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Q 53.1 Thu 17:00 P OGs
Topological phases and dynamics of topological excitations
in the one-dimensional super-lattice Bose Hubbard model
with non-local interactions — eRur Li, DomiNik LINZNER, and
MicHAEL FLEISCHHAUER — Department of Physics and Research Cen-
ter OPTIMAS, University of Kaiserslautern, 67663 Kaiserslautern,
Germany

We investigate Mott insulating phases of the one-dimensional super-
lattice Bose-Hubbard model (SL-BHM) with local and next-nearest-
neighbor interactions at fractional fillings. In an infinite system the
ground state of this model is degenerate and the different ground states
can be distinguished by a topological quantum number. In a finite
system with periodic boundary conditions, incommensurate with the
filling of the bulk ground state, domain walls appear, which are topo-
logical excitations. We calculate the phase diagram of the extended
SL-BHM and analyze the dynamics of such topological excitations us-
ing time-evolving block decimation (TEBD) simulations. We discuss
potential applications of the topological excitations for robust infor-
mation transport.

Q 53.2 Thu 17:00 P OGs
Absence of topological order in open non-interacting bosonic
systems — CHRISTOPHER MiINk, Lukas WawgR, DOMINIK
LinzNER, and MicHAEL FLEISCHHAUER — Department of Physics
and Research Center OPTIMAS, University of Kaiserslautern, 67663
Kaiserslautern, Germany

In recent years, systems with topological order have attracted interest,
as they have been associated with exotic, strongly correlated quan-
tum states and can possess protected edge states. However, these
fascinating features are not robust against dissipation. In previous in-
vestigations [1], we found that the winding of the many-body polariza-
tion remains a viable topological invariant for open quantum systems.
Waveguide technology can be used to realize non-interacting bosonic
systems with topological band structure [2,3]. Thus it is instructive to
study the topology of these systems in particular. By characterizing
steady states using correlations, we can express the polarization for
non-interacting, i.e. Gaussian fermionic and bosonic systems in terms
of the one-body correlation matrix. We show that non-interacting
fermionic systems can in general exhibit a non-trivial winding of po-
larization, while the same does not hold true for bosonic systems.

[1] D. Linzner et. al., Phys. Rev. B 94, 201105(R) (2016).

[2] M. Hafezi et. al., Nat. Photonics 7, 1001 (2013).

[3] M. C. Rechtsman et. al., Nature (London) 496, 196 (2013).

Q 53.3 Thu 17:00 P OGs
Towards a hybrid quantum system: ultrafast ionization of
a Bose-Einstein condensate — Toias KRoOkERZ'3, eSTEFFEN
PEEMOLLER?, BERNHARD RuUrr?:3, JULIETTE SiMONET!:3, PHILIPP
WesseLsb3, Markus DrescHER?3, and KrLaus SENagsTock! 3
1Zentrum fiir Optische Quantentechnologien, Hamburg, Germany —
2Institut fiir Experimentalphysik, Hamburg, Germany — 3The Ham-
burg Centre for Ultrafast Imaging, Hamburg, Germany

The combination of ultracold atomic systems and ultrafast laser pulses
promises insight into the coherence properties of macroscopic dissipa-
tive quantum systems and enables the preparation of hybrid quantum
systems through local ionization of atoms in strong laser fields. Here,
we report on our progress in setting up a quantum gas machine where
the ultracold gases are optically transported into the focal region of the
femtosecond laser beam. Our setup aims for counting ions while detect-
ing the impact pattern of the photoelectrons. Furthermore, we report
on quantitative studies of strong-field ionization of a Bose-Einstein
condensate via loss measurements and pulsed momentum transfer due
to dipole forces.

Q 53.4 Thu 17:00 P OGs
Magnetic field control for new periodic driving schemes in
optical lattices — eToBiAs KLAFKA, ALEXANDER ILIN, JULIUS
SEEGER, CHRIsTOPH OLSCHLAGER, JULIETTE SiMONET, and KLAUS
SENGsTOCK — Institut fiir Laserphysik, Universitat Hamburg
For quantum gas experiments, an improved control over the magnetic
field allows implementing new driving schemes for Floquet engineering.
In particular, this becomes important when internal atomic states are

Location: P OGs

coherently coupled. In spin-dependent hexagonal lattices, magnetic
fields can be used to open the Dirac cones in a controlled manner.
We report on the setup of an active compensation for stray magnetic
fields which can be implemented in nearly any quantum gas experi-
ment. DC and AC magnetic fields can be attenuated below 1mG for
frequencies up to 1kHz. The magnetic field stability has been charac-
terized using Ramsey spectroscopy of a Bose-Einstein condensate.

Q53.5 Thu 17:00 P OGs
Observation of parametric resonances in 1D shaken optical
lattices — eJakoB NAGER!:?2, KAREN WINTERSPERGER!?, MAR-
TIN REerrtEr!2, ULrice ScuNEIDER?, and IMMANUEL Brocu!?2
— 1Ludwig-Maximilians-Universitdt Miinchen, Schellingstr. 4,
80799 Miinchen — 2Max-Planck-Institut fiir Quantenoptik, Hans-
Kopfermann-Strasse 1, 85748 Garching — 3University of Cambridge,
Cambridge, UK

We study a BEC of 39K with tunable interactions in a shaken 1D
optical lattice. Due to the interplay between the external drive and
interactions dynamical instabilities arise [1]. The short-time dynamics
can be captured by parametric resonances within Bogoliubov theory,
which should lead to a fast decay of the BEC. At long times, the be-
havior will be dominated by collision processes described by a Fermi’s
Golden rule approach that slow down the decay. Varying the shaking
parameters and interactions, we observe the transition between the two
heating regimes. Moreover, we can identify the onset of the paramet-
ric instabilities at short times by analysing the 2D quasimomentum
distribution of the excited atoms.
[1] S. Lellouch et al., arXiv:1610.02972v1 (2016)

Q53.6 Thu 17:00 P OGs
Cavity-induced supersolidity and its elementary excitations
— oPHILIP ZUPANCIC, JULIAN LEONARD, ANDREA MORALES, TILMAN
EssLINGER, and ToBias DoNNER — ETH Ziirich, Ziirich, Schweiz

We report on the first coupling of a Bose-Einstein condensate to two
optical cavities. The combination of self-organisation processes with
discrete symmetries in each cavity gives rise to one enhanced, con-
tinuous symmetry. When this U(1) symmetry is broken, a supersolid
emerges — a state of matter that is both crystalline and superfluid.
We provide evidence for both key properties. The light fields leak-
ing from the cavities allow real-time observation of crystal movements.
We investigate the mode spectrum of our supersolid phase and present
measurements on the mode softening at the phase transition and the
paired Nambu-Goldstone/amplitude modes inside the phase.

Q 53.7 Thu 17:00 P OGs
Towards Raman coupling induced 2D spin-orbit coupling for
87Rb — eSEBASTIAN BoDE, FELIX KOSEL, HOLGER AHLERS, NACEUR
Gaarvour, and ERNsT M. RaseL — IQ Universitdt Hannover

Presentation of the experimental steps towards synthesizing 2D Spin-
orbit-coupling in a spinor Rubidium Bose-Einstein condensate.

Cyeclically coupling the hyperfine Zeeman states via Raman transi-
tions, will create an effective gauge field [1], resembling the ones in
spintronic systems [2]. Such artificial interactions offer rich ground
state dynamics and allow the realization of advanced solid state simu-
lators with non-Abelian character in a versatile cold-atom system.

[1] L. Huang et al., Nature Physics 12, 540-544 (2016).

[2] H. C. Koo et al., Science 325, 1515 (2009).

Q 53.8 Thu 17:00 P OGs
Deterministic Loading of Arbitrary Potentials — eRomaIN
MULLER, RoBERT HECK, OTTO ELIASSON, JENS LAUSTSEN, ASKE
THORSEN, JAN ARLT, and JAcOB SHERSON — Aarhus Universitet,
Denmark

The ability to detect and manipulate single atoms in optical lattices
[1,2,3] and the deterministic loading of atoms into tweezers [4,5,6] has
opened the doors for novel types of experiments.

In this poster we present our route to combine single atom control
in optical lattices and deterministic loading into smooth or periodic
arbitrary potentials using multiple digital micromirror devices (DMD)
in combination with a quantum gas microscope. This should allow to
simulate various quantum phenomena and to study the dynamics in
different systems, like in ring lattices. Due to the high speed of the



Mainz 2017 — Q

Thursday

DMDs (10kHz frame rate), they will also allow incorporating the play-
ers’ results of our game ’Quantum moves’ to test the quantum speed
limit [7].

[1] W. Bakr et al., Nature 462, 74-77

[2] J. Sherson et al., Nature 467, 68-72

[3] C. Weitenberg et al., Nature 471, 319-324

[4] A. Kaufman et al., Nature 527, 208-211

[5] D. Barredo et al., Science Vol. 354, Issue 6315, pp. 1021-1023

[6] M. Endres et al, Science Vol. 354, Issue 6315, pp. 1024-1027

[7] J. Sorensen et al, Nature 532, 210-213

Q 53.9 Thu 17:00 P OGs
Non-equilibium BCS state in a Fermi gas — ®ALEXANDRA
BeHRLE, TiMoTHY HARRISON, MARTIN LiNK, ANDREAS KELL, Kuryl
Gao, and MicHAEL KOHL — Physikalisches Institut, University of
Bonn, 53115 Bonn, Germany

Ultracold Fermi gases with tunable interactions have been widely used
to investigate the BEC-BCS crossover in the last decade and superflu-
idity of Fermi gases with different interactions have shown a variety
of rich physics. So far, the focus of research has mainly been on the
equilibrium state of an attractive gas of cooper pairs. Non-equilibrium
coherent dynamics of the BCS state was proposed for studying collec-
tive modes, pair formation and excitations in superconductivity, how-
ever, experimental realization has been hindered by the difficulty of
performing fast enough changes in to the system. In this talk, we will
show our efforts in preparing and detecting a non-equilibrium BCS-
superfluid of fermionic 6Li atoms. We focus on the coherent dynamics
with fast modulation and quenched interactions using fast ramps across
the Feshbach resonance.

Q 53.10 Thu 17:00 P OGs
Spin and Charge Correlation Measurements in the 2D
Hubbard Model — Jan Drewes!, Luke MiLLEr?2, EucENIO
Coccui2, Cuun Far Cuan!, NicoLa Wurz!, eMARcELL GaLL!,
DanieL Perror!, FERDINAND BRENNECKE!, and MicHAEL KouL! —
I Physikalisches Institut, University of Bonn, Wegelerstrasse 8, 53115
Bonn, Germany — 2Cavendish Laboratory, University of Cambridge,
JJ Thomson Avenue, Cambridge CB3 OHE, United Kingdom

We experimentally study the emergence of correlations in an ultracold,
fermionic 2D lattice system, representing a realisation of the Hubbard
model. Our ability to precisely tune the system parameters over a
large range and the possibility to simultaneously detect the density
distribution of both spin components in-situ enables us to examine the
emergence of density and spin correlations as a function of doping in-
teraction strength and temperature. In addition we gain from the mea-
surement of the equation of state insight into the full thermodynamics
of the 2D Hubbard model. To improve our preparation and detection
capabilities, we use a spin spiral technique which allows us to detect
the spin structure factor at arbitrary wave vectors. Further we employ
a spatial light modulator to reshape the underlying trapping potential
of the optical lattice to realize the homogeneous Hubbard model and
reach lower temperatures by redistributing entropy between different
spatial regions.

Q 53.11 Thu 17:00 P OGs
BEC of 'K in a Fermi Sea of ®Li — Rianne S. Loush?2, Is-
ABELLA FRriTscHE!'2, eFABIAN LEHMANNY'2, MicHAEL Jacl:2, EMIL
KiriLov!:2, Bo Huancg!, and RuboLr Grimm!:2 — 11IQOQI, Aus-
trian Academy of Science, Innsbruck, Austria — 2Inst. for Experi-
mental Physics, University of Innsbruck, Innsbruck, Austria

We report on the production of a double-degenerate Fermi-Bose mix-
ture of 9Li and 41 K. In our experimental sequence the potassium atoms
are sympathetically cooled by the lithium atoms, which are evapora-
tively cooled in an optical dipole trap. We obtain 10 41K atoms with
a BEC fraction close to 1 and a T/Tr =~ 0.05 with 10° %Li atoms in
each spin state. To measure the temperature of our fermionic sample
we use the 41K BEC as a tool for thermometry. As the system is
in thermal equilibrium we evaluate the condensed fraction of our 41K
atoms and extract the temperature of the atoms. To investigate the
properties of the 6Li-41K mixture near the inter-species Feshbach res-
onance at 335.8 G we use another scheme of evaporation around 300 G
which enables us to achieve similar temperatures. We explore both
the repulsive side and attractive side of the Feshbach resonance and
observe phase separation for strong repulsive interactions and collapse
for attractive interactions. This work is supported by the Austrian
Science Fund FWF within the SFB FoQusS.

Q 53.12 Thu 17:00 P OGs
Probing Many-body physics with an ultra-narrow clock tran-
sition in an Ytterbium quantum gas — eBoODHADITYA SANTRA',
BeNJAMIN ABELN!, Bastian HunpT!, ANDRE KOoCHANKE!, THOMAS
Ponata!, ANNA SkoTTKE!, KLaus SeEngsTock!2, and CHRISTOPH
BeckerY2? — 1Zentrum fiir Optische Quantentechnologien, Univer-
sitdt Hamburg, Luruper Chaussee 149, 22761 Hamburg, Germany —
2Institut fiir Laserphysik, Universitit Hamburg, Luruper Chaussee
149, 22761 Hamburg, Germany

During the last decade ultracold fermionic alkaline earth quantum gas
attracted a lot of attention due to their unique properties such as long-
lived meta-stable state, an ultra-narrow optical clock transition, SU(N)
symmetric interactions as well as the existence of an interorbital Fes-
hbach resonance. In particular fermionic Yb quantum gas allow for
quantum simulation of lattice systems with orbital degrees of freedom,
like the Kugel-Khomskii model or the Kondo lattice model (KLM).

We will present recent progress of the Hamburg Yb experiment to-
wards realizing the KLM and correlated KLM, including measurements
on spin polarized as well as on interacting Fermi gases with an im-
proved clock laser setup.

This work is supported by the DFG within the SFB 925 and the
Marie Curie Initial Training Network QTea.

Q 53.13 Thu 17:00 P OGs
Local control of transport in an atomic quantum wire: from
one scanning gate to a finite size lattice — eSamuEL HAUSLER!,
MARTIN LEBRAT!, DomINIK Husmann!, LAURA CoRMAN!, SEBAs-
TIAN KRINNER!, SHUTA NAakajima?, JeaN-PuiLippe BranTuT!, and
TiLmMAN EssuingeEr! — !Institute for Quantum Electronics, ETH
Ziirich, 8093 Ziirich, Switzerland — 2Department of Physics, Grad-
uate School of Science, Kyoto University, Kyoto 606-8502, Japan

Building on the holographic shaping of optical potentials and a high-
resolution microscope, we demonstrate the local control of fermionic
lithium atoms flowing through a one-dimensional structure. We first
image the transport through a quantum wire, in a way similar to the
scanning gate technique applied to solid state devices. By scanning
the position of a sharp, repulsive optical gate over the wire and mea-
suring the subsequent variations of conductance, we spatially map the
transport at a resolution close to the transverse wavefunction inside
the wire. The control of the gate at the scale of the Fermi wavelength
makes it sensitive to quantum tunnelling. Furthermore, our knowledge
of the optical potential allows a direct comparison of the experimental
maps with a numerical and an analytical model for non-interacting
particles.

The flexibility offered by our setup makes it relatively simple to
imprint more complex structures. By projecting several consecutive
scatterers, a lattice of variable length can be built inside the quantum
wire. This opens the path to study metal-insulator physics with strong
attractive interactions.

Q 53.14 Thu 17:00 P OGs
Interacting Anyons in a One-Dimensional Optical Lattice —
eMARTIN BonkHOFF, KEVIN JAGERING, SEBASTIAN EGGERT, and
AxEL PELSTER — State Research Center OPTIMAS and Fachbereich
Physik, Technische Universitat Kaiserslautern, 67663 Kaiserslautern,
Germany

We analyze in detail the properties of the one-dimensional Anyon-
Hubbard model, which can be mapped to a corresponding Bose-
Hubbard model with a density-dependent Peierls phase via a gener-
alized Jordan-Wigner transformation [1]. At first we extend the mod-
ified version of the classical Gutzwiller-mean-field ansatz of Ref. [2] in
order to obtain the pair-correlation function for both the bosonic and
the anyonic system. A comparison of the resulting quasi-momentum
distributions with high-precision DMRG calculations reveals in general
a parity breaking, which is due to anyonic statistics. Afterwards, we
determine how the boundary of the superfluid-Mott quantum phase
transition changes with the statistical parameter. We find in accor-
dance with Ref. [1] that the statistical interaction has the tendency to
destroy superfluid coherence.

[1] T. Keilmann, S. Lanzmich, L. McCulloch, and M. Roncaglia,
Nat. Commun. 2, 361 (2011)

[2] G. Tang, S. Eggert, and A. Pelster, New J. Phys. 17, 123016
(2015)

Q 53.15 Thu 17:00 P OGs
Creating topological interfaces and detecting chiral edge
modes in a two-dimensional optical lattice — eFREDERIK
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Goral, NaTHAN GoLbpMmaN?, GREGOR JoTzul, MICHAEL MESSER!,

KiLIAN SaNDHOLZER!, REmI DEssuquois!, and TiLMAN EsSLINGER!
— 1nstitute for Quantum Electronics, ETH Zurich, Zurich, Switzer-
land — 2CENOLI, Université Libre de Bruxelles, Brussels, Belgium

The appearance of topological properties in lattice systems caused by
a non-trivial topological band structure in the bulk is closely related to
the existence of chiral edge modes via the bulk-edge correspondence.
These edge states appear at the interface of two spatial regions with a
distinct topology, which for example naturally arise at the boundaries
of a sample surrounded by vacuum. In cold atom systems, these edge
modes are difficult to detect, since the underlying harmonic trapping
potential does not feature sharp boundaries. Therefore, we propose a
different method to design topological interfaces within the bulk of the
system. We illustrate this scheme by an optical lattice realization of
the Haldane model, where a spatially varying lattice beam leads to the
appearance of distinct topological phases in separated regions of space.
The versatility of the method allows to tune the position, the localiza-
tion length and the chirality of the edge modes. We numerically study
the propagation of wave packets in such a system and demonstrate
the feasibility to experimentally detect chiral edge states. Finally, we
show that the edge modes, unlike the bulk states, are topologically pro-
tected against the effects of disorder, which makes a random potential
a powerful tool to detect edge states in cold atom setups.

Q 53.16 Thu 17:00 P OGs
Transport dynamics in optical lattices with flux — eANaA
HupomaLl, Ivana Vasi¢!, Warrter HorsTETTERZ, and ANTUN
Bavraz! — 1Scientific Computing Laboratory, Center for the Study
of Complex Systems, Institute of Physics Belgrade, University of Bel-
grade, Serbia — 2Institut fiir Theoretische Physik, Johann Wolfgang

Goethe-Universitét, Frankfurt am Main, Germany

Recent cold atom experiments have realized artificial gauge fields in
periodically modulated optical lattices [1,2]. We study the dynamics
of atomic clouds in these systems by performing numerical simula-
tions using the full time-dependent Hamiltonian and comparing these
results to the semiclassical approximation. Under constant external
force, atoms in optical lattices with flux exhibit an anomalous velocity
in the transverse direction. We investigate in detail how this transverse
drift is related to the Berry curvature and Chern number, taking into
account realistic experimental conditions.

[1] G. Jotzu et al., Nature 515, 237 (2014).

[2] M. Aidelsburger et al., Nature Phys. 11, 162 (2015).

Q 53.17 Thu 17:00 P OGs
Towards the investigation of collective scattering in
nanofiber-trapped atomic ensembles — eADARSH S. PRASAD,
JakoB HINNEY, SAMUEL RIND, PHILIPP SCHNEEWEISS, JURGEN VOLZ,
CurisToPH CLAUSEN, and ARNO RAUsCHENBEUTEL — TU Wien -
Atominstitut, Stadionallee 2, 1020 Wien, Austria

We realize an efficient optical interface between guided light and laser-
cooled atoms which are arranged in two linear arrays in a two-color
evanescent-field dipole trap created around an optical nanofiber [1]. In
this configuration, the probability of a nanofiber-guided photon being
absorbed and then re-emitted into free space by a trapped atom is as
high as 10%. For a periodic array of atoms, interference of the fields
scattered by different atoms result in a collective emission into a cone
with a well-defined angle with respect to the fiber axis. We plan to
study this collective emission and its dependence on various experimen-
tal parameters. The next step will be to adjust the periodicity of the
atomic array to fulfill the Bragg condition such that fiber-guided light
is strongly back-reflected [2]. Here, the interaction between the atomic
array and the fiber-guided light depends strongly on the polarization
of the light field. In particular, light that is polarized in (orthogonal
to) the plane of atoms will be weakly (strongly) reflected. We want
to implement such highly reflecting atomic arrays, which could then
be used to implement cavity quantum electrodynamics experiments in
which the resonator itself is made of quantum emitters.

[1] E. Vetsch et al., Phys. Rev. Lett. 104, 203603 (2010).

[2] Fam Le Kien et. al., Phys. Rev. A 90, 063816 (2014).

Q 53.18 Thu 17:00 P OGs
Setup of a new micro-structured linear Paul trap with in-
tegrated solenoids and reduced axial micromotion — eH.
SiEBENEICH, D. KaurMmaNN, T. GLOGER, P. Kaurmann, M. Jo-
HANNING, and cH. WUNDERLICH — Department Physik, Universitit
Siegen, 57068 Siegen, Germany

We present the status of a new 3d segmented ion trap setup with
integrated solenoids, in which an improved design allows for a sub-
stantial reduction of axial micromotion and for an increased magnetic
gradients. Our trap consists of three layers of gold plated alumina,
where the segmented outer layers provide the trapping potentials [1],
and the middle layer contains solenoids that are used to create a mag-
netic field gradient [2]. The gradient gives rise to coupling between
the ions’ internal and motional states. The trap is mounted on a ce-
ramic chip carrier that, at the same time, acts as an ultra-high vacuum
interface, featuring about 100 thick-film printed current and voltage
feedthroughs. The thick film interface has been improved by replacing
previously used Ag-Pd layers by Au layers which reduced their resis-
tivity by a factor of eight. The previously high resistivity used to be a
a bottleneck for achieving high solenoid currents and thus a magnetic
gradient. The shape of the solenoids was redesigned, leading to an
expected reduction of axial micromotion by four orders of magnitudes.
[1] S.A. Schulz et al.: Sideband cooling and coherent dynamics in a
microchip multi-segmented ion trap, New Journal of Physics, Volume
10, April 2008 [2] D. Kaufmann et al.: Thick-film technology for ultra
high vacuum interfaces of micro-structured traps, Appl Phys B (2012)
107:935-943

Q 53.19 Thu 17:00 P OGs
Design and construction of a Perpetual Atom Laser Machine
— oCHUN-CHIA CHEN, SHAYNE BENNETTS, BENJAMIN PAsquiou, and
FrLoriaN ScHRECk — Institute of Physics, University of Amsterdam,
Amsterdam, The Netherlands

We have developed a machine aimed at producing a perpetual atom
laser, a long standing goal within atomic physics. Continuous pro-
duction of Bose-Einstein condensate (BEC) or an atom laser requires
two incompatible cooling processes, laser cooling a gas sample, then
cooling evaporatively until degeneracy is reached. In order to produce
a perpetual output these stages take place simultaneously in different
parts of our machine. To protect the condensate from scattered pho-
ton heating we use a combination of physical separation, baffles and a
"transparency" beam. Our machine has now demonstrated a perpet-
ual MOT of 2 x 10° 88Sr atoms with temperatures as low as 20uK on
a 7.4-kHz wide laser cooling transition with a continuous loading rate
of 7x 108 atoms/s. Using a different set of parameters and location we
have also demonstrated a perpetual MOT of 2 x 108 88Sr at 2uK with
a loading rate of 9 x 107 atoms/s which we have successfully loaded
into a dipole trap. By switching to the 0.5% abundance 84Sr isotope
we are able to evaporate to BECs of 3 x 105 84Sr atoms. Critically, for
the second location we have validated the effectiveness of our architec-
ture in protecting a BEC from scattered broad-linewidth laser cooling
light, which is used in the first cooling stages. We will describe our
design and the performance demonstrated so far.

Q 53.20 Thu 17:00 P OGs
Optical trapping of neutral mercury — eHoLGER JoHN and
TuoMAs WALTHER — Technische Universitdt Darmstadt, Institut fir
Angewandte Physik, Schlossgartenstrafie 7, 64289 Darmstadt

Laser-cooled mercury constitutes an interesting starting point for var-
ious experiments, in particular in light of the existence of bosonic and
fermionic isotopes. On the one hand the fermionic isotopes could be
used to develop a new time standard based on an optical lattice clock
employing the 1Sy - 3Py transition. Another interesting venue is the
formation of ultra cold Hg-dimers employing photo-association and
achieving vibrational cooling by employing a special scheme.

The laser system is based on an interference-filter stabilized external
cavity diode laser with excellent spectral properties combined with a
home built non-cryogenic fiber amplifier for the 1015nm fundamental
wavelength with a slope-efficiency of more than 35 % delivering up to
4W of pump limited output power. The fundamental wavelength is fre-
quency doubled twice to reach the cooling transition at 253.7 nm. The
challenging requirements meeting the natural linewidth of 1.27 MHz
are mastered by use of a ULE reference resonator.

After integrating a 2D-MOT as an atom source to the vacuum sys-
tem the first measurements of ultra-cold atoms with the new laser
system will be reported.

Q 53.21 Thu 17:00 P OGs
Diffusion of Single Atoms in Bath — eDANIEL ApaM, FARINA
KiINDERMANN, ToBias LauscH, DANIEL MAYER, FELIX SCHMIDT,
SteEvE HaupT, MicHAEL HoHMANN, NicOoLAS SPETHMANN, and AR-
TUR WIDERA — TU Kaiserslautern, Department of Physics, Kaiser-
slautern, Germany
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Diffusion is an essential phenomenon occurring in various systems such
as biological cells, traffic models or stock markets. While most systems
are well described by standard Brownian motion, anomalous diffusion
can lead to markedly different dynamical properties.

Experimentally, we study the diffusion of individual atoms illumi-
nated by near-resonant light and trapped in a periodic potential. All
relevant parameters such as damping coefficient and potential hight
can be controlled in order to realize different diffusive regimes.

We explore the amount of information contained in the Kramers
rate, i. e. the rate at which a diffusing atom can escape from a po-
tential well. Furthermore we exploit the excellent control over the
optical trapping potential and study the diffusion of the atom in a
time-varying periodic trap, complemented by numerical simulations of
the dynamics.

Q 53.22 Thu 17:00 P OGs
Kinetic Monte Carlo simulation of percolation in driven-
dissipative Rydberg gases — eSTEPHAN HELMRICH, PHILIPP FAB-
RITIUS, GRAHAM LOCHEAD, and SHANNON WHITLOCK — Physikalis-
ches Institut, Universitiat Heidelberg, Im Neuenheimer Feld 226, 69120
Heidelberg

Directed percolation is perhaps the most prominent example of a
unique class of phenomena which exhibit genuine non-equilibrium
phase transitions and non-trivial critical behaviour. We explore
whether highly tunable gases of ultracold atoms excited to long-range
interacting Rydberg states can serve as a clean experimental realisation
of percolation phenomena in two and three dimensions. The mecha-
nism investigated is the cooperative excitation of Rydberg atoms trig-
gered when the excitation laser is resonant for atoms within a charac-
teristic distance of another Rydberg atom (facilitated excitation). To
simulate the dynamics of this system we use a kinetic Monte Carlo al-
gorithm which is able to reproduce many of the experimental features
of laser excited Rydberg gases. We investigate the scaling behavior
for the fraction of Rydberg excitations (active sites) and their spa-
tial correlations, both at steady-state and following a sudden quench
from the inactive to the active phase. Based on these observations we
can address whether percolation can realistically be studied in driven-
dissipative systems of ultracold Rydberg atoms.

Q 53.23 Thu 17:00 P OGs
Simulation of many-body spin dynamics using Rydberg
atoms — eRENATO FERRACINI ALvES, MIGUEL FERREIRA-CAO,
V0LADISLAV GAVRYUSEV, SEBASTIAN GEIER, ANDRE SALZINGER, GER-
HARD ZURN, ADRIEN SIGNOLES, SHANNON WHITLOCK, and MATTHIAS
WEIDEMULLER — Physikalisches Institut, Universitdt Heidelberg, Im
Neuenheimer Feld 226, 69120 Heidelberg, Germany

Due to its long range interactions, ultracold Rydberg gases are a suit-
able platform for analog quantum simulation of many-body spin dy-
namics. This allows us to investigate, in a controlled environment,
physical phenomena related to practical but less tunable systems,
such as quantum magnetism in condensed matter materials. In our
experiment we realize these spin models, by mapping two strongly
interacting Rydberg states to two spin 1/2 states (|n,l) — ||) and
[n/, 1"y — |1)). We will present preliminary results of the character-
ization of this microwave-driven spin dynamics, through global vari-
ables, using a phase-controlled driving field. We measured a density-
dependent damping of the magnetization, that we attribute to inter-
actions, and observe that its dynamics cannot be fully explained by
mean field approximations. Techniques such as Ramsey interrogation,
spin locking and quantum state tomography, enabled by the phase
control of the driving field, are used to characterize this magnetization
dynamics in more detail.

Q 53.24 Thu 17:00 P OGs
Noise resistant coupling between Rydberg atoms and a su-
perconducting cavity via dipole-dipole interactions — e DANIEL
Viscor!, WIiLDAN ABpuUssaLaM!, Jo6zseF FoORTAGH?, ANTOINE
BrowaEYs®, THIERRY LaHAYE?, and THOMAS PoHL! — 1Max Planck
Institute for the Physics of Complex Systems, Nothnitzer Strafe 38,
01187 Dresden, Germany — 2Physikalisches Institut der Universitat
Tibingen, Auf der Morgenstelle 14, 72076 Tiibingen, Germany —
3Laboratoire Charles Fabry, Institut d’Optique, CNRS, Univ Paris
Sud 11, 2 Avenue Augustin Fresnel, F-91127 Palaiseau Cedex, France

We theoretically study the coherent exchange of a single photon be-
tween a superconducting microwave cavity and a lattice of strongly
interacting Rydberg atoms in the presence of local electric field fluctu-
ations plaguing the cavity surface. We show that despite the increased

sensitivity of Rydberg states to electric fields, the Rydberg dipole-
dipole interaction can be used to protect the system against the de-
phasing induced by the spurious fields. Using realistic noise models we
show that compared to the case with non-interacting atoms, our sys-
tem exhibits longer coherence lifetimes and larger retrieval efficiency
of the photon after storing into the atoms.

Q 53.25 Thu 17:00 P OGs
Ultra cold dipolar 23Na*’K molecules in Garching — FRAUKE
SEESSELBERG!, ¢ XIN-YU Luo!, NikoLAus W. BUCHHEIM!, ZHENKAI
Lu!, ImmanuEL Brocu!+2, and Curistorn Gonre! — Max-Planck-
Institut fiir Quantenoptik, Hans-Kopfermann-Str. 1, 85748 Garch-
ing, Germany — 2Ludwig-Maximilians-Universitét, Schellingstrafe 4,
80799 Miinchen, Germany

Ultracold quantum gases with long-range dipolar interactions promise
exciting new possibilities for quantum simulation of strongly interact-
ing many-body systems like fractional Mott insulators and supersolid
phases. Our experimental apparatus is capable of creating ultracold
mixtures of sodium and potassium. Recently we succeeded to pro-
duce ultracold 23Na?CK molecules in their rotational, vibrational and
electronic ground state.

We discuss the experimental apparatus and experimental steps
required to achieve this. In particular we investigate the Fesh-
bach molecules creation from the ultracold atomic sample using RF-
association near the 89G interspecies Feshbach resonance, efficient
ground state transfer to the rovibronic molecular ground state using
a stimulated Raman adiabatic passage employing the d3H(v =5J=
1,Q = 1) intermediate state which mixes with the DII electronic state
via spin orbit interaction and discuss the properties of the ground state
such as it’s lifetime and polarizability.
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Optical transport of ultracold atoms for the production of
groundstate RbYb — eToBiAs FRANZEN, BASTIAN POLLKLESENER,
FaBiaNn TURcK, RicHARDA NIEMANN, and AXEL GORLITZ — Institut
fiir Experimentalphysik, Heinrich-Heine-Universitat Diisseldorf

Ultracold dipolar molecules constitute a promising system for the in-
vestigation of topics like ultracold chemistry, novel interactions in
quantum gases, precision measurements and quantum information.

Here we report on a versatile transport apparatus for the production
of ultracold RbYb molecules. This setup constitutes an improvement
of our old apparatus, where the interactions in RbYb and possible
routes to molecule production have already been studied extensively
[1,2]. In the new setup a major goal is the efficient production of
ground state RbYb molecules.

‘We employ optical tweezers to transport individually cooled samples
of ultracold Rb and Yb from their separate production chambers to a
dedicated science chamber. Here we transfer the atoms to a crossed
dipole trap, where further evaporative cooling creates a starting point
for the exploration of interspecies interactions and pathways towards
ground state molecules.

[1] M. Borkowski et al., PRA 88, 052708 (2013)
[2] C. Bruni et al., PRA 94, 022503 (2016)
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Cavity-controlled chemical reactions of ultracold atoms —
Tosias KampscHuLTE!, LiMEI WaNnc!, eGuanaming Liul, AN-
pREAS KoOuN?, and Jouannes Hecker DenscuLac! — lInst. f.
Quantenmaterie, Universitdt Ulm — 2Inst. f. Theoretische Chemie,

Universitat Stuttgart

Ultracold molecules can be formed from ultracold atoms by photoasso-
ciation involving a spontaneous emission process, resulting in a number
of final states. Here we want to use strong coupling to an optical cavity
to selectively enhance the creation of a certain final state. During this
process, a photon will be emitted into the cavity mode which can be
detected. A collective enhancement of the effect would enable “super-
radiant chemistry”. Furthermore, we want to use the cavity for direct
optical detection of ultracold molecules.

In the experiment, we are implementing an optical microcavity into
an existing Rb BEC apparatus where Rba molecules can be produced
by magneto- and photoassociation.

The theoretical challenge lies in the precise calculation of molecu-
lar potential surfaces and optical transition moments, in particular for
trimers and more complex molecules.
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Optical formation of weakly-bound, fermionic 37Rb%7Sr
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molecules — eALEssio CiaMEI, VINCENT BARBE, BENJAMIN
Pasquiou, and FLorIAN ScHRECK — Institute of Physics, University
of Amsterdam, Amsterdam, The Netherlands

We are pursuing the creation of ultracold RbSr ground-state molecules.
In contrast to ultracold ground-state molecules created so far, RbSr
molecules do not only have a large electric dipole moment (1.5 Debye),
but also an unpaired electron. These properties give us a larger param-
eter space to tune interactions by applying electromagnetic fields, pro-
viding us with a path towards a quantum gas of ground-state molecules
and quantum simulation. We present the creation of a 3Sr-87Rb Mott
insulator, which is our starting point for molecule association using
the Sr 1Sy — 3Py transition. We find that only very weak optical
transitions to molecular states exist in this isotopic mixture, hinder-
ing us from coherently creating molecules. Using mass-scaling, our
spectroscopy data points to a promising molecule association path in
the 87Sr-37Rb mixture, which we indeed were recently able to find
experimentally. Finally, we present a scheme for the efficient and co-
herent creation of long-lived, ultracold Sra molecules, which exploits
a light-shift compensation method. Together, our spectroscopy data
for the 87Sr-37Rb mixture and our light-shift compensation technique,
identify a path towards weakly-bound 87Rb87Sr molecules.
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ATLIX - probing the wave nature of antiprotons — eSimoN
MULLER!, ANDREA DEMETRIO!, PIERRE LANSONNEUR?, PATRICK
NepeLEc?, and MARrkus K. OBERTHALER! — !Kirchhoff-Institut fiir
Physik, Im Neuenheimer Feld 227, 69120 Heidelberg, Germany —
2Institut de Physique Nucléaire de Lyon, CNRS/IN2P3, 69622 Villeur-

banne, France

The wave behavior of particles is a well accepted and experimentally
verified phenomenon. It has been shown for several different species,
ranging from electrons to very large organic molecules. Antimatter is
expected to show the same behaviour, but experiments on the topic
are still in progress. Here we present the current developments in the
ATLIX project (Antiproton Talbot-Lau Interferometry eXperiment)
where the defined goal is the realization of an antiproton interferome-
ter at the CERN Antiproton Decelerator facility (AD).

The interferometer consists of three material gratings with nano-
metric periodicity and is planned to be suitable for antiprotons with
energy up to 10 keV. A first prototype of the experiment is being car-
ried out in Heidelberg with protons and neutral hydrogen in the 500
eV - 2 keV range. The results of these preliminary experiments will be
presented.
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Realistic simulation of expansion dynamics of an ultracold
gas for atom interferometry — oSRIHARI SRINIVASAN and REIN-
HOLD WALSER — Institut fiir Angewandte Physik, TU Darmstadt,
Hochschulstrafle 4a, 64289 Darmstadt

The versatility of Bose-Einstein Condensates (BEC) in experiments
has given rise to an entire genre of topics ranging from quantum optics
and condensed matter physics to quantum simulators and sensors. The
QUANTUS collaboration [1] aims to use atom interferometry with an
ultracold 87Rb gas in a compact, rugged module that is either dropped
or catapulted inside a vacuum drop tower at ZARM in Bremen [2|. The
experiment aims to use atom interferometry in micro-gravity under free
fall to test Einstein’s Equivalence Principle.

Expansion dynamics of a BEC is well understood analytically [3].
Interferometric fringe contrast of an expanding BEC is strongly influ-
enced by the thermal component of the gas and anharmonicity of the
release trap. We aim to realistically simulate the expansion of a BEC
from the atom chip trap of QUANTUS-2 [1] by including elementary
excitations and also anharmonicities of the release trap. This is done
as part of a comprehensive simulation suite for a realistic atom inter-
ferometer being developed for comparison with experimental data.

[1] QUANTUS Collaboration:www.igo.uni-hannover.de/quantus

[2] T. van Zoest et al., Science, 328, 1540 (2010) and H. Miitinga et
al., Phys. Rev. Lett., 110, 093602 (2013).

[3] Yu Kagan et al., Phys. Rev. A, 54(3), R1753 (1996) and Y
Castin et al., Phys. Rev. Lett., 77(27), 5315 (1996).
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Cold quantum gases in adaptive scales — eJAN TESKE and REIN-
HoLD WALSER — Institut fiir Angwandte Physik, Technische Univer-
sitat Darmstadt, Hochschulstrafte 4A, Darmstadt, D-64289, Germany

The research field of the QUANTUS collaboration are ultracold quan-

tum gases in weightlessness. These experiments are performed at the
drop tower in Bremen (ZARM). During the free fall of several sec-
onds the released Bose-Einstein condensate reaches macroscopic sys-
tem sizes being used for precise measurements of accelerations and
rotations [1, 2].

For the analysis of the complex matter wave-optics setup, we have
developed a software package, Matter WaveSim, including classical ray
tracing, beam splitter and magnetic chip trap simulations. In the
present contribution we present appropriate numerical methods for
Bose-Einstein condensates. We introduce introduce adaptive scales [3]
for modelling finite temperature dynamics of an ultracold Bose gas.
In particular we study the long time expansion and delta kick cooling
with realistic magnetic chip traps.

[1] G. Nandi, R. Walser, E. Kajari, and W. P. Schleich. Dropping cold
quantum gases on earth over long times and large distances. Phys.
Rev. A, 76, 063617 (2007).

[2] H. Miintinga et al. Interferometry with Bose-Einstein Condensates
in Microgravity. Phys. Rev. Lett. 110, 093602 (2013).

[3] Y. Castin, R. Dum. Bose-Einstein Condensates in Time Dependent
Traps. Phys. Rev. Lett. 77 (1996).
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Superconducting coherent electron beam sources and a com-
pact matter wave interferometer for sensor applications —
eNicoLE KERKER, ANDREAS PoocH, GEORG ScHUTZ, MICHAEL SEI-
DLING, MoRITZ LAYER, NicoLAs SEITZ, and ALEXANDER STIBOR —
University of Tiibingen, Physical Institute, Quantum Electron - & Ion
- Interferometry

In interferometry significant developments of novel techniques where
made. They include coherent single atom tip field emitters or delay
line detectors with high spatial and temporal resolution which allows
correlation analysis. These techniques can be applied in electron in-
terferometry to construct sensors with high sensitivity for rotations or
the spectroscopy of vibrational and electromagnetic frequencies. The
realization of such a sensor requires a highly coherent and intensive
electron field emission source and a compact, robust and portable elec-
tron interferometer. Here, we present new developments towards these
goals. Increasing electron beam coherence by simultaneously remain-
ing a high intensity can in principle be achieved using niobium tips.
Niobium gets superconducting below a temperature of 9.2 K and it
has been demonstrated in the literature that the energy spread of the
emitted electrons in this regime decreases significantly. We show first
results in the preparation of such tips and the characterization of their
field emission behavior. We present the design and realization of a
compact and robust electron biprism interferometer. The setup can
potentially be applied to realize a portable interferometer to test the
coherent properties of novel beam emitters and for sensor applications.

Q 53.33 Thu 17:00 P OGs

Second-order correlation analysis for single particle in-
terferometry with applications in sensor technologies —
eRoBIN ROPKE!, ALEXANDER REMBoLD!, GEOrG ScuUTz!, AN-
pREAS GUNTHER?, and ALEXANDER STiBOR! — !University of Tiibin-
gen, Physical Institute, Quantum Electron - & Ion - Interferometry —

2University of Tiibingen, Physical Institute, Nano Atomoptics

The high phase sensitivity of single particle interferometers makes
them susceptible to dephasing perturbations such as mechanical vibra-
tions and electromagnetic oscillations. They can decrease the spatial
information and wash-out the interference pattern, leading to a loss
of contrast. This is a problem for precision phase measurements espe-
cially the perturbing environment can never be perfectly shielded. We
demonstrate a method to identify and correct multiple perturbation
frequencies with different amplitudes by using spatial and temporal
correlations. With a delay line detector we get the spatial and tem-
poral information in a high resolution. This allows a correlation data
analysis that significantly reduces the effects of dephasing and allows
the reconstruction of the original spatial fringe pattern. We provide
a full theoretical description based on second-order correlation theory
combined with Fourier analysis. The theory is applied on measure-
ment data from an electron interferometer that has been vibrationally
disturbed and electromagnetically dephased by multiple simultaneous
oscillations. We demonstrate that our method can extract unknown
perturbation frequencies from a washed-out interference pattern which
can be applied in sensor technology to analyze external frequencies.
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Trade-off of atomic sources for extended-time atom interfer-
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ometry — oSINA LoORIANI, DENNIS SCHLIPPERT, CHRISTIAN SCHU- on the sounding rocket mission MAIUS-I — eANDRE
BERT, ERNST MARIA RAsEL, and NACEUR GAAaLouL — Leibniz Uni- WeNzLawski!, Kar  LampMann!, Moritz Mium!, ORrwiN

versity of Hanover, Germany

Proposals for atom-interferometry based sensors designed to detect
gravitational waves or testing the universality of free fall assume
unprecedented sensitivity for long interferometry times [Hogan et
al., Phys. Rev. A 94, 033632, (2016)]. These long drift times
of several seconds can be achieved by operation in microgravity
and by using phase-space-manipulation techniqes like the delta-kick-
collimation(DKC), which drastically reduces the expansion rate of
atomic samples [Miintinga, et al. Phys. Rev. Lett. 110, 093602
(2013), T. Kovachy et al., Phys. Rev. Lett. 114, 143004 (2015)].
We present a set of theoretical models that treat the impact of colli-
sions and mean-field on the performance of the kick and compare the
efficiency of the collimation for all possible temperature and density
regimes. The theoretical study covers commonly used alkaline and
alkaline-earth-like ensembles of atoms (Rb, Sr, Yb, etc.). The figure
of merit is the size of the ensemble when being lensed as the atomic
lenses are subject to aberrations depending on the spatial extent of
the cloud and the potentials being used. The analysis shows a clear
advantage when using condensed ensembles.
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Theoretical study of Bose-Einstein condensates in optical lat-
tices towards large momentum transfer atom interferome-
ters — eJan-Nicras Siemss!, ErnsT Maria Raser?, KLEMENS
HaMMERER!, and NACEUR GaaLour? — lInstitut fiir Theoretische
Physik, Leibniz Universitit Hannover, Germany — 2Institut fiir Quan-

tenoptik, Leibniz Universitdt Hannover, Germany

Highly sensitive atom interferometers require the two interferometer
arms to enclose a large area in spacetime.

In parallel to the implementation of large interrogation times in
microgravity [1] and fountains [2], a larger spatial separation with large
momentum transfer (LMT) enhances the sensitivity of atomic sensors.
A promising method to realize these novel schemes is to combine Bragg
pulses and Bloch oscillations in optical lattices to coherently split and
recombine the atomic wave packets. However, the finite momentum
width of the atomic ensemble or the damping of Bloch oscillations due
to tunneling constrain the fidelity of the LMT.

We theoretically analyze the coherent acceleration of BECs in 1D op-
tical lattices to understand and optimize pioneering experiments per-
formed in the QUANTUS collaboration. To this end, a 1D-reduced
Gross-Pitaevskii model|3] is adapted to interpret and propose realistic
novel LMT schemes.

[1] H. Muentinga et al. Phys. Rev. Lett. 110, 093602 (2013)

[2] S. M. Dickerson et al. Phys. Rev. Lett. 111, 083001 (2013)

[3] L. Salasnich et al. Phys. Rev. A 66, 043613 (2002)
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Fast BEC transport with atoms chips for inertial sensing —
eRoBIN CoRGIER!, SIRINE AMRI?, ERic CHARRON?, ERNST MARIA
RaskL!, and Naceur Gaarour! — !Leibniz University of Hanover,
Germany — 2Université Paris-Sud, France

Recent proposals in the field of fundamental tests of foundations of
physics assume Bose-Einstein condensates (BEC) as sources of atom
interferometry sensors. Atom chip devices have allowed to build trans-
portable BEC machines with high repetition rates as demonstrated
in the QUANTUS project. The proximity of the atoms to the chip
surface is, however, limiting the optical access and the available inter-
ferometry time necessary for precision measurements. In this context,
a fast and perturbation-free transport of the atoms is required. Short-
cuts to adiabaticity protocols were proposed and allow in principle
to implement such sequences with well defined boundary conditions.
In this theoretical study, one can engineer suitable protocols to move
atomic ensembles trapped at the vicinity of an atom chip by tuning
the values of the realistic chip currents and external magnetic fields.
Experimentally applicable trajectories of the atomic trap optimizing
the transport time and reducing detrimental effects due to the offset of
atoms positions from the trap center are found using a reverse engineer-
ing method. We generalize the method in order to optimize the size
evolution and the center of a BEC wave packet in phase space. This
allows an efficient delta-kick collimation to the pK level as observed
in the Quantus 2 experiment. With such low expansion rates, atom
interferometry experiments with seconds of drift time are possible.
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Optical systems for BEC-based atom interferometry

Heromic?, Kraus SENGSTOCK2, PATRICK WINDPASSINGER!, and

THE MAIUS TEAMD2:3:45:6 — 1nstitut fiir Physik, JGU Mainz —
2Institut fiir Laserpyhsik, U Hamburg — 3Institut fiir Quantenoptik,
LU Hannover — *ZARM, Bremen — 5Institut fiir Physik, HU Berlin
— SFBH, Berlin

Atom interferometry in space is gaining ever-increasing interest be-
cause of the accessible interrogation times exceeding what is possible on
ground by orders of magnitude and thus allowing unprecedented sensi-
tivities. This may enable more precise tests in fundamental physics like
a test of the equivalence principle or detection of gravitational waves.
As a first step towards realizing atom interferometry based precision
measurements in space, the sounding rocket MAIUS-I was launched
this winter from northern swedish Esrange demonstrating the techno-
logical and scientific feasibility of these kind of experiments.

Here we will present the optical system for the MAIUS-I experiment,
used to cool and manipulate an ensemble of 87Rb atoms as well as
the scheme for autonomous frequency stabilization of the lasers with
respect to a hyperfine transition of 8°Rb.

The MAIUS project is supported by the German Space Agency DLR
with funds provided by the Federal Ministry for Economic Affairs and
Energy (BMWi) under grant numbers 50WM1131-1137.
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Matterwave Sagnac interferometer using state dependent

guiding of atoms in a ring trap. — eFaABIO GENTILE, THOMAS
Bisnopr, JaMmIiE JoHNsON, MaARrRk Bason, SINDHU JaMMY, TADAs
Pyracius, Hans MARIN FLoOREz, and THoMAs FErNHOLZ — The

University of Nottingham - NG7 2RD - UK

We present an experimental procedure for the implementation af a
matterwave rotation sensor. Recently many progresses have been
achieved in atom-based Sagnac interferometry, such as improved sensi-
tivity and elimination of dead times [1]|. Differently from other experi-
ments, in our scheme atoms are confined during all the interferometric
sequence [2]. Instead of making use of free wave propagation, atomic
clouds are steered around a ring trap in a controlled fashion [3,4]. This
particular feature opens possibilities for miniaturization of the experi-
mental apparatus towards the realization of compact devices.

[1] PhysRevLett.116.183003(5) (2016) [2] Proc. SPIE 9900, Quan-
tum Optics, 990007 [3] PhysRevLett.115.163001(6) (2015) [4] Phys-
RevA.75.063406(6) (2007)
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Atom Interferometry in Space — eMaIKE D. Lacumann!, DEN-
nis BEcker!, STepHAN T. SEIDEL!, ERNsT M. RaAseL!, WoLrcanag
ErTMER!, and CoLLaBoRATION QUANTUS2 — lnstitut fiir Quan-
tenoptik, Leibniz Universitdt Hannover, Welfengarten 1, 30167 Han-
nover — 2LUH, JGU, UHH, FBH, HUB, ZARM, UULM, TUDA, DLR

Atom interferometry with Bose-Einstein condensates (BEC) in space is
a promising approach towards a precise test of the equivalence princi-
ple. As a first step atom interferometers utilizing sounding rockets are
currently being built within the QUANTUS collaboration. With the
first rocket mission MAIUS-1 we plan to create BECs and to demon-
strate light-pulse atom interferometry in space for the first time.

The presented apparatus uses Rubidium-87 atoms and can create
BECs of 10° atoms within two seconds. Thanks to this high repetition
rate we can perform more than 70 experiments during the six minutes
of microgravity. They will adress different aspects of atom interferome-
try ranging from state preparation, observation of the phase transition
to Stern-Gerlach type experiments and analysis of the coherence of a
BEC after long free evolution times using magnetic lensing and atom
interferometers.

Due to the high constraints of the rocket the payload is optimized in
respect to volume, mass and low power consumption. The apparatus
was qualified for the flight using vibrational tests and the launch is
scheduled for the end of 2016.

On the poster the setup and the results of the MAIUS-1 flight will
be presented.
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Ultra-stable laser for a magnesium lattice clock — eSTEFFEN
SAUER, STEFFEN RUHMANN, DoMINKA FiMm, KLAus Z1PFEL, NANDAN
JHA, WALDEMAR FRIESEN, P1A KooPMANN, WOLFGANG ERTMER, and
ErnsT M. RaserL — Institut fiir Quantenoptik, Leibniz Universitat
Hannover, Deutschland
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One of the key elements for an optical frequency standard are ultra-
stable lasers for probing narrow optical transitions. At IQ in Hanover,
we are working towards development of an optical lattice clock based
on bosonic magnesium [1]. In such clocks the atoms are trapped in op-
tical lattices enabling Doppler- and recoil-free spectroscopy. This sets
stringent requirements on the short term stability of the clock lasers
performing the spectroscopy.

We report on the progress and performance of our ultra-stable laser
system and its distribution to the interrogation chamber. The laser sys-
tem interrogating the clock transition consists of a diode laser system
at 916 nm stabilized to a high finesse cavity isolated from environmen-
tal perturbations. The light is transmitted via a 30 m long fiber to a
second-harmonic generator (SHG) and frequency doubled to the clock
transition wavelength at 458 nm. To suppress the frequency fluctua-
tions induced by this 30 m long fiber, we have implemented an active
fiber length stabilization system. Afterwards frequency doubled light
is fed via another stabilized fiber to the atoms. Following various im-
provements we achieve an instability of 4 x 10716 in 1s for the laser
itself, which is close to the calculated thermal noise floor level.

[1] Kulosa et al., Phys. Rev. Lett. 115, 240801 (2015)
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Collective effects in driving the 22°Th nuclear transition —
eBRENDEN S. NICcKERSON and ADRIANA PALFFY — Max-Planck-
Institut fiir Kernphysik, Heidelberg, Germany

The high accuracy of atomic clocks lies behind the success of the Global
Positioning System, which requires synchronization of orbiting satel-
lites for triangulation. More precise clocks are desirable for challenging
Einstein’s theory of general relativity or for Earth-observation satellites
tracking the sea level, and would generally allow to push the bounds
of observable physics. The unique lowest transition in the 229Th nu-
cleus with frequency in the vacuum ultraviolet (VUV) range and very
narrow linewidth promises enhanced precision and amazing stability
[1]. This level is a nuclear isomeric state at approx. 7.8 eV that can
be reached by VUV lasers. A very exact measurement of the isomeric
transition energy has been elusive, with the first confirmation of the
level decay coming only recently [2].

Here we investigate the possibility to exploit collective effects in or-
der to design a more sensitive nuclear excitation scheme in the process
of scattering of light through a Th-doped crystal. The crystalline envi-
ronment enforces the Mdssbauer regime, allowing for recoil-free emis-
sion and absorption and collective behaviour [3]. By taking advantage
of such effects we aim to resolve not only the transition energy but
provide a clear signature of the excitation.

[1] W. G. Rellergert et al., Phys. Rev. Lett. 104, 200802 (2010).

[2] L. von der Wense et al., Nature 533, 47-51 (2016).

[3] W.-T. Liao et al., Phys. Rev. Lett. 109, 262502 (2012).
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Realization of magnesium optical lattice clock — eNANDAN
Jua, Dowminika Fiv, Kraus ZIPFEL, STEFFEN RUHMANN, STEF-
FEN SAUER, WALDEMAR FRIESEN, WoOLFGANG ERTMER, and ERNST
RaseL — Institut fiir Quantenoptik, Leibniz Universitdt Hannover,
Welfengarten-1, 30167 Hannover, Germany

Optical lattice clocks have already reached performance levels better
than the best Cs fountain clocks. Magnesium with a high-Q 'Sg
— 3P, optical transition and a small black body radiation shift is a
promising candidate for an optical frequency standard. We present
the progress towards the realization of such an optical lattice clock
on the dipole forbidden 'Sy — 3Py transition of bosonic 2*Mg. The
precision of our previous spectroscopy measurements of the 1S5 —
3Py clock transition [1] was limited by the line broadening (order of
10’s of kHz) due to tunneling in the relatively shallow optical lattice,
and spatial inhomogeneity of the magnetic field used to induce mixing
between 3Py and 3P; states. We overcome these limitations by going
to deeper lattice potential and hence reducing the atomic tunneling
between the lattice sites. Further improvements in magnetic field sta-
bility and clock laser frequency distribution have allowed us to reduce
the linewidth of the clock transition to around 100 Hz. This higher
Q-factor enables a more precise measurement of the magic wavelength
and the other systematic shifts.

[1] A. Kulosa et al., Phys. Rev. Lett. 115, 240801 (2015).
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Towards cavity enhanced magnetometry based on the in-
frared transition of NV centers in diamond — HiMADRI

CHATTERJEE!, e ANDREW EDMONDS2, ALEXANDER BoMMER!, BEN-
JaMIN KawmBs!, and Curistopn BecHER! — !Universitit des Saar-
landes, Fakultat NT, Fachrichtung-Physik, Campus E2.6, 66123 Saar-
briicken — 2Element Six Ltd., Global Innovation Centre, Fermi Av-
enue, Harwell Oxford, Didcot OX11 0QR, UK

In recent years the nitrogen vacancy (NV) centers in diamond became
a prime candidate for sensing applications. It can work e.g. as a sensor
of electric and magnetic fields, pressure and temperature. The com-
monly used technique for sensing purposes is Optically Detected Mag-
netic Resonance (ODMR), which uses the red fluorescent light from the
NV centers. The challenge in such a method is the low collection effi-
ciency of fluorescence due to high refractive index of diamond, which
traps most of the red fluorescence light inside the diamond sample
by total internal reflection. Improving sensitivity thus requires im-
provement of the detection of spin selective fluorescence from the NV
centers. To circumvent this problem and to achieve higher sensitivity
alternative approach is to use the optical absorption of the infrared
transition (1042 nm) in the singlet spin sates of the NV centers. At
room temperature the homogeneous broadening of the infrared reso-
nance reduces the absorption of an infrared probe laser. In this work
we present work towards using a monolithic cavity to enhance the IR
absorption in order to achieve highly sensitive magnetometer operation
at room temperature.

Q 53.44 Thu 17:00 P OGs
Automatization of a spaceborne iodine frequency ref-
erence based on a diode laser at 1064nm — eFRrRANZ
Gurscu!, KLaus DORINGSHOFF!, VLADIMIR SCHKOLNIK!2, MARKUS
Krutzik!, AcaiM PeTERs!2, and THE JOKARUS Tram!2:3:4,5,6
— lInstitut fiir Physik, Humboldt-Universitit zu Berlin — 2FBH,
Berlin — 3ZARM U Bremen — 4DLR Bremen — 5JGU Mainz —
6Menlo Systems GmbH

Spaceborne laser-based frequency references can deliver high accuracy
and stability needed to further explore the foundational principles of
General Relativity in future experiments, such as tests of the gravita-
tional redshift or gravitational wave astronomy (e.g. eLISA).

We present a compact frequency reference based on Doppler-free
MTS of molecular iodine at 532 nm, which is optimized for autonomous
operation onboard a TEXUS sounding rocket starting fall 2017. Uti-
lizing an externally frequency-doubled ECDL MOPA system, the
JOKARUS mission poses new challenges on the automatization and
reliable operation in harsh environments as well as providing a proof
of concept for spaceborne operation. In this poster, we focus on sys-
tem control and autonomy concepts as well as their possible merit for
controlling similar optical clock setups.

This work is supported by the German Space Agency DLR with
funds provided by the Federal Ministry for Economic Affairs and En-
ergy under grant number DLR 50WM 1646.
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Near-field microwave control of trapped ions for scal-
able quantum simulation and quantum information process-
ing — eG. ZaraNTONELLOY:2, H. Haun'2, S. GRONDKOWSKI},
T. DusieLzic!, F. Upe!, M. WaunscHAFFE?!, A. BAUTISTA-
Sawapor?!, and C. OspeELKaus!?2 — lInstitut fiir Quantenoptik,
Leibniz Universitdt Hannover, Welfengarten 1, 30167 Hannover —
2PTB, Bundesallee 100, 38116 Braunschweig

Recent experiments have shown promising approaches to quantum sim-
ulation and information processing with trapped ions using microwave
fields rather than the commonly used focused laser beams. In one
approach [1], the ion’s internal states are coupled to motional states
by means of microwave near-field gradients [2]. Here, we integrate a
single conductor in a surface-electrode trap to generate the required
near-field gradient [3]. We present finite element simulations of the
magnetic field and show agreement with experimental results at the
sub-micron and few-degree level within an intuitive field model [4]. We
show the current experimental setup, present an enhanced, multi-layer
ion trap and corresponding field simulations with improved near-field
characteristics. We also discuss a new vacuum system with built-in
ArT bombardment for surface electrode cleaning to suppress motional
heating.

[1] C. Ospelkaus et al., Nature 476, 181 (2011).

[2] C. Ospelkaus et al., Phys. Rev. Lett. 101, 090502 (2008).

[3] M. Carsjens et al., Appl. Phys. B 114, 243 (2014).

[4] M. Wahnschaffe et al., arXiv:1601.06460v2 [quant-ph] (2016).
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Anticoherence measures for spin states — eDoORIAN BAGUETTE
and JoHN MARTIN — Institut de Physique Nucléaire, Atomique et de
Spectroscopie, CESAM, Université de Liége, Bat. B15, B - 4000 Lieége,
Belgium

Among all possible spin states, spin-coherent states are the most clas-
sical because the spin expectation value in these states yields a vector
of maximal norm pointing in a well defined direction n. In contrast,
anticoherent spin states to order t are such that ((J - n)*) is indepen-
dent of the unit vector n for k = 1,...,¢ [1]. By construction, coherent
and anticoherent spin states are at both ends of the spectrum of clas-
sicality. The aim of this work is to position all possible spin states on
such a spectrum, that is to provide measures of anticoherence. To this
aim, we introduce an axiomatic definition of anticoherence measures
to any order ¢t. In particular, we show that the total variance of a pure
spin state, first introduced in [2]|, can be used to define a measure of
anticoherence to order 1. We describe a systematic way of construct-
ing anticoherence measures to any order that relies on the mapping
between spin-j states and symmetric states of 25 spin-1/2. In partic-
ular, we exploit the fact that anticoherent spin states to order t have
maximally mixed ¢-spin-1/2 reduced density matrices in the symmetric
subspace [3].

[1] J. Zimba, Electron. J. Theor. Phys. 3, 143 (2006). [2] A. A. Kly-
achko, B. Oztop, and A. S. Shumovsky, Phys. Rev. A 75, 032315
(2007). [3] D. Baguette, T. Bastin, and J. Martin, Phys. Rev. A 90,
032314 (2014).
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Exact zeros of entanglement for arbitrary rank-two mix-
tures derived from a geometric view of the zero polytope —
e ANDREAS OsTERLOH — Universitdt Duisburg-Essen, Lotharstrasse
1, 47048 Duisburg

Here I present a method how intersections of a certain density matrix
of rank two with the zero-polytope can be calculated exactly. This is a
purely geometrical procedure which thereby is applicable to obtaining
the zeros of SL- and SU-invariant entanglement measures of arbitrary
polynomial degree. I explain this method in detail for a recently un-
solved problem. In particular, I show how a three-dimensional view,
namely in terms of the Boch-sphere analogy, solves this problem imme-
diately. To this end, I determine the zero-polytope of the three-tangle,
which is an exact result up to computer accuracy, and calculate up-
per bounds to its convex roof which are below the linearized upper
bound. The zeros of the three-tangle (in this case) induced by the
zero-polytope (zero-simplex) are exact values. I apply this procedure
to a superposition of the four qubit GHZ- and W-state. It can how-
ever be applied to every case one has under consideration, including
an arbitrary polynomial convex-roof measure of entanglement and for
arbitrary local dimension.
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Continuous-variable quantum teleportation can enhance
probabilistic discrete-variable quantum gates — eFaBiaNn Ew-
ERT and PETER vaN Loock — Johannes Gutenberg-Universitiat Mainz

We propose a linear optical generalization of the probabilistic nonlin-
ear sign-shift gate, presented by KLM [Nature 409, 46-52 (2001)] that
approximates a strong self-kerr interaction up to the d-photon Fock
state. Applying this highly probabilistic gate to the resource state of a
continuous-variable quantum teleportation and replacing the standard
correcting operation, i.e. a displacement, by a nonlinear displacement
yields a nonlinear sign-shift gate on the input mode of the teleportation
setup. By choosing d large enough and conditioning the teleportation
accordingly, the success probability of this gate can be pushed above
the 25% limit of the KLM gate while maintaining a near-unit fidelity.
This can also be used to implement a controlled-SIGN gate with a
probability higher than the current linear-optics maximum of 2/27.
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Long-range Rydberg-blockade entangling gate mediated by
auxiliary atoms — eALEXANDRE CEsA and JOHN MARTIN — In-
stitut de Physique Nucléaire, Atomique et de Spectroscopie, CESAM,
Université de Liége, Bat. B15, B - 4000 Liége, Belgium.
Arrays of qubits encoded in the ground state manifold of trapped neu-
tral atoms appear as a promising platform for the realisation of a
scalable quantum computer. Indeed, such physical qubits have a long
coherence time and allow for high-fidelity single-qubit operations [1].
In such a platform, entangling two-qubit gates can be implemented by
exploiting the Rydberg-blockade mechanism to produce a phase shift or

a flip of the state of a target atom conditioned on the state of a control
atom [2|. However, because dipole-dipole interactions fall off rapidly
with the interatomic distance, such entangling gates based on Rydberg-
blockade are impractical between distant qubits. In this work, we pro-
pose a protocol to implement long-range Rydberg-blockade gates (CZ
or CNot) using auxillary non-coding atoms to transfer the Rydberg
excitation from the control to the target qubit. The dependence of the
fidelity on the number of auxillary atoms, the blockade strength and
the decay rates of the Rydberg states are determined. When compared
to a sequential application of nearest neighbours entangling gates, our
protocol leads to a larger fidelity and a reduction of the overall gate
duration (which scales linearly with the number of auxillary atoms).
[1] M. Saffman, J. Phys. B: At. Mol. Opt. Phys. 49, 202001 (2016).
[2] D. Jaksch, J. I. Cirac, P. Zoller, S. L. Rolston, R. Cété, and M. D.
Lukin, Phys. Rev. Lett. 85, 2208 (2000).
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Entangling atoms over a large distance — ¢ ROBERT GARTHOFF!,
DaNiEL BUrRcHARDT!, KAl REDEKER!, NORBERT ORTEGEL!, WEN-
JAMIN RoseNFELDY2 and HaraLD WEINFURTER!? — lLudwig-
Maximilians-Universitét, Miinchen — 2Max-Planck-Institut fiir Quan-

tenoptik, Garching

Entanglement between widely separated quantum systems is a key re-
source in various quantum communication protocols. These include
the recently performed conclusive tests of Bell’s inequality [1], quan-
tum repeaters and device-independent quantum key distribution.

We present the experimental details on our system of two single
Rb-87 atoms trapped in laboratories separated by a distance of 400
meters. Starting with atom-photon entanglement we employ the en-
tanglement swapping protocol to generate heralded entanglement be-
tween the atoms. We discuss the issues of coherence time, long-term
stability, quality of two-photon interference, and atomic state fidelity
which are critical for using this system as a testing platform for a
quantum repeater or device-independent protocols.

[1] arXiv:1611.04604 [quant-ph)]
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Quantum Receivers for Coherent Communication — eSouRrav
CuATTERIEE!23, CHRIsTIAN R. MULLERD2, GERD LEUcHs!2, and
CHRISTOPH MARQUARDT!2 — IMPI for the Science of Light, Erlan-
gen, Germany — 2Department of Physics, FAU, Erlangen, Germany
— 3School in Advanced Optical Technologies, Erlangen, Germany
The impossibility of perfectly discriminating non-orthogonal states is
vital for quantum key-distribution. In classical communication, how-
ever, it imposes strict constraints on the channel capacity. Along with
the technological progress, the average optical power per symbol has
been continuously decreasing and conventional receiver designs are ap-
proaching their sensitivity limit - the standard quantum limit (SQL).
Quantum mechanics allows for a much lower error probability com-
pared to SQL, the Helstrom bound. Optimal and near-optimal strate-
gies have been experimentally demonstrated for binary phase-shift key-
ing (PSK) [1]. For quadrature PSK, a hybrid receiver, based on a com-
bination of homodyne- and single photon detection, was demonstrated
to outperform the SQL for any signal power [2]. Moreover, a feedback
supplemented strategy with photon number resolution technology was
proposed [3], and research is in progress to realize it experimentally
using FPGAs for real-time feedback. We review the recent progress
on quantum receivers and compare different strategies on performance
and robustness against technical imperfections.

[1] C. Wittmann et al., Phys. Rev. Lett. 101, 210501 (2008)

[2] C. R. Miiller et al., New J. Phys. 14, 083009 (2012)

[3] C. R. Miiller et al., New J. Phys. 17, 032003 (2015)
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Integration of a high-speed continuous-variable quantum ran-
dom number generator — IMrRAN KHANY2, CHRISTOPH PACHER?,
eJonas PubpeLko!?2, MowmTcHIL PEEv?, BERNHARD SCHRENKS,
WINFRIED BOXLEITNER®, EDWIN QUERASSER®, CHRISTOPH VARGAS,
PuiLiPP  GRABENWEGER3, CHRISTOPH MARQUARDT!2, and GERD
Leucnus?2:% — IMax Planck Institute for the Science of Light, Staudt-
strae 2, 91058 Erlangen, Germany — 2Institut of Optics, Information
and Photonics, Friedrich-Alexander University Erlangen-Nuremberg
(FAU), Staudtstr. 7/B2, 91058 Erlangen, Germany — 3AIT Austrian
Institute of Technology, Donau-City-Strasse 1, 1220 Vienna, Austria —
4Huawei Technologies Duesseldorf GmbH, German Research Center,
Riesstrasse 25, 80992 Miinchen — 5Department of Physics, University

of Ottawa, 25 Templeton, Ottawa, ON, Canada
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Random numbers play an essential role in many applications, such
as quantum key distribution, simulations and classical cryptography.
In this work, we discuss the photonic and electronic integration of a
quantum random number generator (QRNG) based on measurements
on the quantum mechanical vacuum state. The experimental setup
is based on an InP photonic integrated circuit, containing all required
components on a 4 x 4.6 mm chip. This could give access to a portable
and reliable QRNG potentially achieving rates in the GHz regime.
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Generating entanglement between a trapped ion and the
time-bin of a photon — eKonsTanTIN FrIEBE!, MoonJjoo LEg!,

Dario A. Fiorerro!, MArRkUS TELLER!, KLEMENS ScHUPPERT!,

FLoriaN R. Onc!, Pierre JoBEz!, FLoriaN KranzL!, RAINER
Brarr!h?, and Tracy E. Norruup! — llnstitut fiir Experimental-
physik, Universitit Innsbruck, Innsbruck, Osterreich — 2Institut fiir
Quantenoptik und Quanteninformation, Innsbruck, Innsbruck, Oster-

reich

While small-scale quantum computers, e.g., based on trapped ions,
are already in existence, scaling up to larger numbers of qubits proves
technically challenging. One possible solution to this problem is a dis-
tributed quantum computer, consisting of several small-scale quantum
computers, linked together in a quantum network. Such linking of
separate quantum nodes is also a requirement for building quantum
repeaters for long-distance quantum communication.

Here, we describe the current status of our quantum node at the
Universitat Innsbruck: we report on the implementation of a laser
beam for addressing single ions in a crystal of multiple trapped ions,
and describe a protocol and its implementation for the generation of
entanglement between the electronic state of one trapped ion and the
time-bin degree of freedom of a single photon. This protocol is an
alternative to the more standard encoding of quantum information in
the polarization degree of freedom of photons and can thus be used for
systems in which well-defined photon polarization can not be achieved.
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Silicon-Vacancy Color Centers in Diamond at Millikelvin
Temperatures — e ALEXANDER STAHL!, Max HeTTrIcH!, MATH-
1as MEetrscu?, MicHAEL Kern?, Lacuian J. Rocers?, FEDOR
JELEzKO2, and FERDINAND ScHMIDT-KALER! — 1WA Quantum, Jo-
hannes Gutenberg - Universitit Mainz — 2Institut fiir Quantenoptik,
Universitat Ulm

Color centers in diamond represent excellent qubits without the need
for ultrahigh vacuum and complex lasersystems|1,2]. In particular,
silicon-vacancy color centers feature very narrow optical transitions
due to the conservation of the diamond crystal’s inversion symmetry.
This makes them excellent sources for indistinguishable photons, which
can be used for entanglement distribution. However, the phonon-
induced dynamic Jahn-Teller effect severely limits the ground-state
spin coherence time to about 35 ns[3,4]. We are setting up an appa-
ratus featuring a dilution refrigerator, which is able to cool a diamond
sample together with a single-site resolving confocal microscope to
Millikelvin temperatures, which is expected to increase that coherence
time by several orders of magnitude. Possibilities for future extensions
include photonic structures of the diamond around the color center for
enhanced coupling and CQED applications.

[1] D. D. Awschalom et al., Science 339, 1174 (2013

[2] F. Jelezko et al., Phys. Rev. Lett. 92, 076401 (2004)

[3] L. J. Rogers et al., Phys. Rev. Lett. 113, 263602 (2014)

[4] B. Pingault et al., Phys. Rev. Lett. 113, 263601 (2014)
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Generation and evaluation of entangled multipartite nu-
clear spin states — eSTEFAN JESENSKI, SEBASTIAN ZAISER, JO-
HANNES GREINER, PHILIPP NEUMANN, DURGA Dasari, and JORG
WRrACHTRUP — 3rd Institute of Physics, University of Stuttgart, Pfaf-
fenwaldring 57, 70569 Stuttgart, Germany

Multipartite entangled states are key for many quantum information
protocols. Generation of these states and their protection against var-
ious noise sources is quintessential for successful quantum computing
and sensing applications. Here we discuss the generation and mini-
mally invasive characterization of multipartite entangled nuclear spin
states coupled to a single Nitrogen-Vacancy center (NV) in diamond.
At low temperatures, resonant optical excitation of the NV becomes
possible allowing for high fidelity projective spin readout and spin ini-
tialization. In combination with spin-lifetimes many orders of magni-
tude higher compared to ambient conditions, generation of multipar-

tite entangled states becomes plausible by optical methods possibly
assisted by microwave fields. We present a scheme and evaluate the
fidelities involved in optimal generation and measurement of five qubit
entangled states for realistic parameters.
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Towards the realisation of an atom trap in the evanescent field
of a microresonator — eLUKE MAsTERS, ELisa WiLL, MICHAEL
ScHEUCHER, ADpELE Hirico, JORGEN VoLz, and ARNO RAUSCHEN-
BEUTEL — VCQ, Atominstitut, TU Wien, 1020 Vienna, Austria

Whispering-gallery-mode (WGM) resonators guide light by total in-
ternal reflection and provide ultra-high optical quality factors in com-
bination with a small optical mode volume. Coupling a single atom to
the evanescent field of a WGM microresonator thus allows one to reach
the strong coupling regime [1]. Furthermore, such resonators provide
chiral light-matter coupling which can be employed for realising novel
quantum protocols [2] as well as nonreciprocal quantum devices [3].
However, trapping atoms in the evanescent field of such resonators has
not yet been demonstrated, which severely limits the atom-resonator
interaction time. We aim to trap single 85Rb atoms in the vicinity of
a bottle-microresonator - a highly prolate type of WGM resonator. A
standing wave optical dipole trap is created by retroreflecting a tightly
focussed beam on the BMR surface (method similar to [4]). In order
to load atoms into the trap, we employ an FPGA-based electronics
which allows us to react in 150 ns to an atom arriving in the resonator
field and thus to switch on the dipole trap. We will present first char-
acterizations of our trap.

[1] C. Junge et al. Phys. Rev. Lett. 110, 213604 (2013),

[2] I. Shomroni et al. Science 345, 903 (2014),

[3] M. Scheucher et al. arXiv:1609.02492v1,

[4] J. D. Thompson et al. Science 340, 1202 (2013).
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Fabrication of micro resonator mirrors using CO2 laser —
eMax DEisBOCK, STEFAN HAUSSLER, ANDREA Kurz, Riccarpo
CrpoLLETTI, and ALEXANDER KUBANEK — Institute for Quantum Op-
tics, Ulm University, D-89081 Ulm, Germany

Cavity QED is a highly innovative and fast growing field. It investi-
gates the interaction between optical transitions of single atoms and
light within an optical resonator. In former times this would just have
been a textbook example. In the meantime there was tremendous tech-
nological progress e.g. in stabilizing cavities, producing mirrors with
the required quality and control of atomic systems, so that the exam-
ple becomes reality. In order to reach cavity QED regime the coupling
rate g needs to be optimized. Therefore either the mode volume V has
to be kept small or the quality factor @ has to be large.

Production of resonator mirrors faces many challenges in order to
achieve high quality. This includes the control of inhomogeneities,
impurities and surface roughness.

Here, we want to achieve small V' for high finesse cavities. Therefore,
we need good surface quality and high radius of curvature (ROC). We
want to realize the goal using a CO2 laser that is tightly focused. We
aim to create structures with ROC fundamentally limited by CO2 laser
wavelength.
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Strong coupling between nanofiber-trapped atoms and
fully fiber-integrated Fabry-Perot microresonator — eMARTIN
BraHA, SARAH M. SkofF, and ARNO RAUSCHENBEUTEL — Vienna
University of Technology, Stadionallee 2, A-1020 Vienna, Austria

For building key components of optical quantum networks, such as
quantum memories, an efficient interaction between light and suitable
quantum emitters is required. Moreover, the latter is a prerequisite
for establishing interactions between individual photons by means of
an optical nonlinearity.

In order to realize such an efficient light-matter interface, we plan to
couple cold Cesium atoms to a fully fiber-integrated high-Q microres-
onator. The backbone of this experiment is a tapered optical fiber
containing a sub-wavelength diameter waist. Using a two-color opti-
cal dipole trap, we interface an ensemble of laser-cooled atoms via the
nanofiber waist, which is enclosed by two fiber Bragg gratings. They
form a high-Q resonator for the D2 line of Cesium, while transmitting
the trapping light.

This scheme combines cavity enhancement and collective coupling
in a single system and thus allows one to reach a very large collec-
tive light-matter coupling strength, required to implement, e.g. an
inherently fiber-coupled quantum memory. Further, we aim to use the
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strong coupling between the atoms and the light to observe cross-phase
modulation of a probe pulse by the intensity of a signal pulse. This
photon-photon interaction would then be a key ingredient for optical
quantum information processing.
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Quantum simulators for open quantum systems using quan-
tum Zeno dynamics — eSABRINA ParscH and CHRISTIANE P.
Kocu — Universitat Kassel, Deutschland

A watched quantum arrow does not move. This effect, referred to
as the quantum Zeno effect, arises from a frequent measurement of
a quantum system’s state. In more general terms, the evolution of
the quantum system can be confined to a subspace of the system’s
Hilbert space leading to quantum Zeno dynamics. Resulting from the
measurement process, a source of dissipation is introduced into the
systems dynamics. However, different than for a common open quan-
tum system, we can choose the strength of the dissipation by changing
the parameters of the Zeno measurement.

We capitalise on the property of tunable dissipation to create a quan-
tum simulator for open quantum systems. Due to the formal analogy
of the measurement process and the theory of open quantum systems,
we can derive a Lindblad master equation to describe the evolution of
the open quantum system. Moreover, we extend the picture to enable
also non-Markovian evolution in the quantum simulator.

The considered quantum system are photons inside a cavity being
subject to a indirect measurement using circular Rydberg atoms. The
setup is inspired by Zeno experiments proposed in the framework of
cavity quantum electrodynamics [1].

[1] Raimond et al. Quantum Zeno dynamics of a field in a cav-
ity. Phys. Rev. A 86, 032120 (2012)
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Macrorealistic extensions of relativistic quantum theory —
eSiLAS BiscHorr and Kraus HoRNBERGER — Fakultét fiir Physik,
Universitat Duisburg-Essen

Modifications of non-relativistic quantum mechanics, such as the well
known GRW and CSL models [1], are already well understood. In
contrast to purely interpretative approaches to quantum foundational
problems, macrorealistic extensions yield quantitative predictions that
allow for experimental falsification. However, the reconciliation of
macrorealism with special relativity is laden with conceptual difficul-
ties hitherto unresolved. We aim to understand and formalize the
properties a macrorealistic modification of relativistic QF'T is required
to exhibit. To that end we critically analyse specific proposals [3-4].

[1] Bassi et al., Rev. Mod. Phys. 85, 471-527 (2013)
[3] Bedingham, Found. Phys. 41, 686 (2011)
[4] Pearle, Phys. Rev. D 91, 105012 (2015)
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Master equations for disordered quantum systems — e CHAHAN
Kroprr and ANDREAS BUCHLEITNER — Physikalisches Institut, Albert-
Ludwigs-Universitdt Freiburg, Hermann-Herder-Str. 3, D-79104,
Freiburg, Deutschland

Recent experimental implementations of finite-size disordered systems
with cold atoms or photonic circuits allow to study the dynamics of
the state obtained by averaging over all realizations of the disorder,
on transient time scales, and/or far from the thermodynamic limit. In
[1], we showed that, in these regimes, the effective decoherence arising
from the ensemble averaging procedure can be efficiently characterized
in terms of generalized master equations.

Here we show that, using perturbation theory, which is needed to
diagonalize the Hamiltonians of the single realizations of the disorder
prior to the ensemble average, we can now describe a wide range of
systems such as disordered lattice (Anderson-like) models, disordered
transport networks or disordered Bose-Hubbard models.

[1] C. Kropf, C. Gneiting, and A. Buchleitner, Phys. Rev. X 6,
031032 (2016)
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Operational description of a momentum observable — eFaBIO
D1 Pumpro, HANNEs WEBER, and MATTHIAS FREYBERGER — Institut
fir Quantenphysik, Universitdt Ulm, 89069 Ulm

We present the definition of an operational momentum operator. This
definition is motivated by a classical time-of-flight measurement which

10

we model by a Hamiltonian for a particle interacting with two quan-
tum pointers at different times. We solve the corresponding dynamics
in the Heisenberg picture. Our aim then is to calculate the optimized
bipartite pointer state, so that the statistics of the operational momen-
tum operator resembles the one of the original momentum operator
describing the single-particle system.
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Laser and cavity cooling of a mechanical resonator with
a nitrogen-vacancy center in diamond — eLuiclt GIANNELLI',
RaLr Berznorz!, Laura KREINER?, Marc BIeNERT!, and Gio-
VANNA Moriar! — !Theoretische Physik, Universitit des Saarlandes,
66123 Saarbriicken, Germany — 2Experimentalphysik, Universitit des

Saarlandes, 66123 Saarbriicken, Germany

We theoretically analyze the cooling dynamics of a high-Q mode of
a mechanical resonator, when the structure is also an optical cavity
and is coupled with a nitrogen-vacancy (NV) center. The NV center
is driven by a laser and interacts with the cavity photon field and with
the strain field of the mechanical oscillator, while radiation pressure
couples the mechanical resonator and cavity field. Starting from the
full master equation we derive the rate equation for the mechanical res-
onator’s motion, whose coefficients depend on the system parameters
and on the noise sources. We then determine the cooling regime, the
cooling rate, the asymptotic temperatures, and the spectrum of reso-
nance fluorescence for experimentally relevant parameter regimes. For
these parameters, we consider an electronic transition, whose linewidth
allows one to perform sideband cooling, and show that the addition of
an optical cavity in general does not improve the cooling efficiency.
We further show that pure dephasing of the NV center’s electronic
transitions can lead to an improvement of the cooling efficiency.
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Recent progress in generating squeezed vacuum states
in a nonlinear crystalline whispering gallery mode res-
onator e ALEXANDER OTTERPOHLY2, GERHARD ScHUNKDZ
ULricH VocLY2, FLORIAN SEDLMEIR'?, GoLNoOUSH SHAFIEEDZ,
DmiTry STREKALOV!2, Topias GrariNG®, Haratp G. L.
ScuwrreL?, ULrik L. An~Dersen®, Gerp Leucus!?, and
CHRISTOPH MARQUARDT!2 — 1Max Planck Institute for the Science
of Light, Staudtstr. 2, 91058 Erlangen, Germany — 2Institute of Op-
tics, Information and Photonics, University of Erlangen-Nuremberg,
Staudtstr. 7 B2, 91058 Erlangen, Germany — 2Department of Physics,
Technical University of Denmark, Fysikvej, 2800 Kgs. Lyngby, Den-
mark — 4The Dodd-Walls Centre for Photonic and Quantum Tech-
nologies, Department of Physics, University of Otago, 730 Cumberland
Street, 9016 Dunedin, New Zealand

Macroscopic crystalline whispering gallery mode resonators (WGMR)
made out of LiNbOgz are a versatile source of non-classical light [1].
Here, we report on recent progress in generating squeezed vacuum
states in WGMRs via parametric down-conversion near the degenerate
point. For that, we performed a detailed mode-analysis and improved
the long-term stability of the setup to allow for stable operation above
and below threshold. We also discuss the prospects of producing fre-
quency combs and realizing more elaborate proposals such as enhanced
optomechanical position detection via intra-cavity squeezing [2].

[1] J. U. Fiirst et al., Phys. Rev. Lett. 106, 113901(2011).

[2] V. Peano et al., Phys. Rev. Lett. 115, 243603(2015).
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Feedback cooling of an optically levitated silica nanosphere in
a Michelson-Sagnac interferometer — eMANUEL REISENBAUER,
RaLF RIEDINGER, and MARKUS ASPELMEYER — Universitat Wien,
Vienna, Austria

A Michelson-Sagnac interferometer is well suited for the position read-
out of low reflectivity mechanical oscillators [1], as the non-interacting
light leaves the interferometer through the bright port, while the re-
flected light interferes like in a Michelson interferometer, yielding a
position dependent phase quadrature in the dark port. We show in
a proof-of-principle experiment that by introducing two lenses in the
interferometer mode, a dielectric nanoparticle can be trapped optically
in one of the standing wave fringes of the Sagnac-mode near the focus.
Feedback cooling of the particle is demonstrated, using the radiation
pressure of an auxiliary laser beam.
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Narrow-band single-photon source by resonant excitation of
a nitrogen-vacancy center coupled to a microresonator —
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oFLORIAN BoHM!, CHRISTOPH PYRLIK2, JAN SCHLEGELZ, ANDREAS
Tuies?, ANDREAs WicHT?, and OLIvER BEnson! — 'AG Nanoop-
tik, Humbodt-Universitét zu Berlin, Germany — 2Ferdinand-Braun-
Institut fiir Hochstfrequenztechnik, Berlin, Germany

Efficient and bright integrated solid-state single photon sources, prefer-
ably with narrow-bandwidth emission are a crucial prerequisite for fu-
ture applications in quantum information science.

We report on our approach towards an integrated microresonator-
enhanced single-photon source, consisting of nano-sized quantum emit-
ters evanescently coupled to resonant photonic structures. In our pro-
posed system we make use of single quantum emitters coupled deter-
ministically [1] to a monolithic add-drop ring microresonator configu-
ration. This hybrid system locally enhances the intensity of the exci-
tation light and allows easy separation of the resonant excitation light
from the emitted single photons via the two well-defined polarisations
of the guided modes. Resonant excitation of the quantum emitters at
the zero-phonon line promises a strong suppression of spectral diffusion
and therefore a narrow spectral emission [2].

The proposed system has a narrow-bandwidth emission of single
photons coupled to a single optical mode and is promising as a source
e.g. in quantum information and quantum cryptography.

[1] Schell AW, et al. (2011). Rev. Sci. Instrum., 82(7), 073709.

[2] Wolters J., et al. (2013). Phys. Rev. Lett., 110(2), 027401.
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Efficient solid-state light-matter interfaces based on dielec-
tric slot waveguides and diamond colour centers — eMARTIN
ZerTLMAIR!, PuiLipp  ALTPETER!, PETER FiscHER!, MARKUS
WEBER®, and HARALD WEINFURTER!'2 — !Ludwig-Maximilians-
Universitit, Miinchen — 2Max-Planck-Institut fiir Quantenoptik,
Garching — 3Max-Planck-Institut fiir die Physik des Lichts, Erlan-
gen

Future applications in applied quantum information science and ultra-
sensitive spectroscopy rely on efficient interaction between light and
matter. Such light-matter interfaces require two key components: A
waveguiding structure to control the propagation of photons and a
quantum light source emitting single photons. Here, we present major
progress towards a novel on-chip interface based on broadband dielec-
tric slot waveguides for evanescent coupling of nanophotonic emitters
and nitrogen-vacancy centers in nanodiamonds.

We choose TagOs as a material platform due to its high dielec-
tric contrast and low autofluorescence. By applying a lithographic
top-down fabrication process, single-mode waveguides with low prop-
agation losses of about 1dB/mm are created. A subsequent ion-beam
milling process enables the production of air slots providing the strong
confinement of optical waveguide modes, which should make high cou-
pling efficiencies of optical waveguide structures possible. By choosing
an optimised waveguide geometry coupling efficiencies over 50% for the
whole spectrum of the NV-center can be expected.
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Strong coupling between two optical \/2 Fabry-Pérot res-
onators — eAcHIM JUNGINGER!, FELIX BLENDINGERZ, MICHAEL
MEeTzcER?, ALEXANDER KONRAD!, MARC BrECHT!, and ALFRED J.
MeixNER! — lInstitute of Physical and Theoretical Chemistry, Uni-
versity of Tiibingen — 2Fakulty Mechanical and Medical Engineering

(MME), Furtwangen University

A )\/2 Fabry-Pérot resonator is made of two parallel mirrors and has
a transmission maximum for light with a wavelength, corresponding
to twice the mirror separation divided by the refraction index of the
medium inside the resonator. We have investigated the resonance con-
dition for a system of three parallel mirrors, separated by half an op-
tical wavelength, while one outer mirror can be moved. For on axis
illumination of the coupled resonators with white light, anticrossing of
the wavelengths of the transmission maximum can be observed for the
detuning of the adjustable resonator over the length of the fixed res-
onator. The occurrence of the anticrossing behavior can be adjusted
when changing the thickness and therefore the reflectivity of the cen-
tral silver mirror. With this experiment, we can model strong coupling
with different coupling strengths.
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Temperature dependent measurements of spin relaxation

times of NV centers in nanodiamonds — eLuUKAS ANTONIUK!,

ANDREAS DieTrICH!, STEFAN HAussLER!, KoBINIAN KoTTMANN',
TLar Scuwarz?, CHRisTOPH MULLER!, FEpOR JELEZKO!, and

ALEXANDER KUBANEK! — !Institute for Quantum Optics, Ulm Uni-
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versity, D-89081 Ulm, Germany — 2Institute for Theoretical Physics,
Ulm University, D-89081 Ulm, Germany

Nitrogen-vacancy (NV) color centers in nanodiamonds (<100nm) are
promising candidates for nanoscale sensing and for hyperpolarization
techniques, which are based on the transfer of the NV center’s electron
spin polarization to surrounding nuclear spins. However, both appli-
cations are limited by the spin relaxation time of the NV centre spin,
which is relatively short compared to NV centers in bulk diamond.
The spin relaxation time is dominated by interactions with a bath of
paramagnetic impurities on the diamond surface [1]. Here we present
spin relaxation time measurements in nanodiamonds of different sizes
over a broad range of cryogenic temperatures, which allow to gain a
better understanding on the ongoing interactions. The nanodiamond
size and therefore the distance from NV centres to the surface thereby
determines the interaction strength and temperatures changes are in-
fluencing the dynamics in the surrounding bath.
[1] J.-P. Tetienne, et al. Phys.Rev. B. 87, 235436 (2013)
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An optical nanofiber-based interface for single molecules —
eHARDY SCHAUFFERT!', DavID PaPENCORDT!, SARAH M. SKOFF!,
BerNHARD C. BaveEr?, and ArRNo RauscHENBEUTEL! — !Vienna
Center for Quantum Science and Technology, Institute of Atomic and
Subatomic Physic, Vienna University of Technology, Stadionallee 2,
A-1020 Vienna, Austria — 2Electron Microscopy Group, Faculty of
Physics, University of Vienna, Boltzmanngasse 5, A-1090 Vienna, Aus-
tria
Integrated optical interfaces for quantum emitters are a prerequisite
for implementing quantum networks. In this context, tapered opti-
cal fibers with a nanofiber waist recently received significant atten-
tion as an efficient means of light-matter interaction. Due to the sub-
wavelength diameter of the waist, a large fraction of the light prop-
agates outside of the fiber as a high-intensity evanescent wave. An
emitter brought close to the surface of the nanofiber has a large effect
on the guided light field. Here, we couple single organic dye molecules
to the guided modes of an optical nanofiber. The molecules are em-
bedded in a nano-crystal host that provides photostability and due
to the resulting inhomogeneous broadening, a means to spectrally ad-
dress single molecules. The molecules are optically excited and their
fluorescence is detected solely via the nanofiber interface without the
requirement of additional optical access. In this way, we realize a fully
fiber-integrated system that is scalable and may become a versatile
constituent for quantum hybrid systems.
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Creation of Color Centers in Diamond by Focused Ion Im-
plantation — eJonanNEs LaANG, PHiLipp VETTER, Boris NAYDE-
~ov, and FEDOR JELEzZKO — Institute for Quantum Optics, University
Ulm, Germany

The color centers in diamond formed by a substitutional nitrogen or
silicon and an adjacent vacancy (NV or SiV center) are amongst the
most studied defects in diamond. They are promising candidates for
different applications such as e.g. qubit spin registers in future quan-
tum computation [1], or for different sensing applications [2] as well
as quantum communication. The on demand creation of these color
centers is required for the applications mentioned above [3].

Here, we present a home built, low energy, UHV ion implantation
setup and show the creation of single, shallow (< 10 nm) color centers
with well controllable properties regarding their implantation depth,
density and position.

[1] M. W. Doherty et al., Physics Reports 528 1-45 (2013)

[2] C. Miiller et al., Nat. Comm. 5 4703 (2014)

[3] J. Meijer et al., Appl. Phys. Lett. 87 261909 (2005)
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Coherent control of free-electron beams on attosecond time
scales — oCHRISTOPHER RATHJE, KATHARINA E. PRIEBE, ARMIN
FEIsT, SAscHA ScHAFER, and CrLaus RopPERs — 1V. Physical Insti-
tute - Solids and Nanostructures, University of Gottingen, Germany

Ultrafast transmission electron microscopy (UTEM) is a recently de-
veloped approach to investigate dynamics with both nanometer spatial
and femtosecond temporal resolution. Here, we use the highly coherent
free-electron beam of our UTEM |[1] to study inelastic electron-light
scattering [2]. In particular, we manipulate the quantum state of single
electrons using intense tailored light fields [3,4]. The optical near-field
imprints a sinusoidal phase modulation on the electron wavefunction,
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which is manifest in a comb of sidebands in the electron kinetic en-
ergy distribution [3]|. In a recent experiment [4], we demonstrated the
quantum coherence and reversibility of this process by employing two
spatially separated near-fields, such that the final quantum state sen-
sitively depends on the relative near-field phase. Here, we describe
our progress towards measuring the predicted self-compression of the
initial wavefunction into a train of attosecond bursts [3]. The quantum
coherent electron-light interaction is a promising approach for tempo-
ral structuring of free-electron beams with attosecond precision. [1]
Feist et al., arXiv:1611.05022 (2016) [2] Barwick et al., Nature 462,
902 (2009) [3] Feist et al., Nature 521, 200-203 (2015) [4] Echternkamp
et al., Nat. Phys. 12, 1000-1004 (2016)
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Frequenzverdopplung in S-Bariumborat (8 -BBO) unter An-
wendung elliptischer Fokussierung in einem externen Resona-
tor fiir den Einsatz zur Ionenstrahlkiihlung — eDANIEL PREISs-
LER, DANIEL KIEFER, THORSTEN FUHRER und THoMAS WALTHER —
TU Darmstadt, Institut fiir Angewandte Physik, Laser- und Quanten-
optik, Schlossgartenstr. 7, 64289 Darmstadt

Am ESR der GSI (Darmstadt, Deutschland) werden Experimente mit
relativistischen, kalten Ionenstrahlen durchgefiihrt. Um die dafiir no-
tige Reduktion der Impulsverteilung der Ionen zu erreichen [1], wur-
de ein Lasersystem bestehend aus einem ECDL, einem Faserverstéar-
ker und zwei aufeinanderfolgenden Frequenzverdopplungsstufen ent-
wickelt, welches Dauerstrich-Strahlung im UV-Bereich emittiert [2].
Da der in der zweiten Frequenzverdopplungsstufe verwendete BBO-
Kristall eine UV-induzierte Degradierung erfihrt, wird ein neuer Re-
sonator konstruiert, der eine elliptische Fokussierung in den Kristall
ermoglicht. Dadurch kann einerseits eine hohere Konversionseffizienz,
andererseits aber auch eine niedrigere Spitzenintensitét erreicht werden
[3], um die Degradierung zu verhindern. Im Beitrag werden Simulatio-
nen zum Aufbau des Resonators sowie der Stand der experimentellen
Realisierung diskutiert.

[1] J. S. Hangst et al., Phys. Rev. Lett. 74, 4432-4435 (1995).

[2] T. Beck, Dissertation, TU Darmstadt (2015).

[3] A. Steinbach et al., Opt. Commun. 123, 207-214 (1996).
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Q-switched Yb:YAG channel waveguide laser using low-
dimensional carbon nanomaterials — eSuN Younc Cuoil, M1
Hve Kivm3, FaBiaN RoTeErMUND?, CHRIsTIAN KRANKELD2, and
TuoMas Carmano!’»?2 — lnstitut fiir Laser-Physik, Universitat Ham-
burg, Germany — 2The Hamburg Centre for Ultrafast Imaging, Uni-
versitit Hamburg, Germany — S3Center for Quantum-Beam-based
Radiation Research, KAERI, Republic of Korea — %Department of
Physics, KAIST, Republic of Korea

Graphene and single-walled carbon nanotubes (SWCNTs) are fre-
quently used for saturable absorbers which can be applied for short
pulse lasers. Intrinsic nonlinear absorption in a broad spectral range
and few ps response time of these materials guarantee good perfor-
mance. Moreover, their relatively simple fabrication process provides
flexibility and makes these devices suitable for integrated systems such
as waveguide lasers. We demonstrate efficient pulsed Yb:YAG chan-
nel waveguide lasers using low-dimensional carbon nanomaterials. A 9
mm-long, fs-laser-inscribed Yb:YAG channel waveguide laser delivers
stable Q-switched pulses around 1030 nm output wavelength utilizing
graphene or SWCNT-coated output coupling mirrors. In this way, a
maximum average output power of 80 mW and 79 ns pulse duration
were obtained at a efficiency of up to 33% using a graphene-coated
20% output coupler under pumping with 285 mW from a laser diode.
In additional experiments, atomically thin layered graphene was ap-
plied directly on the end-facet of the channel waveguide to achieve a
compact and monolithic Q-switched waveguide laser system.
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Efficient high repetition rate difference frequency generation
in PPLN for MIR sum frequency microscopy — CHRISTOPH
KoOLBEL, eLukas EBNER, MARTIN WINTERHALDER, and ANDREAS
ZuMmBUsCH — Universitdt Konstanz

High repetition rate mid-infrared (MIR) optical parametric oscilla-
tors (OPOs) are used for sum frequency generation (SFM) microscopy
[1]. In this work, we present an alternative cost and conversion effi-
cient processes to generate ultrashort, bandwidth limited MIR-Laser
pulses via difference frequency generation (DFG) in periodically poled
Lithium Niobate (PPLN). The use of a synchronised 80 MHz dual out-
put fs-Laser source with a fixed output at 1037 nm and a tunable (680-
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1300 nm) output allows the generation of MIR-Light between (3,1-
5,5 um). Based on this source and a collinear excitation geometry we
present first sum frequency generation (SFM) microscopy images.

[1]. Raghunathan, V. et al., Optics Letters, 36(19), 3891-3893
(2011).
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Autonomously operating laser systems for quantum sen-
sors in space - from sounding rockets to small satellites —
e ALINE DINKELAKER!, MAX SCHIEMANGK!, VLADIMIR SCHKOLNIK!,
ANDREW KENYON!, MaRrRkUs KruTzik!, AcHiM PETERs!2, and THE
KALEXUS MAIUS axp LASUS Teams2345.6,7 — 'Humboldt-
Universitit zu Berlin — 2FBH Berlin — 3JGU Mainz — 4LU Han-

nover — 95U Bremen — U Hamburg — "Menlo Systems GmbH

Laser systems are key technology for fundamental and applied physics
experiments on space platforms - from quantum optical communica-
tion to tests of general relativity with quantum sensors. Such laser
systems have to fulfill demanding requirements on frequency stability
and output power, while being compact and rugged in order to oper-
ate reliably after launch into space. As interaction from ground will
be limited, automated experiment control is desired. To demonstrate
their functionality in space, we have flight-proven different laser system
for atomic physics experiments on sounding rockets: the KALEXUS
and LASUS experiments are technology demonstrators for frequency
stabilized micro-integrated extended cavity diode lasers (ECDLs) at
rubidium and potassium wavelengths. We now aim to test laser sys-
tems on small satellites where radiation effects, UHV compatibility and
long term stability can be studied. We present results of our sounding
rocket missions with an outlook on future laser system experiments on
small satellites. This work is supported by the German Space Agency
DLR with funds provided by the Federal Ministry for Economic Affairs
and Energy (BMWi) under grant numbers 50WM1237/1345/1132 .
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Zerodur-based optical systems for dual-species atom inter-
ferometry in space — eMoriTz Mium!, Kar LampManNn?, AN-
pRE WENzLAWSKI', OrRTwIN HeLLmic®, Kraus DOERINGSHOFFZ,
Markus KruTzik?2, AcHIM PETERs2, PATRICK WINDPASSINGER!, and
THE MAIUS Tram'23:45 — Institut fiir Physik, JGU Mainz —
2Institut fiir Physik, HU Berlin — 3IQO, LU Hannover — 4FBH,
Berlin — °ZARM, Bremen — SILP, UHH Hamburg

The precision of inertial measurements has been tremendously in-
creased with the advent of cold atom-based interferometers. Space
missions which allow higher precision of such instruments rely on the
laser system, dedicated to cool and manipulate the atoms.

Subsequent to successful previous sounding rocket missions, we re-
port on a laser system for rocket missions performing dual-species atom
interferometry with BECs. Core elements of the laser system are op-
tical benches and fiber-optical elements used on the one hand to dis-
tribute, overlap and switch the laser beams and on the other hand to
stabilize the laser frequencies. In order to withstand the harsh con-
ditions during flight, we use the glass ceramic Zerodur providing high
mechanical and thermal stability. A Zerodur-based test bench for the
qualification of new components has been assembled, characterized and
tested under flight conditions. Currently, the flight hardware is built
and characterized prior to integration.

MAIUS is supported by the German Space Agency DLR with funds
provided by the Federal Ministry for Economic Affairs and Energy
(BMWi) under grant number 50 WM 1133 and 50 WP 1433.
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Ionisationsstudie mit Beryllium — eSeBAsTIAN WoLF, FRE-
DERIC WAGNER, DoMINIK STUDER, Kraus WENDT und FERDI-
NAND ScHMIDT-KALER — QUANTUM, Institut fiir Physik, Johannes
Gutenberg-Universitdt Mainz

Einfach geladene Beryllium Ionen sind fiir sympathetisches Kiihlen in
Ionenfallenexperimenten hervorragend geeignet [1,2]. Fiir die Ionisati-
on von neutralem Beryllium kann die Elektronen-Ionisation verwendet
werden, fiihrt jedoch in Mikrofallen zu unkontrollierten Aufladungen.
Fiir die resonante Photoionisation wird ein kommerzielles vervierfach-
tes cw-Diodenlasersystem verwendet [3]. Wir untersuchen alternative
Tonisationsverfahren die auf gepulsten Laserlichtquellen beruhen: Zum
Einsatz kommen eine kostengiinstige Nd:YAG Laserquelle, bei der die
2. (10 ns, 15 mJ) bzw. die 4. (10 ns, 2 mJ) Harmonische tiber einen
nicht-resonanten Multi-Photonenprozess ins Kontinuum ionisiert, und
alternativ die 4. (100 ns, 1 pJ) Harmonische eines gepulsten Ti:Sa-
Lasers um in einem resonanten Prozess bei 235 nm zu ionisieren.
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[1] P. Perez et al., Class. Quantum Grav. 29, 184008 (2012)
[2] T. Murbock et al., Phys. Rev. A 94, 043410 (2016)
[3] Hsiang-Yu Lo et al., Appl. Phys. B 114:17-25 (2014)
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Dispersion engineering of integrated photon pair sources at
telecommunication wavelength — eMAHNAZ DOOSTDAR, MATTEO
SANTANDREA, VAHID ANSARI, CHRISTOF EIGNER, RAIMUND RICKEN,
HevLge RUTZ, and CHRISTINE SILBERHORN — Universitdt Paderborn,
Integrierte Quantenoptik, Warburger Str. 100, D-33098 Paderborn

Parametric Down Conversion (PDC) is widely used as the source of
pairs of single photons in quantum information science. The proper-
ties of this nonlinear optical process, however, have to be tailored to
generate the desired state. Here we focus on engineering the dispersion
properties of the PDC process to generate spatially single-mode and
spectrally decorrelated PDC states at telecommunication wavelengths.
Periodically poled potassium titanyl phosphate (PPKTP) can provide
those required features. Here we present our recent advances in fabri-
cation of such waveguided PDC sources.
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Low Noise Fast Multichannel Arbitrary waveform Generator
for the Segmented Trap — eVipvuT Kausuar, HEiNnz LENk, UL-
RICH G. POSCHINGER, and FERDINAND ScHMIDT-KALER — QUAN-
TUM, Institut fiir Physik, Universitdt Mainz, Staudingerweg 7, 55128
Mainz, Germany

Noisy trap electrode potentials have always been a fundamental source
of decoherence in ion-trap based studies of quantum systems. Scaling
up the number of electrode in modern segmented traps, this becomes
even more challenging, as fast and simultaneous real-time control of
the segment voltages with high signal integrity and sampling rate is
required. We present a functional design of low noise(<-70dbm), high
precision, fast AWG featuring 80 independent analog channels. Ad-
ditionally, the delay between consecutive samples can be controlled
in steps of 20 ns, resolving typical trap oscillation periods - a crucial
feature for the control of fast shuttling operations [1,2]. The output
voltage range of +/- 40 V allows for tight confinement of trapped ions
and compensation of signal distortion.

We describe the details of the architecture and thorough characteri-
zation of the relevant signals. The implementation of a toolset of shut-
tling operations for scalable quantum computing is shown. We also
discuss future extensions towards a complete real-time control system
including feedback capabilities.

[1] A. Walther et al., PRL 109, 080501 (2012)

[2] T. Ruster et al., PRA 90, 033410 (2014)
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Modified dipole-dipole interaction and dissipation in an
atomic ensemble near a surface — eRvaN JonNEs and BEATRIZ
Owrmos — School of Physics and Astronomy, The University of Not-
tingham, University Park, NG7 2RD, United Kingdom

Particularly in the area of imaging, surfaces of different materials and
shapes are used to manipulate the electromagnetic field experienced
atoms in order to change their spontaneous decay rate. As well as
interference effects one can manipulate the system in other ways, for
example in a metal the presence of surface plasmon polaritons can also
drastically change how the system decays.

Relatively little is known about how surfaces affect systems whose
behavior is collective. Such effects, including a coherent dipole-dipole
interaction (photon exchange) and collective decay, exist in ensembles
of two-level atoms with atomic separations that are much smaller than
the transition wavelength. These systems have become increasingly
relevant in recent years as developments in atomic cooling and trap-
ping have made them experimentally feasible.

In this work, through a Green’s tensor formalism we investigate how
collective properties are modified when a cold dense system is placed in
proximity to surfaces of different materials. By scanning over a range
of parameters, we identify regimes in which the collective behaviors of
the system are modified considerably.

These results will be of value to current and future experiments
investigating the dipole-dipole interaction, where surface interactions
can provide an extra degree of control over the system.
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Entangled photons triplets, produced via third order para-

metric down conversion in bulk materials — CAMERON OKoTH!,

e ANDREA CavanNal, and Maria Cueknoval:2 — 'Max-Planck- In-

13

stitute for the Science of Light, Staudtstr. 2, 91058 Erlangen, Germany
— 2Faculty of Physics, M. V. Lomonosov Moscow State University,
119991 Moscow, Russia

Parametric down conversion (PDC) is a highly developed research field
and is now commonly used in several areas of optics. Despite this PDC
has only been observed when one considers the second order suscep-
tibility term. We intend to experimentally observe seeded generation
of triple photons, where the seed is collinear with the pump. In this
way the entire process is can be thought as analogous to standard
PDC but with the efficiency changed by a factor of x(2) /(x®) E ceq) ,
where FEgqeq is the seed field. Many of the recent attempts to observe
triplet photons have been fiber based. Although fibers have some ad-
vantages over bulk materials, there are still many reasons to include
crystals as promising candidates in which to generate triplet photons:
high effective cubic susceptibility, no lowered efficiency due to modal
overlap and tunable phase matching to name but a few. In our work
we concentrate on calcite but can be readily extended to rutile, KTP
etc.
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Relativistic Quantum Information Experiments with a
Geostationary Satellite eOMER BavrakTAR!2, KEVIN
GOUNTHNER!2, IMRAN KHAN DowMiNiQUE ELser!':?, CHRISTOPH
MarQUARDT! 2, and GErD LrucHs!? — 'Max Planck Institute for
the Science of Light, Erlangen, Germany. — 2Department of Physics,
University of Erlangen-Nuremberg (FAU), Germany.

1,2
b

The current development in satellite-based quantum communication
pushes quantum physics experiments into the relativistic regime [1].
While a theoretical description in terms of quantum field theory in
curved space-time (or relativistic quantum information) is in progress,
experimental evidence for the predictions are not existing yet [2]. In
addition, the impact of relativistic effects on long-distance quantum
communication needs to be quantified. We investigate potential real-
ization of relativistic quantum information experiments with a satel-
lite in the geostationary Earth orbit. Thereby, we aim to complement
quantum field theory in curved space-time with experimental evidence
and explore possible limitations of satellite-based quantum communi-
cation.

[1] D. Rideout et al., Class. Quantum Gravity 29, 224011 (2012).

[2] R. Howl et al., arXiv:1607.06666 (2016).
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2D layer of dipolarly coupled nuclear spins for a solid
state quantum simulator — eNikoras ToMEk!, Paz LoNDONZ,
Tmmo WEeGGLER!, Konrr Iton®, HipEvyuki WATANABE?, BoRIS
Naypenov!, and FEpor JELEzko! — lInstitute for Quantum Op-
tics, Ulm University, Albert-Einstein-Allee 11, Ulm 89081, Germany
— 2Department of Physics, Technion, Israel Institute of Technology,
Haifa 32000, Israel — 3Department of Applied Physics and Physico-
Informatics, Keio University, Hiyoshi, Yokohama, JapanDepartment
of Applied Physics and Physico-Informatics, Keio University, Hiyoshi,
Yokohama, Japan — 4Natl Inst Adv Ind Sci & Technol, Res Inst Elect

& Photon, Tsukuba, Ibaraki 3058562, Japan

Understanding and controlling a strongly correlated quantum many-
body system is an essential step towards a large scale quantum simula-
tor. Such a device would enable access to nonequilibrium dynamics of
large systems where state of the art numerical simulations are quickly
reaching their limits. To reach this goal we are studying a 2C-enriched
bulk diamond containing a few nanometer thick layer of '3C nuclei. In
order to access these nuclear spins we utilize nitrogen-vacancy (NV)
centers grown into the diamond around the layer. The system stands
out due to exceptional long coherence times even at room temperature.
To expose the dipolar coupling inside the 13C layer we are conducting
experiments to show diffusion of spin polarization from one NV to an-
other. A microwave assisted superresolution imaging reveals a distance
between the NVs below 50 nm. Furthermore we will use this system to
investigate multi-quantum coherences inside the nuclear spin lattice.
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Pulse-to-pulse measurements on a broadband PDC source —
eTnomas DirMEIERD2) IMRAN Knan!2) GEorc HARDER®, VAHID
Ansar®, Jonannes TiEpAU®, ULrRicH VocLb2, GErRD Leucusb24,
CHRISTOPH MARQUARDT!2, and CHRISTINE SILBERHORN® — !Max
Planck Institut fiir die Physik des Lichts, Staudtstr. 2, 91058 Erlan-
gen — 2Institut fiir Optik, Information und Photonik, FAU Erlangen-
Niirnberg, Staudtstr. 7, 91058 Erlangen — 3Lehrstuhl fiir Angewandte
Physik, Universitdt Paderborn, Warburgerstr. 100, 33098 Paderborn



Mainz 2017 — Q

Thursday

— “4Department of Physics and Max Planck - University of Ottawa
Centre for Extreme and Quantum Photonics, University of Ottawa,
Canada

PDC sources embedded in ppKTP waveguides have been shown to be
stable sources of squeezed vacuum states with a broad versatility in the
spectral mode structure. Recently, it has been demonstrated that by
applying high pump powers, states with high mean photon numbers
can be generated and measured [1], translating into high squeezing
values.

In our work, we focus on the application of this type of source in
the continuous-variable context, mainly focusing on the measurement
of squeezed vacuum states in both, the spectral single and multimode
case. We show the progress on the pulse-resolved homodyne detection
in this system and its combination with photon counting measurements
in quantum information protocols.

[1] G.Harder et.al.,Phys. Rev. Lett. 116, 143601 (2016)
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Non-local currents in discrete planar Systems with spatial lo-
cal symmetries — eMALTE RONTGEN, CHRISTIAN MORFONIOS, and
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PETER SCHMELCHER — Zentrum f. Optische Quantentechnologien,
Luruper Chaussee 149, 22761 Hamburg

Local symmetries are spatial symmetries that are only present in a spa-
tially finite subdomain of a system. Contrary to global symmetries, the
operators Xj, describing local symmetries generally do not commute
with the system’s Hamiltonian and one cannot choose the eigenstates
to be symmetric under ¥;. We show that it is nevertheless possi-
ble to gain knowledge about the structure of a system’s eigenstates,
provided it possesses local symmetries. We use a new framework of
so-called non-local currents which has recently been developed for one-
dimensional discrete systems and extend it to two dimensions and the
case of topological asymmetries. These asymmetries may be present
if the system has a non-uniform connectivity. The framework may
then be used as a basis for further investigations of the impact of local
symmetries. In this paper, we investigate two special subsystems that
feature local symmetries, so-called closed-loops and open ended chains.
We use our framework to show that the all or some of the amplitudes
of eigenstates within these subsystems are related to each other by a
constant. Our results show that local symmetries in discrete systems
may provide new insights into the behaviour of complex systems.



