluid phase of unpaired vortices and antivortices oc-
curs at a critical temperature, which is determined by the Nelson cri-
terion. Here we analyze the finite-size effects of this phase transition
by considering a Bose gas in a two-dimensional box. To this end we
derive the underlying renomalization-group equations, which describe
the screening of both the condensate and the superfluid density due
to the presence of vortices and antivortices. Their solution for the
parameters of the recent experiment [1] allows to quantify the impact
of finite-size effects in terms of the condensate fraction. Furthermore,
in the thermodynamic limit we obtain a vanishing condensate density
in accordance with the Mermin-Wagner-Hohenberg theorem and we
reproduce the universal BKT jump of the superfluid density at the
critical temperature.
[1] P. Christodoulou et al., Nature 594, 191 (2021)

Q 22.23 Tue 16:30 Empore Lichthof
Quantum many-body scars in a Bose-Hubbard quan-
tum simulator — eGuoxiaN Sul, JEaN-YVEs DesauLes?, ANa
HupomaLr?3, AipeEN DanieL?, Jap HaLiMEH?, ZHEN-SHENG YUAN?®,
JiaN-WEI Pan®, and Zratko Papic? — lPhysikalisches Institut,
Ruprecht-Karls-Universitat Heidelberg, Im Neuenheimer Feld 226,
69120 Heidelberg, Germany — 2School of Physics and Astronomy, Uni-
versity of Leeds, Leeds L.S2 9JT, UK — 3Institute of Physics Belgrade,
University of Belgrade, 11080 Belgrade, Serbia — Munich Center for
Quantum Science and Technology (MCQST), Schellingstrafe 4, D-
80799 Miinchen, Germany — ®Hefei National Laboratory for Physical
Sciences at Microscale and Department of Modern Physics, University
of Science and Technology of China, Hefei, Anhui 230026, China

Quantum many-body scarring is a phenomenon where a chaotic system
prepared in special initial conditions exhibits long-lived oscillations. It
presents a novel mechanism for delaying the onset of thermalization.
We realize many-body scars in a Bose-Hubbard quantum simulator,
which hosts an abundance of scar states. We show the slowed growth
of entanglement entropy in scarred dynamics. And we investigate the
ubiquity of scarring and its interaction with quantum criticality. Our
work makes the resource of scarring accessible to a broad class of
ultracold-atom experiments and enables the study of such phenomena
in fundamental physics such as lattice gauge theories.

Q 22.24 Tue 16:30 Empore Lichthof

Entropy extraction in spinor Bose gases — @ YANNICK DELLER!,

Moritz Ren!, STEraN LanNiG!, ALEXANDER ScHmUTz!, DAavID
Feiz!, HELmuT STROBEL!, MARTIN GARTTNERD'Z3, and Markus K.
OBERTHALER! — !Kirchhoff-Institut fiir Physik, Universitat Heidel-
berg — 2Physikalisches Institut, Universitit Heidelberg — 3Institut

fiir Theoretische Physik, Universitat Heidelberg

The concept of entropy plays an important role for quantum infor-
mational properties of many-body systems. However, experimental
extraction of entropies is in general a challenging task due to the rapid
increase of the Hilbert space dimension with system size.

As our testbed we use a spin-1 Bose-Einstein condensate of rubidium
in a tight optical trap, where we routinely generate non-classical spin
states by quantum dynamics after a parameter quench. With a gen-
eralized POVM protocol [1], we are able to simultaneously measure
two non-commuting spin observables. We extract an entropy using
distributions of experimental repetitions with a statistical estimator,
that avoids binning and coarse-graining of the data. We discuss how
to extend these techniques to multiwell-systems with tunnel-coupling
between the wells.

[1] Kunkel et. al., PRL 123, 063603 (2019)

Q 22.25 Tue 16:30 Empore Lichthof
Observation of edge states in topological Floquet sys-
tems — oJOHANNES ARCERIY'Z, CHRISTOPH BRAUND'Z:3 ALEXAN-
pER HEesse!'2, RapuaBL SAINT-JaLm!:2, IMMANUEL Brocub?2:3,
and MonNika AIDELSBURGER!'2 — lFakultit fiir Physik, Ludwig-
Maximilians-Universitét Miinchen, Miinchen — 2Munich Center for
Quantum Science and Technology (MCQST), Miinchen — 3Max-
Planck-Institut fiir Quantenoptik, Garching

Floquet engineering, i.e., periodic modulation of a system’s parame-
ters, has proven as a powerful tool for the realization of quantum sys-
tems with exotic properties that have no static analog. In particular,
the so-called anomalous Floquet phase displays topological properties
even if the Chern number of the bulk band vanishes. [1]

Our experimental system consists of bosonic atoms in a periodically
driven honeycomb lattice. Depending on the driving parameters, sev-
eral out-of-equilibrium topological phases can be realized, including an
anomalous phase. [2]

As the bulk-boundary correspondence relates the properties of the
bulk bands to the number of topologically protected edge modes, spe-
cial interest lies in studying the behavior of them. We are investigating
the real-space evolution of a wavepacket close to the edge after the re-
lease from a tightly-focused optical tweezer. This way, we observe the
chiral nature of the edge state, even in the anomalous Floquet phase,
thereby directly revealing the topological nature of this phase.

[1] Rudner et al., Phys. Rev. X 3, 031005 (2013)

|2] Wintersperger et al., Nat. Phys. 16, 1058-1063 (2020)

Q 22.26 Tue 16:30 Empore Lichthof
Self-oscillating pump in a topological dissipative atom-cavity
system — eJUSTYNA STEFANIAK, DAVIDE DREON, ALEXANDER
BAUMGAERTNER, SIMON HERTLEIN, XIANGLIANG L1, ToBias Don-
NER, and T1LMAN EssLiNGER — ETH Zurich

Pumps are transport mechanisms in which direct currents result from
a cyclic evolution of the potential. As Thouless showed, the pump-
ing process can have topological origins, when considering the motion
of quantum particles in spatially and temporally periodic potentials.
However, the periodic evolution that drives these pumps has always
been assumed to be imparted from outside, as has been the case in
the experimental systems studied so far. Here we report on an emer-
gent mechanism for pumping in a quantum gas coupled to an opti-
cal resonator, where we observe a particle current without applying
a periodic drive. The pumping potential experienced by the atoms
is formed by the self-consistent cavity field interfering with the static
laser field driving the atoms. Owing to dissipation, the cavity field
evolves between its two quadratures, each corresponding to a different
centrosymmetric crystal configuration. This self-oscillation results in
a time-periodic potential analogous to that describing the transport of
electrons in topological tight-binding models, such as the paradigmatic
Rice*Mele pump. In the experiment, we directly follow the evolution
by measuring the phase winding of the cavity field with respect to the
driving field and observing the atomic motion in situ. The observed
mechanism combines the dynamics of topological and open systems,
and features characteristics of continuous dissipative time crystals.

Q 22.27 Tue 16:30 Empore Lichthof
Stability and vulnerability of quantum gases along the BEC-
BCS crossover with quenched disorder — eFrLIX LaNG, JEN-
NIFER KocH, S1aAN BAarBOsA, and ARTUR WIDERA — Physics Depart-
ment and Research Center OPTIMAS, University of Kaiserslautern-
Landau, Germany

Quantum fluids in the so-called BEC-BCS crossover show very differ-
ent microscopic pairs underlying the superfluid. This changing pairing
might also change the response to perturbations of the system. We
investigate the response of a molecular BEC and of a resonantly in-
teracting Fermi gas to quenches into and out of an optical disorder
potential. We monitor the response of the in-situ density distribution
as well as the ability for hydrodynamic expansion, which we interpret
as a measure of long-range phase coherence. Concerning the latter,
we find that the BEC recovers hydrodynamic expansion after disorder
quenches on time scales which can be related to energy scales in the
system, whereas the unitary Fermi gas permanently loses its ability for
hydrodynamics. We attribute this observation to an efficient breaking
of Fermi pairs in the BEC-BCS crossover. Our work sheds light on
the mechanisms underlying the superfluid pairing in interacting Fermi
gases.
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Q 22.28 Tue 16:30 Empore Lichthof
Report on an Erbium-Lithium machine — Frorian KIESEL and
o ALEXANDRE DE MARTINO — Eberhard Karls Universitdat Tibin-
gen, Physikalisches Institut AG Grof, Auf der Morgenstelle 14, 72076
Tibingen
Ultracold Fermions cannot be cooled below about 10% of the Fermi
temperature with conventional methods. Sympathetic cooling with a
classical gas as an entropy reservoir may provide a new direction to
overcome the current limit. Here we report on the construction and
implementation of first cooling stages of a two species apparatus for
the optimized symp. cooling of fermionic Li with bosonic Er. This
mixture has several promising features, that have not yet been utilized
for symp. cooling in any other mixture. Pushing the temperature limit
is essential for the quantum simulation of strongly correlated phenom-
ena, in particular in optical lattice.

Q 22.29 Tue 16:30 Empore Lichthof
Towards quantum simulation with strontium atoms — eTHIES
PrassmMaNN!2, MENY MEeNasHEs!, LEoN ScHAErer!, and GuiL-
LAUME SaLomon’2 — Mnstitute of Laserphysics, University of Ham-
burg, Luruper Chaussee 149, 22761 Hamburg, Germany — 2The Ham-
burg Centre for Ultrafast Imaging (CUI), Luruper Chaussee 149, 22761

Hamburg, Germany

Individually controlled ultracold atoms in programmable potential
landscapes have emerged as powerful systems to explore exotic states
of matter in highly-correlated quantum many-body systems.

We are currently building a new quantum simulation platform based
on strontium atoms. We will report on the building of our experimental
apparatus designed for short cycle times and quantum gas microscopy
with single particle as well as single spin resolution. By combining op-
tical lattices with programmable optical tweezers, we aim to study the
Fermi-Hubbard model and frustrated quantum magnetism with atoms
trapped in tunable 3D potentials and excited to Rydberg states.

Q 22.30 Tue 16:30 Empore Lichthof
Pair correlations in a strongly interacting two-component
Fermi gas — eMANUEL JAGER and JOHANNES HECKER DENSCHLAG
— Universitdt Ulm, Institut fiir Quantenmaterie, Deutschland

We study pair correlations in a two-component fermionic system.
In particular we investigate the crossover from a Bardeen-Cooper-
Schrieffer (BCS) superfluid of loosely bound Cooper pairs to a Bose-
Einstein condensate (BEC) of tightly bound dimers.

For studying this system experimentally, we use a spin-balanced
mixture of the two lowest YLi Zeeman states and set their interac-
tion strength by means of the Feshbach resonance at 832 G. We then
perform photoexcitation of the pairs at various temperatures and in-
teraction strengths. The photoexcitation induces a two-body loss in
our system. From analyzing the loss rate we obtain Tan’s contact.

Our measurements of the two-body contact extend previously re-
ported measurements and calculations carried out at low temperatures
and at unitarity. Moreover, we find that our results above 0.5 Tr can
be well described by the second order quantum virial expansion in the
whole BCS-BEC crossover.

Q 22.31 Tue 16:30 Empore Lichthof
Solving the Floquet matrix for driven optical lattices — e ANNA
LeENA HauscHiLD, NikrLas Koming, CorRINNA MENz, CHRISTOF
WEITENBERG, and KrLAus SENagsTock — Institute for Laser Physics,
University of Hamburg, Luruper Chaussee 149, 22761 Hamburg, Ger-
many

Ultra cold atoms in optical lattices are a highly-tunable system for
quantum emulation of many body physics in solid state systems. By
changing the setup of a driven lattice system, different band structure
can be studied. In our project we want to build a numerical simulation
of driven lattice systems.

Here we implement the Floquet matrix method, which gives a time
independent matrix working with modified copies of the base Hamil-
tonian. In comparison to other relevant methods such as direct time
evolution of tight-binding models, the computational effort of this
method is higher, but due to less approximation it is in certain cases
more accurate.

For the Floquet matrix method the resulting bands will not be ordered
correctly:
For intersecting bands we investigate the eigenstates and their proper-

ties around the point of intersection for the correct assignment. With
this project we want so be able to find topological properties of the
system and a preparation for experimental implementation.

Q 22.32 Tue 16:30 Empore Lichthof

Observation of Chiral Edge Current Suppression for Strongly
Interacting Fermions in Hall Ladder Systems — eMARCEL
Diem!, Toias PeTeErsen!, NEjira PinTuL!, BENJAMIN ABELN!,
KoEN SpoNseLEE!, Oscar MurzewITz!, KLAUs SENGsTock )2, and
CuristorH Beckier!?2 — Center for Optical Quantum Technologies,
University of Hamburg, Luruper Chaussee 149, 22761 Hamburg —
2Institute for Laserphysics, University of Hamburg, Luruper Chaussee
149, 22761 Hamburg

Ultracold quantum gases of neutral atoms are an excellent platform
for quantum simulation of Hall physics due to their ability to imple-
ment artificial gauge fields and, thus, to mimic the physics of charged
particles in strong magnetic fields.

Here, we present the experimental realization of 2D Hall ladder sys-
tems in one real and one synthetic dimension and study edge currents
for two ultracold fermionic ytterbium isotopes to access the role of in-
teractions in topologically non-trivial systems. One isotope, 171Yb, is
non-interacting, whereas the isotope 173Yb interacts repulsively. We
use Raman beams to couple states with different m g quantum number
and momentum. This coupling gives rise to a strong artificial magnetic
field, which is essential for the quantum Hall effect.

We observe a significant suppression of chiral edge currents for
strongly interacting fermions in direct comparison to non-interacting
fermions. Our work paves the way towards a better understanding of
interaction effects in Hall systems.

Q 22.33 Tue 16:30 Empore Lichthof
Heidelberg Quantum Architecture: Fast and modular quan-
tum simulation — eToBiAs HAMMEL, MAXIMILIAN KAISER, VIVI-
ENNE LEIDEL, MicHA BuNJEs, MATTHIAS WEIDEMULLER, and SELIM
Jocuim — Physikalisches Institut, Heidelberg, Germany

More is always better. This is especially true when talking about the
amount of data a Quantum Simulator can produce in a given time.
The reason why is multi-layered, ranging from the achievable signal-
to-noise ratios in data demanding experiments, over the requirements
on stability during an experimental run, to aspects of ease of use and
debuggability.

This experiment aims at cycle rates of up to 10 cycles per second,
possibly bridging the gap to programmable, on-demand quantum sim-
ulation. The key bottlenecks that are addressed in this newly build
Lithium-6 machine are a reduction of MOT loading times and a high
speed thermalization into an optical dipole trap.

Modularly exchangeable optical setups including an accordion lat-
tice, a DMD and a dark ODT paired with various characterization
modules enable the simulation of a variety of physical systems. Ini-
tially, the main focus will be on the fast preparation of few-fermion
systems with high fidelities.

Q 22.34 Tue 16:30 Empore Lichthof
Ultracold Fermi Gases in Box Potentials — eRENE HENKE,
Hauke Biss, CEsarR CABRERA, LENNART SOBIREY, Nicras Luick,
and HENNING MoRITZ — Institute of Laserphysics, University of Ham-
burg, Hamburg, Germany

In the past years, our group has managed to create homogeneous ul-
tracold Fermi gases of 6Li atoms, both in 2D and 3D trap geometries.
Using Bragg spectroscopy, we measured the excitation spectrum in a
momentum resolved fashion. This allowed us to observe superfluidity
in the BEC-BCS crossover, to extract the superfluid gap and to com-
pare 2D and 3D systems directly.

This poster will review some of these results and present our progress
towards creating spin imbalanced mixtures in two dimensions. For
these, many questions still remain unanswered, especially concerning
the nature of a potential spin-polarized superfluid. One of the key
questions in these systems is, whether the theoretically predicted but
elusive FFLO phase exists. In this phase, fermions are theorized to
form Cooper pairs with finite total momentum, due to the different
Fermi momenta of spin majority and minority. More accessible open
questions are whether a partially polarized superfluid can be observed
in general, how stable it is and whether the transition between fully
paired superfluid and partially polarized Fermi gas is of first or higher
order.



SAMOP 2023 — Q

Tuesday

Q 22.35 Tue 16:30 Empore Lichthof
Engineering of lattice models with local control in fermionic
quantum gas microscopes — ¢S1 Wanc!h2, SArRaH HirTHE!'2, Do-
MINIK Bourcunp!»2, PETAR Bosovic!:2, Tuomas CHaLorPIND2,| M-
MANUEL Brocu!2:3 and TimoN HiLkerb?2 — IMax Planck Institute
of Quantum Optics, Garching, Germany — 2Munich Center for Quan-
tum Science and Technology, Munich, Germany — 3Ludwig Maximil-
ian University of Munich, Munich, Germany

Quantum simulation of ultracold atoms is a powerful tool for investi-
gating long-standing problems in condensed matter physics. Our quan-
tum gas microscope allows us to study the exotic phases of the Fermi-
Hubbard model with single-site density and spin resolution. Further-
more, our recently implemented bichromatic superlattices, together
with digital micromirror devices (DMDs) in real and Fourier space,
open the possibility for the realization of collisional gates with individ-
ual site control.

Q 22.36 Tue 16:30 Empore Lichthof
Towards fast, deterministic preparation of few-fermion states
— oVIVIENNE LEIDEL, ToBiAs HAMMEL, MAXIMILIAN KAISER, MICHA
Bunies, MarTHIAS WEIDEMULLER, and SELIM JocHIM — Physikalis-
ches Institut, Universitdt Heidelberg, Im Neuenheimer Feld 226, 69120
Heidelberg (Germany)

Heidelberg Quantum Architecture is a new experiment using ultracold
Lithium-6 atoms aiming to achieve rapid cycle times of under one sec-
ond. Among others, our approach is to speed up the MOT loading
with more available laser power enabling the use of a high flux 2D
MOT as well as a modular design with micrometer reproducibility.

In particular I will present setting up a laser lock to the Lithium-6
D2 transition using a modulation transfer scheme to ensure minimal
drifts in frequency. An AOM Doublepass module enabling high stabil-
ity and quick setup times is presented.

Physics in lower dimension often exhibits peculiar properties. Hence,
we want to fine tune the dimentionality of the system using a miniatur-
ized accordion lattice setup. It consists of two laser beams intersecting
at a tunable angle. In this way controlling the spacing between the
interference fringes, and therefore the strength of the confinement of
our atoms.

Q 22.37 Tue 16:30 Empore Lichthof
Emergence of collective excitations in few Fermion systems
— eJoHANNES REITER, PHiLiPP LunT, PAuL HiLyL, PHiLIPP PREISS,
and SELIM JocHiM — Physikalisches Institut, Universitdt Heidelberg,
Deutschland

The emergence of collective behaviour in strongly-interacting meso-
scopic systems has been a long-standing question in nuclear and cold
atom physics [1,2]. Our previously established technique to deter-
ministically prepare few Fermion systems [3] in combination with the
tunability of interactions in ultracold gases allows us to address this
question. However, to observe clear signatures of elementary excita-
tions in a strongly interacting few Fermion system precise control of
the optical potential is required.

We present a refined version of phase shift interferometry [5] to de-
tect wavefront aberrations on the atoms and compensate for them
using a spatial light modulator.

Building on this, we study the quadrupole mode across the BEC-
BCS crossover by means of spectroscopic probes. Tuning of the inter-
particle interactions via a broad Feshbach resonance allows us to ob-
serve the transition from single-particle to collective excitations and
varying the atom number enables us to observe the emergence of col-
lective behaviour atom by atom.

[1] B. Mottelson Science 193 (4250), 287-294 (1976) [2] S. Giorgini
et al. Rev.Mod.Phys. 80, 125 (2008) [3] F. Serwane et al. Science 332
(6027), 336-338 (2011) [4] L. Bayha et al. Nature 587.7835, 583-587
(2020) [5] P. Zupancic et al. Optics express 24.13, 13881-13893 (2016)

Q 22.38 Tue 16:30 Empore Lichthof
High-Resolution Optics for Modular Quantum Simulation
— eMicua Bunies!, Tosias Hammer!, MaxiMiLiaN KAISER!,
PHiLIPP PRrEeIss?, MarTHIAS WEIDEMULLER!, and SELiM JocHIM!
— 1Physikalisches Institut, Universitdt Heidelberg, Im Neuenheimer
Feld 226, 69120 Heidelberg (Germany) — 2Max-Planck-Institut fiir
Quantenoptik, Hans-Kopfermann-Str. 1, 85748 Garching

Heidelberg Quantum Architecture (HQA) is a new modular quantum
simulator built to study the emergence of quantum phenomena in few
to many-body systems.

At the heart of the custom-designed mounting structure lies a high-
resolution objective acting as a fixed optical reference. To verify the
performance enabled by the high numerical aperture, a modular test
bench and a sub-resolution nanopore device are used to scan the point
spread function of this objective across the entire field of view. In ad-
dition, the angle between the mechanical and optical axis is measured.
Characterizing this system in detail enables an improved performance
and counteract aberrations.

A crucial goal of HQA is an increased cycle rate, up to 10 cycles per
second. To this end, a new proposal aims to accelerate the prepara-
tion of few-particle systems using a blue-detuned ring trap to increase
local density and thermal scattering rate. After evaporation in this
trap, the thermalization of atoms into a tight optical tweezer could be
optimized. Two experimental solutions using axicons and Moiré lenses
are explored.

Q 22.39 Tue 16:30 Empore Lichthof
Feshbach molecules in an orbital optical lattice — eMax
HacumaNN, YANN KIEFER, and ANDREAs HEMMERICH — Institut
fir Laserphysik, Universitdt Hamburg

We experimentally study strongly interacting degenerate Fermi gases
exposed to an optical lattice. As a first benchmark, Kapitza-Dirac
scattering at a 1D-optical standing wave is used to probe coherence
properties of different atomic samples, including a strongly interacting
Fermi gas spanning the whole BEC-BCS crossover regime. Adjusting
the magnetic field in the vicinity of a Feshbach resonance allowed to
create bosonic dimers formed by two fermionic 40K atoms, which are
also studied in the optical lattice. Using a bipartite optical square lat-
tice ultimately resulted in the successful selective population of higher
Bloch bands, which are then analysed by means of a method resembling
mass spectrometry. Binding energies and lifetimes in the second (first)
Bloch band were extensively studied, where the longest lifetimes are
observed at the onset of unitarity with values around 100ms(300ms).
Our work prepares the stage for orbital BEC-BCS crossover physics.

Q 22.40 Tue 16:30 Empore Lichthof
Cavity-based Quantum Processor: Engineering Entangle-
ment with Programmable Connectivity — eMAaRvIN HOLTEN,
STEPHAN ROSCHINSKI, JOHANNES SCHABBAUER, DAVIDE NATALE, GI-
AcoMo Hvaring, Iris HAauBoLD, NicoLE HEIDER, ALEXANDER HEIss,
and JULIAN LEONARD — Atominstiut, TU Wien, Austria

Entanglement is the fundamental resource for applications like quan-
tum computation and communication beyond the possibilities of clas-
sical machines. Many current devices are limited to a small number
of qubits if full connectivity between any two qubits independent of
their spatial separation is required. Our goal is to investigate an al-
ternative platform for quantum simulation and information processing
with qubit full connectivity. The idea is to trap an array of individually
addressable atoms inside an optical cavity. The photon-mediated inter-
actions of the atoms in the cavity will enable us to introduce non-local
couplings and entangling operations between any two atoms or gbits
in the system. We will implement a non-destructive readout scheme
that relies on injecting a few-photon field into the cavity. We plan
to investigate in what ways the all-to-all connectivity of our quantum
processor enables us to efficiently create highly entangled many-body
ensembles, like GHZ states. Finally, we want to use the quantum pro-
cessor to address longstanding questions about the thermalisation of
closed quantum systems and information scrambling. With its scal-
ability and fully programmable connectivity, our architecture has the
potential to open up new pathways for a wide range of fields like quan-
tum optimization, communication and simulation.

Q 22.41 Tue 16:30 Empore Lichthof
Preparation for the Integration of the BECCAL Laser
System — eMarc Kitzmann!, Vicroria HenpeErson!2, Tim
Kron!2, Jakos Porr!2, MarTHIAs ScHocH!, CHRISTOPH WEISE!,
HRrRUDYA THAIVALAPPIL SUNILKUMAR!, HamisH Brck!, BAsTiAN
Levykaur!l, EveeNny KovaLcHuk!, AcuiM PeTERS! 2, and THE BEC-
CAL CoOLLABORATION':2:3:4,5,6,7,8,9,10 __ 1HUB, Berlin — 2FBH,
Berlin — 3JGU, Mainz — 4LUH, Hannover — 5DLR-SI, Hannover
— SDLR-QT, Ulm — "UULM, Ulm — 3ZARM, Bremen — DLR,
Bremen — '9DLR, Braunschweig

BECCAL (Bose-Einstein Condensate and Cold Atom Laboratory) is a
cold atom experiment designed for operation on the ISS. It is a DLR
and NASA collaboration, built on a heritage of sounding rocket and
drop tower experiments, and NASA’s CAL. This multi-user facility
enables the exploration of fundamental physics with Rb and K BECs
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and ultra-cold atoms in microgravity, facilitating prolonged timescales
and ultra-low energy scales. In contrast to lab-based cold atom ex-
periments, BECCAL must be operable without interference for three
years on the ISS. To reach that goal and match the complexity of this
space-based system to the stringent size, weight, and power limita-
tions, we have to fulfill strict product assurance requirements for the
laser system including higher cleanliness facilities and ESD protection.
In this context, the planning and implementation of the specific lab
setup and the first essential integration tests, using mock-ups, will be
presented. This work is supported by the DLR with funds provided by
the BMWK under grant numbers DLR 50WP1702, and 50WP2102.

Q 22.42 Tue 16:30 Empore Lichthof
A narrow linewidth and high power lasersystem for dual-
species atom interferometry — e¢WEI Liu, ALEXANDER HERBST,
HENNING ALBERS, ASHWIN RAJAGOPALAN, KNUT STOLZENBERG, SE-
BASTIAN BopE, ERNsT.M. RAsEL, and DENNIS SCHLIPPERT — Leibniz
Universitdt Hannover, Institut fiir Quantenoptik

The universality of free fall is one of the foundations of general relativ-
ity, which can be tested by observing the free falling of different test
masses. The development of atom optics has allowed performing of
quantum tests with dual-species atom interferometers. However trap-
ping and cooling of different atomic species require lasers with different
wavelengths, resulting in large and complex laser systems.

We present a new laser system capable of trapping and cooling 39K,
41K and 87Rb. The system features high power and low mainte-
nance by using frequency doubled C-band fiber lasers. We replace
11 external-cavity diode lasers and 8 tapered amplifiers with only 6
fiber lasers, remove all optical active components except acousto- and
electro- optic modulators, and therefore simplify the laser system. On
this poster we will describe the optical set up, characterisation mea-
surements and the scheme of frequency stabilisation.

Q 22.43 Tue 16:30 Empore Lichthof
Rapid generation and number-resolved detection of spinor
Rubidium Bose-Einstein condensates — CEBRAIL PUR!,
MAREIKE HETZEL!, e MARTIN QUENSEN!, ANDREAS HUPERD', J1A0
GenG?3, Worrcgance ErrmeEr!#, and CarsTEN KrEmpT!:*
Hnstitut fiir Quantenoptik, Leibniz Universitit Hannover, Welfen-
garten 1, D-30167 Hannover, Germany — 2Key Laboratory of 3D
Micro/Nano Fabrication and Characterization, School of Engineering,
Westlake University, Zhejiang Province, China — 3Institute of Ad-
vanced Technology, Westlake Institute for Advanced Study, Zhejiang
Province, China — 4Deutsches Zentrum fiir Luft- und Raumfahrt e.V.
(DLR), Institut fiir Satellitengeodésie und Inertialsensorik (DLR-SI),
Callinstrafe 30b, D-30167 Hannover, Germany

High data acquisition rates and low-noise detection of ultracold neutral
atoms present important challenges for high-precision atom interfer-
ometers that exploit the excellent mode quality of Bose-Einstein con-
densates. Here, we present a high-flux source of Rb-87 Bose-Einstein
condensates combined with a number-resolving detection.

For the high-fidelity tomography of many-body quantum states in
the spin degree of freedom, it is desirable to select a single mode for
a number-resolving detection. We demonstrate the low-noise selection
of subsamples with average atom numbers of up to 35 and their subse-
quent detection via accurate atom counting. The presented techniques
offer an exciting path towards the creation and analysis of mesoscopic
quantum states with unprecedented fidelities, and their exploitation
for fundamental and metrological applications.

Q 22.44 Tue 16:30 Empore Lichthof
Light-induced correlations in ultracold dipolar atoms —
oISHAN VARMA, MARVIN PROSKE, DIMITRA CRISTEA, NIVEDITH ANIL,
and PAaTrRiIcK WINDPASSINGER — Institute of Physics, JGU Mainz

Dysprosium is a fascinating candidate for studying cooperative and
collective effects in dense ultra-cold media. With the largest ground-
state magnetic moment of all elements in the periodic table (10 Bohr-
magnetons), it offers a platform to study the effect on scattering of
light due to competition between magnetic dipole-dipole interactions
(DDI) and light induced correlations. In a sufficiently dense regime,
the strong magnetic DDI significantly influence the propagation of light
within the atomic sample. In particular, we want to look at signatures
of collective light scattering phenomena like Super-radiance and Sub-
radiance.

This poster reports on the progress made in generating dense sam-
ples of ultracold dysprosium atoms. We plan to optically transport
atoms into a home-built science cell with high optical access. A high

NA custom objective, designed and assembled in-house, will then be
used to create dense atomic samples inside this cell. We evaluate the
performance and discuss the installation of the custom objective in
our experimental system. Further, an outlook is given on future mea-
surements exploring collective and cooperative effects in the generated
sample.

Q 22.45 Tue 16:30 Empore Lichthof
Two-dimensional grating magneto-optical trap — eAADITYA
Misural, HENDRIK HEINE!, JosEPH MucHOvo!, JULIAN LEMBURG!,
Kar Bruns!, WaLpemar Herr'2, CurisTiaN ScuuBrrTb 2, and
ErnsT M. RaserL! — lLeibniz Universitit Hannover, Institut fiir
Quantenoptik — 2Deutsches Zentrum fiir Luft- und Raumfahrt (DLR),
Institut fiir Satellitengeodésie und Inertialsensorik, Callinstr. 30b, D-
30167 Hannover, Germany

Ultracold atoms provide exciting opportunities for precision mea-
surements and testing fundamental physics. Two-dimensional(2D)
magneto-optical traps(MOT) are advantageous in faster loading to 3D-
MOTs and cooling more atoms. However, compact and power-efficient
setups are essential in performing transportable experiments. In this
poster, we will present a design of a two-dimensional grating magneto-
optical trap (2D gMOT) requiring only a single input cooling beam.
The cold atomic beam from the 2D gMOT will load atoms in a 3D
gMOT implemented on an atom chip for efficient generation of BECs.
This will lead to a robust, compact and efficient source of ultracold
atoms that can be used in ground and space experiments.

This work is supported by the German Space Agency (DLR)
with funds provided by the Federal Ministry for Economic Affairs
and Climate protection (BMWK) due to the enactment of the Ger-
man Bundestag under grant number DLR 50WM1947 (KACTUS-
II), DLR 50RK1978 (QCHIP) and by the German Science Foun-
dation (DFG) under Germany’s Excellence Strategy (EXC 2123)
?QuantumFrontiers”.

Q 22.46 Tue 16:30 Empore Lichthof
Quantum Gravimeter — JULIAN LEMBURG!,
Henprik HEeNe!, Josepn Muchovol!, AapiTya Misaral, Kar
Bruns!, Ernst M. Raser!, WaLpemar Herr!'2, and CHRISTIAN
ScuuBERT!2 — 1Leibniz Universitit Hannover, Institut fiir Quan-
tenoptik — 2Deutsches Zentrum fiir Luft- und Raumfahrt e. V. (DLR),
Institut fiir Satellitengeodésie und Intertialsensorik, DLR-SI

Chip-Scale

Interferometers with Bose-Einstein condensates (BECs) enable a very
precise measurement of inertial forces like gravity. Potential applica-
tions can be in ground and space-borne geodesy. A lower size, weight,
and power consumption of these sensors can be realized by using atom
chips. The latter enables the creation of a high flux of delta-kick col-
limated BECs bringing in reach an unprecendented, low measurement
uncertainty.

In this poster, we will present a concept to further reduce the sen-
sor head to about shoe-box size. With a novel atom chip combined
with the implementation of a relaunch scheme, an innovative single-
beam quantum gravimeter is envisaged. The further miniaturization
and reduction of complexity of the sensor head are the key features
to improve the transportability and ease the in-field operation of the
quantum gravimeter.

This work is funded by the German Research Foundation (DFG) in the
CRC 1464 "TerraQ" (Project A03) and under Germany’s Excellence
Strategy (EXC 2123) "QuantumFrontiers".

Q 22.47 Tue 16:30 Empore Lichthof
Realization of an optical accordion for ultracold atoms —
eCAROLE PEIFFER, FELIX LANG, SiAN BarBosa, JENNIFER KocH,
and ARTUR WIDERA — Physics Department and Research Center OP-
TIMAS, University of Kaiserslautern-Landau, Germany

Optical lattices, created by the interference of two or more coherent
and often far-detuned laser beams, are among the most established
tools used to manipulate quantum gases. Omne special realization,
the so-called optical ’accordion’; promises enhanced flexibility: when
changing the angle of the two interfering beams, the lattice constant
changes, allowing control over the lattice spacings over a large range of
values. We aim at realizing such an accordion setup using a beamsplit-
ter, consisting of two custom Dove-prisms, glued together by a special
UV-curing epoxy, in combination with a large focusing lens. When a
single beam passes through the prism pair, it is split into two parallel
rays, and their distance depends on the incidental beam’s. After fo-
cussing by the lens onto the atom’s position , interference creates the
lattice potential. I will report the planning, construction and ex-situ
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characterization of an optical accordion which will be used to access
lower dimensions in our setup with ultracold lithium-6 atoms.

Q 22.48 Tue 16:30 Empore Lichthof
A compact and robust fiber-based laser system for cold atom
experiments in microgravity — eJanina Hamann!, JAN Simon
Haase!, Jens Kruse?, and CarsTeEN KrLeEmpT!:2 — lInstitut fiir
Quantenoptik, Leibniz Universitdt Hannover, Welfengarten 1, 30167
Hannover — 2DLR Institut fiir Satellitengeodésie und Inertialsensorik,
Callinstr. 30b, 30167 Hannover

Operating atom interferometers in space opens up the possibility of
a further improved phase sensitivity due to prolonged interrogation
times. Especially Bose-Einstein condensates (BEC) are suitable for
zero-gravity interferometry due to their well-controlled spatial mode
and slow expansion rate. To prepare cold atom experiments for space
operation, microgravity facilities such as the Einstein-Elevator are used
for ground testing. The generation and detection of a 87Rb BEC in
the Einstein-Elevator requires a laser system with a high frequency
stability and robustness to 5 g accelerations and vibrations. We design
a fiber-based laser system with a tuneable offset frequency stabiliza-
tion that uses telecom components to ensure robustness. The rugged
fiber-based setup is housed in a 19" crate, where fiber-based modula-
tors generate an adjustable offset for the 780 nm laser and additional
sidebands at several GHz. An atomic reference module is used for
modulation transfer spectroscopy (MTS) on 8°Rb. We achieve a tune-
able frequency stabilization with a frequency stability of 90 kHz that
can perform frequency ramps of 300 MHz in milliseconds.

Q 22.49 Tue 16:30 Empore Lichthof
Laser systems for photoassociation spectroscopy of cold Hg-
atoms — eRupoLrF Homm and THoMAs WALTHER — Technische
Universitat Darmstadt, Institut fiir Angewandte Physik, Laser und
Quantenoptik, Schlossgartenstrafie 7, 64289 Darmstadt

Cold Hg-atoms in a magneto-optical trap offer opportunities for var-
ious experiments. The two stable fermionic isotopes are interesting
with regard to a new time standard based on an optical lattice clock
employing the 1Sg - 3Pg transition at 265.6 nm. All stable isotopes
can be used to form ultra-cold Hg-dimers through photoassociation in
connection with vibrational cooling by applying a specific excitation
scheme.

We will present our laser systems for photoassociation spectroscopy
of cold Hg-atoms. The Hg-isotopes are preselected via a 2D-MOT and
cooled in a 3D-MOT, while both are driven by the cooling laser system.
It consists of a MOFA-Setup at 1014.8 nm followed by two consecutive
frequency-doubling stages. The output power is over 900 mW at 253.7
nm without a sign of degradation in the BBO-crystal used in the sec-
ond frequency-doubling stage, due to a cavity with elliptical focus in
the crystal [1].

The setting of the spectroscopy laser system is quite similar to the
cooling laser, while the aims are different. The output power needs to
be only several dozen mW at the target wavelength of 254.1 nm, but
the frequency tuning range of the system has to be much higher. We
will report on the status of the experiments.

[1] Preikler, D., et al., Applied Physics B 125 (2019): 220

Q 22.50 Tue 16:30 Empore Lichthof
Ultracold Bose gases in temporally and spatially modulated
Potentials — eMaARrRco DECKER, ERIK BERNHART, MARVIN ROHRLE,

and HErwic OTT — Department of Physics and Research center OP-
TIMAS, RPTU Kaiserslautern-Landau

We investigate Bose-Einstein condensates in spatially and temporally
modulated potentials. This allows us to study quantum transport phe-
nomena and quantum scattering problems.

To extend discrete models to continuum physics, we shift from lattice
potentials to localized potentials in an optical trap. The potentials are
projected onto the atoms with an objective inside the vacuum cham-
ber, which is also used for absorption imaging. The atomic cloud can
additionally be imaged via an electron column with high spatial reso-
lution. Additionally, implementing two blue-detuned light sheets, we
can furthermore change the trap geometry from 3D to quasi 2D.

Future studies will include time-dependent barriers and local dissi-
pation via the electron column.

Q 22.51 Tue 16:30 Empore Lichthof
Sideband Thermometry on Ion Crystals — eIvaN VYBORNYI!,
LAUurA DREIsSEN?, DANIEL VADLEJCHZ, TANJA MEHLSTAUBLERZ, and

KLEMENS HAMMERER! — !Institut fiir theoretische Physik, Leib-

niz Universitdt Hannover, Appelstrafe 2,30167 Hannover, Germany
— 2Physikalisch-Technische Bundesanstalt, Bundesallee 100,308116
Braunschweig, Germany

Crystals of ultracold trapped ions reach sizes of hundreds of individual
particles and require high level of control over their motional tem-
perature to account for the second-order Doppler shift in clocks and
implement high-fidelity quantum gates in quantum computers. The
existing thermometry tools fail to provide an accurate temperature
estimation for large ground-state cooled crystals, either focusing only
on the symmetric c.o.m. mode of motion or neglecting the involved
spin-spin correlations between the ions.

To resolve the thermometry large-N bottleneck, we consider crystal
many-body dynamics arising when motional sideband transitions are
driven in a near ground-state regime, which is a widely used approach
in thermometry of a single ion. To gain some valuable insights on the
sideband thermometry method, we also address the single ion case and
study it from the Fisher Information prospective.

Extending the approach further, we account for entanglement cre-
ated between the ions in a crystal to derive a new reliable temperature
estimator, insensitive to the number of ions, and field-test in experi-
ments with 4- and 19-ion crystals done by colleagues from PTB and
Innsbruck.

Q 22.52 Tue 16:30 Empore Lichthof
Invisible flat bands on a topological chiral edge — eYouiJiaNGg
Xu, IrakLl TrTvINIDZE, and WALTER HOFSTETTER — Institut fiir
Theoretische Physik, Goethe-Universitdat, Frankfurt am Main, Ger-
many

We prove that invisible bands associated with zeros of the single-
particle Green*s function exist ubiquitously at topological interfaces of
2D Chern insulators, dual to the chiral edge/domain-wall modes. We
verify this statement in a repulsive Hubbard model with a topological
flat band, using real-space dynamical mean-field theory to study the
domain walls of its ferromagnetic ground state. Moreover, our numer-
ical results show that the chiral modes are split into branches due to
the interaction, and that the branches are connected by invisible flat
bands. Our work provides deeper insight into interacting topological
systems. (preprint: arXiv:2204.11946)

Q 22.53 Tue 16:30 Empore Lichthof
Optical simulations for highly sensitive atom interferometry
— oGABRIEL MULLER, STEFAN SECKMEYER, and NACEUR GAALOUL
— Institut fiir Quantenoptik, Leibniz Universitdt Hannover, Welfen-
garten 1, 30167 Hannover

Using atom interferometers as highly sensitive quantum sensors re-
quires both precise understanding and control of their main building
block: atom light interactions. To properly describe the atom light
interactions we need an accurate description of the laser-driven light
fields. Distortions of ideal Gaussian beams on their path to the atoms
can cause several disturbing effects. For example, the occurrence of
asymmetric optical dipole forces acting on the atoms can cause a loss of
contrast. Here, we build an optical simulation tool using Fast-Fourier-
transform beam propagation methods to take into account arbitrarily
shaped obstacles. We compare these results, on small scales, to so-
lutions of Maxwell’s equations finding good agreement. Finally, we
apply our optical simulations to guide the design of the next unit of
NASA’s Earth-orbiting Cold Atom Lab and DESIRE, a microgravity
experiment searching for Dark Energy.

This work is supported by DLR funds
(50WM2245A-CAL-IT and 50WM2253A-(AT1)?).

from the BMWi

Q 22.54 Tue 16:30 Empore Lichthof
Green’s functions formulation of Floquet topological invari-
ants — eMARcuUs MESCHEDE, HELENA DRUEKE, and DIETER BAUER
— University of Rostock

Floquet topological insulators (FTIs) allow for topological protection
through their time evolution as opposed to static topological insula-
tors, which are only protected by their band topology. FTIs have
become ubiquitous in the pursuit of realizing new phases of matter. In
general, the momentum-dependent quasi-energy spectrum of single-
particle time evolution operators or, equivalently, Floquet Hamiltoni-
ans is used to classify the band topology. In the presence of many-
particle interactions, this single-particle picture breaks down. In order
to overcome this issue, topological invariants of static systems have
been formulated through their single-particle Green’s functions. [1,2]
We expand on this work by calculating Floquet topological invariants
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through their Floquet Green’s function. As there is much experimental
work on realizing FTIs, we hope to provide another tool to determine
the topological properties of these systems through their bulk spectral
function.

[1] Gurarie, V. "Single-Particle Green*s Functions and Interacting
Topological Insulators." Physical Review B 83, 085426 (2011).

[2] He, Yuan-Yao, Han-Qing Wu, Zi Yang Meng, and Zhong-Yi Lu.
"Topological Invariants for Interacting Topological Insulators. 1. Ef-
ficient Numerical Evaluation Scheme and Implementations." Physical
Review B 93, 195163 (2016)

Q 22.55 Tue 16:30 Empore Lichthof
Light-induced correlations in cold dysprosium atoms —
eNIVEDITH ANIL, MARVIN PROSKE, ISHAN VARMA, DIMITRA CRISTEA,
and PaTrick WINDPASSINGER — Institut fiir Physik, JGU Mainz

We intend to study light-matter interactions to explore the effect of
magnet dipole-dipole interactions in highly dense samples of atoms ex-
hibiting large permanent magnetic dipole moments. When the average
interatomic distances are smaller than the wavelength of the scattering
light, strong electric and magnetic dipole-dipole interactions give rise
to collective light-scattering phenomena in the spectral and temporal
domains. With the largest ground-state magnetic moment in the pe-
riodic table (10 Bohr-magneton), dysprosium is the perfect candidate
for these experiments.

This poster reports on our progress in generating extremely dense
ultracold atomic dysprosium clouds. We present our method to opti-
cally transport the atoms into a home-built science cell using a high-
precision air-bearing translation stage. A custom-built high NA objec-
tive will re-trap the transported atoms in a tightly focussed microscopic
optical dipole trap. Further, we discuss the design of a magnetic field
system, which allows for highly precise magnetic field control and the
ability to tune the contact interactions between the dysprosium atoms.

Q 22.56 Tue 16:30 Empore Lichthof
Borromean states in a one-dimensional three-body system —
eT0BIAS SCHNURRENBERGER!, Lucas Happ?, and Maxim EFrEMoOv!
— 1German Aerospace Center (DLR), Institute of Quantum Technolo-
gies, 89081 Ulm, Germany — 2RIKEN Nishina Center, Strangeness
Nuclear Physics Laboratory, Wako 351-0198, Japan

We explore the Borromean states of a one-dimensional quantum three-
body system composed of two identical heavy particles and a different
particle of smaller mass. There is no heavy-heavy interaction potential
and no bound state supported by the heavy-light one. To determine
the parameters of the heavy-light potential for which the Borromean
states may exist, we apply and compare two approaches: (i) the Born-
Oppenheimer approximation, being usually valid for a large mass ratio
between heavy and light particles, and (ii) the Faddeev equations, be-
ing exact for any mass ratio.

Q 22.57 Tue 16:30 Empore Lichthof
Snapshot-based detection of hidden off-diagonal long-range
order on lattices — FaBIAN Pauw!, eFELIX A. PALM!, ANNABELLE
BourDpT?, SEBASTIAN PAECKEL', and FaBiaN GrusDT! — 'LMU Mu-
nich & MCQST, Munich, Germany — 2Harvard University & ITAMP,
Cambridge (MA), USA

Revealing the existence of hidden off-diagonal long range order is be-
lieved to be a promising avenue towards identifying and characterizing
topological order. In continuum fractional quantum Hall systems this
can be accomplished by attaching gauge flux tubes onto the particles.
Following the recent advances of cold atom experiments in optical lat-
tices, probing this hidden, non-local order parameter with Fock-basis
snapshots for lattice analogs is now within reach. Here, we demon-
strate the existence of hidden off-diagonal long range order in quasi
two-dimensional lattices in the v = 1/2-groundstate of the experimen-
tally realistic isotropic Hofstadter-Bose-Hubbard model. To this end,
we provide a MPS-driven, hybrid one and two-site snapshot proce-
dure to sample the one-particle reduced density matrix and all particle
positions simultaneously, emulating an experimentally feasible proto-
col. We present strong numerical indications for the emergence of an
algebraic decay and discuss the resolution achievable using only few
snapshots.

Q 22.58 Tue 16:30 Empore Lichthof
Few fermions in an arbitrary potential — eJonas HERKEL, SAN-
DRA BRANDSTETTER, CARL HEINTZE, KEERTHAN SUBRAMANIAN, and
SELIM JocHIM — Physikalisches Institut, University Heidelberg, Ger-
many

Fermionic quantum systems with a tuneable atom number have proven
to be a viable platform for exploring the emergence of many-body phe-
nomena. In our experiment we are able to prepare a fermionic few-body
system of 6Li atoms by spilling a two dimensional trap.

We use two different matter wave optic techniques to achieve single
atom resolution. Combined with our spin resolved imaging technique,
this allows for the examination of correlations between atoms in differ-
ent spin states. A non interacting expansion maps the initial momenta
to real space. For real space imaging we use a technique similar to (1),
which combines the evolution in two harmonic potentials with differ-
ent trapping frequencies, to magnify the spatial distribution. These
imaging techniques allows us to explore hydrodynamic behavior of the
few body limit.

We plan to setup a digital-micro-mirror-device (DMD) in a compact
and modular way. The DMD will allow us to form nearly arbitrary uni-
form potentials, with a blue detuned laser. One possible application
is a double box to explore the transport physics of a small number of
atoms. The fast dynamics of the DMD additionaly allows for dynamic
potentials, which could be utilized to explore collectivity of few atoms.
(1) Asteria et al. Nature 599, 571*575 (2021).
https://doi.org/10.1038 /s41586-021-04011-2

Q 22.59 Tue 16:30 Empore Lichthof
Commercial Off-The-Shelf Replicate of the BECCAL Laser
System for Cold Atom Experiments on the ISS — eHaMisH

Beck!, Vicroria Henperson'2, Tim Kron':2, Jakos Ponrb?2,

MarTHIAS ScHocH!, CurisTorH WEISE!, HRUDYA THAIVALAP-
PIL SUNILKUMAR!, Marc KitzmManN!, BAsTIAN LEYKAUF!,
Eveeny Kovarcuuk!, Acuiv Prters!2, and tHe BECCAL
CoLLaBORATIOND2:3:4,5,6,7,8,9,10 __1HUB, Berlin — 2FBH, Berlin —
3JGU, Mainz — *LUH, Hannover — 5DLR-SI, Hannover — DLR-
QT, Ulm — “UULM, Ulm — 3ZARM, Bremen — °DLR, Bremen —

1ODLR, Braunschweig

BECCAL (Bose-Einstein Condensate—Cold Atom Laboratory) is a cold
atom experiment designed for operation on-board the ISS. This DLR
and NASA collaboration builds upon the heritage of sounding rocket
and drop tower experiments as well as NASA’s CAL. Fundamental
physics with Rb and K BECs and ultra-cold atoms will be explored in
this multi-user facility in microgravity, providing prolonged timescales
and ultra-low energy scales compared to those achievable on earth. A
ground-based replicate of the apparatus must also be built to support
the operation of the flying experiment. The size, weight, and power
constraints of such a Ground-based Test Bed (GTB) are relaxed, and so
the laser system may be made from Commercial Off-The-Shelf (COTS)
components. The design of this GTB laser system will be presented
alongside the design of the flight hardware for a direct comparison.
This work is supported by the DLR with funds provided by the
BMWK under grant numbers DLR 50WP1702, and 50WP2102.

Q 22.60 Tue 16:30 Empore Lichthof
Cryogenic system for Rydberg quantum optics — eCEDRIC
Winp, JuriA GAMPER, VALERIE MAUTH, FLORIAN PAUSEwANG,
Tore HoMEYER, HANNEs BuscHE, and SEBASTIAN HOFFERBERTH
— Institute of Applied Physics, Bonn, Germany

Thanks to their strong interactions, Rydberg atoms are a key to neutral
atom quantum simulation and computing or to implement nonlinear
single photon devices such as single photon sources, optical transistors
or photon-photon gates based on Rydberg quantum optics. Rydberg
atoms also offer electric transitions over a wide range of the electro-
magnetic spectrum ranging from optical transitions close to the ground
state to strong microwave transitions between Rydberg states. These
properties make them an attractive ingredient to implement hybrid
quantum systems interfacing optical and microwave frequencies.
Here, we present our design and construction of a cryogenic setup
producing ultracold atoms in a 4K-environment to implement hybrid
systems including Rydberg atoms. The system combines a closed-cycle
cryostat with vibration isolation and an ultracold-atom production
setup starting with a room-temperature magneto-optical trap and a
magnetic transport into the cryo-region. In particular, the whole sys-
tem is designed to enable fast exchange and cooling of samples in the
experiment region to 4 K which can include electromechanical oscil-
lators, superconducting circuits, or integrated photonic circuits. The
cryostat promises a strong suppression of black-body induced Rydberg
decay and improved vacuum conditions thanks to cryo-pumping that
eliminates the need to bake the system when changing samples.

Q 22.61 Tue 16:30 Empore Lichthof
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Rydberg superatoms for waveguide QED — eNINaA STIESDAL!,

Lukas AmncHerr!, Anna Spier!, Jan DpE Haan!, KEgviNn
KrLEINBECK?, JAN KuMmLIN®, HaNs-PETER BUCHLER?, and SEBAS-
TIAN HOFFERBERT! — 'IAP, University of Bonn — 2ITP3, University

of Stuttgart — 3CCQ, Aarhus University

Waveguide-systems where quantum emitters are strongly coupled to a
single propagating light mode offer an interesting platform for quantum
nonlinear optics. We work towards realizing a cascaded system in free
space by using Rydberg superatoms - single Rydberg excitations in in-
dividual atomic ensembles smaller than the Rydberg blockade-volume
- as directional effective two-level systems.

On this poster we show our setup implementing a one-dimensional
chain of Rydberg superatoms with low internal dephasing. We employ
a double magic-wavelength optical lattice to pin atoms during optical
experiments using Rydberg states and thus reduce motional dephas-
ing of the collective excitation. We further show our interferometer
setup for obtaining phase information about the photons to perform
full state tomography of outgoing multi-photon pulses to characterize
the effective photon-photon interaction mediated by the superatom
chain.

Q 22.62 Tue 16:30 Empore Lichthof
Rydberg quantum optics in ultracold Ytterbium gases —
eTHILINA MUTHU-ARACHCHIGE!, XIN WanG!, Jonas CrisLick!,
KATHERINA GILLEN?, and SEBASTIAN HoOFFERBERTH! — llnstitute
for Applied Physics, University of Bonn, Germany — 2California Poly-

technic State University, San Luis Obispo, USA

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

On this poster, we present our ultracold ytterbium setup designed
for few-photon Rydberg quantum optics experiments. The system is
optimized for fast production of large, thermal ytterbium samples to
study the interactions between a large number of Rydberg polaritons
simultaneously propagating through a medium with extremely high
atomic density. Specifically, we discuss our two-chamber 2d/3d two-
color MOT setup, our implementation of narrowline SWAP MOT tech-
niques and Rydberg excitation of optically trapped Ytterbium atoms.

Q 22.63 Tue 16:30 Empore Lichthof
Level statistics and entanglement entropy of Rydberg dressed
bosons in a triple-well potential — eTi1aNYI YAN!, MATTHEW
Corruins!, REjisH Naru2?, and WEeBIN L1l — 1School of Physics
and Astronomy, University of Nottingham, Nottingham, NG7 2RD,
UK — 2Department of Physics, Indian Institute of Science Education
and Research, Dr. Homi Bhabha Road, Pune-411008, Maharashtra,
India

We study signatures of quantum chaos of Rydberg dressed bosonic
atoms in a three-well potential. Dynamics of the atoms are governed by
an extended Bose-Hubbard model (EBHM) where long-range nearest-
neighbor and next-nearest-neighbor interactions are induced by laser
coupling the ground state to Rydberg state. We analyze level statis-
tics of the EBHM with N atoms through numerical diagonalization.
In the presence of a tilting potential, the level statistics is a Poisso-
nian distribution when the dressed interaction is weak. It becomes
a Wigner-Dyson distribution by increasing the interaction strength,
signifying the emergence of quantum chaos. A hybrid distribution is
obtained when the dressed interaction is much stronger than the hop-
ping rate. Using Fock basis, we further calculate dynamical evolution
of the entanglement entropy. The maximal value (upper bound) of the
entanglement entropy is found to be In(/N + 1). The maximum of the
time-averaged entanglement entropy appears when the chaos is strong.
The location of the maximum as a function of the dressed interaction
and tilting potential is independent of N when N is large.

Q 22.64 Tue 16:30 Empore Lichthof
Chiral Rydberg State in cold atoms for chiral sensing.
STEFAN AuLL!, STEFFEN GIESEN?, ePETER ZAHARIEV!:3, ROBERT
BerceR?, and KiLian SiNgeEr! — lInstitut fiir Physik, Experimen-
talphysik I , Universitdt Kassel, Heinrich-Plett-Str. 40, 34132 Kassel
— 29Fb. 15 - Chemie, Hans- Meerwein-Strafie 4, 35032 Marburg —
3Institute of Solid State Physics, Bulgarian Academy of Sciences, 72,

10

Tzarigradsko Chaussee, 1784 Sofia, Bulgaria

It has been shown theoretically [1] that by combining a superposition
of Hydrogenic wavefunctions in combination with appropriately ad-
justed phases, the resulting electronic state can show chiral properties.
We are proposing a protocol for experimentally creating those states
in a ultra-cold cloud of Rubidium atoms by exciting into a circular
Rydberg state and subsequently generating a superposition of differ-
ent states of almost maximum £ and my. The results are aimed to be
used for chiral discrimination [2] of molecules. Optimized parameters
will be determined to maximize the chiral sensitivity.

[1] A. Ordonez, O. Smirnova. Propensity rules in photoelectron cir-
cular dichroism in chiral molecules. I. Chiral hydrogen, Phys. Rev. A
99, 043416 (2019)

[2] S Y Buhmann et al, Quantum sensing protocol for motionally
chiral Rydberg atoms, New J. Phys. 23, 083040 (2021)

Q 22.65 Tue 16:30 Empore Lichthof
RF spectroscopy of ultracold Rydberg atoms and molecules
— EbwarRD TREU-PAINTER, MARTIN TRAUTMANN, and eJOHANNES
DEIGLMAYR — Universitdt Leipzig, Germany

RF Spectroscopy of Rydberg atoms is an established tool to determine
the hyperfine structure [1] and quantum defects [2] of Rydberg atoms.
We have recently extended this to the spectroscopy of long-range Ry-
dberg molecules [3].

Here we present recent results on the characterization of the n2D
Rydberg series of Cesium using RF spectroscopy that yielded a new set
of quantum defect parameters for the two fine-structure components
with highly improved precision and accuracy. We will also present
experimental and theoretical results on long-range Rydberg molecules
correlated to n2D; Rydberg states that we probe by RF spectroscopy.

[1] H. SaBmannshausen, F. Merkt, and J. Deiglmayr, High-resolution
spectroscopy of Rydberg states in an ultracold cesium gas, Phys. Rev.
A 87(3), 032519 (2013) [2] J. Deiglmayr et al., Precision measurement
of the ionization energy of Cs I, Phys. Rev. A 93(1), 013424 (2016);
M. Peper et al, Precision measurement of the ionization energy and
quantum defects of 39K I, Phys. Rev. A 100(1), 012501 (2019) [3]
M. Peper and J. Deiglmayr, Photodissociation of long-range Rydberg
molecules, Phys. Rev. A 102(6), 062819 (2020); M. Peper, and J.
Deiglmayr, Heteronuclear Long-Range Rydberg Molecules, Phys. Rev.
Lett. 126(1), 013001 (2021)

Q 22.66 Tue 16:30 Empore Lichthof
Stability of quantum degenerate fermionic polar molecules
with and without microwave shielding — eANTUN Baraz!
and AxEL PrLsTER? — lCenter for the Study of Complex Sys-
tems, Institute of Physics Belgrade, University of Belgrade, Serbia —
2Department of Physics, Technical University of Kaiserslautern, Ger-
many

A stabilization of a fermionic molecular gas towards collapse in attrac-
tive head-to-tail collisions and its evaporative cooling below the Fermi
temperature has so far been achieved in two ways. Either a strong dc
electric field is applied to confine the molecular motion to 2D [1] or in-
elastic collisions in 3D are strongly suppressed by applying a circularly
polarized microwave field [2]. Here we use a Hartree-Fock mean-field
theory [3,4] in order to determine the 3D properties of quantum de-
generate fermionic molecules. In particular, we compare the stability
diagrams occurring with and without microwave shielding, where a
dipole-dipole interaction with negative and positive sign is present. In
case when the orientation of the electric dipoles with respect to the trap
axes is unknown, we outline how to reconstruct it from time-of-flight
absorption measurements.

[1] G. Valtolina et al., Nature 588, 239 (2020).

[2] A. Schindewolf et al., Nature 607, 677 (2022).

[3] V. Velji¢ et al., New J. Phys. 20, 093016 (2018).

[4] V. Velji¢ et al., Phys. Rev. Research 1, 012009(R) (2019).

Q 22.67 Tue 16:30 Empore Lichthof
Creating auto-ponderomotive potentials for electron beam
manipulation — eFraNz ScHMIDT-KALER, MICHAEL SEIDLING,
RoBERT ZIMMERMANN, NiLs Bopg, and PETER HOMMELHOFF —
Friedrich Alexander Universitidt Erlangen-Niirnberg (FAU), 91058 Er-
langen

Advances in complex free electron beam manipulation are shown to
be possible based on planar chips using electrostatic fields. In the
co-moving frame of the electrons these static fields transform into al-
ternating forces creating an engineered auto-ponderomotive potential.
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This confining pseudopotential resembles the one of a radiofrequency-
driven Paul trap. Well-designed electrode layouts enable electron beam
splitting and curved guiding, which we demonstrated. The applied
electron energies range from a few eV to 1.7 keV (splitting) and 9.5
keV (guiding) permitting integration into standard scanning electron
microscopes to allow entirely new electron control. Furthermore, we
measured the first a-q stable parameter space demonstrating the sim-
ilarity of our APE design’s to Paul trap’s potentials.

Q 22.68 Tue 16:30 Empore Lichthof
Coulomb effects in ultrashort few electron pulses — STEFAN
MEIER, JoNAas HEIMERL, and PETER HoMMELHOFF — Department
Physik, Friedrich-Alexander-Universitdt Erlangen-Niirnberg (FAU),
91058 Erlangen

Most electron-based microscopy methods benefit from a high spatial
coherence of the electron beam used. The smaller the electron source,
the higher the spatial coherence, allowing, for example, particularly
small foci in the electron microscope. Tungsten needle tips represent
such highly coherent electron sources, with effective source sizes in the
subnanometer range. Moreover, electron emission can be triggered by
femtosecond short laser pulses, providing a source of ultrashort electron
pulses. In this contribution, we investigate the transverse coherence
properties of such a pulsed source as a function of the emitted current
[1]. We show that the effective source size grows due to Coulomb ef-
fects already for one emitted electron per pulse on average. In a next
step, we consider by postselection only the electron pulses in which
two electrons have been emitted. In this case we observe strong en-
ergy anticorrelation between both electrons due to the extreme spatial
and temporal confinement of the electrons during emission. We report
on the current status of these measurements and the implications that
arise from them.

[1] S. Meier and P. Hommelhoff, ACS Photonics 9, 3083 (2022)

Q 22.69 Tue 16:30 Empore Lichthof
Coherent Light-Electron Interaction in an SEM — eMaxim
SiroTIN, ToMAS CHLoUBA, Roy SHIiLOH, and PETER HOMMELHOFF
— Department Physik, Friedrich-Alexander-Universitdt Erlangen-
Niirnberg (FAU), 91058 Erlangen

The coherent interaction of light and free electrons was experimentally
demonstrated over a decade ago in a transmission electron microscope
(TEM) in the form of photon-induced near-field electron microscopy
(PINEM). Until today, it has found many fundamental scientific ap-
plications such as attosecond quantum coherent control, free electron
quantum state generation and photon statistics reconstruction. So far,
all PINEM experiments used ultrafast TEMs rather than scanning elec-
tron microscopes (SEM), mainly because the required high-resolution
spectrometer is not commercially available. However, SEMs allow ac-
cess to the yet unexplored subrelativistic energy range from ~0.5 to
30 keV which provides potentially higher electron-light coupling effi-
ciency. Also, SEMs offer spacious and easily-configurable experimen-
tal chambers for extended optical setups, potentially boasting thou-
sands of photon-electron interaction sites. We built a compact mag-
netic high-resolution electron spectrometer and experimentally demon-
strated the quantum coherent coupling between electrons and optical
nearfields in an SEM at unprecedentedly low, sub-relativistic energies
[1]. This demonstration of PINEM in an SEM opens a new avenue to
fundamental research in electron-photon quantum interactions.

[1] R. Shiloh, T. Chlouba, and P. Hommelhoff, Physical Review
Letters 128, 235301 (2022)

Q 22.70 Tue 16:30 Empore Lichthof
Simulation of expanding BECs and matter-wave lensing —
eNico ScHWERSENZ and ALBERT ROURA — Institute of Quantum
Technologies, German Aerospace Center (DLR), Ulm

The extended microgravity conditions afforded by cold-atom experi-
ments in space enable free-evolution times of many seconds, which can
be exploited in high-precision measurements based on atom interfer-
ometry. However, in order to reach such long evolution times, it is nec-
essary to employ ultracold atoms combined with matter-wave lensing
techniques, and a detailed modeling is required. Here we present the
results of 3D numerical simulations of BECs freely expanding for tens
of seconds. As an application, we investigate the long-time behaviour
of a BEC whose expansion has been collimated through matter-wave
lensing. In particular, we examine the role played by the repulsive
mean-field interaction and by quantum effects due to Heisenberg’s un-
certainty principle and the finite size of the BEC. Their relative im-
portance is compared under different conditions.
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Q 22.71 Tue 16:30 Empore Lichthof
High-order harmonic generation in gases with pJ laser pulses
— eMarTHIAS MEIER!, PuiLiP DiensTBIER!, Yuva MoRiMOTOZ?,
Francesco Tani®, and PereErR HoMMELHOFF! — !Department of
Physics, Friedrich-Alexander-Universitat Erlangen-Nirnberg (FAU),
91058 Erlangen, Germany — ?RIKEN Cluster for Pioneering Research
(CPR), RIKEN Center for Advanced Photonics (RAP), Japan — 3Max

Planck Institute for the Science of Light, 91058 Erlangen, Germany

Pump-probe schemes involving strong few-cycle driving pulses in the
infrared in combination with attosecond probe pulses in the extreme
ultraviolet are a powerful spectroscopic tool to investigate the ultra-
fast dynamics of electrons inside materials. For many spectroscopic
schemes, it is desirable or even necessary to provide pump and probe
pulses at high repetition rates for sufficient statistics and signal-to-
noise ratios in the detection. Here, we present a laser system delivering
infrared near infrared 8 fs pulses with 18 ©J energy and repetition rates
up to 1 MHz. The few-cycle pulses are obtained by shortening 210 fs
pulses from an Ytterbium laser amplifier with stable carrier-envelope
phase. For this we use a two-stage compressor based on two argon-
filled hollow-core photonic crystal fibers. The pulses are then delivered
to a vacuum chamber which is set up for generating and characterizing
isolated attosecond pulses.

Q 22.72 Tue 16:30 Empore Lichthof
The Parity Interferometer oFREYJA ULLINGERD'Z and
MarTHIAS ZIMMERMANN! — 1German Aerospace Center (DLR), In-
stitute of Quantum Technologies, 89081 Ulm, Germany — 2Institut
fiir Quantenphysik and Center for Integrated Quantum Science and
Technology (IQST), Universitit Ulm, 89081 Ulm, Germany

The quantum-mechanical parity operator enables the reconstruction of
the phase space representation of a quantum state [1,2,3,4]. However,
the implementation of the parity operation is a subtle issue.

In this poster, we reveal the intrinsic relation between the parity
operator and the quantum-mechanical harmonic oscillator. In par-
ticular, we present two methods for its realization: (i) we rely on a
continuous time evolution in a harmonic potential, and (ii) we employ
a combination of pulsed harmonic potentials and free propagation.

By exploiting these methods, we construct a novel parity interfer-
ometer. The output of our device measures the parity of a given initial
state.

[1] A. Royer, Phys. Rev. A 15, 449 (1977)

[2] S. Haroche, M. Brune, and J. M. Raimond, J. Mod. Opt. 54,
2101 (2007)

[3] R. J. Birrittella, P. M. Alsing and C. C. Gerry, AVS Quantum
Sci. 3, 014701 (2021)

[4] S. Kleinert, 'Relativity, States and Quantum Evolutions in Atom
Interferometry’, Ph.D. thesis (Ulm University, Ulm, 2018)

Q 22.73 Tue 16:30 Empore Lichthof
Dynamics of quantum gases mixtures in space experiments
— oANNIE PicHERY!:2, MarTHIAS MEISTER®, ERIc CHARRONZ, and
NacrUrR Gaarour! — nstitut fiir Quantenoptik, Leibniz Universitét
Hannover, Germany — 2Institut des Sciences Moléculaires d’Orsay,
Université Paris-Saclay, France — 3German Aerospace Center (DLR),
Institute of Quantum Technologies, Ulm, Germany

Ultra-cold atomic ensembles are a prime choice for sources in quan-
tum sensing experiments. Space provides an environment where these
clouds can float for extended times of several seconds, thus boost-
ing the precision of these sensors. It also enables the operation of
Bose-Einstein Condensate (BEC) mixtures for dual interferometers in
miscibility conditions not possible on ground.

Simulating such dynamics of interacting dual species BEC mixtures
presents however computational challenges due to the long expansion
times. In this contribution, scaling techniques to overcome these limits
are presented and illustrated in the case of space experiments on the
ISS and aboard sounding rockets.

We acknowledge financial support from the German Space Agency
(DLR) with funds provided by the Federal Ministry of Economic Af-
fairs and Energy (BMWi) due to an enactment of the German Bun-
destag under Grant No. CAL-II 50WM2245A /B.
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Deep Learning Accelerated FDFD Simulations in Context of
Inverse-Design Algorithms — eLukas ScHULTE, MaArco Burz,
and CARSTEN ScHUCK — Center for Soft Nanoscience, Miinster, Ger-
many
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Deep learning (DL) methods have shown tremendous success in various
disciplines related to the design of photonic integrated circuit compo-
nents. Likewise various fields of simulation, such as fluid dynamics, DL
might be used to accelerate electromagnetic first-order simulations, as
well.

To numerically access the photonic properties of metamaterials, effi-
cient electromagnetic simulation algorithms are obligatory. In order to
simulate the propagation of light through nanophotonic devices, vari-
ous numerical methods, such as the finite-difference frequency-domain
method (FDFD), have been developed. Requiring to solve large sparse
linear systems iteratively, these methods come at the cost of being com-
putationally expensive processes.

Here, we show how DL can be employed to decrease the computa-
tional effort of consecutive FDFD simulations, for example, encoun-
tered in inverse-design algorithms. Leveraged by the U-Net architec-
ture our method is capable of predicting the electromagnetic response
of a nanophotonic device. We use this prediction as a starting point for
iterative refinement using FDFD, thus decreasing the required itera-
tion and computation time drastically. Hereby, we minimize the overall
time required by inverse-design algorithms to reach convergence and
thus enable more sophisticated device layouts.

Q 22.75 Tue 16:30 Empore Lichthof
Stability of bound states in the continuum in one-dimensional
resonator — e EKATERINA MasLova, MIkHAIL RyBIN, ANDREY Boag-
pANov, and ZARINA SADRIEVA — Saint-Petersburg, Russia

Bound states in the continuum (BIC) are resonances with infinite ra-
diative quality (Q) factor. Although infinite Q factor is a mathemati-
cal abstraction, high-Q supercavity modes whose origin corresponds to
genuine BIC can be excited in real samples. We consider Q-factor of
BIC in one-dimensional resonators consisting of dielectric blocks. We
investigate the dependence of the Q-factor on the structural disorder
in symmetric and asymmetric structures. Symmetric structure unit
cell consists of two similar blocks, while in asymmetric case there are
two types of blocks with different size parameters. We studied elec-
tromagnetic waves in a finite array of blocks, which were calculated
using the numerical simulation by finite difference method. The re-
sults show that in an asymmetric system the Q-factor is resistant to
the introduction of structural disorder.

Q 22.76 Tue 16:30 Empore Lichthof
Deep Learning Accelerated FDFD Simulations in Con-
text of Inverse-Design Algorithms — eLukas ScuurLre!?2:3,
Marco Butz!23 and CarsTEN Scunuck!?3 — lCenter for Soft
Nanoscience, Miinster, Germany — 2Center for Nanotechnology, Miin-
ster, Germany — SInstitute of Physics, University of Miinster

Deep learning (DL) methods have shown tremendous success in var-
ious disciplines related to the design of photonic integrated circuit
components. Similarly, DL may be used to accelerate electromagnetic
first-order simulations. To numerically access the photonic proper-
ties of metamaterials requires efficient electromagnetic simulation algo-
rithms. In order to simulate the propagation of light through nanopho-
tonic devices, various numerical methods, such as the finite-difference
frequency-domain method (FDFD), have been developed. Requiring
to solve large sparse linear systems iteratively, these methods come at
the cost of being computationally expensive processes. Here, we show
how DL can be employed to decrease the computational effort of con-
secutive FDFD simulations, for example, encountered in inverse-design
algorithms. Leveraging the U-Net architecture our method is capable
of predicting the electromagnetic response of a nanophotonic device.
We use this prediction as a starting point for iterative refinement using
FDFD simulation, thus decreasing the required iteration and computa-
tion time drastically. Hereby, we minimize the overall time required by
inverse-design algorithms to reach convergence and thus enable more
efficient and compact device layouts.

Q 22.77 Tue 16:30 Empore Lichthof
Inverse design of dielectric laser accelerators and Smith-
Purcell radiators — eMANUEL KONRAD, MICHAEL SEIDLING, URS
HateusLER, Roy SHiLoH, and PETER HOMMELHOFF — Department
Physik, Friedrich-Alexander-Universitdt Erlangen-Niirnberg (FAU),
91058 Erlangen

Computational design and especially the inverse design approach are
powerful tools for the design of nanophotonic structures. In inverse
design, the structure is optimized according to an objective function,
using an arbitrarily large number of parameters. The great advantage
of inverse design over other schemes lies in the independence of the
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computational effort from the number of parameters, meaning one can
efficiently explore a large parameter space. This often results in com-
plex structures, which differ drastically from designs based on human
intuition. With this design tool, various applications have already been
demonstrated, such as highly efficient waveguides, complex optical de-
multiplexers, and different kinds of optical circuitry [1], but also for
quantum correlations [2] and highly efficient light coupling to photonic
nanostructures, used in dielectric laser acceleration of electrons [3]. We
apply inverse design to the dielectric laser acceleration of electrons and
Smith-Purcell radiation [4], while staying within the well-tested con-
fines of silicon photonics. Our aim is to improve the performance of
the current generation of structures with this novel technique.

[1] Molesky et al. Nature Photon 12, 659 (2018) [2] Dahan et al.
Science 373, eabj7128 (2021) [3] Sapra et al. Science 367, 79 (2020) [4]
Haeusler et al. ACS Photonics, 9, 2, 664 (2022)

Q 22.78 Tue 16:30 Empore Lichthof
Suppression of soliton-fission by a Zeno-like effect — eNikLAS
BaAHR, STEPHANIE WiLLMs, IHArR BABUsHKIN, UWE MORGNER,
OLIVER MELCHERT, and AYHAN DEMIRCAN — Leibniz University Han-
nover, Cluster of Excellence PhoenixD, Hannover, Germany

The quantum mechanical Zeno-effect states that the spontaneous decay
of an unstable quantum system can be inhibited by continuous mea-
surements. We consider pulse propagation in nonlinear waveguides in
terms of a generalized nonlinear Schréodinger equation, wherein linear
loss assumes the role of continuous measurements within the quantum
context. Under presence of perturbations, e.g. third order disper-
sion, a higher order soliton tends to decay in fundamental solitons.
The reason for this is a process called soliton fission where, due to
the spectral expansion of the soliton, energy is transferred to a phase
matched resonant frequency. In this work, we show that upon tailoring
the absorption characteristics so that the resonant frequency experi-
ences loss, the breakup of higher-order solitons can be slowed down or
even suppressed. We further show that this approach also applies to
modulation instability induced soliton fission.

Q 22.79 Tue 16:30 Empore Lichthof
Bandwidth Optimization of SNSPDs Cryogenic Readout for
Low-Jitter — eRoranp Janal2, WorLrraMm PEernice®, and Si-
MONE FERRARI® — lInstitute of Physics, Miinster 48149, Germany —
2Center for Soft Nanoscience, Miinster 48149, Germany — 3Kirchhoff-
Institute of Physics, Heidelberg 69120, Germany

High temporal resolution is a crucial performance metric of supercon-
ducting nanowire single-photon detectors (SNSPDs), as it would allow
for increased rates in quantum key distribution (QKD) and optical
sampling scopes with superior bandwidth. In recent years, consider-
able effort was made to improve the timing precision and sub-5 ps jitter
has been demonstrated in the near-infrared. However, achieving this
high temporal resolution goes in most cases at the cost of other perfor-
mance metrics, such as detection efficiency. Therefore, while the com-
munity has been mainly invested in improving the detector geometry
or material composition, we shift our focus towards the optimization
of the electrical readout. We believe that in this way we can obtain low
jitter while leaving other specifications relatively untouched. For our
experiments, we design and fabricate cryogenic low-noise amplifiers
(C-LNAs) with different readout bandwidths. The cryogenic opera-
tion allows for a significant reduction of the voltage noise, which is
one of the main contributors to the timing jitter. Moreover, by tuning
the amplifier bandwidth we are able to further improve the temporal
resolution of the detector. We demonstrate that enhancing the low-
frequency cutoff of the amplifier from 1 MHz to 200 MHz it is possible
to reduce the timing jitter by more than 15 ps.

Q 22.80 Tue 16:30 FEmpore Lichthof
Integrated optical waveguides for the near-ultraviolet to blue
visible spectral range for chip-based trapped-ion quantum
computers — ePascAL GEHRMANN!2, ANASTASIIA SOROKINAL:Z,
CARL-FrEDERIK GRIMPE?, GuocHUN Du?, Tunanan Gok57, Rap-
HAKANT SiNcH® 7 Pracya San®7, Basira Nec1”, Maxmv LipkinG7,
StEPHAN Suckow®, ELENa JorpaN?, STEFFEN SAUERD2, Tanja
MEHLSTAUBLER®>*% and STEFANIE KrROKER!2:3 — !Institut fiir Hal-
bleitertechnik, Technische Universitdt Braunschweig, Braunschweig,
Germany — 2Laboratory for Emerging Nanometrology, Braunschweig,

Germany — S3Physikalisch-Technische Bundesanstalt, Braunschweig,
Germany — 4Institut fiir Quantenoptik, Leibniz Universitit Hannover,
Hannover, Germany — 5Laboratorium fiir Nano- und Quantenengi-

neering, Hannover, Germany — SAMO GmbH, Advanced Microelec-
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tronic Center Aachen, Aachen, Germany — 7 Chair of Electronic De-
vices, RWTH Aachen University, Aachen, Germany

Photonic integrated circuits (PICs) for on-chip light manipulation
can be employed in scalable chip-based trapped-ion quantum com-
puters. Trapped ions are used as qubits and are controlled by multiple
wavelengths ranging from the near-ultraviolet (NUV) up to the near-
infrared (NIR). The design of UV-PICs is a challenging task, since
smaller dimensions and higher propagation losses are inevitable. This
contribution covers the design of single-mode integrated optical waveg-
uides on different material platforms for selected NUV and VIS wave-
lengths of an Yb™ ion. To improve the scalability, multi-wavelength
operation is investigated.

Q 22.81 Tue 16:30 Empore Lichthof
Anisotropic properties of light-propelled microswimmers
— eELENA VINNEMEIER', MATTHIAS RUScHENBAUM!, CORNELIA
Denz!2, and Jore IMBrROCK! — lInstitut fiir Angewandte Physik,
Miinster, Deutschland — 2Physikalisch-Technische Bundesanstalt

(PTB), Braunschweig, Deutschland

Self-propelled particles enable versatile applications in various fields
like in colloidal systems or in biomedicine. Utilizing light as an en-
ergy source is advantageous, since a fuel-free and highly controllable
motion is possible. We demonstrate a novel propulsion mechanism re-
lying solely on refraction of light, while an asymmetric particle shape
and a symmetry-broken refractive index profile lead to a directional
propulsion force. For fabrication of microswimmers direct laser writing
by two-photon polymerization is employed. We compare the perfor-
mance of these light-propelled particles with respect to velocity and
directionality for different geometries and refractive index gradients.

Q 22.82 Tue 16:30 Empore Lichthof
Photonic integrated receiver concept for quantum com-
munication — eMarco DieTricH 2, BasTiaAN Hacker!, JoNas
PuprLko'?, OMER BayrakTarD2, FrRaNCESCO MORICHETTI®, and
CurisToPH MARQUARDTH?2 — 'Max Planck Institut fiir die Physik
des Lichts, Staudstr. 2, 91058 Erlangen — Z2Institut fiir Optik, In-
formation und Photonik, FAU Erlangen-Niirnberg, Staudstr. 7, 91058
Erlangen — 3Dipartimento di Elettronica, Informazione e Bioingegne-
ria, Politecnico di Milano, Milan, Italy

Quantum Key Distribution (QKD) in free space requires the efficient
reception of distorted optical modes. We investigate an interferometer
mesh on a Photonic Integrated Chip (PIC) with the goal to correct
the individual optical phases of several spatial input regions and co-
herently combine an arbitrary incident wavefront into a single fiber
mode. Active elements allow for dynamical adaption to a changing
input mode. This approach provides good passive stability and offers
high scalability. We study this concept in the context of quantum
communication with a realistic cubesat payload.

Q 22.83 Tue 16:30 Empore Lichthof
Ultra-low-loss non-reciprocal devices based on acousto-optic
interaction in fiber null-couplers — eRiccArRDO PENNETTA, MAR-
TIN BLAHA, JURGEN VoLz, and ARNO RAUSCHENBEUTEL — Depart-
ment of Physics, Humboldt Universitdt zu Berlin, 12489 Berlin, Ger-
many

The introduction of low-loss optical fibers probably represents the sin-
gle most important advance in the growth of our telecommunication
system. To meet our needs for secure communications, it is likely that
our classical network will soon be operating alongside what is known
as a quantum network. The latter is very sensitive to loss and thus
poses new constraints to the performance of current fiber components.
In particular, recent quantum network prototypes underlined the sur-
prising absence of low-loss non-reciprocal fiber-based devices. Here,
we present a solution to this issue by the proof-of-principle demonstra-
tion of ultra-low-loss (<0.1 dB) non-reciprocal devices (both isolators
and circulators) based on so-called fiber null-couplers. The splitting
ratio of these couplers can be controlled via acousto-optic interaction
of the propagating light field with flexural acoustic waves that one
launches along the coupling region. Fabricated from standard single-
mode fibers, these devices are compatible with existing optical net-
works and could represent one important ingredient for the transmis-
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sion and processing of optically encoded quantum information.

Q 22.84 Tue 16:30 Empore Lichthof
Fabrication of Computer-Generated Nanophotonic Devices
— eDavip LeEmLI, Marco Butz, and CARSTEN ScHUCK — Institute
of Physics, University of Miinster, Germany

The increasingly sophisticated functionalities and performance require-
ments of photonic integrated circuit components produced by modern
inverse design algorithms are practically difficult to achieve due to
limitations of state-of-the-art nanofabrication processes. The main
challenge consists in producing irregular computer-generated struc-
tures with 10s of nanometer resolution and high aspect ratios. In this
work, we address this challenge with a holistic approach that com-
bines electron-beam lithography and focused-ion-beam milling tech-
niques with biasing deep-learning-based design algorithms to account
for arbitrary fabrication constraints while minimizing the impact on in-
dividual device performance. We employ our methods for fabricating a
wide range of pixel-discrete inversely designed nanophotonic structures
and compare the measured performances with simulation based pre-
dictions. Our findings pave the way for fast and exact prototyping of
novel and challenging nanophotonic devices for applications in infor-
mation and communication technology, including photonic quantum
technology.

Q 22.85 Tue 16:30 Empore Lichthof
Optical reservoir computing with incoherent optical mem-
ory eMiNGWEI Yanc!2, ELizaBern RoBERTson!:2, LEroN
MessNER!"3, NorMAN VINcENz EwaLp!, Luisa Escuerral:2, and
Janik Worrers'?2 — 1Deutsches Zentrum fiir Luft- und Raum-
fahrt, Institute of Optical Sensor Systems, Rutherfordstrafe 2, Berlin,
Germany. — 2Technische Universitét Berlin, Berlin, Germany. —
3Humboldt-Universitit zu Berlin, Berlin, Germany.

Reservoir computing is a machine learning method that is particularly
suited for dynamic data processing. A fixed reservoir projects the
input information to a high-dimensional feature space, and only the
readout weights need to be trained, allowing fast data processing with
low energy consumption [1]. In this work, we demonstrate an optical
reservoir computing using incoherent memory in a cesium vapor cell to
predict time-series data. The information is stored in the reservoir by
controlling the pump and probe process on the Cs D2 transitions. The
coupling between the reservoir and both the input and output data is
realized by acousto-optic modulators. [1] G. Tanaka, T. Yamane, J. B.
Héroux, R. Nakane, N. Kanazawa, S. Takeda, H. Numata, D. Nakano,
and A. Hirose, ¥*Recent advances in physical reservoir computing: A
review,* Neural Networks 115, 100%¥123 (2019). [2] L. Jaurigue, E.
Robertson, J. Wolters, and K. Liidge, *Photonic reservoir computing
with non-linear memory cells: interplay between topology, delay and
delayed input,* in Emerging Topics in Artificial Intelligence (ETAI)
2022, vol. 12204 (SPIE, 2022), pp. 61*67.

Q 22.86 Tue 16:30 Empore Lichthof
Structuring hydrogels by two-photon lithography inside
microfluidic channels for cell migration experiments —
eELENA BEKKER!, DusTIN Dzikonski!, RiccARDO ZAMBONI', JORG
ImBrock!, and CorNELIA DENz!? — !nsitute of Applied Physics,
University of Miinster, Corrensstrafte 2-4, 48149 Miinster, Germany —
2Physikalisch-Technische Bundesanstalt, Budesallee 100, 38116 Braun-
schweig, Germany

Hydrogels are highly swellable polymers which generally possess ex-
cellent biocompatibility and tissue-like properties. They can be struc-
tured via direct laser writing by two-photon lithography (2PL), en-
abling the fabrication of three-dimensional arbitrary structures with
high resolution and spatial complexity. Using this technique, the mi-
croenvironment of cells can be mimicked with a high degree of control
and reproducibility, whilst allowing variation in the physical proper-
ties of the structured gels. We perform 2PL fabrication inside channel
systems of microfluidic devices, which provide a three-dimensional cul-
ture chamber for cells and allow the generation of chemical gradients
to stimulate directed migration towards chemoattractant species. In
this way, we investigate cell migration in confined three-dimensional
environments.



