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Q 15.1 Mon 17:00 C/Foyer
From short-time diffusive to long-time ballistic dynamics:
the unusual center-of-mass motion of quantum bright soli-
tons — eCHRIsTOPH WEIss!, StMON GARDINER!, and HEINZ-PETER
Breuer? — 1Joint Quantum Centre (JQC) Durham-Newcastle, De-
partment of Physics, Durham University, Durham DH1 3LE, United
Kingdom — 2Physikalisches Institut, Universitit Freiburg, Hermann-
Herder-Strafte 3, D-79104 Freiburg, Germany

Brownian motion is ballistic on short time scales and diffusive on long
time scales. Our theoretical investigations indicate that one can ob-
serve the exact opposite — initially diffusive motion that becomes
ballistic on longer time scales — in an ultracold atom system with a
size comparable to macromolecules. This system is a quantum matter-
wave bright soliton subject to decoherence via three-particle losses for
which we investigate the center-of-mass motion. Our simulations show
that such unusual center-of-mass dynamics should be observable on
experimentally accessible time scales.

Q 15.2 Mon 17:00 C/Foyer
Matter-wave scattering from interacting ultracold bosons in
optical lattices — Kraus MAYER, @ALBERTO RODRIGUEz, and
ANDREAS BUCHLEITNER — Physikalisches Institut, Albert-Ludwigs-
Universitat Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg

We study matter-wave scattering from ultracold bosons in a one-
dimensional optical lattice, described by a Bose-Hubbard Hamiltonian.
The phase transition from the superfluid (SF) state to the Mott insu-
lator (MI) is clearly displayed in the decay of the inelastic scattering
cross-section for increasing onsite interaction U/J [1]. To understand
the role of interactions in this process, we obtain analytical expressions
for the cross-section from a Bogoliubov expansion, valid in the regime
of small condensate depletion, and from a strong-coupling expansion,
valid in the regime of large interactions U/J. This allows for the de-
scription of the inelastic cross-section’s decay in the entire range of the
relevant system parameters, excluding the vicinity of the critical point
of the MI-SF phase transition. In the weak-interaction regime, the
cross section is found to decay linearly, with a slope that is independent
of the bosonic density and the system size [2]. In the strong-interaction
regime, the decay is quadratic and vanishes only as U/J — oo, result-
ing in a non-vanishing inelastic cross section throughout the entire
Mott phase. To support our analytical results, we present numerical
studies obtained from exact diagonalization methods.

[1] S. Sanders, F. Mintert, E. Heller, PRL 105, 035301 (2010)
[2] K. Mayer, A. Rodriguez, A. Buchleitner, PRA 90, 023629 (2014)

Q 15.3 Mon 17:00 C/Foyer
Bose-Einstein condensation of 8’Rb in the F = 2, mp = 2 state
in a hybrid trap — eAponis FLorEs, HArRI PrasaD Misura, WiM
VasseN, and STEVEN KNooP — LaserLaB, Department of Physics and
Astronomy, VU University Amsterdam, The Netherlands

We have realized BEC of 87Rb in the F = 2, mp = 2 state in a hy-
brid trap [1], consisting of a weak quadrupole magnetic trap (QMT) at
15 G/cm and a single beam optical dipole trap (ODT) at 1557 nm with
a waist of 40 um and a maximum power of 4 W. The symmetry axis
of the quadrupole magnetic trap coincides with the optical beam axis,
which gives stronger axial confinement than previous hybrid traps. Af-
ter loading 2 x 10% atoms at 14 uK from the QMT into the hybrid trap,
we efficiently perform forced evaporation and reach the onset of BEC
at a temperature of 0.5 pK and 4 x 10° atoms. We also obtain thermal
clouds of 1 x 10% atoms below 1 K in a pure single beam ODT, by
ramping down the magnetic field gradient after evaporative cooling in
the hybrid trap. We do not observe atoms in the FF = 2, mp =1
state after evaporative cooling in the hybrid trap, which suggests that
unwanted repopulation of this state during MW-evaporative cooling in
the QMT does not take place, in contrast to harmonic magnetic traps.
This is in particular relevant for our experimental scheme to realize an
ultracold mixture of metastable triplet *He and 8"Rb [2]. Here we will
also discuss the application of the hybrid trap for metastable He, and
the preparation of the He4+Rb mixture in an ODT.

[1] H. P. Mishra, A. S. Flores, W. Vassen, S. Knoop, arXiv:1411.7628

[2] S. Knoop et al., Phys. Rev. A 90, 022709 (2014)

Q 15.4 Mon 17:00 C/Foyer

Location: C/Foyer

Decoherence of squeezed spatial superposition states of a
BEC — eBJORN SCHRINSKI, STEFAN NIMMRICHTER, and Kraus
HorNBERGER — Physikalische Fakultdt, Universitdt Duisburg-Essen

We study the influence of collisional decoherence and of macrorealistic
collapse models on number-squeezed superpositions of Bose-Einstein
condensates in a double-well configuration. These superpositions were
recently produced in an experiment with ultracold Rubidium atoms
[1]. Our analysis is based on a many-body generalization of the single-
particle collisional decoherence master equation. It can be employed to
assess the degree of macroscopicity [2] reached in such squeezed BEC
interference experiments.

[1] Nat. Commun. 4, 2077 (2013)

[2] Phys. Rev. Lett. 110, 160403 (2013)

Q 15.5 Mon 17:00 C/Foyer
Ground State of Bose-Fermi Mixtures within Mean Field Ap-
proximation — eCHRISTIAN UFRECHT, ALBERT RoUrRA, WOLFGANG
P. ScureicH, and THE QUANTUS TEAM — Institut fir Quanten-
physik, Universitat Ulm
In recent years, a large number of experiments with boson-fermion
mixtures have been carried out. If the temperature is below a critical
value then Bose-Einstein condensation occurs for bosons while it gives
rise to a degenerate Fermi gas for fermions.

For polarized fermions and sufficiently high particle numbers, inter-
acting boson-fermion mixtures can be described by a mean field the-
ory for bosons combined with the Thomas-Fermi approximation for
fermions.

Due to different values of the coupling parameter between bosons
and fermions, we find a large variety of different ground states. By us-
ing geometric arguments we determine the qualitative densities, make
statements about stability and derive analytic conditions for different
ground state scenarios.

The QUANTUS project is supported by the German Space Agency
DLR with funds provided by the Federal Ministry of Economics and
Technology (BMWi) under grant number 50WM1136.

Q 15.6 Mon 17:00 C/Foyer
Expansion dynamics of dual-species Bose-Einstein conden-
sates computed with co-moving grids — eMATTHIAS MEISTER,
ALBERT RoURA, WoLFGANG P. ScHLEICH, and THE QUANTUS
TeaM — Institut flir Quantenphysik, Universitdt Ulm

In recent years simultaneous Bose-Einstein condensation of different
atomic species has been realized for a growing variety of mixtures.
Hence, it is essential to develop new tools for a better theoretical un-
derstanding of these systems.

We present a numerical method for computing the ground state of
a dual-species Bose-Einstein condensate and studying its expansion
dynamics for arbitrarily long times after release from the trap. Our
implementation builds upon ideas of ref. [1], which rely on perform-
ing a transformation to co-moving coordinates according to the scaling
approach [2] instead of using a static grid in the lab frame. As a re-
sult we are left with a system that shows nearly no dynamics because
the main contribution due to the expansion is encoded in the transfor-
mation. Thus, our simulations are not limited by the expansion time
since the size of the condensate stays almost constant in the co-moving
frame. Also, the remaining time evolution can be computed efficiently
with only a few grid points as the wave functions are very smooth.

[1] M. Eckart, Non-equilibrium dynamics of trapped gases in con-
trolled geometries, Ph.D. thesis, Universitdt Ulm, Ulm (2008)

[2] Y. Castin and R. Dum, Phys. Rev. Lett. 77, 5315 (1996); Y.
Kagan, E. L. Surkov and G. V. Shlyapnikov, Phys. Rev. A 54, R1753
(1996) and Phys. Rev. A 55, R18 (1997)

Q 15.7 Mon 17:00 C/Foyer
Collision studies in ultracold calcium atoms — eHANNES WIN-
TER, PURBASHA HALDER, and ANDREAS HEMMERICH — Universitat
Hamburg

We present collision studies of metastable optically trapped calcium
atoms and discuss the feasibility of achieving Bose-Einstein condensa-
tion in these states by evaporative cooling methods [1]. The metastable
states of alkaline earth and rare earth elements have novel elastic and
inelastic scattering prop-erties [2], with important implications for ap-
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plications like time metrology and lattice-based quantum computing.
The atoms are prepared by an alternative method analogous to the
one used to create a ground state BEC [3]. We also discuss our new
setup to realize a superradiant laser [4] similar to the proposal by [5].

References 1] P. Halder, H. Winter and A. Hemmerich, Phys. Rev.
A 88, 063639 [2] V. Kokoouline et al., Phys. Rev. Lett. 90, 253201
(2003). [3] P. Halder, C.-Y. Yang and A. Hemmerich, Phys. Rev.
A 85, 031603 (2012). [4] M. Holland and J. Thompson et al. Na-
ture, 484(7392):78-81, (2012). [5] M. Holland et al., Phys. Rev. Lett.
102(16):163601, (2009).

Q 15.8 Mon 17:00 C/Foyer
Coherent Matter Wave Dynamics of BECs for Atom Inter-
ferometry and ATOMTRONICS Quantum Devices — eFELIX
ScHMmALTz, JoHANNEsS KUBER, DoMmiNik LoHREY, and GERHARD
BirkL — Institut fiir Angewandte Physik, Technische Universitat
Darmstadt, Schlossgartenstrafe 7, 64289 Darmstadt

We discuss our approach to establish a novel platform for the applica-
tion of BEC-based coherent matter waves in toroidal guiding geome-
tries for ATOMTRONICS devices (such as atomic SQUIDS), atom
interferometry, and quantum simulation.

Our architecture is based on a novel type of toroidal dipole-force
potential generated by conical refraction providing a pair of concentric
annular intensity distributions. Depending on detuning, these serve
as a concentric pair of red-detuned potential minima or as a single
blue-detuned potential minimum. By changing the parameters of the
refractive crystal and the impinging laser beam, the potential param-
eters, such as ring diameter and well dimensions can be varied with
high flexibility. We coherently load and accelerate or split a BEC with
Bragg diffraction in the confining potential.

For optimized manipulation of the BEC wavefunction, we imple-
mented the recently proposed technique of 'Double Bragg Diffraction’
as a robust and highly efficient beam splitter for coherent matter waves.

Q 15.9 Mon 17:00 C/Foyer
Bose-Einstein condensate in contact with an environment —
o ALEXANDER SCHABE and CoORINNA KorLLATH — Helmholtz-Institut
fir Strahlen- und Kernphysik, Nussallee 14-16, D-53115 Bonn

A famous feature of bosons is the formation of a condensate at low
temperatures. Bose- Einstein condensates are used to investigate ef-
fects like phase transitions or its excitations e.g. solitons, vortices and
breathing modes. Since there is a variety of excitations of the conden-
sate, it is a research field of great interest.

In the experimental setups, typically, effects of the coupling to the
environment need to be taken into account. These can be e.g. atom
loss events or heating effects. We investigate such environmental ef-
fects onto a BEC. A condensate can be generally described by the
solution of the Gross-Pitaevskii (GP) equation which takes a trapping
potential and the interaction of the bosons into account. Further, the
GP equation can be modified in order to include the loss of atoms. By
a numerical treatment of such a system, we will study all the dynamics
and consequences, which are induced by dissipation.

Q 15.10 Mon 17:00 C/Foyer
Correlated Quantum Dynamics of a Single Atom Collision-
ally Coupled to an Ultracold Finite Bosonic Ensemble — SVEN
KRONKE!, eJoHANNES KNORzER!, and PETER SCHMELCHER!:2
1Zentrum fiir Optische Quantentechnologien, Universitat Hamburg —

2The Hamburg Centre for Ultrafast Imaging

We explore the correlated quantum dynamics of a single atom with
a spatio-temporally localized coupling to a finite bosonic ensemble.
The single atom is initially prepared in a coherent state and oscillates
in a one-dimensional harmonic trap. An ensemble of N4 interacting
bosons is trapped in a separated harmonic potential. The ensemble
is periodically penetrated by the single atom. The non-equilibrium
quantum dynamics of the total system is simulated by means of an
ab-initio method. In this poster presentation, we focus on characteriz-
ing the impact of the spatio-temporally localized inter-species coupling
and the thereby induced inter-species correlations on the states of the
single atom and the finite bosonic ensemble. With increasing Ny,
we observe an accelerated inter-species energy transfer due to a level
splitting induced by inter-species interactions. The ensemble mainly
features singlet and doublet excitations and a delayed emergence of
doublets is observed for which we offer analytical insights with a stro-
boscopic time-dependent perturbation theory. At instants of not too
imbalanced energy distribution among the subsystems, inter-species
correlations prove to be significant. We relate those instants to the

coherence of the single atom quantum state indicating that correlated
energy transfer dynamics manifests itself in temporal losses of its co-
herence.

Q 15.11 Mon 17:00 C/Foyer
Optimization of an Ultracold Quantum Gas Experiment by
Artificial Evolution — eToBias Lauscu!, MicHAEL BAUER!, Fa-
RINA KINDERMANN!, DaNIEL MAYER!2, FELIX ScaMmiDT!>2, and AR-
TUR WipERA!2 — 1TU Kaiserslautern and Forschungszentrum OPTI-
MAS, Erwin-Schroedinger Str. 46, 67663 Kaiserslautern, Germany —
2@Graduate School Materials Science in Mainz,Gottlieb-Daimler-Strafe
47, 67663 Kaiserslautern, Germany

Quantum mechanical measurements in ultracold gas experiments re-
quire many repetitions for good statistics and therefore short cycle
times. The production time of a BEC can be improved in many
ways. Increasing, for instance, loading rates in the magneto-optical
trap (MOT) or the transfer efficiency from the MOT to the optical
dipole trap by adjusting laser detunings, intensities or more complex
parameters such as the shape of the evaporation ramp.

In order to automatize the optimization process, we implement an
evolutionary algorithm. The basic working principle, the survival of
the fittest, is enhanced by differential evolution. The algorithm is de-
signed to improve any measurable feedback with a given set of param-
eters. By analyzing the data obtained, knowledge about constraints of
the experimental setup and significance of the parameters is gained as
well as a set of optimal values for the creation of a BEC.

Q 15.12 Mon 17:00 C/Foyer

Universal self-similar dynamics of relativistic and non-
relativistic field theories near non-thermal fixed points
— eAsier PiREIRo OrioLr', KiriLL BocusLavskil, and JURGEN
BergEs!? — !Institut fiir Theoretische Physik, Universitdt Heidel-
berg, Philosophenweg 16, 69120 Heidelberg, Germany — 2ExtreMe

Matter Institute EMMI, Planckstrafe 1, 64291 Darmstadt, Germany

The dynamics of quantum fields far from equilibrium play an impor-
tant role in systems ranging from early universe cosmology and rel-
ativistic heavy-ion collisions to ultra cold quantum gases. Strikingly,
universal features emerge during the respective thermalisation pro-
cesses. This universality is based on the existence of non-thermal fixed
points, which are attractor solutions characterised by turbulence and
self-similar time evolution. In this talk we will show that the (massless)
relativistic and the non-relativistic (Gross-Pitaevskii) scalar field the-
ory belong to the same universality class in the infrared. We compute
the scaling exponents and scaling functions in this non-perturbative
regime in two ways: first by performing classical statistical lattice sim-
ulations and second by using the resummed 2PI 1/N expansion to
NLO.

Q 15.13 Mon 17:00 C/Foyer

Stabilization and site-resolved imaging of a few-fermion sys-

tem — oViNceENT M. KriNkHAMER!, JusTIN F. NIEDERMEYERZ,
ANDREA BERGSCHNEIDER!, SIMON MURMANN!, GERHARD ZURN!,
and SELiM JocHiM! — 1Physikalisches Institut der Universitit Hei-

delberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Germany —
2Department of Physics and Astronomy, Washington State University,
Pullman, WA, USA

In our few-fermion experiment, we manipulate a small number of in-
teracting particles inside a variable optical trap. In order to expand
the size of our system, we have improved the stability of our optical
trap and implemented site-resolved imaging.

We create arrays of dimple traps by diffracting our trapping laser
beam with an acousto-optic deflector (AOD). Thermal fluctuations and
drifts with timescales between milliseconds and hours cause significant
variations in the relative trap depths. We address this problem by
monitoring the light of the trapping potential on a camera and feeding
back to the AOD in real time.

After performing our experiments, we measure the outcome by tak-
ing a fluorescence image of our atoms. We can determine the atom
number from the strength of the fluorescence signal, however, the pho-
ton recoil causes the atoms to diffuse. We plan to circumvent this by
reducing the exposure time and imaging the scattered photons on an
EMCCD. To identify the signal of the atoms on the image we apply a
pattern-recognition algorithm.

Q 15.14 Mon 17:00 C/Foyer
Study of Phase Correlations in Trapped 2D Interacting Quan-
tum Gas — eDHRUV KEDAR, Luca BavyHA, PUNEET MURTHY,
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MatHias NEIDIG, MARTIN RiEs, ANDRE WENz, GERHARD ZURN, and
SELIM JocHIM — Physikalisches Institut, Universitdt Heidelberg

We study the phase correlations of a two dimensional strongly inter-
acting ultracold gas of Lithium 6. In 3D true long range order and a
constant phase is predicted in the superfluid low temperature phase.
This differs from the physics in 2D where for uniform systems long
range order is destroyed due to thermal fluctuations at finite tempera-
tures. Instead, Berezinskii Kosterlitz Thouless (BKT) theory predicts
a qualitative change from exponential to algebraically decaying coher-
ence when the gas crosses the transition to the superfluid phase. Our
measurements are in qualitative agreement with the theory. We extract
a trap averaged spatial correlation function from the the pair momen-
tum distribution for our inhomogeneous 2D system. We observe that
the obtained algebraic decay differs from the behaviour expected for a
homogeneous system, but is in agreement with QMC simulations for
a trapped Bose gas.

Q 15.15 Mon 17:00 C/Foyer
Exploring few-fermion systems in single- and multi-well po-
tentials — e ANDREA BERGSCHNEIDER, SIMON MURMANN, VINCENT
M. KLINKHAMER, GERHARD ZURN, and SELIM JocHIM — Physikalis-
ches Institut der Universitdt Heidelberg, Im Neuenheimer Feld 226,
69120 Heidelberg, Germany

We study fermionic systems in the transition from microscopic to meso-
scopic size. To do this, we start with the smallest realization that
contains the relevant physics and then gradually increase the size of
the system. Here, we present several experiments to investigate this
cross-over and the methods we use.

We can deterministically prepare balanced and spin-polarized few-
fermion systems in the ground state of a single well having full control
over their quantum state. We can control the confinement of the po-
tential and also create multiple wells. Furthermore, our system allows
us to tune the interactions between the fermions over a large range.
To probe it, we detect the number and spin of atoms in the potential
wells site-selectively and measure the energy of the system.

With our setup, we study the physics of one impurity interacting
with an increasing number of majority particles. It also allows us to
prepare two fermions in the ground state of the double well and observe
the occupation statistics as a function of the interaction strength.

Q 15.16 Mon 17:00 C/Foyer
Towards strongly interacting ultracold dimers in an optical
two—dimensional square lattice — eLLuca BavyHa, DHRUV KEDAR,
PuNeeT MuUrTHY, MATHIAS NEIDIG, MARTIN RIES, ANDRE WENZ,
GERHARD ZURN, and SELIM JocHIM — Physikalisches Institut, Uni-
versitat Heidelberg

We start from a strongly interacting superfluid of 6Li Feshbach-dimers
in the quasi 2D regime. The goal is to load this system into an optical
square lattice, produced by two laser beams which are retro-reflected
under a small angle. One of the main experimental challenges are
the very strong interactions. In the investigated regime the scatter-
ing length is on the order of the lattice period. Hence, the simple
Bose-Hubbard model is expected to be modified. On this poster we
summarize our current progress towards this goal.

Q 15.17 Mon 17:00 C/Foyer
Time-dependant isospin correlations in two-partite hexago-
nal optical lattices — eHoLcErR NieHUs, Eva-MARIA RICHTER,
MaRrtAa PrADA, and DaNIELA PraNNKUCHE — 1. Institut fiir Theo-
retische Physik, Universitdt Hamburg, Jungiusstr. 9, 20355 Hamburg,
Deutschland

Multi-component systems of ultracold quantum gases in optical lattices
have shown a variety of new and interesting quantum phases. A sim-
ple system for investigating (iso-)magnetic phases is a two-component
mixture, modeled by a Bose-Hubbard Hamiltonian with component in-
teraction of the form Hiny = > Vﬁ%ﬁ%. Employing exact numerical
methods and mapping occupation differences of the two components to
an effective spin, we were able to calculate iso-magnetic correlations.
This enabled us to identify and characterise the different phases of the
system on the full range of Hubbard interaction parameters [1].

Recently there has been a growing interest in the dynamics of sys-
tems far from equilibrium. Here, we study the dynamics of the two-
component system with regard to sudden changes in the interaction
strengths. The time evolution of the iso-magnetic correlations will be
analyzed with respect to characteristic low energy excitations.

[1] M. Prada, E.-M. Richter, D. Pfannkuche, Phys. Rev. A. 90,

013613 (2014).

Q 15.18 Mon 17:00 C/Foyer
Towards multi-body entanglement in optical lattices —
Hanning  Darb2, eBine Yanc!2, XiaoraNn Xul, ANDREAS
REINGRUBER!, Q1 SHEN?, ZHENSHENG YUANZ, and JiaNwEr Panl:2
— 1Physikalisches Institut, University Heidelberg — 2Hefei National
Laboratory for Physical Science at Microscale and Department of Mod-
ern Physics, University of Science and Technology of China

Neutral atoms in optical lattices have the advantage of a natural scal-
ability towards large qubit numbers and a weak coupling to the envi-
ronment, leading to long decoherence time. However, the creation of
multi-partite entanglement and the unambiguous characterization of
it in optical lattices still remain challenging.

Here we propose an experiment towards the perparation of a 4-qubit
GHZ-type state in an optical plaquette and introduce the progress of
the project. Recently, by using two superlattices along perpendicu-
lar directions, a four-site optical plaquettes have been realized. By
employing a spin-dependent superlattice, one can achieve state initial-
ization as well as spin and site resolved addressing and detection, the
key prerequisites to prepare and observe multi-body correlations in
optical lattices.

Q 15.19 Mon 17:00 C/Foyer
Quantum Simulation of Lattice Gauge Theories Out of Equi-
librium — eVALENTIN KAsPER!, FLORIAN HEBENSTREITZ, MARKUS
OBERTHALER3?, and JURGEN BErgesh? — llnstitut fiir Theoretis-
che Physik, Ruprecht-Karls-Universitat Heidelberg, Philosophenweg
16, 69120 Heidelberg — 2Universitit Bern - Albert Einstein Center for
Fundamental Physics (AEC) Sidlerstrasse 5, CH-3012 Bern, Switzer-
land — 3Kirchhoff-Institute for Physics, Ruprecht-Karls-Universitét
Heidelberg, Im Neuenheimer Feld 227, 69120 Heidelberg — “ExtreMe
Matter Institute EMMI, GSI Helmholtzzentrum fiir Schwerionen-
forschung, Planckstrafse 1, 64291 Darmstadt, Germany

Quantum link models have been proposed as an alternative regulariza-
tion of lattice gauge field theories. The U(1) quantum link models are
constructed by replacing the parallel transporters of Wilsonian lattice
gauge theory with quantum spin operators acting on 2S5+1 states per
link. The original gauge theory is recovered in the limit of large rep-
resentations S — co. Due to the dramatic increase of the size of the
Hilbert space, investigating the dynamics of these models for S > 1
becomes difficult. We study the limit of large spin representations by
a functional integral approach and report on the transition from finite
S to S — oo. As a specific application, we present results on the
dynamical version of the Schwinger effect.

Q 15.20 Mon 17:00 C/Foyer
Quench dynamics of ultracold fermions in hexagonal lat-
tices — eNick FLASCHNER, DoMINIK VOGEL, MATTHIAS TARNOWSKI,
Benxno REM, CHRISTOF WEITENBERG, and KLAUS SENGSTOCK — In-
stitut fiir Laserphysik, Universitdt Hamburg

Ultracold fermions are ideally suited to test solid-state theories since
many system parameters can be easily tuned. It is, however, often
difficult to adiabatically prepare the respective ground state, which
can, e.g., be due to technical lifetime limitations or when band gaps
close at the phase transition point. Even if the ground state can be
experimentally reached, it is often challenging to find suitable observ-
ables for characterizing the Hamiltonian. Addressing both of these
limitations, we start in a spin-polarized fermionic band-insulator, per-
form a quench of various lattice parameters and observe the following
dynamics in momentum space. This allows for a full reconstruction
of the Hamiltonian of the quenched system in a momentum-resolved
fashion, paving the way towards the experimental investigation of yet
inaccessible ground states, also in the presence of interactions.

Q 15.21 Mon 17:00 C/Foyer
Exploring anti-ferromagnetic correlations of ultracold
fermions in varying optical lattice geometries — eGREGOR
Jorzu, DANIEL GREIF, MICHAEL MESSER, FREDERIK GORG, REMI
DesBuqQuois, and TiLMAN ESSLINGER — Institute for Quantum Elec-
tronics, ETH Zurich, 8093 Zurich, Switzerland

Ultracold fermions in optical lattices are an ideal toolbox for studying
open questions in quantum magnetism in various lattice geometries,
ranging from simple cubic to honeycomb and spin ladder configura-
tions. While not only allowing for a highly controlled approach to the
thermodynamic properties, the cold atoms approach can also give in-
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sight into the dynamic properties of the system and even the response
to smooth changes of the underlying lattice geometry.

We load a fermionic quantum gas of K-40 prepared in a balanced,
two-component spin mixture into a tunable-geometry optical lattice.
We observe the formation of anti-ferromagnetic spin correlations in
various geometries, including simple cubic, square, honeycomb and
spin-ladder configurations. Our findings demonstrate that quantum
magnetism can be realized and studied with ultracold atoms in a broad
variety of lattice geometries. Additionally, we demonstrate first exper-
imental results on the dynamics of spin correlations.

Q 15.22 Mon 17:00 C/Foyer
Realizing spin-dependent lattices for ultracold atoms with
magnetic gradient modulation — eFREDERIK GORG, GREGOR
Jorzu, MicHAEL MEsSER, REM1I DEsBuqQuoils, DaNIEL GREIF, and
TiLMAN EsSLINGER — Institute for Quantum Electronics, ETH Zurich,
8093 Zurich, Switzerland

Time-modulated optical lattices have been demonstrated to allow for
the dynamical control of atomic tunneling and the realization of effec-
tive lattice Hamiltonians with a non-trivial topological band structure.
In order to realize spin-dependent Hamiltonians, an oscillating mag-
netic gradient can be used, which couples differently to the individual
spin components of the atomic gas owing to the difference in magnetic
moments. This allows for the realization of spin-dependent lattices due
to the selective renormalization of the tunneling amplitudes of each
spin component. In this way, situations where one spin component is
pinned to the lattice and the other one remains itinerant are achiev-
able. Furthermore, the combination of an oscillating gradient with
a time-modulation of the optical lattice allows for tailoring Hamilto-
nians with nontrivial topological properties. As an example, the use
of two spin components with opposite magnetic moments realizes the
celebrated Kane-Mele model.

Q 15.23 Mon 17:00 C/Foyer
Investigating a strongly correlated quantum gas with compet-
ing short-range and cavity-mediated long-range interactions
— eoLorENZ HRrRuUBY, RENATE LANDIG, NisHANT DoGRA, RAFAEL
MotTL, ToBias DoNNER, and TiLMaN EssLINGER — ETH Ziirich,
Ziirich, Schweiz

We report on our study of superfluid, supersolid and Mott-insulating
phases and the corresponding quantum phase transitions in a quantum
gas coupled to an optical high-finesse cavity. The cavity mediates long-
range interactions, whereas additional classical optical lattices give rise
to short-range interactions. We investigate the competition between
these short- and long-range interactions, which results in a rich phase
diagram going beyond the classical Bose-Hubbard phase diagram. The
openness of the cavity allows us to extract real - time information on
atomic density fluctuations and excitations in the system.

Q 15.24 Mon 17:00 C/Foyer
Theoretical study of the Bose-Hubbard model in the pres-
ence of cavity-mediated long-range interactions — eNISHANT

Docral, FERDINAND BRENNECKE?, RAFAEL MorTL!, LORENZ

Hrusy!, RENATE Lanpig!, SEBasTiaN HuBer?®, Tosias DoNNER!,
and TiLMAN EssLINGER! — "HPF D4, Quantum Optics Group, Insti-
tute for Quantum Electronics, ETH Zurich,Otto-Stern-Weg-1,Zurich-
8093 — 2Physikalisches Institut, Universitit Bonn, Wegelerstrasse 8,
Bonn-53115 — 3HIT K 23.4, Institute for Theoretical Physics, ETH

Zurich, Wolfgang-Pauli-Strasse 27, Zurich-8093

The Bose-Hubbard model has been a paramount example of quantum
simulation of many-body systems. It is realized by loading a quantum
gas in a 3D optical lattice. This system undergoes a phase transi-
tion from superfluid to the Mott-insulator phase due to the competi-
tion between the kinetic energy and the short-range interactions. We
study the effect of long-range interactions on this system generated by
strongly coupling the quantum gas to a high finesse cavity and pump-
ing it with a transverse laser field. This system can be mapped to an
extended Bose-Hubbard model. In the limit where the classical lat-
tice is commensurate with the cavity generated dynamical lattice, we
calculate the phase diagram of this system using different mean-field
approaches. We find that the cavity-mediated long-range interactions
give rise to additional phases: charge density wave insulator and super-
solid phase. We also calculate the excitation spectrum of these phases
and relate it to the nature of the transition between them. We further
briefly discuss the status of the experimental implementation of this
scheme.

Q 15.25 Mon 17:00 C/Foyer
A novel experiment for coupling a Bose-Einstein condensate
with two crossed cavity modes — ePHILIP ZUPANCIC, JULIAN
LeEoNARD, ANDREA MORALES, TiILMAN ESSLINGER, and T'oB1as DoN-
NER — ETH Ziirich, Schweiz

Cavity QED has proven to be a very attractive research area to ex-
plore many-body physics using quantum degenerate gases. Over the
last decades, the coupling of single atoms, cold ensembles of atoms and
Bose-Einstein condensates (BEC) to single modes of the electromag-
netic field has been successfully exploited and investigated. To push
the research further in this direction we built a novel system involving
two intersecting cavities. With this setup we are able to couple a BEC
of 87-Rb atoms to two spatially distinct modes of the electromagnetic
field. The ultracold cloud is optically transported into the crossed cav-
ity setup by means of a novel designed optical dipole trap involving
focus-tunable lenses. Our lens setup allows to change the position of
the trap while keeping its waist, and therefore the overall trapping
conditions, constant.

We report on recent progress on the implementation of a cavity
setup involving two high-finesse optical resonators intersecting under
an angle of 60°. The mirrors have been fabricated in order to spa-
tially approach them, thus obtaining maximum single atom coupling
rates of several MHz. This setup will allow us to study the coher-
ent interaction of a BEC and the two cavity modes both in internal
lambda-level transitions and in spatial self-organization processes in
dynamical hexagonal lattices.

Q 15.26 Mon 17:00 C/Foyer
Experimental and theoretical study of the topological Hal-
dane model — eMicHAEL MESSER, GREGOR JoTzu, REMI DEs-
BUQUOIS, MARTIN LEBRAT, THOMAS UEHLINGER, FREDERIK GORG,
DaniEL GRreIF, and TiLMAN ESSLINGER — Institute for Quantum
Electronics, ETH Zurich, 8093 Zurich, Switzerland

The Haldane model is a fundamental example of a Hamiltonian ex-
hibiting topologically distinct phases of matter and featuring a quan-
tum Hall effect without a net magnetic field. We report on the experi-
mental realisation of the Haldane model and the characterisation of its
topological band-structure, using non-interacting ultracold fermionic
atoms in a periodically modulated honeycomb lattice. We explore the
resulting Berry-curvatures of the lowest band and map out topolog-
ical phase transitions connecting distinct regimes. We furthermore
relate our experimental study of the topological Haldane model to the
analytical and numerical calculation of an effective Hamiltonian for
time-modulated optical lattices. Using Floquet theory, we derive the
mapping from a modulated honeycomb lattice to the Haldane Hamil-
tonian.

Q 15.27 Mon 17:00 C/Foyer
An experiment for long-range interacting fermionic gases in
reduced dimensions — eSTEPHAN HELMRICH, ALDA ARIAs, NILS
PeHOVIAK, CHRISTOPH SCHWEIGER, and SHANNON WHITLOCK —
Physikalisches Institut, Universitét Heidelberg, Im Neuenheimer Feld
226, 69120 Heidelberg

We are building a new experiment for the quantum simulation of
strongly-correlated fermionic systems with long-range interactions. To
introduce and control the interactions we aim to optically admix a
small Rydberg state component to the ground state of the atoms
("Rydberg dressing”). This would allow full control over the range
and strength of the interactions, combined with long lifetimes of the
atomic states.

We will use fermionic quantum gases of potassium-40 combined with
high resolution fluorescence imaging of the individual atoms to directly
measure spatial correlations. Our initial focus will be on realising ex-
otic quantum phases in one-dimensional traps and at the crossover to
two dimensions. Through complete access to the microscopic degrees
of freedom, this experiment will allow for studies of quantum effects in
complex many-body systems, including the role of entanglement near
quantum phase transitions and the emergence of macroscopic effects
such as superfluidity and quantum magnetism.

Q 15.28 Mon 17:00 C/Foyer
Real-Space Dynamical Mean-Field Theory of the SU(4)-
symmetric fermionic Hubbard model and its extensions.
Magnetic orderings and Hund’s coupling. — eAGNIESZKA
Cicny!, ANDRII SoTNIKOVZ, and WALTER HoFsTETTER! — ! Goethe
Universitédt, Frankfurt a. M., Germany — 2Kharkiv Institute of
Physics and Technology, Kharkiv, Ukraine
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The impressive development of experimental techniques in ultracold
quantum degenerate gases of alkaline-earth atoms in the last years
has allowed investigation of strongly correlated systems. Long-lived
metastable states in combination with a decoupled nuclear spin give
the opportunity to study Hamiltonians beyond the possibilities of cur-
rent alkali-based experiments such as: two-band Hubbard models,
the Kondo lattice model as well as SU(N)-symmetric magnetic sys-
tems. From the experimental point of view Ytterbium is the most
appropriate due to its large number of bosonic and fermionic (e.g.
17?’Yb) isotopes with a wide range of interaction strengths. We study
finite-temperature properties of four-component mixtures of ultracold
fermions within the repulsive (U > 0) Hubbard model, on the simple
cubic lattice. We use the Real-Space Dynamical Mean-Field method,
mostly for the half-filling case and at intermediate and strong cou-
plings. We also investigate the case of different interspecies interac-
tions and its influence on the possible magnetic orderings. Finally,
we study the role of Hund’s coupling (exchange interaction) in finite
temperature magnetic phases, within two-band Hubbard model.

Q 15.29 Mon 17:00 C/Foyer
Detection of topological order in interacting many-body sys-
tems using mobile impurities — eFaBIAN GRuUsDT!:2:3, NORMAN
Yao3, DMITRY ABANIN®%5, and EuGeNE DEMLER? — !Department
of Physics and research center OPTIMAS, University of Kaiser-
slautern, Germany — 2Graduate School Materials Science in Mainz,
Kaiserslautern, Germany — 3Department of Physics, Harvard Univer-
sity, Cambridge, Massachusetts 02138, USA — “Perimeter Institute
for Theoretical Physics, Waterloo, Canada — ®Institute for Quantum
Computing, Waterloo, Canada

We present a scheme for the detection of topological order in interact-
ing many-body systems. Our method is based on a generalization of
single-particle interferometric schemes developed for the detection of
topological invariants of band structures [Atala et.al., Nature Physics
9, 795 (2013)]. We suggest to couple a spin-1/2 impurity to a (topo-
logical) excitation of the many-body system. Performing Ramsey in-
terferometry in combination with Bloch oscillations of the resulting
composite particle (a strong-coupling topological polaron) allows to
directly detect many body-topological invariants. We demonstrate the
feasibility of our scheme by discussing integer and fractional Chern
insulators in two dimensions, and show how fractionalized excitations
can be detected. We also consider one-dimensional systems and show
how symmetry-protected topological invariants can be measured.

Q 15.30 Mon 17:00 C/Foyer
Steady State Currents in the Driven Dissipative Bose-
Hubbard Model — eTuomas Merrz!, Ivana Vasicl2, DANIEL
Cocksb3, and WALTER HorsTETTER! — lInstitute for Theoret-
ical Physics, Goethe-University, Frankfurt am Main, Germany —
2Institute of Physics, University of Belgrade, Beograd, Serbia —
3School of Engineering and Physical Sciences, James Cook University,
Townsville, Australia

Non-equilibrium dynamics of interacting bosons has been explored in-
tensely in recent experiments in both cold atoms and quantum optical
systems. We study the driven Bose-Hubbard model with one-body loss
in two dimensions for both spatially homogeneous and inhomogeneous
coupling to the environment. We describe dissipation by coupling the
system to a Markovian bath in terms of a Lindblad master equation
for the reduced density operator. In our work we analyse the steady
states of such systems, in particular we consider steady states that ex-
hibit constant particle currents supported by inhomogeneous coupling
to the environment. Furthermore, we investigate the effect of the bath
parameters on the occurence of constant currents.

Q 15.31 Mon 17:00 C/Foyer
Superfluid Phases in the Presence of Artificial Gauge Fields
— oRaJBIR NIrwaNn!, Ivana Vasic!'2, ALEx PETrREscu3?, KARYN
Le Hur?, and WaLTER HorsTETTER! — !Institut fiir Theoretische
Physik, Frankfurt, Germany — 2Institute of Physics Belgrade, Bel-
grade, Serbia — 3Department of Physics, Yale, USA — #Centre de
Physique Theorique, Ecole Polytechnique, France

In recent years several experiments have reported the realization of
artificial gauge fields in systems of cold atoms in optical lattices. One
of the latest advances has been the realization of the Haldane model
[1,2]. Motivated by these achievements, we investigate the Haldane
model for bosons in the weakly interacting regime using the Gross
Pitaevskii- equation [3]. We study the ground state of the system
and find two different superfluid phases. In the normal superfluid

phase the ground state of the system is a Bose-Einstein condensate at
zero quasi-momentum. However, for sufficiently strong next-nearest
neighbor hopping we find a chiral superfluid phase, where the ground
state of the system consists of two condensates formed at finite quasi-
momentum. In both cases we calculate the pattern of local mass cur-
rents and density distributions.

[1] F. D. M. Haldane, Phys. Rev. Lett. 61, 2015 (1988)

[2] G. Jotzu, M. Messer, R. Desbuquois, M. Lebrat, T. Uehlinger,
D. Greif, and T. Esslinger, Nature (London) 515, 237 (2014)

[3] I. Vasic, A. Petrescu, K. Le Hur, W. Hofstetter, arXiv: 1408.1411

Q 15.32 Mon 17:00 C/Foyer
Direct observation of chiral order in double layer super-
fluid — e ARNE EWERBECK, CARL HIPPLER, THORGE KocCK, ROBERT
BUCHNER, RAPHAEL EI1CHBERGER, MATTHIAS OLSCHLAGER, WEN-
Min Huang, Lupwic MATHEY und ANDREAS HEMMERICH — Institut
fiir Laseryphsik, Hamburg

A double layer chiral superfluid is formed in the second band of a bi-
partite optical square lattice. In an ballistic expansion process the two
layers are superimposed. The Bragg maxima thus observed exhibit in-
terference patterns, which provide direct information on the formation
of chiral order and the presence and character of low energy excitati-
ons.

Q 15.33 Mon 17:00 C/Foyer
Quasi-Condensation and Superfluidity in a Ring Trap —
HansjOorGc PoLsTER and e CARSTEN HENKEL — University of Pots-
dam, Germany

Low-dimensional Bose gases suffer from large phase fluctuations that
prevent the formation of a proper condensate as defined by Penrose
and Onsager. We study a one-dimensional, phase-fluctuating gas in
the cross-over region between the ideal gas and the quasi-condensate
(weak interactions). Correlation functions of any order are found by
mapping the quantum field theory to a random walk in the complex
plane, making a classical field approximation [1]. We discuss in par-
ticular full distribution functions for the atomic density, including the
formation of pairs and clusters at the onset of quasi-condensation.
Currently we investigate the distribution function of the total parti-
cle current in a rotating ring trap [2] which provides insight into the
superfluid behaviour of the gas.

[1] L. W. Gruenberg and L. Gunther, Phys. Lett. A 38 (1972) 463; D.
J. Scalapino, M. Sears, and R. A. Ferrell, Phys. Rev. B 6 (1972) 3409
[2] I. Carusotto and Y. Castin, C. R. Physique 5 (2004) 107

Q 15.34 Mon 17:00 C/Foyer
Failure of extended mean-field theories in one-dimensional
Bose gases — T1M SAUER and e CARSTEN HENKEL — University of
Potsdam, Germany

Due to large thermal fluctuations, low-dimensional Bose gases do not
develop a proper condensate, and even the onset of quasi-condensation
turns into a cross-over rather than a phase transition. This is actu-
ally a challenge to reproduce within a mean-field theory because the
modeling of the system seems to require a larger number of relevant
hydrodynamic fields. In other words, the statistics of the quantum field
is far from Gaussian in the cross-over region. We outline a zoology of
mean-field theories [1,2] and develop efficient analytical formulas us-
ing a high-temperature expansion. The problems of the theories are
illustrated by studying the equation of state and density fluctuations.
[1] C. Mora and Y. Castin, Phys. Rev. A 67 (2003) 053615.

[2] R. Walser, Opt. Commun. 243 (2004) 107

Q 15.35 Mon 17:00 C/Foyer
Quench-condensation of one-dimensional Bose gases —
eSEBASTIAN ErRNEL24  THOMAs Casenzer?3, and Jorc
ScumiEDMAYER? — lInstitut fiir Theoretische Physik, Ruprecht-
Karls-Universitdt Heidelberg, Philosophenweg 16, 69120 Heidelberg,
Germany — 2ExtreMe Matter Institute EMMI, GSI Helmholtzzen-
trum fiir Schwerionenforschung GmbH, Planckstrafe 1, 64291 Darm-
stadt, Germany — S3Kirchhoff-Institut fiir Physik, INF 227, 69120
Heidelberg, Germany — 4Vienna Center for Quantum Science and
Technology (VCQ), Atominstitut, TU Wien, Vienna, Austria

This work investigates the rapid cooling quench over the dimensional-
and quasicondensate-crossover. Following experiments performed by
R. Biicker, W. Rohringer et.al at the Atominstitut in Vienna, we study
the relaxation of such a far-from equilibrium system. The early stage of
condensate formation is dominated by solitonic excitations. The high
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density of these defects lead to a characteristic exponential momen-
tum distribution as well as stability of the condensate towards exterior
pertubations. Experimental and numerical results are compared to
analytical predictions drawn from our model of randomly distributed
defects. Complete thermalization of the system is observed through
measurements of the momentum distribution, exhibiting a transition
from the random defect to a modifed Yang-Yang model.

Q 15.36 Mon 17:00 C/Foyer
Universal dynamics and non-thermal fixed points in spinor
Bose-Einstein condensates — eANseELM KLENNERD'Z3, MARKUS
Karp'23 and Tuomas Gasenzer!:?3 — IKirchhoff-Institut fiir
Physik, Ruprecht-Karls-Universitidt Heidelberg, Im Neuenheimer Feld
227, 69120 Heidelberg, Germany — 2Institut fiir Theoretische Physik,
Ruprecht-Karls-Universitat Heidelberg, Philosophenweg 16, 69120
Heidelberg, Germany — S5ExtreMe Matter Institute EMMI, GSI
Helmholtzzentrum fiir Schwerionenforschung GmbH, Planckstrafie 1,
64291 Darmstadt, Germany

Using numerical simulations we investigate second order phase transi-
tions of spin-1 spinor Bose-Einstein condensates. For the simulations
we use the truncated Wigner method which is a statistical approach
and uses classical field equations. The spinor condensates provide us
with a rich variety of phases and topological defects such as domain
walls, spin textures and spin vortices. The types of defects which
are created depend on the properties of the critical point. In these
simulations we can reach states with quasi-stationary, non-equilibrium
momentum distributions, which indicate the vicinity of a non-thermal
fixed point. Spinor Bose gases provide ideal means to study such uni-
versal critical dynamics far from equilibrium, which is expected to be
relevant for a wide range of phenomena far beyond ultracold gases.

Q 15.37 Mon 17:00 C/Foyer
Dynamical universal properties of one-dimensional split con-
densates — oSEBASTIAN ErNED24, VALENTIN KAspER!, JURGEN
BerGEs!, TaHoMas Gasenzer!'?3 and JORG SCHMIEDMAYER* —
Hnstitut fiir Theoretische Physik, Ruprecht-Karls-Universitit Heidel-
berg, Philosophenweg 16, 69120 Heidelberg, Germany — 2ExtreMe
Matter Institute EMMI, GSI Helmholtzzentrum fiir Schwerionen-
forschung GmbH, Planckstrafie 1, 64291 Darmstadt, Germany —
3Kirchhoff-Institut fiir Physik, INF 227, 69120 Heidelberg, Germany
— 4Vienna Center for Quantum Science and Technology (VCQ),
Atominstitut, TU Wien, Vienna, Austria

The recent measurement of higher-order phase correlation functions
enables a precise examination of non-Gaussian correlations in the rel-
ative phase of two one-dimensional quasicondensates. This shows the
necessity of refined non-pertubative theoretical descriptions of split
condensates. For these systems the early time evolution of squeezed
states is well described by a quadratic theory. In this work we investi-
gate how the linear coupling between two one-dimensional Bose gases
controls the non-Gaussian contributions. The subsequent quench of
this control parameter can proceed in two directions: Increasing or de-
creasing the non-gaussianity of the systems as compared to the initial
state. Finally we report on universal properties of the dynamics of
higher-order correlation functions.

Q 15.38 Mon 17:00 C/Foyer
Nonthermal fixed points and superfluid turbulence in 2D
ultracold Bose gases — eFapiaN Brock!:2, Simon SaiLerb:?,
Markus Karrs?2, and TromAs Gasenzer''?2 — 1Kirchhoff-
Institut fiir Physik, Im Neuenheimer Feld 227, 69120 Heidelberg —
2Institut fiir Theoretische Physik, Ruprecht-Karls-Universitit Heidel-

berg, Philosophenweg 16, 69120 Heidelberg

The behavior of turbulent one-component Bose-Einstein condensates is
studied by simulations of the driven-dissipative Gross-Pitaevskii equa-
tion and free expansion dynamics. The aspect ratio during free expan-
sion is studied using the GPE and a hydrodynamic model based on
Eulers equations. By comparison to non-turbulent systems, this gives
insight into the influence of vorticity on the expansion dynamics. The
results aim to help the study of superfluid turbulence in experiment by
measuring the gas after some given expansion time and drawing infer-
ences on its initial state. In the driven-dissipative case, non-thermal
fixed points far away from equilibrium are studied. Power laws in the
occupation number are numerically determined by vortex statistics and
compared to analytical results.

Q 15.39 Mon 17:00 C/Foyer

Towards a degenerate quasi 2D gas of fermions near the BEC-

BCS crossover — eTHOMAS PAINTNER, DANIEL HOFFMANN, STE-
FAN HAUSLER, WLADIMIR SCHOCH, WOLFGANG LIMMER, BENJAMIN
DEissLER, and JOHANNES HECKER-DENScHLAG — Universitdat Ulm,
Institut fiir Quantenmaterie, Deutschland

Here, we present the creation of a two-dimensional gas of ultracold
fermions near the BEC-BCS crossover.

We prepared a sample of ultracold ®Li atoms in the lowest two hy-
perfine states in a strong single beam optical dipole trap. For imple-
menting a quasi 2D degenerate gas we focus a blue detuned TEMg1
beam on our atoms [1].

To create the TEMp1, we illuminate a w-phase plate with a high
power laser at 532nm. In the far field a TEMg; profile is created. We
can change the size of the TEMp; mode by changing the laser beam
waist. Strong enough confinement of the atoms in the TEMg; laser
field will freeze out the atomic motion in this direction, leading to a
quasi 2D gas.

Reducing the dimension of the system is another major step towards
the realization of an all optical 2D honeycomb lattice.

[1] Opt.Express 13, 2843-2851 (2005)

Q 15.40 Mon 17:00 C/Foyer
Time-of-Flight Expansion for Trapped Dipolar Fermi Gases:
From Collisionless to Hydrodynamic Regime — eVLADIMIR
VELJIG!, ANTUN BavLaz!, and AXeL PeLsTER? — 1Scientific Comput-
ing Laboratory, Institute of Physics Belgrade, University of Belgrade,
Serbia — 2Physics Department and Research Center OPTIMAS, Tech-
nical University of Kaiserslautern, Germany

Some time ago it was predicted that the momentum distribution of a
Fermi gas is deformed from spherical to cyclindrical provided a dipole-
dipole interaction is present. A recent time-of-flight (TOF) expansion
experiment has now unambiguously detected such a Fermi surface de-
formation in a dipolar quantum gas of fermionic erbium atoms in the
collisionless regime [1]. Here we follow Ref. [2] and perform a system-
atic study of TOF expansions for trapped dipolar Fermi gases ranging
from the collisionless to the hydrodynamic regime at zero temperature.
To this end we solve analytically the underlying Boltzmann-Vlasov
equation in the vicinity of equilibrium by using a suitable rescaling of
the equilibrium distribution, where the collision integral is simplified
within a relaxation-time approximation. The resulting ordinary differ-
ential equations for the scaling parameters are then solved numerically
for experimentally realistic parameters for increasing relaxation times.
Our analysis is, thus, useful for future TOF experiments in order to
determine the value of the underlying relaxation time from expansion
data.

[1] K. Aikawa et al., Science 345, 1484 (2014)

[2] F. Wachtler, A. R. P. Lima, and A. Pelster, arXiv:1311.5100

Q 1541 Mon 17:00 C/Foyer
Bogoliubov Theory of Dipolar Bose Gas in Weak Random Po-
tential — eMauMoUD GHABOUR! and AXEL PeLsTER? — !Physics
Department, Freie Universitiat Berlin, Germany — 2Physics Depart-
ment and Research Center OPTIMAS, Technische Universitat Kaiser-
slautern, Germany

We consider a dilute homogeneous Bose gas with both an isotropic
short-range contact interaction and an anisotropic long-range dipole-
dipole interaction in a weak random potential at low temperature in
three dimensions. Within the realm of Bogoliubov theory we ana-
lyze how both condensate and superfluid density are depleted due to
quantum and thermal fluctuations as well as disorder fluctuations. Af-
terwards, we calculate with this the resulting velocities of first and sec-
ond sound within an anisotropic extension of the Landau-Khalatinikov
two-fluid model.

[1] K. Huang and H. F. Meng, Phys. Rev. Lett. 69, 644 (1992)

[2] C. Krumnow and A. Pelster, Phys. Rev. A 84, 021608(R) (2011)

[3] B. Nikolic, A. Balaz, and A. Pelster, Phys. Rev. A 88, 013624
(2013)

[4] M. Ghabour and A. Pelster, arXiv:1410.3070

Q 15.42 Mon 17:00 C/Foyer
Analytical and Numerical Study of Bose-Einstein Condensate
with Localized Impurity — eJAavEp Akram! and AXEL PELSTER?
— 1Physics Department, Freie Universitit Berlin Germany — 2Physics
Department and Research Center OPTIMAS, Technische Universitét
Kaiserslautern Germany

Motivated by the recent experimental work of Refs. [1, 2], we in-
vestigate a localized 133Cs impurity in the center of a trapped 37Rb
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Bose-Einstein condensate. Within a zero-temperature Gross-Pitaevskii
mean-field description we provide a one-dimensional physically intu-
itive model, which we solve by both a time-independent variational
approach and numerical calculations. With this we predict at first
equilibrium results for the emerging condensate wave function which
reveals an impurity-induced dip or bump in case of a repulsive or an
attractive Rb-Cs interaction strength. Afterwards, we show that the
impurity-induced dip or bump in the condensate wave function re-
mains even present during a time-of-flight (TOF) expansion after hav-
ing switched off the harmonic confinement. All these results are useful
for extracting the Rb-Cs interaction strength from experimental TOF
expansion data.

[1] A.D. Lercher, T. Takekoshi, M. Debatin, B. Schuster, R. Rame-
shan, F. Ferlaino, R. Grimm, and H.-C. Négerl, Euro. Phys. J. D 65,
3 (2011).

[2] N. Spethmann, F. Kindermann, S. John, C. Weber, D. Meschede,
and A. Widera, Phys. Rev. Lett. 109, 235301 (2012).

Q 15.43 Mon 17:00 C/Foyer

One-Dimensional Model for Bose-Einstein Condensate in

Gravito-Optical Surface Trap — eJAvED AKRAM!, BENJAMIN
Giropias?, and AXEL PrLSTER® — !Department of Physics, Freie
Universitit Berlin, Germany — 2Pomona College, Claremont, USA

— 3Physics Department and Research Center OPTIMAS, Technische
Universitidt Kaiserslautern, Germany

We study both static and dynamic properties of a weakly interacting
Bose-Einstein condensate in a quasi-one-dimensional gravito-optical
trap, where the downward pull of gravity is compensated by the expo-
nentially decaying potential of an evanescent wave. At first we work
out approximate solutions to the Gross-Pitaevskii equation for small
number of atoms using a variational Gaussian ansatz and for larger
number of atoms using the Thomas-Fermi limit. Then we confirm the
accuracy of these approximate analytic solutions by comparing them
to numerical results. From there, we numerically analyze how the BEC
cloud expands ballistically when the confining laser beams are shut off,
showing agreement between our theoretical and previous experimental
results.

Q 1544 Mon 17:00 C/Foyer
Anyons in 1D optical lattices by time periodic forcing —

oCHRISTOPH STRATER!, SHAsHI SrivasTaval, MARco RONCAGLIAZ,

AxeL PeLsTER?, and ANDRE EckarpT! — 1Max Planck Institute
for the Physics of Complex Systems, Dresden, Germany — 2Istituto
nazionale di ricerca metrologica, Turin, Italy — 3Kaiserslautern Uni-

versity of Technology, Kaiserslautern, Germany

Anyons are particles that pick up a complex phase factor upon parti-
cle exchange. In one dimensional optical lattices, it has been proposed
to create anyons by engineering occupation-dependent tunneling am-
plitudes for bosonic atoms by means of Raman assisted tunneling [1].
We propose a different scheme for the realization of such 1D anyons
that relies on lattice shaking. Our scheme is very easy to implement
experimentally, since it neither relies on the internal atomic structure
nor requires additional lasers.

Q 15.45 Mon 17:00 C/Foyer
Stationary and Transient Properties of Photon Condensates
— eMiLaN Raponiié!, ANTUN Baraz?, WassiLiy KopyLov3, To-
BIAs BraNDEs®, and AxEL PrLsTER? — 1Photonics Center, Insti-
tute of Physics Belgrade, University of Belgrade, Serbia — 2Scientific
Computing Laboratory, Institute of Physics Belgrade, University of
Belgrade, Serbia — 3Institute for Theoretical Physics, Technische Uni-
vesitit Berlin, Germany — Physics Department and Research Center
OPTIMAS, Technische Universitiat Kaiserslautern, Germany

A seminal experiment in Bonn has presented convincing evidence of
both a Bose-Einstein distribution and a macroscopic occupation of the
lowest mode for a gas of photons confined in a dye-filled optical micro-
cavity. Here we investigate how these equilibrium properties could be
understood within the framework of a recent non-equilibrium model
of photons in terms of a steady state solution. It turns out that, de-
pending on the dye pumping rate and the cavity decay rate, different
modes become macroscopically occupied. We present the correspond-
ing phase diagrams and describe the transitions between the phases
analytically. Furthermore, we obtain a moment generating function
for the photon statistics and calculate the stationary equal-time auto-
correlation function. Using a linear stability analysis we demonstrate
that the stationary states are always unconditionally stable. We also
examine how the relaxation times toward equilibrium depend on the

respective system parameters and compare them with the thermaliza-
tion times obtained experimentally from the corresponding transient
dynamics.

Q 15.46 Mon 17:00 C/Foyer
Towards the Realization of a Vacuum-Ultraviolet Photon
Bose-Einstein Condensate — eCHRISTIAN WAHL, GUNAR WALL-
STABE, STAVROS CHRISTOPOULOS, JAN KLAERS, and MARTIN WEITZ
— University of Bonn, Germany

We propose a new approach for photon Bose-Einstein condensation,
based on thermalisation of photons in a noble gas filled optical micro-
cavity, suitable for the vacuum-ultraviolet spectral regime, i.e. in the
100-200nm wavelength regime. While current experiments on photon
Bose-Einstein condensation use thermalisation of photons in a dye so-
lution filled optical microcavity in the visible spectral regime [1], we
here plan to use absorption re-emission cycles of the transition from
the ground to the the lowest electronically excited state of e.g. xenon
for thermalisation. In order to achieve a sufficient overlap between the
first atomic absorption and the di-atomic excimer emission, found at
147nm and 170nm respectively [2], a noble gas pressure of up to 60
bar will be created inside the cavity. We are currently in the process
of setting up an experiment to study absorption and emission spectra
at the relevant noble gas pressures in the vacuum-ultraviolet regime.
Ongoing experimental progress will be reported.

References:

[1]: J. Klaers et al. Nature 468, 545-548 (2010)

[2]: M. Kink et al. Physica Scripta 45, 79-82 (1992)

Q 15.47 Mon 17:00 C/Foyer
Measuring the Chern number of Hofstadter bands with ul-
tracold bosonic atoms — eCHRISTIAN ScHWEIZER!'2, MONIKA
AIDELSBURGER!2, MicHAEL Lounse!?, Marcos Araral:2, JuLio
BARREIROY2, SyvaiN NascimMBENE®, NIGeEL CooPER?, IMMANUEL
Brocu2, and NaruaN GoLpMan3® — IFakultit fiir Physik, LMU
Miinchen, Germany — 2MPQ Garching, Germany — 3Collége de
France & LKB, CNRS, UPMC, ENS, Paris, France — *T.C.M. Group,
Cavendish Laboratory, Cambridge, UK — 5CENOLI, Faculté des Sci-
ences, Université Libre de Bruxelles, Belgium

Sixty years ago, Karplus and Luttinger pointed out that quantum par-
ticles moving on a lattice could acquire an anomalous transverse veloc-
ity in response to a force, providing an explanation for the unusual Hall
effect in ferromagnetic metals. A striking manifestation of this trans-
verse transport was then revealed in the quantum Hall effect, where the
plateaus depicted by the Hall conductivity were attributed to a topo-
logical invariant characterizing Bloch bands: the Chern number. Until
now, topological transport associated with non-zero Chern numbers
has only been revealed in electronic systems. Here we use studies of
an atomic cloud’s transverse deflection in response to an optical gradi-
ent, in combination with the determination of the band populations to
measure the Chern number v of artificially generated Hofstadter bands;
for the lowest band we obtain an experimental value of vexp = 0.99(5).
This result, which constitutes the first Chern-number measurement in
an atomic system, is facilitated by an all-optical artificial gauge field
scheme, generating uniform flux in optical superlattices.

Q 15.48 Mon 17:00 C/Foyer
Towards many body physics with ultracold atoms in optical
microtrap arrays — eMARTIN STURM, MALTE SCHLOSSER, GER-

HARD BIrRkL, and REINHOLD WALSER — Institut fiir Angewandte
Physik, TU Darmstadt

Ultracold atoms in optical lattices have proven to be a powerful tool-
box for quantum simulation of many body physics e.g., solid state
systems. Standard optical lattices are produced by the superposition
of standing wave laser fields and have been used for simulating large
homogeneous lattice systems. In recent years single-site addressability
in optical lattices has attracted considerable interest since it allows for
the direct observation and control of local properties.

We propose an experimental scheme to implement quantum simula-
tion of many body systems using ultracold Rubidium atoms in optical
dipole traps generated by microlens arrays. This allows to produce 1D
and 2D optical lattices for which the task of single site control can be
implemented by selectively addressing each microlens. This setup has
already been used for quantum computation experiments [1]. We set
the superfluid-insulator phase transition of the Bose-Hubbard model
as a benchmark to demonstrate the accessibility of relevant many body
regimes with this setup. We further investigate new possibilities that
arise with the tunable shape and size of the system e.g., systematic
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investigation of finite size effects and quantum transport.
[1] M. Schlosser et al., Quantum Inform. Process. 10 907-924

Q 15.49 Mon 17:00 C/Foyer
Integration of photonic structures and thermal atomic vapors
— eRALF RITTER!, Nico GRUHLER?, WOLFRAM PERNICEZ, TILMAN
Praul, and RoBerT LOw! — 15. Physikalisches Institut, Universitét
Stuttgart — 2Institute of Nanotechnology, KIT Karlsruhe

The usage of atomic vapors in technological applications has become
increasingly relevant over the past few years. They are utilized e.g. in
atomic clocks, magnetometers, as frequency reference or to slow down
and store light. Integrated devices, which combine photonic structures
and thermal atomic vapors on a chip, could be an ideal basis for such
purposes, as they provide efficient atom-light coupling on a miniatur-
ized scale.

We will report on the status of our work on various photonic struc-
tures such as dielectric waveguides, directional couplers and interfer-
ometers combined with thermal alkali vapor.

Q 15.50 Mon 17:00 C/Foyer
Cold Atom Based Magnetic Microscopy — eTimoTHY JaMEs!,
AMRUTA GaDGE!, JorcE FERRAs!, JEssicA MacLEAN!, CHRISTO-
PHER MELLOR!, FRANCESCO INTRAVAIAZ, MARK FrRoMHOLD!, CHRIS-
TIAN KOLLER3, FEDJA OrUcEvVIC!, and PETER KRUGER! — 1School
of physics and Astronomy, University of Nottingham, Nottingham NG7
2RD — 2Institut fur Physik, Humboldt- Universitaet zu Berlin, New-
tonstr. 15, 12489 Berlin, Germany. — 3Mirco- & Nano systems FH
Wiener Neustadt, Austria

Cold atoms can be used as highly sensitive surface probes. The resolu-
tion of the probes would be increased by trapping the atoms closer to
the surface. However closer trapping to the surface leads to higher loss
rates due to distance based effects such as Johnson noise and Casimir
force.

The use of a dual colour magneto optical trap will allow for the
trapping of an increased number of atoms than is achieved using the
single MOT. We will present a simple model for the interaction of an
atom with the two mode light field.

We are designing a PCB to allow the transport of atoms from MOT
to the surface of a sample. The samples will be composed of graphene
sheets supported by a TEM grid and graphene hall bars.

Q 15.51 Mon 17:00 C/Foyer
Integrated atom traps for quantum sensor applications —
eJORGE FERRERAS, THOMAS BARRETT, ANTON PIicCARDO-SELG,
JEssicaA MAcLEAN, CHRISTOPHER MELLOR, THOMAS FERNHOLZ,
FEDJA ORucEvIc, and PETER KRUGER — School of Physics and As-
tronomy, The University of Nottingham, UK

Trapping and cooling atoms close to surfaces broadens the horizon
on quantum sensor applications. However, size has always been a
constraint for making such devices. With new understructures and
multi-layers chips, it is now possible to miniaturize this setups. A com-
pact low-power consumption system can be used to routinely trap and
cool atoms down to and below temperatures at which Bose-Einstein
Condensation (BEC) occurs. We demonstrate how self-contained inte-
grated structures are used to produce Rb BECs with power dissipation
in the milliwatt range. Truly portable sensors based on ultracold gases
are now being developed with a view to a wide range of industrial
applications, including underground mapping and navigation.

Q 15.52 Mon 17:00 C/Foyer
Aspects of Analogue Gravity with Bose-Einstein Condensates
— o ANDREAS FINKE!2, SILKE WEINFURTNER?, and PETER KRUGER!
— 1School of Physics and Astronomy, The University of Nottingham,
UK — 2School of Mathematical Sciences, The University of Notting-
ham

Phononic excitations in an engineered Bose-Einstein condensate (BEC)
are one example out of a larger class of physical systems admitting a
description very similar to certain models of quantum fields in curved
spacetimes. We argue that the large degree of control offered by an
atom chip makes it possible to investigate questions about universality
and stability of effects analogue to e.g. cosmological particle produc-
tion or Hawking radiation in a BEC. To increase experimental signa-
tures one is naturally led to the study of non-equilibrium behaviour and
corrections from (strong) interactions. We further investigate a way
to increase the signature of quantum fluctuations at given background

temperature and report on the status of our experiments.

Q 15.53 Mon 17:00 C/Foyer
Non-equilibrium mass transport in bosonic quantum sys-
tems — oCHRISTIAN BaaLs, BoDHADITYA SANTRA, RALF LABOU-
vie, SiMoN HeuUN, and HErwic OTT — Research Center OPTIMAS
and Fachbereich Physik, Technische Universitat Kaiserslautern, 67663
Kaiserslautern, Germany

We study the dynamics of a Bose-Einstein condensate (BEC) after a
quench of the density distribution. To this purpose, we use a tightly
focused electron beam which is implemented in a standard BEC ap-
paratus. The electron beam serves as a detection device where the
atoms are ionized by electron-impact, extracted from the atomic cloud
and detected. Additionally, the electron beam allows us to tailor the
atomic density distribution and to locally apply losses as a source of
dissipation. Our aim is to investigate the dynamics of such an out-
of-equilibrium situation. In a first experiment, we shine the electron
beam on an atomic BEC and measure the losses as a function of the
dissipation strength. Above a critical limit, we observe the appear-
ance of quantum Zeno dynamics. A similar situation can be created
when the BEC is loaded into a one-dimensional optical lattice and a
lattice site is continuously probed by the electron beam. Initially re-
moving atoms from one lattice site and observing the ensuing refilling
dynamics, makes it possible to measure the conductivity of the sys-
tem. We find that the interplay between the interaction energy, the
tunneling coupling and intrinsic collisions leads to negative differential
conductivity.

Q 15.54 Mon 17:00 C/Foyer
Local study of quantum transport close to and far away from

equilibrium — eJar-Yoon Cror!, SeBasTiaN HiLp!, TAKESHI

FukuHaral, PeTeEr Scuauss!, JoHANNES ZEIHER!, IMMANUEL
Brocu!2, and CHRIsTIAN GROss! — !Max-Planck-Institut fiir Quan-
tenoptik, Hans-Kopfermann-Strafse 1, 85748 Garching, Germany
— 2Fakultit fiir Physik, Ludwig-Maximilians-Universitit Miinchen,

Schellingstrafe 4, 80799 Miinchen, Germany

Ultracold atom experiments are well suitable to study out-of-
equilibrium dynamics of quantum many-boy systems. A well controlled
locally excited atomic Mott insulator state serves as initial state to
study the dynamics in different regimes of the Bose-Hubbard model.
The ability to manipulate and detect atoms on the single site level
opens up novel experimental possibilities to study the dynamics. We
report on transport measurements far away from equilibrium where
we observe diffusively decaying spin spirals. In contrast, when study-
ing the dynamics close to equilibrium using single impurities we find
ballistic transport that is linked to bipartite entanglement generation
between different sites.

Q 15.55 Mon 17:00 C/Foyer
Many-Body Localization in Quasi-Random and Superlat-
tice Geometries — eHENRIK LUsCHEN''2, MICHAEL SCHREIBER!'2,
PranjaL Borpial2, Sean Hopeman!2| ImmaNueL Brocub?2, and
ULRIcH ScHNEIDER'? — !Max-Planck-Institut fiir Quantenoptik,

Garching — 2Ludwig-Maximilians-Universitit, Miinchen

Disordered systems have been the subject of great interest over the last
few years, especially in the context of many-body localization (MBL)
of interacting systems. So far, experimental studies have been using
transport properties as observables and were mostly limited to the
bosonic case. We have implemented a new setup that enables us to
directly observe the breakdown of ergodicity and thermalization in the
fermionic Aubrey-André model by monitoring local observables after
a quantum quench.

Specifically, we use a superlattice to create an initial charge-density
wave and measure the population imbalance between even and odd
sites. While this imbalance quickly relaxes to zero in the clean sys-
tem without disorder, at sufficiently strong quasi-disorder we observe a
large remaining imbalance in the long term limit, indicating MBL. The
imbalance hence directly demonstrates the absence of thermalization
and can be used as an effective order parameter for MBL transitions.

Furthermore, we give an outlook on possible future experiments,
elaborating on the possibilities of coupling a localized system to a
phonon bath, as well as accessing spin degrees of freedom with our
superlattice, e.g. observing singlet-triplet oscillations and creating
spinordered states.

Q 15.56 Mon 17:00 C/Foyer
A state dependent lattice for many body physics with yt-
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terbium — eLuts Rieccer!2, CHRisTIAN HOFRICHTERYZ, MORITZ
Horer!2, FraNCEsco Scazzal2, Dioco Rio FerNanpes!?2, Im-
MANUEL Brocu!?, and SiMon FoLLing!2 — 1Ludwig-Maximilians-
Universitét, Miinchen, Deutschland — 2Max-Planck-Institut fiir
Quantenoptik, Garching, Deutschland

In contrast to the more common alkali atoms, ytterbium possesses a
metastable excited state as well as a strong decoupling between the
nuclear and the electronic spin degree of freedom.

We report on the realization of a state dependent lattice for the 1Sy
ground and 3 Py meta-stable state of ytterbium. Since the state depen-
dence arises from the different AC-polarizability of the two electronic
configurations, the optical lattice remains nuclear spin independent.
This degree of freedom is an important ingredient for the simulation
of many-body systems such as Kondo physics.

Imposing such a "non-magic" lattice on a degenerate quantum gas
of either bosonic or fermionic ytterbium isotopes, we are able to pre-
pare specific lattice Hamiltonians, which we probe spectroscopically
and dynamically.

Q 15.57 Mon 17:00 C/Foyer
Probing Bloch band geometry and topology with ultracold
atoms — eMARTIN RerrTer!2, Lucia Ducal2, Tracy Lib2,
SEBASTIAN ScHERG?, IMMANUEL Brocu!:?, MONIKA SCHLEIER-
Smrtu®, and ULricH ScHNEIDERD?Z I Ludwig-Maximilians-
Universitét, Miinchen, DE — 2MPQ, Garching, DE — 3Stanford Uni-

versity, Palo Alto, USA

Topological features lie at the heart of a wide range of many-body phe-
nomena in solid state systems. We have experimentally studied local
topological properties of a graphene-like optical lattice, which features
two nonequivalent Dirac points in the first Brillouin zone. By perform-
ing Ramsey interferometry along closed loops around one of the Dirac
points, we are able to directly measure a Berry phase of m and locate
the Berry curvature with high momentum resolution. In addition, we
will report on the first measurements of multiband topological proper-
ties in the presence of a strong gradient. In this regime, the two lowest
bands are formally equivalent to the case of two degenerate bands, as
described by Wilczek and Zee [1]. By combining Stiickelberg inter-
ferometry and measurements of the population transfer to the second
band, we are able to reconstruct the elements of the Wilson loop ma-
trix that characterizes this two-band model. Future research directions
are also presented.
[1]F. Wilczek and A. Zee., Phys. Rev. Lett. 52, 2111 (1984).

Q 15.58 Mon 17:00 C/Foyer
Optical bloch band spectroscopy of the 'Sj - 3P transition of
laser cooled magnesium atoms — eKrLAUSs ZIPFEL, ANDRE Ku-
LOSA, STEFFEN RUHMANN, DomINIKA Fim, NANDAN JHA, STEFFEN
SAUER, WOLFGANG ERTMER, and ERNST RASEL — Institut fiir Quan-
tenoptik, Leibniz Universitdt Hannover, 30167 Hannover, Germany

Optical atomic clocks perform spectroscopy on narrow transitions of
atoms trapped in an optical lattice operated at the "magic wave-
length". As in solid-state physics, such periodic optical potentials
give rise to band structures caused by tunnelling of the delocalized
atoms and thus can be used to simulate pure crystalline structures.
By operating the lattice in a regime where the tunnelling rate becomes
comparable to the observable linewidth of the narrow transition, the
band structure can be observed in the frequency spectrum. We present
the direct observation of bloch bands by probing the spin-forbidden 1Sg
- 3Py transition of laser cooled magnesium atoms trapped in an op-
tical lattice operated at the magic wavelength. For trap depths of 10
recoil energies the band width is around 3 kHz which corresponds to
the current resolution of the probed transition. In this regime a shift
resulting in a symmetric splitting to a doublet structure in the order
of the band width has been observed.

Q 15.59 Mon 17:00 C/Foyer
Dual Species matter-wave Interferometry — eHENDRIK HEINE,
HenNING ALBERS, Jonas Harrwic, Dipankar NartH, Locan
Ricuarpson, DENNIS SCHLIPPERT, WOLFGANG ERTMER, and ERNST
M. RaseL — Institut fiir Quantenoptik, Leibniz Universitdt Hannover,
Welfengarten 1, 30167 Hannover

One of the cornerstones in Einstein’s General Relativity is the Uni-
versality of Free Fall (UFF) which has been examined in many clas-
sical experiments. We present a Quantum Test of the UFF based
on a two species Raman-type matter-wave interferometer operating
with thermal clouds of 87Rb and 39K to differentially measure the

gravitationally-induced phase shift.

Both species are simultaneously trapped in a three-dimensional
magneto-optical trap (MOT) which is loaded by a 2D-MOT. After
cooling 8"Rb (39K) to 27 uK (32 uK) they are released into free fall.
While falling, the interferometer sequence is applied with two pairs of
counter-propagating Raman-beams splitting, redirecting and recom-
bining the atomic ensembles with a typical pulse separation time of
T = 20ms. By inverting the orientation of the interferometer, we can
suppress the most important Bias contributions of non-inertial phase-
shifts in the half-difference of the signals.

We present a measurement of the Eotvos-ratio up to a level of
MRb,K = (0,3 £5,4) * 10~7 and show the potential for future improve-
ments of the measurement.

Q 15.60 Mon 17:00 C/Foyer
Matter wave interferometry in space — eMAIKE DiaNA LAcCH-
MANN, STEPHAN TOBIAS SEIDEL, DENNIS BECKER, JUNG-BIN WaNG,
Tuiss WENDRICHS, WOLFGANG ERTMER, and ERNST MARIA RASEL
for the QUANTUS-Collaboration — Institut fiir Quantenoptik, LU
Hannover

Extending the free-fall time in atom interferometers is one approach
towards a precise measurement of the equivalence principle. Therefore
experiments with ultra-cold quantum gases in microgravity have been
realized and performed at the drop tower facility in Bremen, Germany.
As a next step space missions have a high potential for measurements
in microgravity. With the sounding rocket mission MAIUS the first
creation if a BEC in space and the demonstration of atom interferom-
etry is planed. This poster shows the setup, the performance of the
apparatus on the ground and future prospects of the project.

MAIUS is part of the QUANTUS project, which is supported by
the German Space Agency DLR with funds provided by the Federal
Ministry of Economics and Technology (BMWi) under grant number
DLR 50 1131 - 1137.

Q 15.61 Mon 17:00 C/Foyer
Very Long Baseline Atom Interferometry for High-Accuracy
Gravimetry and Tests of Fundamental Physics — eETIENNE
WobDEY, CHRISTIAN MEINERS, JONAS HARTWIG, DENNIS SCHLIPPERT,
CHRISTIAN SCHUBERT, WOLFGANG ERTMER, and ERNST M. RASEL —
Institut fiir Quantenoptik, Leibniz Universitat Hannover

Very Long Baseline Atom Interferometry (VLBAI) represents a new
class of experiments in atom optics with applications in high-accuracy
absolute gravimetry, gradiometry and tests of fundamental physics.
Extending the baseline of gravimeters from tens of centimeters to
several meters opens the way for competition with superconducting
gravimeters and quantum tests of the universality of free fall (UFF) at
an unprecedented level, comparable to those achieved by classical lu-
nar laser ranging and torsion balance tests. Also, the implementation
of a gradiometer in the vertical direction will complement the research
effort done by the MIGA collaboration towards 3D gravity antennas
and mapping of space-time strain in the low-frequency range. The
VLBAI-Teststand will consist of a 10m-baseline atom interferometer
implemented in the Hannover Institut fiir Technologie (HITec) of the
LUH. For UFF tests, it will be operated as a simultaneous gravimeter
using ultracold mixtures of ytterbium and rubidium atoms. The choice
of ytterbium is motivated by its high mass and the very small sensi-
tivity of the ground states of the bosonic isotopes to magnetic fields,
enabling better control of the systematics and constraining violation
parameters. In this poster, we present an overview of the design of the
apparatus and the status of our source of cold ytterbium atoms.

Q 15.62 Mon 17:00 C/Foyer
Lamb-Dicke spectroscopy of the 1Sy — 3P, clock transition in
bosonic magnesium — eNANDAN JHA, ANDRE KULOSA, STEFFEN
RUumanN, DomiNika Fim, KLAus ZIPFEL, STEFFEN SAUER, WOLF-
GANG ERTMER, and ERNST RAsSEL — Institut fiir Quantenoptik, Leib-
niz Universitdt Hannover, Deutschland

We report on a measurement of the magic wavelength of bosonic 2*Mg.
At this particular wavelength the differential AC-Stark shift between
the clock states vanishes.

The experimental cycle for loading the optical lattice is as follows: 102
atoms are pre-cooled in two magneto-optical traps (singlet-MOT at
285 nm and triplet-MOT at 383 nm) and continuously loaded in an
optical dipole trap at 1064 nm. 10% Atoms are then transferred to
the optical lattice at 469 nm. In order to generate sufficient power for
trapping of magnesium, the incident power of 90 mW is enhanced to
2 W in a build-up cavity.
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An external homogeneous magnetic field gives a small admixture of
the 3 Py state to the 3 Py state allowing direct excitation of the strongly
forbidden 1Sy — 3Py clock transition. From the spectroscopy signal
we observe a clear asymmetry between the red and the blue sideband
of the carrier, which infers that most of the atoms are in the vibra-
tional ground state of the trap. Their temperature evaluates to 7 pK.
We varied the lattice power at different wavelengths for measuring the
differential AC-Stark shifts of the carrier transition. The magic wave-
length of 24Mg results to 468.44(17) nm.

Q 15.63 Mon 17:00 C/Foyer
Progress Report Towards an Al4 Quantum Logic Optical
Clock — eStePHAN Hannic!, NiLs ScHArRNHORsT!, JANNES B.
WuBBENAL, KORNELIUS JAKOBSEN!, IaN D. LEroux!, and PieT O.
ScumipT!2 — 1QUEST Institute for Experimental Quantum Metrol-
ogy, PTB, 38116 Braunschweig, Germany — 2LUH, 30167 Hannover,
Germany

We present the status of our aluminium ion optical clock using quan-
tum logic techniques for cooling and reading out the clock ion. The
design goals for the frequency standard are an inaccuracy below 10~17
and relative instability better than 10~'% in one second. 27AlT pro-
vides a narrow (8 mHz) clock transition at 267 nm which exhibits no
electric quadrupole shift and a low sensitivity to black-body radiation.
A single 27Alt jon will be confined in a linear Paul Trap together
with a 40Ca™ logic ion. The latter is used for sympathetic cooling and
internal state detection of the clock ion via Coulomb interaction.

We show a setup to transfer the stability of an ultra-stable refer-
ence laser to the 729 nm Ca™ logic laser. Additionally, the status of
the experiment and recent results including double EIT cooling are
presented.

Recently, a second generation, new vacuum chamber has been set
up. The new system is designed to include a segmented multi-layer
linear Paul trap. It paves the way towards multi-ion clocks, combining
the high accuracy of single-ion clocks with high stability.

Q 15.64 Mon 17:00 C/Foyer
Progress Report of an ultra-stable cavity for an Al+ opti-
cal clock — SANA AMAIRI Pykal, eKoRrRNELIUS JAKOBSEN!, NiLs
ScHARNHORST!, STEPHAN HaNNIG!, IaAN D. LEroux!, and PieT O.
ScamipT!2 — QUEST Institute, Physikalisch Technische Bunde-
sanstalt, 38116 Braunschweig, Germany — 2Institut fiir Quantenoptik,
Leibnitz-Universitdt Hannover, 30167 Hannover, Germany

We present the current status of the reference cavity for the clock laser
of our aluminium ion frequency standard. A 1070 nm laser is stabilized
to a 39.5 cm long cavity made of ultra-low expansion glass and is there-
after frequency-doubled twice to achieve the transition wavelength of
267 nm. The cavity has an estimated thermal noise limit of 7-10~17 in
1s. Despite its length, the system exhibits a very low sensitivity to vi-
brations of less than 107! /m s~2 in all three directions. We present
an evaluation of possible performance-limiting effects, such as resid-
ual amplitude noise and intensity stability of the laser light inside the
cavity. These results are complemented by a comparison with other
clock cavities at PTB. The evaluation shows that such long cavities
are suitable for sub-Hertz spectroscopy at optical frequencies.

Q 15.65 Mon 17:00 C/Foyer
Towards a cryo-lattice clock at PTB — eAL1 ArL-Masoupi,
SOREN DORSCHER, STEPHAN FALKE, SEBASTIAN HAFNER, STE-
FAN VogTt, UWE STERR, and CHRISTIAN LispaT — Physikalisch-
Technische Bundesanstalt (PTB), Bundesallee 100, 38116 Braun-
schweig

Optical clocks have become valuable tools for frequency metrology with
applications ranging from the search for physics beyond the standard
model to relativistic geodesy. Strontium lattice clocks offer high sta-
bilities, but their best uncertainty budgets have been dominated by
the Stark shift due to black-body radiation. With the atomic sensitiv-
ity itself well known from our previous measurements, knowledge and
control of the thermal environment have been the limiting factor. Sev-
eral groups have recently demonstrated approaches to overcome this
limitation and reached relative uncertainties as low as 5 x 10~18. We
report on the integration of a thermally well-controlled, cryogenic envi-
ronment into our existing setup. We expect to achieve a total relative
uncertainty of 1 x 10717, limited by constraints of our optical lattice
geometry. Finally, we present the recent progress of a new physics
package for a next-generation 87Sr clock aiming at uncertainties of
1 x 1018 and better. It is designed to allow detailed investigations of
further points of concern, e.g. higher-order contributions to the lattice

10

light shifts. This work is supported by QUEST, the DFG within CRC
1128 (geo-Q) and RT'G 1729, and the EMRP within IND14, ITOC, and
QESOCAS. The EMRP is jointly funded by the EMRP-participating
countries within EURAMET and the European Union.

Q 15.66 Mon 17:00 C/Foyer
Spectroscopy of the clock transition in 171Yb in a trans-
portable setup — eGREGOR MuURA, ToBias FrRaNZEN, AXEL GOR-
LTz, HEIKO LUCKMANN, ALEXANDER NEVSKY, INco ERNSTING, and
STEPHAN SCHILLER — Institut fiir Experimentalphysik, HHU Diissel-
dorf, Universitatsstr. 1, 40225 Diisseldorf

Optical lattice clocks based on elements with two valence electrons
are strong competitors in the quest for next generation time and fre-
quency standard. While promising results have already been obtained
on several stationary setups using Sr and Yb, transportable clocks are
desirable for both performance evaluation and applications.

In the framework of the Space Optical Clocks 2 project, we are de-
veloping a transportable Yb lattice clock demonstrator. Our setup is
based on diode and fiber lasers and features an intra-vacuum enhance-
ment resonator to allow the formation of a large volume lattice using
moderate laser power.

Here we present our recent results of the spectroscopy of the 1Sg —
3 Py transition in 171YDb confined in an one dimensional optical lattice,
a first evaluation of systematics and ongoing work towards competitive
clock operation as well as more compact and robust subsystems.

Q 15.67 Mon 17:00 C/Foyer
A closed-cycle cryostat setup for next-generation op-
tical resonators with ultra-high frequency stability
oCHRISTIAN MARCINIAK, MoRITZ NAGEL, Kraus DORINGSHOFF,
SyLvia ScHIKORA, EVGENY V. KovaLcHUK, and ACHIM PETERS —
Humboldt-Universitdt zu Berlin, Institut fiir Physik, AG Optische
Metrologie, Newtonstrafie 15, 12489 Berlin

‘We present the current state of our work on design and setup of a novel
closed-cycled cryostat system for sapphire optical resonators. The sys-
tem will operate at liquid helium temperatures and will provide an
ultra-low vibration environment for the cavities. The presentation will
include details of mechanical design, supporting room-temperature op-
tics as well as considerations into cryogenic optical design such as stray
interference minimization and ghosting.

The expected performance of the sapphire resonators is thermal
noise limited in frequency stability at 10~17 which will be used for
the next generation of Michelson-Morley experiments to test Lorentz
invariance at the 10720 regime.

Q 15.68 Mon 17:00 C/Foyer
Ein optischer Resonator im Fallturmbetrieb — eANDREAS
REescH, SVEN HERRMANN und Craus LAMMERZAHL — ZARM Uni-
versitdt Bremen, Am Fallturm, 28359 Bremen, GERMANY

Hochstabile Laser(-system) werden in vielen Prézisionsexperimenten
eingesetzt. Die technische Entwicklung zeigt den Weg hin zur Welt-
raumanwendung dieser Lasersysteme. Ein erster Schritt kann in einem
Experiment im Fallturm unter Mikrogravitation stattfinden.

Wir prasentieren die Entwicklung und die Realisierung eines Fall-
turmaufbaus, der zum ersten Mal einen optischen Resonator im Fall-
turmbetrieb zulésst.

Zum Einsatz kommt ein sphérischer Abstandshalter aus ULE mit
fused silica Spiegeln von denen ein Spiegel plan und der zweite konvex
ist. Der Resonator wird mit acht Stiitzen in seiner Lage fixiert, bei dem
durch Einhaltung des magischen Winkels eine hohe Vibrationsunter-
driickung erreicht wird.

Die prasentierten Ziele sind zunéchst einen aktiven Betrieb sicher zu
stellen und im Fallturm die Linienbreite zu bestimmen. Die Ergebnisse
werden hier présentiert.

Q 15.69 Mon 17:00 C/Foyer
Long-term stable optical resonator for future space missions
— o ALEXANDER MILKE!'2, NoRMAN GURLEBECK?, JOSEP SANJUAN!,
MARTIN GoHLKE!, THILO ScuuLDT!, and CrLaUs Braxwmaler!:2
— lGerman Aerospace Center (DLR), Institute for Space Systems,
Robert-Hooke-Str. 7, 28359 Bremen, Germany — 2Center of Applied
Space Technology and Microgravity (ZARM), University of Bremen,
Am Fallturm, 28359 Bremen, Germany

‘We present the design of an optical resonator setup, which is optimized

for long-term stability and future space applications, e.g. within the
proposed space mission BOOST (BOOst Symmetry Test). The goal
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is to achieve a frequency stability better than 1E-15 at 1000 s in the
laboratory. In the setup a ND:YAG laser at 1064 nm is foreseen to
be stabilized on a high finesse cavity made of ULE (ultra low expan-
sion glass) and fused silica mirrors. The whole setup is optimized with
respect to its mass, compactness, thermal and vibrational robustness.
We are also focusing on the suppression of thermal environmental dis-
turbances using a thermal shielding attenuation. The shielding has
been developed with the help of highly accurate numerical simulations
using finite element analysis (FEA). Such highly stable and compact
frequency standards are crucial for space tests of fundamental physics
like tests of Lorentz Invariance.

Q 15.70 Mon 17:00 C/Foyer
High-precision Mid-IR wavelength meters — eMILAN JANOS
Necvepi!, FLoriaAN KArRLEwskI?, TuoMmas FiscHer!, and J6zsEr
ForTAcH? — lHighFinesse GmbH, Auf der Morgenstelle 14D 72076
Tiibingen — 2Universitit Tiibingen Physikalische Institut Auf der
Morgenstelle 14D 72076 Tiibingen

With the increasing attention on cold molecular physics, the need for
extremely precise Mid-IR wavelength meters is growing. Since the
current state-of-the-art instruments are lacking in either accuracy or
sampling speed, further research is needed to meet the requirements.
We summarize the present state of technology and present our devel-
opments towards a Doppler-level accurate wavemeter with over 100 Hz
sampling rate.

Q 15.71 Mon 17:00 C/Foyer
Length Sensing and Control of Einstein Telescope-Low Fre-
quency — eVaisHaLl Apval and Sean Leavey? — !Max Planck
institute for Gravitational Physics, AEI, Hannover, Germany —
2University of Glasgow,Glasgow,Scotland

It is important to be able to control the positions of the mirrors in the
interferometer in order to maintain maximum sensitivity to gravita-
tional waves.We describe the development of a feasible length sensing
and control scheme for the Einstein telescope operating in the low
frequency regime which has a dual recycled Michelson topology with
Fabry-Perot arm cavities. A preliminary DC sensing matrix has been
obtained using models built with two interferometer simulation pack-
ages (Optickle and FINESSE) . We also worked on the optimisation of
several optical parameters such as the length of the recycling cavities
and the modulation frequencies, the details of which are also described
in the talk.

Q 15.72 Mon 17:00 C/Foyer
Kontrolle von Antimaterieionen zur Bestimmung der Wir-
kung der Gravitation auf Antimaterie — eSEBAsSTIAN WOLF,
MERLE BRAUN und FERDINAND ScHMIDT-KALER — QUANTUM, In-
stitut fiir Physik, Johannes Gutenberg-Universitat Mainz

Die Materie/Antimaterie-Symmetrie ist eines der drangensten Themen
der Physik. Experimentell weitgehend unbestimmt ist die gravitative
Wechselwirkung zwischen Materie und Antimaterie [1].

Die GBAR-Kollaboration [2,3] plant positiv geladene Antiwasser-
stoffionen (p~ + 2et) am CERN zu erzeugen. Diese werden in einer
Paulfalle gefangen und mitfithlend iiber lasergekiihlte Beryllium-Ionen
nahe an den Grundzustand der Bewegung gekiihlt [4]. Nach Abtren-
nen eines Positrons entsteht ultrakalter Anti-Wasserstoff der eine Mes-
sung der Erdbeschleunigung erlaubt. Wir prasentieren den Ionenfal-
lenaufbau und berichten iiber Seitenbandspektroskopie/-kiihlung an
gemischten Ionenkristallen.

Der dominante systematische Fehler bei der Messung von g ist be-
dingt durch die Resttemperatur der Ionen und den Impulsiibertrag
des Positrons. Wir haben in Simulationen gezeigt, dass durch Zuhilfe-
nahme der radialen Position des Zerstrahlungsvertex die Beschleuni-
gungsbestimmung besser als 1% innerhalb von 11000 Messereignissen
(entsprechend einer Messzeit von 14 Tagen) moglich ist.

[1] The ALPHA Collaboration, Nat. Comm., 4, 1785 (2013).

[2] http://gbar.web.cern.ch/GBAR/

[3] Walz and Hénsch, Gen. Relativ. Grav., 36, 561-570 (2004).

[4] Hilico et al, Int. J. Mod. Phys. Conf. Ser., 30, 1460269 (2014).

Q 15.73 Mon 17:00 C/Foyer
Laser Frequency Stabilisation for the AEI 10 m Prototype In-
terferometer — eMANUELA HANKE — Albert-Einstein-Institut Han-
nover

The 10m Prototype facility, currently being set up at the AEI Han-
nover, will provide a testbed for very sensitive interferometric experi-

11

ments. One ambitious goal of this project is to reach and subsequently
even surpass the standard quantum limit in a detection band around
200 Hz with a 10 m arm length Michelson interferometer. In order to
pursue such an avenue, the laser source must be extremely well sta-
bilised. The laser source was chosen to be one of the 35 W lasers used
to drive the km-scale gravitational wave observatories, LIGO and GEO
600. A fully suspended triangular ring cavity of finesse ca. 3000 will
be used as a frequency reference for the stabilisation of the laser. The
aim of this project, the so-called frequency reference cavity, is to reach
a level of laser frequency fluctuations of better than 10~° Hz/sqrt(Hz)
in the detection band, centered around 200 Hz. Therefore we need to
reduce the frequency noise by a factor of 107. The main goal is to
make a sufficiently stabilised laser beam available for the AEI 10m
Prototype Interferometer, with a duty cycle that is not limiting the
operation of the core instrument by any means. In my presentation I
will show the motivation for a frequency stabilisation and present the
layout and the current status of the reference cavity.

Q 15.74 Mon 17:00 C/Foyer
The AEI 10m-Prototype Suspension Platform Interferome-
ter — eSINA KOHLENBECK FOR THE AEI 10M-ProTOoTYPE TEAM —
Albert-Einstein-Institut Hannover, Max-Planck-Institut fiir Gravita-
tionspyhsik und Institut fiir Gravitationsphysik der Universitat Han-
nover

The AEI 10m-Prototype facility is an environment for interferometry
at the Standard Quantum Limit and a place to test new techniques
for the next generation of gravitational wave detectors. Such experi-
ments require extreme isolation from external vibrations. Three optical
benches are pre-isolated by a passive isolation system, which attenu-
ates ground motion down to 0.1 Hz. Below this frequency active feed-
back is required to stabilise the optical benches relative to each other.
Therefore the Suspension Platform Interferometer (SPI) measures the
longitudinal degrees of freedom using heterodyne Mach-Zehnder inter-
ferometry and the rotational degrees of freedom using optical levers.
The optical set-up and initial results are presented.

Q 15.75 Mon 17:00 C/Foyer
The AEI-SAS: Seismic isolation for the 10 m Prototype Inter-
ferometer — eGERALD BERGMANN and THE AEI 10M PROTOTYPE
TeEAM — Albert Einstein Institut Hannover

A 10m arm length prototype interferometer is currently being set up
at the AEI in Hanover, Germany. This facility will not only be used for
developing novel techniques for future gravitational wave detectors, but
furthermore it will provide a platform for high precision experiments
such as measuring the standard quantum limit (SQL) of interferome-
try. To achieve the high requirements on displacement noise for these
experiments very good isolation from seismic motion is required.

The first stage of seismic isolation for the 10 m prototype interferom-
eter is a set of passively isolated optical tables. Geometric anti-spring
filters provide vertical attenuation, and the tables are mounted on in-
verted pendulum legs which provide isolation in horizontal direction.
Purely mechanically passive attenuation of more than 60dB below
10 Hz was shown in first experiments. The table motion agrees very
well with the predicted performance up to the lowest internal reso-
nances above 25 Hz. Improvements of the AEI-SAS’s performance at
those resonances are currently tested. Several sensors and a Suspension
Platform Interferometer measure the residual table motion. These sig-
nals are used for actively controlling the tables. This can even provide
isolation around the isolation system’s fundamental resonances.

Q 15.76 Mon 17:00 C/Foyer
Models of coherent averaging for quantum enhanced mea-
surements eJuLIEN Fraisse!'? and DanieL Braun'?
Laboratoire de physique théorique, Université Paul Sabatier, 118
route de Narbonne Toulouse, France — 2Institut fiir Theoretische
Physik, Eberhard-Karls-Universitat Tiibingen, Auf der Morgenstelle
14 Tibingen, Germany

We are interested in the "coherent averaging’ method’ which comprises
coupling N quantum resources (probes) to a (N + 1) system, called
quantum bus and reading out the latest. It was already shown that
this method allows one to reach the Heisenberg scaling (standard devi-
ation of the estimation that scales as 1/N with the number of quantum
resources N) in estimating a parameter linked to the interaction.

We expand this result to the estimation of a parameter linked to the
free Hamiltonian of the probes, adding some constraints on the Hamil-
tonian, and we discuss the range of validity of our result. We study
both analytically and numerically a qubit model (probes and bus are
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qubits) of coherent averaging. QFI calculations have been performed
for this model and used to verify the general theory. We use the nu-
merical calculation to check if the Heisenberg scaling still exists when
the analytical result is not valid anymore.

Q 15.77 Mon 17:00 C/Foyer
gravitational and special-relativistic actions on x-ray super-
radiance — eWEN-TE L1a0"23 and sveEn aHrRENs!* — 1Max Planck
Institute for Nuclear Physics, 69117 Heidelberg, Germany — 2Max
Planck Institute for the Physics of Complex Systems, 01187 Dresden,
Germany — 3Center for Free Electron Laser Science, 22607 Hamburg,
Germany — *Beijing Computational Science Research Center, 100084
Beijing, China
Einstein’s theories of relativity can be verified also in quantum systems,
for example by using atomic clocks at high speeds. Such experiments
offer a deeper understanding of the underlying physical phenomena.
However, many challenges still remain on finding novel methods for
detecting effects of gravity and of special relativity and their roles in
light-matter interaction. Here we introduce a scheme of x-ray quantum
optics that allows for a millimeter-scale investigation of the relativistic
redshift by means of nuclei embedded in a crystal matrix. The nuclear
crystal can be probed by x-rays while being held fixed in Earth’s grav-
itational field. Alternatively, a compact rotating nuclear crystal can
be used to force the interacting x-rays to experience inhomogeneous
clock tick rates throughout the sample. We find that an association of
gravitational or special-relativistic time dilation with quantum inter-
ference will manifest via measurable deflections of x-ray photons [1].
Our protocol suggests a new and feasible tabletop solution for probing
effects of gravity and special relativity in the quantum world.

[1] W.-T. Liao and S.Ahrens, arXiv:1411.7634 (2014).

Q 15.78 Mon 17:00 C/Foyer
Electronics for Quantum Optics on a Sounding Rocket —
eTH1ys WENDRICH, HOSSEIN ABEDI, WOLFGANG BARTOSCH, MANUEL
Porp, and ErRNST MARIA RASEL for the QUANTUS-Collaboration —
Leibniz Universitdt Hannover, Institut fiir Quantenoptik

Microgravity experiments with ultra cold degenerate quantum gases
offer possibilities to test fundamental laws of physics to unprecedented
precision. However, the apparatuses to make these measurements must
be very compact and robust to operate in microgravity. Especially the
operation of such an experiment on a sounding rocket to obtain sev-
eral minutes of microgravity poses stringent requirements on the mass,
volume and especially the reliability of the experiment. Due to these
requirements, almost everything had to be designed ourselves for the
MAIUS rocket missions.

In this poster we present the electronic systems of the MAIUS
matter-wave microgravity experiments and some of its subcomponents
like laser current drivers, BEC-chip current drivers and FPGA-based
laser frequency controllers with automatic spectroscopy locking devel-
oped for these and other microgravity projects.

The QUANTUS/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 604 107 22.

Q 15.79 Mon 17:00 C/Foyer
Nuclear spin mediated quantum error correction in diamond
— oFLORIAN FRANK and THOMAS UNDEN — Institut fiir Quantenop-
tik, Uni Ulm

Nuclear spin mediated quantum error correction in diamond

Q 15.80 Mon 17:00 C/Foyer
Elementary analysis of frequency-difference resonances and
possible realizations — eENNo Giese!, WiLLiam B. Caselb?,
KarL VoceL!, Worrcanc P. ScuiLeicu’?, MANFRED KLEBER?,
Marran O. ScurLy?, and Roy J. GLAUBER®* — Institut fiir Quan-
tenphysik and Center for Integrated Quantum Science and Technology,
U Ulm — 2Department of Physics, Grinell College, Grinell, USA —
3Physik Department T30, TU Miinchen — “Institute for Quantum
Science and Engerneering, Texas A&M Univ., College Station, USA
— SLyman Laboratory, Harvard Univ., Cambridge, USA

It is well known from nonlinear optics that a strong drive field may
create two fields whose frequencies add up to the drive frequency. We
refer to this phenomenon as as frequency-sum resonance. It can be
understood in terms of intuitive energy conservation.

On the other hand, a frequency-difference resonance where the drive
frequency is the difference of two the frequencies of the generated fields
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is much more counterintuitive. A physical realization of such a reso-
nance could open a field to novel light sources. In our work we present a
simple analytic model in which frequency-difference resonances occur.
It is a conventional oscillator coupled to an oscillator with inverted
energy spectrum, that is, with negative kinetic and negative potential
energy. In this case, we find exponential gain for both oscillators if the
resonance condition is fulfilled, i.e. the amplitudes of both oscillators
increase simultaneously. Moreover, we discuss examples of physical
systems where one of the oscillators can be interpreted as an inverted
one, although only in a limited range of validity.

Q 15.81 Mon 17:00 C/Foyer
Improved generation of squeezed states of light at 532 nm by
frequency up-conversion from 1550 nm — eJaN GNIESMER!:2,
CurisToPH BAUNE!, AXEL ScHONBECK!, JAROMIR FI1URASEK®, and
RomaN ScunaBeLl? — lInstitut fiir Gravitationsphysik, Leibniz
Universitdt Hannover and Max-Planck-Institut fiir Gravitationsphysik
(Albert-Einstein-Institut), Callinstrasse 38, 30167 Hannover, Germany
— 2Institut fiir Festkorperphysik, Leibniz Universitit Hannover, Ap-
pelstraRe 2, 30167 Hannover, Germany — S3Department of Optics,
Palacky University, 17. listupadu 12, 77146 Olomouc, Czech Republic
— 4Institut fiir Laserphysik und Zentrum fiir Optische Quantentech-
nologien, Universitdt Hamburg, Luruper Chaussee 149, 22761 Ham-
burg, Germany

Frequency up-conversion of non-classical states of light provides ac-
cess to so-far inaccessible wavelengths. Vollmer et al. demonstrated
squeezed vacuum states at 532 nm with a noise suppression of 1.5dB
[1]. These were generated by up-conversion of squeezed states at the
telecom wavelength 1550 nm. We report on improvements of the same
optical setup to achieve stronger squeezing. In particular this in-
volves characterization of the initial squeezing at 1550 nm, better up-
conversion efficiency and an advanced homodyne detection setup at
532nm. The latter has a detection efficiency of 90%. These squeezed
states can be used in downstream experiments, for example to improve
the sensitivity of an interferometer.
[1] C.E. Vollmer et al., Phys. Rev. Lett. 112, 073602 (2014)

Q 15.82 Mon 17:00 C/Foyer
Programming quantum interference in scattering materials —
eTom A.W. WorTERINK, GEORGIOS CTisTis, SIMON R. HUISMAN,
TuoMmas J. HuismaN, ALLARD P. Mosk, and PepuuNn W.H. PINKSE
— MESA+ Institute for Nanotechnology, University of Twente, En-
schede, The Netherlands

Wayvefront shaping allows for ultimate control of light propagation in
multiple-scattering media by adaptive manipulation of incident waves.
‘We have demonstrated a method to program general multiport linear
optical circuits in multiple-scattering materials by phase modulation of
incident wavefronts. Applying this method to quantum light makes it
possible to use these optical circuits for adaptive quantum optical ex-
periments, with high flexibility in the control of quantum interference
between multiple optical modes.

To this end we have constructed a bright single-photon source, pro-
ducing heralded single-photon states with a measured production rate
of > 108 s~1. We have demonstrated that we are able to control the
propagation of these single-photon states in random-scattering media,
and we are currently investigating Hong-Ou-Mandel interference in
these circuits.

Q 15.83 Mon 17:00 C/Foyer
Towards active optical standard based on a bad-cavity super-
radiant laser: challenges and approaches — eGrEorcY Kaza-
kov and THORSTEN ScHUMM — Institute of Atomic and Subatomic
Physics, Vienna University of Technology, Stadionallee 2, 1020 Vienna,
Austria

An active optical frequency standard, where the atomic ensemble itself
produces a highly stable and accurate frequency signal, is a promising
source of ultranarrow coherent laser radiation. The short-time fre-
quency stability of such standards may overcome the stability of lasers
stabilized to macroscopic cavities which are used as local oscillators in
the modern optical frequency standard systems. The main idea is to
create a “superradiant” laser operating deep in the bad cavity regime,
where the decay rate of the cavity field significantly exceeds the deco-
herence rate of the lasing transition. This idea is actively studied in
several groups, although the metrology relevant level of short-time fre-
quency stability is still not achieved. We consider different approaches
towards the realization of an active optical frequency standard, and
discuss the required parameters of atomic ensembles. Also we consider
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different theoretical methods of describing of such standards.

Q 15.84 Mon 17:00 C/Foyer
Coupled polymer waveguide arrays by direct laser writ-
ing — eCHRISTINA JoERG!, MIicHAEL RENNER!, and GEORG vON
FrEYMANN'2 — 1Department of Physics and State Research Center
OPTIMAS, University of Kaiserslautern, Erwin-Schroedinger-Str. 56,
67663, Kaiserslautern, Germany — 2Fraunhofer-Institute for Physi-
cal Measurement Techniques IPM, Erwin-Schroedinger-Str. 56, 67663,
Kaiserslautern, Germany

Our goal is to build a compact photonic quantum simulator for the elec-
tronic properties of, e.g., graphen. As the propagation distance z in the
paraxial Helmholtz equation corresponds to time in the Schrédinger
equation one can simulate quantum-optical effects by looking at the
propagation of light in coupled waveguides.

To do so we fabricate single-mode waveguide arrays on a micrometer
scale via direct laser writing (two photon absorption) in negative pho-
toresist. After writing the inverse of the waveguide arrays the sample
is developed and then infiltrated. By choosing appropriate infiltration
materials the coupling constant between waveguides can be tuned. For
a start we use soft-baked SUS8, corresponding to a contrast in the re-
fraction index of 0.03 and coupling lengths of about 50um.

Writing samples of different height we can observe the light pattern
evolution at the output facet when focusing a laser beam onto the
input facet of the waveguide sample.

First experimental results and numerical calculations are presented.

Q 15.85 Mon 17:00 C/Foyer
Propagation of nanofiber-guided light through an array of
atoms — eFam Le Kien!'2 and ArNO RAUSCHENBEUTEL?
IWolfgang Pauli Institute, Oskar Morgensternplatz 1, 1090 Vienna,
Austria — 2VCQ, TU Wien, Atominstitut, Stadionallee 2, 1020 Vi-
enna, Austria

We study the propagation of nanofiber-guided light through an ar-
ray of atomic cesium, taking into account the transitions between the
hyperfine levels 651 /o F' = 4 and 6P3/2F’ = 5 of the D2 line. We de-
rive the coupled-mode propagation equation, the input-output equa-
tion, the scattering matrix, the transfer matrix, and the reflection and
transmission coefficients for the guided field in the linear, quasistation-
ary, weak-excitation regime. We show that, when the initial distribu-
tion of populations of atomic ground-state sublevels is independent of
the magnetic quantum number, the quasilinear polarizations along the
principal axes z and y, which are parallel and perpendicular, respec-
tively, to the radial direction of the atomic position, are not coupled to
each other in the linear coherent scattering process. When the guided
probe field is quasilinearly polarized along the major principal axis x,
forward and backward scattering have different characteristics. When
the array period is far from the Bragg resonance, the backward scatter-
ing is weak. Under the Bragg resonance, most of the guided probe light
can be reflected back in a broad region of field detunings even though
there is an irreversible decay channel into radiation modes. When the
atom number is large enough, two different band gaps may be formed,
whose properties depend on the polarization of the guided probe field.

Q 15.86 Mon 17:00 C/Foyer
Towards nonlinear optics with cold Rydberg atoms inside a
hollow-core fiber — eMARIA LANGBECKER, MOHAMMAD NOAMAN,
and PATrRICK WINDPASSINGER — Universitat Mainz, QUANTUM, In-
stitut fiir Physik, Staudingerweg 7, 55128 Mainz, Germany

Cold atoms inside hollow-core fibers present a promising system to
study strongly nonlinear light-matter interaction. Combined with the
long range Rydberg interaction and the possibility to tune the inter-
action strength through an EIT process, a corresponding experimental
setup should allow for the generation of a strong and tunable effective
photon-photon interaction [1]. As a consequence, novel states light can
be generated and studied.

We present an experimental setup where laser cooled Rubidium
atoms are transported into a hollow-core Kagomé fiber. The fiber
properties allow for simultaneous atom trapping and Rydberg-EIT ex-
citation and we discuss the progress towards this first step for nonlinear
Rydberg physics in a quasi-one-dimensional geometry.

[1] Otterbach et al., PRL 111, 113001 (2013)

Q 15.87 Mon 17:00 C/Foyer

Highly Efficient Free-Space Atom-Light Interface — eLucas
ALBERD2, MAaRIANNE Baper!:2, Marrmin  FiscHer!2, Simon
L2 MARKUS SONDERMANNI:2 1,2,3

HEeuGEL"#, , and GERD LEUCHS
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IMax-Planck-Institute for the Science of Light, Erlangen, Germany —
2Friedrich-Alexander University Erlangen-Niirnberg (FAU), Depart-
ment of Physics, Erlangen, Germany — 3Department of Physics, Uni-
versity of Ottawa, Canada

We present an optical setup capable of transforming a paraxial
Gaussian-beam into a spherical linear dipole wave. This is accom-
plished by focusing a radially polarized beam with a parabolic mirror
covering 94% of the solid angle relevant for a linear dipole. The mode
is interfaced to an ion at the focus of the parabolic mirror, providing an
ideal probe for the created mode. By reducing our focusing geometry
to half solid-angle we are able to monitor the upper-level population
of the driven transition, measuring the light scattered by the ion into
the complementary solid angle part. Varying the incident power we
determine the coupling efficiency to the linear dipole to be 27%. Our
setup demonstrates the highest efficiency for coupling between light
and a single emitter in free space reported so far.

Q 15.88 Mon 17:00 C/Foyer
Frequency stabilization of a triply resonant whispering-
gallery mode resonator — eNAVID SOLTANI, JOANNA JANAs,
GERHARD ScHUNK, ULRICH VogL, MICHAEL FOrrscH, DMITRY
STREKALOV, FLORIAN SEDLMEIR, HARALD SCHWEFEL, GERD LEUCHS,
and CHRISTOPH MARQUARDT — Max Planck Institute for Science of
Light
‘We present a compact source of photon-pairs and squeezed light based
on efficient parametric down conversion in a triply resonant whispering-
gallery resonator (WGR) made out of lithium niobate. To achieve sta-
ble frequency emission it is important to control the temperature of
the system. We present various approaches to improve the temperature
stability of the system. This allows for experiments involving coupling
the emitted light or the evanescent field to narrow-band systems such
as atomic transitions or optomechanical resonators.

Q 15.89 Mon 17:00 C/Foyer
Tailoring single photons via heralding o VALENTIN
AVERCHENKO, Mi1cHAEL FORTscH, CHRISTOPH MARQUARDT, MARKUS
SONDERMANN, ANDREA AIELLO, and GERD LEUcHS — Max-Planck-
Institut fur die Physik des Lichts, Gunther-Scharowsky-Str. 1 Bau 24,
91058 Erlangen, Germany

In this work we develop a shaping method that uses intrinsic tempo-
ral/spectral quantum correlations (entanglement) of photon pairs pro-
duced in the parametric down-conversion process. Then, in contrast to
the direct photon filtering, shaped photon is generated in a heralded
way, been conditioned on the detection of its twin. We build corre-
sponding theory and make parameter estimations. The work brings
together two state-of the art experiments currently running in MPL:
light-atom coupling in a free space and the single-photon generation
in a whispering gallery mode resonator.

Q 15.90 Mon 17:00 C/Foyer

Optical trapping of nano-crystals with a deep parabolic

mirror — eVSEVOLOD SALAKHUTDINOV!:2, MATHIEU MANCEAU3,
ALBERTO BRAMATI?, ELISABETH GI1ACOBINO?, MARKUS
SoNDERMANN''2, and Leucus Lreucusb? — Max Planck Institute

for the Science of Light, Erlangen, Germany — 2Institute of Optics,
Information and Photonics, University Erlangen-Nuremberg, Erlan-
gen, Germany — 3Laboratoire Kastler Brossel, Université Pierre et
Marie Curie, Ecole Normale Supérieure, Paris , France

Many experiments involving nanoscopic single photon emitters such
as quantum dots, NV centres or organic molecules would benefit from
high photon-collection efficiency. Here, we aim at demonstrating high
collection efficiency for photons emitted by colloidal nano-crystals. The
central element of our setup is a deep parabolic mirror (PM) covering
94% of the solid angle relevant for a linear-dipole emitter [1]. This mir-
ror serves two purposes: ensuring high collection efficiency and trap-
ping the nano-crystals at the mirror’s focus via an optical tweezers.
The trapped nano-crystals are colloidal CdSe/CdS dot-in-rod (DR)
particles with a radiation pattern close to the one of a linear dipole [2].
These DRs have been shown to be promising single-photon sources at
room temperature [2]. The optical trap potential is provided by focus-
ing a radially polarized, near infra-red laser beam with the PM. We
discuss the experimental set-up in detail and provide an assessment of
the achieved collection efficiency.

[1] R. Maiwald et al., Phys. Rev. A 86, 043431 (2012)

[2] F. Pisanello et al., Appl. Phys. Lett. 96, 033101 (2010)
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Q 1591 Mon 17:00 C/Foyer
Rayleigh Scattering in Open-Access Microcavities — eERIC
BersiN'2, JuLia BeNEDIKTERD2, MarTHIAS MADER!2, THOMAS
HoMmMmER!2, THEODOR HANscH!'2, and Davip Huncerb?
L udwig-Maximilians-Universitdt Miinchen — 2Max-Planck-Institute
for Quantum Optics

The small mode volumes of optical microcavities provide enhanced
light-matter coupling, allowing application in experiments ranging
from optomechanics (1) to quantum emitters (2). Recently, interest
has developed in fibre-based Fabry-Perot microcavities (3). These
cavities have high finesse, sub-cubic micrometer mode volumes, and
an open-access cavity volume. Unlike other optical resonators (pho-
tonic crystals, WGM resonators, etc.), these cavities have a readily
tunable length, and offer unique capabilites for mode mixing by virtue
of their variable effective numerical apertures. The combination of
these properties gives these devices intriguing potential for application,
most recently in scanning cavity microscopy (4). However, such exper-
iments require placing objects inside the cavity mode volume, raising
questions about how the presence of such scatterers might affect the
cavity’s performance. We report theoretical predictions and experi-
mental results of how Rayleigh scatterers in the cavity mode volume
affect fundamental properties such as finesse and mode mixing.

(1) P. Asenbaum et al, Nature Communications 4, 2743 (2013).

(2) H. Kaupp et al, Phys. Rev. A 88, 053812 (2013).

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

(4) M. Mader et al, arXiv:1411.7180 (2014).

Q 15.92 Mon 17:00 C/Foyer
Precision polarimeter for state-dependent optical lattices —
eMUHAMMAD SAJID, DIETER MESCHEDE, ANDREA ALBERTI, STEFAN
BRrRAKHANE, and WoLFGANG AT — Institut f\”ur Angewandte Physik
der Universit\”at Bonn, Wegelerstr. 8, 53115 Bonn

State-dependent optical lattices for single neutral atoms are a key com-
ponent in the experimental realization of discrete-time quantum walks
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[1], which can be used to simulate complex physical systems [2]. A
polarization based state-dependent lattice requires the dynamical syn-
thesization of arbitrary polarization states of the laser beams forming
the lattice with a very high precision.

We will report on a rotating quarter-wave-plate Stokes polarimeter
that will be used as an independent measure of the lattice polarization
in order to monitor the polarization synthesis. The benefit of such a
dynamical polarimeter with a single photo detector consists in the ab-
sence of calibration errors between different detectors which are used
in static polarimeters.

References: [1] M. Karski et al. Quantum Walk in Position Space
with Single Optically Trapped Atoms, Science 325, 174 (2009). [2] M.
Genske et al. Electric quantum walks with individual atoms, Phys.
Rev. Lett. 110, 190601 (2013)

Q 15.93 Mon 17:00 C/Foyer
A broadband photon echo scheme for quantum storage —
eXi1anGJIN Kong!, WEN-TE Liao'23, Curistorn H. Kerrer!, and
ADRIANA PALFFY! — Max Planck Institute for Nuclear Physics, Hei-
delberg — 2Max Planck Institute for the Physics of Complex Systems,
Dresden — 3Center for Free Electron Laser Science, Hamburg

A broadband photon echo effect in a three level Lambda-type sys-
tem interacting with two laser fields is investigated theoretically [1].
Inspired by the emerging field of nuclear quantum optics which typi-
cally deals with very narrow resonances, we consider broadband probe
pulses that couple to the system in the presence of an inhomogeneous
control field. We show that ideally, such a setup provides an all-
electromagnetic-field solution to implement high bandwidth photon
echoes, which are easy to control, store and shape on a short time
scale [1]. Numerical results for realistic experimental parameters as
well as an extension or our setup for chirped pulses are also presented.
Our results may pave the way towards ultrafast processing and high-
performance photonic devices.

[1] W.-T. Liao, C. H. Keitel and A. Palffy, Phys. Rev. Lett. 113,
123602 (2014).



