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A 40.1 Thu 16:30 Poster.V
Direct synthesis of light polarization for state-dependent
transport of atoms — eANNA HaMBITZER and SEBASTIAN HILD
— Institut fiir Angewandte Physik, Wegelerstrafte 8, 53115 Bonn

We report on a new approach for state-dependent transport in a spin-
dependent optical lattice. It is based on a direct synthesis of light
polarization by employing RF sources integrated with acousto-optic
modulators for phase control.

Circulary polarized states are synthesized by superimposing two lin-
early polarized beams with controlled phase shift.

An interferometrically stable phase difference between the two
beams is guaranteed by locking it actively with a heterodyne tech-
nique.

Compared to conventional methods [citation to Bloch & Mandel
PRLO3 and arXiv:1102.3356] this avoids the need of an electro-optic
modulator, where rotations on the Poincare sphere are limited by the
applicable voltage and restrictions on manufacturing and crystal qual-
ity exist. Overcoming these limitations we expect to reach higher po-
larization purity and large shift distances in the new design.

A 40.2 Thu 16:30 Poster.V
Beyond the Hubbard model: best effective single dressed
band description of interacting atoms in optical lattices —
eULF BissBorT, FRANK DEURETZBACHER, and WALTER HOFSTET-
TER — Institut fiir Theoretische Physik, Goethe Universitiat Frankfurt
a.M.

We construct the effective lowest-band Bose-Hubbard model incorpo-
rating interaction-induced on-site correlations. The model is based on
ladder operators for local correlated states, which deviate from the
usual Wannier creation and annihilation operators, allowing for a sys-
tematic construction of the most appropriate single-band low-energy
description in form of the extended Bose-Hubbard model. A formu-
lation of this model in terms of ladder operators not only naturally
contains the previously found effective multi-body interactions, but
also contains multi-body induced single particle tunneling, pair tun-
neling and nearest-neighbor interaction processes of higher orders. An
alternative description of the same model can be formulated in terms
of occupation-dependent Bose-Hubbard parameters. These multi-
particle effects can be enhanced using Feshbach resonances, leading
to corrections which are well within experimental reach and of signif-
icance to the phase diagram of ultracold bosonic atoms in an optical
lattice. We analyze the energy reduction mechanism of interacting
atoms on a local lattice site and show that this cannot be explained
only by a spatial broadening of Wannier orbitals on a single particle
level, which neglects correlations.

A 40.3 Thu 16:30 Poster.V
Dynamical molecules in interacting quantum walks — ANDRE
AHLBRECHT!, VoLkHER B. ScroLrz!, ALBERT H. WERNER!, REIN-
HARD F. WERNER!, e ANDREA ALBERTI?, and DIETER MESCHEDE?
— Mnstitut fiir Theoretische Physik, Leibniz Universitit Hannover
Appelstr. 2, 30167 Hannover, Germany — 2Institut fiir Angewandte
Physik der Universitdt Bonn, Wegelerstrafie 8, 53115 Bonn, Germany

We report on the theoretical prediction of dynamically stable molec-
ular states in a system of two atoms which interact through discrete
quantum walks [1]. This novel dynamical binding mechanism is ex-
plained in terms of an interference effect which leads to an exponential
localization of the relative position of the two atoms. The interference
is brought about by the coherent collisional phase accumulated in the
on-site interactions. The evolution of the molecular states is studied
both in the unperturbed case, showing ballistic spreading of molecule
wave packets, and in the case of an applied external force, displaying
Bloch oscillations at twice the frequency of single particles.

A proposal to experimentally implement this molecular dynamical
binding will be also discussed under the realistic conditions of an exist-
ing experiment [2|. Taking advantage of the anomalously large triplet
scattering length of Cs atoms (ar=2400 ag) we expect sufficiently
strong interactions to allow the observation of coherent evolution of
molecules in the range of 20-50 quantum walk steps.

[1]: A. Ahlbrecht et al., arXiv:1105.1051v1 (2011)
[2]: M. Karski et al., Science 325, 174 (2009)

Location: Poster.V

A 40.4 Thu 16:30 Poster.V
Atomic collisions with high angular momenta interactions
in axially symmetric geometries — ePaNAGIOTIS GIANNAKEAS!,
VLADIMIR MELEzHIK2, and PETER ScHMELCHER! — 1Zentrum fiir
Optische Quantentechnologien, Universitdt Hamburg, Germany —
2Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nu-

clear Research, Dubna, Russian Federation

We observe and analyze d-wave resonant scattering of bosons in tightly
confining harmonic waveguides. It is shown that the d-wave resonance
emerges in the quasi-1D regime as an imprint of a 3D d-wave shape
resonance. A scaling relation for the position of the d-wave resonance
is provided. By changing the trap frequency, ultracold scattering can
be continuously tuned from s-wave to d-wave resonant behavior. Ad-
ditionally, we observed similar effect for fermionic collisions, where an
f-wave shape resonance from the free space interferes with a p-wave
confinement-induced resonance. The effect can be utilized for the re-
alization of ultracold atomic gases interacting via higher partial waves
and opens a novel possibility for studying strongly correlated atomic
systems.

A 40.5 Thu 16:30 Poster.V
Cold, Magnetically-Trapped Br Atoms — WiLLiAM DOHERTY,
eJEssica Lam, CHRISTOPHER RENNICK, and TiM SOFTLEY — De-
partment of Physical and Theoretical Chemistry, Univeristy of Ox-
ford, Chemistry Research Laboratory, Mansfield Road, Oxford, United
Kingdom
Photodissociation of molecular bromine near threshold produces a pair
of bromine atoms that recoil along the polarization axis of the laser.
At an appropriate wavelength, the velocity vector of one of the atoms
can be aligned to exactly oppose the molecular beam velocity; this
atom will then be stopped in the lab frame. The stopped atoms are
probed by delayed multiphoton ionization. We have constructed a 300
mK deep magnetic trap with the field minimum at the intersection of
the molecular beam with the photodissociation laser. The trap is filled
from the photofragment velocity distribution, and the Br density accu-
mulates with successive molecular beam pulses. We have developed a
molecular dynamics model of the bromine atoms in the magnetic trap-
ping field, including collisions with the molecular beam backing gas
and vacuum chamber background pressure. This shows that, while
a fraction of the atoms are lost through collisions with xenon, suffi-
cient numbers are re-loaded on each shot to accumulate a steady-state
density after a few seconds.

A 40.6 Thu 16:30 Poster.V
Dark-bright ring solitons in Bose-Einstein condensates —
eJaN Stockuore!, Panavoris G. Kevrekipis?, DimITr J.
FRANTZESKAKIS?, and PETER SCHMELCHER! — !Zentrum fiir Op-
tische Quantentechnologien, Universitdt Hamburg, Deutschland —
2Department of Mathematics and Statistics, University of Mas-
sachusetts, USA — 3Department of Physics, University of Athens,
Greece

We study dark-bright (DB) ring solitons in two-component Bose-
Einstein condensates. In the limit of large densities of the dark com-
ponent, we describe the soliton dynamics by means of an equation of
motion for the ring radius. The presence of the bright, ”filling” species
is demonstrated to have a stabilizing effect on the ring dark soliton.
Near the linear limit, we discuss the symmetry-breaking bifurcations of
DB soliton stripes and vortex-bright soliton clusters from the DB ring
and relate the stabilizing effect of filling to changes in the bifurcation
diagram. Finally, we show that the stabilization by means of a second
component is not limited to the radially symmetric structures, but can
also be observed in a cross-like DB soliton configuration.

A 40.7 Thu 16:30 Poster.V
Hybrid quantum systems of Ultracold Atoms and Supercon-
ductors — eHELGE HATTERMANN, FLORIAN JESSEN, SIMON BERNON,
Danier CanNo, DanNIEL BOTHNER, MARTIN KNUFINKE, MATTHIAS
KEMMLER, REINHOLD KLEINER, DIETER KOELLE, and Jozser FoRrr-
AGH — Physikalisches Institut, Eberhard-Karls-Universitat Tiibingen,
CQ Center for Collective Quantum Phenomena and their Applications,
Auf der Morgenstelle 14, D-72076 Tibingen, Germany

Hybridizing quantum systems such as ultracold atoms and supercon-
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ductors is of very first interest for quantum information processing.
In this poster, we will report on the experimental realization and re-
cent progress of our superconducting atom chip experiment. We will,
in particular, discuss two physical effects that were shown to affect
our magnetic trap properties and that are the Johnson noise and the
Meissner effect.

Combining in a single experiment solid state and cold atom physics is
also a technical challenge. To succeed, we developed the fabrication
and interfacing of integrated niobium thin film superconducting chips
to make them compatible to both ultra-high vacuum and cryogenic
environment. The microtrap formed by this superconducting chip
allowed us to reach a gas in the quantum degeneracy regime showing
the feasibility of such hybrid systems. We also report on the recent
progress obtained to couple cold atomic sample to superconducting
microstructures at liquid helium temperature.

A 40.8 Thu 16:30 Poster.V
Degenerate mixtures of ultracold *°K-5Li Fermions in low
dimensions — eFRrRaNz SIEVERS, NORMAN KRETzscHMAR, Dioco
FERNANDES, FREDERIC CHEVY, and CHRISTOPHE SALOMON — Labo-
ratoire Kastler Brossel, Paris

We present the design of our new apparatus for creating cold mixtures
of 6Li and 49K Fermions with which we intend to study condensed mat-
ter physics phenomena. Our experimental setup will allow us to simu-
late several Hamiltonians describing interacting many-body Fermionic
systems in one, two and three dimensions. We report on the initial per-
formances of our subsystems including a 2D MOT source of Potassium
atoms, a Zeeman slowed Lithium beam, a dual species magnetooptical
trap and a magnetic transport from the MOT- to the science chamber.
We are now working on the evaporative cooling of the mixture in an
optically plugged quadrupole trap. In the science chamber with large
optical access periodic potentials will be realized using optical lattices
and a high resolution imaging system will be installed.

A 40.9 Thu 16:30 Poster.V
Numerical solutions for Bose-Einstein condensates in P7
symmetric double well potentials — eDANIEL Haag, DENNIS
Dast, HoLGER CaRrrArIius, and GUNTER WUNNER — 1. Institut
fiir Theoretische Physik, Universitiat Stuttgart

PT symmetry has been studied mainly within the context of mathe-
matical physics. Recently it could be experimentally observed in an
optical analogue by Riiter et. al.[1]. However it is desirable to observe
P7 symmetry in real quantum mechanical systems. For this purpose
we investigate Bose-Einstein condensates in P7 symmetric double well
potentials. The P7 symmetry is achieved by inducing particles to one
well and extracting them from the other. We solve the nonlinear Gross-
Pitaevskii equation numerically and examine the behaviour near the
PT symmetry breaking.

[1] C. E. Riiter, K. G. Makris, R. El-Ganainy, D. N. Christodoulides,
M. Segev, and D. Kip, Nature Physics 6, 198 (2010)

A 40.10 Thu 16:30 Poster.V
Variational methods for Bose-Einstein condensates in P7
symmetric double well potentials — eDEeNNIs Dast, DANIEL
Haac, HoLGEr CARtTARIUS, and GUNTER WUNNER — 1. Institut fiir
Theoretische Physik, Universitat Stuttgart, 70550 Stuttgart, Germany

PT symmetric Hamiltonians can have entirely real spectra [1]. Re-
cently this has been widely studied in optical microwave guide systems
with a complex refractive index [2]. However, it would be highly in-
teresting to investigate real quantum systems that are experimentally
accessible. Such a system is a Bose-Einstein condensate in a double
well potential, where particles are removed in one well and injected
into the other well. We examine this system by variational methods.
The time-dependent variational principle is used to search stationary
solutions of the nonlinear Gross-Pitaevskii equation. In addition this
ansatz offers the possibility of investigating the dynamics of the sys-
tem.

[1] C. M. Bender, and S. Boettcher, Phys. Rev. Lett. 80, 5243 (1998)
[2] C. E. Riiter, K. G. Makris, R. El-Ganainy, D. N. Christodoulides,
M. Segev, and D. Kip, Nature Physics 6, 198 (2010)

A 40.11 Thu 16:30 Poster.V
GG-TOP a multidisciplinary atom interferometry project —
e ALEXANDER NIGGEBAUM, TRISTAN VALENZUELA, VINCENT BOYER,
and Kar Bonags — Midlands Ultracold Atom Research Centre, School
of Physics and Astronomy, University of Birmingham, Edgbaston,

Birmingham B15 2TT, United Kingdom

We present the GG-TOP project, an holistic research program in the
field of atom interferometry gravity gradiometry. GG-TOP is a joint
effort by physicists, civil engineers and archaeologists to develop an
applications driven full tensor gravity sensor based on cutting-edge
atom interferometry. The project aims to develop two sensors. On the
one hand, we will build a roughed gravity gradiometer capable of field
deployment for applications in Civil Engineering and Archaeology. Its
sensitivity should allow the detection small underground voids or other
high density-contrast features located at depths in the range of 1 to 10
meters. On the other hand we will develop a laboratory sensor where
we will seek the ultimate sensitivity using the latest technologies (eg.
large momentum transfer, expansion suppression of cold atom clouds,

).
A 40.12 Thu 16:30 Poster.V

Emergence of exotic condensates from a melting bosonic
Mott insulator in a 2D optical lattice — eULRIKE BORNHEIMER,
JuLiA WERNSDORFER, and WALTER HorSTETTER — Goethe Univer-
sitdt Frankfurt am Main, Institut fiir theoretische Physik, Max-von-
Laue Str. 1, 60438 Frankfurt am Main, Germany

We investigate the expansion dynamics of a bosonic quantum gas ini-
tially prepared in the Mott insulating ground state of an optical lattice.
Once released from harmonic confinement, the interacting many-body
system is observed to develop coherence while simultaneously popu-
lating states with finite quasi-momentum. We demonstrate that for
strong and intermediate interactions the emerging condensate fraction
depends on the number of particles in the MI phase rather than on
the particular interaction or tunneling strength. During expansion,
the condensate is observed to develop a spiked structure breaking the
initial spherical symmetry of the density distribution. The expanding
spikes exhibit the maximal lattice velocity, independent of other system
parameters. These dynamical properties of the system are obtained by
means of Gutzwiller mean-field theory and confirmed analytically.

A 40.13 Thu 16:30 Poster.V
Millikelvin System for Hybrid Quantum Devices — eFLORIAN
JEssEN, MARTIN KNUFINKE, PETRA VERGIEN, HELGE HATTERMANN,
SimoN BERNON, ToBias GABER, MAarTTHIAS KEMMLER, DIETER
KoLLE, REINHOLD KLEINER, and J6zseEF ForTAgH — Center for Col-
lective Quantum Phenomena and their Applications, Eberhard Karls
Universitat Tiibingen

Hybrid quantum systems based on ultracold atoms and superconduc-
tors have been proposed to be used in quantum information processing.
In these systems the logical operations will be carried out by the solid
state devices, while the cold atomic ensemble can be used as a long
lived memory for quantum information.

We report on the construction of a Millikelvin system which meets
the requirements of long coherence and strong coupling of supercon-
ducting devices and ultracold atomic samples. The atoms are loaded
into the MOT via a Zeeman slower and transported close to the su-
perconductiong devices by means of a magnetic conveyor belt within
the Millikelvin environment.

A 40.14 Thu 16:30 Poster.V
Inelastic Confinement-Induced Resonances in Low-
Dimensional Quantum Systems — eSiMON SaLA, PHILIPP-
IMMANUEL SCHNEIDER, and ALEJANDRO SAENZ — Institut fiir Physik,
Humboldt-Universitdt zu Berlin, Newtonstrasse 15, 12489 Berlin

Ultracold atomic systems of reduced dimensionality show intriguing
phenomena like fermionization of bosons in the Tonks-Girardeau gas
or confinement-induced resonances (CIRs) which allow for a manipula-
tion of the interaction strength by varying the trap geometry. Here, a
theoretical model is presented describing inelastic confinement-induced
resonances which appear in addition to the regular (elastic) ones and
were observed in the recent loss experiment of Haller et al. in terms of
particle losses [1]. These resonances originate from possible molecule
formation due to the coupling of center-of-mass and relative motion.
The model is verified by ab initio calculations and predicts the reso-
nance positions in 1D as well as in 2D confinement in agreement with
the experiment. This resolves the contradiction of the experimental
observations to previous theoretical predictions.

[1] E. Haller et al., Phys. Rev. Lett. 104, 153203 (2010).

A 40.15 Thu 16:30 Poster.V

Few-fermion systems in multiple well potentials — eVINCENT
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KrLINkHAMERY2, FRIEDHELM SERWANE!2, THoMAs LoMpPEL2, GER-
HARD ZURND2, ANDRE WENzD2, and SELiM JocHmm!2 — Max-
Planck-Institut fiir Kernphysik, Heidelberg — 2Physikalisches Institut,
Heidelberg

With our current experimental setup it is possible to reliably prepare
systems with up to 10 fermionic ®Li atoms in a single optical micro-
trap. The inter-particle coupling can be tuned to study interacting
few-particle systems inside the potential. We will extend the current
setup in order to create a small array of such microtraps which will
allow us to explore systems in periodic potentials. We present our
progress creating this setup. The multiple wells will be created using
a high resolution objective with a NA of 0.6 which is optimized for
two wavelengths, 1064nm and 671nm. The high numerical aperture
ensures a high detection efficiency of the fluorescence signal at 671nm.
Starting point of our experiments will be a ground state system in one
microtrap. It will be split adiabatically into a multiple well potential
using a 2-D acousto-optical deflector. With this setup one can examine
the tunneling behavior of the particles leading to magnetic ordering in
an ultracold Fermi gas.

A 40.16 Thu 16:30 Poster.V
Semiclassical Dynamics of Ultracold Bosons in Multiple Wells
— oLENA SimoN and WALTER T. STRUNZ — Institut fiir theoretische
Physik, TU Dresden, Dresden

We aim to shed light on the transition from a nonequilibrium to an
equilibrium state of an interacting bosonic manybody system. We in-
vestigate the dynamics of an ensemble of Bosons in a multiple well
potential, which has been initially set up in a nonequilibrium state.
The Bosons display interesting dynamics, gouverned by the interplay
of tunneling and the interaction amongst the particles. The dynamics
are investigated by solving the full Schroedinger equation for a Bose-
Hubbard-model, by introducing the WKB-approximation and finally
by means of the so called (semiclassical) Herman-Kluk propagator.
The results are also compared to the often applied mean-field approx-
imation.

A 40.17 Thu 16:30 Poster.V
Interaction of ultracold rubidium atoms with trapped OH™ -

ions — eBasTIAN HOLTKEMEIER!, SiMONE GoTz!, MATTHIAS
2

WEIDEMULLER!, THORSTEN BEesT?, RoLaND WEsSTER?, and Jo-
HANNES DElcLMAYR? — 1Physikalisches Institut, Philosophenweg 12,
69120 Heidelberg — 2Institut f. Ionenphysik und Angewandte Physik,
Technikerstraffe 25/3, 6020 Innsbruck — 3Laboratory of Physical

Chemistry, ETH Honggerberg, Wolfgang-Pauli-Strasse 10, 8093 Ziirich

Based on previous experiments on ion-atom reactions, we present a
new setup to investigate the interaction of ultracold rubidium atoms
in a Dark-SPOT and mass-selected OH ™ -water clusters. The ions are
trapped in an octupole RF-trap consisting of thin wires instead of
metal rods to give maximum optical access.

In first experiments, this setup will be used to investigate cooling of
the ions due to collisions with the neutral Rb-atoms. For efficient cool-
ing a dense cloud of atoms preferably in the ground state, to minimize
ion-losses due to collisions with excited atoms, is needed. In a recent
experiment we succeeded in creating a cloud of 4 x 10® atoms at a peak
density of up to 3 x 10'*atoms/cm?® which can be loaded in less than
two seconds from a 2D-MOT. In this Dark-SPOT we estimated that
about 95% of the atoms are in the ground state, perfectly fulfilling
our requirements for efficient cooling of ions. This setup will now be
adapted for our future OH™ experiments.

A 40.18 Thu 16:30 Poster.V
Thermodynamic properties of 2D dipolar gases — eALEXEY
FiLinov und MicHAEL BoniTz — Institute for Theoretical Physics
and Astrophysics, Christian-Albrechts-Universitat, Kiel, Germany

We perform the path integral Monte Carlo simulations to study the
finite temperature properties of interacting dipolar Bose gas in two-
dimensional geometry in the grand canonical ensemble. We investigate
the equation of state, the temperature dependence of the superfluid
fraction, the quasi-condensate ng, the momentum distribution and the
isothermal compressibility x for temperatures above and below the
Berezinskii-Kosterlitz-Thouless crossover to the superfluid phase. The
increase in the occupation of the zero-momentum state ng leads to
suppression of the density fluctuations and a non-monotonic behavior
of the compressibility « in the presuperfluid regime. We also analy-
se dependence of the phonon-maxon-roton excitation branch and the
dynamic structure factor on the chemical potential (or density) and

temperature. The spectrum of longitudinal collective modes is recon-
structed from the imaginary time density-density correlation function.

A 40.19 Thu 16:30 Poster.V
Anisotropic pair-superfluidity of trapped two-component
Bose gases — eYoncqiang Li, Liane He, and WALTER HOFSTET-
TER — Institut fiir Theoretische Physik, Johann Wolfgang Goethe-
Universitét, 60438 Frankfurt/Main, Germany

We theoretically simulate the pair-superfluid phase of homogeneous
and trapped two-component ultracold gases in an optical lattice with
attractive inter-species interactions, by means of Bosonic Dynamical
Mean Field Theory. We obtain the phase diagram for filling n = 1 at
zero and finite temperature for asymmetric parameters in a three di-
mensional optical lattice, and confirm the stability of pair superfluidity
in a wide range of parameters. We calculate the critical temperature
of the pair-superfluid phase. In the presence of an external trap, we
discuss the effects of inhomogeneity and imbalance between the two
species on the pair-superfluid phase.

A 40.20 Thu 16:30 Poster.V
Interference of a Rydberg-dressed Bose-Einstein condensate
released from an optical lattice — eLama HamMaDEH, WEIBIN
L1, and Icor LEsaNovsky — School of Physics and Astronomy, The
University of Nottingham, Nottingham NG7 2RD, UK

We study the interference of bosonic atoms in a superfluid state re-
leased from an optical lattice. The electronic ground state of each
atom is weakly coupled to a highly excited Rydberg state by a far-
off-resonant laser. This admixture of the Rydberg state induces ef-
fective short-range and long-range interactions between ground state
atoms. We study the influence of the far-off-resonant laser driving on
the interference pattern produced when the atoms are released from
the optical lattice. For a fixed dressing time, the interference pat-
tern depends strongly on the relative strength of the short-range and
long-range interactions. Our study reveals that the corresponding vis-
ibility differs significantly for different momentum components of the
expanded atomic cloud. As a result, the momentum dependent visi-
bility can be used to distinguish the relative strength of the long-range
and the short-range interactions.

A 40.21 Thu 16:30 Poster.V
Towards probing of fermionic quantum many body systems
on the single atom level — eMaRrTIN BorL!, AEMED OMRAN!,
TrOMAS GANTNER!, TiMoN HILKER!, MicHAEL Lonse!, SETH
CoLeMAN!, IMMANUEL Brocu!2, and CurisTiaN Gross! — Max-
Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Str.1, 85748
Garching — ?Ludwig-Maximilians-Universitit Miinchen, Fakultét fiir

Physik, Schellingstrafe 4, 80799 Miinchen

Ultracold atoms in optical lattices have proven to be a powerful tool
for investigating quantum many body systems. Recent experiments
have demonstrated the power of single-site resolved detection in op-
tical lattices for the study of strongly correlated bosonic many body
systems. In our new experiment we plan to apply similar techniques
to fermionic systems. We will use mixtures of Li-6 and Li-7 atoms to
achieve a degenerate bosonic or fermionic many body system trapped
in a 3D optical lattice. With a high resolution imaging system, we will
be able to resolve single sites in a 2D plane of the lattice and image
single atoms. Superimposing an additional small-scale pinning lattice
onto the larger-scale physics lattice in order to freeze out the distri-
bution of atoms during imaging, we separate the detector from the
physical system under study. This will allow for the investigation of
different lattice geometries with in-situ detection of the atoms and pre-
cise measurement of the momentum distribution. As a first application
we plan to study the quantum phases of the Fermi-Hubbard Hamil-
tonian locally, and investigate the underlying phenomena associated
with condensed matter systems, e.g. quantum magnetism.

A 40.22 Thu 16:30 Poster.V

Spin dynamics and Rydberg excitations on the single-atom
level — ePETER ScHAUss!, TAKEsHI FUKUHARA FUKUHARAL, MARC
CHENEAU!, MANUEL ENDRES!, CHRISTIAN GROss!, STEFAN KUnRD:2,
and IMMANUEL Brocu!? — 1Max-Planck-Institut fiir Quantenoptik,
85748 Garching — 2University of Strathclyde, SUPA, Glasgow G4

ONG, UK — 3Ludwig-Maximilians-Universitét, 80799 Miinchen
Recently, we demonstrated single atom imaging of a quantum gas in

an optical lattice [1] and site selective spin manipulation [2]. Here we
report on the most recent results obtained using this apparatus: the
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spreading of a single spin impurity in a fully polarised Mott insulator
and the excitation of Rydberg atoms in a quantum gas. In the first
project, we make use of a Spatial Light Modulator to flip the spin of
a single atom in a fully polarised 1D Mott insulating state. We subse-
quently record the spreading dynamics of this impurity and distinguish
between different regimes depending on the lattice depth. The goal of
the second project is to add long-range interactions to our system via
Rydberg dressing. The high spatial resolution of our imaging system
should allow us, for example, to reveal the strong correlations induced
by the long-range interaction.

[1] J. Sherson et al., Nature 467, 68 (2010)

[2] C. Weitenberg et al., Nature 471, 319 (2011)

A 40.23 Thu 16:30 Poster.V
Evaporation limited loading of an atomic trap — MAaRKUS
FALKENAU, ¢ VALENTIN V VoLcHkov, JAHN RUHRIG, HANNES GOR-
N1ACzZYK, MESUT CEYLAN, TiLMAN Prau, and AXEL GRIESMAIER
— 5.Physikalische Institut, Universitdt Stuttgart, Pfaffenwaldring 57,
Stuttgart, 70569

Recently, we have experimentally demonstrated a continuous loading
mechanism for an optical dipole trap from a guided atomic beam [1].
The observed evolution of the number of atoms and temperature in the
trap are consequences of the unusual trap geometry. On this poster, we
present a model based on a set of rate equations to describe the load-
ing dynamics of such a mechanism. We consider the collision statis-
tics in the non-uniform trap potential that leads to twodimensional
evaporation. The comparison between the resulting computations and
experimental data allows to identify the dominant loss process and sug-
gests ways to enhance the achievable steady-state atom number and
phase-space density.

[1] M. Falkenau, V. V. Volchkov, J. Riihrig, A. Griesmaier and T.
Pfau, Phys. Rev. Lett. 106, 163002 (2011).

A 40.24 Thu 16:30 Poster.V
Stability and Collapse of a °2Cr BEC in a 1D optical lattice
— oJuLIETTE BIiLLy!, EMANUEL HENN!, STEFAN MULLER!, HOLGER
Kapaul, THomas MaIer!, MaTrTuias ScuamiTT!, MaTTia JONA-
Lasinio?, Luis SanTos?, AXEL GriesMAIER!, and TiLMAN Praul —
IPhysikalisches Institut, Universitit Stuttgart, Pfaffenwaldring 57, D-
70569 Stuttgart, Germany — 2Institut fiir Theoretische Physik, Leib-
niz Universitdt Hannover, D-30167 Hannover, Germany

We have recently measured the stability diagram of a 52Cr dipolar
BEC in a 1D optical lattice, showing its strong dependence on the lat-
tice depth [1]. This result opens up the way to investigate the collapse
of this system in various regimes. The regime of deep lattice is of par-
ticular interest, as for the quasi-2D geometry of the lattice sites, roton
features are expected to emerge and be enhanced. We discuss recent
results on both lines of investigation, as well as future experiments on
dipolar BECs in tailored multi-well potentials.
[1] S. Miiller et al., Phys. Rev. A 84, 053601 (2011)

A 40.25 Thu 16:30 Poster.V
Towards stable groundstate NaK molecules — eZHENKAI Lu,
Nikoraus BucHHEIM, INGo LauT, ToBIAS SCHNEIDER, CHRISTOPH
GoHLE, and IMMANUEL BrocH — Max-Planck-Institut fiir Quan-
tenoptik, Hans-Kopfermann-Strasse 1, 85748 Garching

Ultracold quantum gases in optical lattices are bench mark systems for
strongly interacting manybody physics [1]. Conventional alkali atomic
systems at ultra low temperatures exhibit interaction potentials that
have essentially zero range. Therefore the associated Hamiltonians
are limited to on site interaction. If long range interaction can be
achieved, many intriguing effects and new quantum phases will be ac-
cessible. This includes real space long range (crystalline) order for bulk
systems, supersolids or fractional mott insulators in optical lattices, to
mention a few.

Promising candidates for ultra cold particles with long range
(anisotropic) interaction include Rydberg atoms as well as photoas-
sociated ground state polar diatomic molecules.

We are setting up an experiment to create ultracold NaK molecules.
In this system instability, due to inelastic two body collisions known
from pioneering experiments 2] does not exist and chances are good
to reach far into the interesting parameter space.

[1] Bloch, I., Dalibard, J., & Zwerger, W. Many-body physics with
ultracold gases. Reviews Of Modern Physics, 80, 885%964 (2008).

[2] Ni, K.-K., Ospelkaus, S., et al. A high phase-space-density gas
of polar molecules. Science, 322, 231-5 (2008).

A 40.26 Thu 16:30 Poster.V
Matter wave guiding through a photonic bandgap fiber —
eHANNES DUNCKER, LARS WACKER, PATRICK WINDPASSINGER, and
Kraus SEnagsTocK — Institut fiir Laser-Physik, Universitdt Hamburg,
Luruper Chaussee 149, 22761 Hamburg

In this contribution, we present a project where we intend to study
light-matter interaction in an extremely one-dimensional geometry by
loading ultracold atoms into a hollow core photonic bandgap (HCPBG)
fiber. As a first step, we have been able to demonstrate guiding of cold,
slow atoms through an 88 mm long piece of fiber [1]. The guiding po-
tential is created by a far-off resonance dipole trap which propagates
in the hollow core of the HCPBG fiber. By imaging the guided atoms’
fluorescence signal, we are able to analyze the dynamics of the atoms
inside the fiber in detail. The tight confinement of both atoms and
light fields inside the fiber leads to an increased interaction probability
which will allow us to study atom mediated photon-photon interaction
in the future.
[1] S. Vorrath et al, NJP 12, 123015 (2010)
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Non-linear and metastable dynamics of a Bose-Einstein con-
densate — eHorceEr HaupTmann!, SicmunDp HELLER!, PATRICK
Navez!, HoLGer KanTz?, and WALTER STRUNz! — ! Technische Uni-
versitiat Dresden — 2Max-Planck-Institut fiir Physik komplexer Sys-

teme, Dresden

We examine the non-linear dynamics associated to the lowest breathing
mode of a self-interacting repulsive Bose-Einstein condensate at zero
temperature with the Gross-Pitaevskii equation in a three-dimensional
harmonic trap under external time-periodic stretching and squeezing.
This perturbation leads to collective excitations of this many-body
system und we observe a resonance-like behavior. To understand this
phenomenon qualitatively, we derive an approximative system of equa-
tions, which resembles equations of motion for a classical particle in
an electromagnetic field and external potential. This analogy allows
us to identify the resonance as emerging from a saddle point.

Furthermore we investigate the metastability of the relative motion
between a Bose-Einstein condensate und its thermal cloud at finite
temperature in a harmonic trap. Stirring the system at low frequen-
cies leads to a rotation of the thermal cloud with a resting condensate.
We are looking for the critical angular velocity between condensate
and thermal cloud for which the system becomes unstable.
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Cooling and trapping erbium atoms — ePaTriziA WEIss,
FroriaN JesseN, CrLAus ZIMMERMANN, and JOzseF FORTAGH —
Physikalisches Institut der Universitdt Tiibingen, Center for Collec-
tive Quantum Phenomena and their Applications

Erbium is a rare-earth element with a complex energy level structure,
and a range of possible laser cooling transitions, including very strong
and narrow transition lines. Erbium has a large magnetic moment of
7pup. This property makes it interesting for studying magnetic inter-
actions between cold atoms and superconducting nanostructures.

We present our experimental progress towards cooling and trapping
erbium and the current status of the setup, that is compatible with
cooling nanostructures to cryogenic temperatures.
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A new lattice setup for a three-component Fermi gas —
eJouanNa Boun'2, Tnomas Lompe!2, MarTIN Ries™ 2, FRIED-
HELM SERWANE!2| JuLIANA STacHURSkAD2, ANDRE WENZz!:2, GER-
HARD ZURN'2, and SELiM JocHIM!»2 — 1Physikalisches Institut, Uni-
versitiat Heidelberg — 2Max-Planck-Institut fiir Kernphysik, Heidel-
berg

Strongly interacting degenerate three-component Fermi gases promise
to show interesting many-body physics. However, preparing such sys-
tems has so far been inhibited by large three-body loss rates which
scale with the scattering length to the fourth power. On this poster we
present progress towards the preparation of a three-component Fermi
gas of Li-6 atoms in a two-dimensional optical lattice potential. This
should allow to stabilize the three-component system by making use
of the quantum-Zeno effect which suppresses three-body loss as de-
scribed in [1]. We have cooled a gas of two-component ®Li atoms to
quantum degeneracy in an optical dipole trap and transferred atoms
into the third state using a radio frequency signal. The next step is
loading them into a two-dimensional light sheet onto which the two-
dimensional lattice will be projected to produce a stable strongly in-
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teracting three-component Fermi gas.
[1] A. Kantian et al. PRL 103, 240401 (2009)
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Interaction quenches in a one-dimensional Bose gas —
eFEDJA ORUGEVIG!, ANTON Prccarpo-SELG!, GAL Avivl, SUSANNE
PieLawa?, THoMas FErRNHOLZ!, and PETER KRUGER! — 1Midlands
Ultracold Atom Research Centre, School of Physics and Astronomy,
University of Nottingham, UK — 2The Weizmann Institute of Sci-
ence, Rehovot, Israel

Atom chips allow for almost arbitrary trapping geometries for
atomic ensembles and are ideally suited for the investigation of low-
dimensional ultracold quantum gases at the low temperatures.

We use such an atom chip to trap and prepare a one-dimensional
quasi-condensed Bose gas. Its first order correlation function (gi1) de-
cays algebraically slowly with distance, rather than exponentially like
a non-degenerate thermal gas would. The exponent of this decay de-
pends on the Luttinger parameter, i.e. the interaction strength in
the system. The aim of our experiment is to address the question
of what happens when the interaction strength in the gas is changed
abruptly in a quench and how quickly the system adapts to the new
Luttinger parameter. It is predicted that after some prethermalization
time the gas will display correlations that would be expected for a more
strongly interacting equilibrium gas. One can further ask whether or
not or on which time scale full thermalization occurs. Answers to these
questions can be obtained from determining phase correlations from
interference patterns that form when one or two similar systems are
released from the trap(s) after a varied time following the quench. The
current progress of the experimental setup will be presented.
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Collisions of ultracold Rb; triplet molecules — eMaRrkus DEIss,
Bijorn DreEws, MaANUEL THOMA, BENJAMIN DEISSLER, and Jo-
HANNES HECKER DENscHLAG — Institut fiir Quantenmaterie, Uni-
versitdt Ulm, Albert-Einstein-Allee 45, 89081 Ulm, Germany

In recent years it has become possible to prepare ultracold and dense
molecular samples in the rovibrational ground state which opens the
door for novel experiments [1,2,3]. Here, we report on our current
status concerning collisions between ultracold Rbs triplet molecules.
Starting with a BEC of 87Rb atoms, we use a magnetic Feshbach res-
onance at 1007.4G to produce a pure sample of molecules which are
held in a 3D optical lattice and transferred to the rovibrational ground
state by STIRAP. One question of interest is how quickly these triplet
molecules relax into a singlet state.

[1] F. Lang et. al., Phys. Rev. Lett. 101, 133005 (2008)

[2] J. G. Danzl et. al., Nature Physics 6, 265 (2010)

[3] K.-K. Ni et. al., Science 322, 231 (2008)
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Phase control of optical lattice by the interferometer —
e AMIR MonaMaMmDI and JOHANNES HECKER DENScHLAG — Institut
fiir Quantenmaterie, Universitat Ulm, Albert-Einstein-Allee 45, 89081
Ulm, Germany

Optical lattices are used as a fundamental tool for investigating the
physics of ultracold atoms [1]. Particularly interesting are superlat-

tices, which are generated by the superposition of two lattices with
different wavelengths. In a superlattice of period two, the relative
height of the potential wells can be varied by controlling the relative
phase of the two lattices. In this way, particles can be moved between
lattice wells in a controlled way, making it possible to realize quantum
information schemes or measure particle correlations [2]. We present
a new scheme to stabilize the phase of a 1D optical lattice using an
interferometric scheme. A Michelson interferometer is used to measure
the relative phase of two counterpropagating laser beams. Using two
AOMs, this phase can then be stabilized. We discuss our experimental
results and compare with existing schemes.

References: [1] I. Bloch, nature physics, 1, 23, 2005.— [2] O. Romero-
Isart and J. José Phys. Rev. A, 76, 052304 (2007).

A 40.33 Thu 16:30 Poster.V
Conduction of ultracold Fermions through a mesoscopic
channel — eSEBASTIAN KRINNER, JAKOB MEINEKE, JEAN-PHILIPPE
BranTUT, DAVID STADLER, and TiLMAN EsSSLINGER — Institute for
Quantum Electronics, ETH Ziirich, 8093 Ziirich, Switzerland

We present a conduction measurement of ultracold Fermions flowing
through a quasi two-dimensional channel which is connected to two
macroscopic atom reservoirs. A controlled imbalance of the atom num-
ber in the two reservoirs induces a current from one side to the other.
We observe this current as a function of time and see a characteris-
tic decay of the atom number imbalance to its equilibrium position.
In addition we measure in-situ the density distribution in the channel
for two different situations: a purely ballistic channel and a channel
containing disorder. Eventhough the macroscopic atom current is the
same, we observe a very different local behaviour of the atomic density
in the channel and at the contacts.
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Narrow-line magneto-optical trap for erbium: A simple ap-
proach for a complex atom — eALBERT FriscuH!, KivoTaka
Arkawal, MicHAEL Mark!, Stmon Barer!, Ruborr Grimmb2, and
Francesca FErLaiNo! — lInstitut fiir Experimentalphysik und Zen-
trum fiir Quantenphysik, Universitdt Innsbruck, Technikerstrafe 25,
6020 Innsbruck, Austria — 2Institut fiir Quantenoptik und Quanten-
information, Osterreichische Akademie der Wissenschaften, 6020 Inns-
bruck, Austria

We report on the experimental realization of a robust and efficient
magneto-optical trap (MOT) for erbium atoms, based on a weak cool-
ing transition at 583 nm. The atomic beam is captured into the narrow-
line MOT from a Zeeman slower operating on the strong optical transi-
tion at 401 nm. We observe up to N = 3 x 108 atoms at a temperature
of T"= 15 puK. This simple scheme provides better starting condi-
tions for loading the dipole trap compared to approaches based on the
strong cooling transition or on the combination of a strong and an
ultra-narrow transition.

We demonstrate direct loading of the dipole trap from the narrow-
line MOT without any additonal cooling stages. Finally we investigate
collisional properties of ultracold dipolar erbium atoms.

Our cooling and trapping scheme simplifies the route towards quan-
tum degneracy and thus we speculate it can be successfully applied to
other atoms in the lanthanide series.



