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Overview of Invited Talks and Sessions
(Lecture rooms P 2, 3, 4, 5, 11, 104, and 204; Poster P 1.0G)

Invited talks of the joint symposium SYDD
See SYDD for the full program of the symposium.

SYDD 1.1 Mon 14:30-15:00 P 1 Controlling (?) Quantum Dynamics with Open Systems — eDIETER
MESCHEDE

SYDD 1.2 Mon 15:00-15:30 P 1 Many-body physics of driven, open quantum systems: optically driven
Rydberg gases — eMICHAEL FLEISCHHAUER

SYDD 1.3 Mon 15:30-16:00 P 1 Theorie getriebener dissipativer Quantensysteme / theory of driven
dissipative quantum systems — ¢TOBIAS BRANDES

SYDD 1.4 Mon 16:00-16:30 P 1 Calorimetry of a Bose-Einstein-condensed photon gas — eMARTIN
WEITZ

Invited talks of the joint symposium SYAP
See SYAP for the full program of the symposium.

SYAP 1.1 Tue 11:00-11:30 P 1 Electrons and ions meet ultracold atoms — eHERWIG OTT

SYAP 1.2 Tue 11:30-12:00 P 1 Interrogating strongly bound electrons about fundamental physics —
¢JOSE R. CrRESO LOPEZ-URRUTIA

SYAP 1.3 Tue 12:00-12:30 P 1 Strong-field effects in heavy-ion collisions — eANDREY SURZHYKOV,
VLADIMIR YEROKHIN, THOMAS STOHLKER, STEPHAN FRITZSCHE

SYAP 1.4 Tue 12:30-13:00 P 1 Laser-based high photon flux XUV sources and applications in atomic
physics — eJAN ROTHHARDT, ROBERT KLAS, STEFAN DEMMLER, MAXIM
TSCHERNAJEW, JENS LIMPERT, ANDREAS TUNNERMANN

Invited talks of the joint symposium SYAD
See SYAD for the full program of the symposium.

SYAD 1.1 Wed 11:00-11:30 RW 1 Exciton transport in disordered organic systems — eFRANZISKA FEN-
NEL

SYAD 1.2 Wed 11:30-12:00 RW 1 Quantum dynamics in strongly correlated one-dimensional Bose
gases — eFLORIAN MEINERT

SYAD 1.3 Wed 12:00-12:30 RW 1 Dynamics and correlations of a Bose-Einstein condensate of light —
¢ JULIAN SCHMITT

SYAD 1.4 Wed 12:30-13:00 RW 1 Circular dichroism and accumulative polarimetry of chiral femto-
chemistry — e ANDREAS STEINBACHER

Invited talks of the joint symposium SYAM
See SYAM for the full program of the symposium.

SYAM 1.1 Thu 11:00-11:30 P 1 Buffer gas cooling of antiprotonic helium to T=1.5-1.7 K, and the an-
tiproton to electron mass ratio — eMAsSAKI HORI
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Thu
Thu
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15:00-15:30
15:30-16:00

P1

P1
P1
P1
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The BASE Experiment: High-precision comparisons of the fundamen-
tal properties of protons and antiprotons — e¢C. SMORRA, M. BESIRLI,
K. BrauMm, M. BoumaN, M. J. BORCHERT, J. HARRINGTON, T. HIiGUCHTI,
H. NAGAHAMA, Y. MATSUDA, A. MOOSER, C. OSPELKAUS, W. QUINT, S.
SELLNER, G. SCHNEIDER, N. SCHOEN, T. TANAKA, J. WALZ, Y. YAMAZAKI,
S. ULMER

Antihydrogen physics at the ALPHA experiment — e¢NIELS MADSEN
Muon g-2 — eKLAUS JUNGMANN

Antihydrogen physics at ASACUSA and AEGIS — ¢CHLOE MALBRUNOT
An experiment to measure the anti-hydrogen Lamb shift — ePAoLO
CRIVELLI

Invited talks of the joint symposium SYLG
See SYLG for the full program of the symposium.

SYLG 1.1 Fri 11:00-11:30 P 1 Quantum Simulation of Lattice Gauge Theories with Cold Atoms and
Ions — ePETER ZOLLER

SYLG 1.2 Fri 11:30-12:.00 P 1 Quantum Simulations with Cold Trapped Ions — ESTEBAN A. MARTINEZ,
CHRISTINE A. MUSCHIK, PHILIPP SCHINDLER, DANIEL NIGG, ALEXANDER
ERHARD, MARKUS HEYL, PHILIPP HAUKE, MARCELLO DALMONTE, THOMAS
MoONz, PETER ZOLLER, eRAINER BLATT

SYLG 1.3 Fri 12:00-12:30 P 1 Studies of hot and dense nuclear matter at the Large Hadron Collider
— oBOLESLAW WYSLOUCH

SYLG 1.4 Fri 12:30-13:00 P 1 Lattice gauge theory beyond QCD — ¢CLAUDIO PicA

Sessions

Q 1.1-1.6 Mon 14:30-16:30 P 2 Quantum Information: Concepts and Methods I

Q2128 Mon 14:30-16:45 P 3 Quantum Communication I

Q 3.1-3.7 Mon 14:30-16:15 P 4 Quantum Effects: QED I

Q4.1-4.6 Mon 14:30-16:15 P 5 Quantum Optics I

Q 5.1-5.7 Mon 14:30-16:30 P 104 Precision Measurements and Metrology: Gravity

Q 6.1-6.8 Mon 14:30-16:30 P 204 Quantum Gases: Bosons I

Q7.1-71.7 Mon 14:30-16:30 N 1 Ultracold atoms and BEC - I (with A)

Q 8.1-8.8 Mon 17:00-19:00 P 2 Quantum Information: Concepts and Methods II

Q9.1-9.8 Mon 17:00-19:00 P 3 Quantum Communication 11

Q 10.1-10.6 Mon 17:00-18:30 P4 Quantum Effects: QED II

Q 11.1-11.7  Mon 17:00-18:45 P 5 Quantum Optics I

Q 12.1-12.8  Mon 17:00-19:00 P 11 Nano-Optics I

Q 13.1-13.8  Mon 17:00-19:00 P 104 Precision Measurements and Metrology: Optical Clocks

Q 14.1-14.8  Mon 17:00-19:00 P 204 Quantum Gases: Bosons II

Q 15.1-15.8 Mon 17:00-19:00 N1 Ultracold atoms and BEC - IT (with A)

Q 16.1-16.7  Tue  11:00-12:45 P 2 Quantum Information: Concepts and Methods III

Q 17.1-17.8  Tue 11:00-13:00 P 3 Quantum Repeater and Quantum Communication

Q 18.1-18.7  Tue 11:00-12:45 P4 Quantum Effects: Cavity QED I

Q 19.1-19.6 Tue  11:00-12:30 P 5 Quantum Optics 111

Q 20.1-20.8  Tuwe 11:00-13:00 P 11 Nano-Optics II

Q 21.1-21.8  Tue 11:00-13:00 P 104 Precision Measurements and Metrology: Interferometry I

Q 22.1-22.8 Tue 11:00-13:00 P 204 Quantum Gases: Bosons III

Q 23.1-23.8  Tue 14:30-16:30 P 2 Quantum Information: Concepts and Methods IV

Q 24.1-24.6  Tue 14:30-16:15 P 3 Quantum Information: Solid State Systems I

Q 25.1-25.7  Tue 14:30-16:15 P4 Quantum Effects: Cavity QED II

Q 26.1-26.6  Tue 14:30-16:00 P 5 Quantum Optics IV

Q27.1-27.8 Tue 14:30-16:30 P 11 Nano-Optics III

Q 28.1-28.9  Tue 14:30-16:45 P 104 Precision Measurements and Metrology: Interferometry II

Q 29.1-29.9 Tue 14:30-16:45 P 204 Quantum Gases: Bosons IV

Q 30.1-30.8  Tue 14:30-16:30 N1 Ultracold atoms and BEC - III (with A)

Q 31.1-31.94 Tue 17:00-19:00 P OGs Poster: Quantum Optics and Photonics I

Q 32.1-32.7 Wed 14:30-16:15 P2 Quantum Information: Concepts and Methods V



Mainz 2017 — Q

Overview

Q 33.1-33.7
Q 34.1-34.8
Q 35.1-35.8
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Q 37.1-37.8
Q 38.1-38.9
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Thu
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Thu
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Thu
Thu
Thu
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14:30-16:30
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14:30-16:45
14:30-16:30
17:00-19:00
11:00-13:00
11:00-13:00
11:00-12:15
11:00-13:00
11:00-13:15
11:00-13:00
14:30-16:15
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17:00-19:00
11:00-13:00
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P3
P4
P5
P11
P 104
P 204
N1
P OGs
P2
P4
P5
P11
P 104
P 204
P2
P4
P5
P11
P 104
P 204
P OGs
N1
P2
P4
P 104
P 204
N1

Quantum Information: Solid State Systems 11
Quantum Effects: Entanglement and Decoherence
Laser Development and Applications (Spectroscopy)
Photonics I

Ultracold Plasmas and Rydberg Systems

Quantum Gases: Bosons V

Ultracold atoms and BEC - IV (with A)

Poster: Quantum Optics and Photonics 11

Quantum Information: Concepts and Methods VI
Quantum Effects

Laser Applications: Optical Measurement Technology
Photonics IT

Ultracold Plasmas, Rydberg Systems and Molecules
Quantum Gases: Fermions I

Quantum Computing I

Optomechanics I

Ultrashort Laser Pulses: Generation and Applications
Matter Wave Optics

Ultracold Atoms I

Quantum Gases: Fermions 11

Poster: Quantum Optics and Photonics III
Ultracold atoms and BEC - V (with A)

Quantum Computing I1

Optomechanics 11

Ultracold Atoms IT

Quantum Gases: Fermions III

Ultracold atoms and BEC - VI (with A)

Annual General Meeting of the Quantum Optics and Photonics Division

Tuesday 13:15-14:00 P 2
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Q 1: Quantum Information: Concepts and Methods |

Time: Monday 14:30-16:30

Group Report Q1.1 Mon 14:30 P 2
Control of quantum state transfer in one dimensional struc-
tures — eDaviD PETROSYAN — Institute of Electronic Structure &
Laser, Foundation for Research and Technology - Hellas, Heraklion,
Crete, Greece

After an outline of the activities of our theoretical Quantum Optics
and Technology group, which involve studies of cold atoms, coher-
ent quantum effects in atomic ensembles, interacting Rydberg gases,
physical implementations of quantum computation and communica-
tion, and quantum cryptography, I will present some of our results on
control and manipulation of quantum state transfer in several physical
settings, including atomic and photonic lattices.

Faithful transfer of quantum states in spin chains is indispensable for
scalable realization of quantum computation in many systems where
qubit-qubit interactions have finite range. I will discuss state transfer
protocols in spin chains with static and dynamic inter-spin couplings,
and their robustness with respect to diagonal and off-diagonal disor-
der. I will then present a scheme for a quantum spin transistor in
a Heisenberg spin chain, which realizes conditional state transfer. A
proof-of-concept realization of the device can be done with just a few
cold, trapped atoms, but the idea is generally applicable to various
other implementations of spin chains. Finally, I will describe manipu-
lation and transfer of non-classical motional states of atoms in a lattice
using Rydberg dressing with off-resonant lasers.

Group Report Q1.2 Mon 15:00 P 2
Toward the Limits of Controlling Closed and Open
Quantum Systems — eTHoMAS ScHULTE-HERBRUGGEN!, VILLE
BercuoLM!2, Frank K. WiLHeLM®, and GuUNTHER DIRr? —
ITechnical University of Munich (TUM) — 2University of Helsinki

— 3University of Saarbriicken — *University of Wiirzburg

Optimal control is proving more and more indispensable for steering
quantum devices with high fidelity. Recent examples in NV centres
include single-shot readout quantum sensing enhanced via a quantum
memory [1].

Here we report on latest extensions of the optimal-control platform
DYNAMO [2]. They include switchable noise as additional control
beyond coherent ones and its implications for reachability under open-
loop versus closed-loop control designs.

We propose experimental implementation of fast noise switching in
a superconducting device, i.e. a two-qutrit GMon with fast tunable
coupling to an open transmission line serving as a low-temperature
bath. The setting is closest to the one available in the Martinis group.

References:

[1] S. Zaiser et al., Nature Commun. 7, 12279 (2016).

[2] S. Machnes et al., Phys. Rev. A 84, 022305 (2011).

[3] V. Bergholm, F.K. Wilhelm, and T. Schulte-Herbriiggen,
arXiv:1605.06473

Q1.3 Mon 15:30 P 2
Quantum control of few level systems — Marcus THEISEN! and
eSANDRO WIMBERGERD23 — 1TTP, Heidelberg University, 69120 Hei-
delberg, Germany — 2DiFeST, Universita degli Studi di Parma, 43124
Parma, Italy — 3INFN, Sezione di Milano Bicocca, Gruppo Collegato
di Parma, Italy

We present and discuss possible ways to exert quantum control on
few level systems. The focus is on finding protocols that drive the
system’s dynamics exactly. These protocols describe the temporal de-
velopement of control parameters, e.g., external fields in spin resonance
experiments. In particular, we are interested in superadiabatic proto-
cols (1) which allow for adiabatic population transfer between quantum
states. This type of transitionless quantum driving is illustrated for
the Landau-Zener model. Similar control protocols are tested for more
complex 2 and 3 level systems numerically. They are found to result in
the desired behaviour. Future prospects include possible ways to stir
the 4 level quantum system as a basic model for two interacting Qbits.
All protocols could turn out to be useful in quantum computation.

(1) M. V. Berry, Transitionless quantum driving, J. Phys. A, 42
(365303), 2009

Q1.4 Mon 1545 P 2

Randomized Benchmarking with symmetries — eEwmiLIO

Location: P 2

Onorati!, ALsert H. WERNER?, and Jens Eisert! — !Dahlem
Center for Complex Quantum Systems, Freie Universitat Berlin, Ger-
many — 2Department of Mathematical Sciences, University of Copen-
hagen, Denmark

A central step toward the realization of quantum information process-
ing devices is the estimation of the accuracy in the implementation of
unitary gates. While a complete characterization of any quantum op-
eration may be obtained through quantum process tomography, this
approach suffers from two major shortcomings: SPAM errors sensi-
tivity and exponentially growing necessary resources. Randomized
benchmarking has become a standard technique to overcome these
limitations. The method involves the measurement of density opera-
tors after application of a random sequence of gates, chosen from the
Clifford or other small groups, which drastically reduces the number
of needed parameters. While randomized benchmarking has proven
to be successful in numerous experiments, the initial assumptions of
the protocol are demanding: up to small perturbations, the average
error is assumed to be both gate- and time-independent with respect
to all gates. We propose a novel approach to overcome these issues:
by exploiting the symmetries of the gates to be benchmarked, we are
able to estimate the error of each operator individually. To this aim,
knowledge regarding the representation theory of the symmetry group
is necessary; nevertheless, we investigate how well-known and small
groups allow for the characterization of a large number of multi-qubit
gates.

Q1.5 Mon 16:00 P 2
Limits of Quantum Control: bounds on minimum time and
control field amplitudes — eCHRISTIAN ARENZ, BENJAMIN Rus-
SELL, and HERSCHEL RaABITZ — Frick Laboratory, Princeton Univer-
sity, Princeton NJ, 08544 US

‘We derive a lower bound for the time that is needed in order to imple-
ment a target unitary transformation through classical time-dependent
fields. The bound depends on the target gate, the strength of the inter-
nal Hamiltonian and the highest control field amplitude. Furthermore,
based on the established bound we characterize the reachable set of
unitary operations as a function of the evolution time and the control
field amplitude, here explicitly analyzed for a single qubit. Moreover,
for a fully controllable system we show that the derived bound yields a
lower bound for the time at which all unitary gates become reachable.
We use numerical gate optimization in order to study the tightness
of the obtained bounds. It is shown that in the single qubit case our
analytical findings describe remarkably well the limit of reducing the
highest control field amplitude and the evolution time as much as possi-
ble, while still being able to implement some unitary target operation.
Finally we discuss the challenges in obtaining more accurate bounds
for higher dimensional systems.

Q1.6 Mon 16:15 P 2
Recovering the ideal results of a perturbed analog quan-
tum simulator — eIris ScHWENK!, JAN-MicHAEL REINER!, SE-
BASTIAN ZANKER', LIN Tian?, Juna LeppAkaNGas!, and MICHAEL
MAaRTHALER! — !Institute of Theoretical Solid State Physics, Karl-
sruhe Institute of Technology (KIT), 76131 Karlsruhe, Germany —
28chool of Natural Sciences, University of California, Merced, Califor-
nia 95343, USA

Well controlled quantum systems can potentially be used as quantum
simulators. However inevitably a quantum simulator is perturbed by
coupling to additional degrees of freedom. This constitutes a major
roadblock to useful quantum simulations, since so far there are only a
limited amount of possibilities to understand the effects of these pertur-
bation on the result of the quantum simulation. We present a method
which in limited circumstances, allows for the reconstruction of the
ideal result from measurements on a perturbed quantum simulator.
We study the case where we are interested in extracting a correlator
(O (t)0I(0)) from the simulated system in equilibrium, where O are
the operators which couple the system to its environment. The ideal
correlator can be reconstructed if any n-time correlator of operators Ot
of the ideal system can be written as products of two-time correlators.
We give an approach to verify the validity of this assumption exper-
imentally using additional measurements on the perturbed quantum
simulator.
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Q 2: Quantum
Time: Monday 14:30-16:45

Group Report Q2.1 Mon 14:30 P 3
Event-ready Bell test using entangled atoms simultane-
ously closing detection and locality loopholes — eWENJAMIN
RosenNrFeELDY2, DANIEL BurcHARDT!, Kar REDEKER!, ROBERT
GARrTHOFF', NORBERT ORTEGEL!, MaRrkus Raul, and HARALD
WEeINFURTER!'? — 1Ludwig-Maximilians-Universitit, Miinchen —

2Max-Planck-Institut fiir Quantenoptik, Garching

Bell’s inequality allows testing experimentally whether nature can be
described in a local-realistic way. In order for such a test to be mean-
ingful, at least two major requirements need to be fulfilled: the de-
tection efficiency of the particles has to be high enough and the mea-
surements on the two sides have to be space-like separated in order
to avoid loopholes. It is due to these demanding requirements, that it
took more than 40 years of experimental development until such tests
became possible.

Here we present our results for a Bell test using heralded entan-
glement of two neutral Rb-atoms over a distance of 400 m [1]. The
obtained violation of 2.22 £ 0.033 > 2 provides a strong evidence
against local realism. Beyond their fundamental importance such
tests also form the basis for novel communication methods like device-
independent quantum key distribution. Moreover, entanglement of re-
mote quantum memories is a central building block of future quantum
repeaters.

[1] arXiv:1611.04604 [quant-ph]|

Q2.2 Mon 15:00 P 3
Large-Alphabet Quantum Key Distribution Using Spatially
Encoded Light — eTRristaN TENTRUP, WILLEMIJN LUITEN, PETER
HoousscHuUR, REINIER VAN DER MEER, and PEpP1IN PiNkSE — Uni-
versity of Twente, Enschede, The Netherlands

In order to transmit a secret message between a sender (Alice) and a
receiver (Bob), both parties need a shared secret for encryption and
decryption. Quantum Key Distribution (QKD) provides a secure way
of generating such shared keys. The original BB84 protocol uses a
two-dimensional polarization basis, limiting the information content
of a single photon to 1 bit. Using the position of single photons as
one basis and the Fourier space as second basis, one can construct a
pair of mutually unbiased higher-dimensional bases. This improves not
only the security of the protocol, but also the key generation rate. We
present our experimental results with an encoding scheme using a Spa-
tial Light Modulator (SLM) allowing two nearly orthogonal alphabets
with in the order of 103 symbols and an information content per single
photon of about 10 bit.

Q2.3 Mon 15:15 P 3
Time-Frequency Quantum Key Distribution Over Free Space
— eFaBiaN BeuteL!2, Jasper RoObpIGErR!2, NicorLas PERLOT!,
RoNaLp Frreunbp!, and OrLivEr BEeNson? — !Fraunhofer Hein-
rich Hertz Institute, Einsteinufer 37, 10587 Berlin, Germany —
2Humboldt-Universitiat zu Berlin, AG Nanooptik, Newtonstrafe 15,

12489 Berlin, Germany

Quantum key distribution (QKD) enables the creation of a common
secret key between two remote parties that are connected by a quan-
tum channel. In the time-frequency (TF)-QKD scheme, Alice encodes
her bits either in the arrival time (Pulse Position Modulation) or in
the center frequency (Frequency Shift Keying) of weak laser pulses.
Due to the time-frequency uncertainty relation, an eavesdropper can
only extract limited information from intercepting these pulses. As
with the traditional BB84 QKD scheme, post processing allows for the
distillation of a secret key.

We have successfully implemented the TF-QKD scheme by using
mostly off-the-shelf telecom components and avalanche photodiodes
operating at 1550 nm. With our setup we achieve secret-key rates of
more than 400 kbit/s back-to-back and 80 kbit/s over a 25 km fiber
spool. Furthermore, we have tested our scheme over an outdoor free-
space test range of 390 m in the Berlin city center and are currently
in the process of extending it to longer outdoor test ranges.

Q24 Mon 1530 P 3
A Compact Quantum Key Distribution Sender Module for
Handheld Operation — GWENAELLE MELEN!, ToBias VoagLZ,
PeTeEr FREwaNG?, eJANNIK LuUHNZ, CLEMENS SONNLEITNERZ,

Communication |

Location: P 3

WENJAMIN RoSENFELD?, and HARALD WEINFURTER!"2 — IMax-

Planck-Institut fiir Quantenoptik, Garching, Germany — 2Ludwig-
Maximilians-Universitat, Munich, Germany

Quantum Key Distribution (QKD) over free space channels offers a
multitude of different application scenarios — provided it can be com-
bined with conventional communication systems. Employing micro-
optics and waveguide circuits enables a new level of integration. Here
we present a novel miniaturized sender module ready for handheld
operation in combination with a tracking receiver.

Our system implements a BB84-like protocol. A visible beacon laser
allows aiming and is modulated for synchronization purposes. A classi-
cal communication channel between sender and receiver is established
by means of a smartphone via Wi-Fi. We will report on results demon-
strating secure key rates on the order of a few 100 kBit/s in mounted
and a few 10 kBit/s in handheld operation at quantum bit error ratios
(QBERS) of less than 2%.

Our concept should enable QKD sender optics no larger than a single
match. With this size and robustness it is well suited for a huge variety
of communication schemes. It can be integrated in mobile phones or
optical wireless systems, but also be combined with classical commu-
nication links, e.g., free-space optical systems in urban areas or even
micro-satellites thereby enabling global key exchange.

Q25 Mon 1545 P 3
Photon-photon to atom-photon entanglement transfer —
eSTEPHAN KUCERA, JAN ARENSKOTTER, PascaL EicH, MATTHIAS
KRreis, PuiLipp MULLER, and JURGEN EscHNER — Universitdt des
Saarlandes, Experimentalphysik, Campus E2.6, 66123 Saarbriicken

Implementation of a quantum network with single atoms as quantum
nodes and single photons as channels between the nodes requires their
interfacing in receiver mode, whereby the photonic qubit is mapped
onto the internal degrees of freedom of the atom [1]. Combining such
a receiver interface with a source of entangled photon pairs enables the
distribution of entanglement between network nodes.

We implemented the heralded state-mapping protocol of [2] to op-
erate a single trapped *°Ca™ ion in receiver mode. Using a high-
brightness narrowband source of resonant entangled photon pairs,
we transferred the photon-photon polarization entanglement to atom-
photon entanglement by heralded absorption of one photon of the pair.
Quantum state tomography on the polarization qubit of the other pho-
ton of the pair and the atomic spin qubit after absorption demonstrates
the preservation of the entanglement.

[1] Kurz et al., Phys. Rev. A 93, 062348 (2016).

[2] Kurz et al., Nat. Commun. 5, 5527 (2014).

Q2.6 Mon 16:00 P 3
Spectral properties of single photons from a single Ca™t ion
— oPuIiLipp MULLER, TRISTAN TENTRUP, MARC BIENERT, JURGEN
EscHNER, and GiovaNNA Morict — Universitat des Saarlandes, Ex-
perimentalphysik, Campus E 2.6, Saarbriicken

Pure photonic quantum states, such as Fourier-limited single photons,
are optimal qubit carriers to attain high bandwidth in quantum com-
munication. They are generated, for example, from a single trapped
ion in a Raman-scattering process [1, 2|. The same process allows
heralded single-photon absorption [3].

We developed a method, based on resolvent theory and the residue
theorem, to calculate the spectro-temporal properties of the Raman-
emitted photon for incident light of arbitrary spectrum and for exci-
tation by coherent light or by single photons. We particularly include
the branching ratio of the three-level system.

Application to the experimental situation of a trapped single Cat
ion allows us to control the atom—photon interaction, optimise the
photon-generation efficiency, and generate single photons with tailored
properties.

[1] Almendros et al., Phys. Rev. Lett. 103, 213601 (2009).

[2] Kurz et al., New J. Phys. 15, 055005 (2013).

[3] Kurz et al., Phys. Rev. A 93, 62348 (2016).

Q2.7 Mon 16:15 P 3
Polarization-entangled photon pairs from a cavity-enhanced
down-conversion source in Sagnac configuration — eJan
ARENSKOTTER, STEPHAN KUCERA, and JURGEN EscHNER — Univer-
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sitdt des Saarlandes, Experimentalphysik, Campus E2.6, 66123 Saar-
briicken

An efficient resource of entanglement in atom—photon-based quantum
networks are polarization-entangled photon pairs generated by type-II
spontaneous parametric down-conversion.

Up to date, the best entanglement values are achieved by single-
pass conversion in Sagnac configuration [1]. On the other hand, the
highest pair rates are reported in cavity-enhanced sources [2]. We
combine the two approaches and generate frequency-degenerate pho-
ton pairs at 854nm wavelength in a signal- and idler-resonant bow-
tie resonator with 10 MHz linewidth, tuned to resonance with the
Ds/2 «» P3/o transition in the 40Cat ion. We achieve a brightness
of 5.4- 103 (s MHzmW) ™! fiber-coupled pairs with up to 97 % fidelity
(at 20 mW pump power) to a maximally entangled state, whose phase
is fully adjustable between ¥+ and ¥~. This source will be employed
in quantum communication experiments [3].

[1] Kuzucu et al., Phys. Rev. A 77, 032314 (2008).

[2] Luo et al., New J. Phys. 17 073039 (2015).

[3] Kurz et al., Phys. Rev. A 93, 62348 (2016).

Q2.8 Mon 16:30 P 3
Conversion of single photons from a trapped 4°Cat-ion to
the telecom range — ePascaL EicH, MarTHIAS BOCK, MATTHIAS
KRreis, STEPHAN KUCERA, JAN ARENSKOTTER, CHRISTOPH BECHER,
and JORGEN EscHNER — Universitdt des Saarlandes, Experimental-
physik, Campus E2.6, 66123 Saarbriicken

A key ingredient for quantum networks is the controlled generation and
distribution of photons as carriers of quantum information, in order to
establish the communication between atomic network nodes. For long-
range communication, the need for quantum frequency conversion of
such photons from atomic wavelengths into the low-fiber-loss telecom
range arises.

We generate triggered, polarization-controlled single photons at
854nm on the P3/y <> D5/, transition of a single trapped 40Cat-ion,
and investigate their conversion to the telecom O-band at 1312nm via
difference-frequency generation in a nonlinear waveguide. We study
the single-photon character as well as the polarization of the photons
before and after the conversion process.

Q 3: Quantum Effects: QED |

Time: Monday 14:30-16:15

Q3.1 Mon 14:30 P4
Casimir effect for perfect non-reciprocal conductors: An an-
alytic extension of Casimir’s original work — eSTEFAN RODE,
RoBERT BENNETT, and STEFAN YoOsHI BuHMANN — Albert-Ludwigs
University of Freiburg, Germany

We present the Casimir effect for boundary conditions involving per-
fect electromagnetic conductors (PEMCs), which are a class of non-
reciprocal materials that interpolate between perfectly electrically con-
ducting and perfect magnetically conducting media. Based on the
dyadic Green’s tensor of the electromagnetic field between two recip-
rocal plates, we demonstrate the construction of the corresponding
quantity for two perfectly reflecting non-reciprocal plates. We then
calculate the Casimir force between two PEMC plates in terms of the
parameter that specifies the degree of mixing between electric and mag-
netic responses. Our results are simple analytic expressions, which can
be related to the electric-magnetic duality symmetry of the electromag-
netic field.

Q3.2 Mon 14:45 P4
Casimir forces in media: comparison of microscopic and
macroscopic descriptions — eFRIEDRICH BURGER, JOHANNES
FIEDLER, and STEFAN YosHI BuHMANN — Institute of Physics, Uni-
versity of Freiburg, Germany

We consider the Casimir force between two dielectric bodies in a
medium, motivated by a recent debate initiated by Raabe and Welsch
[1]: the Casimir force as an effective electromagnetic force on a dielet-
ric object due to a second object can be expressed as a surface integral
over a stress tensor. Two alternative choices, the Maxwell stress tensor
[1] on the one hand and the Abraham-Minkowski stress tensor [2] on
the other, then lead to different results when the objects are embed-
ded in a medium. We analyse a setup of two dielectric spheres within
a medium [3] and present a comparison of both approaches with the
result obtained from microscopic Hamaker theory [4].

[1] C. Raabe and D.-G. Welsch, Phys. Rev. A 71, 013814 (2005).

[2] 1. Dzyaloshinskii, E. M. Lifshitz and L. P. Pitaevskii, Adv. Phys.
10 165 (1961).

[3] A. Sambale, S. Y. Buhmann and S. Scheel, Phys. Rev. A 81,
012509 (2010).

[4] H. C. Hamaker, Physica 4, 1058 (1937).

Q3.3 Mon 15:00 P4
Dispersion forces in inhomogenous media — eJOHANNES
FIEDLER!, PRIYADARSHINI THIvAM2, MATHIAS BOSTROMZ, MICHAEL
WaLTERD3, and STEFAN Yosur Buamann! — lInstitute of Physics,
University of Freiburg, Germany — 2Department of Materials Sci-
ence and Engineering, Royal Institute of Technology, Sweden —

3Fraunhofer Institute for Mechanics of Materials, Germany
Dispersion forces, such as Casimir forces between dielectric bodies and

van der Waals forces between neutral particles, are a consequence of the
ground-state fluctuations of the electromagnetic field [1]. In modern
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precision experiments and theories, these forces are usually studied in
vacuum [2]. However, typical realistic systems arising in nature, e.g. in
biological contexts, often involve particles embedded in liquid solvent
media. The latter can strongly modify the van der Waals interaction.
Due to the Pauli blocking the solvent forms a void, or real cavity,
around the particles [3]|, which has to be taken into account when
studying the van der Waals interaction. We investigate the influence
of such a solvent on the dispersion force for a quasi one-dimensional
model cases of two plates of finite thickness and infinite lateral exten-
sion on the one hand and two atoms on the other. We model the real
cavity by a realistic density profile of the solvent near the interacting
objects and compare our results with those obtained from a simpler
hard-cavity model with step-function profile.

[1] S.Y. Buhmann, Dispersion forces I, Springer (Heidelberg, Berlin)
2012. [2] S. K. Lamoreaux, Phys. Rev. Lett. 78, 5 (1997). [3] A.
Held, M. Walter, J. Chem. Phys. 141, 174108 (2014).

Q3.4 Mon 15:15 P4
Relevance of non-equilibrium effects for dispersion forces —
eFrANCEScO INTRAVAIA — Max-Born-Institut, 12489 Berlin, Germany

Non-equilibrium systems are omnipresent and in recent years they have
attracted a constantly growing attention due to their relevance for fun-
damental physics as well as for modern nanotechnology. Progress in
manipulating atomic and condensed matter systems has stimulated the
investigation of a particular class of non-equilibrium phenomena, which
is represented by dynamical dispersion forces. These forces, whose ori-
gin is deeply rooted in quantum theory, are at the origin of contactless
quantum friction between two objects moving with constant velocity
relative to each other. Unfortunately, the detailed quantitative de-
scription of non-equilibrium systems is rather challenging and the most
common approaches rely on the assumption that corrections to the as-
sociated equilibrium characteristics are relatively small. We show that
this assumption fails for quantum friction and underestimates by ap-
proximately 80% the magnitude of the drag force [1]. Our results show
that the correlations among the components of driven but steady-state
quantum systems invalidate the so-called local thermal equilibrium ap-
proximation, also calling for a critical reexamination of this approach
for describing the physics of non-equilibrium systems.

[1] F. Intravaia, R. O. Behunin, C. Henkel, K. Busch, and D. A. R.
Dalvit, Failure of local thermal equilibrium in quantum friction, Phys.
Rev. Lett. 117, 100402 (2016).

Q3.5 Mon 1530 P4
Casimir-Polder Interaction across Timescales — oJULIANE
Krart and STEFAN YosHi BuuMANN — Physikalisches Institut,
Albert-Ludwigs-Universitat, Freiburg

Casimir-Polder interaction is the fluctuation-mediated interplay be-
tween a neutral but polarizable microscopic object, e.g. an atom, on
the one hand and a macroscopic body on the other. For an atom at
rest, the three most common approaches to describing such interaction
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- perturbation theory, Markovian master equations and linear response
theory - yield compatible results. For an atom moving relative to the
macroscopic body, however, the predictions of these three methods
strongly disagree.

This discrepancy can be attributed to incompatible assumptions
regarding the power spectra as implied by the aforementioned ap-
proaches, which in turn is a manifestation of the mutually exclusive
temporal regimes to which the seemingly contradicting results apply.
The different Casimir-Polder dynamics in these temporal regimes can
be understood in analogy to the observation that the spontaneous de-
cay of an excited atom in free space undergoes three, qualitatively dis-
tinct, phases - Gaussian decay, exponential decay and powerlaw decay
- each of which can be reproduced by the corresponding method, i.e.
perturbation theory, Markovian master equations and linear response,
respectively.

We here employ time-convolutionless projection operator techniques
in order to develop a comprehensive description of Casimir-Polder in-
teraction across all timescales.

Q3.6 Mon 15:45 P4
Casimir-Polder Potential for an Atom driven by a Laser Field
— oSEBASTIAN FucHs, ROBERT BENNETT, and STEFAN BUHMANN —
Albert-Ludwigs-Universitat Freiburg, Freiburg, Germany

Within the framework of Macroscopic QED we study the interaction
between an atom driven by a coherent laser field with a surface and
compute the Casimir-Polder potential. We use two different ideas to
approach this goal. If the atom is not driven resonantly and remains

in its initial state, we can split the dipole moment into a free contribu-
tion coming from spontaneous polarization according to Macroscopic
QED, and the induced part given by a polarizability and the driving
field. The total Casimir-Polder potential also consists of the standard
Casimir-Polder part, the induced potential. We contrast this to a reso-
nantly driven atom showing Rabi oscillations between its excited state
and the ground state. In a next step we seek to extend this model to
a larger number of atoms and investigate the collective behavior using
Dicke states.

Q 3.7 Mon 16:00 P 4
Dynamical Casimir effect in a spinor BEC — eKARSTEN
Lance!, Jan Prse!, Bernp Lucke!, ILka Kruse!, Frank
DEURETZBACHER?, Luls SanTos?, WorLrcane ErrMeR!, and
CarsTEN KrEmpT! — !Institut fiir Quantenoptik, Leibniz Univer-
sitdt Hannover — 2Institut fiir Theoretische Physik, Leibniz Univer-

sitdt Hannover

One of the most surprising predictions of quantum theory is the gener-
ation of particles out of the vacuum by suddenly changing the bound-
ary conditions. This effect is known as the dynamical Casimir effect.
Originally, it was proposed for mirrors that move at relativistic speeds.
We realize an analogous effect in our 87Rb spinor BEC by changing
the the energy of initially empty spin modes. Firstly, we demonstrate
the creation of spin excitations in these vacuum states. Secondly, we
employ atomic homodyning to prove that the created excitations are
entangled.

Q 4: Quantum Optics |

Time: Monday 14:30-16:15

Group Report Q4.1 Mon 14:30 P 5
A mixed bag of quantumness with a bit of tech — Kar BArN-
scHEIDT, ToMm ETTRICH, e BORIS HAGE, SEMJON KOHNKE, MELANIE
MRAz, CHRISTIAN REIHER, DIETER ScHICK, and OSKAR SCHLET-
TWEIN — Universitdt Rostock, Institut fiir Physik, AG Experimentelle
Quantenoptik, Rostock, Germany

We report on the activities of the research group "Experimental Quan-
tumoptics’ at the University of Rostock, which are divided into three
areas:

1) The detection and verification including experimental errors of
the quantumness/nonclassicality of the state of a laser beam using lin-
ear, nonlinear and single photon detectors. Additionally, the advance
towards a measurement based quantification of nonclassicality.

2) The complete quantum state tomography (single mode) of a
pulsed multi mode squeezed state of light emerging from a Kerr non-
linear optical fibre. Additionally, the advances towards a reliable sim-
ulation of the processes in the optical fibre including losses, dispersion
(higher order), Kerr nonlinearity and Raman effect.

3) Progress towards the implementation of an optical spring with
micro cantilevers used in atomic force microscopy with an optical ex-
citation using photothermal and radiation pressure coupling.

Q4.2 Mon 15:00 P 5
Phase-insensive test of phase-squeezed state nonclassicality —
eMELANIE MRraz!, BENjaMIN KUHN?, SEMJON KOHNKE!, WERNER
VoceL?, and Boris Hace! — 'AG Experimentelle Quantenoptik,
Institut fiir Physik, Universitit Rostock — 2AG Theoretische Quan-
tenoptik, Institut fur Physik, Universitdt Rostock

We experimentally realized the homodyne cross correlation detection
(HCCD) proposed in [1]. This technique is based on an intensity noise
correlation. Three different normally ordered moments of field ampli-
tude and intensity are extracted from the recorded correlation in two
dissimilar ways; by phase periodicity and by order of the local oscillator
strength. We used a coherently displaced phase-squeezed state at 1064
nm with approx. -2.7dB squeezing generated in an optical parametric
amplifier (OPA). To verify the presented method and to analyze the
amount of squeezing, we used a standard balanced homodyne detector
(BHD). The special features of our HCCD are an unbalanced splitting
ratio of 14:86 and a matched local oscillator (LO) power to the order
of magnitude of the signal power. This delivers us the needed infor-
mation of three different normal ordered moments of field amplitude
and intensity. A nonclassicality criterion is developed which is solely

Location: P 5

based on these moments. Remarkably, this test certifies quantum cor-
relations for all phases, i.e., even in the antisqueezed region, of the
generated squeezed state. Furthermore, the analysis of the data is free
of quantum physical assumptions as present in the standard balanced
homodyne detection.

[1] W. Vogel, Phys. Rev. A 51, 4160 (1995).

Q4.3 Mon 15:15 P 5
Experimental Demonstration of Negative-Valued Polariza-
tion Quasi-Probability Distribution — eKIRILL SpasiBko!:?,
Maria CrExkHOVAZ31 and FARID KHALILI® — !Friedrich-Alexander-
Universitat Erlangen-Niirnberg, Staudtstr. 7/B2, 91058 Erlangen,
Germany — 2Max-Planck-Institute for the Science of Light, Staudtstr.
2, 91058 Erlangen, Germany — 2Faculty of Physics, M. V. Lomonosov
Moscow State University, 119991 Moscow, Russia

The polarization analog of the position-momentum Wigner distribu-
tion is the polarization quasi-probability distribution (PQPD) for the
three non-commuting Stokes observables. This distribution fully de-
scribes the polarization properties of a quantum state and gives correct
one-dimensional marginal probability distributions for all Stokes ob-
servables and their linear combinations (as the Wigner distribution for
position and momentum does).

Usually the negativity of the Wigner distribution is considered as
a proof of non-classicality for a quantum state. On the contrary, the
PQPD demonstrates negativity for all quantum states. This feature
comes from the discrete nature of the Stokes observables.

In this work [arXiv:1508.03510] we have demonstrated the experi-
mental reconstruction of the PQPD for a linearly-polarized weak coher-
ent state of light measured with single-photon detectors. The recon-
structed distribution demonstrates well pronounced negative-valued
areas. This intrinsic negativity was not observed in previous exper-
iments, because they were performed with photon-number averaging
detectors.

Q4.4 Mon 15:30 P 5

The Unforeseen Benefits of
1,2

Overcoming Vacuum Noise:
Quantum Heterodyne Detection — eCHRISTIAN R. MULLER
CHRISTIAN PEUNTINGERD23| Tnomas DirMEIRD2) IMRAN KHANDZ,
ULricH VoarLb2, ChrisTOPH MARQURADTY'2, GERD LEUcCHS}Z,
Luis L. SAncuEz-Soro*!, YonG S. TE0®, ZpENEK HRADIL®, and
JarosLav REHACEK® — !Max Planck Institute for the Science of
Light, Erlangen, Germany. — 2Department of Physics, University of
Erlangen-Nuremberg (FAU), Germany. — 3Department of Physics,
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University of Otago, New Zealand. — “*Departamento de Optica,
Facultad de Fisica, Universidad Complutense, Madrid, Spain. —
5Department of Optics, Palacky University, Olomouc, Czech Republic.

The Wigner function and the Husimi Q-function are theoretically
equivalent representations of a quantum state and are intimately linked
to homodyne tomography and heterodyne detection, respectively. In
state estimation via these measurement techniques one is confronted
either with errors incurred during tomogram processing or with addi-
tional excess noise due to the simultaneous measurement of conjugate
observables. We experimentally demonstrate that, contrary to a com-
mon believe, state estimation via heterodyne detection outperforms
homodyne tomography for almost all Gaussian states.

[1] J. Reh4cek et al., Sci. Rep., 5, 12289 (2015).

[2] C. R. Miiller et al., Phys. Rev. Lett. 117, 070801 (2016)

Q4.5 Mon 1545 P5
Quantum state tomography of Kerr squeezed femto second
pulses in optical fibers — eOskAR SCHLETTWEIN, KAl BARN-
scHEIDT, and Boris Hace — Institut fiir Physik, Universitat Rostock,
Germany

The intensity dependence of the refractive index in standard optical
fibers is usually very small (ng ~ 10720%2). However it still can get
a significant impact if short pulses with high peak power are launched
into the small mode field diameter of the fiber. Using 250 fs (FWHM)
pulses with peak power in the kW regime the impact of the appearing
Kerr- and Raman-effect on the quantum properties of the light field
are experimentally analyzed. For this purpose a new schema based on
a ring cavity is set up to perform a full quantum state tomography of
the light field.

Since the fiber output pulses are multimode quantum states the

choice of the local oscillator (LO) plays a crucial role in the tomogra-
phy. Our setup can be used to gain a LO which has the same temporal
pulse shape as our signal without any further shaping technics needed.
This allows us to also analyze the quantum properties of non-soliton
pulses.

With the further addition of a pulse shaper in the LO path the
multimode quantum structure of the Kerr squeezed pulses could be
experimentally investigated. Our nummerical calculations predict sep-
arable squeezed modes in the pulse with a high amount of squeezing.
The shape of this modes as well as the progress into their experimental
investigation will be demonstrated.

Q4.6 Mon 16:00 P 5
A Kalman Filter Approach to Quantum State Reconstruction
— oKARSTEN BoLTS, STEFAN SCHEEL, and Boris HAGE — Institut
fiir Physik, Universitat Rostock, Albert-Einstein-Str. 23-24, 18059 Ro-
stock, Deutschland

Kalman filtering, a technique which is mostly used for dynamical state
estimation in the field of engineering, can also be applied to quan-
tum state reconstruction [1]. This method yields not only the optimal
Bayesian state estimate but also treats the measurement uncertainties
properly and can in principle be adapted to any tomographic set-up.
The reconstruction scheme is mainly based on linear vector equations
and hence it is well suited for hardware implementation.

Here we show how to apply the Kalman filter method to balanced ho-
modyne tomography [2]. We implemented a version of the algorithm on
a field programmable gate array (FPGA) to enable hardware-assisted
real-time state reconstruction and calculation of error bars.

[1] K. M. R. Audenaert and S. Scheel, New J. Phys. 11, 023028 (2009)
[2] E. Agudelo, J. Sperling, W. Vogel, S. Kéhnke, M. Mraz and B. Hage,
Phys. Rev. A 92, 033837 (2015)

Q 5: Precision Measurements and Metrology: Gravity

Time: Monday 14:30-16:30

Group Report Q5.1 Mon 14:30 P 104
The Laser Ranging Interferometer on GRACE Follow-On -
current status and outlook — GERMAN FERNANDEZ BARRANCO,
ALEXANDER GORTH, € CHRISTOPH MAHRDT, VITALI MULLER, DANIEL
ScHUTZE, GUNNAR STEDE, GERHARD HEINZEL und KARSTEN DANz-
MANN — Albert-Einstein-Institut (AEI), Hannover

The Gravity Recovery and Climate Experiment (GRACE) is able to
observe the Earth’s dynamic gravitational field on a global scale. Chan-
ges due to mass transport within the Hydrosphere and Cryosphere,
with unprecedented precision have been observed with a temporal re-
solution of one month. Long term monitoring of these changes is im-
portant for a better understanding of the processes causing these time
variations. GRACE has been flying for nearly 15 years now, tripling it’s
targeted design lifetime. Due to the increasing risk of failure a rebuild
of GRACE has been build and is currently under test for an antici-
pated launch as early as spring 2018. GRACE Follow-On carries an
additional laser ranging interferometer as technology demonstrator for
future gravity field missions which has the potential to enable improved
spatial resolution. This talk will give an overview of the architecture of
the laser ranging interferometer, a status update, and outlook towards
the launch.

Q5.2 Mon 15:00 P 104
Precise measurement of pW laser powers for inter-satellite
laser interferometry applications — eSEBASTIAN SCHREIBER,
ALEXANDER GORTH, CHRISTOPH VORNDAMME, NIiLs CHRISTOPHER
Brausg, OLIVER GERBERDING, THOMAS SCHWARZE, GERHARD
HEeinzEL, and KARSTEN DANZMANN — Albert-Einstein-Institut Leib-
niz Universitdt Hannover

Future space missions like the Laser Interferometer Space Antenna
(LISA) or the Gravity Recovery and Climate Experiment Follow-on
mission (GRACE-FO) will make use of laser interferometry to mea-
sure precise distance changes between the spacecraft.

The huge distances between the SC reduce the received laser power
to a few nW or even pW. To ease the alignment procedure of the SC
an acquisition sensor will be installed on each SC.

To ensure the correct functionality of those sensors it is necessary to
measure such light intensities on ground. Noise sources such as resid-
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ual, scattered or reflected light as well as electronic readout noise are
actually limiting the achievable results from common instruments.

This talk will present a general overview and first ideas of building
a measuring instrument which is able to directly measure such low in-
tensities. The focus lies on AC measurement techniques that involve
optical chopper wheels or heterodyne interferometey

Q5.3 Mon 15:15 P 104
Deep Frequency Modulation Interferometry — eCHRISTOPH
VornDAMME!, OLIVER GERBERDINGZ?, KATHARINA-SOPHIE ISLEIF!,
Tuaomas S. ScHwARzE!, MoriTz MEHMET?, GERHARD HEINZELZ,
and KarsTEN Danzmann'2 — lAlbert Einstein Institute, Leibniz
Universitit Hannover — 2Max Planck Institute for Gravitational

Physics (Albert Einstein Institute)

Here we present the latest developments for the deep frequency mod-
ulation interferometry (DFMI) technique at the AEIL. This technique
is based on a Michelson setup with unequal armlength and a strong,
or deep, frequency modulation applied to the input laser. The un-
equal armlength converts the laser frequency modulation into an effec-
tive deep phase modulation in the measurement arm, thus encoding
the measurement phase in complex amplitudes of the modulation fre-
quency harmonics. Unlike in a phase modulated setup, which already
provides high precision and high dynamic range, the frequency modu-
lated setup can be implemented with very compact optical heads for
a scalable amount of degrees of freedom. This is due to the laser fre-
quency modulation and reference noise measurement being kept seper-
ate from the part of the optics that need high thermal and mechanical
stability. Futhermore, the effective modulation depth includes the total
delay in the measurement arm, thus yielding the possibility for abso-
lute ranging. The presented efforts include the construction of optical
hardware like a glued ultra-stable reference interferometer as well as
the developement of fast phase readout electronics (phasemeter) based
on a system on chip (SoC).

Q5.4 Mon 15:30 P 104
Interferometrischer Messkopf zur dynamischen Laser-
Entfernungsmessung — eOLIVER MaNDEL!2, THIiLO ScHuLDT?3,
MicHAEL CuwaLLal, Dennts WEeise!, ULricH Jonann! und Craus
BraxMmaIlERZ? — 1Airbus DS GmbH, Friedrichshafen — 2Zentrum
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fiir angewandte Raumfahrttechnologie und Mikrogravitation (ZARM),
Bremen — 3Deutsches Zentrum fiir Luft- und Raumfahrt (DLR), Bre-
men

Die Laserinterferometrie gilt in der Raumfahrt als vielversprechende
Technologie zur dynamischen Abstandsmessung zwischen Satelliten,
besonders im Hinblick auf Missionen zur Erdbeobachtung, Detektion
von Gravitationswellen und Formationsfliigen. Verschiedene Konzep-
te fiir ein heterodynes, dynamisches Laser-Entfernungsmessgeridt mit
Nanometergenauigkeit wurden auf ihre Nutzbarkeit fiir Gravitations-
Missionen der néchsten Generation untersucht und hinsichtlich ihrer
Messgenauigkeit, Baugrofe, Flexibilitdt und Komplexitat verglichen.
Darauf aufbauend wird ein monostatisches Instrumentendesign vorge-
stellt, bei dem sich die Laserstrahlen auf der direkten Sichtverbindung
zwischen den Satelliten ausbreiten, wobei innerhalb des Instruments ei-
ne bi-statische Strahlfiithrung Anwendung findet. Die tatséchliche Leis-
tungsfahigkeit soll in einer eigens dafiir entwickelten Testumgebung
vermessen werden. Zur leichteren Unterbringung in zukiinftigen Satel-
litenmissionen ermoglicht das Instrumentendesign einen frei wahlbaren
Abstand vom Messkopf zum Phasenzentrum und kann vollstandig auf
einer kompakten optischen Bank integriert werden. Zuwendung des
DLR mit Mitteln des BMWi unter dem Forderkennzeichen 50EE1409.

Q5.5 Mon 15:45 P 104
A backlink for LISA: Pre-experiment and optical design —
oLEA Biscuor!, KATHARINA-SoOPHIE ISLEIF!, OLIVER GERBERDING?Z,
DaNIEL PENKERT?, STEFAN AsT?, GERHARD HEINZEL?, MICHAEL
WinTER!, JENs REIcHE?, and KARSTEN Danzmann:2 — lInstitut
fiir Gravitationsphysik, Leibniz Universitit Hannover — 2Max-Planck-

Institut fiir Gravitationsphysik (Albert-Einstein-Institut)

The Laser Interferometer Space Antenna (LISA) is a planned space-
based gravitational wave detector with arm-lengths of several million
kilometers. To suppress laser frequency noise in this detector two or
more arms have to be compared to synthesize a quasi Michelson inter-
ferometer. This is non-trivial due to an orbit induced breathing of the
angle between the arms, which requires an adaptable link (so-called
backlink) between two optical benches in one satellite. Therefore,
a new experiment is currently being set-up at the AEI in Hannover
to compare three different methods: a ’fiber backlink’, a ’free beam
backlink’ and a ’frequency separated backlink’. All bonded on two
baseplates that are fixed on two rotary stages to simulate a LISA like
motion. We will present the current status of this, so called ’3Backlink-
experiment’, the stray light mitigation strategies and the actual imple-
mentation of a pre-experiment that will analyze key issues for the free
beam backlink. Highlights include first results with a free beam back-
link, including angular steering control, and the IfoCAD based design
of the highly complex three backlink interferometer.

Q5.6 Mon 16:00 P 104

Experiment to investigate collinear back-reflections of opti-
cal components — eMicHAEL WINTER!, OLIVER GERBERDING?,

KATHARINA-SOPHIE ISLEIF!, DANIEL PENKERTZ, STEFAN AsTZ,

LeA Biscuor!, GERHARD HEINzEL2, JENs REicHE2, and KARSTEN
DanzMaNND2 — TAlbert Einstein Institute Hannover, Leibniz Uni-
versitit Hannover — ?Max Planck Institute for Gravitational Physics
(Albert Einstein Institute)

The Laser Interferometer Space Antenna (LISA) is a planned space-
based gravitational wave detector with arm lengths of some million
kilometres. Due to orbital dynamics the angle between the arms
changes. Thus an adaptable link (backlink) between the two optical
benches inside each spacecraft is required. Previous experiments have
shown that a fiber solution is limited by collinear ghost beams. Ad-
ditional optical components can be used to avoid them or make them
irrelevant, e.g. Faraday Isolators or AOMs. Collinear back-reflections
of the components are designated to be the new limiting factors.

To investigate these back-reflections a simple cavity-like setup is
used, whereby the component to be examined forms one half of an
ultra-low finesse cavity. Deep Frequency Modulation (DFM) interfer-
ometry is then applied to generate self-interference at AC-frequencies
for a quasi heterodyne detection.

This talk will give an overview of the operating principle and the
characterization of the setup. Thereby the focus lies on reconciling the-
ory and experiment to connect obtained signal and power reflectivity
of the device-under-test, revealing collinear back-reflection properties.

2

Q5.7 Mon 16:15 P 104
Optical three-signal test for the LISA phasemeter — ¢ GERMAN
FERNANDEzZ BARRANCO, DANIEL PENKERT, THOMAS SCHWARZE,
OLIVER GERBERDING, and GERHARD HEINZEL — Max Planck Insti-
tute for Gravitational Physics, Callinstrafe 38 30167 Hannover

The planned spaceborne gravitational wave detector LISA will allow
the detection of gravitational waves at frequencies between 0.1 mHz
and 1 Hz. It uses high-precision heterodyne laser interferometry as the
main measurement technology. A breadboard model of the interfero-
metric phase readout system (phasemeter) was developed in the scope
of an ESA technology development project. This project was com-
pleted successfully fulfilling all performance requirements in an electri-
cal two-signal test. Here we present the advances of an optical testbed
for the phasemeter as well as measurements. The testbed is based on
an ultra-stable hexagonal optical bench. This bench allows the genera-
tion of three unequal heterodyne beatnotes, thus enabling us to probe
the phasemeter for nonlinearities in an optical three-signal test. The
final goal is to show a performance in the microcycle/sqrt(Hz) regime
for the upper part of the LISA measurement band (5 mHz to 1 Hz)
with a dynamic range of about 7 orders of magnitude using beatnotes
between 5 and 25 MHz. The measurements presented here fulfill this
requirement down to 100 mHz including dynamic and beatnote ranges.
Once full performane is achieved, other components of the LISA arm
metrology chain (clock noise transfer and removal, inter-satellite rang-
ing and communication) can be tested in this setup.

Q 6: Quantum Gases: Bosons |

Time: Monday 14:30-16:30

Q6.1 Mon 14:30 P 204
The Space Atom Laser - A novel source for ultra-cold atoms
in microgravity — eMATTHIAS MEISTER, ALBERT ROURA, WOLF-
canG P. ScuLEicH, and THE QUANTUS TeEAM — Institut fiir Quan-
tenphysik and Center for Integrated Quantum Science and Technology
(IQST), Universitit Ulm

The atom laser [1] is a unique device among the broad variety of appli-
cations of Bose-Einstein condensation (BEC) and transfers magneti-
cally trapped atoms to an untrapped state. On ground the outcoupled
atoms are dragged down by gravity resulting in an accelerated, directed
beam. In microgravity, however, there is no favored direction and the
only driving force of the dynamics is the repulsive interaction between
the particles. Thus, the outcoupled atoms propagate away from the
remaining trapped atoms and form a slowly expanding shell.

We present a protocol that allows the generation of such an unusual
arrangement of atoms in microgravity by applying radio frequency out-
coupling methods to a magnetically trapped BEC. In order to find a
suitable scheme for an experimental implementation aboard the ISS
using NASAs Cold Atom Laboratory we have thoroughly studied this

Location: P 204

process with the help of numerical simulations based on coupled Gross-
Pitaevskii equations.

The QUANTUS project is supported by the German Space Agency
DLR with funds provided by the Federal Ministry for Economic Affairs
and Energy (BMWi) under grant number 50WM1556.

[1] Phys. Rev. Lett. 78, 582 (1997); Science 283, 1706 (1999);
Phys. Rev. Lett. 82, 3008 (1999);

Q 6.2 Mon 14:45 P 204
Lowest-Lying Collective Frequencies of a Photon BEC in
Presence of Temporally Retarded Interaction — eENRICO
STEIN and AXEL PELSTER — Fachbereich Physik und Forschungszen-
trum OPTIMAS, Technische Universitat Kaiserslautern, Germany

Usually, collective mode frequencies of BECs are theoretically de-
scribed for an instantaneous two-particle interaction between the
bosons. Recent experiments on photon BECs show, however, that
the effective photon-photon interaction is significantly influenced by
memory effects which are presumably due to diffusion processes [1,2].
Therefore, we analyse the lowest-lying collective modes of a two-
dimensional BEC in presence of a temporally retarded interaction by



Mainz 2017 — Q

Monday

solving the underlying Gross-Pitaevskii equation with a variational ap-
proach [3]. We find that the frequencies for both the breathing and
the quadrupole mode are shifted for a few percent with respect to a
non-retarded two-particle interaction. Furthermore, we find the same
order of magnitude for the violation of the Kohn theorem [4], i.e. the
dipole-mode frequency differs from the trap frequency. Finally, we dis-
cuss how these retardation effects can be enhanced in an anisotropic
harmonic confinement. All these findings are essential for determining
the photon-photon interaction strength from measuring the lowest-
lying collective frequencies of the photon BEC.

[1] J. Klaers, et al., Appl. Phys. B 105, 17 (2011)

[2] J. Schmitt, et al., Phys. Rev. A 92, 011602(R) (2015)

[3] V.M. Perés-Garcia, et al., Phys. Rev. Lett. 77, 5320 (1996)

[4] A.L. Fetter and D. Rokhsar, Phys. Rev. A 57, 1191 (1998)

Q 6.3 Mon 15:00 P 204
Strongly anomalous non-thermal fixed point in a quenched
two-dimensional Bose gas — eMarkus Karr!:?2 and THomAs
Gasenzer!2 — IKirchhoff-Institut fiir Physik, Ruprecht-Karls-
Universitdt Heidelberg, Im Neuenheimer Feld 227, 69120 Heidelberg —
2ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir Schwe-
rionenforschung GmbH, Planckstrafle 1, 64291 Darmstadt, Germany

Universal scaling behaviour in the relaxation dynamics of an isolated
two-dimensional Bose gas is studied by means of semi-classical stochas-
tic simulations of the Gross-Pitaevskii model. The system is quenched
far out of equilibrium by imprinting vortex defects into an otherwise
phase-coherent condensate. A strongly anomalous non-thermal fixed
point is identified, signalled by a universal scaling form for the time-
dependent occupation spectrum at late times. The fixed point is as-
sociated with a slowed power-law decay of the defects in the case that
the dissipative coupling to the thermal background noise is suppressed.
Interpreting our results in the context of phase-ordering kinetics and
coarsening dynamics, we find numerical evidence for a new type of
defect-ordering process far from equilibrium. This process is charac-
terised by a large dynamical critical exponent z = 5, implying an
anomalously slow algebraic progress of the system towards thermal
equilibrium, and is distinctly different from coarsening within known
near-equilibrium universality classes.

Q6.4 Mon 15:15 P 204
Driven Bose-Hubbard Model with a Parametrically Modu-
lated Harmonic Trap — NikrLas Mann!, eM. REza BAKHTIARI!,
FraNcEsco MasseL?, AXEL PELSTER®, and MICHAEL THORWART!"*
— 11. Institut fiir Theoretische Physik, Universitit Hamburg, Ger-
many — 2Department of Physics and Nanoscience Center, University
of Jyvikyld, Finland — 3Fachbereich Physik und Forschungszentrum
OPTIMAS, Technische Universitiat Kaiserslautern, Germany — 4The
Hamburg Centre for Ultrafast Imaging, Germany

We investigate a periodically driven one-dimensional Bose-Hubbard
model, where the global harmonic trap is parametrically modulated.
The delicate interplay of both the local atom interaction and the global
driving allows to control the dynamical stability of the trapped quan-
tum many-body state. This mechanism is illustrated for weak atom
interaction by solving the discretized version of the Gross-Pitaevskii
equation within a Gaussian variational ansatz, yielding to a Math-
ieu equation for the condensate width. With this it turns out that the
parametric resonance condition can be tuned with the atom interaction
strength. For stronger interactions, this mechanism is confirmed by ap-
plying the numerically exact time-evolving block decimation scheme.
Furthermore, we show that the global periodic modulation induces for
large enough driving frequencies an effective time-independent local
hopping strength for the atom gas.

Q6.5 Mon 15:30 P 204
Continuous and discontinuous dark solitons in polariton
condensates — eSTavros KomiNEAs!2, STEPHEN SHIPMANS®, and
STEPHANOS VENAKIDES?* — 1University of Crete, Heraklion, Crete,
Greece — 2RWTH Aachen University, 52056, Aachen, Germany —
3Louisiana State University, Baton Rouge, Louisiana 70803, USA —
4Duke University, Durham, North Carolina 27708, USA

Bose-Einstein condensates of exciton-polaritons are described by a
Schroedinger system of two equations for the wavefunctions of the
excitons and the photons. The system is nonlinear due to exciton in-
teractions. We have calculated all non-traveling soliton solutions for
the one-dimensional lossless system. We will present in detail the fre-
quency bands of dark soliton solutions. For positive detuning (photon
frequency higher than exciton frequency), there is a frequency band
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for which the exciton wavefunction becomes discontinuous when the
operating frequency exceeds the exciton frequency. The exciton wave-
function is discontinuous at its symmetry point, where it undergoes
a phase jump of pi. A band of ordinary (continuous) dark solitons
merges with the band of discontinuous dark solitons, forming a larger
band over which the soliton far-field amplitude varies from 0 to infinity.

This phenomenon lies outside the parameter regime of validity of the
Gross-Pitaevskii (GP) model. Within its regime of validity, we give a
derivation of a single-mode GP model from the initial Schroedinger
system and compare the continuous polariton solitons and GP solitons
using the healing length notion.

Q 6.6 Mon 15:45 P 204
Measuring the Edwards-Anderson parameter in a disor-
dered Bose-Hubbard model — eANTONIO RUBIO-ABADAL!, JAE-
yooN CHor', JoHANNEs ZEIHER!, SiMON HOLLERITH!, SEBASTIAN
Hip!, IMMaANUEL Brocu!?2, and CurisTiIAN Gross! — IMax-
Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Strafie 1, 85748
Garching, Germany — 2Fakultét fiir Physik, Ludwig-Maximilians-
Universitdt Miinchen, Schellingstrafe 4, 80799 Miinchen, Germany

Quantum gas microscopes provide exciting perspectives to study disor-
dered systems, since short-range-correlated disorder potentials can be
generated, and microscopic observables probed with single-site resolu-
tion. A recent theory study [1] points out that such a setup could be
used to probe the disordered Bose-Hubbard (BH) model by measuring
an analogue of the Edwards-Anderson (EA) parameter, a commonly
adopted ”order parameter” in the context of spin glasses. Here we
report on the direct measurement of the analogue EA parameter in
disordered BH systems. We find a non-vanishing value in between the
Mott lobes, indicating the presence of a Bose glass. These regions
grow with disorder strength as expected. Our measurements provide
a chemical-potential-resolved characterization of the phase diagram of
the disordered BH model.
[1] S.J. Thomson et al. Phys. Rev. A 94, 051601(R) (2016)

Q 6.7 Mon 16:00 P 204
Realization of a Bose-Hubbard model with cavity-mediated
global-range interactions oNISHANT DocGral!, RENATE
Lanpic?, Lorenz HrRuBy!, KATRIN KROGER!, MANUELE LANDINI!,
RAFAEL MoTTL!, FERDINAND BRENNECKE®, SEBASTIAN HUBER?,
Tosias DonNER!, and TiLMAN EssLincger! — 'HPF D4, Quantum
Optics Group, Institute for Quantum Electronics, ETH Zurich,Otto-
Stern-Weg-1,Zurich-8093 — 2Department of Physics, Harvard Univer-
sity, Cambridge, Massachusetts 02138, USA — 3Physikalisches Insti-
tut, Universitit Bonn, Wegelerstrasse 8, Bonn-53115 — “HIT K 23.4,
Institute for Theoretical Physics, ETH Zurich, Wolfgang-Pauli-Strasse

27, Zurich-8093

We experimentally realize a lattice model with cavity-mediated global-
range interactions using a Bose-Einstein condensate (BEC). The
global-range interactions are created by coupling the BEC to a sin-
gle mode of a high-finesse cavity and illuminating it with a trans-
verse laser-field. Their strength can be controlled by tuning the rel-
ative frequency of the transverse laser and the cavity. The presence
of three competing energy scales- tunnelling, short-range interactions
and global-range interactions gives rise to a rich phase diagram. We
observe four different phases- a superfluid, a supersolid, a Mott in-
sulator and a charge density wave. We also theoretically investigate
the various features of our system within a mean-field framework which
provides more insight about the nature of transitions between different
phases.

Q 6.8 Mon 16:15 P 204
Observation of Four-body Ring-exchange Interaction and
Anyonic Fractional Statistics — eHan-Ning Dar'»2:3, Binag
Yang!:23,  ANDREAs REINGRUBER?®, Hur Sunb3,  Xiao-Fan
Xu2, Yu-Ao CueEnb 34 ZHEN-SHENG Yuanb234 and Jian-WEI
Pan12:34 — 1Hefei National Laboratory for Physical Science at Mi-
croscal and Department of Modern Physics, University of Science and
Technology of China, Hefei, Anhui 230026, China — 2Physikalisches
Institut, Ruprecht-Karls-Universitdt Heidelberg, Im Neuenheimer Feld
226, 69120 Heidelberg, Germany — 3CAS Center for Excellence and
Synergetic Innovation Center in Quantum Information and Quantum
Physics, University of Science and Technology of China, Hefei, An-
hui, 230026, China — 4CAS-Alibaba Quantum Computing Labora-
tory, Shanghai 201315, China — 5Department of Physics and Research
Center OPTIMAS, University of Kaiserslautern, Erwin-Schroedinger-
Strasse, Building 46, 67663 Kaiserslautern, Germany
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We report the observation of four-body ring-exchange interactions and
the topological properties of anyonic excitations within an ultracold
atom system. A minimum toric code Hamiltonian in which the ring

exchange is the dominant term, was implemented by engineering a
Hubbard Hamiltonian that describes atomic spins in disconnected pla-
quette arrays formed by two orthogonal superlattices.

Q 7: Ultracold atoms and BEC - | (with A)

Time: Monday 14:30-16:30

Invited Talk Q7.1 Mon 14:30 N 1
Towards Atomtronic Interferometry — eWoLF vonN KrLiTZING —
Institute of Electronic Structure and Laser, FORTH, 71110 Heraklion,
Crete, Greece

Atom interferometers are some of the most sensitive instruments avail-
able to date. In order to avoid unwanted perturbations, most of the
matterwave interferometers use atoms in free fall. This is largely due to
the lack of appropriatly coherent matterwave guides. Here, we present
a novel Sagnac interferometer based on state-dependent manipula-
tion of atoms in waveguides using time-averaged adiabatic potentials
(TAAP) [1,2]. In this clock-type matterwave interferometer the atoms
are in different internal states in the two arms of the interferometer
and can thus be manipulated nearly independently. In analogy to the
magic frequency of the strontium lattice clocks, by carefully tuning the
confining potential a magic-field strength can be found such that the
linear dependence on the potential vanishes [3].

We will report the use of adiabatic potentials in the creation of
ultra-bright atom lasers. And present initial experimental results to-
wards the realization of this interferometer. Most notably the state-
dependent manipulation and guiding of the atoms.

[1] P.Navez et al. N.J.Phys. 18:7 075014 (2016)
[2] I. Lesanovsky and W.von Klitzing PRL 99:8 083001 (2007)
[3] P. Treutlein et al. PRL 92:20 203005 (2004)

Q7.2 Mon 15:00 N1
Towards coherent beam splitting in a TAAP ring atom
waveguide — eHrcTor Mas!2, SauraBn PanDevy??3, GIANNIS
Droucakis?3, Parrick Navez!, KonsTtanTiNos PouLios?, GEOR-
c10s VasiLakis?, Tuomas FeErnuoLz?, and WoLF voN KLiTzINGZ —
1Department of Physics, University of Crete, Heraklion 70113, Greece
— 2IESL-FORTH, Heraklion 70013, Greece — 3Department of Ma-
terials, Science and Technology, University of Crete, Heraklion 70113
— 4School of Physics and Astronomy, University of Nottingham, Not-
tingham NG7 2RD, United Kingdom

Trapped atom interferometers are promising candidates for improving
the sensitivity of cold atom based sensing devices by means of increas-
ing the interaction time and decreasing the size of the devices. We
present progress towards a Sagnac clock type interferometer employ-
ing the two hyperfine states (F=1 and F=2) of Rubidium 87 (Rb87)
in a state-dependent time averaged adiabatic potential (TAAP) ring
shaped waveguide. We report on experimental advances leading to the
implementation of the full interferometric sequence with a focus on
achieving coherent splitting, guiding and recombination of the atomic
cloud inside the waveguide. A number of decoherence processes may
arise during the interferometric cycle, e.g. fluctuations in the magnetic
fields or rf/microwave excitation. We will introduce and discuss pre-
liminary measurements on both the ring waveguide characterisation
and the spectroscopy of cold atoms in TAAP potentials, focusing on
the search for a magic frequency that will allow for much improved
coherence times.

Q7.3 Mon 15:15 N1
QUANTUS-2 - Ultra Low Expansion Atomic Source for Mat-
ter Wave Interferometry in Extended Free Fall — ePETER
STROMBERGER!, ALEXANDER GROTE!, ANDRE WENZLAWSKI!,
PATRICK WINDPASSINGER!, and THE QUANTUS-TEAaM!»2:3:4,5,6,7
— Mnstitut fiir Physik, Johannes Gutenberg Universitit Mainz —
2Institut fiir Physik, Humboldt-Universitit zu Berlin — 3Ferdinand-
Braun-Institut, Leibniz Institut fiir Héchstfrequenztechnik Berlin —
4Institut fiir Quantenoptik, Leibniz-Universitit Hannover — 5ZARM,
Universitit Bremen — SInstitut fiir Quantenphysik, Universitit Ulm
— TInstitut fiir angewandte Physik, TU Darmstadt

QUANTUS-2 is a mobile high-flux rubidium BEC source used for ex-
periments under microgravity in the drop tower in Bremen. To further
decrease the expansion rate of the BEC, magnetic lensing - also known
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Location: N 1

as delta-kick cooling - is crucial for observations after long evolution
times in the range of seconds. Long evolution times are desirable, be-
cause the sensitivity of atom interferometers enhances quadratically
with the interrogation time. Here we present our results of a lens,
which leads to an observability of the BEC of up to 2.7 s after free
expansion. This expansion rate is equivalent to an expansion rate of
a thermal ensemble with a temperature below 100 pK in all three di-
mensions.

The QUANTUS project is supported by the German Space Agency
DLR with funds provided by the Federal Ministry of Economic Affairs
and Energy under grant numbers DLR 50 WM 1552-1557.

Q74 Mon 1530 N1
Selfbound quantum droplets — eMaTTHIAS WENZEL, MATTHIAS
ScumiTT, FABIAN BOTTCHER, CARL BUHNER, IGOR FERRIER-
Barbut, and TiLmMaN Prau — 5. Physikalisches Institut and Cen-
ter for Integrated Quantum Science and Technology, Universitit
Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany

Self-bound many-body systems are formed through a balance of attrac-
tive and repulsive forces and occur in many physical scenarios. Liquid
droplets are an example of a self-bound system, formed by a balance
of the mutual attractive and repulsive forces that derive from different
components of the inter-particle potential. On the basis of the re-
cent finding that an unstable bosonic dipolar gas can be stabilized by
a repulsive many-body term, it was predicted that three-dimensional
self-bound quantum droplets of magnetic atoms should exist.

Here we report on the observation of such droplets, with densities
108 times lower than a helium droplet, in a trap-free levitation field.
We find that this dilute magnetic quantum liquid requires a minimum,
critical number of atoms, below which the liquid evaporates into an ex-
panding gas as a result of the quantum pressure of the individual con-
stituents. Consequently, around this critical atom number we observe
an interaction-driven phase transition between a gas and a self-bound
liquid in the quantum degenerate regime with ultracold atoms.

Q7.5 Mon 1545 N1
Quantum droplets in one-dimensional dipolar Bose-Einstein
condensates — eDANIEL EDLER, FALK WACHTLER, and Luis SAN-
T0s — Institut fiir Theoretische Physik, Leibniz Universitat Hannover,
Germany

Recent experiments on dipolar Bose-Einstein condensates have re-
ported the formation, due to quantum fluctuations, of a novel form
of ultra-dilute stable droplets. We will show that in one-dimensional
geometries these fluctuations lead to peculiar momentum dependence
of the dipole-dipole interactions inducing an anomalous density depen-
dence of the beyond-mean-field corrections. Further we will discussion
the density distribution for different system parameters and the be-
haviour for included three-body losses.

Q7.6 Mon 16:00 N1
Purity oscillations in coupled Bose-Einstein condensates —
eJoNATHAN STyscH, HoLGER CARraRIUS, and GUNTER WUNNER
— 1. Institut fiir Theoretische Physik, Universitdt Stuttgart, 70550
Stuttgart, Germany

We investigate the many-body dynamics of two three-mode Bose-
Einstein condensates (BECs) forming a six-mode system. Both three-
mode subsystems are initially prepared as isolated, fully coherent BECs
and are then rendered open systems by coupling them together. The
dynamics induced by this coupling leads to a periodic loss and restora-
tion of the coherence in each subsystem which is quantified by the
purity of the single-particle density matrices of the respective sub-
systems. We show that these purity oscillations correspond with os-
cillations in the average contrast in interference experiments and are
therefore linked to a quantity accessible in experiment.

Q7.7 Mon 16:15 N1

Dynamical Instabilities in Trapped Bose-Einstein Conden-
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sates — o TORSTEN VICTOR ZACHE!, VALENTIN KAsPER2, and JUR-
GEN BrrcEs! — llnstitut fiir Theoretische Physik, Philosophenweg
16, 69120 Heidelberg — 2Physics Department, Harvard University,
Cambridge MA 02138, USA

We study the nonlinear phenomenon of secondary instabilities (sec-
ondaries), which was proposed in the context of inflationary particle
production, with ultracold atom systems. Specifically, we consider a
one-dimensional two-component Bose gas that can be realized in dif-
ferent experimental setups and show analytically that it exhibits a

Q 8: Quantum Information:

Time: Monday 17:00-19:00

Q81 Mon 17:00 P 2
Theory-independent conclusions from bipartite quantum cor-
relations — eMarTHIAS KLEINMANN!, TaAMAs VERTEsI?, and ADAN
CaBELLO® — !University of the Basque Country UPV/EHU, Bilbao,
Spain — 2Hungarian Academy of Sciences, Debrecen, Hungary —
3University of Sevilla, Sevilla, Spain

Bell-inequalities enable us to test quantum theory against a particular
class of alternative theories, the local hidden variable models. Recent
experiments have thoroughly ruled out these models. In the same
spirit we investigate a different set of nonsignaling theories, in which
measurements of many outcomes are constructed by selecting from
two-outcome measurements. We derive tight inequalities for this set of
theories and show that experiments using current quantum technology
can demonstrate a violation of these inequalities. This makes it possi-
ble to perform tests of the structure of measurements, independent of
the underlying theory. Our method also generalizes to other traits of
quantum theory and as an example we present a theory-independent
test of the compatibility structure occurring in quantum theory.

Q82 Mon 17:15 P2
Indistinguishability of causal relations from limited marginals
— CosTaNTINO BuDrRONI!, eN1koLal MIKLIN', and RAFAEL CHAVES?
— 1Universitit Siegen, Walter-Flex-Str. 3 , 57068 Siegen, Germany
— 2International Institute of Physics, 59070 - 405 Natal, Brazil

Deciding global properties of a given object from partial information
is a problem often encountered in the most diverse fields. In proba-
bility theory this problem is known as the marginal problem: deciding
whether a given set of marginal probability distributions for some ran-
dom variables arises from a joint distribution of all these variables. An-
other important problem is of a causal inference which arises in many
cases together with the marginal problem. This problem questions
whether observed correlations are compatible with some underlined
causal structure.

We investigate the possibility of distinguishing among different
causal relations starting from a limited set of marginals. Our main
tool is the notion of adhesivity, that is, the extension of probability
or entropies defined only on subsets of variables, which provides ad-
ditional independence constraints among them. Our results provide a
criterion for recognizing which causal structures are indistinguishable
when only limited marginal information is accessible. Furthermore,
the existence of such extensions greatly simplifies the characterization
of a marginal scenario, a result that facilitates the derivation of Bell
inequalities both in the probabilistic and entropic frameworks, and
the identification of marginal scenarios where classical, quantum, and
postquantum probabilities coincide.

Q83 Mon 17:30 P 2
Entropic nonsignaling correlations — eCosTaNTINO BUDRONI!
and RaraeL CHaves? — !Naturwissenschaftlich-Technische Fakultét,
Universitdt Siegen, Walter-Flex-Strae 3, 57068 Siegen, Germany
— 2International Institute of Physics, Universidade Federal do Rio
Grande do Norte, 59070-405 Natal-RN, Brazil

We introduce the concept of entropic nonsignaling correlations, i.e.,
entropies arising from probabilistic theories that are compatible with
the fact that we cannot transmit information instantaneously. We
characterize and show the relevance of these entropic correlations in a
variety of different scenarios, ranging from typical Bell experiments to
more refined descriptions such as bilocality and information causality.
In particular, we apply the framework to derive the first entropic in-
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primary instability characterized by exponentially growing occupation
numbers of certain momentum modes. The primary instability is trig-
gered by initial quantum fluctuations and leads to an amplified occu-
pation of primarily stable modes at later times. We demonstrate the
existence of these secondary instabilities in trapped Bose-Einstein con-
densates numerically employing the classical-statistical approximation.
The process underlying the generation of secondaries can be identified
with a nonlinear loop correction, which leads to an interpretation in
terms of Feynman diagrams and allows us to analytically estimate the
secondary growth rates to be integer multiples of the primary one.

Concepts and Methods I
Location: P 2

equality testing genuine tripartite nonlocality in quantum systems of
arbitrary dimension and also prove the first known monogamy relation
for entropic Bell inequalities. Further, within the context of complex
Bell networks, we show that entropic nonlocal correlations can be ac-
tivated.

Q84 Mon 17:45 P 2
Steering Criteria Based on Tsallis Entropies — ¢ ANA CRISTINA
SPROTTE CosTA, RooPE UoLra, CosTaNTINO BUDRONI, and OTFRIED
GUHNE — Universitdt Siegen, Siegen, Germany
Steering is a term coined by Schrédinger in 1935, within the context
of the Einstein-Podolsky-Rosen argument to name Alice’s ability in af-
fecting Bob’s state through her choice of a measurement basis. Steering
has been formalized in terms of a quantum information task involving
bipartite states and measurement settings, in which case the existence
of entanglement is necessary but not sufficient. Steering inequalities
based on entropic uncertainty relations have also been proposed and
experimentally tested in the last years. Based on Tsallis entropies, we
present a generalization for the entropic steering and its connection
with known results from the literature. Special attention will be given
for certain families of Tsallis entropies, in order to show that the vi-
olation of these generalized steering entropic criteria characterize also
the presence of entanglement for bipartite quantum states.

Q 85 Mon 18:00 P 2
On weak values, eigenvalues and expectation values — eJAN
Dziewior?2, ALon BeN-IsraEL?, Lukas Knips'»2, Mira WeissLb2,
RaAN BER3, JasmiN MEINECKE!2, CHRISTIAN SCHWEMMER!:?, LEV
VamoMan®, and HARALD WEINFURTER!'? — 1Max-Planck-Institut
fir Quantenoptik, Hans-Kopfermann-Strafte 1, 85748 Garching, Ger-
many — 2Departement fiir Physik, Ludwig-Maximilians-Universitit,
80797 Miinchen, Germany — 3Raymond and Beverly Sackler School
of Physics and Astronomy, Tel-Aviv University, Tel-Aviv 69978, Israel

Weak values, which have been introduced in 1988 by Aharonov, Al-
bert and Vaidman, to this day constitute a controversial element in the
debate about the foundations of quantum mechanics. While the use-
fulness of weak values has been demonstrated in various experimental
applications, considerable disagreement prevails about their physical
meaning.

Here we study the effects of the interaction between quantum sys-
tems and a pointer system in order to measure and evaluate their
properties. Both in a theoretical analysis of the concept and in an
experiment a fundamental difference between expectation values and
weak values becomes apparent. Rather than having the statistical
properties of expectation values, the similarity of the weak value to
eigenvalues indicates that it is a definite property of pre- and post-
selected quantum systems.

Q86 Mon 18:15 P 2
Symmetries of multi-partite quantum systems — MARKUS
GrassL! and eRoBERT ZEIER? — ! Max-Planck-Institut fiir die Physik
des Lichts, Staudtstrafie 2, 91058 Erlangen, Germany — 2Department
Chemie, Technische Universitat Miinchen, Lichtenbergstrafse 4, 85747
Garching, Germany

Multi-partite quantum systems exhibit an intricate structure not ex-
plained by properties of their subsystems alone. We study the plethora
of emerging symmetries that are invariant under local operations. We
enumerate these symmetries by computing Hilbert series and also ex-
plore connections to so-called Kronecker coefficients. We particularly
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focus on the case of three-qubit mixed states. Our work provides the
foundation for a better understanding of non-local quantum states.

Q8.7 Mon 18:30 P 2
Quantum Source-Channel Codes — oFERNANDO PASTAWSKI,
HeNrRIK WILMING, and JENS EiserRT — Freie Universitiat Berlin

Approximate quantum error-correcting codes are codes with ”soft re-
covery guarantees” wherein information can be approximately recov-
ered. In this article, we propose a complementary ”soft code-spaces”
wherein a weighted prior distribution is assumed over the possible log-
ical input states. The performance for protecting information from
noise is then evaluated in terms of entanglement fidelity. We ap-
ply a recent construction for approximate recovery maps, which come
with a guaranteed lower-bounds on the decoding performance. These
lower bound are straightforwardly obtained by evaluating entropies on
marginals of the mixed state which represents the ”soft code-space”.
As an example, we consider thermal states of the transverse field Ising
model at criticality and provide numerical evidence that the entangle-
ment fidelity admits non-trivial recoverability from local errors. This
provides the first concrete interpretation of a bonafide conformal field
theory as a quantum error-correcting code. We further suggest, that
quantum source-channel codes could provide a framework to interpret
the information structure of holography.

Q8.8 Mon 18:45 P 2
Code properties from holographic geometries — eFERNANDO
Pastawski! and JouN PREeskiLL? — lFreie Universitit Berlin —
2California Institute of Technology

Almbheiri, Dong, and Harlow proposed a highly illuminating connec-
tion between the AdS/CFT holographic correspondence and operator
algebra quantum error correction (OAQEC). Here we explore this con-
nection further. We derive some general results about OAQEC, as
well as results that apply specifically to quantum codes which admit a
holographic interpretation. We introduce a new quantity called price,
which characterizes the support of a protected logical system, and
find constraints on the price and the distance for logical subalgebras of
quantum codes. We show that holographic codes defined on bulk man-
ifolds with asymptotically negative curvature exhibit uberholography,
meaning that a bulk logical algebra can be supported on a boundary
region with a fractal structure. We argue that, for holographic codes
defined on bulk manifolds with asymptotically flat or positive curva-
ture, the boundary physics must be highly nonlocal, an observation
with potential implications for black holes and for quantum gravity
in AdS space at distance scales small compared to the AdS curvature
radius.

Q 9: Quantum Communication Il

Time: Monday 17:00-19:00

Q9.1 Mon 17:00 P 3
A single ion coupled to UV fiber cavity — ePascaL KoBgL!,
Timmorny Barrance!, Kiuian Kruce!, KonstanTIN OTT2, HEN-
DRIK M. MEeYER!, JakoB REeicHEL?, and MicHAEL KOHL! —
IPhysikalisches Institut, Universitit Bonn, Wegelerstrafe 8, D-53115
Bonn, Germany — 2Laboratoire Kastler-Brossel, ENS/UPMC-Paris

6/CNRS, F-75005 Paris, France

We investigate the integration of fiber cavities into ion traps for use in
quantum networks.

Up to now, fiber-cavities have been combined with trapped ions only
in the infra-red spectral range. Since ions typically have their strongest
dipole transition in the ultra-violet (UV), the extension of fiber cavities
to work in the UV is important.

We present coupling of a single Ytterbium ion to a 150 um long fiber-
cavity, which is resonant with the electric dipole transition at 370 nm.
We achieve a coherent coupling rate of a single ion to the cavity of
about g/2m = 60 MHz, which exceeds previous realizations by more
than one order of magnitude. Using the Purcell effect, we demonstrate
single photon generation by continuous and pulsed ion excitation and
investigate correlation between the photon polarization and the spin
state of the ion.

Q9.2 Monl17:15 P 3
Controlled absorption of a single photon — eLuicr GIANNELLI,
Tom Scumit!, Susanne Brum!#, Danier M. Reica?3, CHRis-
TIANE P. Kocn?, TomMaso CALARco®, and GiovanNa Moriatt
— 1Universitéit des Saarlandes, 66123 Saarbriicken, Germany —
2Universitat Kassel, 34132 Kassel, Germany — 3Aarhus Univer-
sity, 8000 Aarhus C, Denmark — 4Theodor-Heuss-Gymnasium, 73730
Esslingen am Neckar, Germany — ®Universitit Ulm, 89069 Ulm, Ger-

many

We numerically analyse the dynamics of a single photon propagating in
free space and incident on the mirror of an optical cavity, in which an
atom is localized. Our purpose is to identify the parameter regimes and
dynamics which allow for perfect absorption of the photon by the atom.
The cavity is modeled by a single mode, while the relevant electronic
states of the atom form a three-level Lambda system: one transition
is coupled to the quantized field of the cavity via Jaynes-Cummings
interaction, while the other transition is driven by a classical control
field Q(¢), whose temporal behaviour is optimized for the purpose of
controlling absorption. We consider dissipative processes and compare
the efficiency of adiabatic protocols, such as in [1-3]|, with the ones
which employ optimal control in order to speed up the process. We
also discuss the quantum speed limit of this process.

[1] M. Fleischhauer, et al., Opt. Commun. 179, 395 (2000).

[2] A. V. Gorshkov, et al., Phys. Rev. A 76, 033804 (2007).
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[3] J. Dilley, et al., Phys. Rev. A 85, 023834 (2012).

Q9.3 Monl17:30 P 3
Low temperature spectroscopy of Germanium vacancy cen-
ter — eMaTuias H. METscu!, LacHLAN J. RoGERs!, ArRoosa 15az2,
JAN M. BINDER!, PETR S1yusHEV!, and FEDOR FEDOR! — lInstitute
for Quantum Optics, Ulm University, D-89081 Germany — 2Institute
of Quantum Electronics, ETH Zurich, CH-8093 Zurich

The negatively-charged Germanium vacancy (GeV) center in diamond
has recently attracted interest as a quantum emitter. Systems offering
a spin degree of freedom and efficient optical access are highly sought
after in the quantum information processing context. Currently known
color centers in diamond offer either good spin properties (Nitrogen va-
cancy) or good optical properties (Silicon vacancy). The GeV center
in diamond has similar chemical structure to the SiV. In this talk the
spectroscopy of single GeV is presented, highlighting outstanding spec-
tral stability and brightness. Its brightness indicates a high quantum
yield, making GeV even more appealing as a light matter interface than
Silicon vacancy. Furthermore, preparation of a coherent superposition
state is demonstrated using coherent population trapping.

Q9.4 Mon 17:45 P 3
ODMR on diamond’s negatively charged defects based on IV
group of elements — ePETR SiyusHEv, MaTHIAS METSCH, LACH-
LAN RoGERs, Aroosa 1jaz, and FEDOR JELEZKO — Institute for
Quantum Optics and IQST, Ulm University, Ulm, Germany

Growing interest to the defects based on elements of IV group of the
periodic table such as silicon-vacancy (SiV) or germanium-vacancy
(GeV) is stimulated by their good optical properties. Besides high
Debye-Waller factor, they exhibit exceptional spectral stability which
is rare for solid state systems vulnerable to the surrounding charge
fluctuations. This property is dictated by the physical structure of
these defects. However, their electronic structure does not allow sim-
ple access to electron spin by microwave field which technique is widely
used for the well-known NV center. Here, we discuss the way how to
overcome this problem and demonstrate optically-detected magnetic
resonance on a single GeV defect.

Q9.5 Mon 18:00 P 3
Robustness of orbital-angular-momentum photons under per-
turbations. — eGiacoMO SORELLI, VYACHESLAV SHATOKHIN, and
ANDREAS BUCHLEITNER — Physikalisches Institut, Albert-Ludwigs
Universitat, Freiburg i. Br., Germany

Photons with a helical phase front have a definite orbital angular mo-

mentum (OAM) of lA, with [ an arbitrary integer. Since this spatial
degree of freedom spans an infinite-dimensional Hilbert space, it can in-
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crease the channel capacity and enhance security of quantum communi-
cation. Despite these promising applications, the information encoded
in OAM photonic states is fragile with respect to disturbance along
the transmission path. In particular, quantum entanglement between
photon pairs, which is required for many quantum protocols, rapidly
decays when photons propagate through a turbulent atmosphere.

In this talk we compare the robustness of entanglement when en-
coded in Laguerre Gauss (LG) and Bessel Gauss (BG) modes for two
kinds of perturbations. First, we provide an accurate theoretical de-
scription of an experiment [1] where entangled biphotons in BG and
LG modes were subjected to a circular obstruction. Second, we con-
sider the propagation of such entangled biphotons through a turbulent
atmosphere in order to identify which of the two sets of modes is a
more resilient one.

[1] M. McLaren et al., Nat. Commun. 5: 3248 (2014)

Q9.6 Mon 18:15 P 3
Universal entanglement decay of twisted photons in a weakly
turbulent atmosphere — eDaAviD BACHMANN, VYACHESLAV SHA-
TOKHIN, and ANDREAS BUCHLEITNER — Physikalisches Institut,
Albert-Ludwigs-Universitat, Freiburg i. Br., Germany

The propagation of entangled twisted photons that carry orbital an-
gular momentum (OAM) through turbulent atmosphere has become
a rapidly developing research area. This topic is motivated by the
potential uses of the underlying unbounded Hilbert space associated
with the OAM for quantum communication. However, atmospheric
turbulence introduces random phase shifts to the photons’ phase pro-
file, which is used for encoding quantum information, and eventually
results in a loss of entanglement. Recently, it has been shown [1] that
the entanglement decay of OAM qubit states in a weakly turbulent
atmosphere is a universal function of a single parameter — the ratio
between the OAM beam’s phase correlation length and the turbulence
correlation length, but the explicit form of the decay law was not yet
obtained.

In this talk, we present analytical expressions for the universal entan-
glement decay law of a biphoton state in weak atmospheric turbulence.
These results are obtained for different models of the turbulence phase
structure function, using asymptotic methods. Thereby, we estab-
lish the explicit relationship between the turbulence-induced coupling
strength between different OAM modes and the specific form of the
decay law.

[1] N. D. Leonhard et al., Phys. Rev. A 91, 012345 (2015).

Q9.7 Mon 18:30 P 3
Quantum-Limited Measurements of Optical Signals from a
Geostationary Satellite — e KeEviN GUNTHNERD2, IMRAN KHAND2,
DowminiQUE ErLser}2, BirciT STiLLERDZ, OMER BAYRAKTARDZ,

CurisTIAN R. MUOLLERD'2, KAREN SAUcke®, DANIEL TRONDLES,

FraNnk HeNe3, Steran Seer3, PeETER GREULICHS, HERWIG

Zecu®, BiorN GUTLicH?, INEs RicHTER?, SABINE PHILIPP-MAv?,
CHRISTOPH MARQUARDTY2, and GERD Leuchs)2 — 1Max Planck
Institute for the Science of Light, Erlangen, Germany. — 2Department
of Physics, University of Erlangen-Nuremberg (FAU), Germany. —
3Tesat-Spacecom GmbH & Co. KG, Backnang, Germany. — *German
Aerospace Center (DLR), Space Administration, Bonn, Germany.

Quantum key distribution protocols have already been implemented in
metropolitan networks all around the world. A promising method to
provide the still missing long-haul link between such networks is optical
satellite communication. To this end, existing Laser Communication
Terminals (LCTs) can be upgraded to be suitable for quantum com-
munication. An important step towards this objective is to precisely
characterize the quantum noise behaviour of the system including the
channel. We have performed quantum-limited measurements of opti-
cal signals from the Alphasat TDP1 LCT in geostationary Earth orbit.
We show that quantum coherence is preserved after propagation of the
quantum states over 38600 km. An upper bound for the excess noise
that the states could have acquired after propagation is estimated [1].
[1] K. Giinthner, I. Khan et al., arXiv:1608.03511 (2016).

Q9.8 Mon 18145 P 3

Progress on continuous-variable high-speed quantum key

distribution compatible with telecom networks — Im-
rRaN Knanb2, Bircir StiLLErD2:3, ULricH VocGL!, eSTEFAN
Ricuterb?, KeviN Jakscu!:2, KgviN GOUNTHNER!2, CHRIs-

TIAN PEUNTINGERY'24, DOMINIQUE ELSERY2, CHRISTOPH PACHER?®,

CHRIsTOPH MARQUARDT! 2, and GeErD Leucus! 26 — 1Max Planck
Institute for the Science of Light, Staudtstrafse 2, 91058 Erlangen, Ger-
many — 2IOIP, Friedrich-Alexander University Erlangen-Nuremberg
(FAU), Staudtstr. 7/B2, 91058 Erlangen, Germany — 3Centre
for Ultrahigh Bandwidth Devices for Optical Systems (CUDOS),
School of Physics, The University of Sydney, NSW 2006, Australia
— “Department of Physics, University of Otago, 730 Cumberland
Street, Dunedin, New Zealand — SAIT Austrian Institute of Tech-
nology, Donau-City-Strasse 1, 1220 Vienna, Austria — SDepartment
of Physics, University of Ottawa, 25 Templeton, Ottawa, ON, Canada

For efficient and practical quantum key distribution (QKD), high key
rates and compatibility with existing communications infrastructure
are important aspects. This work shows the recent progress of our
group in Erlangen on the implementation of a continuous-variable
QKD setup achieving GHz transmission rates in a telecom fiber envi-
ronment. We discuss the challenges of employing modulation schemes
like quadrature phase-shift keying (QPSK) and Gaussian-modulated
coherent states (GMCS). We also demonstrate the experimental feasi-
bility of these schemes for our setup using optical heterodyne detection
in the GHz regime.

Q 10: Quantum Effects: QED II

Time: Monday 17:00-18:30

Q 10.1 Mon 17:00 P 4
Ab-Initio Description of Photoinduced Processes Beyond
Classical Maxwell Theory — eNoraH HoOFFMANN, CHRISTIAN
SCcHAEFER, HEIKO APPEL, and ANGEL RuBio — Max Planck Insti-
tute for the Structure and Dynamics of Matter, Hamburg, Germany

In common methods for the ab-initio description of photoinduced pro-
cesses such as the visual process, photosynthesis or solar cells, typi-
cally the classical Maxwell’s equations are employed to describe the
propagation of light. The applicability of these equations has been
demonstrated since decades for a wide range of physical phenomena
and parameter regimes. However, considering the ultimate limit of sin-
gle molecules interacting with a few photons, the classical description
of the electromagnetic field does not suffice anymore. In this case the
quantum nature of the electromagnetic field has to be taken into ac-
count and therefore existing ab-initio approaches have to be extended.
In the present work we face the question: Whether and what changes
in the analysis and simulation of photoinduced processes by going be-
yond the classical Maxwell description. Here the idea of exact factor-
ization, introduced for electron-nuclear problems, will be generalized
to electron-photon systems, by considering the recently established
multi scale implementation of the Maxwell-equations in the octopus
code as Ehrenfest limit for quantum electrodynamics. We apply our
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novel approach to spontaneous and stimulated emission for atoms and
molecules in optical cavities and investigate laser pulses with orbital-
angular momentum to address recent experiments with chiral light.

Q 10.2 Mon 17:15 P 4
Coulomb interaction in generic environments — ePABLO BAR-
CELLONA, ROBERT BENNETT, and STEFAN YosHI BUHMANN — Insti-
tute of Physics, Albert-Ludwigs University of Freiburg

We consider the the Coulomb force between two point charges in gen-
eral environments, constituted by magnetodielectric bodies. The en-
vironment is taken into account via the classical Green tensor. We
describe the interaction as arising from the exchange of one photon
between the pair of charges, using time-independent perturbation the-
ory. Screening for spatially-dispersive media, polarization effects for
non-translationally invariant systems and local-field corrections are
included and discussed. In the limit of dilute polarizable media we
recover the interaction between a charged particle and a polarizable
molecule.

Q 10.3 Mon 17:30 P 4
Van der Waals interaction at finite temperature — eHELGE

DoBBERTIN!, PaBLO BARCELLONAZ, MANUEL DONAIRE?, STEFAN
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Yosut Buamann?, and STEFAN ScHEEL! — !Institut fiir Physik, Uni-
versitdt Rostock, Albert-Einstein-Strafte 23, 18059 Rostock, Germany
— 2Physikalisches Institut, Albert-Ludwigs-Universitat Freiburg,
Hermann-Herder-Str. 3, 79104 Freiburg, Germany — 3Laboratoire
Kastler Brossel, ENS-CNRS-UPMC et Collége de France, 4 place
Jussieu, 75252 Paris, France

Dispersion forces such as van der Waals forces originate from electro-
magnetic field fluctuations, both quantum and thermal. One would
expect a significant influence of the thermal fluctuations, e.g. in ther-
mal vapors of Rydberg atoms, where strong van der Waals interactions
have been demonstrated [1]. On the other hand, it is known that Ryd-
berg dispersion interactions can become temperature-independent due
to subtle cancellations [2|. Here, we present a general theory for the
van der Waals interaction of excited atoms at finite temperature in the
presence of macroscopic bodies within the framework of macroscopic
quantum electrodynamics. We show limiting cases of high tempera-
ture and discuss under which conditions temperature dependence or
independence can be expected.

[1] T. Baluktsian et al., Phys. Rev. Lett. 110, 123001 (2013).

[2] S. A. Ellingsen et al., Phys. Rev. A 84, 060501(R) (2011).

Q 10.4 Mon 1745 P 4
Semiclassical picture for electron-positron photoproduction
in strong laser fields — eSEBAsSTIAN MEUREN, CHRrisTOoPH H. KEI-
TEL, and ANTONINO D1 Piazza — Max-Planck-Institut fiir Kern-
physik, Saupfercheckweg 1, D-69117 Heidelberg

Inside a strong laser field electrons/positrons emit photons via non-
linear Compton scattering and photons decay into electron-positron
pairs via the nonlinear Breit-Wheeler process [1]. Under certain cir-
cumstances a cascade of these fundamental processes develops and the-
oretical calculations become intricate. All known approaches, which
are feasible in this regime, are based on the semiclassical approxima-
tion, which separates the classical propagation of the particles from the
actual quantum transitions. Approximately, the latter happen instan-
taneously and essentially as if the external field were a constant-crossed
field [2]. It was pointed out, e.g., in [3] that the standard approach is
not capable of reproducing the details of the spectrum. In [4] we have
shown that also the substructure of the spectrum is correctly described
if the semiclassical approximation is applied on the amplitude rather
than the probability level of a Feynman diagram.

[1] Di Piazza et al., Rev. Mod. Phys. 84, 1177 (2012)

[2] V. L Ritus, J. Sov. Laser Res. 6, 497 (1985)

[3] C. N. Harvey et al., Phys. Rev. A 91, 013822 (2015)

[4] SM, C. H. Keitel and A. Di Piazza, Phys. Rev. D 93, 085028 (2016)

Q 10.5 Mon 18:00 P 4
Simulating strong control fields in nuclear quantum optics
— Kiman P. Heec!, Anpreas KaLpun!, CorRNELIUS STROMZ,
PaTrick REISER!, JoHANN HABER?, HANS-CHRISTIAN WILLE?, STE-
FAN GOERTTLER', RupoLr RUFFER?, CurisTorn H. KerTEL!, RALF
ROHLSBERGER?, THoMAs PrEIFER!, and eJOrc EvErs! — Max-
Planck-Institut fiir Kernphysik, Heidelberg, Germany — 2Deutsches
Elektronen-Synchrotron DESY, Hamburg, Germany — 3ESRF-The
European Synchrotron, Grenoble, France

X-ray quantum optics recently gained considerable momentum, both,
theoretically and experimentally. However, a severe practical limita-
tion arises from the fact that suitable strong control laser fields are
generally not available. Even x-ray free electron lasers are expected
to have only a moderate impact on the nuclei, mostly, due to their
narrow line width as compared to the x-ray pulse bandwidth. To cir-
cumvent this problem, we are developing methods to simulate the effect
of strong control fields in certain configurations, without the need to
actually apply any electromagnetic field. In this talk, I will review our
recent theoretical and experimental progress in this direction.

Q 10.6 Mon 18:15 P4
Collective magnetic splitting in single-photon superradiance
— oX1aNGJIN KoNGg and ADRIANA PALFFY — Max-Planck-Institut
fir Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany

In an ensemble of identical atoms, cooperative effects like superradi-
ance may alter the decay rates and the transition energies may be
shifted from the single-atom value by the so-called collective Lamb
shift. While such effects in ensembles of two-level systems are well
understood, realistic multi-level systems are more difficult to handle.
Here, we present a quantitative study of systems of atoms or nu-
clei under the action of an external magnetic field, where a collective
contribution to the level shifts appears that can amount to seizable
deviations from the single-atom Zeeman or magnetic hyperfine split-
ting. We develop a formalism to describe single-photon superradiance
in multi-level systems and identify three parameter regimes, two of
which present measurable deviations in the radiation spectrum com-
pared to the case of single-atom magnetic-field-induced splitting [1].
Only one of these regimes has been so far confirmed experimentally in
nuclear condensed-matter systems [2]. Finally, we show that all three
regimes should be realizable in planar x-ray cavities with an embedded
nuclear layer [3] under experimental parameters available today. Our
findings give new and unexpected insights on the collective behaviour
of optical and x-ray systems in magnetic fields.
[1] X. Kong and A. Palffy, arXiv:1606.02988 (2016).
[2] R. Rohlsberger et al., Nature 482, 199 (2012).
[3] X. Kong and A. Palffy, Phys. Rev. Lett. 116, 197402 (2016).

Q 11: Quantum Optics Il

Time: Monday 17:00-18:45

Q11.1 Mon 17:00 P 5
Electro-optic polarization modulators for on-chip integration
in LiNbO3; based advanced quantum circuits — eSEBASTIAN
BraunNer!, PoLiNa SuarRapova?, HARALD HERRMANN!, RAIMUND
RickeN!, TorsTEN MEIER?, and CHRISTINE SILBERHORN!
IUniversitdt Paderborn, Integrierte Quantenoptik, Warburger Str.
100, D-33098 Paderborn — 2Universitit Paderborn, Computational
Optoelectronics and Photonics, Warburger Str. 100, D-33098 Pader-

born

Polarization modulation is of key importance for various kinds of quan-
tum processing with single photons. Advanced integrated quantum
circuits require compact and reliable modulators which can be directly
implemented on-chip.

We demonstrate a wavelength selective integrated electro-optically
driven polarization modulator in periodically poled z-cut lithium nio-
bate (PPLN). The operation principle relies on an electrical field driven
TE-TM conversion in a Ti-indiffused waveguide exploiting the r51 coef-
ficient of the electro-optic tensor. Poling periods in the range of 20 um
enable the required phase-matching for wavelengths in the range of
1.5 pm. Complete conversion, i.e. TE to TM or vice versa, is obtained
in our 7.5 mm long waveguide with 21.5 V drive voltage in a spectral
bandwidth of 3.2 nm.

Besides experimental investigations using classical light for device
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characterization, we present detailed theoretical and experimental
studies in the quantum regime in particular for biphoton wave packets
generated e.g. via parametric down-conversion in the same chip.

Q 11.2 Mon 17:15 P 5

Towards optimized single mode Rubidium exchanged wave-

guides in KTP for quantum optical applications — eLAURA
PapBERG, CHRISTOF EIGNER, MATTEO SANTANDREA, RAIMUND
RickeN, HELGE RUTz, and CHRISTINE SILBERHORN — Universitit

Paderborn, Integrierte Quantenoptik, Warburger Str.
Paderborn

Single mode and periodically poled potassium titanyl phosphate
(KTP) waveguides are very attractive for non-linear processes in in-
tegrated quantum optics. They have been used for many different
processes such as photon pair generation in telecommunication bands
or coupling of photons between atomic quantum memories in the UV
range to communication applications in the infrared. Moreover, a PDC
source in the visible is attractive for quantum cryptography, as it allows
the use of low-cost Si-APDs detectors as well as it could be coupled
to ionic traps. However this technological platform is still in an ex-
ploratory stage and therefore the production of each device needs to
be optimized depending on the required performances.
Rubidium-potassium-ion exchange is a practical approach for wave-

100, D-33098
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guide fabrication in KTP. In-house fabrication of single mode wave-
guides allows us to control the Rb-exchange parameters to achieve the
desired results in terms of guided mode profile and waveguide losses.
We show our approach in manufacturing single mode, low loss wave-
guides in Rb:KTP at 800nm and 1550nm. Moreover we present our
progress in manufacturing PDC sources for generation of photon pairs
at 800nm.

Q11.3 Mon 17:30 P 5
Highly efficient frequency conversion with bandwidth com-
pression of quantum light — eMarkus ALLGAIER!, VaHID
Ansarit, Linpa Sansoni!, CarisTor EieNER!, VIKTOR QUIRING!,
Ramunce Ricken!, Geore Harper!, Benjamin Brecur!:2, and
CHRISTINE SILBERHORN! — lIntegrated Quantum Optics, Applied
Physics, University of Paderborn, 33098 Paderborn, Germany —
2Clarendon Laboratory, Department of Physics, University of Oxford,
Oxford OX1 3PU, United Kingdom

Hybrid quantum networks rely on efficient interfacing of dissimilar
quantum systems such as parametric down-conversion sources, quan-
tum dots or atoms. However, these are are fundamentally different in
frequency and bandwidth of their spectra. While optical pulse ma-
nipulation has been demonstrated in many different systems, there
is none that combines efficient bandwidth compression and substan-
tial frequency translation. Here, we present a device that achieves
both goals using an engineered sum-frequency conversion process in
Lithium Niobate. We show the conversion of pure photons at telecom
wavelengths from a parametric down-conversion source to the visible
range while compressing the spectral bandwidth by a factor of 7.47 un-
der preservation of non-classical photon-number statistics. We achieve
internal conversion efficiencies of 61.5 %. With external efficiencies of
16.5% our experiment significantly outperforms spectral filtering; at
the achieved bandwidths this represents a gain in efficiency of 26 %.

Q114 Mon 1745 P 5
Bridging the UV-IR gap: Fabrication and characterization
of an integrated frequency converter — eMATTEO SANTAN-
DREA, HELGE RUTz, CHRISTOF EIGNER, LAURA PADBERG, RAIMUND
RickEN, and CHRISTINE SILBERHORN — Universitat Paderborn, Inte-
grierte Quantenoptik, Warburger Str. 100, D-33098 Paderborn

One of the basic building blocks of quantum networks will be inter-
faces between different physical systems, e.g. between atoms and low
loss fibers. The transition wavelengths of atoms and ions often lie
in the ultraviolet spectral range; therefore, it is necessary to develop
devices able to bridge the gap between these two wavelength ranges.
Periodically-poled, rubidium-exchanged potassium titanyl phosphate
(PP Rb:KTP) waveguides are ideally suited interfaces, thanks to their
high photorefractive damage resistance and the possibility to achieve
poling periods in the pum range.

We designed and fabricated a PP Rb:KTP waveguide to perform
sum frequency generation (SFG) between 397 nm and 1564 nm in or-
der to interface a 49°Ca® quantum memory with a standard telecom
fiber network in the C-band.

Here, we want to present the measured properties, both linear and
nonlinear, of our first working prototype and discuss how to further
improve the performance of the device.

Q 11.5 Mon 18:00 P 5
Demonstration of a low-noise quantum memory in Cs vapour
— KrzvyszTor T. KaczmMAREK, PATRICK M. LEDINGHAM, e BENJAMIN
BrecHT, SARAH THoMAS, JosEpH H. D. Munns, AMIR FEIZPOUR,
Dvran J. SAUNDERS, JosHua NuNN, and IaNn A. WALMSLEY —
Clarendon Laboratory, University of Oxford, Parks Road, Oxford OX1
3PU, United Kingdom

Quantum memories will play a pivotal role in the realization of large-
scale quantum networks. In such architectures, they will serve as both
active and passive network nodes.

Here, we realise a quantum memory in warm atomic Caesium
vapour. Our memory is based on a so-called ladder protocol, which
combines low-noise operation with outstanding experimental simplic-
ity. We demonstrate the storage and retrieval of heralded single pho-
tons from a parametric down-conversion source. Both the stored and
retrieved photons feature a heralded g(2)(0) correlation of less than
0.5, which verifies the successful memory operation.

Q116 Mon 1815 P5
Spin-orbit coupling of photons emitted by a single ion —
eGABRIEL ARANEDA!, DaniEL HiccinBoTTOoM?, JURGEN VoLz3,
ARrNO RauscHENBEUTEL?, YvEs CoLomBE!, and RAINER Brarrh*
— Mnstitut fiir Experimentalphysik, Universitat Innsbruck, Techniker-
str. 25, A-6020 Innsbruck, Austria — 2Australian National University,
Canberra ACT 0200, Australia — 3Vienna Center for Quantum Sci-
ence and Technology, TU Wien - Atominstitut, Stadionallee 2, 1020
Vienna, Austria — *Institut fiir Quantenoptik und Quanteninforma-
tion, Osterreichische Akademie der Wissenschaften, TechnikerstraRe
21a, A-6020 Innsbruck, Austria

The photon emission process in an atom conserves the total angu-
lar momentum of the atom-photon system. The angular momentum
carried by the photon can be present as spin angular momentum, cor-
responding to the polarization of the light, and orbital angular mo-
mentum, which is related to the phase fronts of the radiated field. We
present an experiment where the photons detected in a given direc-
tion carry solely orbital angular momentum. In this configuration, the
apparent position of the emitter is shifted depending on the ot or
o~ polarization of the emitted photons. The expected displacement is
A/7, where )\ is the wavelength of the emitted photons. We detect o+
and o~ photons in a direction perpendicular to the quantization axis,
and observe a displacement of the apparent location of the ion that is
compatible with the expected \/7 value.

Q 11.7 Mon 18:30 P 5
High temperature superconducting surface ion traps.
oKiriLL Lakumanskiy!, PuiLip Horz!, Dominic ScHARTL!, MUIR
KumpH2, YveEs CoromBi!, and RaiNner Brarr!3 — llnstitute
for Experimental Physics, University of Innsbruck, Austria — 2IBM
Thomas J. Watson Research Center, USA — 3Institute for Quantum
Optics and Quantum Information, Innsbruck, Austria

Ion traps are used as a tool to perform quantum simulations [1] and
quantum computation [2]. One approach to achieve large scale quan-
tum systems is to utilize surface ion traps. However, the closeness of
the ions to the trap’s surface leads to an increase of the heating rate of
the motional state, which degrades the fidelity of quantum operations.
The origin of this heating is not well understood [3]. To investigate
different sources of motional heating, we operate a surface ion trap
made of YBCO, a high-temperature superconducting material. The
trap is designed in such a way that Johnson noise should be the domi-
nant source of motional heating above the critical temperature Tc~85
K, whereas below Tc it should be negligible compared to other noise
sources. By measuring the motional heating rate of a trapped ion,
we observe large changes in the magnitude of the electric field noise
in a small temperature range around Tc, which is consistent with our
calculations of the Johnson noise.

[1] R. Blatt and C.F. Roos, Nature Phys. 8, 277 (2012)

[2] R. Blatt and D. Wineland, Nature 453, 1008 (2008)

[3] M. Brownnutt, M. Kumph, P. Rabl, and R. Blatt, Rev. Mod.
Phys. 87, 1419 (2015)

Q 12: Nano-Optics |

Time: Monday 17:00-19:00

Q 12.1 Mon 17:00 P 11
Temperature dependent spectral properties of single point
defects in hexagonal boron nitride — eBERND SONTHEIMER!,
MerRLE Braun!, NikorLa Sapzak!, Icor AmnaroNovicu?, and
OLiver Benson! — 1Humboldt-Universitét zu Belrin — 2University

of Technology Sydney
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Hexagonal boron nitride (hBN) is an emerging twodimensional wide-
bandgap material.[1] Point defects in hBN show extraordinary bright
single photon emission at various wavelengths in the visible and near
infrared. Here we present our latest research on the temperature de-
pendence of the spectral properties of different individual emitters in
mono- and few-layer hBN flakes. Additionally, we show and analyze
the apparent spectral diffusion at different time scales as well as optical
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coherence properties at cryogenic temperatures.
[1] Tran T., et al., Nat. Nanotechnol. 11, 37-41 (2016)

Q 12.2 Mon 17:15 P 11
Bright multicolor single photon emitter in hexagonal boron
nitride at room temperature — eMEgRLE Braun!, BERND
SonTHEIMER!, Icor AHARoONovicHZ, and OLIVER BEenson?!
INano-Optics, Institute of Physics, Humboldt-Universitit zu Berlin
— 2School of Mathematical and Physical Sciences, University of Tech-

nology Sydney

Single photon emitters play an important role in a variety of quan-
tum technologies, including quantum communications and computing.
The well studied color centers in diamonds present one way to produce
single photons. Another promissing solid state material are two dimen-
sional hexagonal boron nitride flakes. Due to the wide bandgap, in-
cluded point defects allow generating single photons at different wave-
lengths. Here we report our study of the optical properties at room
temperature and further our recent successes in preparing samples of
hexagonal boron nitride flakes. We detected single photon emitters
across the visible and near infrared spectral range (620nm - 750nm)
using non-resonant excitation and took spectra, showing the expected
intensity distribution: the main emission is within the zero phonon
line, indicating a very high Debye-Waller factor. Even at room tem-
perature all these stable emitters showed narrow linewidths below 5 nm
as well as very short lifetimes below 5ns, which lead to a high bright-
ness. This property is an important requirement for many quantum
optical experiments.

Q 12.3 Mon 17:30 P 11
Non-linear excitation of single quantum emitters in hexago-
nal boron nitride — e ANDREAS W. SCHELL!, HIDEAKI TAKASHIMAL,
ToaN TroNG TrRAN?, IcorR AHARONOVICH? und SHIGEKI TAKEUCHI!
— 1Kyoto University, Kyoto, Japan — 2University of Technology, Syd-

ney, Australia

Recently, two-dimensional materials have gained much interest for va-
rious applications in nanophotonics and quantum optics, as they pos-
sess a strong luminescence and are able to host single quantum emit-
ters. Excitation of quantum emitters via a two-photon process can be
employed for high resolution imaging and has applications in quantum
optics. Here, we present one- and two-photon excitation of single de-
fects in hexagonal boron nitride (hBN) and analyse the properties of
the emitted light [1]. We find clear antibunching signals that prove the
single emitter character in both excitation cases. To gain further know-
ledge, we also obtain saturation curves. From a comparison of one- and
two-photon case insights about the level structure of the defects can be
obtained. These results will not only help the fundamental understan-
ding of defects in hBN, but also help to introduce this class of emitters
in optical imaging, as the defects in hBN are of small spatial extend,
photostable and emit their fluorescence well in the wavelength region
of the biological optical window. [1] A. W. Schell et al. APL Photonics
1, 091302 (2016)

Q124 Mon 17145 P 11
Studies on single perylene bisimide macrocyclesat strong
photo-excitation eULRICH MOULLER!, PETER SPENST?,
MarTHIAS STOLTE2, FRANK WURTHNER?, and JENs PrLaum!3 —
I Experimentelle Physik VI, Julius-Maximilians-Universitit, Wiirzburg
— 2Institut fiir Organische Chemie, Julius-Maximilians-Universitit,

Wiirzburg — 3ZAE Bayern, Wiirzburg

Quantum emitters like individual organic guest molecules within a ma-
trix can serve as non-classical light sources in quantum communication
and metrology applications. In this context, single Perylene Bisimides
(PBIs) are interesting candidates for single photon emitters due to their
chemically tunability, strong fluorescence and high photostability [1].

Using a confocal-microscopy set-up in combination with fluorescence
correlation measurements we characterize the optical properties of
PBIs as single quantum emitters at various excitation powers. We
will highlight the rich excitation dynamics of para-xylylene bridged
PBI-macrocycles and compare them to single chromophores:

At low excitation densities PBI-macrocycles act as bright and sta-
ble single photon emitters due to a fast energy transfer between the
different chromophores of the macrocycle. Above intensity saturated
excitation the co-existence of multi-excitonic states on the macrocycle
becomes more likely and the process of exciton-exciton-annihilation
controls the emission characteristics. We provide a model to consis-
tently explain our observations and to advance the understanding of
excitation and relaxation processes in multi-chromophoric systems.
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[1] F. Schlosser et al., Chem. Sci. 3, 2778 (2012)

Q 12.5 Mon 18:00 P 11

Generation of single photons with tailored waveforms us-
ing a quantum dot emitting near the Rb D2 line
eJaNik Worrers!, Jan-PuiLipp Jann!, Lucas Becuin!, MATH-
1EU MunschH!, YoncHENG Huo?, FEr Ding®, RINALDO TROTTAZ,
Markus ReiNDL2, OLivEr G. ScuHMIDT?, ARMANDO RASTELLIZ,
PuiLipp TREUTLEIN!, and RicHARD J. WARBURTON! — 1University

of Basel — 2Johannes Kepler University Linz — 3IFW Dresden

Semiconductor quantum dots are excellent single photon sources, pro-
viding triggered single photon emission at a high rate and with high
spectral purity. Independently, atomic ensembles have emerged as one
of the best quantum memories for single photons, providing high effi-
ciency storage and long memory lifetimes. We have recently demon-
strated the emission of high quality photons from a single droplet
quantum dot emitting at the Rb D2 transition [1]. However, there
is a significant mismatch between the large bandwidth of the quantum
dot photons and the relatively small bandwidth of a Rb ensemble. We
present here a route to creating photons with a tailored waveform by
exploiting a long-lived hole spin in a droplet quantum dot. The quan-
tum dot spin is prepared in one of the spin states and is then driven into
the other spin state by a control laser whose waveform determines the
waveform of the photon. We demonstrate the creation of 10 — 100 ns
duration waveforms with single-photon character thereby overcoming
the bandwidth mismatch.
[1] J.-P. Jahn et al., Phys. Rev. B 92, 245439 (2015)

Q 12.6 Mon 18:15 P 11
QD single photons delayed in cesium vapor — eTim Kron!,
JANIK WOLTERS2, ALEXANDER THOMA®, STEPHAN REITZENSTEIN?,
RiNaLDO TrRoTTA?, EUGENIO ZALLO®, ARMANDO RAsTELLI?, OLIVER
G. ScuMipT®, and OLvER BENson! — lHumboldt-Universitit zu
Berlin — 2Universitit Basel — 3Technische Universitit Berlin —
4Johannes Kepler Universitiat Linz — 5Paul-Drude-Institut fiir Fest-
korperelektronik, Berlin — SIFW Dresden

In forthcoming quantum networks various quantum systems might be
involved to accomplish individual tasks, including storage of quantum
states, quantum logic operations, error correction, or entanglement dis-
tillation. An interface between a single photon emitter and a potential
photon storage could provide one fundamental building block of such
a hybrid quantum system.

In our experiment this is realized by setting the exciton emission
of a strain-tunable InGaAs quantum dot to the cesium D1 line at
894 nm. Under pulsed, non-resonant excitation the QD single pho-
tons are delayed in atomic cesium vapor by strong dispersion between
two hyperfine-split levels of the D1 transition. This allows for delay
times of a few nanoseconds even at low optical densities, resulting in a
propagation velocity at the order of 1/20 of the vacuum speed of light.
Such a single photon - atom interface might lay the foundations for a
low-loss quantum memory in a future hybrid quantum network.

Q 12.7 Mon 18:30 P 11

A  deterministic twin-photon source in the solid-state
— eToBias HEeINDEL!, ALEXANDER TnHomAl!, MARTIN VON
HeELvERSEN', MAaRco ScHMIDT!2, ALEXANDER SCHLEHAHN!,

MANUEL GSCHREY!, PETER SCHNAUBER!, JAN-HINDRIK ScHULZE!,

ANDRE STRITTMATTER!, JORN BEYER?, SVEN RopT!, ALEXANDER
CARMELE®, ANDREAS KNORR®, and STEPHAN REITZENSTEIN!

Hnstitut fiir Festkérperphysik, Technische Universitit Berlin, 10623
Berlin, Germany — 2Physikalisch-Technische Bundesanstalt, Abbe-
strafe 1, 10587 Berlin, Germany — 3Institut fiir Theoretische Physik,

Technische Universitat Berlin, 10623 Berlin, Germany

To realize an integrated light source capable of emitting non-classical
multi-photon states, is a fascinating, yet equally challenging task at
the heart of quantum optics. Here, we propose and experimentally
demonstrate the efficient, triggered generation of photon twins using
the energy-degenerate biexciton-exciton radiative cascade of a single
semiconductor quantum dot [1]. For this purpose, we select a quan-
tum emitter whose exciton’s finestructure splitting equals the biexciton
binding energy. Deterministically integrated within a microlens, this
nanostructure emits photon twins at a rate of up to (234 +4) kHz. To
directly observe the emitted twin-photon state, we employ a photon-
number-resolving detection system based on a transition edge sensor,
which enables the reconstruction of the emitted photon number distri-
bution.

[1] A. Thoma, T. Heindel et al., A bright triggered twin-photon source
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in the solid state, arXiv:1608.02768 (2016)

Q 12.8 Mon 18:45 P 11
Time reordering of paired photons in a dressed three-
level cascade — eMaX STRAUSS, SAMIR BOUNOUAR, ALEXAN-
DER CARMELE, PETER SCHNAUBER, ALEXANDER THOMA, MANUEL
GscHREY, JAN-HINDRIK SCHULZE, ANDRE STRITTMATTER, SVEN
RopT, ANDREAS KNORR, and STEPHAN REITZENSTEIN — TU Berlin,
Hardenbergstrass e 36, 10623 Berlin

The biexcitonic cascade in semiconductor quantum dots can act as a

versatile tool for quantum optical experiments, e.g. as a source of po-
larisation or time-bin entangled photons. In our experiments, we use
continuous-wave two-photon excitation to resonantly excite this three
level system and observe the emergence of dressed states under strong
excitation. Likewise, we evidence the coherent interaction by the ob-
servation of two-photon Rabi oscillations in the time domain. Finally,
using photon correlation experiments we demonstrate that the time
ordering of the emitted photons in the dressed cascade can be manip-
ulated by increasing the strength of the driving laser field.

Q 13: Precision Measurements and Metrology: Optical Clocks

Time: Monday 17:00-19:00

Q 13.1 Mon 17:00 P 104
Decay channels of the 229Th nuclear isomeric state involving
atomic electrons — ePavio BiLous and ApriaNna PALFFY — Max
Planck Institute for Nuclear Physics, Saupfercheckweg 1, D-69117 Hei-
delberg, Germany

The thorium isotope 229Th is unique due to its nuclear isomeric
(i.e. long living) excited state with the energy of Fis, = 7.8 €V typical
for optical atomic transitions. Being a bridge between atomic and nu-
clear physics, this nuclear transition has very narrow width and high
stability to external perturbations, so it can be a key to metrology
applications such as a nuclear frequency standard. The excitation and
decay channels of this transition may well involve the electronic shell
due to the very low value of Fj4.

For the neutral atom 229Th, the isomeric state may decay via inter-
nal conversion (IC). For 229Th ions this is not the case as the energy
Fiso is lower than the corresponding ionization thresholds. However,
IC from excited electronic states remains energetically allowed. On
the other hand, the energy can be transferred to the electronic shell
with excitation of an electron to another bound state accompanied
by the absorption or emission of a photon (so called electron bridge).
This channel can be strongly enhanced if the electronic and the nu-
clear transitions are on resonance. Here we consider several channels
of decay of the nuclear isomeric state involving the atomic electrons
and carry out ab initio calculations of corresponding rates using multi-
configurational Dirac-Fock wave functions for the bound atomic elec-
trons.

Q 13.2 Mon 17:15 P 104
Entwicklung und Aufbau einer kompakten und hochstabilen
optischen Frequenzreferenz fiir den Einsatz auf einer HO6-
henforschungsrakete — eMarkuUs OswaLb!, TuiLo ScruLpT!H?,
Kraus DORINGSHOFF3, MARKUS KRUTzIK3, VLADIMIR SCHKOLNIK?,
Franz B. Gurscu®, Acuiv PeTERs? und CrLaus BrRAXMAIER!2 —
1Zentrum fiir angewandte Raumfahrttechnologie und Mikrogravitati-
on (ZARM), Universitit Bremen — 2Deutsches Zentrum fiir Luft- und
Raumfahrt (DLR), Bremen — 3Humboldt-Universitét zu Berlin

Hochstabile optische Frequenzreferenzen spielen bei einer Vielzahl von
Weltraumanwendungen eine entscheidende Rolle, wie beispielsweise bei
der Detektion von Gravitationswellen, der Navigation oder der Erdbe-
obachtung. Hierbei stellen Frequenzreferenzen auf Basis von moleku-
larem Jod unter Nutzung der dopplerfreien Sattigungs-Spektroskopie
eine vielversprechende Technologie fiir zukiinftige Missionen dar, insbe-
sondere hinsichtlich ihrer Stabilitét iiber lange Zeitrdume. Im Rahmen
des JOKARUS-Projekts (Jod-Kammresonator unter Schwerelosigkeit)
soll erstmals ein Jod-Spektroskopiemodul auf einer Hohenforschungs-
rakete zum Einsatz kommen und so den Weg bereiten fiir zukiinf-
tige Weltraumeinsétze (z.B. NGGM, eLISA). Ausgehend von voran-
gegangenen Laboraufbauten wurde ein Instrumentendesign entwickelt
und hinsichtlich der Anforderungen der Mission an Kompaktheit, Leis-
tungsfahigkeit und Robustheit optimiert und unter Einbeziehung qua-
lifizierter Klebeverfahren auf einer 246 mm x 145 mm Quarzglasplatte
integriert. Finanziert durch das DLR aus Mitteln des BMWi (Forder-
kennzeichen 50WM1646).

Q 13.3 Mon 17:30 P 104
Relative field sensitivities in '71Yb™ transitions — eRICHARD
LaNGE, NiLs HUNTEMANN, CHRISTIAN SANNER, CHRISTIAN TAMM,
BurcHARD LipPHARDT, and EKKEHARD PEIkK — Physikalisch-
Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Ger-
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many

The 171Yb* jon exhibits two transitions that are employed in our
setup of a single-ion optical frequency standard, the 2S; 5 — 2D3/2
electric quadrupole (E2) [PRA 89, 023820] and the 2S; /5, — 2F7/s
electric octupole (E3) [PRL 108, 090801] transition. In order to pro-
vide a frequency standard with highest accuracy, deviations from the
unperturbed transition frequencies due to external perturbations have
to be taken into account and corrected for. In particular, the effects
related to external magnetic and electric fields as well as field gradients
need to be investigated. The significantly higher sensitivity of the E2
transition frequency to these perturbations allows for an examination
of the E3 transition frequency shifts on a magnified scale.

With precise information about the relative field sensitivities, un-
certainties in the E3 transition frequency due to field perturbations
can be reduced: Shifts of the E3 transition frequency can be corrected
more accurately analyzing changes in the E2 transition frequency than
measuring the fields and field gradients directly. In this talk we present
improved measurement results of the relative field sensitivities of the
E2 and E3 transition frequencies and discuss the effects of these results
on the uncertainty budgets of our frequency standards.

Q 13.4 Mon 17:45 P 104
First campaigns with PTB transportable optical lattice clock
— oJ. GrorTi!, S. KoLLeEr!, S. Voar!, A. AL-Masoupr', S.
DorscHERY, S. HERBERs!, S. HAFNER!, U. STERR!, C. LispaT?!, H.
DENKERZ, M. Pizzocaro®, P. Tnoumany?, B. Raur3, C. CLivaTi®,
M. Zucco?, F. LEvi®, D. CaLonico®, A. RoLLanp?, F. Baynes?,
and H. MarcoLis? — !Physikalisch-Technische Bundesanstalt, Bun-
desallee 100, 38116 Braunschweig, Germany — 2Institut fiir Erdmes-
sung - Leibniz Universitdt Hannover, Schneiderberg 50, 30167 Han-
nover, Germany — 3Istituto Nazionale di Ricerca Metrologica, Strada
delle Cacce 91 , 10135 Torino, Italy — *National Physical Laboratory,
Teddington, Middlesex TW11 OLW, UK

A transportable lattice clock based on 87Sr atoms has been built at
PTB and successfully tested in the laboratory. The clock showed a
stability of 1.3-10~1%/\/7 and a systematic uncertainty of 7.4-10~17.
Furthermore, its frequency is in agreement with the stationary system
of PTB. The system has been placed inside a car trailer and used for
two measurement campaigns: A proof of principle experiment of rela-
tivistic geodesy in the Frejus tunnel, at the Italy-France boarder, and a
local measurement of the 171Yb/87Sr clock frequency ratio at Torino.
These campaigns were performed in collaboration with INRIM, NPL
and the Institut fiir Erdmessung (IfE), Leibniz University Hannover.
Results will be shown in the talk. This work is supported by QUEST,
DFG (RTG 1729, CRC 1128), EU-FP7 (FACT) and EMRP (ITOC).
The EMRP is jointly funded by the EMRP participating countries
within EURAMET and the European Union.

Q 13.5 Mon 18:00 P 104
A Sr lattice clock with 6-10717/,/7/s frequency instabil-
ity — eRoMAN ScHwARz!, SOREN DORSCHER!, ALl AL-Masoupr?,
Soria HErBERs!, DAN-GHEORGHITA MaTEI!, THOMAS LEGERO!, SE-
BASTIAN HAFNER!, CHRIsTIAN GREBING!, ErRIk BENKLER!, WEI
ZuaNG2, LiNDsAy SonNDERHOUSEZ, JouN M. RosiNsoNZ, Jun
YE2, Fritz Rienie!, Uwe STerr!, and CHRiSTIAN Lispar!
— 1Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100,
38116 Braunschweig — 2JILA, National Institute of Standards and

Technology and University of Colorado, Boulder, Colorado 80309, USA

Optical clocks represent the forefront of frequency metrology enabling
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applications in relativistic geodesy, tests of fundamental physics, and
the search for dark matter. As their systematic uncertainty reaches the
low 1018 regime, reducing their frequency instability becomes even
more important in order to exploit their potential. Here, we report
on recent improvements of the Sr lattice clocks at PTB by phase-
locking the interrogation laser to cryogenic Si resonators at 194 THz.
Frequency instabilities of 6 - 10717(7/s)~1/2 are inferred from clock
self-comparisons.

This work is supported by QUEST, the DFG within CRC 1128 (geo-
Q), CRC 1227 (DQ-mat) and RTG 1729, EMPIR within OC18. The
EMPIR initiative is co-funded by the European Union’s Horizon 2020
research and innovation program and the EMPIR Participating States.

Q 13.6 Mon 18:15 P 104
Evaluation of a magnesium frequency standard and progress
towards a frequency measurement — e KLAUS ZIPFEL, DOMINIKA
Fim, NANDAN JHA, STEFFEN RUHMANN, STEFFEN SAUER, WALDEMAR
FrieseN, Pia KoorMANN, WoLFGANG ERTMER, and ERNST RASEL —
Institut fiir Quantenoptik, Leibniz Universitdt Hannover, Deutschland

State-of-the-art optical atomic lattice clocks with fermionic strontium
already reached uncertainties in the low 107!8 regime [1,2]. In order
to operate on that level, a high Q factor and hence a narrow observ-
able linewidth of the clock transition is key for the evaluation of the
systematics.

In this presentation, we report on spectroscopy with an observable
linewidth of 100 Hz for the 1Sg - 3Pg clock transition in bosonic mag-
nesium, which corresponds to the highest Q factor for an optical transi-
tion in that species so far. As a consequence, the resolution for evaluat-
ing the uncertainties like 2nd order Zeeman and lattice AC-Stark shift
increases. We will show the latest results for our systematics and as
well present the progress towards an absolute frequency measurement.

[1] B. J. Bloom et al., Nature 506, 71 - 75 (2014)

[2] T.L. Nicholson et al., Nature Communications 6, 6896 (2015)

Q 13.7 Mon 18:30 P 104
Ion dynamics and systematic shifts in a multi-ion atomic
clock — eDimiTRI KALINCEV, JoNas KELLER, ToBias BURGER-
MEISTER, ALEXANDRE DIDIER, JAN KIETHE, ANDRE KuLosA, TABEA
NoORDMANN, THORBEN SCHMIRANDER, and TANJA E. MEHLSTAUBLER
— Physikalisch-Technische Bundesanstalt, Braunschweig, Deutschland

Single ion optical clocks have an estimated systematic fractional fre-

quency uncertainty at the 10718 level. The main limitation in mea-
suring atomic frequencies is their statistical uncertainty due to the
fundamental limit of quantum projection noise. In order to exploit the
high accuracy, very long averaging times are required. We show that
the statistical uncertainty of single-ion-clocks can be overcome with a
multi-ion-approach while keeping excellent control of systematics. For
mixed crystals, we analyze effects relevant at the 10~19 level and be-
low. We identify crystal configurations that can be cooled efficiently
while having low heating rates.

With a new chip-based linear Paul-trap, designed for low axial micro-
motion, we measure heating rates as a function of the ion secular
frequency. We simultaneously measure micromotion across an ion
Coulomb crystal. Based on experimental results on trap induced shifts
and on our calculations, we present an estimated error budget for a
multi-ion-clock.

Q 13.8 Mon 18:45 P 104
High precision and high frequency sensing with a con-
tinuous drive utilizing the Nitrogen Vacancy center —
eDaNIEL Louzon'2, ALEXANDER STARKD3, ThHomas UNDNEN!,
Narr AHARON2, ALEXANDER Huck?®, ULRIK L. ANDERSEN®, ALEX
RerzkeER?, and FEpDOR JELzKO! — 1Ulm University, Ulm, Germany
— 2Hebrew University, Jerusalem — 3Technical University of Den-
mark, Kongens Lyngby, Denmark

Single defect centers in diamond and especially the nitrogen-vacancy
(NV) show remarkable physical properties such as long spin coherence
time and the emission of single photons. These properties make them
ideal candidates for qubits and nano-scale magnetic field sensors [1].

High frequency sensing, using a two level system, is considered T%
limited, given dynamical decoupling techniques cannot be applied on
a time scale shorter than the on-resonance signal being measured.

We present the implementation of a novel technique to measure a
weak high frequency signal using a detuned two level system and a
series of continuous driving fields prolonging the coherence time of the
two level system in principle close to its T3 time [2].

The technique is demonstrated on a single NV center in diamond as
the two level system, measuring a weak high frequency signal, with a
coherence time over an order of magnitude longer than its 75

[1] M. Doherty et al., Physics Reports 528, 1 (2013) [2] N. Aharon
et al., arXiv: 1609.07812 (2016).

Q 14: Quantum Gases: Bosons Il

Time: Monday 17:00-19:00

Q 14.1 Mon 17:00 P 204
Bose-Einstein condensates and Conical Refraction: Novel
Approach to Toroidal Guiding Potentials for ATOMTRONIC
Devices — oFELIX ScuMALTZ, PATRICK VAN BEEK, PHILIP PREDI-
GER, FELIX WEIGAND, and GERHARD BIRKL — Institut fiir Ange-
wandte Physik, Technische Universitdt Darmstadt, Schlossgarten-
straffe 7, 64289 Darmstadt

We present a novel type of toroidal guiding potential for BEC-based
coherent matter waves applicable for atom interferometry or ATOM-
TRONIC devices such as atomic SQUIDS.

Exploiting the effect of conical refraction in biaxial crystals, we are
able to create various types of light field patterns, which can act as
dipole force mediated toroidal matter waveguides. Depending on laser
beam and crystal parameters, the topology and dimension of these
waveguides can be controlled.

Only by changing the waist of the impinging laser beam, the coni-
cal refraction light field, using blue detuned light, can be transformed
from a harmonical to a toroidal trapping potential. Using dynamically
tunable lenses, we can realize the adiabatic transformation of a BEC
from a simply connected to a multiply connected trapping topology.

Such a toroidal matter wave can be used to probe superfluidity and
vortex-like behavior of confined BECs in a dynamically adjustable fash-
ion.

Q 14.2 Mon 17:15 P 204
Spatially distributed many-particle entanglement in a spinor
Bose-Einstein condensate — ePHILIPP KUNKEL, MAXIMILIAN
PRUFER, DANIEL LINNEMANN, ANIKA FROLIAN, HELMUT STROBEL,

19

Location: P 204

CHRISTIAN-MARCEL SCcHMIED, THOMAS GASENZER, and MARkuUs K.
OBERTHALER — Kirchhoff-Institut fiir Physik, Im Neuenheimer Feld
227, 69120 Heidelberg

A key resource for distributed quantum-enhanced protocols are entan-
gled states between spatially separated modes. In spinor Bose-Einstein
condensates such nonclassical states are routinely generated by short-
ranged contact interactions. Here, we use spin mixing in a tightly
confined BEC of 8"Rb to generate a two-mode squeezed vacuum. Sub-
sequent expansion in a shallow waveguide potential gives rise to non-
classical correlations between opposite spatial directions. Local and
global observables are used to quantify the continuous variable entan-
glement which violates an inequality based on the Einstein-Podolsky-
Rosen argument.

Q 14.3 Mon 17:30 P 204
Non-local correlations in interacting bosonic gases - semiclas-
sical results in non-perturbative regimes — e BENJAMIN GEIGER,
QUuIrRIN HumMEL, and Kraus RicHTER — Institut fiir Theoretische
Physik, Universitdt Regensburg, Germany

In order to investigate general properties of interacting bosonic gases
we present a formalism to calculate thermodynamic properties and the
density of states by means of short-time propagation and compare our
analytical predictions against quantum integrable models using Bethe
ansatz techniques. As an essential input of our approach, we were
able to construct the many-body propagator for a one-dimensional
free bosonic gas with delta interactions of variable strength. Using
this propagator we can give analytical expressions for the smooth part
of the many-body density of states as well as spatial two point correla-
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tions for the Lieb-Liniger model. We present explicit analytical results

for the high-temperature regime which are non-perturbative in the in-

teraction strength and explain numerical observations by Deuar et. al.

[1]. Corrections for lower temperatures can be found systematically.

A perturbative approach for arbitrary temperatures using Matsubara

theory is presented, which is valid in the weakly interacting regime.
[1] P. Deuar et al., Phys. Rev. A 79, 043619 (2009)

Q 144 Mon 17:45 P 204
Many-particle quantum dynamics after an interaction quench
for ground state quantum bright solitons — eCurisTorH
Weiss! and Linconn Carr? — 1Joint Quantum Centre (JQC)
Durham-Newcastle, Department of Physics, Durham University,
United Kingdom — 2Colorado School of Mines, Golden, USA

We investigate attractively interacting bosons in a (quasi-)one-
dimensional waveguide initially prepared in the ground state of an
additional harmonic potential, a quantum bright soliton. An interac-
tion quench that increases the interaction by a factor of four combined
with switching off the potential leads to a higher-order soliton for which
the mean-field description via the Gross-Pitaevskii equation predicts
oscillations of the variance of the single particle density. By combining
numerical investigations using TEBD with analytical Lieb-Liniger re-
sults, we show that the soliton breaks apart. This behaviour is visible
when measuring the relative distance between particles.

Q 14.5 Mon 18:00 P 204
Understanding quantum phase transitions in the attrac-
tive Lieb-Liniger model by quantizing critical mean-field
behaviour — eQuirIN HUuMMEL, BENJAMIN GEIGER, JUAN-DIEGO
UrsiNA, and Kraus RICHTER — Institut fiir Theoretische Physik,
Universitdt Regensburg, Germany

We consider a one-dimensional model of Bosons with attractive inter-
actions which is known to display a quantum phase transition (QPT)
at a critical value of the interaction strength «. A semiclassical quan-
tization, where a large number of particles N plays the role of small A,
allows us to find the parameters of the QPT in terms of quantized or-
bits passing through a separatrix in classical phase space. Moreover it
allows us to analytically quantify effects arising from the discreteness
of the quantum mechanical spectrum like the scaling of the ground
state gap with N right at the critical « (explaining the numerical find-
ings in [1]), and the high-density spectrum around the excited state
QPT for larger couplings. We extract the exact time-scale of the latter
- also known as the scrambling time - and rigurously show that it is
related to a stability exponent of the underlying classical dynamics.
Finally, the universal applicability of our ideas whenever the QPT is
related to similar classical behaviour, leads us to expect that this semi-
classical picture can be applied to a broad class of QPT with effective
one-dimensional descriptions (e.g. Dicke model, Lipkin-Meshkov-Glick
model).

[1] R Kanamoto and H Saito and M Ueda, Phys. Rev. A 67, 013608
(2003)

Q 14.6 Mon 18:15 P 204
Signatures of distinguishability in many-body dynamics —
oGABRIEL DUFOUR, ToBIAS BRUNNER, MAXIMILIAN DIRKMANN, AL-
BERTO RODRIGUEZ, and ANDREAS BUCHLEITNER — Physikalisches In-
stitut, Albert-Ludwigs-Universitat Freiburg

The dynamics of ensembles of quantum particles depends on whether

these particles can be distinguished from one another. Indeed, the re-
quirement that many-body states be symmetric under the exchange of
identical particles leads to intricate interference effects. These effects
have mainly been investigated in the case of non-interacting particles,
such as photons in interferometers, but they also play a role in the be-
haviour of interacting particles, e.g. atoms trapped in optical lattices.

We investigate the ways in which the dynamics of distinguishable
and indistinguishable particles differ. To do so, we consider ensembles
of bosons condensed into a finite number of modes and which can be-
long to one of several mutually distinguishable “species”. We study the
structure of the corresponding Hilbert space and its consequences for
the dynamics. Moreover, we identify a suitable measure of the level
of distinguishability in the system. These results are illustrated by a
study of the dynamics of a two-component Bose-Einstein condensate
in a double-well.

Q 14.7 Mon 18:30 P 204
Properties of quantum filaments in dipolar Bose-Einstein
condensates — eFALK WACHTLER and Luis SANTOs — Institut fiir
Theoretische Physik, Leibniz Universitdt Hannover, Hannover, Ger-
many

Recent experiments with the highly magnetic atoms dysprosium and
erbium have revealed the formation of stable quantum droplets in
dipolar Bose-Einstein condensates. This surprising result has been
explained by the stabilization given by quantum fluctuations. We will
discuss properties of a dipolar BEC in the presence of quantum stabi-
lization focusing in particular on the low-lying excitations all the way
from the mean-field to the droplet regime. Moreover, we will show the
effects of three-body losses for the dynamics of droplet formation as
well as the role of quantum fluctuations in the strength of the three-
body losses. This shows a large increase of the losses in the droplet
regime significantly lowering their lifetime.

Q 14.8 Mon 18:45 P 204
Quantum Domain Walls Induce Incommensurate Supersolid
Phase on the Anisotropic Triangular Lattice — Xue-Fena
Zuanc!2:3 Suuie Hu!, e AxEL PrLSTER!, and SEBASTIAN EGGERT!
— 1Physics Department and Research Center OPTIMAS, University
of Kaiserslautern, 67663 Kaiserslautern, Germany — 2Max-Planck-
Institute for the Physics of Complex Systems, 01187 Dresden, Germany
— 3State Key Laboratory of Theoretical Physics, Institute of Theo-
retical Physics, Chinese Academy of Sciences, Beijing 100190, China

We investigate the extended hard-core Bose-Hubbard model on the
triangular lattice as a function of spatial anisotropy with respect to
both hopping and nearest-neighbor interaction strength [1]. At half-
filling the system can be tuned from decoupled one-dimensional chains
to a two-dimensional solid phase with alternating density order by ad-
justing the anisotropic coupling. At intermediate anisotropy, however,
frustration effects dominate and an incommensurate supersolid phase
emerges, which is characterized by incommensurate density order as
well as an anisotropic superfluid density. We demonstrate that this
intermediate phase results from the proliferation of topological defects
in the form of quantum bosonic domain walls. Accordingly, the struc-
ture factor has peaks at wave vectors, which are linearly related to the
number of domain walls in a finite system in agreement with extensive
quantum Monte Carlo simulations. We discuss possible connections
with the supersolid behavior in the high-temperature superconducting
striped phase.
[1] Phys. Rev. Lett. 117, 193201 (2016)

Q 15: Ultracold atoms and BEC - Il (with A)

Time: Monday 17:00-19:00

Q 15.1 Mon 17:00 N 1
Multiple BECs in a non-degenerate ring cavity — eDEEPAK
PanpEY!:3, GrRiGOR KUYUMIYAN!, WALID CHERIFI', NAIK DEVANG!,
ANDREA BerTOLDI!, ARNAUD LANDRAGIN?, and PHILIPPE BouvER!
— 1LP2N, Université Bordeaux, IOGS, CNRS, Talence, France —
2LNE-SYRTE, Observatoire de Paris, CNRS, UPMC, F-75014 Paris,
France — SPresently at Institut fiir Angewandte Physik, Wegelerstr.
8, D-53115 Bonn, Germany

Quantum degenerate gases of neutral atoms are excellent systems with
important applications in the study of many body quantum physics,
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Location: N 1

condensed matter physics, precision measurements, and quantum in-
formation processing. We demonstrate the creation of multiple "Rb
Bose-Einstein condensates (BECs) in the higher transverse modes of
a bow-tie ring cavity at telecom wavelength 1560 nm. The non-
degenerate character of the cavity allows splitting and merging of
cold ensembles by deforming the trapping potentials inside the cav-
ity. Another cavity resonance at 780 nm will allow us to realize the
cavity aided quantum non-demolition measurements to generate mea-
surement induced spin squeezed states.

Q152 Mon 17:15 N1
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Phase coherence and entanglement in Bose-Einstein conden-
sates — oTILMAN ZiBoLD, MATTEO FADEL, ROMAN ScHMIED, Bap-
TISTE ALLARD, JEAN-DANIEL BancAaL, NicoLAs SANGOUARD, and
PuiLipp TREUTLEIN — Department of Physics, University of Basel,
Basel, Switzerland

We perform quantum enhanced metrology on an atom chip using inter-
nal states of Bose- Einstein condensed 87Rb atoms. State dependent
trapping potentials allow for the generation of entangled states such
as squeezed states via interatomic interactions. By accounting for the
atom number dependent phase shifts in the system we are able to pro-
duce strongly squeezed states. Our recent experiments demonstrate
that these many-particle entangled states can exhibit Bell correlations
[1]. We will discuss experiments on the limitations of phase coherence
of squeezed atomic states and recent advances towards a Bell-test with
split Bose-Einstein condensates.

[1] Schmied et al. Science 352, 441 (2016)

Q15.3 Mon 17:30 N1
supersolidity in a Bose-Einstein condensate o ANDREA
MoRrALES, JULIAN LEONARD, PHILIP ZuPANcIC, TILMAN ESSLINGER,
and ToBias DoNNER — llnstitute for Quantum Electronics, ETH
Ziirich, Switzerland

Supersolidity is a paradoxical state of matter featuring both the crys-
talline order of a solid and the dissipationless flow typical of a super-
fluid. The realization of this state of matter requires the breaking
of two continuous symmetries, the phase invariance of a superfluid
and the translational invariance to form the crystal. Proposed for
Helium almost 50 years ago, experimental verification of supersolidity
remained elusive. Here we report on the realization of such a supersolid
state of matter.

This state is realized by coupling a Bose-Einstein condensate (BEC)
to the modes of two crossed optical cavity modes. Self-organization to
individual cavities only breaks a discrete spatial symmetry and realizes
a *lattice supersolid*. By equally coupling the BEC to both modes we
enhance the symmetry of the system to a continuous one and observe
simultaneous self-organization to the two cavities. We measure the
high ground state degeneracy of the new supersolid state by measur-
ing the crystal position over many realizations through the light fields
leaking from the cavities. We also monitor real time fluctuations in
the crystal position by the relative change in the light levels.

Q154 Mon 1745 N1
Realization of balanced gain and loss in a Bose-Hubbard
model beyond the mean-field approximation — eDANIEL Diz-
DAREVIC, KIRILL ALPIN, JOHANNES REIFF, JORG MAIN, and GUNTER
WUuNNER — 1. Institut fiir Theoretische Physik, Universitat Stuttgart,
Germany

In recent years there has been a growing interest in non-hermitian and
especially P7 symmetric quantum mechanics, since they allow for an
effective description of open quantum systems. A quantum system
exhibiting P7 symmetry is given by a BEC in a double well with bal-
anced particle gain and loss, which can be described in the mean-field
limit by a Gross-Pitaevskii equation with a complex potential. Al-
though a complex potential renders the Hamiltonian non-hermitian,
PT-symmetric stationary states with real eigenvalue spectra exist.
We present a possible experimental realization of such a system by
embedding it into a hermitian time-dependent four-mode optical lat-
tice, where additional potential wells act as reservoirs and particle
exchange happens via tunneling [1]. Since particle influx and outflux
have to be controlled explicitly, a set of conditions on the potential
parameters is derived. In contrast to previous work, our focus lies on
a full many-particle description beyond the mean-field approximation
using a Bose-Hubbard model, where especially the differences arising
are of interest. Furthermore, we examine whether P7T symmetric sta-
tionary states still appear in the limit of low particle numbers.

[1] Kreibich et al., Phys. Rev. A 87, 051601(R) (2013)

Q 15.5 Mon 18:00 N 1
A Homogeneous 2D Fermi Gas — eKraus Hueck, NicLas Luick,
LENNART SOBIREY, JoNAs SiEGL, THomAas Lompe, and HENNING
MoriTtz — Institut fiir Laserphysik, Universitdt Hamburg, Luruper
Chaussee 149, 22761 Hamburg

Ultracold 2D Fermi gases in the BEC-BCS crossover provide a model
system to investigate e.g. the Kosterlitz-Thouless transition to super-
fluidity. So far ultracold 2D Fermi gases have been studied in harmonic
trapping potentials. This results in an inhomogeneous density distri-

21

bution, which complicates the theoretical description of the system and
only allows for the extraction of trap averaged quantities when utilizing
non-local measurement methods such as time of flight imaging.

Here, we present our realization of an ultracold 2D Fermi gas trapped
in a homogeneous disk-shaped potential. The radial confinement is
realized by a ring-shaped blue-detuned beam with steep walls. Addi-
tionally a digital micro mirror device can be used to remove residual
inhomogeneities and to imprint arbitrary repulsive potentials onto the
system. This enables us to study systems in close analogy to e.g. gated
2D electron gases.

Q 15.6 Mon 18:15 N1
Non-equilibium BCS state Fermi gas — ALEXANDRA BEHRLE,
Timorny Harrison, eKuryr Gao, MARTIN LiNnk, and MICHAEL
KoeHnL — Physikalisches Institut, University of Bonn, Wegelerstrasse
8, 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 equi-
librium state of an attractive gas of cooper pairs. Non-equilibrium co-
herent dynamics of the BCS state was proposed for studying collective
modes, pair formation and excitations in superconductivity, however,
experimental realization has been hindered by the difficulty of per-
forming fast enough perturbations 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 15.7 Mon 18:30 N 1
Pairing in the normal phase of a 2D Fermi gas — ePUNEET
ANANTHA MUuURrTHY, MaATHIAS NEIDIG, RALF KLEMT, MARVIN
HovrreN, Luca BavyHa, PHiLipP PRreiss, GERHARD ZURN, and SE-
LiM JocHIM — Physikalisches Institut, Universitaet Heidelberg

Paring of fermions is central to our understanding of superfluidity and
superconductivity. In their celebrated work, Bardeen, Cooper and
Schrieffer (BCS) describe how a pairing instability at sufficiently low
temperatures at the Fermi surface leads to a transition from the nor-
mal phase to a superfluid for a weakly attractive Fermi gas. The
formation of these Cooper pairs is a true many-body effect as it re-
quires the presence of a Fermi sea and according to the BCS theory
the pairing starts at the transition temperature. On this poster, we
present evidence for pairing also in the normal phase of a two com-
ponent 2D Fermi gas. We use spatially resolved radio-frequency (RF)
spectroscopy to measure the onset of pairing at different interaction
strengths across the 2D BEC-BCS crossover. We show that pairing oc-
curs at temperatures significantly higher than the critical temperature
for superfluidity. The spatially resolved RF spectroscopy allows us to
separate the low- from the high-density regions of our inhomogeneous
trap. As a result, we can identify regions where two-body physics is
applicable and regions where many body effects take over. We map
out a region in the strongly interacting regime, where paring is signif-
icantly influenced by the many-body nature of the system and cannot
be explained purely by two-body physics.

Q 15.8 Mon 18145 N 1
Quantum Simulation of Mesoscopic Fermi Systems — ePHILIPP
PREISS, ANDREA BERGSCHNEIDER, VINCENT KLINKHAMER, JAN-
HeNDRIK BECHER, GERHARD ZURN, and SELIM JocHIM — Universitéat
Heidelberg, 69120 Heidelberg, Germany

Ultracold quantum gases in optical potentials have achieved spectac-
ular progress in the experimental simulation of complex quantum sys-
tems. Complementary to many-body experiments, mesoscopic systems
comprised of a small number of atoms offer the possibility to study
highly entangled quantum states with an exceptional degree of versa-
tility and control.

We are implementing a highly tunable platform to study such cor-
related few-fermion systems. As already demonstrated in our group,
quantum states of 6Li atoms can be prepared with a deterministic
atom number and spin configuration, and interactions are tunable via
a magnetic Feshbach resonance. We are extending these techniques
to a large range of trap geometries, including trap arrays as well as
low-dimensional and toroidal systems. A novel readout scheme with
single-particle and spin sensitivity allows us to measure spin- and mo-
mentum correlations.

The tunable few-fermion system will enable the realization of many
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novel mesoscopic systems, for example cylindrical optical lattices with
unusual periodic boundary conditions. In two-dimensional traps, we
will be able to study the formation of shell structure as well as the

emergence of fermion pairing in the presence of interactions. I will dis-
cuss the status and prospects of our mesoscopic quantum simulator.

Q 16: Quantum Information: Concepts and Methods IlI

Time: Tuesday 11:00-12:45

Q 16.1 Tue 11:00 P 2
Witnessing Quantum Squeezing via Binary Homodyne De-
tection — CHRISTIAN R. MULLER!2, e KAUSHIK SESHADREESANDZ,
Gerp Lreucusb?, and CurisToPH MARQUARDTH2 — Max Planck
Institute for the Science of Light, Erlangen, Germany. — 2Department

of Physics, University of Erlangen-Nuremberg (FAU), Germany.

Ideal homodyne detection provides an observable with a continuous
spectrum. In practical situations, however, the observed quantity is
always discretized to some extent. This may be due to the specifics of
the protocol, such as the discretization of phase space in CV-QKD, or
also due to the limited resolution of the implemented analog-to-digital
converter. We consider the extreme case of homodyne detection with
a resolution of only 1 bit, i.e., where only the sign of the projected
quadrature value is accessible. We illustrate the capacity of such a
restricted homodyne detector by demonstrating that even extremely
weak squeezing of coherent states can be witnessed. We derive the
associated error probabilities in discriminating a coherent state from a
weakly squeezed state and experimentally validate our findings. Fur-
thermore, we discuss the possibility of detecting squeezed light trans-
mitted in satellite communication with binary homodyne detectors.

Q 16.2 Tue 11:15 P 2
Quantum Cloning of Binary Coherent States - Optimal
Transformations and Practical Limits eCHRISTIAN R.
MoLLER!2:3, GErRD LEUucHs!:24, CurisToPH MARQUARDT!2, and
ULrik L. ANDERsEN'23 — 1Max Planck Institute for the Science of
Light, Erlangen, Germany. — 2Department of Physics, University of
Erlangen-Nuremberg (FAU), Germany. — 3Department of Physics,
Technical University of Denmark, Lyngby, Denmark — “Department
of Physics and Max Planck - University of Ottawa Centre for Extreme
and Quantum Photonics, University of Ottawa, Canada

The notions of qubits and coherent states correspond to different phys-
ical systems and are described by specific formalisms. Qubits are as-
sociated with a twodimensional Hilbert space and can be illustrated
on the Bloch sphere. In contrast, the underlying Hilbert space of
coherent states is infinite-dimensional and the states are typically rep-
resented in phase space. For the particular case of binary coherent
state alphabets these otherwise distinct formalisms can equally be ap-
plied. We capitalize this formal connection to analyse the properties
of optimally cloned binary coherent states. Several practical and near-
optimal cloning schemes are discussed and the associated fidelities are
compared to the performance of the optimal cloner.
[1] C. R. Miiller et al., arXiv:1609.02136v1 [quant-ph]

Q 16.3 Tue 11:30 P 2
Approximating local observables on projected entangled pair
states — eMARTIN SCHWARZ, OLIVER BUERSCHAPER, and JENs Eis-
ERT — FU Berlin, Berlin

Tensor network states are for good reasons believed to capture ground
states of gapped local Hamiltonians arising in the condensed matter
context, states which are in turn expected to satisfy an entanglement
area law. However, the computational hardness of contracting pro-
jected entangled pair states in two and higher dimensional systems is
often seen as a significant obstacle when devising higher-dimensional
variants of the density-matrix renormalisation group method. In this
work, we show that for those projected entangled pair states that are
expected to provide good approximations of such ground states of lo-
cal Hamiltonians, one can compute local expectation values in quasi-
polynomial time. We therefore provide a complexity-theoretic justifi-
cation of why state-of-the-art numerical tools work so well in practice.
We comment on how the transfer operators of such projected entangled
pair states have a gap and discuss notions of local topological quan-
tum order. We finally turn to the computation of local expectation
values on quantum computers, providing a meaningful application for
a small-scale quantum computer.

Q 16.4 Tue 11:45 P 2
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Location: P 2

Implications of (quasi)extremal local information for the
many-body wave function — eCarLos L. BENAVIDEs-RIVEROS!,
CHRISTIAN ScHILLINGZ, and PETER VRANA3 — !nstitut fiir Physik,
Martin-Luther-Universitat Halle-Wittenberg, 06120 Halle, Germany
— 2Clarendon Laboratory, University of Oxford, Parks Road, Oxford
OX1 3PU, United Kingdom — 3Department of Geometry, Budapest
University of Technology and Economics, Egry Jozsef u. 1., 1111 Bu-
dapest, Hungary

The possible compatibility of given density matrices for single site
subsystems of a multipartite quantum system is described by linear
constraints on their respective spectra. Whenever some of those quan-
tum marginal constraints are saturated, the total quantum state has
a specific, simplified structure. We prove that these remarkable global
implications of extremal local information are stable, i.e. they hold
approximately for spectra close to the boundary of the allowed region.
Application of this general result to fermionic quantum systems allows
us to propose natural extensions of the Hartree-Fock and Kohn-Sham
anséitze based on the corresponding generalized Pauli constraints. This
“Muliticonfigurational Self-Consistent Field”-ansatz is tested for a sim-
ple model allowing us to reconstruct about 99.5% of the correlation
energy.

Q 16.5 Tue 12:00 P 2
Influence of the Fermionic Exchange Symmetry beyond
Pauli’s Exclusion Principle Feuix TenNIE!,  ViaTKO
VEDRALY2, and eCHRISTIAN SCHILLING

1 1Clarendon Laboratory,
University of Oxford, Parks Road, Oxford OX1 3PU, United Kingdom
— 2Centre for Quantum Technologies, National University of Singa-
pore, 3 Science Drive 2, Singapore 117543

Pauli’s exclusion principle has a strong impact on the properties and
the behavior of most fermionic quantum systems in both, the micro
and macro world. Remarkably, a recent mathematical breakthrough
has revealed the existence of further constraints on the one-particle
picture emerging from the fermionic exchange symmetry. By exploit-
ing those generalized Pauli constraints we develop a measure which
allows one to quantify the influence of the exchange symmetry beyond
Pauli’s exclusion principle. It is based on a geometric hierarchy of
Pauli exclusion principle constraints. We provide a proof of princi-
ple by applying our measure to a simple model. The corresponding
findings conclusively confirm the physical relevance of the generalized
Pauli constraints and show that the fermionic exchange symmetry can
have an influence on the one-particle picture beyond Pauli’s exclusion
principle.

Q 16.6 Tue 12:15 P 2
Physical Relevance of Generalized Pauli constraints — eFELIX
TenNIE!, DanieL EBLER?, ViaTtko VEDRAL!3, and CHRISTIAN
ScHuiLLINg! — !Clarendon Laboratory, University of Oxford, Parks
Road, Oxford OX1 3PU, United Kingdom — 2Department of Com-
puter Science, The University of Hong Kong, Pokfulam Road, Hong
Kong — 3Centre for Quantum Technologies, National University of
Singapore, 3 Science Drive 2, Singapore 117543

The fermionic exchange symmetry does not only imply Pauli’s ex-
clusion principle but even further constraints on fermionic occupation
numbers. For concrete systems, these generalized Pauli constraints are
particularly relevant whenever they are (approximately) saturated. In
the form of a comprehensive analysis of an analytically solvable model
(Harmonium) we explore the occurrence of such (quasi)pinning. By
analyzing the strength of quasipinning as function of the particle num-
ber, coupling strength, spatial dimension and degree of spin polariza-
tion we reveal the mechanism behind it. It is the conflict of energy
minimization and fermionic exchange symmetry. Consequently, our
results suggest the existence of a microscopic Pauli pressure which
forces the system into an approximate saturation of the generalized
Pauli constraints.

[1] C. Schilling, D. Gross, and M. Christandl, PRL 110, 040404
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(2013).

[2] F. Tennie, D. Ebler, V. Vedral, and C. Schilling, PRA 93, 042126
(2016).

[3] F. Tennie, V. Vedral, and C. Schilling, PRA 94, 012120 (2016).

Q 16.7 Tue 12:30 P 2
A fermionic de Finetti theorem — eCHRISTIAN KRUMNOW,
ZoLTtAN ZiMBORAS, and JENS EiserT — Dahlem Center for Complex
Quantum Systems, Freie Universitdt Berlin, Berlin, Germany
Mean field approaches have a long and successful history in capturing
essential features of quantum systems. One way of rigorously bounding

the error made within a mean field approximation is to apply quantum
versions of the de Finetti theorem. Those theorems link the symme-
try of a quantum state under the swap of subsystems to vanishing
quantum correlations. More concretely, they show in the case of finite
dimensional quantum lattice systems that a state which is invariant
under the swaps of lattice sites is locally indistinguishable from a con-
vex combination of product states.

We present a fermionic version of the de Finetti theorem. It is shown
that a state which is insensitive to swaps of fermionic modes loses most
of its antisymmetric character and can locally be captured by a sepa-
rable state.

Q 17: Quantum Repeater and Quantum Communication

Time: Tuesday 11:00-13:00

Q171 Tue 11:00 P 3
Device-Independent Secret Key Rates for Quantum Re-
peater Setups — eTimo HoLz, HERMANN KAMPERMANN, and DaG-
MAR BRruss — Institut fiir Theoretische Physik III, Heinrich-Heine-
Universitat Diisseldorf, Universitatsstrafe 1, D-40225 Diisseldorf, Ger-
many

The device-independent approach to quantum key distribution (QKD)
aims to distribute a secret key between two or more parties with un-
trusted devices, possibly under full control of a quantum adversary.
The performance of a QKD-protocol can be quantified by the secret key
rate R, which can be lower-bounded via the violation of an appropriate
Bell-inequality. We study secret key rates in the device-independent
bipartite case for different quantum repeater setups and compare them
to their device-dependent analogon [1]. The quantum repeater setups
under consideration are the original protocol by Briegel et al. [2] and
the hybrid quantum repeater protocol by van Loock et al. [3]. For a
given repeater scheme and a given QKD-protocol, the secret key rate
depends on a variety of parameters, such as the gate quality or the
fidelity of initially distributed states. We investigate the impact of
these parameters and suggest optimized strategies.

[1] S. Abruzzo et al., Phys. Rev. A 87, 052315 (2013)

[2] H. J. Briegel et al., Phys. Rev. Lett. 81, 5932 (1998)

[3] P. van Loock et al., Phys. Rev. Lett. 96, 240501 (2006)

Q172 Tue11:15 P 3
Cavity-enhanced quantum memory at telecommunication
wavelength — eBEeENJAMIN MERKEL, NATALIE WIiLsON, and AN-
DREAS REISERER — Max Planck Institute of Quantum Optics, Garch-
ing, Germany

Quantum networks are based on the distribution of entangled photon
pairs between distant nodes. Ideally, the photonic links have to op-
erate at telecommunication wavelengths, where loss in glass fibers is
minimal, and one has to implement fault-tolerant quantum repeater
protocols. The exceptional coherence properties of rare-earth-ions in
crystalline hosts have made them a prime candidate for the implemen-
tation of such quantum repeaters. In particular, Erbium has an optical
transition at a telecom wavelength, for which ensemble-based quantum
memories have already been demonstrated. However, the dipole-dipole
interaction between densely-packed Erbium ions poses a limit to the
achievable coherence time.

To overcome this challenge, we use crystals with a very low im-
purity concentration. While this minimizes ion-ion interaction and
thus enables long coherence times, it comes at the price of a reduced
memory efficiency caused by the lower optical depth. We therefore
investigate embedding the crystals into optical resonators to enhance
the ion-photon coupling. In the limit of weak doping, high resonator
quality factor and small mode volume, this approach might even en-
able us to resolve and control single Erbium ions in a crystal, making
them a unique resource for the implementation of global-scale quantum
networks.

Q173 Tuel1ll1l:30 P 3
An atomic memory suitable for semiconductor quantum dot
single photons — eJanik WorLTERS, Lucas BEGUIN, ANDREW
HorseLy, JAN-PHILIPP JAHN, RicCHARD WARBURTON, and PHILIPP
TREUTLEIN — Universitiat Basel

Quantum networks will consist of many quantum memory nodes that
are interconnected via photonic links, transporting single photons car-
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Location: P 3

rying quantum information. In the future, such quantum networks may
enable: high-speed quantum cryptography for unconditionally secure
communication; large scale quantum computers; and quantum simula-
tors that will allow for exponential speed-up in solving specific complex
problems. A promising route towards functional quantum networks is
the heterogeneous approach, where different and separately optimized
physical systems are used for single photon generation and storage.
For example semiconductor quantum dots may be used as efficient,
fast and deterministic single photon sources, while atomic ensembles
allow for efficient storage of these photons.

We demonstrate a photonic memory in hot Rb vapor with on-
demand storage and retrieval. In principle the memory is suitable for
storing single photons emitted by an GaAs droplet quantum dot. Op-
eration of the memory is demonstrated using attenuated laser pulses.
For pulses with a bandwidth of ~ 100 MHz ~ 0.5ueV we achieve ~ 25%
storage and retrieval efficiency, while the storage time approaches 1 us.
The developed quantum memory might become a cornerstone for fu-
ture hybrid quantum dot-atom based quantum networks.

Q174 Tuellid5 P 3
Memory for photonic polarization qubits with long coherence
time — eMaTTHIAS KORBER, OLIVIER MORIN, STEFAN LANGEN-
FELD, ANDREAS NEUZNER, STEPHAN RITTER, and GERHARD REMPE
— Max-Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Str. 1,
85748 Garching, Germany

The ability to faithfully store quantum information is one of the key re-
quirements for many quantum technologies. Here, we present a quan-
tum memory based on a single 87Rb atom in a high-finesse optical
resonator, capable of storing and retrieving single-photon polarizaion
qubits with an overall efficiency of 18% when probed with highly atten-
uated coherent laser pulses containing one photon on average. Based
on seminal work, the polarization of the photon is mapped onto the
atom via a stimulated Raman adiabatic passage (STIRAP). The two
atomic levels used to encode the qubit shift in opposite directions in
the presence of a magnetic field due to the Zeeman effect. The memory
is therefore susceptible to magnetic field fluctuations limiting the co-
herence time of the memory to a few hundred microseconds. Using an
optical Raman transfer we temporarily map the qubit to a protected
subspace, thereby extending the coherence time to tens of milliseconds.
The coherence time can be further increased to more than 100 millisec-
onds by means of a spin-echo technique. Our results are an important
milestones towards the implementation of a quantum repeater allowing
for long distance quantum communication.

Q175 Tue 12:00 P 3
Two-Color Time Entanglement for Quantum Communica-
tion — eToBias Kour, Curis MULLER, and OLIVER BEnsoN — AG
Nanooptik, Institut fiir Physik, Humboldt-Universitiat zu Berlin

Losses over long distances are a big challenge in creating a global quan-
tum communication network. One possibility to minimize those effects
is a quantum repeater which can be realized with entangled photons
[1]. At certain nodes of a QR these photons have to be matched to
dissimilar quantum systems, e.g. a storage or processing unit.

‘We produce highly non-degenerate photon pairs with wavelengths
at the Cs D1 line (894.3 nm) and the telecom O-band (1313.1 nm)
by parametric down conversion in a periodically poled Lithium-Niobat
crystal. We already demonstrated polarization entanglement [2] when
operating in a folded-sandwich geometry. However, polarization is dif-
ficult to maintain over long-distance optical fibers. Therefore, we set
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up a Franson interferometer [3] to create entanglement in time and
position.

The goal is to establish a hybrid quantum interface in which we tele-
port the electronic state of a quantum dot onto a photon at telecom
wavelength for long distance communication.

[1] Bussiéres F., et al. Nature Photonics 8, 775-778 (2014)

[2] Dietz O., et al. Appl. Phys. B 122, 33 (2016)

[3] Franson J. D. Phys. Rev. Lett. 62, 2205 (1989)

Q17.6 Tue 12:15 P 3
Conversion of polarization to time-bin entanglement for ap-
plications in quantum networks — eCHRrIs MULLER, TiM KROH,
ANDREAS AHLRICHS, and OLIVER BENSON — AG Nanooptik, Institut
fiir Physik, Humboldt-Universitat zu Berlin

A key requirement for the acceptance of quantum communication as
new technology is its compatibility with existing classical fiber net-
works. Such a quantum network should also contain quantum re-
peaters [1], which can be realized using entangled photon pair sources.
However, many of the entangled photon sources rely on polarization
entanglement, which is challenging to maintain over long-distance fiber
networks.

Entanglement in time and position [2]| is a suitable candidate for
overcoming the loss of polarization entanglement in fibers. We set up a
converter which allows for transfer of entanglement from polarization
to time and position. In this presentation we want to demonstrate the
preliminary results of such a conversion with the goal of using optical
fibers for building a quantum network [3].

[1] Bussiéres F., et al. Nature Photonics 8, 775-778 (2014)
[2] Franson J. D., Phys. Rev. Lett. 62, 2205 (1989)
[3] Kimble H. J., Nature 453, 1023-1030 (2008)

Q 17.7 Tue 12:30 P 3
Quantum Frequency Down-Conversion of Cat—Resonant
Polarization—-Entangled Photons to the Telecom O-Band —
eMarTHIAS BOCK, STEPHAN KUCERA, JAN ARENSKOTTER, BENJAMIN
KawmBs, SEBASTIAN RUHLE, ANDREAS LENHARD, JURGEN ESCHNER,
and CHRISTOPH BECHER — Universitiat des Saarlandes, Fakultat N'T,
FR Physik, Campus E2.6, 66123 Saarbriicken

A typical quantum repeater scenario comprises stationary atomic
quantum memories and photonic fiber links to distribute information
between these memories. In order to link the photons to the inter-

nal states of the atomic system, it is useful to encode the information
in their polarization degree of freedom. A drawback is that the typ-
ical transition wavelengths in the red or NIR spectral region suffer
high losses in optical fibers. Thus, an interface between these tran-
sition wavelengths and the low—loss telecom regime, which moreover
preserves the polarization state of the photons, is required.

We present the implementation of a polarization—preserving frequency
converter connecting 854 nm, the wavelength of the 42P3/2 <~ 32D5/2
transition of a trapped Cat—ion, to the telecom O-band at 1312 nm.
It is achieved via difference frequency generation in a nonlinear waveg-
uide, which is arranged in a Sagnac configuration to ensure polarization
independence. With high external conversion efficiency of 32.5% and
low unconditional noise of 50 cts/s we are able to convert photons
from a polarization—entangled pair at 854 nm generated by a cavity—
enhanced pair source (linewidth: 10MHz) to the telecom O-band, and
we show the preservation of the entanglement with high fidelity.

Q 17.8 Tue 1245 P 3
Towards two-photon interference with a whispering gallery

photon pair source — e GERHARD SCHUNK!, GOLNOUSH SHAFIEE!,

UrricH VocL!, DMITRY STREKALOV!, ALEXANDER OTTERPOHL!,

FLoriaN SEDLMEIR', HARALD G. L. ScuwrreL)2, GErRD LEUCHS!,
and CHRrisToPH MARQUARDT! — !Max Planck Institute for the
Science of Light, Institute for Optics, Information and Photonics,
University Erlangen-Nuremberg, Erlangen, Germany — 2The Dodd-
Walls Centre for Photonic and Quantum Technologies, Department of

Physics, University of Otago, Dunedin, New Zealand

Single photons and photon pairs are an important resource for quan-
tum information processing. We use parametric down-conversion
(PDC) in a whispering-gallery resonator (WGR) made of lithium nio-
bate to generate photon pairs [1] and squeezed light [2]. Single-mode
operation of this source has been shown [4]. We recently demonstrated
coupling of heralded single photons with MHz-bandwidth to different
atomic transitions in the near-infrared [4,5].

Currently, we investigate PDC in counter-propagating modes of one
WGR. Here we study interference of the counter-propagating signals
above and below the oscillation threshold. This system opens up novel
possibilities for the creation of polarization-entangled photon pairs for
proposed quantum repeater schemes.

[1] M. Fortsch et al., Nat. Commun. 4, 1818 (2013). [2] J. U. Fiirst
et al., Phys. Rev. Lett. 106, 113901(2011). [3] M. Fortsch et al., Phys.
Rev. A 91, 023812 (2015). [4] G. Schunk et al., Optica 2, 773 (2015).
[5] G. Schunk et al., J. Mod. Opt. 63, 2058 (2016)

Q 18: Quantum Effects: Cavity QED |

Time: Tuesday 11:00-12:45

Q 18.1 Tue 11:00 P 4
Real-time generation of predefined atomic patterns inside a
cavity — eEpUARDO URUNUELA, WoLFGANG ALT, JOSE GALLEGO,
MicHAEL KuBista, ToBiaAs MAcHA, MIGUEL MARTINEZ-DORANTES,
DeEPAK PANDEY, LOTHAR RATSCHBACHER, and DIETER MESCHEDE
— Institut fiir Angewandte Physik der Universitat Bonn, Wegelerstr.
8, 53115 Bonn

Cavity QED systems are promising candidates for the implementation
of Quantum Information protocols. Some of these systems rely on the
coherent coupling of single or multiple atoms with an optical field in-
side a resonator. It is essential to obtain precise control on the number
of atoms and their relative position inside the cavity, for instance for
specific entanglement generation protocols [1].

In this work, we present an experimental technique to create prede-
fined patterns of a few atoms inside a fiber Fabry-Perot resonator, in
real-time. First, several 8”Rb atoms are trapped in a 3D optical lattice
inside the fiber cavity. Then, using an EMCCD camera, a fluorescence
image of the atoms is acquired in situ, and next the atoms in undesired
lattice sites are removed using a focused push-out beam, directed by a
2D acousto-optic deflector.

[1] M. J. Kastoryano et al. PRL. 106, 090502 (2011)

Q182 Tue 11:15 P 4
Signatures of Raman-lasing in a side-pumped Ytterbium
atom-cavity system — eHaNNEs GoOTHE, ANNA BREUNIG, MAR-
TIN STEINEL, and JURGEN EscHNER — Universitiat des Saarlandes,
Saarbriicken
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A few million Ytterbium atoms are magneto-optically trapped inside a
5 cm long high-finesse cavity using the dipole-allowed 'Sg <+ 1P line at
399 nm (29 MHz linewidth). The atoms are side-pumped with 556 nm-
light (i.e. laser-excited under 90° to the cavity axis) near the 'Sg <«
3P, intercombination line (182 kHz linewidth), and the scattering into
the cavity modes is observed at the output mirrors. Cavity emission is
found above a threshold pump intensity and atom number; moreover,
the emitted photons show a flat g(2> correlation function. Both obser-
vations indicate a lasing process. The conditions and properties of this
emission are studied in detail. We will discuss a four-photon Raman
process including pump and trap light as the suspected underlying
mechanism.

Q 18.3 Tue 11:30 P 4
Hyperradiance from two atoms coupled to a single-mode cav-
ity — eMARC-OLIVER PLEINERTD2:3, JoAcHIM vON ZANTHIER!:3,
and GrisH S. AcarwarL?* — lInstitut fiir Optik, Information und
Photonik, Universitdt Erlangen-Niirnberg, 91058 Erlangen, Germany
— 2Department of Physics, Oklahoma State University, Stillwater,
Oklahoma 74078, USA — 3Erlangen Graduate School in Advanced
Optical Technologies (SAOT), Universitit Erlangen-Niirnberg, 91052
Erlangen, Germany — “Institute for Quantum Science and Engineer-
ing and Department of Biological and Agricultural Engineering, Texas
A&M University, College Station, Texas 77843, USA

We investigate the radiative characteristics of a system consisting of
two coherently driven atoms coupled to a single-mode cavity, an ideal
setup to study aspects of collective behavior over a wide range of cou-
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pling parameters. We show that this fundamental setup can distinctly
exceed the free-space superradiant behavior, what we call hyperradi-
ance. The phenomenon is accompanied by strong quantum fluctua-
tions and thus cannot be described by a (semi-)classical treatment.
Surprisingly, hyperradiance arises for atoms radiating out-of-phase, an
alleged non-ideal condition, where one expects subradiance. We are
able to explain the onset of hyperradiance in a transparent way by
a photon cascade taking place among manifolds of Dicke states with
different photon numbers under particular out-of-phase coupling con-
ditions.

Q184 Tuell:45 P4
Two-Photon Blockade in an Atom-Driven Cavity QED Sys-
tem — eKARL NicorLas Torazzi, CHRIsTOPH HAMSEN, TATJANA
WiLk, and GERHARD REMPE — Max Planck Institute of Quantum
Optics, Hans-Kopfermann-Strafse 1, 85748 Garching

N-photon blockade is a dynamical quantum-nonlinear effect in which
the absorption of N photons blocks the absorption of N-+1 or more
photons. This effect occurs in driven systems with an anharmonic
ladder of energy eigenstates, e.g. a single atom strongly coupled to
a high finesse optical resonator. While single-photon blockade has
been demonstrated in such a system before [1], we here report on the
first observation of two-photon blockade [2]. As a signature, we show
a three-photon antibunching with simultaneous two-photon bunching
observed in the light emitted from the cavity. The effect occurs for
atom driving, not cavity driving. This can be understood intuitively:
while a two-level atom can only add excitations to the system one-by-
one, the cavity is not restricted in excitation number. The latter leads
to bosonic enhancement which causes the transition strengths between
the dressed states to increase with the number of excitations in the sys-
tem while they remain constant for atom driving. We consider these
results as a significant step towards multi-photon quantum nonlinear
optics.

[1] Birnbaum et al., Nature 436,87 (2016)

[2] Hamsen et al., arXiv 1608.01571 (2016)

Q 18.5 Tue 12:00 P 4
Coupling a trapped ion to a fiber cavity — eFLorRIAN R. OnG!,
KLeEMENs ScHUPPERT!, PIERRE JoBEz!, Dario A. FIOoRETTO!,

KonsTaNTIN FrIEBE!, Moonjoo Lee!, Markus TEeLLER!, FLoO-
rIAN KranzrL!, KonNsTaNTIN OTT2, SEBASTIAN GARcia2, JAKOB
ReicEL?, RAINER Brarr!3, and Tracy E. Norraup! —

LUniversitat Innsbruck, Institut fiir Experimentalphysik, Techniker-
strasse 25, A-6020 Innsbruck, Austria — 2Laboratoire Kastler Brossel,
ENS/UPMC-Paris 6/CNRS, F-75005 Paris, France — 3Institut fiir
Quantenoptik und Quanteninformation der Osterreichischen Akademie
der Wissenschaften, A-6020 Innsbruck, Austria

A single atom coupled to an optical cavity can be used as a coherent
quantum interface between stationary and flying qubits in a quantum
network. Using fiber-based cavities, we expect to reach the strong cou-
pling regime of cavity QED with a single trapped ion. Operating in
this regime would enable protocols for quantum communication over
long distances to be carried out with enhanced fidelity and efficiency.
We will report on our current efforts to couple a calcium ion stored in
a linear Paul trap to a fiber cavity. In our setup the cavity is formed
between a photonic crystal fiber and a multimode fiber. Both fibers are
mounted on separate nanopositioners, enabling us to tune the cavity
length and optimize its alignment in vacuum. By developing proce-
dures to control the charges trapped on the fibers’ dielectric surfaces,

we were able to couple an ion to cavities with lengths of about 500 um
and with finesses in excess of 30,000.

Q 18.6 Tue 12:15 P 4
Coupling ultracold atoms to a superconducting copla-
nar waveguide resonator — eHELGE HaTTERMANN, L1 Yuan
Ley, DANIEL BoTHNER, BENEDIKT FERDINAND, CONNY GLASER,
LoriNc SARKANY, REINHOLD KLEINER, DIETER KOELLE, and JOzsEF
ForrAca — CQ Center for Collective Quantum Phenomena and
their Applications, Physikalisches Institut, Eberhard Karls Universitat
Tibingen, Auf der Morgenstelle 14, D-72076 Tiibingen, Germany

Hybrid quantum systems of superconductors and ultracold atoms have
been proposed as a promising candidate for quantum information pro-
cessing. In such a hybrid system, information is processed by super-
conducting circuits and stored in an ensemble of trapped atoms, using
a superconducting coplanar waveguide resonator as interface between
the different quantum systems. Long coherence times of hyperfine su-
perposition states of trapped atoms have already been demonstrated
[1], making atoms attractive as a possible quantum memory.

Here, we report on the measurement of the coupling between mag-
netically trapped ultracold 8”Rb atoms and a driven coplanar waveg-
uide resonator which is near-resonant to the atomic hyperfine transi-
tion. The field in the cavity is characterized by measuring the fre-
quency shift of the atomic clock states dressed by the cavity field. The
determination of this dressing shift for different driving frequencies
reveals the lorentzian lineshape of the cavity, in agreement with trans-
mission measurements. This coupling is the first step towards the
implementation of an atomic quantum memory for superconducting
circuits.

[1] S. Bernon et al., Nat. Commun. 4, 2380 (2013)

Q 18.7 Tue 12:30 P 4
Quantum optical circulator controlled by a single chirally cou-
pled atom — MICHAEL SCHEUCHER, ADELE HiLico, eErLisa WiLL,
JURGEN VoLz, and ARNO RAUSCHENBEUTEL — Vienna Center for
Quantum Science and Technology, Atominstitut, TU Wien, Austria

Integrated optical circuits for information processing promise to out-
perform their electronic counterparts in terms of bandwidth and en-
ergy consumption. However, such circuits require components that
control the flow of light. Here, a particular important class are non-
reciprocal devices. Recently, we realized a quantum optical circulator.
For this purpose, we strongly couple a 8°Rb atom to a whispering-
gallery-mode resonator - a so-called bottle microresonator [1] - in
which photons exhibit a chiral nature: their polarization is inher-
ently linked to their propagation direction [2]. Interfaced by two op-
tical nanofibers, the system forms a 4-port device. The fact that the
atom exhibits polarization-dependent transition strengths leads to a
direction-dependent atom-photon interaction. As a consequence, we
observe a nonreciprocal behaviour, where photons are directed from
one fiber-port to the next [3]. We show that the internal quantum
state of the atom controls the operation direction of the circulator [3].
This working principle is compatible with preparing the circulator in
a coherent superposition of its operational states. It thus may be-
come a key element for routing and processing quantum information
in scalable integrated optical circuits.

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

[2] P. Lodahl et al., arXiv:1608.00446v1

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

Q 19: Quantum Optics Il

Time: Tuesday 11:00-12:30

Q 19.1 Tue 11:00 P 5
Topological invariants in one-dimensional lossy quantum
walks — eManoLo Riveral, NataLie THau!l, CARSTEN ROBENs!,
WoLFGaNG Art!, JaNos AséTH?, DIETER MESCHEDE!, and AN-
DREA ALBERTI! — lInstitut fiir Angewandte Physik, Bonn, Germany
— 2Wigner Research Centre for Physics, Budapest, Hungary

Quantum walks describe the motion of a quantum particle in discrete
steps in time and space. It has been shown that quantum walks enable
topologically protected edge states with two associated topological in-
variants [1]. Furthermore, the number of topologically protected edge
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states is equal to the difference of the two topological invariants (bulk-
boundary correspondence principle). Recent theoretical work suggests
that such topological invariants can be measured with a lossy quan-
tum walk [2]. If we perform the split-step protocol and remove one
spin species at each time step, the average position where the atom
is removed is an integer equal to the sum of the two topological in-
variants. We here present the topological properties of the split-step
protocol and our proposal to achieve the experimental realization of
the lossy quantum walk using optimal coin and transport operations in
order to measure the topological invariants associated to the unitary
split-step quantum walk.
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[1] J. K. Asboth, H. Obuse, "Bulk-boundary correspondence for chi-
ral symmetric quantum walks”, Phys. Rev. B 88, 121406(R) (2013)

[2]J. K. Asbéth, T. Rakovszky, A. Alberti, "Detecting topolog-
ical invariants via losses in chiral symmetric Floquet insulators”,
arXiv:1611.09670 [cond-mat.mes-hall] (2016)

Q 19.2 Tue 11:15 P 5
Ion traps as heat pumps — eDawip CRIVELLI!, SAMUEL THOMAS
Dawkins!, FERDINAND ScuMIDT-KALER?, and KiLIAN SINGER! —
IExperimentalphysik I, Universitit Kassel, Heinrich-Plett-Str. 40, D-
34132 Kassel, Germany — 2Quantum, Institut fiir Physik, Universitit
Mainz, D-55128 Mainz, Germany

Thermodynamic machines can be reduced to the ultimate atomic limit
[1], using a single ion as a working agent. The confinement in a linear
Paul trap with tapered geometry allows for coupling axial and radial
modes of oscillation.

A single ion can be driven against the tapered potential, compress-
ing the radial degrees of freedom, which can be then used as a thermal
medium. By performing work on the ion, heat is transported from a
cold to a hot end of an engineered bath.

Extending the system to multiple ions, the external work induces
a directional transfer of heat through the linear crystal. Ions at one
side of the trap thus model a finite bath being cooled below its initial,
Doppler limited, temperature.

[1] J. Rossnagel et al., "A single-atom heat engine", Science,
Vol. 352, Issue 6283, pp. 325-329

Q19.3 Tuell:30 P5

Experimentelle Demonstration einer Wirmekraftmaschine

im quantenmechanischen Regime — eDAvIiD VON LINDENFELS,
Vibyur KausHAaL, JOHANNES RoOsSsSNAGEL, JoNAs ScHuLz, FERDI-
NAND ScHMIDT-KALER und ULricH G. PoOSCHINGER — Johannes-

Gutenberg-Universitéat, Mainz

Wir prasentieren eine Waiarmekraftmaschine basierend auf einem
40Ca*-Ton in einer Radiofrequenzfalle. Das Arbeitsmedium ist der Spin
des Valenzelektrons, dessen Temperatur durch optisches Pumpen sowie
Depolarisation zyklisch gedndert wird. Das Ion befindet sich in einer
phasenstabilisierten Stehwelle aus verstimmtem Licht mit entlang der
Fallenachse alternierender zirkularer Polarisation [1]. Diese ruft iiber
den ac-Stark Effekt eine spinabhingige optische Dipolkraft hervor und
koppelt somit den Spin an den axialen Bewegungsfreiheitsgrad, der als
Speicher fiir die gewonnene Arbeit dient. Wir demonstrieren das An-
laufverhalten der Warmekraftmaschine im quantenmechanischen Re-
gime der axialen Oszillation.

[1] C.T. Schmiegelow et al. PRL 116, 033002 (2016), Phase-Stable
Free-Space Optical Lattices for Trapped Ions

Q194 Tuell:ds P5
Distinguishability and many-particle interference — eSTEFANIE
Barz!, Abprian MEeNssEN!, ALEx JonEs!'2, BEN METCALF!, MALTE
C. Ticay?, Steve KorrHammer!, and Ian A. WALMSLEY! —
LClarendon Laboratory, Department of Physics, University of Oxford,
OX1 3PU, United Kingdom, — 2Blackett Laboratory, Imperial Col-
lege London, SW7 2BW, United Kingdom, — 3Department of Physics
and Astronomy, University of Aarhus, DK-8000 Aarhus C, Denmark,

Quantum interference of two independent particles in pure quantum

states is fully described by the particles’ distinguishability: the closer
the particles are to being identical, the higher the degree of quan-
tum interference. When more than two particles are involved, the
situation becomes more complex and interference capability extends
beyond pairwise distinguishability, taking on a surprisingly rich char-
acter. Here, we study many-particle interference using three photons.
We show that the distinguishability between pairs of photons is not suf-
ficient to fully describe the photons’ behaviour in a scattering process,
but that a collective phase, the triad phase, plays a role. We are able
to explore the full parameter space of three-photon interference by gen-
erating heralded single photons and interfering them in a fibre tritter.
Using multiple degrees of freedom—temporal delays and polarisation—
we isolate three-photon interference from two-photon interference. Our
experiment disproves the view that pairwise two-photon distinguisha-
bility uniquely determines the degree of non-classical many-particle
interference.

Q 19.5 Tue12:00 P 5
Hong-Ou-Mandel interference in an integrated quantum op-
tical waveguide device — ePoLINA SHARAPOvA, KAl Honag Luo,
HArALD HERRMANN, MATTHIAS REICHELT, CHRISTINE SILBERHORN,
and ToRsTEN MEIER — Physics department and Center of Optoelec-
tronics and Photonics Paderborn (CeOPP), University of Paderborn,
Warburger Str. 100, D-33098 Paderborn, Germany;

The Hong-Ou-Mandel (HOM) interference is one of the basic and im-
portant tools of modern quantum optics. A bulk HOM interferometer
includes several quite large optical elements which makes it difficult
to use and combine them in compact quantum computational circuits.
Technologies that allow to realise quantum optical functionalities in
small integrated systems are much more promising in this respect.

In this work we present a theoretical description of a HOM inter-
ferometer that can be realised in an integrated quantum optical chip
based on, e.g., LiINbO3 waveguide technology. The entire interferom-
eter including several optical elements and the generation of photon
pairs via parametric down conversion can be incorporated on a single
chip using available fabrication techniques. Our theoretical approach
is based on unitary transformations which describe the action of the
optical elements and can easily be generalized to more complicated
systems.

Q 19.6 Tue 12:15 P 5
Tailoring spatial light modes for sum-frequency generation
in Lithium-Niobate waveguides — eJano GiL LO6PEz, VAHID
ANsSARI, MARKUS ALLGAIER, HARALD HERRMANN, RAIMUND RICKEN,
and CHRISTINE SILBERHORN — Universitdt Paderborn, Integrierte
Quantenoptik, Warburger Str. 100, D-33098.

Nonlinear optical processes in integrated quantum circuits has shown
promising applications in manipulation of quantum states such as spec-
tral bandwidth compression and changing the colour of single photons
for interfacing different optical systems. Since it is impossible to design
waveguides with single mode characteristics at different wavelengths,
a special care has to be taken to tailor the spatial modes of the optical
fields inside the waveguide structures.

Here we investigate the tailoring of spatial modes for sum-frequency
generation in Lithium-Niobate waveguides for wavelengths between
500 nm to 1550 nm. We present spatially single-mode integrated
waveguide circuits for such an optical nonlinear processes.

Q 20: Nano-Optics Il

Time: Tuesday 11:00-13:00

Q 20.1 Tue 11:00 P 11
Color centers in pyramidal single crystal diamond scanning
probes — eRicHARD NEeLz!, PuiLipp Fucnus!, OLivEr OpaLucH?,
SELDA SONUSEN', NATALIA SAVENKO?, VITALI PoDpGURSKY?, and
ELkE Neu! — 1Universitit des Saarlandes, Fakultdt NT - Fachrich-
tung Physik, Campus E2.6, 66123 Saarbriicken — 2Artech Carbon
OU, Jée 5, 10151 Tallinn, Estonia — 3Tallinn University of Tech-
nology, Department of Materials Engineering, Ehitajate tee 5, 19086,

Tallinn, Estonia

Nitrogen vacancy (NV) color centers in diamond are highly suitable
as nanoscale quantum sensors e.g. for optical near fields and magnetic
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fields; the latter due to their coherent, optically addressable elec-
tronic spin [1]. To harness the NV centers’ full potential for nanoscale
imaging, scannable nanostructures (scanning probes) are required
that simultaneously enable efficient extraction of color center fluores-
cence. However, fabricating such structures in top-down approaches
requires extensive efforts in nanofabrication. In contrast, bottom-up
approaches can form nanostructures during diamond growth. We here
investigate in-situ created color centers in such commercially available
single-crystal pyramidal diamond scanning probes and their usability
as magnetic field sensors [2]. We summarize our results on fluorescence
spectroscopy, spin characterization and numerical investigation of the
photonic properties.
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[1] L. Rondin et al., Rep. Prog. Phys. 77 056503 (2014)
[2] R. Nelz et al., Appl. Phys. Lett. 109 193105 (2016)

Q 20.2 Tuel11l:15 P11

Widefield Microwave Imaging using NV Centres — ¢ ANDREW
HorsLEY!, JaANIK WorTERs!, PaTrick ApPPEL!, JaAMES Woob!, Jo-
CELYN AcHARD?, ALEXANDRE TALLAIRE?, PATRICK MALETINSKY!,
and PuiLipp TREUTLEIN! — 1University of Basel, Switzerland —

2LSPM, Universite Paris 13, France

We present a microscope for widefield electromagnetic field imaging
using NV centres in diamond. We expect to realise > 1mm? field
of view and sub-ms temporal resolution, exceeding the state-of-the-
art for widefield NV imaging. The microscope provides 5 um spatial
resolution, given by the thickness of the near-uniaxial NV layer, and
our current sensitivity is hundreds of nT Hz~ Y/ 2 which we expect to
improve.

We use the microscope for microwave near-field imaging, which we
are pursuing in the context of microwave device characterisation [2-4].
Such devices form the backbone of many scientific and technological
applications, from quantum devices (atom chips, ion traps, atomic
clocks, qubits...) to telecommunications (wifi, mobile phones...). Our
technique promises to transform device development, characterisation,
and debugging. Our high-resolution NV microscope may also be of
interest for medical microwave sensing and imaging, particularly in
skin-cancer screening.

[1] Steinert et al., Rev. Sci. Instr. 81, 043705 (2010)

[2] Horsley and Treutlein, APL 108, 211102 (2016)

[3] Horsley, Du, and Treutlein, NJP (FTC), 17(11), 112002, (2015)

[4] Appel et al., NJP (FTC), 17(11), 112001, (2015)

Q 20.3 Tue11:30 P 11
Kerker Condition based Antenna for Collimation of Single
NV Fluorescence — eNiko Nikovray!, STEFAN FasoLp?, GUNTER
Kewgs!, IsaBELLE STaUDEZ, and OrivER Benson! — Humboldt
Universitit zu Berlin, Germany — 2Friedrich-Schiller-University Jena,
Germany

The main advantage of plasmonics compared to dielectric structures
is their small size - typically in the subwavelength regime [1]. In com-
bination with the concentration of the electromagnetic field in plas-
monic antennae, a significant improvement of nanophotonic devices is
expected. When high directivities are desired, these advantages how-
ever may vanish: Metallic collimating antennas, such as bull’s eye or
spiral antennas have sizes that are typically significantly larger than
the operating wavelength [2]. With increasing size, also losses will be-
come more prominent. When it comes to dielectric nanostructures the
Kerker condition can be employed, as such structures can also support
magnetic modes [3].

In this contribution we will introduce a dielectric antenna with a
subwavelength size and discuss the coupling to the nitrogen vacancy
center in nano diamond. Experimental results will be complemented
by full numerical calculations.

[1] Schietinger, S. et al.,Nano letters, 9(4), 1694-1698.

[2] Lezec, H. J. et al., Science 297(5582), 820-822.

[3] Kerker, M. et al., JOSA, 73(6), 765-767.

Q 20.4 Tue 11:45 P 11
Radiative heat transfer between spatial nonlocal dielectric
sphere and plate — eRoBIN ScHMIDT and STEFAN SCHEEL — In-
stitut fiir Physik, Universitat Rostock, Albert-Einstein-Strafe 23, D-
18059 Rostock, Germany

With the advances in modern nanophotonics and nanooptics, ever
smaller metallic and dielectric structures become feasible. The strongly
confined evanescent fields are associated with enormous field enhance-
ments, thus providing heat transfer rates orders of magnitudes larger
than feasible in the conventional far-field limit [1]. At nanoscale sepa-
ration, the thermal heat transfer rate is predicted to diverge for ever
smaller separation distances. To overcome this unphysical behaviour,
the spatial nonlocal properties of the media under consideration must
be taken into account [2,3]. Here, we compute the energy flux between
a spatially nonlocal sphere and a plate separated by a vacuum inter-
face. The thermal sources are correlated according to the fluctuation-
dissipation theorem. In this linear response regime, spill-out effects
can be neglected. Therefore, we employ the Huygens principle and the
extinction theorem together with Maxwell boundary conditions [4].

[1] E. Rousseau, et al., Nat. Phot. 3, 514 (2009).

[2] A. Kittel, W. Miiller-Hirsch, J. Parisi, S.-A. Biehs, D. Reddig,
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and M. Holthaus, Phys. Rev. Lett. 95, 224301 (2005).
[3] C. Henkel and K. Joulain, Appl. Phys. B 84, 61 (2006).
[4] R. Schmidt and S. Scheel, Phys. Rev. A 93, 033804 (2016).

Q 20.5 Tue 12:00 P 11
Universal systematic polarization-dependent errors at the
wavelength-scale for position measurements in super-
resolution microscopy — eSTEFAN WALSER, JURGEN VoLz, and
ARNO RAUSCHENBEUTEL — Atominstitut TU Wien

Super-resolution microscopy is a fast evolving field that revolution-
ized traditional optical microscopy. Using different techniques, these
approaches enhance the precision of optical microscopy significantly
beyond the standard resolution limit of ﬁ and routinely reach res-
olutions of a few nanometers. Here we show experimentally that,
depending on the polarization of the light emitted by the observed
particle, systematic wavelength-scale errors can occur when determin-
ing the particle’s position using centroid fitting techniques. Surpris-
ingly the observed shifts are universal, i.e., they are independent of
the numerical aperture NA or magnification of the imaging optics. We
demonstrate this effect by imaging a single gold nano-particle with
an optical microscope. We observe a shift of the particle’s appar-
ent position of up to 0.3\ when varying the polarization of the light
(wavelength : A = 685nm) emitted by the nano-particle.

Q 20.6 Tue 12:15 P 11
Three-dimensional XUV Coherence Tomography with
nanometer resolution using a supercontinuum HHG source
— oJan NatuanarLb2) Sivio Fucnus!2, MartiN WinscHED2,
Jonann JakoB ABEL!, Jurius REINHARD!, STEFAN AvuLL!, Max
MoLLerb 2, CurisTiaN ROpELD3, and GerHARD G Paurus!:?
110Q, Friedrich-Schiller-University Jena, Germany — 2Helmholtz In-
stitute Jena, Germany — 3SLAC Nat. Accelerator Laboratory, USA

‘We report on recent achievements in the development of XUV Coher-
ence Tomography (XCT), which is based upon the principle of OCT.
XCT is a method to resolve multilayer samples at nanometer resolu-
tion in axial direction and was proven at synchrotron radiation sources
[1]. A suitable lab-scaled XUV source for XCT is a table-top femtosec-
ond laser in combination with a tunable optical parametric amplifier
(OPA) as a driver for high-harmonic generation (HHG) due to its spec-
tral broadness. With slightly varying the fundamental frequencies the
resulting harmonic combs are shifted. By averaging over these spectra
within a few seconds a continuous XUV spectrum is generated in the
range of 30 to 200 eV [2]. With this XUV source that features a photon
flux up to 3x108 photons per eV’s XCT can provide non-destructive
volumetric three-dimensional measurements with a resolution of about
30 nm axially and 20 micrometer laterally on a lab-scaled HHG setup.
Moreover, layers with thicknesses even lower than the achieved axial
resolution of XCT can be revealed qualitatively. [1] S. Fuchs et al., Sci-
entific Reports 6, 20658 (2016) [2] M. Wiinsche et al., Optics Express,
submitted (2016)

Q 20.7 Tue 12:30 P 11
Measuring the Polarizability of Individual Nanoparti-
cles — eMarTHiaAs Maper'?, Tueopor W. Hinscu'?, and
Davip Huncer!?3 — 1Ludwig-Maximilians-Universitit Miinchen,
Schellingstrake 4, 80799 Miinchen — 2Max-Planck-Insitut fiir Quan-
tenoptik, Hans-Kopfermann-Strafie 1, 85748 Garching — SKIT,
Physikalisches Institut, Wolfgang-Gaede-Strafte 1, 76131 Karlsruhe

Optical characterisation of individual nanosystems gives deep insight
into their chemical and physical structure. Getting spectroscopy sig-
nals beyond flourescence on a single particle level is very demanding.
Here we present a method to quantitatively retrieve the full polariz-
ability tensor of an individual nanosystem within a single measurement
using a Fabry-Perot microcavity. [1].

The cavity is built of a micro-machined and high-reflective coated
end facet of a single mode optical fibre and a macroscopic plane mirror.
By scanning it with respect to the fibre tip, the cavity mode is used as
an ultra-sensitive spatially resolving probe for the optical properties of
a sample placed on top of the plane mirror. We measure differential
frequency shifts as well as the linewidth of several cavity modes to
simultaneously infer the sample extinction and dispersion. Combining
extinction and dispersion measurements allow for reconstruction of the
polarizability tensor of individual paricles.

[1] D. Hunger, T. Steinmetz, Y. Colombe, C. Deutsch, T. W. Héan-
sch, J. Reichel, New J. Phys. 12, 065038 (2010)

[2] M. Mader, J. Reichel, T. W. Hénsch, D. Hunger, Nature Com-
mun. 6 7249 (2015)
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Q 20.8 Tue 12:45 P 11
Progress on quantum-inspired sensing of optically
trapped microparticles — STEFAN BrRrc-Jonansen!:2, MAar-
TIN NEUGEBAUER!2, PETER BanzerRD?, ANDREA AIELLO':2, GERD
Leucus??3 and CurisTorH MARQUARDT!H2 — !Max Planck Insti-
tute for the Science of Light, Staudstr. 2, D-91058 Erlangen, Germany
— 2Institute of Optics, Information and Photonics, University of
Erlangen-Nuremberg, Staudtstr. 7/B2, D-91058 Erlangen, Germany
— 3Department of Physics, University of Ottawa, 25 Templeton,

Ottawa, Ontario, KIN 6N5 Canada

We experimentally demonstrate optical trapping and simultaneous
kinematic tracking in three dimensions of a dielectric microparticle
using only a single beam. Our approach is based on the nonsepa-
rability of polarization and transverse spatial degrees of freedom in
cylindrically polarized modes [1,2].

[1] R. J. C. Spreeuw, Phys. Rev. A 63, 062302 (2001).

[2] S. Berg-Johansen, F. Toppel et al., Optica 2(10), 864 (2015).

Q 21: Precision Measurements and Metrology: Interferometry |

Time: Tuesday 11:00-13:00

Q 21.1 Tue 11:00 P 104
Challenging Einstein with Very Long Baseline Atom Inter-
ferometry — eETIENNE WODEY, CHRISTIAN MEINERS, DOROTHEE
TELL, DENNIS SCHLIPPERT, CHRISTIAN SCHUBERT, WOLFGANG ERT-
MER, and ErRNsT M. RaseL — Institut fiir Quantenoptik, Leibniz
Universitat Hannover, Welfengarten 1, 30167 Hannover

In the quest for a theory of quantum gravity, most of the theoretical
attempts to reconcile two of physics’ most successful theories, quantum
mechanics (QM) and general relativity (GR), build upon a violation
of Einstein’s equivalence principle. Considerable experimental effort
to detect potential violations of the universality of free fall (UFF) has
therefore been delivered, first using classical test masses and more re-
cently with genuine quantum objects.

Very Long Baseline Atom Interferometers (VLBAI) represent a new
class of matter-wave sensors that extend the baseline from tens of cen-
timeters to several meters, enabling free fall times on the order of
seconds and a corresponding increase in the phase sensitivity which
scales with the square of the free fall time. Using ultracold mixtures of
rubidium and ytterbium atoms, this should not only enable quantum
tests of the UFF challenging the current state of the art with classical
test masses but also permit new experiments ranging from gravimetry
and gradiometry with unprecedented resolution and stability to new
probes of the intimate interplay between GR and QM.

The VLBALI facility is a major research equipment funded by the
DFG. We also acknowledge support from the CRCs 1128 "geo-Q" and
1227 "DQ-mat" and the RTG 1729.

Q 21.2 Tue 11:15 P 104
Operating an interferometer in a noisy environment —
eDiPANKAR NATH, HENNING ALBERS, CHRISTIAN MEINERS, LOGAN
L. RicHAarDsoN, DENNIS ScCHLIPPERT, CHRISTIAN SCHUBERT, ETI-
ENNE WODEY, WOLFGANG ERTMER, and ErRNsT M. RASEL — Insti-
tut fiir Quantenoptik, Leibniz Universitdt Hannover, Welfengarten 1,
30167 Hannover

Inertial sensitive devices such as atom interferometers are prone to
seismic noise. Atom interferometers with longer baselines are particu-
larly susceptible to very low frequency noise where vibration isolation
platforms are not very efficient. Using a mechanical sensor like a seis-
mometer, one can correct the contribution from residual vibrations [1].
We demonstrate seismic post correction in an atom interferometer with
2T=152 ms by correlating the atom interferferometer (operated using
cold 87Rb atoms) with a Guralp CMG-40T seismometer and show a
two fold improvement in the short term stability using the post cor-
rection scheme. Such a scheme will also be implemented in the Very
Long Baseline Atom interferometer (VLBAI) [2]. Seismic post correc-
tion will also be used to improve the test of the Universality of Free
Fall in a dual species atom interferometer employing 8’Rb and 39K as
test masses [3,4]. Post correction schemes such as this will also be used
in atom interferometry based transportable gravimeters in the future.

[1] L. Le Gouét et al., Appl. Phys. B 92, 133 (2008)

[2] J. Hartwig et al., New J. Phys. 17, 035011 (2015)

[3] D. Schlippert et al., Phys. Rev. Lett. 112, 203002 (2014)

[4] B. Barrett et. al., arXiv 1609.03598v1

Q 21.3 Tue 11:30 P 104
Trade-off of atomic sources for extended-time atom interfer-
ometry — oSINA LoRIiANI, DENNIS SCHLIPPERT, CHRISTIAN SCHU-
BERT, ERNST MARIA RaASEL, and NACEUR GAALoUL — Leibniz Uni-
versity of Hanover, Germany

Proposals for atom-interferometry based sensors designed to detect
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Location: P 104

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 techniqges 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.

Q 21.4 Tue 11:45 P 104
Infrasound gravitational wave detection with atoms
oCHRISTIAN SCHUBERT, DENNIS SCHLIPPERT, SVEN ABEND, NACEUR
GaaLouL, WoLFGANG ERTMER, and ErRNsT M. RASEL — Institut fiir
Quantenoptik, Leibniz Universitdt Hannover, Welfengarten 1, 30167
Hannover

Atom interferometry offers an interesting perspective for the detection
of gravitational waves in a frequency band between eLISA and Ad-
vanced LIGO, resulting in an active field of research. Ground based
setups with vertical or horizontal baselines were considered, satellite
missions investigated, and interferometer topologies developed. We in-
vestigate a novel geometry for a ground based device combining several
advantages as a horizontal baseline, enabling long baselines, a single
axis laser link between the atom interferometers acting as phasemeters,
and suppressing errors sources otherwise implying very strict require-
ments onto the atomic source. It is based on recent developments in
symmetric large momentum beam splitters, relaunching techniques for
suspending the atoms against gravity, and delta-kick collimation tech-
niques to generate very slowly expanding atomic ensembles. The idea
will be presented and the requirements discussed in comparison with
previous proposals and the state of the art in atom optics. The work is
supported by the CRC 1227 DQ-mat, the CRC 1128 geo-Q, the RTG
1729, the DFG Excellence Cluster QUEST, the QUEST-LFS, and by
the German Space Agency (DLR) with funds provided by the Federal
Ministry of Economic Affairs and Energy (BMWi) due to an enactment
of the German Bundestag under Grant No. 50WM1552-1557.

Q 21.5 Tue 12:00 P 104
First gravity gradient measurements with the gravimet-
ric atom interferometer GAIN — eBasTiaAN LEYKAUF, CHRIS-
TIAN FREIER, VLADIMIR SCHKOLNIK, MATTHIAS HAUTH, MARKUS
Krutzik, and AcHiM PETERsS — Institut fiir Physik, Humboldt-
Universitdt zu Berlin

The gravimetric atom interferometer GAIN is based on interfering en-
sembles of laser-cooled 87Rb atoms in a fountain setup, using stimu-
lated Raman transitions. GAIN’s rugged design allows for transports
to sites of geodetic and geophysical interest while maintaining a high
accuracy compatible with the best classical instruments. Its long-term
stability of 0.5nm/s2 and the effective control over systematic effects,
including Raman beam wavefront aberrations, has previously been re-
ported [1,2], demonstrating the unique properties of atomic sensors.
By using the juggling technique, we are able to perform gravity mea-
surements on two atomic clouds simultaneously. Advantages include
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the suppression of common mode phase noise, enabling differential
phase shift extraction without the need for vibration isolation. We
will present the results of our first gravity gradient measurements.

[1] Schkolnik et al. The effect of wavefront aberrations in atom inter-
ferometry, Applied Physics B (2015)

[2] Freier et al. Mobile quantum gravity sensor with unprecedented
stability, Journal of Physics: Conference Series (2016)

Q 21.6 Tue 12:15 P 104
Transportable Quantum Gravimeter QG-1 — eMaRAL
SAHELGOzIN!, JoNas MarTHias!, NiNna Grove!, Sven ABEND!,
WALDEMAR HERR!, JURGEN MULLER?, WoLFcaNG ERTMER!, and
ErnsT M. RaseL! — Institut fiir Quantenoptik, Leibniz Universitét
Hannover, Welfengarten 1, 30167 Hannover — 2Institut fiir Erdmes-

sung, Leibniz Universitat Hannover, Schneiderberg 50, 30167 Hannover

We present the design of our transportable Quantum Gravimeter —
QG-1 and report on the progress of the implementation of an ultra-
cold atomic ensemble loaded on our atom chip constituting the source
for matter-wave interferometry. The characterization and optimization
of our high flux double MOT system will be presented. In our gravime-
ter the narrow momentum width of the ensemble in combination with
higher order Bragg type beamsplitters will be employed to improve the
acceleration sensitivity. More crucially the extremely low momentum
distribution of an ultracold atomic ensemble will reduce the systematic
errors arising from wavefront inhomogeneities during the interrogation
time. This is the major limitation to the accuracy of state-of-the-art
atomic gravimeters and will be overcome by our absolute quantum
gravimeter. By this our compact atom chip based source, miniatur-
ized electronics and simplified telecom fiber based laser system provide
a stable and accurate gravimeter for geodetic field applications.

This work is in the scope of the SFB 1128 geo-Q and supported by
the Deutsche Forschungsgemeinschaft (DFG).

Q 21.7 Tue 12:30 P 104
Laser-interferometric dilatometry from 100 K to 325 K —
oInes Hamannb2) Ruven SpannagrrLb2) Josep Sanjuan?, Fe-
L1PE GuzMmaN!, and CLaus BRaxMAIER!2 — 1University of Bremen,
ZARM Center of Applied Space Technology and Microgravity, 28359
Bremen, Germany — 2DLR German Aerospace Center, Institute of

Space Systems, 28359 Bremen, Germany

To enable high precision optical measurements highly dimensionally
stable materials are needed. Dimensional stability is an important ma-
terial property describing the dependency of geometrical dimensions of
an optical setup due to temperature fluctuations. Optical setups are
often built with components made of glass-ceramics or composite mate-
rials which exhibit low coefficients of thermal expansion (CTE). These
materials have to be characterized over the full operating temperature
range to accurately predict the response of the optical system and the
impact on its measurement performance.

Our laser dilatometer setup is designed to characterize these low ex-
pansion materials in a temperature range from 100 K to 325 K, using
a heterodyne laser interferometer to measure the dimensional changes
of a sample due to well-controlled temperature variations. In this talk,
we present the current status of our test facility, and recent improve-
ments to decrease the uncertainty budget to levels of 10 ppb/K over
the temperature range from 100 K to 325 K.

Q 21.8 Tue 12:45 P 104
JOKARUS: An iodine frequency reference for
applications on a sounding rocket — eVLADIMIR SCHKOLNIK
Kraus DORINGSHOFF!, FrRaNZ GuTscH!, MarRkUS KruTzik!, ACHIM
PeTeErs?2, and Tue JOKARUS Tramb23:456 _ Inpgtitut fiir
Physik, Humboldt-Universitit zu Berlin — 2FBH Berlin — 3ZARM U
Bremen — *DLR Bremen — %JGU Mainz — %Menlo Systems GmbH

Stable optical frequency references are a key component in future mis-
sions based on quantum sensors testing Einsteins equivalence principle
or long baseline interferometers for gravitational wave detection. In
this talk, we present JOKARUS: A simple and compact diode laser
based frequency reference, stabilized to an optical transition in iodine
at 532 nm. Our frequency reference aims to exceed the performance
required for space missions such as LISA and GRACE follow on, and
will be operated on a sounding rocket flight in Fall 2017 to demonstrate
its technological maturity.

The design of our reference system, including diode laser source,
gas cell assembly and electronics is presented in detail. JOKARUS is
based on the heritage of three successful sounding rocket missions and
is adaptable to various wavelengths to reach narrow optical transitions.

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 numbers DLR 50WM 1646

space-
1,2
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Q 22: Quantum Gases: Bosons Il

Time: Tuesday 11:00-13:00

Q 22.1 Tue 11:00 P 204
Laughlin-like states in bosonic and fermionic synthetic lad-
ders — eMARCELLO CALVANESE STRINATI — NEST, Scuola Normale
Superiore and Istituto Nanoscienze-CNR, I-56126 Pisa, Italy

We present a numerical study of one-dimensional Laughlin-like
states in bosonic and fermionic ladders, which can be realized in
one-dimensional gases with synthetic dimension. Similar to two-
dimensional genuine Laughlin states, our system exhibits counter-
propagating fractional modes. Laughlin-like states in our systems are
identified by specific signatures in the chiral current and entanglement
properties. We corroborate our numerical results with an analytical
analysis based on bosonization techniques.

Q 22.2 Tue 11:15 P 204
Symmetry-broken states strongly interacting flux-ladders
— oSEBASTIAN GRESCHNER!, MARIE PIrRAaUD?, FaBIAN HEIDRICH-
MeisNeEr?, IaNn McCurrocn®, ULl SchoLiwdck?, and TEMO
VEkua? — lInstitut fiir Theoretische Physik, Leibniz Universitit
Hannover — 2Department of Physics and Arnold Sommerfeld Cen-
ter for Theoretical Physics, Ludwig-Maximilians-Universitat Miinchen
— 3University of Queensland, Australia — *James Franck Institute,
The University of Chicago, USA

We study the phase diagram of bosonic and fermionic quantum gases
in synthetic dimensional flux-ladders in the limit of strong contact in-
teractions. We characterize the panoply of symmetry broken phases
including vortex-lattice and biased ladder phases as well as emerging
charge-density wave phases at fractional filling or supersolids.

Q 22.3 Tue 11:30 P 204
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Location: P 204

Quantum Butterfly Effect for Cold Atoms in Optical Lat-
tices: A Trajectory-Based Derivation in Many-Body Space
— oJoseF MicHL, JuaN-DiEco UrBINA, and Kraus RICHTER — In-
stitut fiir Theoretische Physik, Universitdt Regensburg, Germany

Recently, it was suggested that ([V, W (t)]T[V,W(t)]), is a suitable
measure for quantum chaos and the so-called quantum butterfly ef-
fect[lJ, in the sense that the different ordering of the arbitrary opera-
tors V and W with respect to the time evolution operators is sensitive
to the hyperbolicity of the underlying classical system. Simple argu-
ments involving Poisson brackets indeed indicate this average to have
terms of exponential increase with a rate related to the classical Lya-
punov exponent. This behaviour is expected to hold up to time scales
of the classical-to-quantum-crossover, known as Ehrenfest or scram-
bling time. While numerical studies support this claim, analytical ex-
planations are rare and concentrate more on the exponential behaviour
and not on the relation between its rate and the Lyapunov exponent.
In this presentation we want to fill this gap using semiclassical meth-
ods based on the Van-Vleck-propagator for Bose-Hubbard systems, as
the picture of interfering classical mean-field trajectories is well suited
to provide a quantitative picture in interacting systems. We explic-
itly discuss the emergence of the Lyapunov exponent and the involved
timescales for the simplified picture of the average of the commutator
(V, W (D).

[1] J. Maldacena, S. H. Shenker & D. Stanford, J. High Energ. Phys.,
2016:106

Q224 Tue 11:45 P 204
Are strategies in physics discrete? A remote controlled

investigation — eRoBerr Heck!, J. Zorrer2, J. J. W. H.
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SgrENSEN!, O. VucuLescul, M. G. ANDrREASEN!, M. G. Bason?3,

P. EsLerrseN!, O. Eriasson!, J. S. Laustsen!, L. L. NieLsen!, R.
MuLLER!, M. Naporitano!, A. R. THorseN!, C. BERGENHOLTZ!,
J. Arrr!, T. CaLarco?, S. MoNTANGERO?, and J. F. SHERsON! —
L Aarhus University, Denmark — 2IQST Ulm, Universitdt Ulm, Ger-
many — 3School of Physics and Astronomy, University of Nottingham,
United Kingdom

There exist multiple distinct strategies for the experimental creation
of Bose-Einstein Condensates (BEC) of atoms. Besides in purely mag-
netic traps, BECs can be created in purely optical dipole traps, or by
using a hybrid approach of both. We investigate the complex control
landscape that arises when these well-known strategies are combined
arbitrarily. This addresses the fundamental question if these strategies
are unique or if a continuum of good production strategies exists. We
find that although each conventional strategy is locally optimal with
respect to changes of individual experimental parameters, bridges be-
tween the approaches can be identified by appropriate mixing of vari-
ables. In a novel approach, the problem was turned into a computer
game and citizen scientists from all over the world could contribute in
real-time to the optimization of the experiment. The research findings
not only yield optimized experimental sequences, but also give insight
into cooperative human solving strategies, which could be adapted in
advanced computer-based optimization algorithms in the future.

Q 22.5 Tue 12:00 P 204
Losing coherence by a local disturber: ultra-cold bosons scat-
tering in three dimensions — eVALENTIN BoLsiNGErRD2, SVEN
KrONKE!2, and PETER ScHMELCHER!:2 — 1Zentrum fiir Optische
Quantentechnologien, Universitdt Hamburg, Luruper Chaussee 149,
22761 Hamburg, Germany — 2The Hamburg Center for Ultrafast
Imaging, Universitdt Hamburg, Luruper Chaussee 149, 22761 Ham-
burg, Germany

We analyze the dynamics of a few interacting, ultra-cold bosons, ini-
tially displaced in the longitudinal direction of an anisotropic harmonic
trap, scattering with a local disturber. We are interested in the cross-
over from three towards one dimension and show how both particle cor-
relations and dimensional coupling modify the coherence of the system
as well as alter the decay of the center of mass oscillation. In doing so,
the many-particle Schréodinger equation is solved by the recently op-
timized, ab-initio Multi-Layer Multi-Configurational Time-Dependent
Hartee method for Bosons (ML-MCTDHB) for three dimensions.

Q 22.6 Tue 12:15 P 204
Periodic Quantum Rabi Model with Ultracold Rubidium
Atoms — eJoHaNNEs Kocu!, TiLL OcKENFELS!, MARTIN LEDER!,
SiMONE FELICETTIZ, ENRIQUE Rico®?4, CarRLOs SABIN®, ENRIQUE
SorLano®?, and MARTIN WEITz! — !nstitut fiir Angewandte Physik
der Universitat Bonn, Wegelerstr. 8, D-53115 Bonn, Germany —
2Laboratoire Matériaux et Phénoménes Quantiques, Sorbonne Paris
Cité, Université Paris Diderot, CNRS UMR 7162, 75013, Paris,
France — 3Department of Physical Chemistry, University of the
Basque Country UPV/EHU, Apartado 644, E-48080 Bilbao, Spain —
4IKERBASQUE, Basque Foundation for Science, Maria Diaz de Haro
3, E-48013 Bilbao, Spain — %Instituto de Fisica Fundamental, CSIC,
Serrano 113-bis, E-28006 Madrid, Spain

The quantum Rabi model describing the interaction between a two-

Q 23: Quantum Information:

Time: Tuesday 14:30-16:30

Q23.1 Tue14:30 P2
Entanglement and extreme spin squeezing of unpolarized
states — eGIUSEPPE VITAGLIANO!, IacoBA APELLANIZ!, MATTHIAS
KLeEINMANNY, BErND LUcke?, CarsteN Krempr?, and GErza
Totn!2:3 — 1Theoretical Physics, University of the Basque Country
UPV/EHU, E-48080 Bilbao, Spain — 2IKERBASQUE, Basque Foun-
dation for Science, E-48011 Bilbao, Spain — 3Wigner Research Centre
for Physics, H-1525 Budapest, Hungary — “Institut fiir Quantenop-
tik, Leibniz Universitdt Hannover, Welfengarten 1, D-30167 Hannover,
Germany

We present optimal criteria to detect the depth of entanglement in
macroscopic ensembles of spin-j particles using the variance and sec-

30

level quantum system and a single bosonic mode has been thoroughly
studied in the moderate and strong coupling regimes. Here we investi-
gate the model in the deep strong coupling regime, which is inaccessible
to experiments using natural light-matter interactions. Our experi-
mental implementation to simulate the quantum Rabi model uses ul-
tracold rubidium atoms in a tailored optical lattice potential, with the
two-level system being represented by the occupation of Bloch bands
of the lattice. This effective qubit interacts with a quantum harmonic
oscillator provided by the atoms being trapped in an optical dipole
potential. The present status of the experiment will be presented.

Q 22.7 Tue 12:30 P 204
Measuring finite-range phase coherence in an optical lattice
using Talbot interferometry — eCHRISTIAN BaaLsh2, BopHA-
DITYA SANTRAD%, RALF LABOUVIE! 2, ARANYA B. BHATTACHERJEES,
AxeL PeLsTER!, and HErwic OTT! — 1Department of Physics and
Research Center OPTIMAS, Technische Universitat Kaiserslautern,
67663 Kaiserslautern, Germany — 2Graduate School Materials Sci-
ence in Mainz, Staudinger Weg 9, 55128 Mainz, Germany — 2School of
Physical Sciences, Jawaharlal Nehru University, New Delhi-110067, In-
dia — *Zentrum fiir optische Quantentechnologien, Universitit Ham-
burg, 22761 Hamburg, Germany

The temporal Talbot effect is exploited in our experiment to measure
finite-range first-order correlations of a matter-wave field. The work-
ing principle relies on the fast blanking of the lattice potential: Upon
switching off, the wave-packets at each lattice site expand and inter-
fere with each other. After a variable time, the lattice potential is
switched on again resulting in a projection of the time-evolved wave-
function onto the potential landscape of the lattice. The additional
energy brought into the system becomes observable in an increase of
temperature or excitation of atoms into higher energy bands. At inte-
ger multiples of the Talbot time, the atomic density distribution shows
revivals, where the emerging contrast depends on the phase coherence
between the interfering wave packets. Thereby, later revivals corre-
spond to the interference of matter waves from more distant lattice
sites. We apply this interferometer to study the build-up of phase
coherence after a quantum quench [arXiv:1611.08430].

Q 22.8 Tue 12:45 P 204
Probing the molecular product-state distribution after neu-
tral three-body recombination — eMarkus DEriss!, JoscHka
Worr!, Arriom Kri'kow!, AMIR MouAMMADI', AMIR MAHDIAN?,
EBERHARD TiEMANN?, and JoHaNNEs HECKER DENscHLAG! —
Hnstitut fiir Quantenmaterie, Universitat Ulm, 89069 Ulm, Germany
— 2Institut fiir Quantenoptik, Leibniz Universitit Hannover, 30167

Hannover, Germany

The process of three-body recombination, where two atoms form a
molecule and a third atom carries away part of the released binding
energy, is still hardly understood. In particular, the population distri-
bution of molecular product states is a subject under discussion for lack
of experimental data and since the theoretical description is difficult.
Here we present first measurements of the product-state distribution
of diatomic molecules after three-body recombination for the regime
of lowest binding energies. From our spectra, we extract the depen-
dence of the population distribution on the vibrational and rotational
excitation, providing important information to test and develop model
calculations.

Concepts and Methods IV

Location: P 2

ond moments of the collective spin components. The class of states de-
tected goes beyond traditional spin-squeezed states by including Dicke
states and other unpolarized states. The criteria derived are easy to
evaluate numerically even for systems of very many particles and out-
perform past approaches, especially in practical situations where noise
is present. We also derive analytic lower bounds based on the lineariza-
tion of our criteria, which make it possible to define spin-squeezing pa-
rameters for Dicke states. In addition, we obtain also an analytic lower
bound to the condition derived in [A.S. Sorensen and K. Molmer, Phys.
Rev. Lett. 86, 4431 (2001)]. We also extend our results to systems
with fluctuating number of particles.

Q232 Tue 14:145 P 2
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Witnessing the metrological efficiency with few expectation
values — elacoBAa APELLANIZ!, MArTHIAS KEINMANN!, OTFRIED
GUHNE?, and GEza ToTab3% — 1Department of Theoretical Physics,
University of the Basque Country UPV/EHU, E-48080 Bilbao, Spain
— 2Naturwissenschaftlich-Technische Fakultdt, Universitit Siegen,
Walter-Flex-Str. 3, 57068 Siegen, Germany — S3IKERBASQUE,
Basque Foundation for Science, E-48013 Bilbao, Spain — 4Wigner
Research Centre for Physics, Hungarian Academy of Sciences, H-1525
Budapest, Hungary

In quantum metrology, the precision of parameter estimation plays
a central role. For a given quantum state, the quantum Fisher in-
formation characterizes the best achievable precision, hence it is very
important to obtain it in an experiment. We show how to estimate
the quantum Fisher information as a figure of merit of metrological
usefulness based on a few expectation values. Our approach is optimal
since it gives a tight lower bound on the quantum Fisher information
for the given incomplete information. We apply our method to the re-
sults of various multi-particle quantum states prepared in experiments
with photons, trapped-ions and cold atomic ensembles, such as spin-
squeezed states and Dicke states. Based on a few operator expectation
values, our approach can also be used for detecting and quantifying
entanglement in very large systems.

Q 23.3 Tue 15:00 P 2
Superfast maximum likelihood reconstruction for quan-
tum tomography — eJiaNngwEl SHANG!2, ZHENGYUN ZHANGS,
and Hur Kroon Ng!%5 — 1Centre for Quantum Technologies,
National University of Singapore, Singapore 117543, Singapore
— 2Naturwissenschaftlich-Technische Fakultdt, Universitit Siegen,
Walter-Flex-Strake 3, 57068 Siegen, Germany — 3BioSyM IRG,
Singapore-MIT Alliance for Research and Technology (SMART) Cen-
tre, Singapore 138602, Singapore — *Yale-NUS College, Singapore
138527, Singapore — >MajuLab, CNRS-UNS-NUS-NTU International
Joint Research Unit, UMI 3654, Singapore

Conventional methods for computing maximume-likelihood estimators
(MLE) often converge slowly in practical situations, leading to a search
for simplifying methods that rely on additional assumptions for their
validity. In this work, we provide a fast and reliable algorithm for MLE
reconstruction that avoids this slow convergence. Our method utilizes
an accelerated projected-gradient scheme that allows one to accom-
modate the quantum nature of the problem in a different way. We
demonstrate the power of our approach by comparing its performance
with other algorithms for n-qubit state tomography. In particular, an
8-qubit situation that purportedly took weeks of computation time
in 2005 can now be completed in under a minute for a single set of
data, with far higher accuracy than previously possible. The same
algorithm can be applied to general optimization problems over the
quantum state space; the philosophy of projected gradients can fur-
ther be utilized for optimization contexts with general constraints.

Q23.4 Tuel5:15 P2
Time evolution of spin systems in a generalized Wigner rep-
resentation — eBaLINT Koczor, ROBERT ZEIER, and STEFFEN J.
Graser — Department Chemie, Technische Universitdt Miinchen,
Lichtenbergstrasse 4, 85747 Garching, Germany

Phase-space representations as Wigner functions are a powerful tool
for describing the time evolution of infinite-dimensional quantum sys-
tems and have been widely used in quantum optics and beyond. We
present a phase-space representation for finite-dimensional quantum
systems as coupled spin systems, for which much less is known. This
representation is convenient for visualizing arbitrary operators and pro-
vides a novel approach for describing and predicting the time evolution
without using matrices. Our approach relies on linear combinations of
spherical harmonics transforming naturally under local rotations as
well as decompositions of operators into sums of tensor products. We
illustrate our appraoch with multiple examples for coupled spins sys-
tems consisting of up to three spins 1/2.

Q 23.5 Tue15:30 P2
Wigner tomography of operators in multi-qubit systems —
eDAvID LEINER, ROBERT ZEIER, and STEFFEN J. GLASER — Depart-
ment Chemie, Technische Universitdt Miinchen, Lichtenbergstrasse 4,
85747 Garching, Germany

Arbitrary quantum-mechanical operators of a coupled multi-qubit sys-
tem can be visualized using a Wigner-type representation composed
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of multiple spherical functions [1]. Building on this approach, we de-
velop a general methodology to experimentally measure these spherical
functions. The spherical functions are recovered by computing expec-
tation values of axial spherical tensor operators rotated for a discrete
set of angles. Experimental results using nuclear magnetic resonance
spectroscopy are presented and visualized for up to three qubits.

[1] A. Garon, R. Zeier, and S. J. Glaser, Physical Review A,
91(4):042122, 2015

Q 23.6 Tue 1545 P2
Multiqubit State Tomography from a Physical Perspective
— eLukas Knips!2, CHRISTIAN SCHWEMMER!2, Nico KLEIN!:2,
Jonas REUTER3, GEzAa TéTu*56, and HARALD WEINFURTERD2 —
I Max-Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Strasse 1,
D-85748 Garching — 2Department fiir Physik, Ludwig-Maximilians-
Universitit, D-80797 Miinchen — 3Bethe Center for Theoretical
Physics, Universitit Bonn, D-53115 Bonn — *Department of Theoret-
ical Physics, University of the Basque Country UPV/EHU, P.O. Box
644, E-48080 Bilbao, Spanien — °*IKERBASQUE, Basque Foundation
for Science, E-48013 Bilbao, Spanien — SWigner Research Centre for
Physics, Hungarian Academy of Sciences, P.O. Box 49, H-1525 Bu-
dapest, Ungarn

‘We show how the statistical nature of measurements alone easily causes
unphysical estimates in quantum state tomography. Multinomial or
Poissonian noise results in eigenvalue distributions converging to the
Wigner semicircle distribution for already a modest number of qubits.
This fact enables to estimate the influence of finite statistics to state
tomography as well as the number of measurements necessary to avoid
unphysical solutions. More importantly knowing the impact of statis-
tical noise on the eigenvalue distribution directly leads to a physical
state estimate with minimal numerical effort. Combining ideas from
random matrix theory with pertubation theory, one can immediately
obtain a physically motivated estimate together with confidence re-
gions for the state estimate as well as for interesting figures of merit
like the fidelity.

Q 23.7 Tue 16:00 P 2
Compressed sensing in quantum state tomography — e¢CARLOS
Riorrio and JENs EiserT — Dahlem center for complex quantum sys-
tems, Freie Universitiat Berlin, 14195 Berlin, Germany

As quantum systems get closer to technological applications, the prob-
lem of identifying, certifying, and characterizing them becomes more
difficult. In fact, a complete characterization of a quantum system re-
quires a computational effort that grows exponentially with the system
size. New paradigms that allow for efficient signal processing must be
developed and tested in order to overcome this problem. In this talk,
we argue that the compressed sensing methodology addresses this issue
and present an overview of the most recent developments in quantum
state tomography. We show a complete analysis based on experimental
data for a 7-qubit system of trapped ions that encodes a single logical
qubit in a color code, in which highly incomplete data is observed. In
addition, we study the problem of model selection in quantum tomog-
raphy and observe that for an appropriately chosen regime, compressed
sensing is compatible with our heuristic model selection protocol.

Q 23.8 Tue 16:15 P 2
Guaranteed recovery of quantum processes from few mea-
surements eMarTIN Kriescu!2, Ricuarp Kuenc?, JENs
E1serT?, and Davip Gross? — !University of Gdansk, Poland —
2University of Cologne, Germany — 3Freie Universitit Berlin, Ger-

many

Quantum process tomography is the task of reconstructing unknown
quantum channels from measured data. In this work, we introduce
compressed sensing-based methods that facilitate the reconstruction
of quantum channels of low Kraus rank. The measurements are ob-
tained from sending pure states into the channel and measuring ex-
pectation values of observables without the use of ancilla systems. We
prove recovery guarantees for three different reconstruction algorithms
that using an essentially optimal number of measurements. The recon-
structions are based on a trace, diamond, and f2-norm minimization,
respectively. Our recovery guarantees are uniform in the sense that
with one random choice of measurement settings all quantum channels
can be recovered equally well. Moreover, stability against arbitrary
measurement noise and robustness against violations of the low-rank
assumption is guaranteed. Numerical studies demonstrate the feasibil-
ity of the approach.
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Group Report Q24.1 Tue 14:30 P 3
Entanglement purification in an elementary quantum net-
work eANDREAS REISERER!, NorBeErT KaLB?, PETER C.
HumPHREYS2, JacoB J. W. BakerMaNs2, STEN J. KAMERLINGZ,
and RoNaLD HansoN? — 'Quantum Networks Group, MPI fiir Quan-
tenoptik, Hans-Kopfermann-Str. 1, 85748 Garching, Germany —
2QuTech and Kavli Institute of Nanoscience Delft, Delft University
of Technology, PO Box 5046, 2600 GA Delft, The Netherlands

Entanglement purification facilitates the generation of high-fidelity en-
tangled states from an ensemble of resource states by eradicating a
common statistical contamination. This will be essential for the real-
ization of large quantum networks, in which stationary quantum nodes
are connected via noisy photonic channels. Here, we show one round
of entanglement purification in an elementary quantum network, con-
sisting of two nodes that each contain two qubits. Using two-photon
interference, we first generate entanglement between two of the qubits
that are formed by the electronic spins of two nitrogen-vacancy cen-
ters in diamond at a separation of 2m. The electronic spin state is
then transferred to two nuclear spins in close proximity to the NV
centers. The resulting entangled nuclear spin state is kept while the
electronic spins are entangled again. Then, the purification protocol is
completed via local deterministic two-qubit quantum gates, followed
by a fluorescence measurement of the electronic spins. Depending on
the measurement result, the nuclear spins are projected to an entan-
gled state of higher fidelity than the two raw states. Our results open
the door towards the realization of larger quantum networks.

Q 24.2 Tue 15:00 P 3
Phase-controlled entanglement state generation between dis-
tant electron spins — eLukas HUTHMACHER, ROBERT STOCKILL,
MEecaN J. STANLEY, CLAIRE LE GALL, CLEMENS MATTHIESEN, and
METE ATATURE — Cavendish Laboratory, University of Cambridge,
JJ Thomson Avenue, Cambridge UK

Entanglement is one of the fundamental ingredients for the successful
realisation of quantum networks and secure communication schemes.
Here, we present the first experimental realisation of distant electron
spin entanglement in semiconductor quantum dots. In our experiment,
the two InGaAs quantum dots are incorporated in a Mach-Zehnder in-
terferometer, allowing for phase-stable excitation and erasure of which
path information. Upon detection of a single photon after the second
beam-splitter the electron spins are projected into an entangled state
[1]. We confirm the creation of entangled states with an average fidelity
of 61.6 + 2.3%, a violation of the classical limit by 5 standard devia-
tions of the mean. We demonstrate active control over the phase of the
entangled state through our choice of the interferometer phase. Com-
bining the outstanding photonic properties of self-assembled quantum
dots and the minimal heralding scheme we achieve an entanglement
generation rate of 7.25 kHz, the highest reported to date.

[1] Cabrillo, C. et al., PRA 59, 1025-1033 (1999)

Q 24.3 Tue 15:15 P 3
Heralded control of quantum systems using single spins
in diamond — eDurcAa BHakTAVATSALA RAO DASARI, JOHANNES
GREINER, S. Avul MoMENzADEH, and JORG WRACHTRUP — 3.
Physikalisches Institut, University of Stuttgart, Pfaffenwaldring 57,
70569 Stuttgart, Germany.

Steering the evolution of a complex many body system by a well con-
trollable quantum system has applications in various quantum infor-
mation protocols. Over the past decade a high degree control on the
manipulation and measurement of electronic spins attached to single
defect centers in diamond has been achieved. Additionally, a well-
resolved optical spectrum at low temperatures allows these defect cen-
ters to act as good quantum optical systems. We show here how spin-
selective optical excitation and readout of electron spins attached to
the Nitrogen Vacancy center in diamond can be used to generate quan-
tum correlations in an ensemble of spins, photons and also lead to near
ground state cooling of a microcantilever.

Q244 Tuel5:30 P 3
Sensing Weak Microwave Signals by Quantum Control —
Timo Joas, e ANDREAS WAEBER, GEORG BRAUNBECK, and FRIEDE-
MANN REINHARD — Walter Schottky Institut and Physik-Department,
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Technische Universitdt Miinchen, Am Coulombwall 4, 85748 Garching

Solid state qubits, such as the nitrogen vacancy (NV) center in dia-
mond, are attractive sensors for nanoscale magnetic and electric fields,
owing to their atomically small size [1]. A major key to their success
have been dynamical decoupling protocols (DD), which enhance sen-
sitivity to weak AC signals such as the field of nuclear spins from a
single protein [2]. However, those methods are currently limited to
signal frequencies up to several MHz.

Here, we present a novel DD protocol specifically designed to de-
tect weak fields close to the NV’s transition frequency (=~ 2 GHz).
Our scheme is a pulsed version of Autler-Townes spectroscopy [3] with
improved spectral resolution. As a result, we demonstrate slow Rabi
oscillations with a period up to Q. ~ T driven by a weak signal
field. The corresponding sensitivity could enable various applications.
Specifically, we consider detectors for radio-astronomy and ultrasound,
as well as fundamental research on spin-phonon coupling.

[1] Taylor et al., Nature Physics 4 (2008) [2] Lovchinsky et al., Sci-
ence 351 (2016) [3] Gordon et al., Appl. Phys. Lett. 105 (2015)

Q 24.5 Tue 1545 P 3
Multi-qubit quantum memories for improved quantum sens-
ing — eNikoLAs ABT!, SEBASTIAN ZAISErR!, PuiLiPP NEUMANN!,
VIiLLE BeErRcHOLM2, THoMAS ScHULTE-HERBRUGGEN?, and JORG
WRrAcHRUP! — 13rd Institute of Physics, University of Stuttgart,
Germany — 2Department of Chemistry, Technical University Munich,

Germany

Single nitrogen-vacancy (NV) centers in diamond are nanoscale quan-
tum sensors for magnetic and electric fields and temperature, operating
even under ambient conditions. Potential applications of such sensors
are for example nuclear magnetic resonance (NMR) spectroscopy of
nanoscopic samples [1] or stearing and characterizing nuclear spin-
based quantum simulators [2]. In a sense, NV centers are remote
sensors, where the fluorescence response is the only channel to con-
vey measurement results, which is classical information. Proximal 3C
nuclear spins couple strongly to the NV center’s electron spin and con-
stitute a quantum memory. Recently we have demonstrated the benefit
of a single memory qubit for improving sensitivity of an NV center [3].
Here, we scale up the memory register and demonstrate the advan-
tages of metrology information storage and processing for improved
quantum sensing. For example, we apply the quantum Fourier trans-
formation for high resolution NMR spectroscopy and obtain multi-bit
measurement results.

[1] T. Staudacher, et al. Science 339, 561 (2013).

[2] J. Cai, et al. Nature Physics 9, 1683 (2013).

[3] S. Zaiser, et al. Nature Communications 7, 12279 (2016).

Q 24.6 Tue 16:00 P 3
Towards cavity-enhanced single rare earth ion detection —
eB. CasaBonNel2, J. BENEDIKTERY, T. HUMMER?, A. FERRIER?, P.
GoLpNER3, T. HiAnscul?4, H. pE RieDMATTEN?, and D. HUNGER®
— IMax Planck Institute of Quantum Optics, Garching — 2ICFO,
The Institute of Photonic Sciences, Castelldefels — 3Chimie ParisTech,
Paris — *Ludwig-Maximilians-Universitét, Miinchen — ®Karlsruhe In-
stitute of Technology, Karlsruhe

Rare earth ions doped into solids provide outstanding optical and
spin coherence properties, which renders them as promising candidates
for quantum optical applications ranging from quantum memories to
quantum-nonlinear optics. However, due to the dipole-forbidden na-
ture of the coherent transitions, they couple only weakly to optical
fields. This limits most experiments to macroscopic ensembles, where
inhomogeneous broadening complicates and limits quantum control.

Here we present an approach to get efficient access to individual
ions or small ensembles by coupling them to a high-Finesse optical
microcavity. We employ fiber-based Fabry-Perot cavities[1] with high
finesse and a free-space mode volume as small as a few A3 to achieve
substantial Purcell enhancement. This offers the potential to boost
the spontaneous emission rate by several orders of magnitude (up to
10%), thereby making the weak transitions bright.

We report on the current status of our experiment, where we inves-
tigate Eu3®™:Y203 nanocrystals[2] coupled to a cavity in a cryogenic
environment.

[1] Hunger, NJP 12, 065038 (2010) [2] Perrot, PRL 111, 203601 (2013)
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Q 25.1 Tue 14:30 P 4
Distinguishing models of surface response through the self-
energy of an electron — eROBERT BENNETT!, STEFAN YOsHI
BunMann?, and CLaupia EBERLEIN? — 1 Albert-Ludwigs-Universitét
Freiburg, D-79104 Freiburg i. Br., Germany — 2University of Sussex,

Falmer, Brighton BN1 9QH, UK

We consider the self-energy of an electron confined between paral-
lel plates, representing a simple model of a cavity. The formal-
ism of macroscopic quantum electrodynamics is used to describe the
boundary-dependent fluctuating quantised vacuum field to which the
electron is coupled, thereby endowing it with a surface-dependent self-
energy [1,2]. After introducing the formalism we will outline the deriva-
tion of a general formula for this energy shift and demonstrate that
its sign is different for two commonly-used models of surface response,
namely the plasma model and the Drude model. Following this we pro-
pose a cyclotron-based experiment which could in principle detect this
difference in sign, shedding light on continuing disagreements about
the correct prescription for the interaction of low-frequency vacuum
photons with media.

[1] R. Bennett, S.Y. Buhmann and C. Eberlein: arXiv:1610.01416
[quant-ph|

[2] R. Bennett, C. Eberlein - Physical Review A 86 (6) 062505, 2012

Q 25.2 Tue 14:45 P4
Propagation of field-matter excitations in a microcavity:
an application to photon Bose-Einstein condensation —
eYAROSLAV GORBACHEV, ROBERT BENNETT, and STEFAN YOSHI
BunmaNN — Institute of Physics Albert-Ludwigs University of
Freiburg Hermann-Herder-Str. 3 D-79104 Freiburg Germany

The progress of the last few years in photonics has led to new challenges
in quantum optics. Especially interesting is a new class of systems
which are called quantum fluids of light [1]. In these systems light and
matter can be combined to create new types of quasiparticles. These
particles differ from vacuum photons and are characterized by effec-
tive masses and mutual interactions. We are interested in developing
a description of the underlying phenomena in a photon BEC. There,
photons thermalize through emission and absorption in a dye medium
inside a cavity. We use the language of quantum electrodynamics to
describe the propagation of composite field-matter excitations in a dye
filled optical microcavity. We will present some preliminary results
which are related to this problem.

1: J.Klaers, J.Schmidt, F.Vewinger and M.Weitz. Bose-Einstein
condensation of photons in an optical microcavity. Nature, 468(7323):
545-548, 2010

Q 25.3 Tue 15:00 P 4
Cavity-QED beyond model systems — ¢ CHRISTIAN SCHAEFER!,
Jonannes Frick!, Heiko AppeL!, CaMiLLA PELLEGRINIZ, and AN-
cEL RuBio!:2 — 1Max Planck Institute for the Structure and Dynam-
ics of Matter, Hamburg, Germany — 2Nano-bio Spectroscopy Group
and ETSF, Departamento de Fisica de Materiales, Universidad del

Pais Vasco UPV/EHU, San Sebastian, Spain

The optimized effective potential (OEP) is a natural connection be-
tween local density-functional theory and Many-body perturbation
theory. In principle, this variationally best local potential reduces
the problem to solving a system of one-particle Kohn-Sham equations
combined with the solution of the OEP integral equation. The Krieger-
Li-Iafrate (KLI) approximation reduces the integral equation to an
analytically solvable one via a dominant orbital approximation.

In the present work, we extend the OEP [1] and KLI approaches
to the case of electron-photon interactions in cavity quantum electro-
dynamics. Here an effective electronic interaction is transmitted via
transversal photons. We present first results for KLI and OEP derived
from an effectively reformulated Sternheimer response equation [2].

With these approaches, we are able to determine the influence of
the quantized electromagnetic field on the electronic configuration of
realistic molecules described fully real-space resolved [2,3].

[1] C. Pellegrini et al., Phys. Rev. Lett. 115, 093001 (2015).

[2] J. Flick, C. Schaefer, H. Appel, C. Pellegrini, and A. Rubio, in
preparation

[3] C. Schaefer, J. Flick, H. Appel, and A. Rubio, in preparation
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Q 25.4 Tue 15:15 P4
Microcanonical description of an extended Dicke model
eMIGUEL A. BASTARRACHEA-MAGNANI!, SERGIO LERMA-
HerNANDEZZ2, and JorcE G. HirscH® — !Physikalisches Institut,
Albert-Ludwigs-Universitit Freiburg, Germany. — 2Facultad de
Fisica, Universidad Veracruzana, México. — S3Instituto de Ciencias
Nucleares, México.

A paradigmatic model in quantum optics, the Dicke Hamiltonian,
describes a system of N two-level atoms interacting with a single
monochromatic electromagnetic radiation mode within a cavity. Its
algebraic simplicity makes it suitable to describe qubit systems inter-
acting with a bosonic field within the quantum information framework.
The model is known because it exhibits a quantum phase transition,
both in the ground state and in the excitation spectrum, which can be
related to the underlying, classically chaotic spin dynamics, and im-
plies certain entanglement properties. A general question is how the
spectral properties of a quantum system are reflected in its thermo-
dynamical phase diagram. In this work it is employed a semi-classical
approximation to calculate the thermodynamics of an extended Dicke
model in the microcanonical ensemble. The results are compared to
calculations for the canonical ensemble. A straightforward thermody-
namical manifestation of the critical phenomena on the spectral level
is derived.

Q 25.5 Tue 15:30 P 4
Dissipation-Assisted Prethermalization in Long-Range In-
teracting Atomic Ensembles — STeraN ScutTz!:?, eSimon B.
Jicer!, and Grovanna Morici! — 1Theoretische Physik, Universitét
des Saarlandes, D-66123 Saarbriicken, Germany — 2icFRC, IPCMS
(UMR 7504), ISIS (UMR 7006), Université de Strasbourg and CNRS,
67000 Strasbourg, France

We theoretically characterize the semiclassical dynamics of an ensem-
ble of atoms after a sudden quench across a driven-dissipative second-
order phase transition. The atoms are driven by a laser and inter-
act via conservative and dissipative long-range forces mediated by the
photons of a single-mode cavity. These forces can cool the motion
and, above a threshold value of the laser intensity, induce spatial or-
dering. We show that the relaxation dynamics following the quench
exhibits a long prethermalizing behavior which is first dominated by
coherent long-range forces and then by their interplay with dissipation.
Remarkably, dissipation-assisted prethermalization is orders of magni-
tude longer than prethermalization due to the coherent dynamics. We
show that it is associated with the creation of momentum-position
correlations, which remain nonzero for even longer times than mean-
field predicts. This implies that cavity cooling of an atomic ensemble
into the self-organized phase can require longer time scales than the
typical experimental duration. In general, these results demonstrate
that noise and dissipation can substantially slow down the onset of
thermalization in long-range interacting many-body systems.

Q 25.6 Tue 15:45 P 4
Atomic self-organization in multi-mode cavities oM
KeLLer!, Smmon B. JAcerR!, STeEFAN Scu0Tz2, and GIOVANNA
Moricr! — I1Theoretische Physik, Universitit des Saarlandes, D-
66123 Saarbriicken, Germany — 2icFRC, IPCMS (UMR 7504) and
ISIS (UMR 7006), University of Strasbourg and CNRS, 67000 Stras-

bourg, France

We derive a semiclassical model for the out-of-equilibrium dynamics of
laser driven atoms, which also interact with two high-Q crossed cavi-
ties as in [1]. In the semiclassical limit the dynamics of the atoms is
governed by a Fokker-Planck equation (FPE) for the atomic Wigner
function, which generalizes the FPE of [2]. We identify the condi-
tions under which the stationary state of the system can exhibit (i)
a paramagnetic phase, where there is no stationary intracavity field,
(ii) a nematic phase where the intracavity field is of solely one of the
two resonators, and (iii) a ferromagnetic phase where both cavities are
populated. Each phase of the cavity field is accompanied by differ-
ent atomic density distributions. We show that this system can be
mapped to the Generalized Hamiltonian Mean Field model [3] and de-
termine the phase diagram as a function of the laser parameters. We
furthermore analyse the dynamics following sudden quenches across
the various phases.
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[1] J. Léonard et al., arXiv preprint arXiv:1609.09053 (2016).
[2] S. Schiitz, H. Habibian, and G. Morigi, PRA 88, 033427 (2013).
[3] A. Pikovsky et al., Phys. Rev. E 90, 062141 (2014).

Q 25.7 Tue 16:00 P 4
Localization transition in presence of cavity backaction —
KaTHARINA Roian12:3 eREBECccA Kraus!, THoMAs Focarryl?,
Hessam Hapisian!, ANNa Minguzzi®3, and Giovanna Morici!
— ITheoretische Physik, Universitdt des Saarlandes, D-66123 Saar-
briicken, Germany — 2Université Grenoble-Alpes, LPMMC, BP166,
F-38042 Grenoble, France — 3CNRS, LPMMC, BP166, F-38042
Grenoble, France — *Quantum Systems Unit, OIST, Okinawa 904-
0495, Japan

We study the localization transition of an atom confined by an exter-
nal optical lattice in a high-finesse cavity. The atom-cavity coupling

yields an effective secondary lattice potential, whose wavelength is in-
commensurate with the periodicity of the optical lattice. The cavity
lattice can induce localization of the atomic wave function analogously
to the Aubry-André localization transition. Starting from the master
equation for the cavity and the atom we perform a mapping of the
system dynamics to a Hubbard Hamiltonian, which can be reduced
to the Harper’s Hamiltonian in appropriate limits. We evaluate the
phase diagram for the atom’s ground state and show that the tran-
sition between extended and localized wave function is controlled by
the strength of the cavity nonlinearity, which determines the size of
the localized region and the behavior of the Lyapunov exponent. The
Lyapunov exponent, in particular, exhibits resonancelike behavior in
correspondence with the optomechanical resonances. We then analyse
localization when this setup confines a gas of identical bosonic atoms,
which solely interact via the cavity-mediated long-range forces.

Q 26: Quantum Optics IV

Time: Tuesday 14:30-16:00

Q 26.1 Tue 14:30 P 5
Spectral intensity correlations of broadband amplified spon-
taneous emission from superluminescent diodes — ePATRICK
JANASSEK, SEBASTIEN BLUMENSTEIN, and WOLFGANG ELSASSER —
Institute of Applied Physics, Technische Universitat Darmstadt, Ger-
many

The intensity correlations of broadband light play an important role in
understanding the physics of the emission processes. Photons emitted
by thermal light sources show the well-known bunching effect which
leads to a second-order coherence degree of g(2)(0) = 2. However,
the measurement of high-order coherence functions of broadband light
sources such as superluminescent diodes (SLD) is particular challeng-
ing due to the very short correlation timescales. By exploiting two-
photon-absorption (TPA) interferometry[1] the intensity correlations
of the amplified spontaneous emission (ASE) from SLDs with THz-
wide optical spectra can be measured. Here, we present experiments
on varying spectral intensity correlations of SLD light. Within a TPA
Mach-Zehnder interferometer configuration, intensity cross-correlation
functions between different spectral components 9(2)(7, A) are deter-
mined. We observe a continuous reduction of the second-order co-
herence degree with increasing spectral separation of selected spectral
windows measured by introducing variable bandpass filters in both
arms of the interferometer. These observations suggest the existence
of frequency correlations of bunched photons from ASE of SLDs.

[1] F. Boitier, A. Godard, E. Rosencher, and C. Fabre, Nat. Phys.
5, 267 (2009)

Q 26.2 Tue 14:45 P 5
Spectrally filtered photon pairs cannot be both pure and effi-
cient — eEvAN MEYER-ScoTT, NicoLA MONTAUT, LINDA SANSONI,
HaraLD HERRMANN, TiM J. BARTLEY, and CHRISTINE SILBERHORN
— Universitat Paderborn, Integrierte Quantenoptik, Warburger Str.
100, D-33098 Paderborn

Photon pairs from spontaneous parametric down conversion or four-
wave mixing are widely employed in quantum cryptography, quantum
computing, and fundamental physical tests. For photons from sepa-
rate sources to interfere, for example for entanglement swapping, linear
optical quantum computing, or quantum walks, the photons must be
spectrally pure. This requires that the frequency of each photon in
the pair be uncorrelated with the other’s, which can be achieved by
narrowband filtering each photon. Here we show that this filtering
comes at a direct cost of heralding efficiency, the efficiency to detect
one photon of the pair given a detection of the other. We find this
effect is fundamental rather than technical, and independent of filter
shape and filter, pump, and phasematching bandwidth, but can be
eliminated by source engineering to bring the phasematching angle to
a certain range. We support our analytical and numerical results with
an experiment that directly shows the tradeoff between purity and
heralding efficiency.

Q 26.3 Tue 15:00 P 5
Synchronization of Active Atomic Clocks via Quantum and
Classical Channels — eALEXANDER RoTH and KLEMENS Hawm-
MERER — Leibniz University Hannover
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Superradiant lasers based on atomic ensembles exhibiting ultra-narrow
optical transitions can emit light of unprecedented spectral purity and
may serve as active atomic clocks. We consider two frequency-detuned
active atomic clocks, which are coupled in a cascaded setup, i.e. as
master & slave lasers, and study the synchronization of the slave to
the master clock. In a setup where both atomic ensembles are coupled
to a common cavity mode such synchronization phenomena have been
predicted by Xu et al. [Phys. Rev. Lett. 113, 154101 (2014)] and
experimentally observed by Weiner et al. [arXiv:1503.06464 (2015)].
Here we demonstrate that synchronization still occurs in cascaded se-
tups but exhibits distinctly different phase diagrams. We study the
characteristics of synchronization in comparison to the case of coupling
through a common cavity. We also consider synchronization through a
classical channel where light of the master laser is measured phase sen-
sitively and the slave laser is injection locked by feedback and compare
to the results achievable by coupling through quantum channels.

Q 26.4 Tue 15:15 P 5
Probing Nanofriction and Aubry-type signatures in a finite
self-assembled system — eJaN KieTHE!, RAMIL NIGMATULLIN?,
DimiTrl  KALINCEV!, THORBEN ScHMIRANDER!, and TaNJA
MEeHLSTAUBLER! — 1PTB, Braunschweig, Deutschland — 2University

of Sydney, Sydney, Australia

Ton traps are a versatile tool for a broad range of applications, such as
quantum information and precision measurements. They offer a well-
controlled experimental environment in which ions can be stored and
manipulated. If the ions are cooled to energies lower than the potential
energy of the Coulomb system, they form crystals, which can be used
as quantum simulators and emulators for non-equilibrium statistical
physics. A great advantage of trapped ion crystals is the in situ ac-
cess to the dynamics of the particles, which are often not accessible in
the emulated system. We mimic the boundary of two atomically flat
solids with a self-assembled ion Coulomb crystal in the zigzag phase
and study nanofriction between these back-acting ion chains. With
the help of phonon mode spectroscopy and high resolution imaging
we show that a structural defect causes a sticking-to-sliding transition
with Aubry-type signatures. We observe the soft vibrational mode in
the motional spectrum and symmetry-breaking in the crystal config-
uration. The corresponding order parameter and the soft mode fre-
quency exhibit critical scaling near the transition. This model system
can be used to investigate the tribological behaviour of self-organized
structures in the classical and in the quantum regime.

Q265 Tue15:30 P5

Photoluminescence excitation spectroscopy of SiV~ and
GeV~ color center in diamond — eSTEFAN HAUSSLER!, ANDREAS
DieTricH!, GERGO THIERINGZ, JUNICHI Isova®, TAKAYUKI IwasAkr?,
Apam GaLi?, Fepor JeLEzko!, and ALEXANDER KUBANEK! —
Hnstitute for Quantum Optics, Ulm University, D-89081 Ulm, Ger-
many — 2Wigner Research Centre for Physics, Budapest, Hungary
— 3Research Center for Knowledge Communities, Tsukuba, Japan —
4Tokyo Institute of Technology, Tokyo, Japan

Color centers in diamond and in particular the NV center have been
proved to be good candidates for the realization of protocols for
quantum information and quantum sensing. Recently the negatively
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charged silicon-vacancy (SiV™) and germanium-vacancy (GeV ™) de-
fects have drawn attention due to their exceptional optical properties.
For SiV™ a comparably large DW factor, a very small inhomogeneous
line broadening and a large spectral stability has been demonstrated,
facilitating efficient generation of indistinguishable photons. Under-
standing the electronic level structure is of fundamental interest for
future quantum optics experiments based on the two color centers.

We present photoluminescence (PL) and excitation (PLE) measure-
ments for both, an ensemble of negatively charged SiV and GeV cen-
ters at room temperature using a costum build confocal microscope.
We measured PLE spectra over a broad wavelength range from 460 to
650 nm and performed saturation spectroscopy with high power den-
sity laser to investigate the electronic level structure of the two color
centers comparing our results with in-depth theoretical simulations.

Q 26.6 Tue 15:45 P5
Closed-loop optimization of single spin control in room-
temperature solids — eFLoORIAN FrRANK!, THOMAS UNDEN!, RESSA
S. Samp?, JONATHAN ZOLLER?, SIMONE MONTANGEROZ, ToOMASSO
CaLARcO?, Boris Naypenov!, and FEpor JeLEzKO! — lInstitute
for Quantum Optics, Ulm University, D-89081 Ulm, Germany —
2Center for Integrated Quantum Science and Technology, Institute for
Complex Quantum Systems, Ulm University, D-89081 Ulm, Germany

We show a closed-loop correction of electron spin dynamics associated
with a single colour center in diamond at room-temperature.

Target spin state and process are examined by standard tomographic
measurements and their performances against systematic errors are it-
eratively rectified by an optimal pulse engineering algorithm manifest-
ing full potential for applications in quantum technologies.

Q 27: Nano-Optics Il

Time: Tuesday 14:30-16:30

Q 27.1 Tue14:30 P 11
Real-time propagation of a Nagsgy dimer as a cou-
pled Maxwell-Schrédinger and time-dependent Kohn-Sham-
Maxwell system — eRENE JEsTAEDT!'2, HElKO APPEL}2, and AN-
GeL Rusio'? — lFritz-Haber-Institut der Max-Planck-Gesellschaft,
Berlin, Germany — 2Max-Planck-Institut fiir Struktur und Dynamik
der Materie, Hamburg, Germany

External electromagnetic fields can induce non-negligible electric cur-
rents which influence the total Maxwell fields inside molecular systems.
This backreaction affects the conductivity and the optical properties
of molecular and nanoplasmonic systems. In the present work, we
employ the Riemann-Silberstein vector of the electromagnetic field to
cast Maxwell’s equations into a spinor representation similar to the
Dirac equation [1]. This representation allows us to use standard uni-
tary propagation techniques 2], both for Maxwell’s equations and the
time-dependent Kohn-Sham equations. To illustrate our novel imple-
mentation of the coupled Maxwell-Kohn-Sham equations in the real-
space code octopus [3], we show the effects of a large matter feedback
to the Maxwell fields and vice versa a radiation feedback to electrons
and nuclei for a Nagg7 nanoparticle.

[1] I. Bialynicki-Birula, Progress in Optics 36, 245-294, (1996).

[2] A. Castro et al., J. Chem. Phys. 121, 3425-3433, (2004).

[3] X. Andrade et al., J. Phys. Cond. Mat. 24, 233202, (2012).

[4] R. Jestddt et al., (submitted)

Q272 Tue 14:45 P11
100-fold Enhancement of Spontaneous Emission from a Single
Quantum Dot by a Gold Nanocone Antenna — eHsuaAN-WEI
Liv!, KorENOBU MaTsuzaki!, STEPHAN GOTzINGER?!) and VaHID
SanpoGHDARY2 — 1Max Planck Institute for the Science of Light,
Erlangen, Germany — 2Friedrich Alexander University of Erlangen-
Niirnberg, Erlangen, Germany

Control and enhancement of spontaneous emission has been an intrigu-
ing and active topic of research in the past few decades. Previously, we
have theoretically suggested that a plasmonic gold nanocone antenna is
promising for achieving spontaneous emission enhancements exceeding
1000 while maintaining a high quantum efficiency [1]. Here, we report
on first experiments corresponding to this concept. The gold nanocones
were fabricated by focused ion beam milling on a glass substrate [2].
By positioning a single semiconductor quantum dot with nanometer
accuracy in the near field of the nanocone antenna, we observed large
lifetime reductions for both monoexciton and biexciton emission. By
performing saturation studies and analysing the photon statistics, we
determined the radiative decay rate enhancement of the monoexciton
and biexciton emission to be 109 and 100 folds with quantum efficien-
cies of 60% and 70%, respectively [3]. Such large enhancements open
the door to many applications in light emitting technologies and fun-
damental research. [1] X. Chen, M. Agio, and V. Sandoghdar, Phys.
Rev. Lett. 108, 233001 (2012). [2] B. Hoffmann et al., Nanotechnology
26, 404001 (2015). [3] K. Matsuzaki et al., arXiv.:1608.07843 (2016).

Q 27.3 Tue 15:00 P 11
Coherent interaction between a single molecule and a
plasmonic nanoantenna — eJOHANNES ZIRKELBACH!, BENJAMIN
GMEINER!, Tobias UrikaLl, STEpHAN GOTzINGER!:2, and VAHID
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Location: P 11

SanpoGHDARY"? — 'Max Planck Institute for the Science of Light
(MPL), D-91058 Erlangen, Germany — 2Department of Physics,
Friedrich-Alexander-University of Erlangen-Niirnberg, D-91058 Erlan-
gen, Germany

We report on the coherent interaction of light with a coupled system
consisting of a single quantum emitter and a plasmonic nanostruc-
ture. Here, we combine cryogenic high-resolution spectroscopy with
localization microscopy to study single molecules in the vicinity of iso-
lated plasmonic nanostructures embedded in a thin organic matrix.
We discuss the spectral and spatial behavior of the extinction spectra
recorded from the composite molecule-antenna system, leading to Fano
profiles in the far-field interference signal. Future experiments will aim
to observe transparency (cloaking) and ultrastrong absorption [1].

[1] X. Chen, V. Sandoghdar, and M. Agio, Phys. Rev. Lett. 110,
153605 (2013)

Q274 Tue 15:15 P 11
Exceptional mode organization in a resonator microcavity
based on a hyperbolic metamaterial — eEvGENI] TRAVKIN,
SascHA KALUSNIAK, SERGEY SADOFEV, and OLIVER BENsON —
Humboldt-Universitéat zu Berlin, Institut fiir Physik, Newtonstrafe 15,
12489 Berlin

Metamaterials offer a variety of exciting possibilities for manipula-
tion of light among which are i.e. the control of phase and group
velocity and negative refraction. We investigate a hyperbolic meta-
material (HMM) based on stacked layer pairs of epitactically grown
Zn0O/Zn0O:Ga embedded in a resonator microcavity. The highly
anisotropic and frequency dependent HMM refractive index enables a
unique distribution of resonant modes. Several modes of the same or-
der can exist at different frequencies and the relative spectral positions
of higher and lower order modes can interchange resulting in an anoma-
lous mode organization. We present experimental spectra demonstrat-
ing unconventional mode emergence and reversal of the mode order in
differently scaled HMM-based cavities and supplement them by trans-
fer matrix calculations and dispersion relations derived from the cavity
roundtrip condition. Our system can be fully tailored by tuning of the
layer thickness ratio and doping level of the HMM.

Q27.5 Tue 15:30 P 11
Coherent coupling of a single molecule to a scanning Fabry-
Pérot microcavity — eDaqing Wang!, Hrisnikesn KELKAR!,
Dieco MARTIN-CaNo!, Tosias UTikaLl, STEPHAN GOTZINGERZ!,
and VAHID SANDOGHDAR'?2 — IMax Planck Institute for the Science
of Light, D-91058 Erlangen, Germany — 2Friedrich Alexander Univer-

sity Erlangen-Nuremberg, D-91058 Erlangen, Germany

We report on the coherent coupling of a single organic molecule to a
scannable, tunable and broadband microcavity. The cavity consists of
a planar distributed Bragg reflector and a micromirror with a radius of
curvature of 5 um fabricated with focused ion-beam milling and coated
with silver. By integrating an organic matrix in the microcavity at lig-
uid helium temperature, we are able to coherently couple individual
molecules to the single mode of the cavity. Our results show that a
single molecule can attenuate 38% of the light stored in the cavity.
We also demonstrate four-fold improvement of single-molecule stimu-
lated emission compared to free-space coupling in a tight focus. Our
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experimental approach based on a microcavity with low mode volume
and low quality factor paves the way for the realization of a series of
nonlinear and collective quantum optical effects.

Q 27.6 Tue 15:45 P 11
Extreme single-emitter interaction with two-coupled bad res-
onators — eBURAK GURLEK, VAHID SANDOGHDAR, and DIEGO
MARTIN-CANO — Nano-Optics Division, Max Planck Institute for the
Science of Light, Erlangen, Germany.

Nonlinear photon generations require strong interactions between light
and matter. Nanoantennas and optical cavities are two complimentary
and common approaches for enhancing these interactions at extreme
levels, the first relying on extremely small volumes whereas the sec-
ond on small bandwidths (high Q-factors). Recently, it has been pro-
posed that hybrid combinations between nanoantenna and a high Q
cavity can further enhance the spontaneous emission of a single quan-
tum emitter [1, 2|. Here, we explore a hybrid system based on a
low-Q cavity and a nanoantenna, leading to non-intuitive additional
enhancements and quenching behavior. Taking a confocal cavity and
a nanocone as an example, we make use of the Quasi Normal Mode
(QNM) approach [3] to study the interference mechanism that cre-
ates these interesting properties. Our results provide new possibilities
for improving the efficiency of single emitters and entering extreme
regimes of photophysics. References: [1] Y. Xiao et al., Phys. Rev.
A 85, 031805(R) (2012). [2] H. M. Doeleman et al., ACS Photonics 3
(10), 1943-1951 (2016). [3] C. Sauvan et al., PRL 110, 237401 (2013).

Q 27.7 Tue 16:00 P 11
Strong coupling between surface plasmon polaritons and
molecular vibrations — eHarLa Memwmi, SascHA KALUSNIAK,
SERGEY SADOFEV, and OLIVER BENsoN — Institut fiir Physik, Hum-
boldt Universitit zu Berlin

The hybridization of different quasi-particles is an extensively studied
subject; both from a practical as well as fundamental point of view.
The resultant hybrid excitations exhibit new properties that are not
available by the isolated constituents.

Here, we report on hybridization of surface plasmon polaritons and

molecular vibrations in an organic/inorganic plasmonic hybrid struc-
ture. The structure consists of a poly-vinyl-methyl-ketone layer de-
posited on top of a silver layer. Attenuated-total-reflection measure-
ments allow us to reconstruct the dispersion relation of the hybrid.
The system exhibits two polariton branches clearly demonstrating anti-
crossing behavior in vicinity of the carbonyl stretching vibration of the
polymer with the coupling strength of 14 meV. Systematic tuning of
the carbonyl group density confirms the square root dependence of the
energy splitting. We also present some of the characteristics of this
hybrid species and discuss its potential applications.

Q 27.8 Tue 16:15 P 11
Attosecond time-resolved photoelectron spectroscopy of hy-
bridnanoresonators — Juria HENGSTER and ¢ THORSTEN UPHUES
— CFEL, Attosecond Research and Science Group, Hamburg Univer-
sity, Luruper Chaussee 149, 22761 Hamburg

Understanding plasmons as collective oscillations of the free-electron
gas density important questions related to their propagation, damping,
charge and energy localization came up. Nevertheless the behaviour
of hybrid nanostructures approaching the monolayer limit raises a new
type of questions concerning their plasmonic behaviour in space and
time, following the complex dynamics of the electromagnetic field. At-
tosecond time-resolved experiments are on the way to resolve subcy-
cle electron dynamics from plasmonic interaction of ultrashort driving
pulses in surfaces and nanostructures. Our approach of attosecond
photoscopy demonstrates a reliable route to extend attosecond tech-
nology to surface and nanostructure dynamics. Hybrid nanostructures
exhibit complex plasmonic properties sensitive to parameters as geo-
metrical aspect ratios or material compositions. Vertically aligned disk
nano-resonators belong to a group of tailored systems demonstrating
field enhancement with strong localization. We found a remarkably
sensitive behaviour in the coupling of surface and bulk plasmons of the
resonators with ultrafast subcycle dynamics. As a proof-of-concept we
demonstrate attostreaking from gold films with significant deviation to
gas-phase streaking. Furthermore we developed non-destructive prepa-
ration procedures for nanoparticle samples as a basic requirement for
attosecond photoscopy.

Q 28: Precision Measurements and Metrology: Interferometry Il

Time: Tuesday 14:30-16:45

Q 28.1 Tue 14:30 P 104
Theoretical study of Bose-Einstein condensates in optical lat-
tices towards large momentum transfer atom interferome-
ters — eJan-NicLas Siemss!, ErnsT Maria Raser?, KLEMENS
HaMmMERER!, and NaceuR GaarLour? — 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 realis-
tic novel LMT schemes.

[1] H. Miintinga 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)

Q 28.2 Tue 14:45 P 104
Fast BEC transport with atoms chips for inertial sensing —
eRoBIN CoRrGIER!, SIRINE AMRI?, ERic CHARRON?, ERNST MARIA
RaseL!, and Naceur Gaarour! — !Leibniz University of Hanover,
Germany — 2Université Paris-Sud, France

Recent proposals in the field of fundamental tests of foundations of
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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.

Q 28.3 Tue 15:00 P 104
Symmetric scalable large momentum transfer beam split-

ter — eMaRTINA GEBBE!, SVEN ABEND?, MATTHIAS GERSEMANNZ,

Hauke MONTINGAY, HoOLGER AHLERS?, WOLFGANG ERTMERZ,
Craus LAMMERzAHL!, ErRnsT M. Raser?, and Tue QUANTUS
Team!b:2:3:4.56 __ 17ZARM, Uni Bremen — 2Institut fiir Quantenop-
tik, LU Hannover — 3Institut fiir Physik, HU Berlin — *Institut fiir
Quantenoptik, Uni Ulm — ®Institut fiir angewandte Physik, TU Darm-
stadt — SInstitut fiir Physik, JGU Mainz

Due to their small spatial and momentum width ultracold Bose-
Einstein condensates (BEC) or even delta-kick collimated (DKC)
atomic ensembles are very well suited for high precision atom inter-
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ferometry. We generate such an ensemble in a miniaturized atom-chip
setup where BEC generation and delta-kick collimation can be per-
formed in a fast and reliable way. We present a symmetric double
Bragg diffraction technique offering interesting new features for atom
interferometry. The coherent manipulation is directed along the hor-
izontal axis and combined with Bloch oscillations in order to realize
symmetric scalable large momentum beam splitters. We employ this
new type of beam splitter to study the performance of scalable Mach-
Zehnder interferometers whose sensitivity increases linearly with veloc-
ity separation. This work is supported by the German Space Agency
(DLR) with funds provided by the Federal Ministry for Economic Af-
fairs and Energy (BMWi) due to an enactment of the German Bun-
destag under grant numbers DLR 50WM1552-1557 (QUANTUS-IV-
Fallturm).

Q 28.4 Tue 15:15 P 104

A sensitive electrometer based on a Rydberg atom in a

Schrédinger-cat state — eEva-KATHARINA DIETSCHE, ARTHUR
LAarROUY, ADRIEN FacoN, SERGE HAROCHE, JEAN-MICHEL RaAI-
MOND, MIcHEL BRUNE, and SEBASTIEN GLEYZEs — Laboratoire

Kastler Brossel, College de France, ENS-PSL, UPMC-Sorbonne Uni-
versite, CNRS, Paris France

The Rydberg atoms are highly excited states where the electron is
orbiting far from the nucleus. As a result, they have a huge electric
dipole, making them ideal probes of the electric field. Rydberg states
are highly degenerated. However, in the presence of a small electric
field, this degeneracy is lifted and it is possible to drive transitions be-
tween the different Stark sublevels by applying radiofrequency fields.
It is then possible to manipulate the state of the atom inside the man-
ifold. We have recently shown that by using a radiofrequency field
with a well-defined polarization it is possible to restrict the evolution
of the atom to a subspace of the manifold where it behaves like a large
angular momentum J. We have prepared non-classical states, similar
to Schrodinger cat states, that allowed us to measure small variations
of the electric field with a sensitivity beyond the standard quantum
limit [1]. We are now investigating more complex manipulations of the
atom to take advantage of the full richness of the Rydberg manifold.
By using a combination of radiofrequency fields of different polariza-
tions we can explore a larger part of the level structure. This opens
the way to schemes that give access to higher moments of the electric
field.
[1] A. Facon et al. Nature 535, 262-265 (2016)

Q 28.5 Tue 15:30 P 104
Using Schrédinger cat states of Rydberg atoms to measure
fast electric fields — eEva-KATHARINA DIETSCHE, ARTHUR LAR-
ROUY, ADRIEN FAcON, SERGE HAROCHE, JEAN-MICHEL RAIMOND,
MicHEL BRUNE, and SEBASTIEN GLEYZES — Laboratoire Kastler
Brossel, College de France, ENS-PSL, UPMC-Sorbonne Universite,
CNRS, Paris France

We present a quantum-enabled measurement of the electric field using
Rydberg atoms. We prepare the atom in a quantum superposition of
two circular states with principle quantum number n=50 and n=51.
Using a radiofrequency field resonant with the Stark transition in the
n=>50 manifold we transfer the n=>50 part of the wave function from
its horizontal circular orbit to a tilted elliptical trajectory. This cre-
ates a Schrodinger cat superposition of two states with very different
polarizabilities whose relative phase is highly sensitive to variations in
the amplitude of the electric field. Detecting this phase change using
Ramsey interferometry allows us to measure the electric field with a
precision below the standard quantum limit (SQL) [1]. This allows us-
ing the Rydberg atom as a microscopic electrometer that can perform
time-resolved field measurements with a very high bandwidth.
[1] A. Facon et al. Nature 535, 262-265 (2016)

Q 28.6 Tue 15:45 P 104
Fock state metrology — eFaBiaN WoLr!, CHuNyaN Suil, Jan
CuristorH HEerp!, Marius ScrHurTe?, KLEMENS HAMMERER?®, and
Pier O. ScumipT!? I Physikalisch-Technische Bundesanstalt,
38116 Braunschweig, Germany — 2Institut fiir Quantenoptik, Leibniz
Universitit, 30167 Hannover, Germany — 3Institute for Theoretical
Physics, Leibniz Universitdt, 30167 Hannover, Germany

The field of quantum metrology promises measurements with unprece-
dented accuracies and sensitivities using non-classical states. The idea
behind quantum metrology is to prepare the investigated system or
the measurement probe in a quantum states to reduce certain types of
noise. In particular shot noise or quantum projection noise represents

37

the major limitation for stability in state-of-the-art precision exper-
iments ranging from gravitational wave detection to optical atomic
clocks. The most prominent examples for states with non-classical
features, previously investigated for this purpose are Schrédinger cat
states and squeezed states and metrological gain compared to classi-
cal states has been demonstrated. Recently, investigations started to
focus on the properties of states with negative Wigner function. How-
ever, so far the metrological gain of these states has not been verified
experimentally. Here, we demonstrate that force measurements on an
ion, trapped in a linear Paul trap can beat the classical limit, if the
ion is initially prepared in a motional Fock state. Our scheme does
not include any entanglement or squeezing and therefore illustrates
the power of quantum interference due to negative Wigner functions
for quantum metrology.

Q 28.7 Tue 16:00 P 104
Phase magnification for robust atom interferometry beyond
the SQL — eFaBiAN ANDERS — Institut fiir Quantenoptik, LUH
Hannover, Deutschland

The two-axis counter-twisting interaction provides the possibility for
detection noise robust atom interferometry beyond the standard quan-
tum limit. Our scheme complements recent approaches based on one-
axis twisting to magnify the interferometric phase.

In both concepts, the non-linear interaction is not only applied be-
fore the interferometer to generate entanglement, but also afterwards
to amplify the signal. We compare both squeezing-echo approaches in
their optimal performance as well as for experimentally feasible param-
eters. We find that varying the echo strength can further improve the
robustness against detection noise. We obtain simple analytical results
for the one-mode approximation of the scheme. Additionally, we in-
vestigate spin dynamics in a spinor condensate as suitable interaction
to effectively implement this technique.

Q 28.8 Tue 16:15 P 104
Random bosonic states for robust quantum metrology
Micuar OszmaNieEc!, REMIGIUSz AuGuUsIAK!'2, eCHRISTIAN
GocoLin'3, Janek Koropyiski!, AnTonio Acinb?, and Ma-
cieJ LEwWeNsTEIND? — 1ICFO-Institut de Ciencies Fotoniques, The
Barcelona Institute of Science and Technology, 08860 Castelldefels
(Barcelona), Spain — 2Center for Theoretical Physics, Polish Academy
of Sciences, Aleja Lotnikéw 32/46, 02-668 Warsaw, Poland — 3Max-
Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Strafie 1, 85748
Garching, Germany — *ICREA-Institucié Catalana de Recerca i Es-
tudis Avancats, Lluis Companys 23, 08010 Barcelona, Spain

We study how useful random states are for quantum metrology, i.e.,
whether they surpass the classical limits imposed on precision in the
canonical phase estimation scenario. We prove that random pure states
drawn from the Hilbert space of distinguishable particles typically do
not lead to super-classical scaling of precision. Conversely, we show
that random states from the symmetric subspace typically achieve the
optimal Heisenberg scaling. Surprisingly, the Heisenberg scaling is ob-
served for states of arbitrarily low purity and preserved under the loss
of fixed number of particles. Moreover, we prove that for such states a
standard photon-counting interferometric measurement suffices to typ-
ically achieve the Heisenberg scaling of precision for all values of the
phase at the same time. Finally, we demonstrate that metrologically
useful states can be prepared with short random optical circuits.

Q 28.9 Tue 16:30 P 104
The First Sounding Rocket Flight with an Atom Interfer-
ometer — oSTEPHAN T. SEIDEL!, MatkE D. Lacamann®, DENNIS
Becker!, WoLrcanGg ErrmER!, ERNsT M. RaseL!, and QUAN-
TUS CorrLaBoraTION? — !Institut fiir Quantenoptik, Universitit
Hannover — 2LU Hannover, U Bremen, JGU Mainz, U Hamburg,
HU Berlin, FBH, TU Darmstadt, U Ulm

The possibility of precise measurements of inertial forces using atom
interferometry has led to a multitude of proposals for future satellite
missions. These include missions aimed at geodetic measurements like
a characterization of earth’s gravitational field gradient and fundamen-
tal physics like a test of the universality of free fall.

Current ground based experiments are not suitable for the use on
a satellite mission and a series of new technological and experimen-
tal techniques are required. This creates the necessity for pathfinder
missions to test atom interferometer setups in relevant environments.
To bridge this gap three sounding rocket missions are currently being
prepared. The launch of the first mission is aimed at both the first
creation of Bose-Einstein Condensates (BEC) and first demonstration
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of light atom interferometry in space.

Its payload can create BECs of 10° atoms from 87Rb within two
seconds. Therefore 70 experiments can be performed within the mi-
crogravity time including an observation of the phase transition and

the characterization of the BECs after long free evolution times using
atom interferometry. The system was qualified for the flight in a series
of vibration tests and is currently in wait for favorable wind conditions.

Q 29: Quantum Gases: Bosons IV

Time: Tuesday 14:30-16:45

Q 29.1 Tue 14:30 P 204
Non-equilibrium condensation of weakly interacting bosons
in the presence of thermal baths: treating temperature-
dependent dissipation — eALEXANDER SCHNELL and ANDRE
EckarDT — Max-Planck-Institut fiir Physik komplexer Systeme,
Dresden, Germany

When a quantum system is coupled weakly to a rapidly relaxing ther-
mal bath of inverse temperature 3, a simple description of this open
system is given by the Born-Markov approximation. Within this
framework, the bath induces quantum jumps between energy eigen-
states, whose rates depend the bath temperature through the product
BAEFE involving the energy change AFE. Taking into account this form
of temperature-dependent dissipation for a many-body system far from
equilibrium is challenging. Already on the level of a simple mean-field
approximation, it requires the diagonalization of the mean-field Hamil-
tonian in every step of the time integration. We propose and test a
scheme to circumvent this problem by treating the system-bath cou-
pling semi-classically and apply it to describe non-equilibrium Bose
condensation in weakly interacting Bose gases in contact with two
thermal baths of different temperature.

Q 29.2 Tue 14:45 P 204
Center of mass dynamics across the superfluid to Mott in-
sulator phase transition in an optical lattice. — eANDREAS
MULLERs!, CHRISTIAN BaaLs!:®, BopHADITYA SANTRAL'3, RALF

LaBouvie!®, Traomas MEerrz?, ARva DHARrR2?, Ivana Vasic*
9 b 9 9

Acnieszka Cicny?, WarLTer HorsTETTER?, and Herwic OTT!
— 1Research Center OPTIMAS and Fachbereich Physik, Technis-
che Universitdt Kaiserslautern, 67663 Kaiserslautern, Germany —
2Institut fiir Theoretische Physik, Goethe-Universitét Frankfurt, D-
60438 Frankfurt/Main, Germany — 3Zentrum fiir Optische Quan-
tentechnologien, Universitat Hamburg, 22761 Hamburg, Germany —
4Scientific Computing Laboratory, Institute of Physics Belgrade, Uni-
versity of Belgrade, 11080 Belgrade, Serbia — 5Graduate School Ma-

terials Science in Mainz, Staudingerweg 9, 55128 Mainz, Germany

We study the relaxation dynamics of a many-body quantum system af-
ter forcing it out of equilibrium by displacing an underlying potential.
We adiabatically load 87Rb atoms into a 3D optical lattice superim-
posed on an optical dipole trap and then shift the trapping potential
by 1pum. Using a scanning electron microscope, we image the cen-
ter of mass motion of the atoms during relaxation for various depths
of the optical lattice, spanning the superfluid to Mott-insulator phase
transition. We observe varying dynamics across the transition and by
piecewise analysis of the system, we can also identify a thermal phase
at the edges which moves with velocities in between those of the su-
perfluid and the insulating phase. We present our measured data and
the results of theoretical modeling currently in progress.

Q 29.3 Tue 15:00 P 204
Density ordering dynamics at an insulator to insulator tran-
sition — eLoreENz HRrRuBY, NisHaNT Docra, KaATRIN KROGER,
MANUELE LANDINI, ToB1AS DONNER, and TILMAN ESSLINGER — In-
stitute for Quantum Electronics, ETH Zurich, 8093 Zurich, Switzer-
land

Engineering of open quantum many-body systems allows for new in-
sights into the dynamics of complex quantum phases. Here we exper-
imentally explore the phase transition between two insulating phases
of Mott type with different density ordering. The transition is driven
by competing on-site and global-range interactions. We monitor the
temporal dynamics of the density order parameter in real-time and we
observe a hysteresis loop and the emergence of two distinct timescales
in the ordering dynamics. We explain our findings using a mean-field
approach featuring metastable many-body states. Our system is based
on a Bose-Einstein condensate trapped in a three-dimensional opti-
cal lattice which controls the on-site interaction strength. Tunable
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atom-atom interactions of global-range are mediated by coupling the
condensate to a single mode of an optical cavity.

Q294 Tue 15:15 P 204
Models for a multimode bosonic tunneling junction — eDaviD
Fiscuer! and SANDRO WiMBERGERY2:3 — lInstitut fiir Theoretische
Physik, Philosophenweg 12, Universitat Heidelberg, 69120 Heidelberg,
Germany — 2Dipartimento di Scienze Matematiche, Fisiche e Infor-
matiche, Universita degli Studi di Parma, Parco Area delle Scienze
7/a, 43124 Parma, Ttaly — 3INFN, Sezione di Milano Bicocca, Gruppo
Collegato di Parma,Italy

We discuss the relaxation dynamics for a bosonic tunneling junction
with two modes in the central potential well. We use a master equation
description for ultracold bosons tunneling into two central modes in
the presence of noise and incoherent coupling processes. The master
equation is solved exactly with quantum jump simulations. Whilst we
cannot quantitatively reproduce the experimental data of the setup
reported in [1], we find a reasonable qualitative agreement of the re-
filling process of the initially depleted central site. Furthermore an
analysis of the time scale of the refilling shows a power-law behavior
with respect to the decoherence rates, with similar exponents for all
analyzed processes. Our results may pave the way for the control of
bosonic tunneling junctions by the simultaneous presence of decoher-
ence processes and atom-atom interaction.

[1] R. Labouvie, B. Santra, S. Heun, S. Wimberger, and H. Ott,
Phys. Rev. Lett. 115, 050601 (2015).

Q 29.5 Tue 15:30 P 204
A Bosonic Josephson Junction with an Impurity
eMAaxIMILIAN DIRKMANN, GABRIEL DUFOUR, and ANDREAsS BucH-
LEITNER — Institute of Physics, University of Freiburg, Germany

We study the dynamics of a Bose-Einstein condensate in a double-
well potential, or bosonic Josephson junction [1], in the presence of a
mobile impurity particle. This allows us to test the practicability of
a quantum probe scheme, where measurements are performed on the
impurity in order to obtain information about the rest of the system.

The system is described using a two-site Bose-Hubbard Hamiltonian
which accounts for tunneling between the wells and on-site interactions
between the particles. We observe a variety of dynamical regimes as
the relative strength of tunneling and interactions is changed. In par-
ticular, we study the entanglement of the impurity particle with the
rest of the system. In the weakly interacting regime, we demonstrate
that the amplitude of impurity’s oscillations between the two wells is
related to the purity of its reduced density matrix.

[1] G.J. Milburn et al. Phys. Rev. A 55, 4318-4324 (1997).

Q 29.6 Tue 15:45 P 204
A path-integral approach to composite, rotating impurities
— oGracomo BiGgHIN and MikHAIL LEMESHKO — Institute of Science
and Technology Austria, Am Campus 1, 3400 Klosterneuburg, Austria

The study of composite, rotating impurities interacting with a quan-
tum many-body environment is extremely important for the descrip-
tion of several experimental settings: cold molecules in a Bose-Einstein
condensate or embedded in helium nanodroplets, electronic excitations
in a BEC or in a solid. In all these cases the vibrational and rotational
degrees of freedom create an involved energy level structure, with a
continuous exchange of angular momentum with the surrounding envi-
ronment. The recently-introduced angulon quasiparticle [1] formalises
the concept of a rotating, interacting impurity. In this talk we intro-
duce an alternative approach to the angulon problem making use of
the path integral formalism, extending Feynman’s treatment for the
polaron. A clear advantage is that the bath degrees of freedom and
the interaction can be integrated out exactly, resulting in an effective,
single-particle description for the angulon in which the many-body
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character of the original problem is encoded in an interaction term.
This alternative, effective treatment for the angulon is, in principle,
valid at arbitrary coupling and at arbitrary temperature. The results
obtained will be compared with existing state-of-the-art theories for
composite impurities and with experimental data from the rotational
spectrum of molecules embedded in helium nanodroplets.

References: [1] R. Schmidt and M. Lemeshko, Phys. Rev. Lett. 114,
203001 (2015) and Phys. Rev. X 6, 011012 (2016).

Q 29.7 Tue 16:00 P 204
Anomalous screening of quantum impurities by a neutral
environment — eENDERALP YAKABOYLU and MIKHAIL LEMESHKO
— Institute of Science and Technology Austria (IST Austria),
Klosterneuburg, Austria

We investigate the dynamics of a rotating impurity interacting with
a neutral many-body bosonic bath in the presence of an oscillating
electric field. Even though light cannot interact with the neutral bath,
we show that the neutral bath itself is capable to induce a drastic
screening of the impurity’s dipole moment and polarizability due to
angular momentum transfer between the impurity and the bath. Con-
sequently, all phenomena related to the light-molecule interaction can
be generalized to the interaction in the presence of a neutral many-
body environment by means of the screened dipole moment and the
screened polarizability of the impurity. In particular, we showed how
a neutral many-body environment affects the effective Rabi frequency,
the geometric phase, and the molecular alignment.

Q 29.8 Tue 16:15 P 204
Dimensionally Induced Phase Transition of the Weakly In-

teracting Ultracold Bose Gas — eBErRNHARD IrsicLErD? and
AXEL PELSTER® — !Institut fiir Theoretische Physik, Johann Wolf-
gang Goethe-Universitit, Germany — 2Institut fiir Theoretische

Physik, Freie Universitit Berlin, Germany — 3Fachbereich Physik und
Forschungszentrum OPTIMAS, Technische Universitat Kaiserslautern,
Germany

We investigate the dimensionally induced phase transition from the

normal to the Bose-Einstein condensed phase for a weakly interacting
Bose gas in optical lattices. To this end we make use of the Hartree-
Fock-Bogoliubov-Popov theory, where we include numerically exact
hopping energies and effective interaction strengths. At first we de-
termine the critical chemical potential, where we find a much better
agreement with recent experimental data than a pure Hartree-Fock
treatment [1]. We ascribe this finding to the dominant role of quan-
tum fluctuations in lower dimensions. Furthermore, we determine for
the 1D-3D-transition the power-law exponent of the critical temper-
ature for two different non-interacting Bose gas models yielding the
same exponent of 1/2 which indicates that they belong to the same
universality class. For the weakly interacting Bose gas we find for both
models that this exponent is robust with respect to finite interaction
strengths.

[1] A. Vogler, R. Labouvie, G. Barontini, S. Eggert, V. Guarrera,
and H. Ott, Phys. Rev. Lett. 113, 215301 (2014)

Q29.9 Tue 16:30 P 204
Observing the Goldstone and the amplitude mode in a su-
persolid quantum gas — eJULIAN LEONARD, ANDREA MORALES,
PuiLiP Zupancic, TiLMAN ESSLINGER, and ToB1As DONNER — Insti-
tute for Quantum Electronics, ETH Zurich, Switzerland

A phase transition with continuous symmetry breaking of a scalar
quantum field can give rise to excitations of its phase and amplitude.
A supersolid presents an intriguing example for such an excitation
spectrum, as both continuous gauge symmetry of the superfluid phase
and the translational symmetry of the lattice modulation are broken
simultaneously.

We investigate the interplay of these symmetries by studying the
elementary excitations across the superfluid-supersolid phase transi-
tion. The supersolid phase is realized by coupling a Bose-Einstein
condensate with the fields of two crossed cavity modes. We perform
cavity-enhanced Bragg spectroscopy on the quantum gas to measure
its excitation spectrum. In the superfluid phase, we observe two inde-
pendent modes that soften upon approaching the critical point. Inside
the supersolid phase the modes split into a low-energetic Goldstone
mode and a high-energy amplitude mode.

Q 30: Ultracold atoms and BEC - Ill (with A)

Time: Tuesday 14:30-16:30

Q30.1 Tuel14:30 N1
Efimov physics in ultracold atomic gases using finite-range
potentials — eTHOMAS SECKER, PAUL MESTROM, and SERVAAS
KokkeELMANs — Eindhoven University of Technology, Eindhoven, The
Netherlands

Three-body Efimov physics is relevant for the understanding of both
dynamics and stability of ultracold gases. Efimov predicted the ex-
istence of an infinite sequence of three-body bound states, of which
many properties scale universally, at diverging scattering length for a
zero-range interaction potential. Experiments with ultracold atoms in
which the scattering length is tuned through Feshbach resonances have
also shown the universality of the negative three-body parameter. In
order to investigate these universal aspects, we utilize a finite range
interaction potential. We solve for this problem in a momentum-space
treatment containing off-shell two-body scattering processes. To in-
clude the Feshbach formalism we have generalized it to an off-shell
theory. First results show remarkable similarities with experimental
data, especially in the case of broad resonances.

Q 30.2 Tue 14:45 N1
Novel states in a three-body system with a p-wave resonance
— eMATTHIAS ZIMMERMANN!, SanTiaco I. BETELUZ, MaxiM A.
Erremov!, and Worrcgang P. ScurLeicn! — !nstitut fiir Quan-
tenphysik and Center for Integrated Quantum Science and Technol-
ogy (IQ°T), Universitat Ulm, 89081 Ulm, Germany — 2Department
of Mathematics, University of North Texas, Denton, TX 76203-5017,
USA

One of the most intriguing phenomena of few-body physics is the Efi-
mov effect, which manifests itself in an infinite number of weakly bound
three-body states if at least two of the three two-body subsystems ex-
hibit a single s-wave resonance.

We present a novel class of purely quantum-mechanical bound states
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in the system of three particles in two dimensions provided: (i) the sys-
tem consists of a light particle and two heavy bosonic ones, and (ii) the
heavy-light short-range potential has a p-wave resonance. Within the
familiar Born-Oppenheimer approach, the effective potential between
the two heavy particles is shown to be attractive and of long-range,
resulting in an infinite number of universal bound states corresponding
to a vanishing total angular momentum of the three-body system.

In order to verify our analytical results we employ a numerical
scheme utilizing spectral methods. This enables us to discretize the
stationary Schrodinger equation in function space in order to achieve
exponential convergence. We solve the resulting eigenvalue problem
with the Data Vortex supercomputing system.

Q 30.3 Tue 15:00 N1
Impurities immersed in a BEC. Quantum simulator of the
polaron? — eLuis ALDEMAR ARDILAL, THOMAS PonL!, and STE-
FANO GIORGINIZ — !Nothnitzer Strake 38 01187 Dresden Germany —
2Via Sommarive 14 1-38123 Povo, Italy

We investigate the properties of an impurity immersed in a Bose gas
at zero temperature using both analytical and Quantum-Monte Carlo
methods. The interaction between bosons are modeled by a hard-
sphere potential with scattering length a, whereas the impurity-boson
interaction is modeled by a short-range attractive square-well poten-
tial, where both the sign and the strength of the scattering length b
can varied by adjusting the well depth. We characterize the repulsive
and attractive [Fig. 1] polaron branch by calculating the binding en-
ergy and the effective mass [1]. Furthermore, we study the structure of
the bosonic bath such as the boson-boson correlation function and the
density profile around the impurity. For resonant interactions between
the impurity and the bosonic bath, the Ground state properties are
also investigated as well as Efimov Effects . The implication for the
phase diagram of binary Bose-Bose mixtures is also discussed . We
also discuss more complicated interactions between the impurity and
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the bosonic bath. For this case we consider a Quasi-2D Dipolar Bose
gas at zero temperature. Furthermore, the impurity-Bose interaction
is dipolar. Using perturbation theory, the Ground-state properties are
investigated based on the low-energy Frohlich Hamiltonian.

Q 30.4 Tue 15:15 N1
The Bose polaron in an ultracold Bose-Fermi mixture of
Cs and Li — eSTEPHAN HAFNER, BINH TRAN, MANUEL GERKEN,
MELINA FILZINGER, BiNGg Znuu, Juris ULmanis, and MarTHIAS WEI-
DEMULLER — Physikalisches Institut, Ruprecht-Karls-Universitat Hei-
delberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Germany

An ultracold Bose-Fermi mixture of 133Cs and 6Li is well suited for the
investigation of the Bose polaron. In this scenario a single Li impurity
is immersed in a Cs BEC and interacts with its phonon excitations,
mimicking the Frohlich polaron problem from solid-state physics. Tun-
ing the sign and strength of the interaction between Li and Cs via
Feshbach resonances enables us to study repulsive and attractive po-
larons. The observation of different polaron states, ranging from the
Landau-Pekar polaron to the bubble polaron is within reach for the
Li-Cs system.

In this talk we describe the production of a Cs BEC by forced evap-
orative cooling in an optical dipole trap. The phase-space density
is enhanced by modifying the trapping geometry with an additional
small-sized dipole trap. This is the first step for the study of the Bose
polaron in the Li-Cs system.

Q 30.5 Tue 15:30 N1
Observation of individual tracer atoms in an ultracold dilute
gas — eoFELIX ScumipT!:2, DANIEL Maver!'2, Tosias Lauscu!,
DaNiEL Apam!, Steve Haupt!, MicHAEL HoHMANN!, FARINA
KINDERMANN!, NicoLas SPETHMANN!, and ARTUR WIDERAL:2
IDepartment of Physics and Research Center OPTIMAS, University
of Kaiserslautern — 2Graduate School Materials Science in Mainz,

Gottlieb-Daimler-Strasse 47, 67663 Kaiserslautern

Diffusion of particles in fluids and gases is an essential and omnipresent
transport phenomenon in nature. While diffusion is well understood
in the limit of a heavy particle in a dense gas (known as Brownian
motion), much less is known, both theoretically and experimentally,
about light particles diffusing in a dilute gas.

Here, we report on the experimental investigation of individual Cs
atoms impinging on a dilute cloud of ultracold Rb atoms with variable
density. We study the nonequilibrium relaxation of the initial nonther-
mal state of Cs and detect the effect of a of single collision, i.e. the
fundamental building block of diffusion. We show that the diffusive
motion of the single Cs atom in the Rb cloud is well described by a
generalized Langevin equation with a velocity-dependent friction co-
efficient, an unfamiliar feature of the Langevin equation emerging for
light particles.

Q 30.6 Tue 15:45 N1
angular self-localization of impurities rotating in a bosonic
bath — exiaANG LI, MIKHAIL LEMESHKO, and ROBERT SEIRINGER
— Institute of Science and Technology Austria, Am Campus 1,
Klosterneuburg, Austria

The existence of a self-localization transition in the polaron problem
has been under an active debate ever since Landau suggested it in 1933.
Here we reveal the self-localization transition for the rotational ana-
logue of the polaron - the angulon quasiparticle. The transition takes
place at finite coupling strength already at the mean-field level, it is

accompanied by a discontinuity in the first derivative of the angulon
ground-state energy and a spherical-symmetry breaking of the angulon
ground state. This symmetry breaking is demonstrated to be depend
on the symmetry of the microscopic impurity-atom potential, which re-
sults in a number of distinct self-localized states. The predicted effects
can potentially be addressed in experiments on cold molecules trapped
in superfluid helium droplets and ultracold quantum gases, as well as
on electronic excitations in solids and Bose-Einstein condensates.
[1] X. Li, R. Seiringer, M. Lemeshko, arXiv: 1610.04908

Q 30.7 Tue 16:00 N 1
Rotation of cold molecular ions inside a Bose-Einstein con-
densate — eBikasHkaLl Mipyal, MicHaL Towmza?, RICHARD
ScuMipT?, and MikHAIL LEMEsHko! — lInstitute of Science and
Technology Austria, Am Campus 1, 3400 Klosterneuburg, Austria
— 2ICFO- The Barcelona Ins titute of Science and Technology,
Barcelona, Spain — 3ITAMP, Havard-Smithsonian Center for Astro-
physics, Cambr idge, MA 02138, USA

We use recently developed angulon theory [1] to study the rotational
spectrum of a cyanide molecular anion immersed into Bose-Einstein
condensates of rubidium and strontium. Based on ab initio potential
energy surfaces, we provide a detailed study of the rotational Lamb
shift and many-body-induced fine structure which arise due to dress-
ing of molecular rotation by a field of phonon excitations. We demon-
strate that the magnitude of these effects is large enough in order to be
observed in modern experiments on cold molecular ions. Furthermore,
we introduce a novel method to construct pseudopotentials starting
from the ab initio potential energy surfaces, which provides a means
to obtain effective coupling constants for low-energy polaron models.

[1] R. Schmidt and M. Lemeshko, Phys. Rev. Lett. 114, 203001
(2015).

[2] B. Midya, M. Tomza, R. Schmidt, M. Lemeshko, Phys. Rev. A
94, 041601(R) (2016).

Q 30.8 Tue 16:15 N1
Numerical Simulation of a mobile Impurity in a BEC
— eTosias Lauscu!, FaBian Gruspt®, ArTUR WIiDERA!2, and
MicHAEL FLEiscHHAUER! — 'TU Kaiserslautern and Forschungszen-
trum OPTIMAS, Erwin-Schroedinger-Strasse 46, 67663 Kaiser-
slautern, Germany — 2Graduate School Materials Science in Mainz,
Gottlieb-Daimler Strasse 47, 67663 Kaiserslautern, Germany —
3Department of Physics, Harvard University, Cambridge, Mas-
sachusetts 02138, USA

Cooling atoms to ultracold temperatures, where quantum effects dom-
inante, has become a standard approach in experimental quantum
physics. An intriguing focus of research lies on impurity systems, aim-
ing on elucidating microscopic properties of thermalization or quasi-
particle formation in quantum systems. Recent experiments(1:2) shed
light on the bose polaron and the interaction between impurities and
a bose gas.  We thoretically model the thermalization dynamics of
a single impurity immersed into a BEC using Bogoliubov approxima-
tion. From the master equation, we derive the impurity’s momentum
resolved scattering and numerically simulate the ensuing cooling dy-
namics. We find a separation of relaxation time scales originating from
the superfluid nature of the condensate, indicating a prethermalized
state. Furthermore we discuss the possibuility to exploit the emerging
non-thermal impurity states to realize low-entropy quantum states by
applying external forces.

(1) Hu et al. PRL 117(2016), 055301

(2) Jorgensen et al. PRL 117 (2016), 055302

Q 31: Poster: Quantum Optics and Photonics |

Time: Tuesday 17:00-19:00

Q 31.1 Tue 17:00 P OGs
Observation of Four-body Ring-exchange Interaction and
Anyonic Fractional Statistics — eHan-Ning Darl23, Bine
Yanc!:2:3,  ANDREAs REINGRUBER?®, Hur Sunb3, Xiao-Fan
Xu?, Yu-Ao Cuenb34 Zuen-SuEne Yuanb2:3:4 and Jian-WEer
Pan1:2:3:4 _ 1Hefei National Laboratory for Physical Science at Mi-
croscal and Department of Modern Physics, University of Science and
Technology of China, Hefei, Anhui 230026, China — 2Physikalisches
Institut, Ruprecht-Karls-Universitit Heidelberg, Im Neuenheimer Feld
226, 69120 Heidelberg, Germany — 3CAS Center for Excellence and
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Synergetic Innovation Center in Quantum Information and Quantum
Physics, University of Science and Technology of China, Hefei, An-
hui, 230026, China — *CAS-Alibaba Quantum Computing Labora-
tory, Shanghai 201315, China — ®Department of Physics and Research
Center OPTIMAS, University of Kaiserslautern, Erwin-Schroedinger-
Strasse, Building 46, 67663 Kaiserslautern, Germany

We report the observation of four-body ring-exchange interactions and
the topological properties of anyonic excitations within an ultracold
atom system. A minimum toric code Hamiltonian in which the ring
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exchange is the dominant term, was implemented by engineering a
Hubbard Hamiltonian that describes atomic spins in disconnected pla-
quette arrays formed by two orthogonal superlattices.

Q 31.2 Tue 17:00 P OGs
Observation of Quantum Criticality and Luttinger Liquid in
One-dimensional Bose Gases — eBInc Yanc!3, Yanc-Yana
CuEN?, Yong-GuaNg ZuenG!:3, Hur Sun':3, Han-Ning Darls3,
X1-WeEN Guan?4, Zuen-SuENG YUuan!3 and Jian-WEr Pan!3 —
!Hefei National Laboratory for Physical Science at Microscal and De-
partment of Modern Physics, University of Science and Technology
of China, Hefei, Anhui 230026, China — 2State Key Laboratory of
Magnetic Resonance and Atomic and Molecular Physics, Wuhan In-
stitute of Physics and Mathematics, Chinese Academy of Science,
Wuhan 430071, Wuhan — 3Physikalisches Institut, Ruprecht-Karls-
Universitat Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg,
Germany — 4Department of Theoretical Physics, Research School of
Physics and Engineering, Australian National University, Canberra
ACT 0200, Australia

We report an observation of quantum criticality and the TLL in a sys-
tem of ultracold 87Rb atoms within 1D tubes. The universal scaling
laws are measured precisely and the characteristic critical temperatures
are determined by the double-peak structure of specific heat, confirm-
ing the existence of three phases: classical gas, quantum critical region
and the TLL. The Luttinger parameter estimated from the observed
sound velocity approaches the measured Wilson ratio (WR), which
reveals the collective nature of the TLL and the quantum fluctuations.

Q 31.3 Tue 17:00 P OGs
Universal many-body scattering matrix for strong sound-
wave turbulence in a dilute Bose gas — oIsaRa CHANTESANAL'Z:3
and THoMas GaseEnziR!3 — 1Kirchhoff-Institut fiir Physik, Ruprect-
Karls-Universitat Heidelberg, Im Neuenheimer Feld 227, 69120 Heidel-
berg, Germany — 2Institut fiir Theoretische Physik, Ruprect-Karls-
Universitat Heidelberg, Philosophenweg 16, 69120 Heidelberg, Ger-
many — 2ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum
fiir Schwerionenforschung GmbH, Planckstrafte 1, 64291 Darmstadt,
Germany

Far-from equilibrium dynamics of a dilute Bose gas is studied by means
of the two-particle irreducible effective action formalism. We investi-
gate the properties of non-thermal fixed points predicted previously,
which are related to non-perturbative strong wave turbulence solu-
tions of the many-body dynamic equations. The key ingredient of our
approach is a universal many-body scattering matrix in the infrared
limit, independent of the details of the microscopic interactions, which
is derived by a resummation of 2PI diagrams. The Boltzmann scatter-
ing integral is analyzed in order to find the scaling at the fixed points
which correspond to scaling exponents of sound wave turbulence. The
dynamics obtained depends on approximate conservation laws in mo-
mentum space, the scaling behaviour of the scattering matrix and the
dimensionality.

Q314 Tue 17:00 P OGs
Atom-cavity physics with a Bose-Einstein condensate in an
ultra-narrow band resonator — eJeNs KLINDER!, CHRISTOPH
GrorGEs', JoseE Varcas!, Hans KgessLer!, and ANDREAs
HemmEeRIcH2 — Institut fiir Laser-Physik, Universitit Hamburg —

2Wilczek Quantum Center, Zhejiang University of Technology

Bose-condensed atoms are trapped in a cavity operating in the ulti-
mate quantum regime, when the Purcell factor exceeds unity and the
frequency shift associated with scattering of a single photon exceeds
the cavity bandwidth. We explore topics such as recoil resolved cav-
ity sideband cooling [5], non-linear Bloch oscillations [4], matter wave
superradiance [3], physics of the Dicke model [2] and the bosonic Hub-
bard model with infinite range retarded interactions [1].

[1] J. Klinder et al., PRL 115, 230403 (2015).

[2] J. Klinder et al., PNAS 112, 3290 (2015).

[3] H. KeRler et al., PRL 113, 070404 (2014).

[4] H. KeRler et al., NJP 18, 102001 (2016).

[5] M. Wolke et al., Science 337, 85-87 (2012).

Q 31.5 Tue 17:00 P OGs
Beyond mean-field dynamics of ultra-cold bosonic atoms in
elongated traps — eVALENTIN BoLrsiNgEr'2, SveEn KRrONkE!-2,
and PETER ScHMELCHERD2 — Zentrum fiir Optische Quantentech-
nologien, Universitdt Hamburg, Luruper Chaussee 149, 22761 Ham-
burg, Germany — 2The Hamburg Center for Ultrafast Imaging, Uni-
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versitdt Hamburg, Luruper Chaussee 149, 22761 Hamburg, Germany

We explore numerically the impact of dimensionality on the quan-
tum dynamics of interacting bosons tunneling in a three dimensional
double well including particle correlations. Such kind of numerical
simulations are very challenging, due to (i) different participating
length scales in modeling the short-range interactions in three dimen-
sional traps and (ii) the exponential scaling of complexity with the
number of atoms. Also a sketch of our numerical method is given,
which is based on the recently developed ab-initio Multi-Layer Multi-
Configurational Time- Dependent Hartee method for Bosons (ML-
MCTDHB) [J. Chem. Phys. 139, 134103 (2013)], and which uses
the fact that in elongated traps strong spatial correlations are sup-
pressed due to the energy scales in the longitudinal and transversal
direction. Our implementation has got a linear scaling in the number
of grid points in contrast to other methods, using a product grid, with
cubic scaling [arXiv:1608.04710].

Q 31.6 Tue 17:00 P OGs
Loading and in-situ fluorescence imaging of ultracold potas-
sium in an optical trap — eToBiAs WINTERMANTEL, HENRIK HIR-
ZLER, ALDA ARIAS, STEPHAN HELMRICH, GRAHAM LOCHEAD, and
SHANNON WHITLOCK — Physikalisches Institut, Universitdt Heidel-
berg, Im Neuenheimer Feld 226, 69120 Heidelberg

Ultracold atoms provide a versatile toolbox to study many-body
physics with full access to the underlying microscopic properties. We
are currently setting up an experiment for potassium atoms confined
to reduced dimensions to study the effect of long-range interactions
introduced by Rydberg excitation.

We report on a major upgrade of the experimental apparatus to
include gray molasses cooling and a quantum gas microscopy setup.
Applying gray molasses cooling in a tight optical trap enhances the
direct loading from a compressed magneto-optical trap. Low temper-
atures and high phase-space densities are reached combined with fast
experimental cycle times of < 1 s. To image the atoms we placed an
aspheric objective lens inside the vacuum chamber, which allows direct
access to the spatial correlations between atoms. We present the first
fluorescence images of potassium-39 atoms in the dipole trap using
gray molasses.

Q 31.7 Tue 17:00 P OGs
Non-equilibrium dynamics of an F=1 spinor Bose-Einstein
condensate — eKEVIN GEIER', CHRISTIAN-MARCEL SCHMIED!,
SeBASTIAN ERNEZ3, and THoMAs GasEnzER! — !Kirchhoff-Institut
fiir Physik, Ruprecht-Karls-Universitat Heidelberg, Im Neuenheimer
Feld 227, 69120 Heidelberg, Germany — 2Institut fiir Theoretische
Physik, Ruprecht-Karls-Universitdt Heidelberg, Philosophenweg 16,
69120 Heidelberg, Germany — 3Vienna Center for Quantum Science
and Technology, Atominstitut, TU Wien, Stadionallee 2, 1020 Wien,
Austria

We study the dynamics of an F=1 spinor Bose-Einstein condensate
in one spatial dimension out of equilibrium by means of semi-classical
simulations. Our main focus lies on sudden quenches within the para-
magnetic phase, where the system is quenched near the critical point
of a phase transition by varying an external magnetic field. The time
evolution of the resulting non-equilibrium state including quantum ef-
fects is studied within the framework of the truncated Wigner ap-
proximation. To this end, the coupled Gross-Pitaevskii equations for
the fundamental fields are solved numerically using higher-order time-
splitting Fourier pseudospectral methods. We observe the formation of
soliton-like excitations and study their link to the build-up of correla-
tions in the system. By continuously tuning the interaction away from
an integrable point of the system, we further investigate the effects
of non-integrability on the observed dynamics. Our results are put
into relation with the concept of non-thermal fixed points and critical
phenomena.

Q 31.8 Tue 17:00 P OGs
Dynamics of a one-dimensional two-component Bose gas
quenched to criticality. — eMARTIN RABEL, MARKUS KARL, and
TraomMmas GAseENzZER — Kirchhoff-Institut fiir Physik, Im Neuenheimer
Feld 227, 69120 Heidelberg, Germany

We study the dynamics of a two-component Bose gas after a param-
eter quench into the proximity of a quantum critical point using an-
alytical, real-time effective-action techniques. The relative degrees of
freedom within the system can be described by a quasi-spin 1/2 model.
This model is subject to a mean-field paramagnetic to ferromagnetic
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quantum phase transition. For the full model this corresponds to a
transition from a miscible to an immiscible phase. The transition is
investigated in a dynamical setup: The initial state is the ground-state
configuration far away from criticality. Following a sudden quench
to criticality the time evolution of the emerging spin fluctuations is
analysed. In the one-dimensional system under investigation, the non-
vanishing energy introduced by the quench leads to a finite correlation
length during the induced time evolution. The finite critical correla-
tion length is determined within a leading-order 1/N approximation.
The obtained analytical results are compared with Truncated-Wigner
numerical simulations.

Q 31.9 Tue 17:00 P OGs
Goldstone mode in the quench dynamics of an ultracold
BCS Fermi gas: A full Bogoliubov-de Gennes approach —
oPETER KETTMANN!, StMON HANNIBALY, MIHAIL CROITORUZ, VOLL-
RATH MARTIN AxT3, and TiLmManN Kunn! — Institute of Solid State
Theory, University of Miinster — 2Condensed Matter Theory, Univer-
sity of Antwerp — 3Theoretical Physics ITI, University of Bayreuth

Ultracold Fermi gases are a convenient system to probe and study the
properties of phases like the BEC and the BCS phase and the crossover
in between those regimes. In particular, ultracold Fermi gases can be
used as a test bed to study the two fundamental dynamical modes
—the Higgs and the Goldstone mode— which result from spontaneous
symmetry breaking in these phases.

We investigate the Goldstone mode in the dynamics of a cigar-
shaped cloud of ultracold Li after an interaction quench on the BCS
side of the BCS-BEC crossover. To this end, we numerically solve
Heisenberg’s equations of motion for the Bogoliubov single-particle
excitations in the framework of the Bogoliubov-de Gennes (BdG) for-
malism. Extending previous studies, we use a full BdG approach in-
stead of the truncated Anderson solution. This improves the validity
in the strong-coupling regime and ensures a correct coupling of the
Goldstone mode to the trapping potential.

We study the impact of this extension on the dynamics of the single-
particle excitations and find an overall good qualitative agreement of
both solutions. However, some significant deviations occur predomi-
nantly in the case of strong coupling.

Q 31.10 Tue 17:00 P OGs
Universal scaling and non-thermal fixed points in spin sys-
tems — oSTEFANIE CziscHEK!, HALIL CakirR!, Markus Karr!,
MicHAEL KasTNER?, MaRrRkus K. OBERTHALER', and THOMAS
GaseEnzER! — 1Kirchhoff-Institut fiir Physik, Im Neuenheimer Feld
227, 69120 Heidelberg, Germany — 2Institute of Theoretical Physics,

University of Stellenbosch, Stellenbosch 7600, South Africa

We study the dynamical build-up of correlations after sudden quenches
in spin systems using the discrete truncated Wigner approximation.
In particular, we consider quenches from large external fields into the
vicinity of a quantum critical point within the paramagnetic phase.
We calculate correlation lengths and study their time evolution at dif-
ferent distances from the critical point. For the transverse-field Ising
chain, we find that the discrete truncated Wigner approximation is in
good agreement with exact analytical and numerical results. Our ex-
act results show that the correlation function takes the form given by a
generalized Gibbs ensemble already after short times and small relative
distances, which is also found in the discrete truncated Wigner approx-
imation. The agreement of both results for quenches into the vicinity
of the critical point suggests that the discrete truncated Wigner ap-
proximation may be used to determine the correlation dynamics after
quenches for spin systems which are not exactly solvable, in one and
higher dimensions.

Q 31.11 Tue 17:00 P OGs
Probing Relaxation at the Many-Body Localization Transi-
tion with Ultracold Fermions in Optical Lattices — eSEBASTIAN
Scuerc!2, HeNRIK LUscHEN'2, PranjaL Borpial2, ULRicH
ScunemER23 and ImmaNUEL Brocu!? — 'Ludwig-Maximilians-
Universitét, Schellingstr. 4, 80799 Miinchen, Germany — 2?Max-
Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Str. 1, 85748
Garching, Germany — 3Cavendish Laboratory, University of Cam-
bridge, J. J. Thomson Avenue, Cambridge CB3 OHE, United Kingdom

The phenomenon of Many-Body Localization (MBL) describes a
generic non-thermalizing phase in which quantum information can
persist locally up to infinite times. This phase is separated from a
phase obeying the Eigenstate Thermalization Hypothesis via a disor-
der driven, dynamical phase transition, which happens not only in the
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ground state but over an extended range of excited states. While the
dynamical structure deep in the MBL phase is arguably well under-
stood in one dimension, there is a paucity of results close to the critical
point and in higher dimensions.

In this work, we report on the observation of MBL in one and two
dimensions. We directly probe the transition points finding critically
slow relaxation below the critical disorder strength in both 1D and 2D.
The slow dynamics in 1D can be attributed to Griffiths type effects.
‘We highlight the importance of interactions, which strongly govern the
behavior around the critical point.

Q 31.12 Tue 17:00 P OGs
Sub-Doppler laser cooling of fermionic 40K atoms in gray op-
tical molasses — eMax HAcHMANN, ROBERT BUCHNER, RAPHAEL
EICHBERGER, and ANDREAS HEMMERICH — Institut fiir Laser-Physik,
Universitdt Hamburg

Most experiments on quantum degenerate gases begin with a laser
cooling phase that is followed by evaporative cooling in a conservative
trap. The final quantum degeneracy strongly depends on the temper-
ature at the end of the laser cooling phase and sub-Doppler cooling is
often a key ingredient for initiating efficient evaporation. In our ex-
periment for fermionic 40K a cooling cycle on the D2 transition for a
bright optical molasses has been used. However, 40 K features a nar-
row hyperfine structure in the excited state of the D2 transition that
hinders efficient sub-Doppler cooling by cooling to the red of this tran-
sition. The same is true for other isotopes of potassium and lithium.
To overcome this limitation a gray molasses cooling scheme on the D1
transition at 770 nm can be implemented to produce cold and dense
atomic samples. Here we report on the current progress of the experi-
mental implementation.

Q 31.13 Tue 17:00 P OGs
Fermi in Dipolar Fermi Gases
oVLADIMIR VELJIG!, ANTUN Baraz', and AxeL PELSTER? —
1Scientific Computing Laboratory, Center for the Study of Complex
Systems, Institute of Physics Belgrade, University of Belgrade, Serbia
— 2Physics Department and Research center OPTIMAS, Technical

University of Kaiserslautern, Germany

Surface Deformation

In a recent time-of-flight (TOF) expansion experiment with ultracold
polarized fermionic erbium atoms, TOF images show that the atomic
cloud has an ellipsoidal shape, with an elongation in the direction of
atomic dipoles [1]. The Hartree-Fock mean-field theory presented in
Refs. [2,3], which was restricted to the orientation of dipoles along one
of the harmonic trap axes, is generalized here for an arbitrary orienta-
tion of dipoles. Afterwards, using this approach we analyze the result-
ing Fermi surface deformation, calculate TOF dynamics, and solve the
corresponding Boltzmann-Vlasov equation within the relaxation-time
approximation in the vicinity of a new equilibrium configuration by
using a suitable rescaling of the equilibrium distribution. The result-
ing ordinary differential equations of motion for the scaling parameters
are solved numerically for experimentally relevant parameters at zero
temperature. A comparison of our analytical and numerical results
with the Innsbruck experimental results [1] is also presented.

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

[2] F. Wachtler, A.R.P. Lima, and A. Pelster, arXiv:1311.5100 (2013).
[3] V. Velji¢, A. Balaz, and A. Pelster, arXiv:1608.06448 (2016).

Q 31.14 Tue 17:00 P OGs
Towards second sound in a quasi two dimensional Fermi gas
— eDaNIEL HorrFMANN, THOMAS PAINTNER, WOLFGANG LIMMER,
and JonANNEs HECKER DENscHLAG — Universitdt Ulm, Institut fir
Quantenmaterie, Deutschland

Excitations in ultracold quantum gases have become a versatile tool
to unveil fundamental thermodynamics. Especially the properties of
superfluidity have been investigated extensively using local or global
excitations. One phenomena which has recently been demonstrated in
a quantum gas experiment is second sound excitation (see [1]). In this
experiment entropy waves were excited in a suprafluid/normal fluid
mixture and were detected by means of density modulation.

In the project presented here, we extend the work on second sound
to quasi two dimensional gases. We use a degenerate Fermi gas of
6Li loaded into a highly anisotropic trap, where the conditions of a
quasi 2D Fermi gas can be fulfilled. To excite second sound, we use an
intensity-modulated laser beam focused on the trap center to generate
entropy waves. Detecting density modulations in the Fermi gas enables
us to extract the second sound excitation. Our presentation shows first
results towards second sound in a quasi 2D interacting Fermi gas.
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[1]: Sidorenkov et al., Nature 498, 78-81 (2013)

Q 31.15 Tue 17:00 P OGs
Quench dynamics and equilibrium behavior in a spinless
Fermi-Hubbard ladder with dipolar interactions — ePHILIPP
FaBriTius and SHANNON WHITLOCK — Physikalisches Institut, Uni-
versitiat Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg

We report on theoretical simulations of a spinless Fermi-Hubbard
model on a two-leg ladder with anisotropic long-range dipolar inter-
actions. Using a density-matrix renormalization group approach we
obtain the quantum phase diagram. We also present results on the
dynamical evolution of the system following a quantum quench from
an insulating to an interlayer superfluid phase. These results have rele-
vance for future experiments which aim to use quantum gas microscopy
to reveal exotic superfluid and magnetic phases with ultracold atoms.

Q 31.16 Tue 17:00 P OGs
An experiment to initialize and study the Fermi-Hubbard
model atom by atom — ePHiLLIP WIEBURG, KAl MORGENER,
THoMAas LoMmpPE, and HENNING MoRITZ — Institut fiir Laserphysik,
Universitat Hamburg, Luruper Chaussee 149, 22761 Hamburg, Ger-
many

Investigating the Fermi-Hubbard model with cold atoms is typically
done by evaporatively cooling an ultracold Fermi gas and loading it
into a large optical lattice. In contrast, we plan to build up a Fermi-
Hubbard system site by site using optical microtraps. Each microtrap
will contain a single atom cooled to the vibrational ground state by
Raman-sideband cooling. This technique combines fast experimen-
tal cycle times with single site addressability and detection and al-
lows studying the fundamental processes governing the Fermi-Hubbard
model in a bottom-up approach.

Here we report upon the commissioning of this new experiment,
which is going to be able to cool a gas of 40K to quantum degeneracy
as well as to directly lasercool single atoms into optical microtraps.
We have already lasercooled 39K and 40K atoms and trapped them
magnetically. Further cooling of the atoms will be performed using
Raman-sideband cooling [1,2]. In order to image and to manipulate
the atoms with high spatial resolution, our setup is equipped with
a novel type achromatic imaging system located inside the vacuum
chamber.

[1] A.M. Kaufman et al., Physical Review X 2 041014 (2012).

[2] L. W. Cheuk et al., Phys. Rev. Lett. 114, 193001 (2015).

Q 31.17 Tue 17:00 P OGs
Anomalous heating in ion traps: where does the noise orig-
inate? — eCaARrsTEN HENKEL!, HENNING KAUFMANNZ, and UL-
rRicH PoscHINGER? — ! Universitit Potsdam — 2 Johannes-Gutenberg-
Universitat Mainz

Trapped ions that are laser-cooled to the ground state of a Paul trap
provide a promising platform for quantum information processing and
surface analysis. The ions are subject to fluctuating electric fields em-
anating from the surrounding electrodes which lead to a finite heating
rate whose detailed behaviour is not yet fully understood (patch poten-
tials, surface adsorbates, temperature and distance dependence ...)[1].
Building on a recent model with metallic electrodes covered by a thin
lossy dielectric [2], we investigate the spatial distribution of the charge
fluctuations that generate the electric field noise. We analyze for ex-
ample the interference that is at the origin of the maximum of noise for
films with a certain thickness [3, 4]. The aim is to mitigate anomalous
heating with suitably coated electrodes that screen the dominant noise
sources.

[1] M. Brownnutt, M. Kumph, P. Rabl, and R. Blatt, Rev. Mod.
Phys. 87 (2015) 1419

[2] M. Kumph, C. Henkel, P. Rabl, M. Brownnutt, and R. Blatt,
New J. Phys. 18 (2016) 023020

[3] S. Bauer, Am. J. Phys. 60 (1992) 257

[4] S. A. Biehs, D. Reddig, and M. Holthaus, Eur. Phys. J. B 55
(2007) 237; S. A. Biehs, Eur. Phys. J. B 58 (2007) 423

Q 31.18 Tue 17:00 P OGs
A hybrid atom-ion trap for ultracold Li and YbT — eJanNIs
Jocer!, HENNING FORsT!, NorRMAN EwaLD!, THOMAS SECKERZ,
TuoMmas FELDKER!, and RENE GERRITsSMA! — !Institute of Physics,
University of Amsterdam, Netherlands — 2Institute for Coherence and

Quantum Technology, TU Eindhoven, Netherlands

Our setup for realising a hybrid system of ultra-cold atoms and ions
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is presented. This setup allows studying the quantum dynamics of
mixtures of fermionic atoms and ions. Recent experiments have shown
that the time-dependent trapping field of the ions can cause heating in
hybrid atom-ion systems [1]. One way to mitigate this problem is to
employ ion-atom combinations with a large mass ratio [2]. The highest
convenient mass ratio - for species that still allow for straightforward
laser cooling - is achieved by using the combination 171Yb* and 6Li.

Combining ion trapping technology with ultra-cold lithium poses
particular challenges that we address on this poster. We present nu-
merical simulations showing that the s-wave limit may be reached in
our setup, opening up the possibility of studying atom-ion Feshbach
resonances [3] and show our first experimental results of atom-ion in-
teractions.

[1] Z. Meir et al., arXiv:1603.01810 (2016)

[2] M. Cetina et al., Phys. Rev. Lett. 109, 253201 (2012).

[3] M. Tomza, C.P. Koch and R. Moszynski, Phys. Rev.
042706 (2015).
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Q 31.19 Tue 17:00 P OGs

Laser cooling of Dysprosium — eNIELs PETERSEN, FLORIAN
MUHLBAUER, CARINA BAUMGARTNER, LENA MASKE, and PATRICK
WINDPASSINGER — QUANTUM, Institut fiir Physik, Johannes

Gutenberg-Universitdt Mainz, Staudingerweg 7, 55128 Mainz, Ger-
many

Ultra-cold dipolar quantum gases enable the study of many-body
physics with long-range, inhomogeneous interaction effects due to the
anisotropic character of the dipole-dipole interaction. These systems
are expected to show novel exotic quantum phases and phase tran-
sitions which can be studied with dysprosium atoms. Dysprosium is
a rare-earth element with one of the largest ground-state magnetic
moments (10 Bohr magnetons) in the periodic table. Therefore, the
dipole-dipole interaction is not a small perturbation but becomes com-
parable in strength to the s-wave scattering. This influences signifi-
cantly the physical properties of the trapped atomic sample, such as
its shape and stability.

This poster presents the current status of our experimental setup to
generate dysprosium quantum gases. We discuss the relevant proper-
ties of dysprosium and present our laser system and vacuum design.
‘We present spectroscopic measurements of the relevant cooling transi-
tions and show our progress towards laser cooling of dysprosium atoms
in a magneto optical trap.

Q 31.20 Tue 17:00 P OGs
The role of particle (in-)distinguishability for many-particle
dynamics in optical lattices — eToBias BRUNNER, GABRIEL
Durour, ALBERTO RODRIGUEZ, and ANDREAS BUCHLEITNER —
Physikalisches Institut, Universitdt Freiburg, Hermann-Herder-Str. 3,
D-79104 Freiburg, Germany

Much attention has been dedicated so far to the dynamical impact of
interactions - which often can be associated with the progressive sup-
pression of coherence phenomena. On the other hand, little is known
on the fundamental role of the interacting particles* degree of mutual
(in-)distinguishability in such experiments, while we have learnt from
a new generation of photonic interference experiments and theory that
controlling the degree of (in-)distinguishability unveils a panoply of
novel many-particle interference phenomena. We import this program
into the realm of controlled, interacting many-particle quantum sys-
tems, specifically for cold atoms in optical lattices, and identify statisti-
cal, experimentally readily accessible quantifiers to infer the particles*
degree of distinguishability.

Q 31.21 Tue 17:00 P OGs
Quantum Hall physics with quantum walks in a synthetic
magnetic field — eMUHAMMAD SAJID, DIETER MESCHEDE, and AN-
DREA ALBERTI — Wegelerstr. 8 - 53115

Simulation of quantum transport with discrete-time quantum walks
(DTQWs) have been realized in various experiments including ultra-
cold neutral atoms in optical lattices [1]. For example, the behavior
of charged particles in a periodic potential subject to an external elec-
tric field has been simulated with neutral atoms in spin-dependent
one-dimensional optical lattices [2].

Here, we propose a scheme based on DTQWs to recreate integer
quantum Hall (IQH) physics with pseudo-spin-1/2 particles. Quan-
tum walks are particularly suited to study the limit of strong fields.
We compute the bulk topological invariants, i.e. the Chern numbers
of the bands, of DTQWs in a synthetic magnetic field. Further, we
discuss an experimental proposal based on realistic experimental con-
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ditions, which uses neutral atoms to implement synthetic magnetic
fields in a DTQW. Our experimental proposal permits to dial any
synthetic magnetic field landscape, including those with sharp spatial
boundaries, along which matter waves are expected to flow without
dissipation into the bulk.

[1] M. Karski et al., Science 325, 174 (2009). [2] M. Genske et al.,
Phys. Rev. Lett. 110, 190601 (2013).

Q 31.22 Tue 17:00 P OGs
Imaging topologically protected transport in 2D optical
lattices — eFaLk-RicHARD WINKELMANN, STEFAN BRAKHANE,
ALEXANDER KnNIEPs, GEoL Moon, Gautam Ramora, CARSTEN
RoBENS, Max WERNINGHAUS, WOLFGANG ALT, DIETER MESCHEDE,
and ANDREA ALBERTI — Institut fiir Angewandte Physik - Uni Bonn

Discrete time quantum walks (DTQWs) of neutral atoms in 2D optical
lattices provide a versatile platform to simulate topological phenomena
arising in condensed matter and artificial gauge fields.

With our recently completed 2D quantum simulator we investigate
topologically protected transport, using DTQWs in two dimensions [1].

We make use of polarization-synthesized lattice beams todetermin-
istically transport neutral Cs atoms depending on their internal state.
A high numerical aperture (NA = 0.92) objective lens enables us to
image and address atoms with single site resolution [2].

We present how we plan to utilize aspatial light modulator to real-
ize a spatially resolved coin operation, which will enable us to prepare
topologically protected edge states between regions with different topo-
logical phases.

[1] Groh, et al. Robustness of topologically protected edge states in
quantum walk experiments with neutral atoms. Phys. Rev. A, 94, Jul
2016. [2] Robens, et al. A high numerical aperture (na = 0.92) objec-
tive lens for imaging and addressing of cold atoms. arXiv:1611.02159,
2016.

Q 31.23 Tue 17:00 P OGs
Rydberg excitations of cold atoms inside a hollow-core fiber
— eMARIA LANGBECKER, MoOHAMMAD NoaMAN, CHANTAL VoOss,
Maik SELcH, FLORIAN STUHLMANN, and PATRICK WINDPASSINGER
— QUANTUM, Institut fiir Physik, Johannes Gutenberg-Universitat
Mainz, Staudingerweg 7, 55128 Mainz, Germany

Cold atoms inside hollow-core fibers present a promising candidate to
study strongly coupled light-matter systems. Combined with the long
range Rydberg interaction which is controlled through an EIT process,
a corresponding experimental setup should allow for the generation of
a strong and tunable polariton interaction. Using this scheme, novel
photonic states can be generated and studied with possible applica-
tions in quantum information and simulation.

This poster presents our experimental setup with laser cooled Ru-
bidium atoms inside a hollow-core fiber. We explain the details of our
transport procedure of the cold atoms into the fiber using an opti-
cal conveyor belt and show the first measurements of cold Rydberg
excitations inside the fiber. In addition, we present the characteri-
zation of Kagomeé-type hollow-core fibers whose properties allow for
simultaneous atom guiding and two-photon Rydberg EIT excitation.
Finally, we show our progress towards Rydberg quantum optics in a
quasi-one-dimensional geometry.

Q 31.24 Tue 17:00 P OGs
Toward a photon-photon quantum logic gate based on Ryd-
berg interactions — eSTEFFEN SCHMIDT-EBERLE, DANIEL TIARKS,
THOMAS STOLZ, STEPHAN DURR, and GERHARD REMPE — MPI fiir
Quantenoptik, Hans-Kopfermann-Str. 1, 85748 Garching

The experimental realization of a photon-photon quantum logic gate
based on a scheme which is not inherently probabilistic was a long-
standing goal, which has been reached only recently, using a single
atom in an optical resonator [1]. We pursue the same goal following
a different approach in which the required strong interactions are
generated by the gigantic van der Waals interaction between Rydberg
atoms. A crucial ingredient needed for such a gate is an optical 7 phase
shift generated by a single photon, which we demonstrated recently
[2]. We now extended the scheme of Ref. [2] by storing an incoming
photonic polarization qubit in a quantum memory consisting of an
atomic ground state and a Rydberg state. We report on the imple-
mentation of this scheme in our experimental setup and quantitative
studies of its performance.

[1] B. Hacker et al. Nature 536, 193 (2016).
[2] D. Tiarks et al. Science Advances 2, 1600036 (2016).
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Q 31.25 Tue 17:00 P OGs
Probing many-body states of interacting Rydberg atoms via
fluorescence imaging. — eHEeNRIK HIRzLER, ToBiAS WINTER-
MANTEL, STEPHAN HELMRICH, ALDA ARIAS, GRAHAM LOCHEAD, and
SHANNON WHITLOCK — Physikalisches Institut, Universitdt Heidel-
berg, Im Neuenheimer Feld 226, 69120 Heidelberg

Trapped ultracold atoms excited to Rydberg states provide a widely
controllable platform for strongly-interacting many-body physics. We
recently showed that the competition between driving fields, dissipa-
tion and interactions leads to several interesting dynamical regimes
which exhibit scaling behavior [1]. We expect this is associated with
the emergence of strong spatial correlations between the excited atoms.
To probe these correlations we will optically down-pump the excited
Rydberg atoms and then measure their fluorescence using a high-
resolution imaging system, consisting of a high-NA objective lens and a
high quantum efficiency camera. We will report progress towards spa-
tially resolving correlations induced by Rydberg-Rydberg interactions
down to single atom level.

[1] Helmrich, S et al. ”Scaling of a long-range interacting quantum
spin system driven out of equilibrium”, arXiv:1605.08609, 2016

Q 31.26 Tue 17:00 P OGs
Simulation of 3D atomic Bragg beam splitters — o ANTIE
NEUMANN and REINHOLD WALSER — Institut fiir Angewandte Physik
TU-Darmstadt, Darmstadt, Germany

Atoms are the ultimate quantum sensors. In the configuration of an
atom interferometer they provide the opportunity of high-precision
rotation and acceleration sensing. Potential applications are inertial
navigation, geological exploration and fundamental physics. In the
QUANTUS free-fall experiments atom interferometry is the central
method as well.

Like in optical systems, matter wave devices like traps, beam split-
ters and mirrors require specifications and ubiquitous imperfections
need to be quantified. In particular, we study the response and aber-
rations due to spatio-temporal laser beam envelopes, wave front curva-
tures and spontaneous emission of a Bragg beam splitter. We present
results of numerical and analytical studies of the velocity dependence
of the complex reflectivities of the beam splitter. Finally, this is ap-
plied to obtain the diffraction efficiency of a Bragg beam splitter for
thermal and Bose-condensed atomic ensembles.

Q 31.27 Tue 17:00 P OGs
Atomic lensing with aberrations — eWoLrFcANG ZELLER!, AL-
BERT Roural, Worrcanc P. SchHLEICH!, and THE QUANTUS
TEAM!:2:3:4,5,6,7.8 __ lIngtitut fiir Quantenphysik, Universitit Ulm
— 2Institut fiir Quantenoptik, LU Hannover — 3ZARM, Universitét
Bremen — “Institut fiir Physik, HU Berlin — ®Institut fiir Physik,
JGU Mainz — SInstitut fiir angewandte Physik, TU Darmstadt —
"MUARC, University of Birmingham, UK — 8Lab. Kastler Brossel,
E. N. S., France

The field of light-pulse atom interferometers has made an enormous
progress in precision with a wealth of applications since the first ex-
periments 25 years ago. Improving the resolution by means of longer
interferometer times is, however, accompanied by a loss in the signal-
to-noise ratio because of the decreasing density of the cloud. Although
atomic lensing (also known as delta-kick cooling) can mitigate this
problem (see Ref. [1], for instance), we illustrate that possible “lens
aberrations” caused by potential anharmonicities can give rise to non-
trivial features of the atomic cloud [2]. In particular, we investigate
their relevance in the context of recent QUANTUS and future high-
precision experiments.

The QUANTUS project is supported by the German Space Agency
DLR with funds provided by the Federal Ministry for Economic Affairs
and Energy (BMWi) under grant number 50WM1556.

[1] H. Miintinga et al., Physical Review Letters 11, 093602 (2013).
[2] W. Zeller, A. Roura and W. P. Schleich, in preparation.

Q 31.28 Tue 17:00 P OGs
Geometric Phases in Light-Pulse Atom Interferometry —
eSTEPHAN KLEINERT, WoOLFGANG P. ScHLEICH, and THE QUAN-
TUS TeAM — Institut fiir Quantenphysik and Center for Integrated
Quantum Science and Technology (IQST), Universitdt Ulm

In the presence of a time-dependent Hamiltonian, a quantum state
accumulates, apart from a dynamical phase, a geometric phase which
solely depends on the topology of the projective Hilbert space.
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We investigate the topological effects of the internal as well as the
external degrees of freedom in atom interferometers. Within the gen-
eral framework of the representation-free description of light-pulse
atom interferometry [1] we separate the geometric phase from the
dynamical phase contributions and propose an interferometer pulse
sequence that measures the geometric phase.

The QUANTUS project is supported by the German Space Agency
(DLR) with funds provided by the Federal Ministry for Economics
and Energy (BMWi) under grant number 50WM1556.

[1] S. Kleinert, et al., Representation-free description of light-pulse
atom interferometry including non-inertial effects, Physics Reports
605, 1 (2015).

Q 31.29 Tue 17:00 P OGs
Elements of a guided electron based quantum electron mi-
croscope — ®ROBERT ZIMMERMANN, PHIiLIPP WEBER, and PETER
HoMMELHOFF — Department Physik, Friedrich-Alexander-Universitit
Erlangen-Niirnberg (FAU), Erlangen

This poster reports on the manipulation of free electrons using mi-
crowave electric fields applied to micro-structured chips. The working
principle is the same as for the Paul trap, i.e. a microwave potential
applied to electrodes causes an oscillating electric field by which the
electrons can be guided [1]. Based on the first designs of a planar
quadrupole guide [2][3] and of an electron beam splitter [4], we discuss
the improved confinement from using two electrode chips. Lastly, the
design of an electron resonator and its first experimental results are
presented. In contrast to conventional electron optics, the transverse
confinement naturally provides discretized motional quantum states
that govern the electron motion. The goal is to employ these quantum
states to show interaction-free measurements [5] with free electrons,
which would pave the way for the development of the quantum elec-
tron microscope [6].

[1] W. Paul, Rev. Mod. Phys. 62, 531 (1990) [2] J. Hoffrogge, R.
Frohlich, M. A. Kasevich and P. Hommelhoff; Phys. Rev. Lett. 106,
193001 (2011) [3] J. Hoffrogge and P. Hommelhoff; New J. Phys. 13,
095012 (2011) [4] J. Hammer, et al.; Phys. Rev. Lett. 114, 254801
(2015) [5] P. Kwiat, et al.; Phys. Rev. Lett. 74, 4763 (1995) [6] W. P.
Putnam and M. F. Yanik; Phys. Rev. a 80, 040902(R) (2009)

Q 31.30 Tue 17:00 P OGs
The moiré fieldmeter: an atom optics tool for electric and
magnetic field measurements — eANDREA DEMETRIO!, PIERRE
LANSONNEUR?, SiMON MULLER!, PaTrRick NEDELEC?, and MARKUS
K. OBERTHALER! — 1Kirchhoff-Institut fiir Physik, Im Neuenheimer
Feld 227, 69120 Heidelberg (DE) — 2Institut de Physique Nucleaire de
Lyon, Batiment Paul Dirac, 4 rue E. Fermi, 69622 Villeurbanne (FR)

We report on the development of a fieldmeter which employs the moiré
effect to determine the magnitude of electric and magnetic fields in the
experimental region.

The device is composed by three material gratings with micrometric
periodicity. A diffused beam of particles going through the gratings
forms a pattern with the same periodicity as the gratings themselves.
A force acting on the particles causes a shift of this pattern, which
is proportional to the acceleration perpendicular to the orientation of
the slits. Comparing this shift for different ions, the intensity of the
external fields can be measured. With the use of three ion species with
different charge-to-mass ratios, it is possible to decouple the effects of
magnetic and electric fields.

Here we show the use of this device in the scope of the ATLIX project
(Antiproton Talbot-Lau Interferometry eXperiment) as a way to en-
sure that the fields inside the experimental region are below the critical
limits which would hinder its realization. The data have been taken
with the use of a ECR ion source in Heidelberg, where a prototype of
the experiment is currently being built.

Q 31.31 Tue 17:00 P OGs
Nuclear spin register in diamond and their application —
eTromas UnpeN!, Zunenyu Wanag?, Jorce Casanova?, Boris
Navypenov!, ALex REeTzkerR?, MarTiIN B. PLENIO?, and FEDOR
JELEzKO! — !Institut fiir Quantenoptik, Universitat Ulm — 2Institut
fiir Theoretische Physik, Universitit Ulm — 3Racah Institute of
Physics, Hebrew University of Jerusalem

Nuclear spin register in diamond open several ways towards the un-
derstanding of future quantum technology. Using a single, cotrollable
electron spin nearby, our nuclear register is controllable and can be
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used for quantum information tasks like quantum error correction as
well as improved metrology.

Q 31.32 Tue 17:00 P OGs
Atom-chip interferometry with Bose-Einstein condensates —
eMaTTHIAS GERSEMANN', SVEN ABEND!, MARTINA GEBBEZ, HOL-
GER AHLERsS!, HAUKE MUNTINGAZ, CHRISTIAN SCHUBERT!, WOLF-
canG ErrMER!, CLAUs LAMMERzAHL?, ERNsT M. RaseL!, and THE
QUANTUS TteAMb2:3:456 — Institut fiir Quantenoptik, LU Han-
nover — 2ZARM, Uni Bremen — 3Institut fiir Physik, HU zu Berlin
— 4Institut fiir Quantenphysik, Uni Ulm — SInstitut fiir Angewandte
Physik, TU Darmstadt — SInstitut fiir Physik, JGU Mainz

The small spatial and momentum width of ultracold atoms such as
Bose-Einstein condensates (BEC) makes them very well suited for high
precision atom interferometry. In our atom-chip setup we generate a
87Rb BEC and are able to perform Bragg interferometry with high fi-
delity. Introducing a relaunch mechanism allows us to span a fountain
geometry including all required atom-optical operations in a volume of
less than a one centimeter cube. This geometry enables the operation
of a quantum gravimeter based on a Mach-Zehnder type interferometer
sequence with a free-fall time of 7" = 25ms. Additionally techniques
like delta-kick collimation, Stern-Gerlach type deflection, higher-order
and double Bragg beam splitters are studied in detail. This work is
supported by the German Space Agency (DLR) with funds provided
by the Federal Ministry for Economic Affairs and Energy (BMWi) due
to an enactment of the German Bundestag under grant numbers DLR
50WM1552-1557 (QUANTUS-IV-Fallturm).

Q 31.33 Tue 17:00 P OGs
Atom-chip based BEC sources for compact and transportable
experiments — eH. Hemwe!, J. MartHias!, N. Grove!, M.
SaneLcozIN!, A. KassNner?, M. Recuer?, S. Asenp!, S. T.
Semer!, W. Herr!, M. C. Wurz2, J. MULLER?, W. ERTMER!,
and E. M. RaseL! — 'IQ, Leibniz Universitit Hannover — 2IMPT,
Leibniz Universitat Hannover — 3IfE, Leibniz Universitit Hannover

Cold atom interferometers are starting to be used as inertial sensors
in geodetic measurement campaigns competing with state-of-the-art
classical sensors but are limited in accuracy by the residual thermal
expansion of the atomic ensemble. Meanwhile, atom chips have been
used to create Bose-Einstein condensates (BECs) with high repetition
rates, providing a source of low expanding atomic ensembles ideal for
compact and transportable precision experiments.

On this poster we will contrast our current atom-chip source with
the features of the next generation atom chips targeting higher flux,
compactification and simplification. The flux can be increased by uti-
lizing non-adhesive conjunction techniques, leading to better vacuum
quality and hence lowering background collision losses. With advanced
electrical contacting of the chip and simplification in the optical setup,
very compact and transportable systems can be realized.

This work is supported by the Deutsche Forschungsgemeinschaft
(DFG) in the scope of the SFB 1128 geo-Q and by the German Space
Agency (DLR) with funds provided by the Federal Ministry for Eco-
nomic Affairs and Energy (BMWi) due to an enactment of the German
Bundestag under grant number DLR 50WM1650.

Q 31.34 Tue 17:00 P OGs
Precision gravity measurements with Very Long Base-
line Atom Inteferometry — eCuRISTIAN MEINERS, DOROTHEE
TELL, ETIENNE WODEY, DENNIS SCHLIPPERT, CHRISTIAN SCHUBERT,
WoLrGganGg ERTMER, and ErnNsT M. RaserL — Institut fiir Quan-
tenoptik, Gottfried Wilhelm Leibniz Universitat Hannover

Matter-wave interferometers are a novel method for probing inertial
forces as rotations and accelerations. By using quantum objects as
test masses they can reach extremely high stability and low system-
atic uncertainty. One direction of development of these sensors is the
compactification to make them applicable in field geodesy whereas an
other development is to extend the baseline from tens of centimeters
to several meters, to increase the sensitivity which scales with the free
fall time squared. Our very long baseline atom interferometer (VL-
BAI) will not only establish a complementary method to state of the
art gradiometers and superconducting gravimeters when operated with
a single species but also aims at quantum tests of the universality of
free fall at levels comparable to the best classical tests and beyond by
utilizing two different atomic species.

We present our strategies and recent progress on the construction
of a VLBAI facility in Hannover, implementing ultra-cold samples of
rubidium and ytterbium atoms, a magnetically shielded interferomtry
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region, and a state of the art vibration isolation.

The VLBALI facility is a major research equipment funded by the
DFG. We also acknowledge support from the CRCs 1128 "geo-Q" and
1227 "DQ-mat" and the RTG 1729.

Q 31.35 Tue 17:00 P OGs
A compact diode laser system for atom interferometry on a
sounding rocket — eVLADIMIR SCcHKOLNIK!2, OrRTWIN HELLMIG3,
ANDRE WENzLAWSKI?, JENS GRosse®, Anja KowrrLpT?, KLAUS
DORINGSHOFF!, ANDREAS WICHT?, PATRICK WINDPASSINGER?,
Kraus SenasTock®, CrLaus BRAXMAIER®S, Markus Krutzik!,
AcHiM PeTERsY2, and THE MAIUS Team!b:2:3:45.6,7 __ lIngtitut
fiir Physik, Humboldt-Universitit zu Berlin — 2FBH Berlin — 3U
Hamburg — *JGU Mainz — °ZARM U Bremen — SDLR Bremen —

LU Hannover

Laser systems with precise and accurate frequencies are one of the
key elements in modern precision experiments based on atom interfer-
ometers and atomic clocks. Future space missions including quantum
interferometry based gravity mapping, tests of the equivalence princi-
ple or the detection of gravitational waves rely on robust and compact
lasers with high mechanical and frequency stability.

Here we present a compact diode laser system for atom interferom-
etry with ultra-cold atoms aboard sounding rockets. Our laser system
is flight-proven through successful operation in the MAIUS mission.
Design, assembly and qualification of the laser system as well as its
performance during the flight are discussed.

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 numbers DLR 50WM 1237-1240, and 1345.

Q 31.36 Tue 17:00 P OGs
Testing the Universality of Free Fall with cold atoms —
eHENNING ALBERS, DIPANKAR NATH, LocaN L. RicHARDSON, DEN-
NIS SCHLIPPERT, CHRISTIAN SCHUBERT, WOLFGANG ERTMER, and
ErnsT M. RAseL — Institut fiir Quantenoptik, Leibniz Universitat
Hannover, Welfengarten 1, 30167 Hannover

The development of cold atom sensors has given rise to a unique and
broad field of applications. They can be used for inertial sensing and
as well as fundamental tests of the laws of physics. By performing
a differential measurement of the Earth’s local gravitational accelera-
tion, g, of two distinct atomic species, namely 39K and 87Rb, we are
able to provide a sensitive test of the Universality of Free Fall (UFF)
with atomic test masses [1].

In this work, we show the recent progress towards testing the UFF
with an inaccuracy on the level of 10~9. To reach this goal we uti-
lize an optical dipole trap at 1960 nm. In addition, the correction of
ground coupled inertial noise, measured by a commercial seismometer,
in an atom interferometer is an important aspect, both for the real-
ization of transportable atom gravimeters, as well as the 10 m Very
Long Baseline Atom Interferometer (VLBAI) apparatus working with
Rb and Yb [2].

[1] D. Schlippert et al., Phys. Rev. Lett. 112, 203002 (2014)

[2] J. Hartwig et al., New J. Phys. 17, 035011 (2015)

Q 31.37 Tue 17:00 P OGs
Pushing quantum sensor technology towards ultra-compact
and integrated setups — eMarc CHRriST!, AcHIM PETERs!,
Markus Krutzik!, and Tue KACTUS Tram!:23 — lInstitut
fiir Physik, Humboldt-Universitdt zu Berlin — 2Ferdinand-Braun-

Institut, Berlin — 3Leibniz Universitat Hannover

Reliable long-term operation of integrated quantum sensors in space
imposes challenging requirements on the utilized technology and ma-
terials. In the last decade, the progress in miniaturization achieved in
the context of the QUANTUS and LASUS collaborations greatly ben-
efited from atom chip technology, microintegrated diode laser systems
and compact opto-mechanics.

Within the KACTUS project, we explore innovative technologies to
realize even more compact and integrated quantum sensor prototypes,
for instance by implementing Magneto-optical traps and dipole laser
setups on-chip. To achieve long lifetimes of Bose-Einstein condensates
generated in these devices, the UHV performance is crucial.

We present the design of a versatile tool allowing mass spectrometry
and gas rate measurements at 107! mbar base pressure. Combined
with a sample transfer and conditioning system, UHV qualification of
single components to medium sized assemblies is possible. This enables
rapid prototyping of innovative, integrated setups and qualification of
novel bonding techniques.
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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 50WM1648.

Q 31.38 Tue 17:00 P OGs
A cryogenic ion trap experiment for highly charged ions
oSTEVEN A. Kince!, Tosias LeoporLp!, PreTeErR Mickg!:2,
LisA ScuMOGER!2, MaRrIA Scuwarz!':?, Josg R. Crespo LOPEZ-
UrruTia?2, and Pier O. ScumipT!3 — IPhysikalisch-Technische
Bundesanstalt, 38116 Braunschweig — 2Max-Planck-Institut fiir Kern-
physik, 69117 Heidelberg — 3Institut fiir Quantenoptik, Universitit

Hannover, 30167 Hannover

Highly charged ions (HCI) with narrow optical transitions are promis-
ing systems for tests of fundamental physics and improved optical fre-
quency standards. However, to fully make use of these systems the high
charge state production needs to be combined with the techniques of
single ion trapping at cryogenic temperatures.

We present a cryogenic ion trap setup for highest precision quan-
tum logic spectroscopy of HCI. The HCI are extracted from a room
temperature permanent magnetic EBIT and re-trapped in a Paul trap
together with BeT ions [1]. These ions provide sympathetic cooling and
act as the logic species in the quantum logic scheme. Initial data from
our low vibration cryogenic system and Paul trap will be presented.

As the next step we will perform optical spectroscopy on the well in-
vestigated fine structure transition of Ar'3+ and determine the isotope
shift between 36 Ar13+ and 40Ar13+,

[1] Schmdger et al., Science 347, 6227 (2015)

Q 31.39 Tue 17:00 P OGs
A fibre link for optical clock comparison between London
and Paris — eJocHEN KroNJAGER!, GlusepPE MARRA!, OLIVIER
Loprez2, NicoLas QUINTINZ, ANNE AMY-KLEINZ, WoN-Kyu LEg34,
PauL-Eric Portie3, and HARALD ScuNaTz® — INPL, Teddington,
UK — 2LPL, Universite Paris 13, Villetaneuse, France — S3LNE-
SYRTE, Observatoire de Paris, UPMC, Paris, France — *KRISS, Dae-
jon 305-340, South Korea — SPTB, Braunschweig, Germany

Comparing independently built optical clocks is the main way of bench-
marking this rapidly developing technology. Comparisons between dif-
ferent National Metrology Labs have traditionally employed satellite
links which, however, lack the stability and accuracy needed for optical
clocks. Optical frequency transfer through long-haul fibre links enables
comparisons between remotely located optical clocks with a transfer
stability and accuracy much better than state-of-the art clocks.

The London-Paris optical frequency fibre link has been established
to compare the optical clocks developed at NPL and SYRTE. It uti-
lizes around 800 km of commercial telecommunication fibre with 10
bidirectional optical amplifiers (EDFAs) installed at regular intervals.
Our setup employs a novel hybrid topology which combines conven-
tional active fibre noise compensation and two-way technology. We
present details of the link implementation and characteristics, along
with results from initial optical clock comparisons campaigns.

Together with the link between France and Germany, the London-
Paris link will allow simultaneous comparisons of multiple remote
clocks and chronometric levelling between the UK and Europe.

Q 31.40 Tue 17:00 P OGs
Evaluation of a sub-hertz cavity for an 27Alt optical fre-
quency standard — eLENNART PELZER!, STEPHAN HANNIG!, JO-
HANNES KrRAMER!, NiLs ScuarnzosT!, STEVEN KING!, and PieT O.
ScumipT!?2 — Physikalisch-Technische Bundesanstalt, 38116 Braun-
schweig — 2Leibniz Universitit Hannover, 30167 Hannover

We present a 39.5 cm long ULE cavity for the stabilisation of a 1070 nm
laser. After two frequency doubling stages, the light will probe the
1Sy « 3P clock transition of a trapped AlT ion, which has a natural
linewidth of 2w x 8 mHz. To achieve the necessary level of stability to
resolve such a narrow transition, environmental perturbations to the
cavity length have to be minimised. A long ULE spacer together with
mirrors having a large radius of curvature suppresses the contribution
of Brownian thermal noise, which poses the most fundamental limit to
the achievable stability, to an estimated fractional level of 7 x 10~17,
Especially for such a long cavity spacer, vibration-induced deforma-
tions have to be cancelled by exploiting symmetries in the spacer. The
evaluation of stability-limiting effects shows the progress in suppressing
all relevant noise sources below the thermal noise limit.

Q 31.41 Tue 17:00 P OGs
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Enhancing the sensitivity of single photon recoils in spec-
troscopy with non-classical states — eMaRrius ScuuLTE!, NIELS
LorcH?, PIET. O. ScemibT®?, and KLEMENS HAMMERER!
— lnstitute for Theoretical Physics and Institute for Gravita-
tional Physics (Albert-Einstein-Institute), Leibniz University Han-
nover, Callinstrasse 38, 30167 Hannover, Germany — 2Department
of Physics, University of Basel, Klingelbergstrasse 82, CH-4056 Basel,
Switzerland — 3QUEST Institut, Physikalisch-Technische Bunde-
sanstalt, 38116 Braunschweig, Germany — “Institute for Quantum
Optics, Leibniz University Hannover, Welfengarten 1, 30167 Hannover,
Germany

The sensitivity in measuring displacements in phase space based on
absorbed photons in spectroscopy is discussed. Non-classical squeezed
states, cat states and small linear combinations of Fock states are
shown to result in an enhancement of sensitivity, compared to the
ground state of motion. A theoretical model gives the dynamics of pho-
ton recoil spectroscopy in terms of a Fokker-Planck equation thereby
including incoherent processes allowing to compare the stability of
spectroscopy states with respect to additional diffusion. This also
predicts Doppler effects leading to systematic shifts in the observed
resonance frequency. Limitations on the sensitivity based on imper-
fect state preparation and the attainable quantum Fisher information
are discussed.

Q 3142 Tue 17:00 P OGs
Aufbau eines hochstabilen Einzel-Ionen-Mikroskop — eFELIX
Stopp!, Geora Jacos!, KarRIN GrooT-BeriNng!, Mark KEILZ,
Ron ForLman? und FeErDINAND ScHMIDT-KALER! — 'QUANTUM,
Institut fiir Physik, Universitat Mainz, Staudingerweg 7, 55128 Mainz,
Germany — 2Atom Chip Group, Dept. of Physics, Ben-Gurion Uni-

versity of the Negev, 84105 Be’er Sheva, Israel

Einzelne lasergekiihlte Ionen, die deterministisch aus einer linearen
Paulfalle extrahiert werden konnen, erlauben eine neuartige Methode
der Mikroskopie mit einer rdumlichen Auflésung von wenigen Nano-
meter [1]. Die aktuell experimentell erreichte Fokusgréfe von 6 nm
ist durch mechanische Vibrationen und thermische Drifts im Aufbau
begrenzt. Wir diskutieren die Konstruktion eines Aufbaus, in dem ein
kompaktes, hochstabiles Fallen- und Ionenlinsendesign zur Anwendung
kommen wird. Dazu wird der Teilchenstrahl in kurzen Entfernungen
iiber der zu analysierenden Oberflache fokussiert und nach der Wech-
selwirkung in einem Detektor registriert. Weiterhin geplant ist, das Ion
nach der Wechselwirkung erneut einzufangen und seinen Quantenzu-
stand zu detektieren. Dies ermdglicht Energieverlustspektroskopie mit
Tonen, die nah iiber zu untersuchende Oberflachen gelenkt werden. Das
Ion dient so als Sonde von elektrischen und magnetischen Feldern, bzw.
zur Untersuchung von nano- und mikro-strukturierten Proben.
[1] Jacob et al., Phys. Rev. Lett. 117, 043001 (2016)

Q 31.43 Tue 17:00 P OGs
Superresolving Imaging of arbitrary Arrays of Thermal
Light sources in the Visible using Multiphoton Interferences
— eANTON CrLasseEND2, FELIXx WALDMANN!, SEBASTIAN GIEBEL!,
RAIMUND ScHNEIDER!Y2, DANIEL BHATTIY 2, THOMAS MEHRINGERDZ,
and JoACHIM VON ZANTHIER!? — lInstitut fiir Optik, Informa-
tion und Photonik, Universitidt Erlangen-Niirnberg, 91058 Erlangen
— 2FErlangen Graduate School in Advanced Optical Technologies
(SAOT), Universitat Erlangen-Niirnberg, 91052 Erlangen

Measuring higher-order photon correlations is an emerging technique
in the field of imaging to overcome the classical resolution limit [1-4].
We propose to use higher-order spatial photon cross-correlations mea-
sured in the far field of statistically independent thermal light sources
(TLS) to reconstruct arbitrary two-dimensional TLS source geome-
tries. The technique generalizes an earlier imaging scheme which re-
solves one-dimensional source arrangements with sub-Abbe resolution
[4]. By choosing specific detector positions the technique allows to se-
quentially isolate the spatial frequencies of the sample within different
correlation orders, enabling us to retrieve the source distribution with
increased accuracy. We present experimental data verifying the the-
oretical predictions and discuss the conditions under which sub-Abbe
resolution is achieved. [1] Oppel et al., Phys. Rev. Lett. 109 233603
(2012); [2] T. Dertinger et al., Q. Rev. Biophys. 46, 210 (2013); [3]
D. G. Monticone et al., Phys. Rev. Lett. 113, 143602 (2014); [4] A.
Classen et al., accepted for publication in Phys. Rev. Lett.

Q 31.44 Tue 17:00 P OGs
Cryogenic ion trap apparatus for quantum informa-
tion processing with °Bet ions — eFaBian Ubpr!, Tivko
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DusieLzic!, SEBAsTIAN GRONDOWsKI', HENNING HaHN?1, GIoRGIO
ZARANTONELLO?'1, MARTINA WAHNSCHAFFE?'1, ARMADO BAUTISTA-
Savapor?!, and CrrisTiAN OspELKAUs'2 — lInstitut fiir Quan-
tenoptik, Leibniz Universitit Hannover — 2Physikalisch-technische-
Bundesanstalt Braunschweig

We report on a cryogenic ion trap apparatus for quantum informa-
tion processing and quantum simulation experiments with °Bet ions
in surface-electrode ion traps. The ion trap is cooled by a vibra-
tion isolated closed cycle cryostat to reduce the detrimental effect of
anomalous motional heating. We characterize the vibration isolation
using a Michelson interferometer and find residual vibration ampli-
tudes <20nm O-pk. We report on the setup of the cryogenic shields
and thermal management for bringing in a large number of DC and RF
control signals. We present the trap RF drive based on a miniaturized
cryogenic helical resonator and discuss its performance.

Q 31.45 Tue 17:00 P OGs
Establishing gate fabrication for advanced multi-layer SiGe
Quantumdots — ePHILIP ScHRINNER!'3, ARNE HoLLMmANN!, Tim
LEONHARDT!, STEFAN TRELLENKAMPZ, and LARS SCHREIBER!
LJARA Institute for Quantum Information, RWTH Aachen University,
Germany — 2Peter Griinberg Institute (PGI-8), FZ Jiilich, Germany
— 3Center for Nanotechnology, Westfilische Wilhelms-Universitit
Miinster, Germany

Electron spin qubits in electrostatically defined Si/SiGe quantum dots
combine excellent coherence times (T2* = 1 mu s [1]), small feature
size and CMOS compatibility and therefore promise to be an excel-
lent candidate for a scalable semiconductor based universal quantum
computer. In comparison to previous fabrication layouts an advanced
multi-layer gate design has been shown to further decrease the number
of gates per qubit, the size of the gate pattern, charge noise and gate
cross-coupling [2,3]. My work focuses on the development of such fab-
rication technology by isolating three expected fabrication challenges
and address them with the fabrication of corresponding test structures.
I will present methods to fabricate an array of sub 30 nm wide gates
with a sub 70 nm pitch, electrically isolated by a few nano-meter thick
oxide layer and the alignment precession of gate layers with respect to
each other. As a result, I will give all the required ingredients to fabri-
cate multi-layer quantum dot gate patterns for multi-qubit devices. [1]
E. Kawakami et al., Nature Nano-tech. 9, 666 (2014). [2] G. Borselli
et al., Nanotechnology 26, 375202 (2015). [3] D. M. Zajac et al., Appl.
Phys. Lett. 106, 223507 (2015).

Q 31.46 Tue 17:00 P OGs
Cooling and Reset of a Superconducting Qubit using Quan-

tum Optimal Control — eDaNIEL BasiLEwiTsca!, REBEcca
ScuMIDT?, SABRINA MaNIiscaLco?, DomiNIQuE Suceny34, and
CHRISTIANE KocH! — 1Theoretical Physics, University of Kassel,

Kassel, Germany — 2Turku Center for Quantum Physics, University
of Turku, Turku, Finland — 3Laboratoire Interdisciplinaire Carnot
de Bourgogne, CNRS-Université de Bourgogne, Dijon, France —
4Institute for Advanced Study, Technical University of Munich, Garch-
ing, Germany

The requirement of fast and accurate initialization of qubits into known
initial states is one important key for the realization of quantum in-
formation processing tasks. Our approach is to achieve cooling of a
superconducting qubit by means of controlled coupling to an auxiliary
qubit, in order to use the auxiliary qubit as entropy sink. Using op-
timal control theory (OCT), we show that the maximal fidelity and
minimal time for realizing this fidelity depend on the initial state of
the bipartite system consisting of primary and auxiliary qubit. When
starting from a factorized state, the maximal fidelity is determined by
the initial purity of the auxiliary qubit, while the minimal time is lim-
ited my the coupling strength. In case of correlated initial states this
limit can be exceeded when allowing for time-dependent controls on
the primary qubit. This shows that correlations can be exploited for
resetting the qubit.

Q 31.47 Tue 17:00 P OGs
Experimental analysis of decoherence mechanisms in a single-
atom memory for photonic qubits — eSTEFAN LANGENFELD,
MarTHIAS KORBER, OLIVIER MORIN, ANDREAS NEUZNER, STEPHAN
RiTTER, and GERHARD REMPE — Max-Planck-Institut fiir Quan-
tenoptik, Hans-Kopfermann-Strasse 1, 85748 Garching, Germany

Quantum memories can preserve qubits for an extended duration. In
combination with the capability to map photonic qubits into and out
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of the memory, this has important applications in quantum computa-
tion and communication. To improve on achievable coherence times,
a thorough understanding of the relevant decoherence mechanisms is
indispensable. Our system consists of a single atom trapped in a two-
dimensional optical lattice in a high-finesse cavity [1]. The qubit is
initially stored in a superposition of Zeeman states, making magnetic
field fluctuations the dominant decoherence mechanism. We reduce
the magnetic field induced decoherence by transferring the qubit into
a decoherence-free subspace. Here, the coherence time is no longer lim-
ited by magnetic field noise, but by differential light shifts of the new
qubit states. We will discuss how this new limitation can be overcome
and which future steps can be taken to further increase the coherence
time.

[1] H. Specht et al., Nature 473, 190 (2011).

Q 31.48 Tue 17:00 P OGs
Carving of atomic Bell states with a cavity — eBaAsTiaN
HACKER, STEPHAN WELTE, SEVERIN DAIss, STEPHAN RITTER, and
GERHARD REMPE — Max-Planck-Institut fiir Quantenoptik, Hans-
Kopfermann-Str. 1, 85748 Garching, Germany

Entangled pairs of atoms are ideal for the study of fundamental quan-
tum correlations and as a resource for many tasks in quantum informa-
tion processing. At the node of an optical quantum network they can
be applied for local information processing tasks, and, when strongly
coupled to flying qubits, as a resource for more complex network oper-
ations. Our experiment applies the technique of quantum state carv-
ing to create entangled states of two rubidium atoms trapped in one
optical cavity. The cavity strongly couples both atoms to the field
of a reflected light pulse and thereby allows us to perform projective
measurements on the combined two-atom state that can lead to max-
imally entangled states in a heralded fashion. Using coherent qubit
control and several protocols we demonstrate the creation of all four
Bell states. Dependence on experimental parameters will be discussed.
Our entangled atoms in a cavity are an ideal starting point for applica-
tions like entanglement distribution, distributed quantum computing
or a quantum repeater.

Q 31.49 Tue 17:00 P OGs
Entangled Photon Pair source — ¢OLEG NIKIFOROV and THOMAS
WaLTHER — AG Laser und Quantenoptik, Institut fiir Angewandte
Physik, Technische Universitdt Darmstadt, Schlossgartenstr. 7, 64289
Darmstadt, Germany

Quantum Key Amplification (QKA) offers information-theoretical se-
curity for communication superior to the majority of contemporary
classical key distribution and amplification schemes. An entangled
photon pair source is being set up for the QKA experiment “Quantum
Key Hub“ within the Collaborative Research Center CROSSING at
TU Darmstadt.

The energy-time entangled photons at telecommunication wave-
lengths will be used for entanglement-based QKA protocols and should
obtain high coherence length. Therefore transform limited pulses are
created at the 1550 nm wavelength using an fiber amplifier [1]. Then,
after second harmonic generation in an PPLN crystal, the converted
light pulses lead to creation of entangled photon pairs via spontaneous
parametric down conversion of type II in a PPKTP crystal [2]. The
current experimental status is discussed.

[1] K. Schorstein and T. Walther. “A high spectral brightness
Fourier-transform limited nanosecond Yb-doped fiber amplifier”. Ap-
plied Physics B 97 (2009), pp. 591-597.

[2] E. Keller, and M. H. Rubin. "Theory of two-photon entanglement
for spontaneous parametric down-conversion driven by a narrow pump
pulse’. Physical review. A 56.2 (1997): 1534-1541.

Q 31.50 Tue 17:00 P OGs
An FPGA based detection system for QKA — eSTEFAN
ScHURL, Kal RoTH, OLEG NikiForov, and THoMAS WALTHER —
AG Laser und Quantenoptik, Institut fiir Angewandte Physik, Tech-
nische Universitdt Darmstadt, Schlossgartenstr. 7, 64289 Darmstadt,
Germany

Quantum Key Amplification (QKA) offers information-theoretical se-
curity for communication superior to the majority of contemporary
classical key distribution and amplification schemes. Alice and Bob
modules are being designed for the QKA experiment “Quantum Key
Hub* within the Collaborative Research Center CROSSING at TU
Darmstadt.

In order to evaluate timing statistics of photon pair incidents, we
present a modified version of the board designed by J.K.Peters [1]:
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an inexpensive FPGA-based 4 channel system for timing aquisition
of TTL signals with an enhanced timing resolution of under 500 ps.
This resolution is achieved by creating additional clocks using built in
phase-lock loops. The current experimental status is discussed.

[1] J. K. Peters, S. V. Polyakov, A. L. Migdall, and S. W. Nam,
“Simple and inexpensive FPGA-based fast multichannel acquisition
board”; https://www.nist.gov/services-resources/software/simple-
and-inexpensive-fpga-based-fast-multichannel-acquisition-board
(2015).

Q 31.51 Tue 17:00 P OGs
Towards single neutral atoms in crossed fiber cavities —
eDowMINIK NIEMIETZ, MANUEL BREKENFELD, JOSEPH DALE CHRISTE-
SEN, STEPHAN RITTER, and GERHARD REMPE — Max-Planck-Institut
fir Quantenoptik, Hans-Kopfermann-Str. 1, 85748 Garching, Ger-
many

Cavity quantum electrodynamics provides a rich toolbox for the inves-
tigation of fundamental phenomena in quantum physics with intriguing
applications in quantum information processing. The coupling rate be-
tween the cavity light mode and a single emitter, e.g., a neutral atom
trapped in the cavity, is inversely proportional to the square root of the
mode volume. Limits imposed by traditional manufacturing processes
of the cavity mirrors were overcome with the introduction of fiber cav-
ities [1], where fiber end facets are machined by means of COg2 laser
ablation. Besides small mode volumes and therefore larger coupling
rates, fiber cavities also allow for new cavity geometries due to their
smaller dimensions. We are currently setting up a new apparatus con-
sisting of two crossed fiber cavities, coupling independently two light
modes to one single atom. This constitutes an important step towards
the realization of a spatially and functionally integrated quantum re-
peater [2]. We will present the current status and future plans for our
apparatus including fabrication results of elliptical and spherical fiber
mirrors.

[1] D. Hunger et al., New J. Phys. 12, 065038 (2010)

[2] M. Uphoff et al., Appl. Phys. B 122, 46 (2016)

Q 31.52 Tue 17:00 P OGs
Towards cavity-enhanced spectroscopy of single ions in a crys-
tal — eNaTaLIE WiLsoN, BENJjAMIN MERKEL, and ANDREAS REIs-
ERER — Max Planck Institute of Quantum Optics, Garching, Germany

A future quantum network will consist of quantum nodes that are
connected by optical photons, allowing users to perform tasks and
interact in ways that are not possible with current technology. In
this context, rare-earth-ion doped crystals have recently emerged as
a promising platform. In contrast to other impurities, these ions can
exhibit telecommunication-wavelength transitions between inner shells
which are well-decoupled from the crystal and therefore protected from
decoherence. However, because of the narrow linewidth of these tran-
sitions, spectrally resolving individual ions is challenging.

In this work, we propose a method to overcome this challenge by
embedding rare-earth-ion doped crystals into optical resonators. Be-
cause of the Purcell effect, the narrow linewidths will be broadened,
and photon emission will efficiently be channelled into the resonator
output mode, leading to a dramatically enhanced fluorescence signal.
This might enable studies of the crystalline environment of individual
ions with the goal to harness them for the implementation of quantum
networks and repeaters.

Q 31.53 Tue 17:00 P OGs
Towards quantum optical experiments with silicon vacancy
color centers in diamond at millikelvin temperatures —
eDaviD Gross, Jonas NiLs BEckER, CARSTEN AREND, PaveL Bu-
sHEV, and CHRISTOPH BECHER — Fakultdt NT (FR Physik), Univer-
sitdt des Saarlandes, Campus E2.6, 66123 Saarbriicken, Germany

The search for a solid state spin-photon-interface for quantum com-
munication applications allowing for efficient entanglement generation
as well as long distance communication is a challenging task. Showing
very narrow-band emission and all-optical coherent control, the silicon
vacancy center (SiV) in diamond is a promising candidate for such
an interface. However, the ground state coherence time of the SiV is
limited to 35-45 ns by phonon-mediated processes, whereas pure spin-
relaxation times in the millisecond regime have been reported. There-
fore, by supressing phonon-induced decoherence, large spin coherence
times can potentially be reached, rendering the SiV an ideal system
for efficient long-distance quantum communication. We here present
design and first experiments with a confocal microscope setup placed
in a dilution refrigerator allowing full optical access at temperatures in
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the mK range. This enables the measurement of the SiV’s coherence
properties beyond the phonon limited regime and potentially paves the
way for future quantum information processing experiments using SiV
centers requiring long coherence time scales.

Q 31.54 Tue 17:00 P OGs
RF-Spektroskopie von °Cat-Kristallen — eJens WELzZEL, FE-
Lix STopP und FERDINAND SCHMIDT-KALER — QUANTUM, Institut
fiir Physik, Johannes Gutenberg-Universitdt Mainz
Der Zeemangrundzustand S; /o in einfach geladenem Kalzium spaltet
in einem homogenen Magnetfeld in die Zustdnde m = +% und —%
auf. Wir verwenden eine planare Ionenfalle fiir einzelne gespeicherte
Ionen oder Ionenkristalle und arbeiten bei einer Energieaufspaltung
der Zeemanzustiande von 9,3 MHz. Zunichst wird der Zustand der

Ionen durch optisches Pumpen in m = —% initalisiert. Radiofrequenz
wird nahe der Resonanz eingestrahlt und anschliefsend der Zustand der
Ionen nach einem Transfer von m = —% in den metastabilen D5,/ Zu-

stand, gefolgt von laserinduzierter Fluoreszenz, nachgewiesen. Wir be-
richten von Kohérenzmessungen und der Verbesserung der Spinkohé-
renz durch Echosequenzen. Stromdurchflossene Leiter, integriert in der
Tonenfalle, erlauben einen magnetischen Gradienten von (16, 740, 8) %
in radialer Richtung [1]. Wir beobachten Seitenbandanregungen fiir
einzelne Ionen mit n = (1,24+0,4) - 10~3, ebenso wie Seitenbandspek-
tren fiir lineare Kristalle nahe der Zickzackinstabilitat [2].

[1] Welzel, J. et al. Eur. Phys. J. D 65, 285—297 (2011).

[2] Kaufmann, H. et al. PRL 109, 263003 (2012).

Q 31.55 Tue 17:00 P OGs
Single trapped ions for Rydberg quantum logic — PaTrIick
Bacuor!2, eJustas ANDR1JAUSKAs!2, JocHEN WaLz!'?2 und FER-
DINAND ScHMIDT-KALER! — !Institut fiir Physik, Universitidt Mainz,
Staudinger Weg 7, D-55128 Mainz — 2Helmholtz-Institut Mainz, D-
55099 Mainz

The excitation of cold trapped single ions into Rydberg states enables
new possibilities in quantum information and non-equilibrium physics.
The interplay between Coulomb and Rydberg interactions motivates
several proposals for fast multi-qubit gate operations, novel many-body
phenomena such as hexagonal plaquette spin-spin interactions, and the
driving of fast structural phase transitions in ion crystals.

In our experiment linear crystals made up from 4°Ca™ ions in a li-
near segmented Paul trap are used. We excited the 52F, 53F [1 and
the 22F (2] Rydberg states using a single photon vacuum-ultraviolet
excitation near 122.042nm, 122.032nm and 123.256 nm wavelengths,
respectively. To move towards quantum logic, we recently implemen-
ted coherent initialization into different 3D5 /5 Zeeman states, sideband
ground state cooling and local addressing of single ions for the excita-
tion into the Rydberg state.

(1] T. Feldker et al., Phys. Rev. Lett. 115 (2015) 173001

[2] P. Bachor et al., J. Phys. B. 49 (2016) 154004

Q 31.56 Tue 17:00 P OGs
Analytical tools for investigating strong-field QED pro-
cesses in tightly focused laser fields — AnToniNO D1 Piazza
and e ALESSANDRO ANcIOl — Max-Planck-Institut fiir Kernphysik,
Saupfercheckweg 1, D-69117 Heidelberg

The computation of QED rates in intense laser fields is typically per-
formed within the plane-wave approximation [1], although the high in-
tensities considered in most calculations are only reachable in planned
facilities by tightly focusing the laser energy not only in time but also in
space. A novel approach [2], based on the assumption that the energy
of the involved charged particles is the largest dynamical energy scale
in the problem, allows to relax this hypothesis and paves the way for
the calculation of QED processes in fields with generic spatiotemporal
structure. Here we will show the practical feasibility of this method for
two elementary QED processes, namely nonlinear Breit-Wheeler pair
production [3] and nonlinear Compton scattering. The rates for these
processes show significant quantitative deviations with respect to the
analogous results in a plane wave, and the corresponding results could
be important for the design of experiments aiming at measuring these
processes.

[1] A. Di Piazza et al., Rev. Mod. Phys. 84, 1177 (2012).
[2] A. Di Piazza, Phys. Rev. Lett. 113, 040402 (2014).
[3] A. Di Piazza, Phys. Rev. Lett. 117, 213201 (2016).
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Q 31.57 Tue 17:00 P OGs
Casimir Force and Heat Transfer between Topological Insula-
tors — eSEBAsTIAN Fucns!, FRIEDER LiNDEL!, MAURO ANTEZZAZ,
and STEFAN Bunmann! — 1Albert-Ludwigs-Universitdt Freiburg,

Freiburg, Germany — 2Université de Montpellier, Montpellier, France

Due to broken time-reversal symmetry, topological insulators may
show very interesting optical properties [1]. This leads to the possibil-
ity of switching between an attractive and a repulsive Casimir-Polder
potential between a topological insulator and an atom [2]. Motivated
by these findings, we investigate theoretically the Casimir pressure
between two infinitely extended topological insulators. Moreover, it
stands to reason to study the heat transfer for such a setup in case of
two different temperatures. Thus we want to establish a connection
with a recent study of persistent heat currents between three topolog-
ical insulators at the same temperature [3].

[1] J. A. Crosse, Sebastian Fuchs, and Stefan Yoshi Buhmann, Phys.
Rev. A 92, 063831 (2015)

[2] Sebastian Fuchs, J. A. Crosse, Stefan Yoshi Buhmann, arxiv:
1605.06056

[3] Linxiao Zhu, Shanhui Fan, Phys. Rev. Lett. 117, 134303 (2016)

Q 31.58 Tue 17:00 P OGs
Quantum Friction with Hyperbolic Structures — eMAaRTY
OErLscHLAGER!2, FrRaNCEsco INTRavaial, and Kurt Buscub?2 —
IMax-Born-Institut, 12489 Berlin, Germany — 2Institut fiir Physik,
Humboldt Universitdt zu Berlin, 12489 Berlin, Germany

One crucial difference between classical and quantum physics is the
concept of vacuum, which in the quantum description is not empty
but pervaded by roiling fluctuations. These give rise to a plethora of
phenomena of which the best known are van der Waals/Casimir-Polder
forces. Recently, there has been a resurgent and growing interest in
non-equilibrium fluctuation-induced phenomena and in particular in
quantum-friction. Unlike the classical case quantum friction does not
involve any contact between the objects and the force is mediated by
the interaction with the vacuum fluctuations of the quantum electro-
magnetic field. Importantly, vacuum is not immutable and its struc-
ture can be modified with solids and nano-structures. In this work we
consider quantum friction between an atom moving at constant veloc-
ity parallel to the surface of a hyperbolic material made of alternating
metallic and insulating layers. We investigate the behaviour of the
frictional force as function of the atomic velocity and of the distance
from the surface and compare them with the expressions for the non-
structured system. Special attention is paid to the role of widely used
treatments based on the Markov, the local thermal equilibrium and/or
the effective medium approximation.

Q 31.59 Tue 17:00 P OGs
Atom Position Control — eKARL Nicoras TorLazzi, CHRISTOPH
HawmseN, Tatiana WILK, and GERHARD REMPE — Max Planck Insti-
tute of Quantum Optics, Hans-Kopfermann-Strafie 1, 85748 Garching

A strongly coupled single-atom-cavity system is well suited to imple-
ment quantum nonlinear optics at the single-photon level. In order
to achieve strong coupling with a constant and reproducible coupling
strength, the single atom must be well positioned within the cavity
mode. In our experiment the atom is held inside the cavity in a three
dimensional optical lattice that is formed by a blue-detuned intra-
cavity standing wave together with a blue and a red transverse stand-
ing wave. Fluorescence light that is emitted during cooling of the
atom is collected by a high numerical-aperture objective and detected
on a camera. With a single 2 dimensional (2D) image, the 3D po-
sition of the atom can be determined using the out-of-focus blur to
assess the out-of-plane direction. This allows for measuring the po-
sition and extent of the vacuum cavity mode in three dimensions by
probing the atom-cavity coupling via normal-mode spectroscopy and
post-selecting on specific atom positions. As the standing waves of
the transverse traps are movable due to piezo elements on the retro-
reflecting mirrors, we are able to control the atom position via feed-
back. The knowledge of the atom position with respect to the cavity
mode and the ability to shift and stabilize its position grant a high
and constant coupling strength between them over many experimental
cycles and is here shown by reaching an average coupling strength close
to the theoretical value.

Q 31.60 Tue 17:00 P OGs
Fiber Fabry-Perot cavities fabrication for cavity quantum
electrodynamics experiments — eMicHAEL KuBisTA, SEYED
Avravi, WorLrFcanGg Art, JosE GALLEGO, ToBias MAcHA, MIGUEL
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MARTINEZ-DORANTES, DEEPAK PANDEY, LOTHAR RATSCHBACHER,
Ebpuarpo UrRuUNUELA, and DIETER MESCHEDE — Institut fiir Ange-
wandte Physik der Universitdt Bonn, Wegelerstr. 8, 53115 Bonn

Fiber Fabry-Perot cavities (FFPC), formed by micro-machined mir-
rors on the end-facets of optical fibers [1], are used in an increasing
number of technical and scientific applications. Here, we present the
fabrication process of the micro mirrors and two different approaches
to construct FFPC: a piezo-mechanically actuated cavity with feed-
back based on the Pound-Drever-Hall locking technique and a novel
rigid cavity design that makes use of the high passive stability of a
monolithic cavity spacer and employs thermal self-locking and exter-
nal temperature tuning [2]. Furthermore, we discuss effects specific to
FFPC such as Raman scattering and asymmetric line shapes. Finally,
we present our latest results regarding imaging and strong coupling of
small ensembles of 87Rb neutral atoms to one of our fiber cavities.

[1] D. Hunger, et al N. J. Phys. 12, 065038 (2010). [2] Gallego, J.
et al. Appl. Phys. B (2016)

Q 31.61 Tue 17:00 P OGs

Excitons in WS2 coupled to a Microcavity — eCHRISTIAN
GEBHARDT!, MicHAEL Forc!, Hanno Kauprl:2, Tuaomas
HomMmERD2, Hisaro YAMAcGUTCHI®, THEODOR WOLFGANG
Hinscu!2, ALexanper HOceLE!, and Davip Huncerb?

1Ludwig-Maximilians Universitdt Miinchen Faculty of Physics,
Schellingstr. 4/I1I, D-80799 Miinchen, Germany — 2?Max-Planck-

Institut fiir Quantenoptik, Hans-Kopfermann-Str. 1, D-85748 Garch-
ing, Germany — 3Center for Integrated Nanotechnologies, Materials
Physics and Applications Division, Los Alamos National Laboratory,
Los Alamos, New Mexico 87545, USA

Two-dimensional atomic crystals of transition metals dichalcogenides
have come to be a recent field of interest due to their attractive op-
toelectronic properties. In the scope of this work we investigate the
excitons in monolayer tungsten disulphide (WS2) coupled to a micro-
cavity. Due to high exciton binding energies and a strong oscillator
strength it is possible to observe collective strong coupling of exci-
tons and photons at room temperature. In our experiment we use
a tunable open-access cavity with one curved mirror and one planar
mirror on top of which WS2 is placed. This type of setup allows to
control the spatial separation of both cavity mirrors and thus to vary
the exciton-photon coupling in situ. Furthermore, the mirrors define
a stable, micron-scale cavity mode, which can form a potential for the
exciton polaritons and thus lead to interaction effects. We observe po-
laritons in our setup which show spatial variation of the Rabi splitting
energy on the monolayer sheets. We report on the current state of the
experiment.

Q 31.62 Tue 17:00 P OGs
Superradiance of Classical Fields via Projective Measure-
ments — eDANIEL Buartih?, STEFFEN OPPEL!, RALPH WIEGNER!,
GirisH S. Acarwar®, and JoacHiM von ZANTHIER'2 — lInstitut
fir Optik, Information und Photonik, Universitiat Erlangen-Niirnberg,
91058 Erlangen, Germany — 2Erlangen Graduate School in Advanced
Optical Technologies (SAOT), Universitidt Erlangen-Niirnberg, 91052
Erlangen, Germany — 3Department of Physics, Oklahoma State Uni-
versity, Stillwater, Oklahoma 74078, USA

We study the state evolution of the fields produced by classical sources,
when recording intensity correlations of higher order in a generalized
Hanbury Brown and Twiss setup [1]. Apart from an offset, we find
that the angular distribution of the last detected photon is identical
to the superradiant emission pattern generated by an ensemble of two-
level atoms in entangled symmetric Dicke states. As a consequence,
we demonstrate that the Hanbury Brown and Twiss effect, originally
established in astronomy to determine the dimensions or distances of
stars, and Dicke superradiance, commonly observed with atoms in sym-
metric Dicke states, are two sides of the same coin. We show that
the phenomenon derives from projective measurements induced by the
measurement of photons in the far field of the sources and the per-
mutative superposition of quantum paths identical to those leading to
superradiance in the case of single photon emitters [2].

[1] D. Bhatti, et al., Phys. Rev. A 94, 013810 (2016).

[2] R. Wiegner, et al., Phys. Rev. A 92, 033832 (2015).

Q 31.63 Tue 17:00 P OGs
Backwards Master Equation — eJonas LaMMERs)2 and KLE-
MENS HaMMERERD:2 — !nstitut fiir Theoretische Physik, Leibniz
Universitit Hannover — 2Max-Planck-Institut fiir Gravitationsphysik
(Albert-Einstein-Institut), Leibniz Universitdt Hannover
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The evolution of a quantum system undergoing continuous measure-
ments is governed by the so-called conditional stochastic master equa-
tion. Using the past measurement record, it predicts the state of the
system at a given time. We develop a method which allows to ver-
ify that state by retrodiction, using the future measurement record to
compute the backwards evolution of the system.

We derive the stochastic backwards evolution equation of a quantum
optical system using only basic quantum mechanics. The conditions
on the system are very general so as to make the formalism applicable
to a wide range of different setups. As an application, we examine
how a Gaussian state evolves in a linear system, and compute the
backwards equations of motion of its first and second moments. More
concretely, we consider a one-dimensional harmonic oscillator under
continuous position measurements coupled to a thermal bath. The
proposed procedure allows to affirm the presence of desired properties
such as entanglement or other non-classical features in a past quantum
state, or even its whole density matrix.

Q 31.64 Tue 17:00 P OGs
Wavefront propagation study concerning the influence of
non-ideal mirror surfaces inside a split-and-delay unit on
the focusability of XFEL-pulses — eVicTor KArcHER!, SE-
BASTIAN Roring!, LiuBov SamovrLova?, KAREN APPELZ, HARALD
SINNZ, FRANK SIEWERT®, ULF ZAsTrRAUZ, and HELMUT ZACHARIAS!
— 1Westfilische-Wilhelms-Universitéit Miinster, Wilhelm-Klemm Str.
10, 48149 Miinster — Z2European XFEL GmbH, Holzkoppel 4,
22869 Schenefeld — 3Helmholtz-Zentrum fiir Materialien und Energie,
Albert-Einstein-Strafie 15, 12489 Berlin

For the High Energy Density (HED) instrument at the SASE2 - Undu-
lator at European XFEL an x-ray split-and-delay unit (SDU) is built
covering photon energies from hv =5keV up to hv =24 keV. This SDU
will enable time-resolved x-ray pump/x-ray probe experiments as well
as sequential diffractive imaging on a femtosecond to picosecond time
scale. In order to reach intensities on the order of 10> W/cm? the
XFEL pulses will be focused by means of compound refractive lenses
(CRL) to a diameter of D=24 pum. The influence of wavefront dis-
turbances caused by height- and slope-errors of the mirrors inside the
SDU on the quality of the two focused partial beams is studied by
wavefront propagation simulations using the WPG-framework.

Q 31.65 Tue 17:00 P OGs
An XUV and soft X-ray split-and-delay unit for FLASH IT —
eDENNIs EckERMANN!, SEBASTIAN RoLiNg!, MaTTHIAS ROLLNIK!,
MarioN KuHLMANN2, ELKE PLONJEs?, FRANK WAHLERT!, and
HeLMuT ZacHARIAs! — !Physikalisches Institut, WWU Miinster,
Wilhelm-Klemm Strafe 10, 48149 Miinster — 2Deutsches Elektronen

Synchrotron, Notkestrafie 85, 22607 Hamburg

An XUV and soft X-ray split-and-delay unit is built that enables time-
resolved experiments covering the whole spectral range of FLASH II
from hv =30 eV up to 2500 eV. With wave front beam splitting and
grazing incidence angles a maximum delay of - 6 ps < At < +18 ps will
be possible with a sub-fs resolution. Two different coatings are required
to cover the complete spectral range. Therefore, a design that is based
on the three dimensional beam path of the SDU at BL2 at FLASH has
been developed which allows choosing the propagation via two sets of
mirrors with these coatings. A Ni-coating will allow a total transmis-
sion on the order of T = 55 % for photon energies between 30eV and
600€eV at a grazing angle 6 = 1.8° in the variable delay line. In the
fixed delay line the grazing angle is set so § = 1.3°. With a Pt-coating
a transmission of T > 13 % will be possible for photon energies up to
1500eV. For a future upgrade of FLASH II the grazing angle can be
changed to # = 1.3° in order to cover a range up to hv =2500¢€V.

Q 31.66 Tue 17:00 P OGs
A split-and-delay unit for the European XFEL: Enabling
hard x-ray pump/probe experiments at the HED instrument
— eMarco Burz!, SEBasTiAN RoLiNg!, KAREN APPEL?, STEFAN
Braun®, PETER Gawritza®, HaraLD SINN2, FRANK WAHLERT!,
ULF ZasTrAU?, and HELMUT ZAcHARIAs! — !Physikalisches Insti-
tut, WWU Miinster, Wilhelm-Klemm Strafte 10, 48149 Miinster, Ger-
many — 22European XFEL GmbH, Holzkoppel 4, 22869 Schenefeld,
Germany — 33Fraunhofer Institut IWS, Winterbergstrake 28, 01277
Dresden, Germany
For the High Energy Density (HED) instrument at the SASE2 - Un-
dulator at the European XFEL an x-ray split-and-delay unit (SDU) is
built covering photon energies from hv = 5 keV up to hv = 24 keV.
This SDU will enable time-resolved x-ray pump / x-ray probe exper-
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iments as well as sequential diffractive imaging on a femtosecond to
picosecond time scale. Further, direct measurements of the temporal
coherence properties will be possible by making use of a linear auto-
correlation. The x-ray FEL pulses are split by a sharp edge of a silicon
mirror (BS) coated with Mo/B4C and W/B4C multilayers. Both par-
tial beams then pass variable delay lines. For different wavelengths
the angle of incidence onto the multilayer mirrors will be adjusted in
order to match the Bragg condition. Because of the different incidence
angles, the path lengths of the beams will differ as a function of wave-
length. Hence, maximum delays between 1.0 ps at hv = 24 keV and
up to £23 ps at hv = 5 keV are possible.

Q 31.67 Tue 17:00 P OGs
A cavity-enhanced single photon source using the silicon
vacancy center in diamond — eJuLia BENEDIKTER!'2, HANNO
Kauppl:2, CuristorH BEcHER®, THeopor W. Hinscub?, and
Davip Huncer!:?* — 1Ludwig-Maximilians-Universitit Miinchen,
Germany — 2Max-Planck-Institut fiir Quantenoptik, Garching, Ger-
many — 3Universitit des Saarlandes, Saarbriicken, Gemany —
4Karlsruher Institut fiir Technologie, Karlsruhe, Germany

Single photon sources are an integral part of various quantum infor-
mation applications, and quantum emitters in the solid state at room
temperature appear as a particularly promising implementation. We
couple the fluorescence of individual silicon vacancy centers in nanodi-
amonds to a tunable optical microcavity to demonstrate a single pho-
ton source with increased efficiency, higher brightness, and improved
spectral purity compared to the intrinsic emitter properties. We use a
fiber-based microcavity with a mode volume as small as 3.4\3 and a
quality factor of 1.9 x 104 and observe an effective Purcell factor up to
9, and lifetime changes by up to 31%, limited by the finite quantum
efficiency of the particular emitters studied here. With the availability
of improved materials, our achieved parameters predict up to 1GHz
single photon rates, and device efficiencies above 90%.

Q 31.68 Tue 17:00 P OGs
Towards single NV centers in nanostructures as probes
for optical near fields — e ALEXANDER MEYER, RICHARD NELZ,
MicHEL CHALLIER, SELDA SONUSEN, ETTORE BERNARDI, and ELKE
Neu — Universitdt des Saarlandes, Fakultdt NT - Fachrichtung
Physik, Campus E2.6, 66123 Saarbriicken

Single nitrogen vacancy (NV) color centers in nanostructured dia-
mond are photostable dipoles, forming single photon sources. Since
the excited state lifetime depends on the environment of the NV, it
is possible to detect environmental changes via lifetime imaging. The
hereby gathered information reveals the quantum efficiency of NV
centers in these nanostructures [1|; a parameter highly crucial for the
usability of NV centers as probes for optical near fields. As a way
to change the environment and simultaneously measure the excited
state lifetime, we use a home-built combination of an atomic-force
and a confocal microscope. We here present preliminary results of
proof-of-principle experiments to analyze the quantum efficiency of
shallow NV centers in single-crystal nanostructures.

[1] Mohtashami and Koenderink, New J. Phys. 15 043017 (2013)

Q 31.69 Tue 17:00 P OGs
Optical Antennas for Color Centers in Diamond — ePHILIPP
Fucns!, Tuomas Jung!, Hossam Garar?, Mario Acio?, Xiao-
Liv Cru®, STEPHAN GOTZINGER?, and CHRIsTOPH BECHER! —
IUniversitét des Saarlandes, Fakultdt NT - Fachrichtung Physik, Cam-
pus E2.6, 66123 Saarbriicken — 2Universitit Siegen, Laboratorium
fiir Nano-Optik, Walter-Flex-Str. 3, 57072 Siegen — 3Friedrich-
Alexander-Universitat Erlangen-Niirnberg, Department Physik, 91058
Erlangen

Color centers in diamond, especially the nitrogen and the silicon va-
cancy center, have become very promising candidates for the imple-
mentation of stationary qubits and bright single photon sources. One
of the most challenging problems when working with these defects is
the low collection efficiency of the photoluminescence photons out of
unstructured diamond films. Because of total internal reflection at the
diamond-air-interface, this problem cannot be solved simply by using
high NA objectives and the collection efficiency is usually limited to a
few percent. Here, we show two new approaches to increase this effi-
ciency by precisely controlling the color centers’ dielectric environment.
The considered structures are based on thin diamond membranes fab-
ricated via reactive ion etching. Combining the thin membrane with
a planar antenna structure allows for creation of tailored radiation
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patterns, leading to a high directivity and thereby high collection effi-
ciency for all emitters in the membrane at the same time. A radiating
dipole in such structures can be calculated analytically, which allows
for computer-aided optimization of the structure.

Q 31.70 Tue 17:00 P OGs
Nanofabrication of Optimized Diamond Scanning Probe
— eMicHEL CHaLLIER!, RicHarp NEerLz!, PuiLipp Fucas!, Ju-
LA Purrov?3, ETToRE BERNARDI!, SELDA SonuskN!, RENE
HenseL?, and ELke Neu! — !Universitiat des Saarlandes, Fakultéit
NT - Fachrichtung Physik, Campus E2.6, 66123 Saarbriicken —
2Universitit des Saarlandes, Fakultidt NT - Fachrichtung Materialwis-
senschaft und Werkstofftechnik, Campus E1.3, 66123 Saarbriicken —
3INM - Insititut fiir neue Materialien GmbH, Campus D2.2, 66123

Saarbriicken

Nitrogen vacancy (NV) color centers in diamond represent highly-
coherent, atomic-sized spin systems with optical spin read-out and
photostable fluorescence. To harness their full potential as mag-
netic and near field sensors, single NVs have to be incorporated into
nanophotonic structures. We focus on fabricating scanable single
crystalline diamond nanowires on thin (< 1 um) platforms generating
probes with high spatial resolution and NV fluorescence. Using nu-
merical methods, we optimized the pillar shapes. Thin membranes,
platforms and pillars are created using inductively coupled plasma re-
active ion etching, direct laser writing lithography and electron beam
lithography. We optimize all process steps in comparison to previous
work [1].

[1] Patrick Appel, Elke Neu, Marc Ganzhorn, Arne Barfuss, Mari-
etta Batzer, Micha Gratz, Andreas Tschope and Patrick Maletinsky,
Rev. Sci. Instrum. 87, 063703 (2016)

Q 31.71 Tue 17:00 P OGs
Robust Silicon-Vacancy Single Photon Sources
eAsseciD MENcISTU Fratar!?, FrRaNcEsco TANTUSsI?, STEFANO
LacoMARrsINO', GABRIELE MgssiNa2, Hossam GarLaLl, AHMAD
MouammMapi®, Francesco D ANceLis?, and Mario Acio!l —
ILaboratory of Nano-Optics, University of Siegen, 57072 Siegen, Ger-
many — Z2Italian Institute of Technology, 16163 Genova, Italy —

3Department of Physics, Persian Gulf University, 75196 Bushehr, Iran

In quantum information science and in fundamental quantum optics a
robust narrow-band solid-state single-photon source is desirable. We
currently develop techniques for the fabrication and optical character-
ization of single photon-sources based on the silicon vacancy (SiV) in
diamond. SiV color centers are promising candidates as most of the
fluorescence signal is concentrated in a narrow zero-phonon line at 738
nm, with a room temperature line-width down to about - 1 nm. In
addition, the center exhibits a short excited-state life-time (7 1 ns) and
a very small inhomogeneous broadening. The photonic environment
around the single SiV color center can be exploited to control the ra-
diative rate, the quantum efficiency, the angular distribution and the
polarization of the emitted photons. Plasmonic gold nano-antennas are
particularly interesting for these purposes, as they can achieve a much
smaller mode volume in the confined near field (T 7 orders of magni-
tude tighter than solid-state micro-cavities) and can easily match the
emission wavelength of the emitter due to their broad Plasmon reso-
nances. We design, fabricate and characterize gold nano-antennas for
enhancing the emission properties of Siv color centers.

Q 31.72 Tue 17:00 P OGs
Optical investigation of color centers in nanodiamonds —
eANDREA Kurz!, OLAF ZIMMERMANN', VALERY Davypov2, VI-
ATCHSELAV AGAFONOVS3, LacHLAN Rocers!, FEDOR JELEZKO!, and
ALEXANDER KuBANEK! — lInstitute for Quantum Optics, Ulm Uni-
versity, D-89081 Ulm, Germany — 2Institute for High Pressure
Physics, Russian Academy of Science, Moscow, Russia — 3Greman,
Université F. Rabelais, Tours, France

Over the last decade color centers in diamond have proven to be
promising candidates for quantum optics applications [1]. For appli-
cations like sensing or cQED it is advantageous to use color centers
in nanodiamonds (NDs). However these color centers often exhibit
inferior optical qualities compared to bulk diamonds. Although for
example spectral properties for silicon vacancies centers have recently
been improved dramatically [2], issues like blinking and spectral defu-
sion remain.

Therefore investigating the optical properties for color centers in
NDs is an important goal. We are testing methods to increase their
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optical and coherence properties. The analysis is done with confocal

spectroscopy at room and cryogenic temperatures. In the future we

aim to incorporate these color center in NDs into cQED experiments.
[1] F. Jelezko, J. Wrachtrup, Phys. Stat. Sol. 203, Issue 13, 2006
[2] U. Jantzen et. al., NJP, Vol. 18, 2016

Q 31.73 Tue 17:00 P OGs
Double-resonant Cavity-enhanced Raman Spectroscopy of
Carbon Nanotubes eTrnomas HomMER'2, THEODOR W.
HAnscu2, and Davip Hungger3:1:2 I Ludwig-Maximilians-
Universitit Miinchen, Deutschland — 2Max-Planck Institut fiir Quan-
tenoptik, Garching, Deutschland — 3Karlsruher Institut fiir Technolo-
gie, Karlsruhe, Deutschland

We use a tunable high-finesse optical microcavity[l] to demonstrate
Purcell enhancement of Raman scattering in combination with high-
resolution scanning-cavity imaging[2]. We detect cavity-enhanced Ra-
man spectral3] of individual single-walled carbon nanotubes and co-
localize measurements with cavity-enhanced absorption microscopy.
By using a double resonance of the cavity, where both the excitation
light and the Raman-scattered light is simultaneously resonant with a
high finesse cavity mode, we expect signal enhancements by four or-
ders of magnitude. We report on the current status of the experiment
and explain it with the help of free candy.

[1] Hunger et al., NJP 12, 065038 (2010) [2] Mader et al., Nat Commun
6, 7249 (2015) [3] Hiimmer et al Nat Commun 7, 12155 (2016)

Q 31.74 Tue 17:00 P OGs
A supercontinuum source in the extreme ultraviolet using
HHG with an OPA system — eJuLius REINHARD!, MARTIN
WonscHe! 2, Sivio Fucusb2, Jan NatuanaenL!2, Jakos ABEL!,
CHRrIsTIAN RODELY3, and GERHARD Paurush? — lInstitute of Op-
tics and Quantum Electronics, Friedrich-Schiller-University Jena, Ger-
many — 2Helmholtz Institute Jena, Germany — 3SLAC, USA

We present a supercontinuum source in the extreme ultraviolet (XUV)
using high harmonic generation (HHG) driven by a table-top femtosec-
ond laser and a tunable optical parametric amplifier. The near-infrared
(NIR) pulses from the OPA generate the harmonic radiation. Usually
the spectrum of the HHG is a comb with maxima at the odd multiples
of the fundamental frequency. By averaging over different harmonic
comb spectra with slightly different fundamental frequencies a contin-
uous XUV spectrum in the range of 30 to 200 €V is realized [1]. For
this, the driving laser wavelength from the OPA is swept automatically
during the recording of the XUV spectrum and the supercontinuum is
generated within a few seconds. The supercontinuum XUV source with
a photon flux up to 3x108 photons per €V’s is well suited for applica-
tions like near-edge absorption fine structure spectroscopy (NEXAFS)
[2] or XUV coherence tomography (XCT) [3] and marks an important
step for realizing such applications in small-scaled laboratories.

[1] M. Wiinsche et al., Optics Express, submitted (2016)

[2] J. Stohr, NEXAFS spectroscopy, Springer Series in Surface Sci-
ence, Vol. 25 (2013)

[3] S. Fuchs et al., Scientific Reports 6, 20658 (2016)

Q 31.75 Tue 17:00 P OGs
Picosecond Fiber Amplifiers in a MOPA System for Laser
Cooling of Relativistic Ion Beams — eDaNIEL KIEFER, CHRIS-
TIAN KUHNEL, and THoMAS WALTHER — TU-Darmstadt, Institut fiir
Angewandte Physik, Laser und Quantenoptik, Schlossgartenstr. 7,
64289, Darmstadt

Laser cooling of relativistic ion beams has been demonstrated and
shown to be a sophisticated technology with achievable low relative
momentum spreads [1]. White-light-cooling was proposed as a method
to help minimize particle loss due to intra beam scattering (IBS) pro-
cesses [2] and has been demonstrated for fast stored ion beams [3]|. To
obtain the required spectral width for laser cooling of relativistic ion
beams at GSI (ESR) and FAIR (SIS100, HESR), we plan to use pulsed
laser light. A cw MOPA system in combination with acousto-optical
and electro-optical modulation provides laser pulses of 50 ns or 70 to
740 ps with a center wavelength of 1030 nm [4]. An efficient fourth
harmonic generation process to 257.5 nm demands high peak intensi-
ties. Two cascaded fiber amplifiers are used to enhance the energy of
the pulses. The setup is chosen so that the amplifier stages work prop-
erly for the different pulse lengths covering three orders of magnitude.
We show the performance of the amplifiers with regard to power and
spectrum. Furthermore, the current status of the experiment will be
presented. [1] U. Schramm et al, Proceedings of (2005) Particle Accel-
erator Conference [2] R. Calabrese, Hyperfine Interactions 99, 259-265,
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(1996) [3] S. N. Atutov et al, Phys. Rev. Lett. 80, 2129, (1998) [4] D.
Kiefer et al, GSI Scientific Report 2015, DOI:10.15120/GR-2016-1

Q 31.76 Tue 17:00 P OGs
SHG in Periodically Poled Lithiumniobate for a CW Laser
System used for Cooling of Relativistic Ion Beams —
oSEBASTIAN Krammes, DANIEL KIEFER, and THOMAS WALTHER —
TU Darmstadt, Institut fiir Angewandte Physik, Laser- und Quan-
tenoptik, Schlossgartenstr. 7, 64289 Darmstadt

Laser cooling has become an additional method for increasing the
phase space density of ion beams in storage rings [1]. In order to reduce
the emittance of the circulating ion beam, suitable conditions must be
fulfilled, e.g. radiation of a specific wavelength and an appropriate
power must be provided. To this end a fast tunable cw laser system
with two SHG enhancement cavities has been developed in the past to
achieve the correct wavelength for ion beam cooling [2]. In 2012, the
cw laser system was successfully used for cooling C37-ions [3]. Further
developments of the cw laser system led to the replacement of the first
enhancement cavity with a magnesium oxide doped periodically poled
LiNbO3 (MgO:PPLN) crystal. Observations and experiences with the
MgO:PPLN crystal will be presented. Additionally, the latest results
and the current status will be featured. [1] U. Schramm and D. Habs.
Crystalline ion beams. Progress in Particle and Nuclear Physics 53
(2004), 583-677. [2] T. Beck, B. Rein, F. Sorensen and T. Walther.
Solid-state-based laser system as a replacement for Art lasers. Opt.
Lett. 41, 4186-4189 (2016) [3] T. Beck. Lasersystem zur Kiihlung rel-
ativistischer C3*t-Tonenstrahlen in Speicherringen. Dissertation. TU
Darmstadt (2015).

Q 31.77 Tue 17:00 P OGs
Ho?t- und Tm?3t-dotierten
Sesquioxiden im mittleren infraroten Spektralbereich —
ePATRICK VON BRUNNY'2, ALEXANDER M. HeUErR!:2 und CHRISTI-
AN KRrRANKELDZ — lnstitut fiir Laser-Physik, Universitit Hamburg
— 2The Hamburg Centre for Ultrafast Imaging

Spektroskopie von Nd3-,

Laser im mittleren infraroten Spektralbereich sind aufgrund ihrer star-
ken Absorption in Wasser hervorragend geeignet fiir medizinische An-
wendungen, die eine hohe Prézision erfordern. Seltenerd-dotierte Ses-
quioxide eignen sich besonders als aktive Materialien fiir derartige La-
ser. Ihre geringe Phononenenergie fiihrt zu niedrigen nichtstrahlenden
Zerfallsraten und ihre hohe Warmeleitfahigkeit ermoglicht Laserbe-
trieb bei hohen Ausgangsleistungen. Hier berichten wir tiber die spek-
troskopische Analyse verschiedener Seltenerd-dotierter Sesquioxide bis
in den mittleren infraroten Spektralbereich. Fiir Nd3+-, Ho3*- bzw.
Tm3*-dotiertes LugO3 wurden die Absorptionswirkungsquerschnitte
und Fluoreszenzspektren sowie die Lebensdauern der beteiligten ange-
regten Niveaus bestimmt. Die Absorptionswirkungsquerschnitte wur-
den fiir Ho?t- und Tm3*-dotiertes LusO3 im zum optischen Pumpen
geeigneten Wellenldngenbereich von 400 nm bis 2200 nm bestimmt.
Fiir die Emissionsmessungen wurde das Messintervall auf den Wel-
lenlangenbereich bis 4,4 pm ausgeweitet. Die Resultate weisen auf
potentielle Laseriibergénge im Bereich von 4,1 pm und 2,9 pm fiir
Ho3t:LusO3 sowie 2,6 pm fiir Tm3t:LuyO3 hin; entsprechende La-
serexperimente sind in Planung.

Q 31.78 Tue 17:00 P OGs
Two-color spectroscopy for laser stabilization to the ytter-
bium 1S0-3P1 intercombination line — eLAURA Suckk, CHRIS-
TIAN HALTER, ToB1As FRANZEN, BASTIAN POLLKESENSER, M USTAFA
JumaaH, CrisTIAN Bruni, and AXEL GORLITZ — Heinrich-Heine-
Universitat Diisseldorf, Diisseldorf, Deutschland

We present a scheme for frequency stabilization of multiple lasers that
are resonant with different transitions and originating from a common
ground state. For the detection of weaker transitions we are harnessing
the high signal to noise ratio provided by a strong transition. Doppler
reduced spectroscopy is performed on an atomic beam by detecting
the fluorescence of a strong dipole allowed transition. Individual error
signals for this transition as well as additional weaker transitions are
recovered from the strong fluorescence signal using lock-in techniques.
We demonstrate the application to the strong 1S0-1P1 transition and
the 1S0-3P1 intercombination line of ytterbium. We show data on the
stability of this locking technique by comparing two identical spec-
troscopy setups

Q 31.79 Tue 17:00 P OGs

The Gauss-Newton algorithm for light scattering on trans-
parent cylinders — eGuUNNAR CrLaussEND2] WERNER Bronm!, and
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ARMIN LECHLEITER? — Fachbereich Ingenieurwissenschaften, Jade
Hochschule Wilhelmshaven Oldenburg Elsfleth — 2Zentrum fiir Tech-
nomathematik, Universitdt Bremen

We aim to determine the diameter of a glass fiber under perpendicu-
lar incidence of plane-wave light and treat this question as an inverse
scattering problem, which is solvable through an iteratively regular-
ized Gauss-Newton algorithm. Within each step of the algorithm, the
expression ||F’[q8]hn + F(¢3) — u‘gOHQL2 + anl|hn + g% — qo||? is mini-
mized. This term includes the measured far-field pattern ugo, the data-
to-pattern operator F'(-), i.e. the formalism given by the Mie theory
for cylinder scattering, and its Fréchet derivate F'(-), the parameter
vector qu and its alteration h,, within the current step of the iteration.
The algorithm terminates once the residual ||[F(¢3) — ul,|| becomes
sufficiently small. However, it turns out that for transparent cylinders
the residual forms a complex “landscape” in the parameter-space that
is characterized by a number of false minima, thereby hindering the
correct execution of the algorithm. We introduce a novel variation of
the Gauss-Newton algorithm which allows to skip these minima in or-
der to reach the global minimum, allowing us to determine the cylinder
diameter with a precision several magnitudes smaller than the incident
wavelength A. We will present the performance of this algorithm in
terms of precision, running time, experimental applicability and toler-
ance towards variations of fixed parameters.

Q 31.80 Tue 17:00 P OGs
Brillouin-LIDAR zur Messung von Temperaturprofilen im
Ozean eDavip Rupp!, Sonia FriMAN!, ANDREAs ZiPF!,
CuarLEs TreEes? und TroMAs WaLTHER! — 1TU Darmstadt, In-
stitut fiir Angewandte Physik, 64289 Darmstadt — 2CMRE, 19126 La

Spezia, Italien

Wir entwickeln ein flugtaugliches LIDAR-System zur Messung von
Wassertemperaturen im Ozean. Das LIDAR-System soll es ermégli-
chen, Temperaturprofile bis zu 100 m Tiefe bei einer Ortsauflésung
von 1 m in quasi Echtzeit zu ermitteln. Mit Hilfe von mehreren Faser-
verstarkerstufen erzeugte Laserpulse mit einer Pulsdauer von 10 ns und
einer Repetitionsrate von 1 kHz werden frequenzverdoppelt, sodass das
ins Wasser eingestrahlte Licht dann eine Wellenldnge von 543 nm hat,
abgestimmt auf den Detektor. Die Temperaturinformation wird aus
der spektralen Verschiebung des riickwartig Brillouin-gestreuten Lichts
gewonnen. Der Detektor besteht im Wesentlichen aus einem atomaren
Absorptionsfilter, der das elastisch gestreute Licht eliminiert und einem
atomaren Kantenfilter (ESFADOF), beide auf Rubidium basierend.
Der Kantenfilter hat eine von der spektralen Verschiebung abhéngige
Transmission, welche gemessen und einer Temperatur zugeordnet wird.
Im Labor wurde die Funktion des Systems bereits demonstriert und bei
einem ersten Feldtest untersucht. Die Funktionsweise des Systems, ei-
nige Ergebnisse, bereits durchgefiihrte und zukiinftige Verbesserungen
werden vorgestellt.

Q 31.81 Tue 17:00 P OGs
Untersuchung spektraler Eigenschaften von Brillouin-
Streuung in Abhéingigkeit von Temperatur und Salzgehalt
in Wasser — e ANDREAS ZIPF, DaviD Ruprp, JuLius WESSOLEK und
TraomAas WaLTHER — TU Darmstadt, Institut fiir Angewandte Phy-
sik, 64289 Darmstadt

Kontaktlose und ressourcenschonende Methoden zur Messung von
Temperaturprofilen des Ozeans und dessen Salinitdt sind mittels LI-
DAR moglich. Die Anwendung der Systeme vereinfacht die Daten-
akquise unter Meeresbiologen, Ozeanographen und Meteorologen. In
unserer Arbeitsgruppe wird hierfiir zur Zeit an einem System gearbei-
tet, das mit Hilfe von Brillouin-Streuung beide Messparameter in bis
zu 100 m Tiefe ortsaufgelost ermitteln kann. Hierzu wird ausgenutzt,
dass sowohl die spektrale Verschiebung, als auch die spektrale Breite
der Brillouin-Streuung von Temperatur und Salzgehalt abhéngen.

Insbesondere ist dabei die genaue Kenntnis dieser Abhéangigkeiten
von Bedeutung. In einem selbst angefertigten Test-Aufbau werden Da-
ten der Brillouin-Streuung bei 530 nm an Wasser verschiedener Salzge-
halte gewonnen und mit Hilfe eines Fabry-Perot-Interferometers naher
untersucht. Ziel ist es, mit Hilfe der gewonnenen Daten die Entwick-
lung einer zuverlassigen Detektoreinheit fiir den gepulsten Betrieb bei
543 nm zu erleichtern.

Aufgezeigt werden die aktuellen Erkenntnisse sowie die néchsten
Entwicklungsschritte.

Q 31.82 Tue 17:00 P OGs

Generation and characterization of tunable and shapeable
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few-optical-cycle mid infrared pulses — eDanNieEL GERz!, Nick
Paur!, CrisTian Manzoni?, GruLio CERULLO?, and MARCUS
Motzkus! — PCI, Ruprecht-Karls-Universitat, D-69120 Heidelberg,
Germany — 2Dipartimento di Fisica, Politecnico Milano, I-20133 Mi-
lano, Italy

The generation of short (<20fs), broadband, mid infrared (MIR) pulses
in a robust manner still remains a significant challenge in various spec-
troscopic fields. Such pulses can be utilized for a number of different
applications, including sub-gap electronic states and coherent control
of small molecules. In order to promote major advancements in such
fields, development of new, easy to use MIR sources is a must.

In this work, we present a two stage non-collinear parametric amplifier
to be used for the generation of few-optical-cycle pulses with center
wavelengths ranging from 2.9-3.3 pm and powers in the order of few
uW [1].These pulses are then compressed and shaped using a germa-
nium based acousto-optic modulator shaper. The aim is to readily
shape such pulses into multipulse sequences which could be applied in
multidimensional IR spectroscopy, or as a source of precisely tailored
MIR push/dump pulses for 1D 3"¢ order (or higher) spectroscopies
[2]. The pulse characterization is performed with a cross-correlation
frequency resolved optical gating (XFROG) setup, which upconverts
the MIR into the visible regime for easy and accurate detection.

[1] Brida, D. et al., Opt. Lett. 33, 2901-2903 (2008).

[2] Shim, S.-H. et al., Phys. Chem. Chem. Phys. 11, 748-761 (2008).

Q 31.83 Tue 17:00 P OGs
Selektives Atzen fs-lasergeschriebener 3D-Mikrostrukturen
in kristallinem Y3A15012 eKore Hassel2, CHRISTIAN
KRrRANKELD2 und THoMAs CaLmano!:2 — lInstitut fiir Laser-Physik,
Universitit Hamburg — 2The Hamburg Centre for Ultrafast Imaging,
Universitdt Hamburg

Mittels fs-Laserstrukturierung ist es moglich 3D-Materialmodifikationen
in der Grofienordnung von wenigen pm in transparenten dielektrischen
Materialien zu erzeugen. Zudem ist die Atzrate fs-lasermodifizierter
kristalliner Materialien wie Y3A15012 (YAG) in Phosphorsiure deut-
lich hoher als diejenige des unstrukturierten Materials. Daher kénnen
durch fs-Laserstrukturierung und nachfolgendes Atzen Mikrokanéle in
Kristallen wie YAG hergestellt werden, die in mikrofluidischen und
optischen Systemen Anwendung finden kénnen. Wir berichten {iber die
Ergebnisse einer systematischen Untersuchung der Atztiefe in Abhén-
gigkeit von der Atzdauer in H3PO4 (85%) von fs-lasergeschriebenen
Einzelspuren in [111] orientiertem YAG. Dabei wurden sowohl der
Einfluss der Strukturierungsparameter, wie auch derjenige der Tem-
peratur der Siure untersucht. Mit durchschnittlichen Atzraten von
bis zu 2,6 pm/h konnten mehr als 4 mm lange Mikrokanile mit ei-
nem Aspektverhéltnis (Lédnge zu Durchmesser) von bis zu 400 geétzt
werden.

Q 31.84 Tue 17:00 P OGs
Study of electron photoemission from a tungsten nanotip
triggered by ultrashort laser pulses with photon energies
from UV to mid-IR — eANc L1, MArTIN KozAak, JosHua Mc-
NEUR, and PETER HOMMELHOFF — Department Physik, Friedrich-
Alexander-Universitidt Erlangen-Niirnberg (FAU), Erlangen

Electron photoemission from metallic nanotips is employed in vari-
ous applications that require high brightness bunched electron beams.
Such applications include ultrafast electron microscopy and diffrac-
tion [1] as well as the operation of dielectric laser accelerators [2].
The latter is based on micron-scale dielectric nanostructures driven
by the high peak field of short laser pulses and has been experimen-
tally demonstrated [3,4]. This acceleration technique requires excellent
electron beam quality in order to obtain an efficient acceleration with-
out high losses of electron current. In this contribution we report on
a recent experimental study of electron photoemission from tungsten
nanotips triggered by the ultrashort laser pulses with photon energies
ranging from UV to mid-IR. Further, the observation of transition be-
tween single- and multiphoton photoemission is discussed along with
the regime of light-induced tunneling process. We focus on the role
of Coulomb repulsion in the regime of more than one emitted electron
per laser pulse.

[1] A. H. Zewalil et al., 4D Electron Microscopy: Imaging in Space
and Time (Imperial College Press, London, 2010).

[2] J. England et al., Rev. Mod. Phys. 86, 1337 (2014).

[3] J. Breuer et al, Phys. Rev. Lett. 111, 134803 (2013).

[4] E. A. Peralta et al., Nature 503, 91-94 (2013).

Q 31.85 Tue 17:00 P OGs
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Controlling metal nanotip shapes for application in laser trig-
gered electron emission via dynamic electrochemical etching
— ePHILIPP HOFMANN, ALEXANDER TAFEL, JURGEN RISTEIN, and
PeTER HoMMELHOFF — Department Physik, Friedrich-Alexander-
Universitét Erlangen-Niirnberg (FAU), Erlangen

Ultra sharp tips are essential for nanometer probe techniques such
as scanning tunneling microscopy (STM) and are powerful tools for
studying strong field physics due to field enhancement at the tip apex.
Simulations [1] have shown that large opening angles of approximately
15° for gold and 40° for tungsten nanotips result in maximum optical
field enhancement. Static two electrode etching setups, widely used for
their simplicity, lack reproducibility and the tip opening angle cannot
be influenced. Additionally, important process parameters such as
temperature and etching potential are not accurately controlled. In
our new setup, an Arduino Mega 2560 regulates and monitors all rel-
evant etching parameters. The electrochemical potential is measured
by a reference electrode and the tip shape can be influenced with a
dynamic mechanism. Our setup, tested with tungsten, is designed to
be easily adoptable to a wide range of tip materials.

[1] Sebastian Thomas et al., 2015 New J. Phys. 17 063010.

Q 31.86 Tue 17:00 P OGs
Towards a PDC source at NIR wavelengths in a single-mode
Rb:PPKTP waveguide — eCHRISTOF EIGNER, LAURA PADBERG,
MATTEO SANTANDREA, RAIMUND RiIckEN, HELGE RUTZ, and CHRIs-
TINE SILBERHORN — Universitdt Paderborn, Integrierte Quantenoptik,
Warburger Str. 100, D-33098 Paderborn

Parametric down conversion (PDC) is a well-established process for the
generation of non-classical states and single photons. Especially PDC
sources that emit in the visible and near-infrared (NIR) are highly at-
tractive for quantum cryptography due to the possibility of low cost
Silicon avalanche detection as well as possible coupling to ion traps.
Realizing such a source in periodically poled potassium titanyl phos-
phate (PPKTP) waveguides permits to deploy high pump intensities
because of the high damage resistance of the material and at the time
allows to harness the potential of integrated optical circuitry.

Producing the rubidium exchanged PPKTP waveguides ourselves
allows us to tailor the waveguide properties and apply specifically de-
signed poling patterns. Here, we discuss our approach to manufacture
single-mode waveguides in KTP in the NIR at 800 nm. Moreover, we
present the current status of our PDC source for the generation of
photon pairs in this wavelength regime.

Q 31.87 Tue 17:00 P OGs
Performance improvement of an SPDC source using time-
multiplexing — eMARCELLO MAssaro, HArRALD HERRMANN, and
CHRISTINE SILBERHORN — Universitdt Paderborn, Integrierte Quan-
tenoptik, Warburger Str. 100, D-33098 Paderborn

Spontaneous Parametric Down-Conversion (SPDC) sources are widely
used in quantum optics to produce single photon states used in various
experiments and quantum information protocols. One major limita-
tion of such sources is the noise due to multi-photons contributions
when one tries to pump them in order to increase the generation rate.
These sources are also limited intrinsically due to the physical process
that governs them.

We show here that is possible to improve the performance of such
sources by using a time-multiplexing scheme or a feed-forward proto-
col, in order to push the production rate towards the physical limit or
even overcome it completely.

Q 31.88 Tue 17:00 P OGs
Weak meassurement of a rotated mode function — eSABRINA
HarTMANN, JoacHIM FiscuBacH, and MATTHIAS FREYBERGER — In-
stitut fiir Quantenphysik, Universitat Ulm, D-89069 Ulm, Germany

We present a complete quantum optical description of a Mach-Zehnder
interferometer, including a Dove prism, which is rotated by a small
angle compared to the plane of incidence [1|. The Dove prism changes
polarization and rotates the mode function in one arm of the interfer-
ometer. We can then postselect photons at the output via polarization
and identify a weak value in the correlation function of first order. This
allows us to weakly measure the angle, by which the mode function
was rotated. Furthermore, we evaluate this interferometric set-up for
specific non-classical states.

[1] O.S. Magaifia-Loaiza, M. Mirhosseini, B. Rodenburg and R.W.
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Boyd, Physical Review Letters, 112, 200401 (2014).

Q 31.89 Tue 17:00 P OGs
Towards a feedbacked down-conversion source for large com-
plex quantum states — e MELANIE ENGELKEMEIER, REGINA KRUSE,
LinpA Sansoni, SONJA BARKHOFEN, and CHRISTINE SILBERHORN —
Universitat Paderborn, Integrierte Quantenoptik, Warburger Str. 100,
D-33098 Paderborn

In order to realise large photonic quantum states in large networks,
we implement a PDC source in a feedback loop to generate time-
multiplexed states. By the stimulated generation of photons, the
probability to generate photon pairs is increased. We present the
source design of a periodically poled KTP crystal [1] and simulations
of the setup to outline losses and the stimulation in the system. Fur-
thermore, we will investigate the possibilities to generate complex
time-bin correlated states.

[1] Harder, et al., Opt. Exp. 21, 13975-13985 (2013)

Q 31.90 Tue 17:00 P OGs
Quantum signatures in time-domain interferometry — SAL-
VATORE CASTRIGNANO and e¢JORG EVERs — Max-Planck-Institut fiir
Kernphysik, Heidelberg, Germany

The aim of this project is to improve an interferometric scheme pro-
posed in 1997 by A. O. Baron [1]. In this scheme a sample to be
studied is placed between two radiation-filtering foils and X-ray radi-
ation, resonant with the Mdssbauer nuclei transition, impinges on the
whole system. The analysis of sample’s internal dynamics is possible
through detection of the scattered radiation , in particular the Fourier
transform S(q,t) of the dynamical couple-correlation function for the
sample G(r,t) can be obtained.

The latter function is a real or complex valued function according
to the classical or quantum nature of the measured dynamics [2][3].
Therefore some variations of Baron’s scheme are proposed which in
principle allow to spot the presence of an imaginary part in the func-
tion G(r,t).

Moreover the interferogram in the case of a generic quantum target
is derived in a fully quantum frame. In particular the dynamics of a
bosonic system subject to a double well potential trap is analysed in
order to understand what is the meaning of such Im G(r,t) and what
kind of information about the quantum state of the system can be
extracted out of it.

[1] Phys. Rev. Lett. 79, 2823

[2] Phys. Rev. 95, 249

[3] Physica 24, 404

Q 31.91 Tue 17:00 P OGs
Velocity Distribution Compression for Electron Beams with
Laser Fields — eMoriTz CaARMESIN!, MaxiM A. ErreEmov!, and
AND WorrcaNnc P. ScureicH}2 — lInstitut fiir Quantenphysik and
Center for Integrated Quantum Science and Technology (IQST), Uni-
versitét Ulm, Albert-Einstein-Allee 11, 89081 Ulm, Germany — 2Texas
A &M University Institute for Advanced Study (TIAS), Institute for
Quantum Science and Engineering (IQSE), and Department of Physics
and Astronomy, Texas A & M University, College Station, Texas 77843-
4242, USA

Various applications such as electron microscopy or the free-electron
laser require electron beams with a narrow velocity distribution. In or-
der to control its width, we suggest to use the scattering of the electrons
off two counter-propagating light waves generating a one-dimensional
ponderomotive potential.

Within non-relativistic classical mechanics, we find that it is indeed
impossible to decrease the width of a homogeneous distribution of the
initial positions. In contrast, it is possible to compress the velocity dis-
tribution for an electron beam with a modulated initial distribution.

This work is supported by the German-Israeli Cooperation (DIP).
W.P.S. is grateful to Texas A&M University for a Texas APM Univer-
sity Institute for Advanced Study (TIAS) Faculty fellowship.

Q 31.92 Tue 17:00 P OGs
Multi-Photon Information Processing — eJOHANNES SEILER!
and ViNcENzo Tamma? — llnstitut fiir Quantenphysik, Univer-
sitdt Ulm, D-89069 Ulm, Germany — 2University of Portsmouth,
Portsmouth, PO1 3QL

We propose a new approach towards quantum information process-
ing using multi-photon interferometers with thermal as well as non-
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classical light sources. The emergence of a second-order interference
effect which takes advantage of the correlation between specific inter-
ferometer paths with each other is demonstrated in [1]. This effect
could be experimentally useful for simulations of small-scale quantum
circuits and applications in high-precision metrology and imaging. Fur-
thermore, we present a general formalism to describe the correlation
function of an arbitrary multi-photon interferometer. The obtained
structure allows an interpretation in terms of bipartite graphs, giving
both a great insight into the physics of such setups, as well as enabling
reverse engineering of those.

[1] V. Tamma and J. Seiler, New J. Phys. 18(3):032002, 2016

Q 31.93 Tue 17:00 P OGs
Integration of photonic structures and thermal atomic va-
pors eRoBERT Low!, RALF RiITTER!, HaraLD KUBLER!,
Nico GRUHLER?, WoLFRAM PErNICE?, and TiLmMaN Praul — 15,
Physikalisches Institut und IQST, Universitat Stuttgart, Pfaffen-
waldring 57, 70550 Stuttgart — 2Institute of Nanotechnology, Karl-
sruhe Institute of Technology, 76344 Eggenstein-Leopoldshafen —
3Institute of Physics, University of Miinster, Heisenbergstr. 11, 48149
Miinster

The usage of atomic vapors in technological applications has become
increasingly relevant over the past few years. They are utilized e.g. in
atomic clocks, magnetometers, frequency references or to slow down
and store light. Integrated devices which combine photonic structures
and thermal atomic vapors on a chip could be an ideal basis for such
purposes as they provide efficient atom-light coupling on a miniatur-
ized scale. Furthermore, the existing fabrication technology of pho-
tonic circuits allows for complex networking and multiplexing designs,
potentially even at the single photon level. We report on the status
of our work on various photonic structures integrated into a rubid-
ium vapor cell. Specifically, we present our results on combining the

Q 32: Quantum Information:

Time: Wednesday 14:30-16:15

Q32.1 Wed 14:30 P 2
Fluorescence state detection of single atoms on a non-cycling
transition — eBo WanG, MarTHIAS KORBER, STEFAN LANGEN-
FELD, OLIVIER MORIN, ANDREAS NEUZNER, STEPHAN RITTER, and
GERHARD REMPE — Max-Planck-Institut fiir Quantenoptik, Hans-
Kopfermann-Str. 1, 85748, Garching, Germany

State-selective fluorescence is widely used to readout the internal state
of atoms or ions. Applications range from optical clocks to quantum
information processing. To reach a high accuracy, many scattered pho-
tons are required. Any loss channel leading to a dark state stops the
fluorescence and reduces the fidelity. Therefore, standard fluorescence
detection is only applicable for a few internal states that can be ex-
cited via a cycling transition, like the |551/2, F = 2> state in 37Rb.
We now theoretically and experimentally study schemes for the detec-
tion of the |5Sl/2, F= 1> state in 87Rb for which a cycling transition
does not exist. Our schemes are based on cavity-enhanced fluorescence
and alternating probe-beam configurations. By optimizing the control
sequence, we currently achieve a hyperfine-state-detection fidelity of
96% in 12 us. Theoretical concepts for further optimization will be
presented.

Q 32.2 Wed 14:45 P 2
Quantum Imaging with Incoherent Light From a Free-
Electron Laser — eRAIMUND SCHNEIDER FOR THE QUANTUM
ImaGING CoLLABORATION — Universitat Erlangen-Niirnberg, Staudt-
str. 1, 91058 Erlangen — Deutsches Elektronen-Synchrotron DESY,
Notkestr. 85, 22607 Hamburg — Universitdt Hamburg, Luruper
Chaussee 149, 22761 Hamburg

We report on a new method to reconstruct an unknown geometry
of independent thermal sources radiating at VUV wavelengths. Our
imaging algorithm is based on measuring higher order spatial inten-
sity correlations allowing to extract structural information about the
source distribution from the light field even though the sources emit
completely incoherently. We present experimental results of imaging
an artificial molecule where the atoms are mimicked by holes in a SiN
membrane. The hole mask is illuminated by incoherent light scattered
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atomic medium with Mach Zehnder interferometers [1], ring resonators
[2] and slot waveguides. As the atoms are probed in close proximity
to the dielectric material, atom-surface interactions and transit time
effects play a substantial role.

[1] R. Ritter et al., Appl. Phys. Lett. 107, 041101 (2015).

[2] R. Ritter et al., New J. Phys. 18 103031 (2016).

Q 31.94 Tue 17:00 P OGs
Loading Chromophores into Thin Film Metal Organic Frame-
works: Guest-Born Carboxylic Groups Facilitate Dye Incor-
poration. — eNicoLd Baroni', ANDREY TURsHATOV!, MICHAEL
OLDENBURG!, MicHAEL Apams!, ALEXANDER WELLE2, ENGELBERT
RepEL2, CurisToF WoLL2, Bryce S. RicHarpsb3, and Ian A.
Howarp! — MIMT, KIT, Eggenstein-Leopoldshafen — 2IFG, KIT,
Eggenstein-Leopoldshafen — 3LTI, KIT, Karlsruhe

Imparting optoelectronic function to surface-anchored metal-organic
framework (SURMOF) thin films by loading guest molecules into their
porous structures expands the portfolio of applications for which these
materials are relevant. In this study, we examine the loading behavior
of porphyrin dyes in the SURMOF-2 structures based on Zn metal
centers and 1,4-benzenedicarboxylate linkers. Loading is attempted
for porphyrin dyes metallated with Pd, Pt, and Zn. For each metala-
tion, the loading behavior of dyes with and without carboxylic pendant
groups is compared. The loading procedure is a simple drop-casting,
followed by rinse after drying to remove surface-deposited dyes. Us-
ing time of flight second ion mass spectroscopy, we demonstrate that
the dyes with carboxylic pendant groups penetrate through the whole
SURMOF film. We also present a study of the optical properties of
the SURMOPFs incorporating the guest porphyrin dyes. Examining the
steadystate, timeresolved, absorption and emission properties of the
system, we find that the guest molecules can interact within the pores
leading aggregate behavior to dominate the optical properties. Also,a
longlived emission from the unloaded SURMOF itself is observed.

Concepts and Methods V

Location: P 2

from a diffusor which itself is illuminated by the beam of the free elec-
tron laser FLASH at DESY, Hamburg. This imaging method is of
particular interest in the x-ray regime as the coherence of high energy
photons is easily lost, e.g., due to imperfect beam optics or incoherent
scattering processes.

Q 32.3 Wed 15:00 P 2
Detection of quantum correlations without quantum discord
— oSEMJON KOHNKE, ELIZABETH AGUDELO, MELANIE MRAZ, Os-
KAR SCHLETTWEIN, WERNER VOGEL, and Boris Hace — Institut
fir Physik, Universitdt Rostock, Germany

Currently a variety of different nonclassicality criteria are discussed.
They should classify whether a quantum state has a classical character
or is governed by quantum phenomena.

For testing nonclassicality criteria phase diffused squeezed states
were successfully used [1]. These states are a mixture of squeezed
states with a stochastically distributed phase. In our experiment we
go a step further. We produce an entangled state out of two squeezed
fields which interfere on a 50/50 beam splitter. Using phase diffusion at
one of the outputs gives us a fully randomized phase relation between
both of them. Thereby the entanglement gets destroyed.

To identify quantum correlation effects the quantum discord is
widely spread as universal indicator. Though this indicator fails and
does not reveal the nonclassical correlations from our experiment.
In contrast using the sampling formula of the regularized Glauber-
Sudarshan P function [2] we obtain a quasiprobability distribution
which uncovers any quantum correlations, going beyond quantum en-
tanglement and quantum discord.

[1] Schnabel et al., Phys. Rev. A 79, 022122 (2009).

[2] Vogel et al., Phys. Rev. A 87, 033811 (2013).

Q324 Wed 15:15 P2
Entanglement and coherence in quantum state merging —
e ALEXANDER STRELTsOV1:2, Eric CHITAMBAR3, SwapaN RaNal,
MANABENDRA NarH Beral, AnDREAs WINTER®S, and MAcIES
LeEweNsSTEIND® — 1ICFO, ES-08860 Castelldefels, Spain — 2Freie

Universitét Berlin, D-14195 Berlin, Germany — 3Southern Illinois Uni-
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versity, Carbondale, Illinois 62901, USA — *Universitat Autonoma de
Barcelona, ES-08193 Bellaterra (Barcelona), Spain — ?ICREA, ES-
08010 Barcelona, Spain

Understanding the resource consumption in distributed scenarios is
one of the main goals of quantum information theory. A prominent
example for such a scenario is the task of quantum state merging where
two parties aim to merge their parts of a tripartite quantum state. In
standard quantum state merging, entanglement is considered as an ex-
pensive resource, while local quantum operations can be performed at
no additional cost. Here, we consider the task of incoherent quantum
state merging, where one of the parties has free access to local inco-
herent operations only. In this case the resources of the process are
quantified by pairs of entanglement and coherence. We develop tools
for studying this process, and apply them to several relevant scenarios.
While quantum state merging can lead to a gain of entanglement, our
results imply that no merging procedure can gain entanglement and
coherence at the same time. We also provide a general lower bound
on the entanglement-coherence sum, and show that the bound is tight
for all pure states.

For more details see Phys. Rev. Lett. 116, 240405 (2016).

Q 32.5 Wed 15:30 P 2
multipartite states
eANTOINE NEVEN!, PIERRE MATHONET?, OTFRIED GUHNE?, and
TuiERRY BasTiN! — 'CESAM Research Unit, Institut de Physique
Nucléaire, Atomique et de Spectroscopie, Université de Liége, 4000
Liége, Belgium — 2Département de Mathématique, Université de
Liége, 4000 Liége, Belgium — 3Naturwissenschaftlich-Technische
Fakultat, Universitat Siegen, D-57068 Siegen, Germany

Quantum fidelity of symmetric

For two symmetric quantum states one may be interested in maximiz-
ing the overlap under local operations applied to one of them. The
question arises whether the maximal overlap can be obtained by ap-
plying the same local operation to each party. We show [1] that for two
symmetric multiqubit states and local unitary transformations this is
the case; the maximal overlap can be reached by applying the same
unitary matrix everywhere. For local invertible operations (stochas-
tic local operations assisted by classical communication equivalence),
however, we present counterexamples, demonstrating that considering
the same operation everywhere is not enough.

[1] A. Neven, P. Mathonet, O. Giihne, and T. Bastin, Phys. Rev. A
94, 052332 (2016).

Q 326 Wed 15:45 P2
Absolutely maximally entangled states of seven qubits do not
exist — oFELIX HuBER!, OTFRIED GUHNE!, and JENS SIEWERT?3 —
INaturwissenschaftlich-Technische Fakultit, Universitit Siegen, 57068
Siegen, Germany — 2Departamento de Quimica Fisica, Universidad
del Pafs Vasco UPV/EHU, E-48080 Bilbao, Spain — 3IKERBASQUE
Basque Foundation for Science, E-48013 Bilbao, Spain

Pure multiparticle quantum states are called absolutely maximally en-
tangled if all reduced states obtained by tracing out at least half of
the particles are maximally mixed. We provide a method to charac-
terize these states for a general multiparticle system. With that, we
prove that a seven-qubit state whose three-body marginals are all max-
imally mixed does not exist. Furthermore, we obtain an upper limit
on the possible number of maximally mixed three-body marginals and
identify the state saturating the bound. This solves the seven-particle
problem as the last open case concerning maximally entangled states
of qubits.

Q 32,7 Wed 16:00 P 2
Almost all pure four-qubit states are uniquely determined by
their two-body marginals — eNikorLar WYDERKA, FELIX HUBER,
and OTFRIED GUHNE — Naturwissenschaftlich Technische Fakultét,
Universitat Siegen, Walter-Flex-Str. 3, D-57068 Siegen, Germany

Thermal states of Hamiltonians with two-body interactions are of great
interest in quantum information processing as these states may be ex-
perimentally realised by engineering the Hamiltonian. The question of
whether the ground state of such an Hamiltonian is unique is closely
connected to the question whether the state is uniquely determined by
its two-body marginals. For generic three-qubit states, it was shown
that generic pure states are uniquely determined among all states
by their two-body marginals [1]. We show that generic four-qubit
states are uniquely determined among pure states by their two-body
marginals.

[1] N. Linden, S. Popescu, and W. K. Wootters. Phys. Rev. Lett.
89, 207901 (2002).

Q 33: Quantum Information: Solid State Systems ||

Time: Wednesday 14:30-16:15

Q 33.1 Wed 14:30 P 3

Quantum photonics with superconducting single-photon de-
tectors on silicon chips — eCARsSTEN ScHuck!?, Xiana Guol,
LinraN Fan!, Hosoonc Jung!, Xiaosone Mal, MENNo Poor!,
Cuanc-Ling Zou!, and Hone Tang! — !Department of Electri-
cal Engineering, Yale University, New Haven, CT 06511, USA —
2Physikalisches Institut, Westfilische Wilhelms-Universitiat Miinster,

Germany

Single photons in nanophotonic circuits on silicon chips hold great
promise for scalable quantum information processing. Sources of non-
classical light, integrated optical circuit components and waveguide-
coupled single-photon detectors are essential ingredients of a photonic
quantum processor. Here we report progress on realizing these com-
ponents with standard semiconductor thin-film technology on silicon
chips. We demonstrate quantum interference of photons from sponta-
neous parametric down conversion on an integrated directional coupler
fabricated from nanophotonic silicon nitride waveguides. We observe
two-photon interference with 97% visibility when measuring photon
statistics with waveguide-coupled superconducting nanowire single-
photon detectors directly on-chip [1]. Further we realize a spontaneous
parametric down conversion source in micro-ring resonators made from
aluminum nitride. Antibunching of heralded single-photons with high
modal purity [2] highlights the suitability of this source for quantum
information processing.

[1] Schuck te al., Nature Comm. 7, 10352 (2016).

[2] Guo te al., Light: Science & Applications 6, €16249 (2017).

Q33.2 Wed 14:45 P 3
Optical quantum memories with colour centre ensembles in
diamond — eJonas NiLs Brecker!, CurisTiaN WEINZETLZ, Jo-
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Location: P 3

HANNES GORLITZ!, ElLoN PoEMm3, Josnua NUNN?, IAN ALEXANDER
WaLmsLey?, and Curistorn Becuer! — Fakultdt NT (Fachrich-
tung Physik), Universitat des Saarlandes, Campus E2.6, 66123 Saar-
briicken, Germany — 2Clarendon Laboratory, University of Oxford,
Parks Road, Oxford OX1 3PU, United Kingdom — 3Weizmann Insti-
tute of Science, Rehovot 7610001, Israel

The reliable storage of a quantum state in the form of a photon with-
out destroying its coherence properties remains a significant challenge
in the field of quantum information processing. One scheme to re-
alize such an optical quantum memory is a Raman-based storage in
a dense ensemble of emitters via an off-resonant two-photon absorp-
tion of single photons, aided by a strong auxiliary control-field in a
A-type configuration. In this scheme, the memory bandwidth is only
limited by the ground state splitting of the ensemble. We here pro-
pose the use of an ensemble of silicon vacancy (SiV) colour centres
in diamond as a storage medium to realize such a memory. A large
ground state splitting of 48 GHz allows for storing picosecond photons
over tens of nanoseconds enabling applications in e.g. deterministic
single photon sources or buffer memories. We here present theoretical
as well as first experimental results demonstrating the feasibility of an
SiV-based memory as well as storage-time-extension using Hahn-Echo
pulse sequences in inhomogeneously broadened ensembles.

Q 33.3 Wed 15:00 P 3
Optical coherence in 1.53 um Erbium transition in "LiYF,
crystal below 1K eNaDEZHDA KUKHARCHYK!, DMITRIY
SnoLokHov!, STELLA L. KoraBLEVAZ, ALEXEY A. KaLacHEV3, and
PaveL Busuev! — !Experimentalphysik, Universitit des saarlandes,
D-66123 Saarbriicken, Germany — 2Kazan Federal University, 420008
Kazan, Russian Federation — 3Kazan Institute of Physics and Tech-
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nology, 420029 Kazan, Russian Federation

Rare earth doped materials find nowadays many applications in various
industrial and research fields. When put into wide band gap crystals,
rare earths exhibit long optical and microwave coherence times, which
is in a great interest for quantum information processing. In current
work, we have studied Erbium monoisotopic LiYF4 crystals. Such
isotopically pure crystals have very low optical inhomogeneous broad-
ening of approx. 10 MHz; This opens many possibilities to implement
these crystals as off-resonant Raman quantum memory or as frequency
converter. Here, we demonstrate dependencies of coherence times of
166Er in "LiYF4 on magnetic field and on temperature. Several cru-
cial effects were observed: “frozen core” and ZEFOZ, which allowed to
reach optical coherence times up to 75 us at magnetic field of 200 mT.

Q334 Wed 15:15 P 3
Arbitrary n-Qubit State Transfer Using Coherent Control
and Simplest Switchable Local Noise — VILLE BercHOLM!,
oFrank K. WiLHELM?, and THoMAS ScHULTE-HERBRUGGEN!
IDept. Chemistry, Technical University of Munich (TUM), D-85747
Garching, Germany — 2Institute for Theoretical Physics, University

of Saarland, 66123 Saarbriicken, Germany

We study the reachable sets of open n-qubit quantum systems, the
coherent parts of which are under full unitary control, with time-
modulable Markovian noise acting on a single qubit as an additional
degree of incoherent control. In particular, adding bang-bang control
of amplitude damping noise (non-unital) allows the dynamic system to
act transitively on the entire set of density operators. This means one
can transform any initial quantum state into any desired target state.
Adding switchable bit-flip noise (unital), on the other hand, suffices to
explore all states majorised by the initial state. We have extended our
open-loop optimal control package dynamo to also handle incoherent
control so that these unprecedented reachable sets can systematically
be exploited in experiments. We propose implementation by a GMon,
a superconducting device with fast tunable coupling to an open trans-
mission line, and illustrate how open-loop control with noise switching
can accomplish all state transfers without the need for measurement-
based closed-loop feedback schemes with a resettable ancilla.

Q 33.5 Wed 15:30 P 3
High-fidelity gqbuit State Tomographie in the Nonlinear Dis-
persive Regime — eMaRrius ScHONDORF!, LUKE C. G. Govial:2,
and Frank K. WiLHELM-Maucu! — ! Theoretical Physics, Saarland
University, 66123 Saarbriicken, Germany — 2Departement of Physics,
McGill University, Montreal, Quebec, Canada H3A 2T8

Superconducting qubits are promising candidate for the realization of
a scalable quantum computer. An important step for real implemen-
tations is qubit state tomography. In the past we presented a scheme
to readout sinlge qubit states as well as multiple parities with a mi-
crowave photon counter. Especially parity readout plays an important
role for the implementation of error correction codes. Since most of the
existing microwave photon counters do not have very high efficiencies,

such that it is necessary to increase contrast in the readout cavity.

In this work we theoretically describe multiple qubits dispersively
coupled to a driven cavity. We are especially interested in the regime
where the linear dispersive approximation breaks down, which means
the photon number in the cavity exceeds a specific number n > ncyit-
To get a valid theoretical description of that system we need to use
the exact dispersive transformation, which is also valid for high cavity
occupation. The result is a nonlinear behavior for high drive strengths
which has a strong dependence on the state of the N qubits coupled
to the cavity which leads to a very high contrast of about 10° photons
in the cavity. We show that this can be used to perform various multi
qubit measurements with very high fidelity.

Q 33.6 Wed 15:45 P 3
Robust quantum optimizer with full connectivity — Simon
Nica, eNieLs LOrcH, and RAkEsH Tiwarl — Departement Physik,
Universitdat Basel, Schweiz

Quantum phenomena have the potential to speed up the solution of
hard optimization problems. For example quantum annealing, based
on the quantum tunneling effect, has recently been shown to scale
exponentially better with system size as compared with classical sim-
ulated annealing. However, current realizations of quantum annealers
with superconducting qubits face two major challenges. First, the con-
nectivity between the qubits is limited, excluding many optimization
problems from a direct implementation. Second, decoherence degrades
the success probability of the optimization. We address both of these
shortcomings and propose an architecture in which the qubits are ro-
bustly encoded in continuous variable degrees of freedom. Remarkably,
by leveraging the phenomenon of flux quantization, all-to-all connec-
tivity is obtained without overhead. Furthermore, we demonstrate the
robustness of this architecture by simulating the optimal solution of a
small instance of the NP-hard and fully connected number partitioning
problem in the presence of dissipation.
Reference: arXiv:1609.06282

Q 33.7 Wed 16:00 P 3
Non-Markovianity in driven open quantum systems —
eREBECCA ScHMIDT!'2:3 Tapio ArLa-NissiLi®%, and SABRINA
ManiscaLcol2 — ITurku Centre for Quantum Physics, Department
of Physics and Astronomy, University of Turku, FIN-20014 Turku,
Finland — 2Center for Quantum Engineering, Department of Applied
Physics,Aalto University School of Science, P.O. Box 11000, FIN-00076
Aalto, Finland — 3COMP Center of Excellence, Department of Ap-
plied Physics, Aalto University, P.O. Box 11000, FI-00076 Aalto, Fin-
land — *Department of Physics, P.O. Box 1843, Brown University,
Providence, Rhode Island 02912-1843, U.S.A.

Open system dynamics inevitably experience losses in particular in
strongly coupled systems such as condensed matter devices. However,
it has be shown that non-Markovian dynamics give rise to information
backflow. Here we show, how driving changes this information back-
flow as well as if and how tailored driving can use information backflow
as a resource.

Q 34: Quantum Effects: Entanglement and Decoherence

Time: Wednesday 14:30-16:45

Group Report Q34.1 Wed 14:30 P4
Tunable entanglement resource in elastic electron-exchange
collisions out of chaotic spin systems — eBERND LOHMANN!,
KarL BLum!, and BURKHARD LANGER? — !Institut fiir Theoretische
Physik, Westfilische Wilhelms-Universitat Minster, Wilhelm-Klemm-
Strasse 9, 48149 Miinster, Germany — 2Physikalische Chemie, Freie
Universitat Berlin, Taku-Strasse 3, 14195 Berlin, Germany

Elastic collisions between initially unpolarized electrons and hydrogen-
like atoms are discussed aiming to analyze the entanglement properties
of the correlated final spin system. Explicit spin-dependent interac-
tions are neglected and electron exchange only is taken into account.
It is shown that the final spin system is completely characterized by
a single spin correlation parameter depending on scattering angle and
energy. Its numerical value identifies the final spins of the collision
partners to be either in the separable, entangled, or Bell correlated
regions.

The symmetry of the scattering process allows for the construction
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Location: P 4

of explicit examples applying methods of classical communication and
local operations for illustrating the concepts of nonlocality versus sep-
arability.

It is shown that strong correlations can be produced violating Bell’s
inequalities significantly. Furthermore, the degree of entanglement can
be continuously varied simply by changing either the scattering angle
and/or energy. This allows for the generation of tunable spin pairs
with any desired degree of entanglement. We suggest to use such non-
locally entangled spin pairs as a resource for further experiments, for
example in quantum information processes.

Q342 Wed 15:00 P 4

Observation of genuine three-photon interference — eTHOMAS
KauTEN!, SascHA AcaNEZ, JEoNGWAN JINZ, EvAN MEYER-ScoTT2:3,
Jerr SawvaiL?, Deny Hamer?, Kevin Rescu?, GrREcor WEIHS!,
and THoMAs JENNEWEIN? — lInstitut fiir Experimentalphysik, Uni-
versitiat Innsbruck, 6020 Innsbruck, Austria — 2Institute for Quan-

tum Computing, University of Waterloo, Waterloo, Ontario N2L 3G1,
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Canada — 3Department of Physics, University of Paderborn, 33098
Paderborn, Germany — *Département de Physique et d’Astronomie,
Université de Moncton, Moncton, New Brunswick E1A 3E9, Canada

Multiparticle quantum interference is important for our understand-
ing and exploitation of quantum information and for fundamental
tests of quantum mechanics [1]. An example for multi-partite cor-
relations is the Greenberger-Horne-Zeilinger (GHZ) state [2]. In a
GHZ-state, three particles are correlated while no pairwise correlation
is found. Those strong correlations have been studied theoretically
since 1990 but no three-photon GHZ interferometer has been realized
experimentally. Here we demonstrate three-photon interference that
does not originate from two-photon or single photon interference. We
observe phase-dependent variation of three-photon coincidences with
(90.5 £ 5.0)% visibility [3] in a generalized Franson interferometer [4]
using energy-time entangled photon triplets [5].

[1] Pan et al., Rev. Mod. Phys. 84, 777 (2012). [2] Greenberger et
al., Am. J. Phys. 58, 1131 (1990). [3] Agne et al., arXiv:1609.07508
(2016). [4] Franson Phys. Rev. Lett. 62, 2205 (1989). [5] Hiibel et al.,
Nature 466, 601-603 (2010).

Q34.3 Wed 15:15 P4
Autonomous quantum error correction with application to
quantum metrology — eFLORENTIN REITER!'?4 ANDERs S.
S@RENSEN?, PETER ZoLLER!2, and CHRISTINE A. Muscuik!:2
Hnstitute for Quantum Optics and Quantum Information of the Aus-
trian Academy of Sciences, A-6020 Innsbruck, Austria — 2Institute for
Theoretical Physics, University of Innsbruck, A-6020 Innsbruck, Aus-
tria — 3Niels Bohr Institute, University of Copenhagen, Blegdamsvej
17, DK-2100 Copenhagen, Denmark — 4Current address: Harvard
University, Department of Physics, 17 Oxford Street, Cambridge, MA
02138, USA

We present a quantum error correction scheme that stabilizes a qubit
by coupling it to an engineered environment which protects it against
spin- or phase flips. Our scheme uses always-on couplings that run
continuously in time and operates in a fully autonomous fashion with-
out the need to perform measurements or feedback operations on the
system. The correction of errors takes place entirely at the micro-
scopic level through a build-in feedback mechanism. Our dissipative
error correction scheme can be implemented in a system of trapped
ions and can be used for improving high precision sensing. We show
that the enhanced coherence time that results from the coupling to
the engineered environment translates into a significantly enhanced
precision for measuring weak fields. In a broader context, this work
constitutes a stepping stone towards the paradigm of self-correcting
quantum information processing.

Q344 Wed 15:30 P4
Subradiant Emission from Statistically Independent Classi-
cal Light Sources — eDANIEL BuarTi'»?2, RAIMUND SCHNEIDERD?Z,
TuoMAs MEeHRINGER!2, STEFFEN OPPEL!, and JoAcHIM VON
ZanTHIER!"2 — llnstitut fiir Optik, Information und Photonik, Uni-
versitat Erlangen-Niirnberg, 91058 Erlangen, Germany — 2Erlangen
Graduate School in Advanced Optical Technologies (SAOT), Univer-
sitdt Erlangen-Niirnberg, 91052 Erlangen, Germany

Super- and subradiance, i.e., the cooperative emission of spontaneous
radiation by an ensemble of identical two-level atoms, is one of the
intriguing problems in quantum optics. While superradiance is usu-
ally observed from symmetric Dicke-states, subradiance is typically
attributed to nonsymmetric Dicke-states [1]. Recent theoretical and
experimental investigations of higher-order intensity correlations have
shown that even thermal light sources (TLS) are able to emit super-
radiant light in particular directions [2,3]. Here, we investigate the
Nth-order intensity correlation functions of N TLS for different detec-
tor configurations leading to the production of directional subradiance.
By relating the phenomenon to subradiance of antisymmetric quan-
tum states, we find that the classical directional subradiance reflects
a quantum feature. We present the first measurements of directional
subradiant emission from TLS confirming the theoretical predictions.

[1] R. H. Dicke, Phys. Rev. 93, 99 (1954).

[2] S. Oppel, et al., Phys. Rev. Lett. 113, 263606 (2014).

[3] D. Bhatti, et al., Phys. Rev. A 94, 013810 (2016).

Q34.5 Wed 15:45 P4
Stability of quantum statistical ensembles with respect to lo-
cal measurements — eWaALTER Haun'2 and Boris V. Fingl?2
— 1Skolkovo Institute of Science and Technology, Moscow (Russia) —
2Institute for Theoretical Physics, University of Heidelberg (Germany)

58

We introduce a stability criterion for quantum statistical ensembles
describing macroscopic systems. An ensemble is called *stable* when
a small number of local measurements cannot significantly modify the
probability distribution of the total energy of the system. In this talk,
we apply this criterion to lattices of spins-1/2 and particularly focus on
recent results obtained in numerical simulations of interacting spin sys-
tems. Thereby we show that the canonical ensemble is nearly stable,
whereas statistical ensembles with much broader energy distributions
are not stable. In the context of the foundations of quantum statistical
physics, this result justifies the use of statistical ensembles with narrow
energy distributions such as canonical or microcanonical ensembles.

Q 346 Wed 16:00 P 4
Two Oscillators and Spectral Entanglement — eANDREAS
Kurcz and CarRsTEN HENKEL — Institute of Physics and Astronomy,
University of Potsdam, Karl-Liebknecht-Str. 24/25, 14476 Potsdam,
Germany

‘We consider two coupled oscillators within independent heat baths as
a toy-model to study heat transport [1] and non-equilibrium steady
states [2] in open quantum systems. We analyse correlation functions
of the oscillator coordinates that provide a spectral representation of
the covariance matrix familiar from continuous variables [3]. The Fluc-
tuation Dissipation Theorem [4] is applied in order to generalize criteria
for entanglement into the frequency domain. One key concept is the
linear response matrix whose peaks allow to identfy the normal modes
of the coupled system. We explore a wavelet analysis of quadratures to
provide a link between entanglement witnesses and experimental pro-
tocolls. The model is very genereal and may cover different regimes
dependent on the spectral densities of the heat baths, temperatures,
and coupling strength.

[1] G. Barton, J. Phys.: Condens. Matter 27, 214005 (2015). [2] L.
Dorofeyev, Can. J. Phys. 91, 537 (2013). [3] C. Weedbrook et. al.,
Rev. Mod. Phys. 84, 621 (2012). [4] G. W. Ford, J. T. Lewis, and R.
F. O’ Connel, Phys. Rev. A 37, 4419 (1988).

Q 34.7 Wed 16:15 P 4
Experimental observation of non-Markovianity in a trapped-
ion quantum system — eMaTTHIAS WITTEMER, GOVINDA CLOS,
UrricH WARRING, HEINZ-PETER BREUER, and ToOBIAS SCHAETZ —
Physikalisches Institut, Albert-Ludwigs-Universitat Freiburg

Any realistic quantum system interacts with its environment. Thereby,
the open system builds up entanglement and correlations with the envi-
ronment and exchanges information. Trapped ions offer a high level of
control of internal and external degrees of freedom and are well-suited
to engineer closed and open quantum systems. This enables systematic
studies of entanglement, decoherence, and thermalization in quantum
systems of variable complexity [1]. With our trapped-ion system we ex-
perimentally study the flow of information in a closed quantum system
between a subsystem and its environment and characterize associated
memory effects [2]. We prepare different environmental states and real-
ize different interactions between system and environment to measure
the non-Markovianity as a function of these parameters.

[1] G. Clos et al., Phys. Rev. Lett. 117, 170401 (2016)

[2] H.-P. Breuer et al., Phys. Rev. Lett. 103, 210401 (2009)

Q 34.8 Wed 16:30 P 4
Extensions of a quantum transport model of the FMO
photosynthetic complex — eHLER KRisTIANSSON!2, JONATHAN
BrucceEr!, GaBRIEL DUrFour!, CHRISTIAN ScHEPPACH!, and AN-
DREAS BucHLEITNER! — Physikalisches Institut, Alberts-Ludwigs-
Universitét, Freiburg i. Br., Germany — ?Blackett Laboratory, Impe-
rial College, London, United Kingdom

The potential role of non-trivial quantum coherence effects in the
Fenna-Matthews-Olson (FMO) photosynthetic complex has been the
subject of various experiments as well as theoretical quantum trans-
port models since the discovery of remarkably long-lived coherences in
the complex ten years ago. The FMO complex connects the photon-
capturing antenna to the reaction centre in green sulphur bacteria by
acting as a wire for energy transport. It can be modelled as a disor-
dered system with a few sites, each described by a two-level system.
In this talk we consider the model for quantum transport in disor-
dered systems proposed by Walschaers et al. [1], based on centrosym-
metry of the Hamiltonian and a dominant doublet coupling between
the input and output sites. We then discuss three extensions to this
model to create a more realistic description of energy transport in the
FMO complex: (i) variable energy levels for different sites, (ii) coupling
to vibrational modes of the system, and (iii) including the coupling of
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the wire to both the antenna and the reaction centre.
[1] M. Walschaers, R. Mulet, T. Wellens, and A. Buchleitner, Phys.

Q 35: Laser Development and

Time: Wednesday 14:30-16:30

Q351 Wed 14:30 P 5
A pulsed single-mode Ti:sapphire laser for high-resolution
resonance ionization spectroscopy — eDowminik STuper!, To-
BiAs KroN!, SEBASTIAN RAEDER?, VOLKER SONNENSCHEIN®, PASCAL
NauBereIT!, and Kraus WeNDT! — lInstitut fiir Physik, Johannes
Gutenberg-Universitat Mainz — 2GSI Darmstadt — 3Department of
Quantum Engineering, Nagoya University

Resonance ionization spectroscopy (RIS) is a well-established tech-
nique for both atomic and nuclear research. Through the stepwise exci-
tation and ionization of an atom individual transitions can be probed,
allowing the extraction of fundamental parameters, such as isotope
shifts and nuclear moments, provided an adequately narrow experi-
mental linewidth is realized. Due to their high reliability and stability,
pulsed Ti:sapphire lasers as designed at JGU Mainz are used at on-line
laser ion sources worldwide. The standard design features a Z-shaped
standing wave cavity, pumped by a frequency-doubled Nd:YAG laser
with a repetition rate of 10 kHz. The output power reaches up to 4
W with pulse lengths of 40 ns. Frequency selection is achieved by a
combination of a Lyot-Filter and a thin Etalon, resulting in a spectral
linewidth of ~5 GHz. Operation on a single longitudinal mode can be
achieved using a ring cavity design featuring an additional air-spaced
etalon, resulting in ~50 MHz linewidth. Compared to the previously
used technique of injection-locking, this design implies an unseeded
single-mode operation, greatly reducing the complexity of the system.
Moreover the wavelength range is not constrained by a master laser,
allowing easy set-up and scanning operation.

Q352 Wed 14:45 P 5
Quantum metamaterials as an active lasing medium: Effects
of disorder — eMARTIN KoPPENHOFERY2, MICHAEL MARTHALERZ,
and GERD ScHON? — lUniversity of Basel, Basel, Switzerland —

2Karlsruhe Institute of Technology, Karlsruhe, Germany

A metamaterial formed by artificial atoms, e.g., superconducting cir-
cuits or quantum dots, can serve as an active lasing medium when
coupled to a microwave resonator. For these artificial atoms, in con-
trast to real atoms, variations in their parameters cannot be avoided.
We examine the influence of disorder on such a multiatom lasing setup.
We find that the lasing process evolves into a self-organized stationary
state that is quite robust against disorder. The reason is that photons
created by those atoms which are in or close to resonance with the res-
onator stimulate the emission also of more detuned atoms. Not only
the number of photons grows with the number of atoms but also the
width of the resonance as a function of the detuning. Similar prop-
erties are found for other types of disorder such as variations in the
individual coupling. We present relations on how the allowed disorder
scales with the number of atoms and confirm it by a numerical analy-
sis. We also provide estimates for the sample-to-sample variations to
be expected for setups with moderate numbers of atoms.

Q353 Wed 15:00 P 5
Laser System Technology for Quantum Optics Experi-
ments in Space — eKar Lampmann!, Morirz Minm!, AN-
DRE WENzLAwskI!, OrTwiN HeLLmic®, Markus KruTzik?,
AcuiM PrTERs?, PaTricK WINDPASSINGER', and Tue MAIUS
Teamb23:45 — Ipstitut fiir Physik, JGU Mainz — Z2Institut fiir
Physik, HU Berlin — 3FBH, Berlin — *IQO, LU Hannover — 5ZARM,

Bremen — SILP, UHH Hamburg

Numerous applications of quantum optics demand for operating ex-
periments in extreme environments. Leaving the lab poses strict re-
quirements to the experimental systems, especially the laser systems,
in terms of miniaturization, power consumption, and mechanical and
thermal stability. We follow a hybrid approach to build laser systems
that can overcome these issues.

Optical bench systems using a set of specially designed freespace
optics based on glass ceramics are combined with fiberintegrated com-
ponents like splitters, modulators or resonators. Our systems fulfill all
different functions such as laser frequency stabilization, switching and
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distribution of laser light.

Successful sounding rocket missions show that our systems can over-
come the extreme loads of a rocket launch and that we are able to bring
laser systems into space.

Our work is supported by the German Space Agency DLR with
funds provided by the Federal Ministry of Economic Affairs and En-
ergy (BMWi) under grant numbers 50 WP 1433 and 50 WM 1345,
1646.

Q354 Wed 15:15 P5
Dy3+t:Luz03 as a promising gain material for mid-infrared
lasers — e ALEXANDER M. HEUER!'2, PaTrRICK VON BRUNND2, and
CurisTiAN KRANKEL!'? — lInstitut fiir Laser-Physik, Universitt
Hamburg — 2The Hamburg Centre for Ultrafast Imaging

The cubic sesquioxide LugOgs is a suitable host material for mid-
infrared laser applications due to its high thermal conductivity and low
phonon energy. We report on the first growth from the melt and spec-
troscopic analysis of monocrystalline Dy3*:Lu2O3 in the mid-infrared
spectral range. Absorption and emission cross-sections in the wave-
length range between 2 pm and 3.8 pm were determined. Gain cross-
sections in the same wavelength region were derived and point towards
possible laser action at 3256 nm and 3388 nm. The most suitable pump
wavelengths for in-band pumping directly into the emitting multiplet
were found to be 2713nm and 2776 nm. This allows for pumping by
an erbium-based mid-infrared laser. From the emission cross-sections
the lifetime of the emitting 6H13/2 multiplet has been calculated to be
in the order of 20 ms. Corresponding measurements are in progress.
Compared to the values reported for the mid-infrared laser material
Dy:ZBLAN the cross-sections of Dy3+ in Lus O3 are about 50 % higher.
This reveals that Dy3*:LuzOg is a promising candidate for the first
mid-infrared oxide host material based on the Dy3*-ion.

Q355 Wed 1530 P5
Low drift cw-seeded high-repetition-rate optical paramet-
ric amplifier for fingerprint coherent Raman spectroscopy
— eJoacHIM Kraura!, Tosias STeEINLE!, BoweN Liu2, MoRITZ
Froess!, Heiko LINNENBANK!, ANDY STEINMANN', and HARALD
Giessen! — 14th Physics Institute and Research Center SCoPE, Uni-
versity of Stuttgart — 2Ultrafast Laser Laboratory, Tianjin University

We introduce a broadly tunable robust source for fingerprint (170 -
1620 cm~!) Raman spectroscopy. A cw thulium-doped fiber laser,
gap-free tunable from 1770 - 2030 nm, seeds an OPA, which is pumped
by a 7-W, 450-fs Yb:KGW bulk mode-locked oscillator with 41 MHz
repetition rate. The OPA is designed in double-pass configuration for
power scaling and delivers a signal output power of around 1 W over
most of the tuning range. The output radiation of the OPA signal is
frequency doubled in a PPLN crystal and generates 0.7 - 1.3-ps-long
narrowband pump pulses for the subsequent Raman spectroscopy that
are tunable between 885 and 1015 nm with >80 mW average power.
The Stokes beam is delivered by a part of the oscillator output, which
is sent through an etalon to create pulses with 1.7 ps duration. We
demonstrate a stimulated Raman gain measurement of toluene in the
fingerprint spectral range. Here we use an acousto-optic modulator to
modulate the pump pulse, while the Stokes intensity is detected using a
single silicon photodiode, which is connected to a high-frequency lock-
in amplifier. Our system combines the simplicity and the robustness
of an OPA with the ultra-low intensity noise of a solid-state oscillator.
Furthermore, the cw seeding intrinsically ensures low spectral drift.

Q 356 Wed 15:45 P 5
Spatial Nonuniformity and Photochemical Doping in exfoli-
ated WS2 Monolayers — eloanNis PAraDIsaNos — N. Plastira
100, Heraklion, Crete, Greece

Monolayers of transition metal dichalcogenides (TMDs) are promising
new materials for future 2D nanoelectronic systems. With their tun-
able direct gap in the visible range of the optical spectrum and high
surface-to-volume ratio, these 2D semiconducting systems are ideal
for field-effect transistors, photovoltaics, light-emitting diodes, single-
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atom storage, molecule sensing and quantum-state metamaterials.

Here we report on the extraordinary photoluminescence (PL) and
Raman properties, not only of the physical but also of intentionally
created via femtosecond laser ablation, boundaries of mechanically ex-
foliated WS2 monolayers. In particular, it is shown that the edges of
such monolayers exhibit significant Raman shifts as well as remarkably
increased PL efficiency compared to their respective central area with
the emission channels being of different origin. Moreover, by exploit-
ing the interaction of UV nanosecond pulses with WS2 monolayers in
rich Cl2 environment, a fine control of the crystal*s carrier density
can be achieved. This is confirmed by micro-PL measurements at 78K
that show significant energy shifts of the neutral and charged exci-
ton*s emission. At the same time, micro-Raman experiments reveal
systematic shifts of the -doping sensitive- A1* vibrational mode.

We envisage that these novel findings could find diverse applications
in the development of TMDs-based optoelectronic devices.

Q 35.7 Wed 16:00 P 5
Mid-IR laser-based FTIR imaging using a broadband fs laser
source at 73 MHz repetition rate — eFLORIAN MORZ, RoSTYsLAV
SEMENYSHYN, TOBIAS STEINLE, FRANK NEUBRECH, ANDY STEIN-
MANN, and HArRaLD GiesseN — 4P Physics Institute and Research
Center SCOPE, University of Stuttgart, 70550 Stuttgart,Germany

We demonstrate FTIR imaging of sub-wavelength layers of C60 and
Pentacene at 7 pm using a broadband laser source. Imaging has been
conducted by using aperture sizes as small as 10 x 10 um with a 36x
microscope objective. A 100 x 100 pum image of the molecule lay-
ers has been measured. A signal-to-noise ratio that exceeds common
FTIR light sources, such as globars or synchrotrons, due to a several
orders of magnitude higher brilliance has been observed. The applied
laser source is based on the fOPO system presented in [1, 2|. Here, a
commercially available Yb:CALGO laser, providing 98 fs pulses at 73
MHz repetition rate, is used as a pump oscillator. The post-amplified

ffOPO system converts the pump light to the 1.4 - 4 ym wavelength
range. By difference frequency generation between signal and idler in
AgGaSes up to 1 mW average power at 7 ym with 446 nm (93 cm™1)
bandwidth (1/e?) is generated. The system exhibits superior long term
stability over several hours. In conclusion, this laser based FTIR setup
enables applications such as single nano-antenna measurements or pro-
tein sensing based on surface-enhanced infrared absorption (SEIRA).

[1] F. Moerz et al., Opt. Exp. 23, 23960 (2015)

[2] T. Steinle et al., Opt. Lett. 41, 4863 (2016)

Q 35.8 Wed 16:15 P 5
Towards Precision Infrared Spectroscopy on Small Molecules
— eARTHUR Fast!, Joun E. FurnNeaux?, and SAMUEL A. MEgek!
— Max Planck Institute for Biophysical Chemistry, Germany —
2University of Oklahoma, USA

Our goal is a high resolution measurement of the two-photon
v = 2 < v = 0 vibrational transitions in the hydroxyl (OH) radical
with a relative accuracy of 10714, These transitions can be used for
a test of a possible time variation of the electron-proton mass ratio.
The core of this endeavor is a laser beam in the mid infrared region
at 2.9 pm with a narrow optical linewidth below 1kHz. This is the
idler wavelength of an optical parametric oscillator (OPO) pumped at
1064 nm by a Nd:YAG laser. The same laser is also frequency-doubled
and locked to a molecular iodine transition at 532 nm. By doing this,
the Nd:YAG laser obtains a high short term stability, around 10~ at
the one-second timescale. To transfer this stability to the idler wave-
length of the OPO at 2.9 pm we make use of an optical frequency comb.
The frequency comb is stabilized to the Nd:YAG laser, and the OPO is
stabilized to the frequency comb by controlling its cavity length with
a piezo mirror. The frequency comb is also used to compare the mea-
sured absolute frequencies of the various lasers to a GPS-linked radio
frequency reference. In this way, we obtain a long-term stability and
absolute accuracy for our spectroscopic measurements.

Q 36: Photonics |

Time: Wednesday 14:30-16:45

Group Report Q 36.1 Wed 14:30 P 11
Light Localisation Schemes in Microstructured Optical Fibres
— oSTAVROS Pissapakis — FORTH-IESL, Heraklion, Greece

Microstructured optical fibres (MOFs) and photonic crystal fibres
(PCFs) are considered high versatility photonic platforms for the de-
velopment of multi-functional and high-performance optical devices
for optical communication, sensing and imaging applications. Light
localisation examples in those fibres types will be presented, while re-
ferring to the implementation into those fibres of whispering gallery
mode (WGM) resonances, photonic band gap tailoring, and multicore
guidance, while targeting sensing, material studies, and slow light ap-
plications.

Q 36.2 Wed 15:00 P 11
Whispering Gallery Mode microbarrel resonators fabri-
cated by multiphoton polymerization technique onto tapered
standard telecom fibers — VasiLElA MELISSINAKI}'2, MARIA
Farsarl', and eSTavros Pissapakis! — Foundation for Research
and Technology-Hellas (FORTH), Institute of Electronic Structure and
Laser (IESL), 71110 Heraklion, Greece — 2Department of Physics,
University of Crete, Heraklion, Greece

Whispering Gallery Mode (WGM) microbarrel resonators fabricated
by multiphoton polymerization technique onto tapered standard tele-
com fibers are demonstrated. The material used for the fabrication
of the microstructure is a zirconium-silicon, organic-inorganic hybrid
photosensitive material. Spectra recorded in transmission mode corre-
late to the diameter of the microbarrels, as well as their thickness and
the fabrication position onto the tapered fiber. Moreover, consider-
ing the symmetry of these microbarrel resonators, polarization spectra
were also studied. Finally, these WGM microbarrel resonators are used
as sensing probes for tracing the vapors of common organic solvents.

Q 36.3 Wed 15:15 P 11
Efficient extraction of photons from a single defect in hBN us-
ing a nanofiber — e ANDREAS W. ScHELL!, HIDEAKI TAKASHIMAL,

ToaN TroNG TRANZ, IcorR AHARONOVICH?, and SHIGEKI TAKEUCHI!
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— 1Kyoto University, Kyoto, Japan — 2University of Technology, Syd-
ney, Australia

Efficient extraction of photons from quantum emitters is an important
prerequisite for the use of such emitters in quantum optical applica-
tions as single photons sources or sensors. One way to achieve this is by
coupling to a suited photonics structure, which guides away the emit-
ter light. Here, we show the coupling of a single defect in hexagonal
boron nitride (hBN) to a tapered optical fiber via a nanomanipula-
tion technique. Defects in hBN are capable of emitting single photons
at room temperature while being photostable at the same time two
properties that make them ideal candidates for integration in single
photon sources. The high control the manipulation technique provides
avoids covering the whole nanofiber with emitters. We characterize the
coupled system in terms of achievable count rates, saturation intensity,
and spectral properties. Antibunching measurements are used to proof
the single emitter nature of the defect. Our results pave the way for
integration of single defects in hBN into photonic structure and their
use as single photon sources in quantum optical applications.

Q 36.4 Wed 15:30 P 11
Nanofiber Bragg grating cavities — eANDREAs W. SCHELL,
HipEakr TakasHIMA, AtTsusHl Fukupa, HiroNnaca MARUYA, and
SHIGEKI TakeucHI — Kyoto University, Kyoto, Japan

Coupling the light emitted from quantum emitters like atoms,
molecules, or defect centers into the guided mode of a single mode
optical fiber is highly important for scaling up quantum optics exper-
iments, since it provides the possibility to interconnect experiments
at different locations and ensures high mode overlap of photons from
different sources. Here, we present a photonic nanocavity on a tapered
optical fiber. The cavities are formed by two Bragg mirrors fabricated
by an ion beam [1]. Characterization in terms of transmission, re-
flection, and polarization are performed and compared with numerical
simulations [2]. The quality factors of the fabricated devices can reach
values over 300 while the mode volume is smaller than the cubic wave-
length. Simulations indicate that a Purcell enhancement of 19.1 with
82 % coupling efficiency can be reached using this cavities. A com-
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parison of cavities fabricated using a gallium beam is compared with
cavities made using a helium beam giving insights about implantation
of gallium in the ion beam milling fabrication of resonators. Using the
knowledge from experiment and simulation, new designs for nanofiber
Bragg grating cavities are developed and tested. [1] A W Schell et al.
Sci. Rep. 5, 9619 (2015) [2] H Takashima et al. Opt. Express 24,
15050-15058 (2016)

Q 36.5 Wed 15:45 P 11
The Akhmediev Breather in the presence of loss
o ALEXANDER HAUsE, CHRIsTOPH MAHNKE, and FEDOR MITSCHKE
— Universitat Rostock, Institut fiir Physik, Albert-Einstein-Str. 23,
18059 Rostock

Light propagation in optical fibers is described by the nonlinear
Schrodinger equation. A type of solution known as Akhmediev
Breather receives much attention recently. It describes a cw back-
ground wave on top of which a perturbation waxes and wanes; at its
culmination point it forms a periodic sequence of pulses. In realistic
situations, the growth-and-decay undergoes periodic recurrence; this
has been described in terms of the Fermi-Pasta-Ulam phenomenon [1].
If for realism we introduce (localized) loss (or gain) we find an ex-
pression for the recurrence period, and a peculiar behavior: The re-
currence pattern phase-shifts by 7 if there is loss; for gain it remains
unshifted. Recently researchers have discovered a similar phase shift
in corresponding experiments in a lossy wave tank [2]. However, the
Nonlinear Schrédinger equation is integrable and does not describe a
lossy channel. We are looking for a comprehensive description of these
phenomena. Surely, such description must, in the low-power limit,
reproduce the Temporal Talbot effect [3] which has the same phase
reversal.
[1] S. A. Chin et al., Phys. Rev. E 92, 063202 (2015)
[2] O. Kimmoun et al., ArXiv 1602.01604v1 (2016)
[3] U. Morgner, FM, Optics & Photonics News 9, 45 (1998)

Q 36.6 Wed 16:00 P 11
Solitons and loss: a new take at nonintegrability —
oCHRISTOPH MAHNKE, ALEXANDER HAUSE, and FEDOR MITSCHKE
— Universitat Rostock, Institut fiir Physik, Albert-Einstein-Str. 23,
18059 Rostock

Fiber-optic soliton pulses are described by the Nonlinear Schrédinger
equation which is integrable. Integrability is an idealization, rendered
invalid even by a minimal amount of loss (or gain). Attempts to as-
sess the fate of the soliton in the lossy case have been restricted to
perturbation analysis where it is assumed that the loss is very small.
We present a new approach which is physically intuitive but does not
make this last assumption. It can quantify the reshaping of the soli-

ton, as well as the generation of linear radiation, for both localized
and distributed loss. The perturbative limit is recovered as a special
case. Outside this limit, we can quantitatively describe how the soliton
eventually decays when it continuously loses energy. The approach can
also be applied to the case of gain.

Q 36.7 Wed 16:15 P 11
Bloch oscillations sustained by nonlinearity — eRobisLav
DriBeN!, ViabpimiR KonoTopr?, TorsTEN MEIER!, and ALEXEY
YuLin® — !Department of Physics and CeOPP, University of Pader-
born, Warburger Str. 100, D-33098 Paderborn, Germany — 2Centro
de Fisica Teorica e Computacional and Departamento de Fisica, Uni-
versida de Lisboa — 3ITMO University, 49 Kronverskii Ave., St. Pe-
tersburg 197101, Russian Federation

We demonstrate that, contrary to general belief, a nonlinearity may
play a constructive role in supporting Bloch oscillations in a model
which is discrete, in one dimension and continuous in the orthogonal
one. Such a model can be experimentally realized in several fields of
physics such as optics and Bose-Einstein condensates. We demonstrate
that designing an optimal relation between the nonlinearity and the
linear gradient strength provides extremely long-lived Bloch oscilla-
tions with little degradation. Such robust oscillations can be observed
for a broad range of parameters and even for moderate nonlinearities
and large enough force gradients. We also present an approximate an-
alytical description for the wave packet evolution featuring a hybrid
Bloch oscillating wave-soliton behavior that excellently corresponds to
the direct numerical simulations.

Q 36.8 Wed 16:30 P 11
Breathers in nonlinear metamaterials with amplification and
absorption — eSAscHA BOHRKIRCHER, SEBASTIAN ErRrorT, HoL-
GER CARTARIUS, and GUNTER WUNNER — 1. Institut fiir Theoretische
Physik, Universitat Stuttgart, 70550 Stuttgart, Germany

PT-symmetry originates from non-Hermitian quantum mechanics in
the presence of gain and loss, and was experimentally proven in analo-
gous optical systems. Recently, PT-symmetry was realized in metama-
terials. As examinations have shown, a P7T -symmetric nonlinear dimer
chain composed of split-ring resonators can form discrete breather os-
cillations [1]. Previous works have been limited to one-dimensional
systems. In our work we extend the one-dimensional dimer chain to a
two-dimensional dimer surface and investigate the breather oscillations
of this system starting from the one-dimensional solution. We study
the behaviour of these breather oscillations by adiabatically increasing
the coupling parameters.

[1] N. Lazarides and G. P. Tsironis, Phys. Rev. Lett 110, 053901
(2013)

Q 37: Ultracold Plasmas and Rydberg Systems

Time: Wednesday 14:30-16:45

Group Report Q37.1 Wed 14:30 P 104
Non-equilibrium dynamics of dipolar interacting Ryd-
berg spins — eADRIEN SieNoLEs', MIGUEL FERREIRA-Caol,
Asier PiNEIRO ORioni?, RENATO FERRACINT AIvEs', VLADISLAV
GAVRYUSEV!, GERHARD ZURN!, JORGEN BERGES?, SHANNON
WartLock!, and MarThias WEIDEMULLER! — 1Physikalisches In-
stitut, Universitét Heidelberg, Germany — 2Institut fiir Theoretische

Physik, Universitdt Heidelberg, Germany

Rydberg atoms in ultracold gases constitute controllable systems to
experimentally study non-equilibrium phenomena, like thermalization
of isolated quantum systems or relaxation after quenches. Of specific
interest is the possibility to introduce resonant dipolar exchange inter-
actions, providing new opportunities for investigating the dynamics of
strongly correlated many-body quantum systems with beyond nearest-
neighbour coupling.

We present an experimental realization of a prototypical dipolar spin
model by coupling two strongly interacting Rydberg states by a mi-
crowave field. At low Rydberg density where interactions are negligi-
ble, we show that our system can be mapped into a spin-1/2 model, in
which full control and readout are achieved by using arbitrary single-
spin rotations. By driving the system out-of-equilibrium for higher
densities we report the observation of coherent spin oscillations with
interaction-induced damping, which can be described in terms of a
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dipolar XX-model in effective magnetic fields. The comparison with
theoretical calculations allows us to identify the primordial quantum
fluctuations as a source of relaxation.

Q 37.2 Wed 15:00 P 104
Towards a strongly interacting gas of cold strontium Ryd-
berg atoms — INco Nosske!, Luc CouTurier!, CuanG Qraol,
Facnao Hul, eJan BrLume!2, Canzuu Tan!, PEne CHEN!, YUHAI
Jiang!3, and MaTTHIAS WEIDEMULLER!2 — 1University of Science
and Technology of China, Shanghai Institute for Advanced Studies,
Xiupu Road 99, 201315 Shanghai, China — 2Physikalisches Institut,
Universitéit Heidelberg, Germany — 3Shanghai Advanced Research In-
stitute, Chinese Academy of Sciences,

We aim to create a gas of ultracold strontium Rydberg atoms. Our
laser cooling strategy, with the goal of reaching temperatures and den-
sities close to quantum degeneracy [1], involves a side-loaded 2D MOT
followed by 3D broad-band and narrow-band MOTs. The strontium
atoms will be excited to triplet Rydberg states via a narrow singlet-
triplet intercombination line.

Here we present our latest experimental progress including the real-
ization of our strontium 2D MOT, as well as a characterization of
the locking scheme of our cooling laser which addresses the broad
552 189 — 5s5p 1P transition of strontium at 461 nm. The lock-
ing scheme is based on a commercial wavelength meter (HighFinesse
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WSU10) with which an absolute frequency stability of a few MHz has
been achieved.

[1] Simon Stellmer, Rudolf Grimm, and Florian Schreck. "Produc-
tion of quantum-degenerate strontium gases." Physical Review A 87.1
(2013): 013611.9.5 571-586 (2014)

Q 37.3 Wed 15:15 P 104
Spectroscopy of Rydberg states in ultra cold ytterbium
— oCHRISTIAN HALTER, MuUsSTAFA JuMaAH, LAURA Suckg, To-
BiAsS FRANZEN, BaAsTiAN POLLKLESENER, CRISTIAN BRUNI, and
AxeL GORrLITZ — Heinrich-Heine-Universitét Diisseldorf, Diisseldorf,
Deutschland

In recent years Rydberg atoms with their special features, like dipole-
dipole interaction or van-der-Waals blockade, have become more and
more important for quantum optics. Particularly ultra cold Rydberg
atoms are of great interest for the investigation of long range inter-
action. A special feature of ytterbium is that due to its two valance
electrons atoms in Rydberg state can be easily manipulated and im-
aged using optical fields. A first step towards studies of ultra cold
ytterbium is to gain precise knowledge on the Rydberg states. Here
we present a spectroscopy study of the Rydberg states of ultra cold
ytterbium. For the detection of the Rydberg states we are using the
induced loss of atoms in a MOT when atoms are excited to a Rydberg
state. Using this method we could measure several energy levels of
Rydberg states.

Q374 Wed 15:30 P 104
Simulating Rydberg dressing of a one-dimensional Bose-
Einstein condensate eGRrRAHAM LocHEADD2, MARCIN
Propzien3, Jurius bE Honp2, N. J. van DRUTEN?, and SERVAAS
KokKELMANS® — !Physikalisches Institut, Universitit Heidelberg, Im
Neuenheimerfeld 226, 69120 Heidelberg — 2?van der Waals-Zeeman
Institute, University of Amsterdam, Science Park 904, 1098 XH Am-
sterdam, The Netherlands — 3Eindhoven University of Technology,
5600 MB Eindhoven, The Netherlands

Rydberg dressing is the process of weakly admixing strongly inter-
acting Rydberg-character into an otherwise weakly interacting ground
state. These systems have the benefit of having strong, controllable,
long-range interactions while still maintaining relatively long lifetimes.
These properties have lead to many proposals for exotic many-body
states/phases. In this talk I will present simulations of the influence of
Rydberg dressed interactions on a 1D Bose-Einstein condensate, and
show the advantages of 1D geometries over 3D for experimental obser-
vation. I will also describe a current experimental setup investigating
Rydberg dressing in a 1D BEC.

Q375 Wed 15:45 P 104

Photon propagation through dissipative Rydberg medium
at large input rates — eIvaN MIRGORODSKIY!, CHRISTOPH
1,2 L2 Agap

Braun!2, FrLoriaN CHRISTALLER}2, CHRrRisTOPH TREspl:2,

Paris-Manpoki!, and SeEBasTiAN HorrerRBERTH!2 — 15, Phys.
Inst. and Center for Integrated Quantum Science and Technology,
Stuttgart University, Pfaffenwaldring 57, 70569 Stuttgart, Germany
— 2Department of Physics, Chemistry and Pharmacy, University of

Southern Denmark, 5230 Odense M, Denmark

In our experiment we study the propagation of photons through cold
atomic ensemble of 87Rb. Coupling photons to a Rydberg state via
Electromagnetically Induced Transparency (EIT) leads to excitation of
hybrid atom-photon states called Rydberg polaritons. Rydberg polari-
tons propagate through the atomic medium with vastly reduced speed
and therefore strong Rydberg-Rydberg interaction can be mapped onto
the photons. Thereby dissipative Rydberg-EIT media reveal a rich
physics, understanding of which is of a high necessity.

In this work we investigate the particular case of large input pho-
ton rates and study quantum many-body dynamics of a dissipative
Rydberg-EIT medium. We discuss effects of polariton propagation
resulting in the change of photon transmission through the medium
and an effect of "Rydberg pollution” consisting in a drastically in-
creased rate of production of stationary Rydberg excitations inside of
the medium.
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Q 37.6 Wed 16:00 P 104
Rydberg excitation of cold atoms in hollow core fiber —
eMoHAMMAD NoaMAN, MARIA LANGBECKER, CHANTAL Voss, MAIK
SeELCH, FLORIAN STUHLMANN, and PATRICK WINDPASSINGER —
QUANTUM, Institut fiir Physik, Johannes Gutenberg-Universitét
Mainz, Staudingerweg 7, 55128 Mainz, Germany

Cold atoms confined inside hollow-core fibers represent a promising
candidate to study strongly coupled light-matter systems. Combined
with the long range Rydberg interaction which is controlled through
an EIT process, a corresponding experimental setup should allow for
the generation of a strong and tunable polariton interaction. Due to
dipole blockade polaritons are restricted to a quasi one dimensional
structure. Using this scheme, novel photonic states, eg crystallization
of photons can be observed with possible applications in quantum in-
formation and simulation. This talk will review the current status of
our experimental setup where laser cooled Rubidium atoms are trans-
ported into a hollow-core fiber using optical lattice. We present the
first result of Rydberg EIT of cold atoms inside a hollow core fiber
and discuss the progress towards physics in a quasi-one-dimensional
geometry of Rydberg atoms.

Q 37.7 Wed 16:15 P 104
Mixed spin character bound states in ultra-long range gi-
ant dipole molecules — eTHoMAS STiELOW, MARKUS KURZ, and
STEFAN ScHEEL — Institut fiir Physik, Universitdt Rostock, Albert-
Einstein-Str. 23-24, 18059 Rostock

An exotic species of Rydberg atoms in crossed eletric and magnetic
fields are so-called giant-dipole atoms [1]. They are characterized by
an electron-ionic core separation in the range of several micrometers,
leading to huge permanent dipole moments of several hundred thou-
sand Debye. Recently, diatomic molecular states formed by the binding
of a giant-dipole atom with a neutral ground-state perturber have been
analyzed within the framework of a triplet dominated S-wave Fermi-
pseudopotential approach [2]. In this work, we expand this analysis
by including both S- and P-wave scattering potentials along with the
hyperfine-structure coupling of the ground-state perturber. We discuss
the effects of these couplings on the adiabatic molecular potentials. In
addition to the Fermi-pseudopotential ansatz we provide a comparative
study based on a Green’s function approach [3].

[1] DipPEL O., ScHMELCHER P. and CEDERBAUM L. S., Phys. Rev.
A, 49 (1994) 4415,

[2] Kurz, M., MAYLE, M. and SCHMELCHER, P., Europhys. Lett.,
97 (2012) 43001.

[3] Fevy, C., Kurz, M., SCHMELCHER, P., RITTENHOUSE, S. T.,
SADEGHPOUR, H. R., New J. Phys. 17 055010 (2015).

Q 37.8 Wed 16:30 P 104
Strong coupling of a Rydberg super atom to a propagating
light mode — eJAN KuMLIN!, AsAF PaRris-MANDOKI?, CHRISTOPH
Braun2, CurisTorH TRESP?, SEBASTIAN HOFFERBERTH?, and HANS
PETER BUCHLER' — lInstitut fiir Theoretische Physik III and Cen-
ter for Integrated Quantum Science and Technology, Universitit
Stuttgart, Germany — 25. Physikalisches Institut and Center for
Integrated Quantum Science and Technology, Universitdt Stuttgart,
Germany

Strong coupling of a single atom to a light mode is at the heart of
quantum optics. Such systems have so-far been realised experimen-
tally in optical cavities, but recent experimental progress in coupling
propagating photons to an atomic cloud with Rydberg states enables
the realisation of strong interactions between individual photons in free
space and opens up a novel toolbox for quantum optics.

In this talk, we present the exact input-output formalism to describe
the phenomenon of collective Rabi oscillations in a single Rydberg two-
level superatom coupled to a photon field. The photonic mode defines
an effective one-dimensional system, while the large size of the atomic
cloud provides a chiral coupling. Using a master equation approach
and the quantum regression theorem, we calculate the intensity as well
as the second-order correlation function for the outgoing field by nu-
merically solving the quantum master equation. Finally, we compare
our findings with recent experimental results.
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Q 38: Quantum Gases: Bosons V

Time: Wednesday 14:30-16:45

Q 38.1 Wed 14:30 P 204
Observation of Quantum Criticality and Luttinger Liquid in
One-dimensional Bose Gases — eBinG Yanc!3, Yanc-Yana
CHENZ?, Yona-GuaNnc Zuenc!3, Hur Sun'3, Han-Ning Darl:3,
X1-WEN Guan?4, Zuen-SHENG Yuanb3, and JiIaAN-WEI Pan13 —
1Hefei National Laboratory for Physical Science at Microscal and De-
partment of Modern Physics, University of Science and Technology
of China, Hefei, Anhui 230026, China — 2State Key Laboratory of
Magnetic Resonance and Atomic and Molecular Physics, Wuhan In-
stitute of Physics and Mathematics, Chinese Academy of Science,
Wuhan 430071, Wuhan — 3Physikalisches Institut, Ruprecht-Karls-
Universitat Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg,
Germany — 4Department of Theoretical Physics, Research School of
Physics and Engineering, Australian National University, Canberra
ACT 0200, Australia

We report an observation of quantum criticality and the TLL in a sys-
tem of ultracold 8”Rb atoms within 1D tubes. The universal scaling
laws are measured precisely and the characteristic critical temperatures
are determined by the double-peak structure of specific heat, confirm-
ing the existence of three phases: classical gas, quantum critical region
and the TLL. The Luttinger parameter estimated from the observed
sound velocity approaches the measured Wilson ratio (WR), which
reveals the collective nature of the TLL and the quantum fluctuations.

Q 38.2 Wed 14:45 P 204
Spatial first-order correlations of a trapped two-dimensional
photon gas — eToBias Damm, Davip Dung, FRANK VEWINGER,
JurLiaNn ScHMITT, and MARTIN WEITZ — Institut fiir Angewandte
Physik, Universitdt Bonn, Wegelerstr. 8, D-53115 Bonn

Bose-Einstein condensation was observed for ultracold atoms, polari-
tons, and more recently with photons in a dye-filled optical microcav-
ity. In the latter experiment, the used short cavity provides a low fre-
quency cutoff with a quadratic dispersion relation. Photons thermalize
by repeated absorption and emission processes on dye molecules.

Here we report measurements of the first-order spatial coherence of
the thermalized photon gas trapped in the dye microcavity, both in
the classical Boltzmann regime as well as in the condensed phase. The
dye microcavity emission is analyzed with a Michelson interferometer
utilizing a cat eye retroreflector replacing one of the plane reflecting
mirrors. Below condensation threshold correlations are determined
by the thermal de Broglie length. We observe the expected 1/ﬁ
dependence with temperature, which verifies the thermal character.
The onset of Bose-Einstein condensation agrees with the assumption
that quantum statistical effects emerge when the thermal de Broglie
wavepackets overlap, a property so for verified only for material gases.
Above this critical phase-space-density we observe long range order,
with the correlation length eventually exceeding the size of the con-
densate.

Q 38.3 Wed 15:00 P 204
Thermalized Light in Variable Micropotentials and Coupled
Photon Condensates — eDavip Dunc!, CHRIsTIAN KURTSCHEID!,
Tosias Damm!, Erik BusLey!, Fauri EmMre OzTOrk!, JuLian
ScamiTt!, FRANK VEWINGER!, JAN KLARS?, and MARTIN WEITZ!
— nstitut fiir Angewandte Physik, Universitit Bonn — 2Institut fiir

Quantenelektronik, ETH Ziirich

We report work creating multiple coupled photon condensates in a sin-
gle microcavity setup at room-temperature. In general, Bose-Einstein
condensation has been observed for cold atomic gases, solid state quasi-
particles as exciton-polaritons, and more recently with photons. The
latter can be realized in a dye-filled optical microcavity. Number-
conserving thermalization of photons in the dye-microcavity is achieved
by multiple absorption and fluorescence processes on dye-molecules.
The microcavity creates a suitable ground state for condensation,
equivalent to a non-vanishing effective photon mass. By locally
thermo-optically changing the refractive index inside the microcavity
an effective trapping potential for photons can be induced. For this,
a focused external control laser beam locally heats an absorbing layer
below one of the cavity mirror coatings, leading to a local refractive
index change of a thermo-responsive polymer mixed with the dye solu-
tion. We show that Bose-Einstein condensation can be realized in such
a micropotential. Moreover a thermo-optical photon self interaction is
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observed. Finally we show measurements on the coupling of two mi-
crosites in a double well potential for light, showing both hybridization
of Eigenstates and coherent oscillations.

Q 38.4 Wed 15:15 P 204
Droplet Formation in Quantum Ferrofluids in Ring Trap Ge-
ometry — e ANTUN BarLaz! and AxeL PELSTER? — !Scientific Com-
puting Laboratory, Center for the Study of Complex Systems, Insti-
tute of Physics Belgrade, University of Belgrade, Serbia — 2Physics
Department and Research center OPTIMAS, Technical University of
Kaiserslautern, Germany

In the recent experiment [1], the Rosensweig instability was observed
in a quantum ferrofluid of a strongly dipolar BEC, leading to a for-
mation of atomic droplets. In Ref. [2] it was demonstrated that the
stability of such droplets is due to quantum fluctuation correction of
the ground-state energy [3,4]. Here we extend this previous theoret-
ical description and develop a full Bogoliubov-Popov theory, which
also takes into account the condensate depletion due to quantum fluc-
tuations. We apply this approach to study the droplet formation in
a 164Dy BEC in ring trap geometry where, after a sudden reduction
of the scattering length, the dipolar quantum gas creates a droplet
ring. We use extensive numerical simulations in order to study various
properties of the emerging droplets, such as their number, size, and
distribution. We also study how a phase imprinting affects the droplet
formation process.

[1] H. Kadau, et al., Nature 530, 194 (2016).

[2] L. Chomaz, et al., Phys. Rev. X 6, 041039 (2016).

[3] T. D. Lee, K. Huang, and C.N. Yang, Phys. Rev. 106, 1135 (1957).
[4] A.R.P. Lima and A. Pelster, Phys. Rev. A 84, 041604(R) (2011);
Phys. Rev. A 86, 063609 (2012).

Q 38.5 Wed 15:30 P 204
Observation of parametric resonances in 1D shaken optical
lattices — eKAREN WINTERSPERGER!'2, JakoB NAGER!'2, MAR-
TIN REITTERD2, ULRicH ScHNEIDER?, and IMMANUEL Brocu!?
— 1Ludwig-Maximilians-Universitit Miinchen, Schellingstr. 4,
80799 Miinchen — 2Max-Planck-Institut fiir Quantenoptik, Hans-
Kopfermann-Strasse 1, 85748 Garching — 2University 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)

Q 38.6 Wed 15:45 P 204
Observation of scaling in the coarsening dynamics of a
quenched one-dimensional spinor Bose-Einstein condensate
— oMAXIMILIAN PRUFER, CHRISTIAN-MARCEL SCHMIED, PHILIPP
KuNKEL, DANIEL LINNEMANN, ANIKA FROLIAN, HELMUT STROBEL,
THoMAs GasENzZER, and Markus K. OBERTHALER — Kirchhoff-
Institut fiir Physik, Im Neuenheimer Feld 227, 69120 Heidelberg

Coarsening dynamics features a scaling behaviour of the characteristic
length scale as a function of time. Accessing experimentally the cor-
responding scaling exponent, we employ a Bose-Einstein condensate
of 87Rb in the F = 1 hyperfine manifold with ferromagnetic interac-
tion. We prepare the system in the polar phase and quench it into the
symmetry broken ferromagnetic phase. After a build-up of excitations
in the transversal spin, as predicted by Bogoliubov theory, we observe
a self-similar coarsening evolution with a characteristic power-law be-
haviour for long evolution times. By rescaling the spatial correlation
functions we determine the scaling exponent z describing the temporal
evolution of the characteristic length scale.

Q 38.7 Wed 16:00 P 204
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Towards a Photon Bose-Einstein Condensate in the Vacuum-
Ultraviolet Spectral Regime — oCHRIsTIAN WaAHL, RENE NET-
TEKOVEN, JULIAN SCHMITT, FRANK VEWINGER, and MARTIN WEITZ
— University of Bonn, Germany

We propose an experimental approach for photon Bose-Einstein con-
densation in the vacuum-ultraviolet spectral regime, based on the ther-
malisation of photons in a noble gas filled optical microcavity. Our
current experiments realizing photon Bose-Einstein condensates oper-
ate in the visible spectral regime with organic dyes as a thermalisation
medium [1]. To reach the vacuum-ultraviolet spectral regime, we pro-
pose to replace the dye medium by high pressure xenon or krypton gas
with absorption re-emission cycles on the transition from the ground
to the lowest electronically excited state of the noble gases for ther-
malisation. In order to achieve sufficient spectral overlap between the
atomic absorption and the di-atomic excimer emission noble gas pres-
sures of up to 60 bar will be created inside the cavity. Using the
heavy noble gases xenon and krypton, emission wavelengths in the
120-160 nm regime seem feasible. Current experimental work focuses
on verifying the fulfillment of the thermodynamic Kennard-Stepanov
frequency scaling between absorption and emission for the dense noble
gas medium. The current status of experimental work will be reported.
References: [1]: J. Klaers et al. Nature 468, 545-548 (2010)

Q 38.8 Wed 16:15 P 204
Fluctuation-dissipation relations in a Bose-Einstein con-
densed photon gas coupled to a dye reservoir — eFAHRI EMRE
OzTurkK, ToBias DamMm, Davib DunGg, FRANK VEWINGER, JULIAN
ScamiTT, and MARTIN WEITZ — Institut fiir Angewandte Physik,
Universitat Bonn, Wegelerstrafte 8, 53115 Bonn, Germany

Bose-Einstein condensation, the phase transition of bosons to a macro-
scopically occupied ground state at low temperature, has been observed
e.g. in cold atomic gases and semiconductor exciton-polaritons. We
have previously observed Bose-Einstein condensation of a two dimen-
sional photon gas in a dye filled optical microcavity [1]. The photon
condensate shows grand canonical statistical behavior as the conden-
sate exchanges both energy and particles with the dye reservoir. This

results in photon number fluctuations, which can be as large as the
average condensate photon number [2]. In thermal equilibrium, such
fluctuations are related to the linear response of the system to a weak
perturbation and thermal energy kp7T. This relation, expressed by
the fluctuation-dissipation theorem, also explains e.g. the Brownian
motion of suspended microscopic particles. Fluctuation-dissipation re-
lations based on particle number fluctuations have not been studied
previously in Bose-Einstein condensates. Here, we report on the sta-
tus of current experimental work aiming at a study of the fluctuation-
dissipation theorem for a condensed photon gas coupled to a dye reser-
voir.

[1] Klaers et al., Nature 468, 545 (2010)

[2] Schmitt et. al., Phys. Rev. Lett. 112, 030401 (2014)

Q 38.9 Wed 16:30 P 204
Quantum Gases in Microgravity: Activities at ZARM
— eLisA WoERNER!, JENs Grosse!, MicHaEL ELseN!, Nor-
MAN GUERLEBECK!, CrLaus Braxmaier'2, and THE QUANTUS
coLLABORATION':2:3:4:5,6 _ 17ZARM), University of Bremen — 2DLR,
— 3Humboldt University Berlin — *Leibniz University Hanover —

5Ferdinand-Braun Institute — ¢Johannes Gutenberg University Mainz

This paper shall give a summary on the recent and future develop-
ments of the experiments with quantum gases in microgravity and
space. The current status of the ongoing activities will be presented,
possible applications explained, and further opportunities and plans
introduced.

Ever since the experimental realization of the first Bose-Einstein
condensate in 1995, various experiments have been developed to study
the resulting cloud of atoms. Especially interest in matter wave inter-
ferometry has risen recently. The atoms are subjected to diffraction
gratings and the resulting states are measured.

At ZARM different approaches to perform atom interferometry in
microgravity are investigated. First experiments were performed using
the drop-tower at ZARM. Succeeding these successful campaigns, the
capsule containing the atom interferometer has been adapted to fit a
sounding rocket.

Q 39: Ultracold atoms and BEC - IV (with A)

Time: Wednesday 14:30-16:30

Q 39.1 Wed 14:30 N1
Bosonic many-body systems with topologically nontrivial
phases subject to gain and loss — eFreLIX DANGEL, HOLGER CAR-
TARIUS, and GUNTER WUNNER — 1. Institut fiir Theoretische Physik,
Universitédt Stuttgart, 70550 Stuttgart

Topology has emerged as a powerful tool leading to deeper insights
into the classification of phases of matter. Ultracold atoms in opti-
cal lattices provide a toolbox for engineering and investigating various
models with interesting topological properties. We focus on Bosonic
many-body systems such as the one-dimensional superlattice Bose-
Hubbard model, which exhibits topologically nontrivial phases. Edge
states at open boundaries are an indicator of such phases and nume-
rical evidence for their occurrence in the topologically nontrivial Mott-
insulating phase with half-integer filling as well as a possible experi-
mental realization have been provided in a recent work [1]. Addressing
the question how edge-states are influenced when the system is ex-
tended to an open quantum system, we combine the one-dimensional
superlattice Bose-Hubbard model and non-Hermitian P7 -symmetric
potentials which are capable of effectively describing quantum systems
with balanced gain and loss.

[1] Grusdt et al., Phys. Rev. Lett. 110, 260405 (2013)

Q 39.2 Wed 14:45 N1
Characterization and investigation of topologically nontrivial
states in P7-symmetric many-body systems — eMARCEL WaAG-
NER, HOLGER CARTARIUS, and GUNTER WUNNER — 1. Institut fiir
Theoretische Physik, Universitat Stuttgart, 70550 Stuttgart

PT-symmetric quantum mechanics allows for an effective descrip-
tion of open quantum systems with variable particle numbers. P7T-
symmetry of the quantum state ensures a purely real energy spectrum.
Topologically nontrivial phases are known to occur in such many-body
systems. However, their characterization is not yet well understood
and raises open questions. We investigate ways to characterize topo-
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logically nontrivial phases in P7-symmetric quantum systems. The
purpose of our work is to classify these phases by searching for appro-
priate topological invariants.

Q39.3 Wed 15:00 N1
Exotic energy bands and topological phases in systems with
oscillatory long-range potentials — BEaTriz OLMOs SANCHEZ!"2,
RoBeRT J. BETTLES?, IcOR LEsanovsky!?, and eJiki MINARD?Z —
1School of Physics and Astronomy, University of Nottingham, United
Kingdom — 2Centre for the Mathematics and Theoretical Physics of
Non-equilibrium Quantum Systems, University of Nottingham, United
Kingdom — 3Joint Quantum Center (JQC) Durham-Newcastle, De-
partment of Physics, Durham University, United Kingdom

The effective interaction between neutral atoms mediated by virtual
photon exchange in general leads to a non-trivial long-range potential
featuring both attractive and repulsive interaction [1,2] which goes
beyond the typically considered simple power-law (dipolar, Van der
Waals) potentials. Considering the full potential in two dimensions
(which becomes relevant for atomic separations comparable to the
atomic transition wavelength, situation achievable e.g. with strontium
atoms), we show that it gives rise to energy spectrum with one-sided
divergences in the Brillouin zone. This apparently unphysical situa-
tion is a consequence of the superextensivity of the potential and the
thermodynamic limit. We perform a study for finite size systems and
find new topological phases absent in the dipolar case. Moreover, the
shape of the potential leads to a novel situation where energy peaks in
the spectrum of arbitrary height and position can be created. Finally,
we discuss the relation between the bulk and the edge states in case
of square and hexagonal lattice. [1] R. H. Lehmberg, Phys. Rev. A 2
883 (1970), [2] D. F. V. James, Phys. Rev. A 47 1336 (1993)

Q394 Wed 15:15 N1

An Optical Quasicrystal for Ultracold Atoms — eKoNRAD
VIiEBAHN!, MATTEO SBROSCIA!, EDWARD CARTER!, MIcHAEL HOsE!,
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Max MEeLCHNER!, and ULricH ScHNEIDERY2 — 1University of Cam-
bridge, Cavendish Laboratory, JJ Thomson Ave, Cambridge CB3
OHE, UK — Z2Fakultat fiir Physik, Ludwig-Maximilians-Universitit
Miinchen, Schellingstrasse 4, 80799 Munich, Germany

We will present our experimental progress towards realising an optical
quasicrystal.

A quasicrystal is a long-range ordered structure with no translational
symmetry. Correspondingly, quasicrystals lie at the interface between
ordered and disordered systems. On the one hand, ultracold atoms in
regular (periodic) optical lattices have been studied extensively in the
past years. Major achievements in this field include the first observa-
tion of the superfluid-Mott insulator transition, the realisation of the
Fermi-Hubbard model, and the realisation of topological models, such
as the Haldane model. On the other hand, the recent observation of
many-body localisation in quasi-random optical lattices triggered an-
other area of interest: interacting disordered systems. Now, we hope to
bridge the gap between ordered and disordered systems using ultracold
atoms in an optical quasilattice.

Interestingly, quasicrystals often have high rotational symmetries,
five-fold or eight-fold, for example, which are forbidden in periodic
crystals by the crystallographic restriction theorem. Optical lattice
experiments lend themselves to realising these special geometries by
superimposing lattice beams in a rotationally symmetric fashion.

Q395 Wed 15:30 N1
Quantum and thermal phase transitions in a bosonic atom-
molecule mixture in a two-dimensional optical lattice —
®LAURENT DE FoRGES DE PARNY!*4, vALY ROUsSEAUZ, and TOMMASO
rRoscILDE?? — 1Physikalisches Institut, Albert-Ludwigs-Universitét
Freiburg, Hermann-Herder Strafie 3, D-79104, Freiburg, Germany —
2Physics Department, Loyola University New Orleans, 6363 Saint
Charles Ave., LA 70118, USA — 3Institut Universitaire de France,
103 bd Saint-Michel, 75005 Paris, France — 4Laboratoire de Physique,
CNRS UMR 5672, Ecole Normale Supérieure de Lyon, Université de
Lyon, 46 Allée d’Italie, Lyon, F-69364, France

Recent progress in ultracold gases have allowed the study of multiple
component bosonic systems, such as atomic and molecular mixtures.
We will show that the coherent coupling of the atomic and molecular
state, can lead to a novel insulating phase - the Feshbach insulator - for
bosons in an optical lattice close to a narrow Feshbach resonance. This
new phase appears around the resonance, preventing the system from
collapsing when the effective atomic scattering length becomes nega-
tive. Surprisingly enough, the transition from condensate to Feshbach
insulator has a characteristic first-order nature, due to the simultane-
ous loss of coherence in the atomic and molecular components. Our
realistic numerical study shows that these features appear clearly in
the ground-state phase diagram of e.g. rubidium 87 around the 414 G
resonance, and they are therefore directly amenable to experimental
observation. We also observe unconventional Berezinskii-Kosterlitz-
Thouless transition when heating the superfluids.

Q 39.6 Wed 15:45 N1
Approaching non-Abelian Lattice Gauge Theories with
Quantum Information Methods — Mari CARMEN BaRurs!,
Krzyszror Cicuy?3, J. Ianacio Cirac!, KarRL Jansen?, and
oSTEFAN KUHN! — !Max-Planck-Institut fiir Quantenoptik, Hans-
Kopfermann-Strafe 1, 85748 Garching, Germany 2QGoethe-
Universitat Frankfurt am Main, Institut fiir Theoretische Physik, Max-
von-Laue-Strafie 1, 60438 Frankfurt am Main, Germany — 3Faculty
of Physics, Adam Mickiewicz University, Umultowska 85, 61-614 Poz-
nan, Poland — 4NIC, DESY Zeuthen, Platanenallee 6, 15738 Zeuthen,
Germany

Originally developed in the realm of quantum information theory, Ten-
sor Network States and in particular Matrix Product States have

proven themselves as promising candidates for the numerical explo-
ration of lattice gauge models in recent years. In this talk, we explore
a family of 1+1 dimensional SU(2) lattice gauge models, where the
color electric flux is truncated at a finite value, with this method. We
show how on finite lattices with open boundary conditions the gauge
field can be integrated out, thus greatly reducing the degrees of free-
dom present in the system. This formulation might be suitable for a
potential future quantum simulator and, moreover, allows to efficiently
address the model numerically with Matrix Product States. Using this
approach, we explore the low lying spectrum of these models and sys-
tematically study the effect of truncating the color electric flux at a
finite value.

Q 39.7 Wed 16:00 N 1
Multipulse interaction quenched ultracold few-bosonic en-
sembles in finite optical lattices — eSiMEON MisTakipis!, JAN-
Nis NEUHAUS-STEINMETZ!, and PETER SCHMELCHER!'? — 1Zentrum
fuer Optische Quantentechnologien, Universitaet Hamburg, Luruper
Chaussee 149, 22761 Hamburg, Germany — 2The Hamburg Centre
for Ultrafast Imaging, Universitaet Hamburg, Luruper Chaussee 149,
22761 Hamburg, Germany

The correlated non-equilibrium dynamics following a multipulse in-
teraction quench protocol in few-bosonic ensembles confined in finite
optical lattices is investigated. The multipulse interaction quench gives
rise to the cradle and a global breathing mode, which are generated
during the interaction pulse and persist also after the pulse. The tun-
neling dynamics consists of several channels accompanying the dynam-
ics. The majority of the tunneling channels persist after the pulse,
while only a few occur during the pulse. The induced excitation dy-
namics is also explored and a strong non-linear dependence on the
delayed time of the multipulse protocol is observed. Moreover, the
character of the excitation dynamics is also manifested by the periodic
population of higher-lying lattice momenta. To solve the underlying
many-body Schroedinger equation we employ the Multi Configuration
Time-Dependent Hartree method for Bosons (MCTDHB) which is es-
pecially designed to treat the out-of-equilibrium quantum dynamics
of interacting bosons beyond the mean field and linear response ap-
proximations. The above mentioned findings pave the way for future
investigations on the direct control of the excitation dynamics.

Q 39.8 Wed 16:15 N 1
Superfluidity and relaxation dynamics of a laser-stirred 2D
Bose gas — eViay PaL Singu!':2, CHRiSTOF WEITENBERGZ, JEAN
DaL1BARD?, and Lupwic MATHEY!2 — 1Zentrum fiir Optische Quan-
tentechnologien, Universitdt Hamburg, 22761 Hamburg, Germany —
2Institut fiir Laserphysik, Universitat Hamburg, 22761 Hamburg, Ger-
many — SLaboratoire Kastler Brossel, Collége de France, ENS-PSL
Research University, CNRS, UPMC-Sorbonne Universités, 11 place
Marcelin Berthelot, 75005 Paris, France

We study the superfluid behavior of a two-dimensional (2D) Bose gas of
87Rb atoms. In the experiment by R. Desbuquois et al., Nat. Phys. 8,
645 (2012) a 2D quasicondensate in a trap is stirred by a blue-detuned
laser beam along a circular path around the trap center. Here, we
study this experiment from a theoretical perspective. The heating in-
duced by stirring increases rapidly above a velocity v, which we define
as the critical velocity. We identify the superfluid, the crossover, and
the thermal regime by a finite, a sharply decreasing, and a vanishing
critical velocity, respectively. A direct comparison of our results to the
experiment shows good agreement, if a systematic shift of the critical
phase space density is included. We relate this shift to the absence
of thermal equilibrium between the condensate and the thermal wings
in the experiment, which were used to extract the temperature. We
expand on this observation by studying the full relaxation dynamics
between the condensate and the thermal cloud. Analytical results on
the vortex formation are also discussed.

Q 40: Poster: Quantum Optics and Photonics Il

Time: Wednesday 17:00-19:00

Q 40.1 Wed 17:00 P OGs
Coupled Photon Condensates in Micropotentials — eERIK
BusLey, CHRISTIAN KURTSCHEID, CHRISTIAN ScHILZ, Davipb Dung,
ToBias DamMm, FRANK VEWINGER, JULIAN ScHMITT, and MARTIN
WEITz — Institut fiir Angewandte Physik, Universitdt Bonn, Wegel-
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Location: P OGs

erstr. 8, D-53115 Bonn

We present a recent experimental realization of coupled photon con-
densates in a microstructured optical microcavity. In earlier work we
have realized Bose-Einstein condensation of photons in a dye-filled op-
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tical microcavity at room temperature. The dye solution acts both
as a heat bath and a particle reservoir for the trapped photon gas.
Thermal contact between the photons and the molecules is achieved
by subsequent absorption and reemission processes in the high-finesse
bispherical cavity. The microresonator introduces a low-frequency cut-
off to the dispersion relation, resulting in a nontrivial ground state and
the harmonically trapped photon gas becomes formally equivalent to
a 2D gas of massive bosons.

In the here reported work, the cavity geometry is controlled by
permanently deforming an initially plane mirror surface by thermo-
optically induced delamination of the dielectric layers. Heat deposited
by an absorbed green laser beam causes the mirror surface to bend up
locally, and by transverse steering of the laser beam over the mirror
surface one can create arbitrary trapping potentials for a photon gas
within the microcavity. The deformation setup and measurements on
photon tunneling between two lattice sites are presented.

Q40.2 Wed 17:00 P OGs
Bose-Hubbard ladder in a cavity-induced artificial magnetic
field — eCATAaLIN-Minal HALATI, AMENEH SHEIKHAN, and CORINNA
KorraTa — HISKP, University of Bonn, Nussallee 14-16, 53115 Bonn,
Germany

We consider ultra-cold interacting bosonic atoms confined to quasi-one-
dimensional ladder structures formed by optical lattices and coupled
to the field of an optical cavity. The atoms can tunnel along the leg di-
rection and collect a spatial phase imprint during the tunneling along a
rung. The phase imprint is realized via Raman transition employing a
cavity mode and a transverse running wave pump beam. By adiabatic
elimination of the cavity field we obtain an effective Hamiltonian for
the bosonic atoms, which needs to be analyzed self-consistently. We
characterize the system by performing a Bogoliubov theory for quasi-
particles excitations on top of the bosonic condensate, whose spectrum
has characteristic features of the superfluid phase. In this framework
we solve the self-consistency condition and identify the steady states
that can occur.

Q 40.3 Wed 17:00 P OGs
Non-equilibrium dynamics of interacting Bosons in an optical
lattice — eRENE HAMBURGER!, CHRIsTIAN BaaLs! 2, BODHADITYA

SAaNTRAL3, Jian Jianc!, RaLr LaBouvie!2, ANDREAS MULLERs!,

and Herwic OTT! — !Department of Physics and Research Cen-
ter OPTIMAS, Technische Universitdt Kaiserslautern, 67663 Kaiser-
slautern, Germany — 2Graduate School Materials Science in Mainz,

Staudinger Weg 9, 55128 Mainz, Germany — 3Zentrum fiir optis-
che Quantentechnologien, Universitat Hamburg, 22761 Hamburg, Ger-
many

We study the non-equilibrium dynamics of ultracold Bose gases in opti-
cal lattices using a scanning electron microscope. In a first experiment
we remove the atoms from a slice of a 3D optical lattice and study the
subsequent refilling dynamics of different lattice configurations. We
observe a transition from a superfluid refilling to the hopping dynam-
ics of a Mott insulator. The latter strongly depends on the filling level
of the lattice sites: a n=1 Mott insulator moves in a single-particle
hopping process, whereas a n=2 shell can only tunnel via second-order
processes. Furthermore, we investigate the dynamics of the center of
mass in a three dimensional optical lattice. To this end we shift the
position of the confining dipole trap after loading the atoms into the
lattice. Finally the atomic cloud is imaged with high resolution using
electron microscopy. Upon increasing the lattice depth we find a tran-
sition from an oscillating superfluid to a slow uniform movement in the
Mott regime. Additionally we present our future project on dissipative
generation and stabilization of a dark soliton in 3D.

Q 40.4 Wed 17:00 P OGs
Real-time observation of a quantum phase transition be-
tween two insulators — eNisHANT DoGra, LorEnz HruBY, Ka-
TRIN KROGER, MANUELE LANDINI, TOBiAs DoONNER, and TILMAN
EssLingErR — HPF D4, Quantum Optics Group, Institute for Quan-
tum Electronics, ETH Zurich,Otto-Stern-Weg-1,Zurich-8093

The phase transition between two insulating phases with different den-
sity ordering is thermodynamically possible but can be blocked due to
the existence of energy barriers between various stationary states. We
explore such a phase transition in a lattice model with competing onsite
and global-range interactions in a Bose-Einstein Condensate (BEC).
The global-range interactions arise from the coupling of the BEC to a
single mode of a high-finesse cavity and illuminating it with a trans-
verse laser-field. In the limit of deep optical lattices, the system favors
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either a Mott insulator or a charge density wave insulator depending
on the relative interaction strength which is tuned via the cavity res-
onance. The corresponding order parameter can be detected in real
time via the cavity light field. We observe a hysteretic loop in the
transition between two insulators which we attribute to the existence
of metastable states in the system. Moreover, the temporal dynamics
of the order parameter across the transition exhibits two different time
scales due to the presence of compressible surface states in our system.

Q 40.5 Wed 17:00 P OGs
Nonthermal Fixed Points and Universal Scaling in Ultra-
cold Bose Gases far from Equilibrium — eMarkus KarL!? and
Tromas Gasenzer2 — 1Kirchhoff-Institut fiir Physik, Ruprecht-
Karls-Universitdat Heidelberg, Im Neuenheimer Feld 227, 69120 Hei-
delberg — 2ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum
fiir Schwerionenforschung GmbH, Planckstrafte 1, 64291 Darmstadt,
Germany

Universal spatio-temporal scaling behaviour is studied in the dynamics
of isolated and driven-dissipative Bose gases by means of semi-classical
stochastic simulations of the Gross-Pitaevskii model. The system is
quenched far out of equilibrium by means of instabilities, by directly
imprinting vortex defects, or by applying a stochastic driving force. We
demonstrate that, under these non-equilibrium conditions, the long-
time dynamics is mainly determined by nonthermal fixed points, close
to which universal scaling laws are realised for time-dependent cor-
relation functions. In particular, we find that the time evolution of
single-particle occupation spectra is given by a scaling transformation
of universal scaling functions. We determine the corresponding scaling
exponents by means of numerical simulations and interpret them in
the light of field-theoretic predictions. We analyse the relation of the
identified temporal scaling laws to phase ordering kinetics and coarsen-
ing of vortex defect distributions, thereby relating phenomenological
and analytical approaches to classifying far-from-equilibrium scaling
dynamics with each other. Moreover, the relation to superfluid turbu-
lence as well as to driven stationary systems is discussed.

Q 40.6 Wed 17:00 P OGs
Quantum Phases in an Extended Bose-Hubbard Model
with Global-Range Interactions — eKATRIN KROGER!, RENATE
Lanpic!2, Lorenz HrRUBY!, NisuaANT Docral, MANUELE LANDINTY,
RaraEL MortL!, Toias DoNNER!, and TiLMAN EsSLINGER! —
Hnstitute for Quantum Electronics, ETH Zurich, 8093 Zurich, Switzer-
land — 2Department of Chemistry and Chemical Biology, Harvard

University, Cambridge, MA 02138, USA

Quantum simulations with ultracold atoms have for a long time been
limited to short-range collisional interactions, as long-range interac-
tions have proven to be difficult to implement. Here, we experimentally
realize an extended Bose-Hubbard model with long-range interactions
using an atomic quantum gas trapped in a three-dimensional optical
lattice and coupled to a single mode of a high finesse optical cavity. The
strength of the short-range on-site interactions is controlled through
the optical lattice depth. The vacuum mode of the cavity mediates
a global-range interaction in the presence of a transverse laser beam.
The corresponding strength can be tuned by shifting the frequency of
the cavity resonance with respect to the frequency of the transverse
pump beam. The interplay of tunneling, short- and global-range inter-
actions leads to a rich phase diagram. We observe the appearance of
four distinct phases, namely a superfluid, a supersolid, a Mott insulator
and a charge density wave.

Q 40.7 Wed 17:00 P OGs
Bottom-up approach to many-body physics with ultra-
cold atoms in adjustable lattices — eMARTIN STURM, MALTE
ScHLOSSER, GERHARD BIRKL, and REINHOLD WALSER — Institut fiir
Angewandte Physik, Technische Universitdt Darmstadt

Ultracold atoms in optical lattices have proven to be a powerful toolbox
for quantum simulation of many-body physics. With the demonstra-
tion of single-site resolved imaging, local properties have shifted into
the focus of this field. This development is complemented by the con-
struction of double-well systems from single atoms in optical tweezers.

We present an experimental avenue to scalable and adjustable arrays
of optical dipole traps using microlens arrays and spatial light modula-
tors. This setup closes the gap between the aforementioned approaches
and allows for a bottom-up construction of many-body systems adding
one atom at a time. In order to evaluate the experimental feasibility
of this approach we compute the accessible parameter regime for 7Li,
23Na, 41K, and 8"Rb from measurements and simulations of the light
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field. Further, we investigate the time scales and heating mechanisms
for loading from a Bose-Einstein condensate as well as from a low
entropy state in the deep Mott insulator regime. As a possible appli-
cation we analyze the tunneling dynamics between two coupled ring
lattices. This configuration exhibits additional many-body resonances
as compared to bosonic Josephson junctions in double-well potentials.

Q 40.8 Wed 17:00 P OGs
Non-equilibrium dynamics of an interacting Fermi gas —
eJoHANNES KOMBE, JEAN-SEBASTIEN BERNIER, and CoriNNa KoL-
LAaTH — HISKP, Universitdt Bonn

Thanks to recent experimental advances, investigating the non-
equilibrium dynamics of interacting systems is now possible. Using
time-dependent perturbations, one can probe from a different angle
the mechanisms responsible for the collective phenomena present in
correlated systems. Taking advantage of the recent progress, we inves-
tigate theoretically the evolution of a trapped three-dimensional Fermi
gas during a slow interaction change. Our study, carried out on the
BCS side, reveals various collective excitations.

Q40.9 Wed 17:00 P OGs
Towards a lithium quantum gas microscope for small quan-
tum systems — oANDREAS KERKMANN, MICHAEL HAGEMANN,
JAN MiIkA JACOBSEN, JusTus BRUGGENJURGEN, MALTE HAGEMANN,
Benno REM, CHRISTOF WEITENBERG, and KLAus SENGSTOCK — In-
stitut fiir Laserphysik, Hamburg, Germany

We are setting up a new quantum gas microscope for the preparation
and detection of degenerate samples of 6Li/ 7Li atoms to study strong
correlations in small quantum systems. Our design is optimized for
a short cycle time allowing good statistics even in the case of just a
few atoms. It consists of a compact 2D-/ 3D-MOT chamber aiming
for an all-optical preparation of degenerate samples. In our poster, we
provide information about details of the design and the current status
of the experiment.

Q 40.10 Wed 17:00 P OGs
Measuring transport properties of a quantum point contact
for cold atoms — eDomiNIK HusMANN!, MARTIN LEBRAT!, SAMUEL
HAusLER', SEBASTIAN KRINNER!, LAURA CORMAN!, JEAN-PHILIPPE
BranTUuT?, and TiLmaN EssLiNGErR! — !nstitute for Quantum Elec-
tronics, ETH Zurich, Switzerland — 2Institute of Physics, EPFL Lau-
sanne, Switzerland

Quantum point contacts (QPCs) featuring quantization of conduc-
tance are fundamental components for mesoscopic nanostructures.
Here we study the evolution of quantized conductance with interaction
strength across the BEC-BCS crossover in ultracold fermions. Our sys-
tem is a two-terminal setup of lithium 6 atoms in two different hyper-
fine states, connected by an optically tailored QPC. We impose inde-
pendently a spin or particle imbalance between the reservoirs, creating
a restoring drive that allows to measure spin and particle conductance.
With increasing attractive interactions we find a plateau in the particle
conductance at values larger than the expected quantum of 1/h. Sub-
sequently we observe an onset of superfluidity manifested in a abrupt
increase of the conductance with density. The superfluid gap causes
a suppression of spin excitations, which we see in a non-monotonous
behavior in spin conductance as a function of density. Complementary
to creating particle and spin bias, we can apply a temperature gradi-
ent between the reservoirs. The thermoelectric response of the system
is an interplay between QPC and reservoir contributions. The high
tunability of our system opens up a wide parameter range to study
thermoelectricity through a QPC.

Q 40.11 Wed 17:00 P OGs
Spin- and density-resolved microscopy of antiferromagnetic
correlations in Fermi-Hubbard chains — eJoaNnNis KoEpseLL!,
TimvoNn Hiker!, GuiLLauMe Saromon!, MarTiN Born!, AuMED
OMRAN?Y, JAYADEV Visavan!, IMMANUEL Brocu!:2, and CHRISTIAN
Gross! — 'Max-Planck-Institute fiir Quantenoptik — 2Fakultét fiir
Physik, Ludwig-Maximilians-Universitat, Miinchen
Important aspects of the puzzling physics of the doped Hubbard model
are believed to be rooted in the complex interplay between magnetism
in the spin sector and correlations in the density sector. A quantum
simulator that at the same time resolves the spin and density degrees of
freedom and thus allows to measure correlations between them would
be a perfect tool to explore these systems. Here we report on de-
tails of the realization of such a quantum gas microscope for fermionic
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Lithium. Furthermore, we summarize recent measurements revealing
antiferromagnetic correlations in 1d Hubbard chains. By a compari-
son to Quantum-Monte-Carlo simulations we infered an entropy below
In(2) at which longer ranged correlations emerge. Additionally, we re-
port on ongoing measurements of spin-density correlations in doped
systems and our progress with two dimensional systems.

Q 40.12 Wed 17:00 P OGs
Observing the hierarchy of energy scales in a periodically
driven two-body system — eKILIAN SANDHOLZER, REMI DEs-
BUQUOIS, MICHAEL MESSER, FREDERIK GORG, GREGOR JoTzU, and
TiLMAN EsSSLINGER — Institute for Quantum Electronics, ETH Ziirich,
Zirich, Switzerland

Applying time-periodic potentials is a very useful tool to experimen-
tally realize exotic Hamiltonians. In the framework of Floquet theory
the physics is described by slow dynamics of an effective Hamilto-
nian and the micromotion. By loading a two-component Fermi gas
in an array of modulated double-wells we realize a driven building
block of the Hubbard model. Measuring the number of doubly occu-
pied sites and the spin-spin correlation the micromotion of the driven
system is revealed and compared to theory. Tuning the interaction
near to the driving frequency leads to an increased coupling to higher
states. Here, we investigate whether the groundstates of the static
and effective Hamiltonians are adiabatically connected. We show a
regime where we are able to prepare and measure Floquet engineered
Hamiltonians beyond the high-frequency expansion in an interacting
two-particle system.

Q 40.13 Wed 17:00 P OGs
Controlling magnetic exchange couplings in periodically
driven systems — oMICHAEL MESSER, FREDERIK GORG, GRE-
Gor Jorzu, KiLiaAN SaNnDHOLZER, REMI DEsBuqQuois, and TIiLMAN
EssLINGER — Institute for Quantum Electronics, ETH Zurich,
Switzerland

Floquet engineering can be used to implement effective Hamiltonians
that reach beyond the Hubbard model. By modulating the lattice
position of an interacting system on an array of double wells we im-
plement a Floquet Hamiltonian with controllable magnetic exchange
energy. When shaking at a frequency slightly detuned to the inter-
action energy we can use the shaking amplitude to tune the strength
of the magnetic exchange independently of the single particle tunnel-
ing. In addition Floquet engineering enables us to switch from static
anti-ferromagnetic behavior to a ferromagnetic coupling within our
fermionic system. We furthermore implement our scheme for interact-
ing many-body systems and address the question whether experimental
timescales are favorable to adiabatically connect states of the driven
system to the initial states.

Q 40.14 Wed 17:00 P OGs
Exploring Quantum Antiferromagnets with single-site reso-
lution — eDANIEL GREIF, ANTON MAZURENKO, CHRISTIE S. CHIU,
GEOFFREY JI, MAXWELL F. Parsons, and MARKUS GREINER — De-
partment of Physics, Harvard University, Cambridge, Massachusetts
02138, USA

Strongly correlated electron systems are at the center of many poorly
understood phenomena in condensed matter systems, including high-
temperature superconductivity, which is thought to be well described
by the Hubbard model. Ultracold fermionic atoms trapped in a 2D
layer of a square lattice provide a clean and tunable implementation
of the Hubbard model. Optical microscopy on these systems permits
an unprecedented degree of control and detection unavailable in tra-
ditional condensed matter systems. We report site-resolved measure-
ments of strongly interacting many-body states, including 2D fermionic
Mott insulators and band insulators. We further report site-resolved
measurements of the spin correlation function in these samples, ex-
hibiting antiferromagnetic correlations. High fidelity addressing with
a digital micromirror device permits exploration of previously inac-
cessible regions of the Hubbard model at temperatures below the 3D
Neel transition temperature. We detect the presence of antiferromag-
netic long-range order at temperatures 7'/t = 0.25 directly from a
peak in the spin structure factor, corresponding to a finite staggered
magnetization, and a diverging correlation length of the spin correla-
tion function. Our results open the path for a controlled study of the
low-temperature phase diagram of the Hubbard model.

Q 40.15 Wed 17:00 P OGs

Gray molasses cooling of 6Li towards a double-degenerate
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133Cs-Li Bose-Fermi mixture — eMANUEL GERKEN, STEPHAN
HArNER, BiNH TRrRAN, MELINA FILZINGER, BiNGg Zuu, Juris UL-
MANIS, and MarTHIAS WEIDEMULLER — Physikalisches Institut,
Ruprecht-Karls-Universitat Heidelberg, Im Neuenheimer Feld 226,
69120 Heidelberg, Germany

An ultracold Bose-Fermi mixture of 33Cs and 6Li is an ideal system
for the study of Efimov’s scenario as well as polarons due to its large
mass imbalance and the tunability of intra- and interspecies interac-
tions via Feshbach resonances. Gray molasses on the D1 line of Li is
newly implemented in the experiment as a further cooling step after
Doppler cooling in the MOT. We achieve Sub-Doppler temperatures of
down to 42 pK with almost unit capture efficiency. This leads to a ten-
fold improvement in phase-space density and therefore better starting
conditions for the generation of a double-degenerate Bose-Fermi mix-
ture.

Q 40.16 Wed 17:00 P OGs
Laser Cooling in a Parabolic Mirror — eTHORSTEN HaAsg, NiLs
TRrRAUTMANN, and GERNOT ALBER — Institut flir Angewandte Physik,
Technische Universitdt Darmstadt, 64289 Darmstadt

The efficient coupling of light to single quantum receivers is of high
interest in quantum optics and quantum communication. In cur-
rent experiments coupling inside a parabolic mirror is investigated
[1]. We propose a semiclassical theory for laser cooling inside the
parabolic mirror which includes both standing waves and strongly fo-
cused waves. Our treatment predicts relevant deviations from the usual
case of Doppler cooling which typically considers plane running waves
only. These generalisations affect the motion of the particle and lead
to different probability density functions inside the trap. Stochastic
simulations are presented for the probability density function. First
one-dimensional simulations show that the steady states inside the
parabolic mirror deviate from Gaussian or thermal distributions, which
are predicted by the theory of Doppler cooling with plane waves. This
could explain recent experimental results. Also, we present three-
dimensional simulations investigating these effects for more realistic
setups.

[1] M. Fischer, M. Bader, R. Maiwald, A. Golla, M. Sondermann,
and G. Leuchs, Applied Physics B 117 (2014)

Q 40.17 Wed 17:00 P OGs
New apparatus for laser cooling and trapping of Dy and
K atoms — C. RavensBerRGEN!2 S. Tzanoval:2, M. KREYER?,
oE. Soavk?, A. WERLBERGER?, V. Corre!M2, E. KiriLov?, and R.
Grivm!2 — 1IQOQI, Austrian Academy of Sciences, Innsbruck, Aus-
tria — 2Insitute for Experimental Physics, University of Innsbruck,

Innsbruck, Austria

We have developed a new apparatus for producing mixtures of dyspro-
sium and potassium atoms. Atoms of K are first cooled with a 2D
MOT, which reduces the transverse velocities. A beam propagating
along the longitudinal direction pushes atoms into the main cham-
ber, where they are trapped in a 3D magneto-optical trap. We have
achieved both a MOT of the bosonic 3K and fermionic 4°K isotope.
A Dy atomic beam is created in a high-temperature effusion oven, it
is then slowed in a combination of transverse cooling and a Zeeman
slower. In the main chamber atoms are trapped in a narrow-line 3D
MOT. The beams with a 40 mm diameter are tuned to the 136 kHz
linewidth transition at 626 nm. Because of the narrowness of the line,
the laser is locked onto a high-finesse cavity. The lasers for the Dy
MOT and for K are all fiber-laser systems. This brings the advantages
of a linewidth of the order of 10 kHz, high beam quality, and both high
mechanical and temperature stability.

Q 40.18 Wed 17:00 P OGs
Microtrap for hybrid Rb-Yb™T systems — eMarTHiAs MULLER?,
ABasaLT Baarami}, JanNis JogErR?, RENE GERRITSMAZ, and FER-
DINAND ScHMIDT-KALER! — 'QUANTUM, Institut fiir Physik, Uni-
versitat Mainz, Staudingerweg 7, 55128 Mainz, Germany — 2Institute
of Physics, Universiteit van Amsterdam

Mixtures of ultracold atoms and trapped ions [1] form interesting plat-
forms for studying cold chemistry, cold collisions, polaron physics, but
also quantum information and quantum simulation with strong links
to condensed matter physics [2]. We have designed and fabricated a
combined atom and ion trap based on modern chip trap technology
that employs strong inhomogeneous magnetic fields generated by in-
tegrated electromagnets to trap the atoms. Such tight magnetic traps
will allow wavepacket sizes of the atoms in the range of the atom-ion
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interaction range. Straight-forward magnetic field control should make
it possible to resolve the atom-ion interaction with sub-um precision
[3]-

[1] A. Harter, J. Hecker Denschlag, Cont. Phys., 55, 33 (2014).

[2] C. Zipkes, S. Paltzer, C. Sias and M. Kohl, Nature 464, 388
(2010).

[3] J. Joger, Master thesis, University of Mainz (2013).

Q 40.19 Wed 17:00 P OGs
Spin-dependent Transport of Neutral Atoms in a 2D
Polarization-Synthesized Optical Lattice — eMax WERNING-
HAUS, STEFAN BRAKHANE, GEoL MooN, GautaMm Ramora, CARSTEN
RoBENs, ALEXANDER KNIEPS, RICHARD WINKELMANN, WOLFGANG
Arr, DIETER MESCHEDE, and ANDREA ALBERTI — Institut fiir ange-
wandte Physik Bonn

Discrete time quantum walks can be realized by deterministically
transporting atoms based on their internal state. We recently reported
on a new scheme for the polarization synthesis of a spindependent op-
tical lattice that overcomes limitations of previous EOM-based setups
by enabling arbitrary transport distances in a single step [1]. Here,
we present an implementation extending the concept of polarization-
synthesized to two dimesions, allowing spin-dependent transport in
x- and ydirection [2] . The polarization synthesis to create an arbi-
trary polarization relies on the phase - and intensity control of two
independent overlapped beams of opposite circular polarization[1].
I present the experimental realization and characterization of the
opto-electronic control loops relying on a digital controller which al-
lows us to use feedforward procedures based on internal model control.

[1] C. Robens et al: Fast, high-precision optical polarization synthe-
sizer for ultracold-atom experiments, arXiv:1608.02410 (2016)

[2] T. Groh et al: Robustness of topologically protected edge states in
quantum walk experiments with neutral atoms Phys. Rev. A (editors
suggestion) 94 (2016)

Q 40.20 Wed 17:00 P OGs
Van der Waals interactions of Rydberg excitons — eJOHANNES
BLock and STEFAN ScHEEL — Institut fiir Physik, Universitdt Ros-
tock, Albert-Einstein-Strasse 23, D-18059 Rostock, Germany

Rydberg atoms experience strong van der Waals interactions due to
their large dipole moments that result in a so-called Rydberg blockade
[1,2]. Similarly, Rydberg excitons in semiconductors such as CuzO
with wavefunctions in the pum-range [3] are likely subject to strong van
der Waals interactions. We apply well-known atomic calculations [2,4]
to the excitonic system to obtain the Rydberg blockade. Here we show
that the small level spacing including quantum defects [5] as well as the
confining symmetry of the semiconductor crystal [6] provide additional
contributions to the interaction.

[1] E. Urban et al., Nature Physics 5, 110 - 114 (2009).

[2] T.G. Walker, M. Saffman, Phys. Rev. A 77, 032723 (2008).

[3] T. Kazimierczuk et al., Nature 514, 343 (2014).

[4] J. Han, Phys. Rev. A 82, 052501 (2010).

[5] F. Schone et al., J. Phys. B 49, 134003 (2016).

[6] H. Safari, M.R. Karimpour, Phys. Rev. Lett.
(2015).

114, 013201

Q 40.21 Wed 17:00 P OGs
Electric field controlled collisions between polar molecules
and Rydberg atoms — eFERDINAND JARISCH and MARTIN ZEP-
PENFELD — Max Plank Institut fiir Quantenoptik, Garching

Controlling collisions and chemical reactions via external electric or
magnetic fields provides unprecedented control over such processes,
with applications including Feshbach association of ultracold molecules
from ultracold atoms. We present electric field controlled collisions be-
tween polar molecules and Rydberg atoms. State changing collisions
between polar molecules and Rydberg atoms are mediated by Forster
resonant energy transfer. Changing the resonance condition via elec-
tric fields allows the collision cross section to be varied. Our work is a
first step towards quantum control of hybrid molecule-Rydberg-atom
systems, with possible applications including efficient nondestructive
detection of polar molecules|[1].

[1] M. Zeppenfeld, "Nondestructive Detection of Polar Molecules via
Rydberg Atoms”, Nov. 2016, arXiv:1611.08893 [physics.atom-ph]

Q 40.22 Wed 17:00 P OGs
Magnetic shielding of an atomic chip trap — eFLORIAN GREWE
and REiNHOLD WALSER — Institut fiir Angewandte Physik, Technis-
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che Universitat Darmstadt, Hochschulstr. 4a, 64289 Darmstadt

In context of the QUANTUS project, degenerated quantum gases are
created in weightlessness for high precision measurements. In order to
achieve degeneracy, atoms have to be trapped and cooled down over
several steps. A combination of coils and a carefully designed atomic
chip [1, 2, 3, 4] is used to generated magnetic fields to trap, cool and
manipulate the cold atomic gas. In addition to the atomic chip, there
is a cylindrical mu-metal shielding to cancel the earth’s magnetic field
and other residual perturbations. Clearly, this shield has also an effect
on the field created by the chip trap.

Here we present our analysis of the magnetic field inside the shielding
leading to corrections of the atomic magnetic potential.

[1] W. Herr, Eine kompakte Quelle quantenentarteter Gase hohen
Flusses fiir die Atominterferometrie unter Schwerelosigkeit, PhD the-
sis, Gottfried Wilhelm Leibniz Universitdt Hannover, 2013.

[2] J. Fortagh, C. Zimmermann, Rev. Mod. Phys. 79, 235 (2007).

[3] J. Schmiedmayer, et al., Adv. At. Mol. Opt. Phy. 48, 263
(2002).

[4] T. W. Hansch, J. Reichel, et al., Nature 413, 498 (2001).
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Compact and stable potassium laser system for dual-

species atom interferometry in microgravity — eJuLia
Paur!, Curistorn GrzescHIK!, ALINE DINKELAKERD2, Max
ScHIEMANGK!2, Markus Krutzik!, AcuiM PETERs', and THE

QUANTUS-TraM!345 — 1HU Berlin — 2FBH Berlin — 3U Bre-
men — 4LU Hannover — 5JGU Mainz

We present a laser system for laser cooling and atom interferom-
etry with 4'K atoms for future dual-species experiments in micro-
gravity testing the Einstein equivalence principle with ultracold quan-
tum matter. This potassium laser system will be integrated into the
QUANTUS-2 drop capsule already performing atom-chip based ru-
bidium BEC experiments at the drop tower in Bremen. Demanding
limitations on mass and size due to the capsule’s technical restrictions
as well as strong accelerations during the catapult launch require the
laser system to be compact and robust. High-power, micro-integrated
distributed-feedback diode laser modules in combination with novel
compact electronics allow to meet these strict requirements while keep-
ing the output power and spectral characteristics compliant with 41K
BEC generation. In this poster, we present the details of our laser
system, focussing on overcoming technical demands and discuss the
challenges of 'K featuring a hyperfine splitting comparable to the
natural linewidth.

This project 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 50WM1552-1557.

Q 40.24 Wed 17:00 P OGs
Influence of external forces in near-field matter-wave inter-
ferometry — eoFiLip Kiarka, BENJAMIN STICKLER, and Kraus
HorNBERGER — Faculty of Physics, University of Duisburg-Essen,
Lotharstrafe 1-21, 47048 Duisburg, Germany

Molecular matter-wave interferometry is an established experimental
technique with applications in precision metrology and fundamental
quantum science [1]. In this work, we analyze the interference pat-
tern observed in a generic Talbot-Lau interferometer (TLI) subject to
external forces. In particular, we study the influence of the Coriolis
force, which will become significant for interferometers with long flight
times. We quantify the loss of interference contrast and explore the
strategies to correct for the Coriolis effect in a TLI setup. Finally,
we examine how the external force exerted by an electric field with a
constant gradient could be used for metrological purposes.

[1] Testing the limits of quantum mechanical superpositions, M. Arndt
and K. Hornberger, Nature Physics 10 (2014) 271-277

Q 40.25 Wed 17:00 P OGs
Compact diode laser system for dual-species atom interfer-
ometry with Rb and K in space — eOLIVER ANTON', KLAUS
DORINGSHOFF!, VLADIMIR SCHKOLNIK!, SiMON KANTHAK!, MARKUS
Krurzik!, AcuiM PrTErs!, and THE MAIUS Tram!:2345
Hnstitut fiir Physik, Humboldt-Universitiat zu Berlin — 2Ferdinand
Braun Institut, Leibniz-Institut fiir Hochstfrequenztechnik, Berlin —
3ZARM, Universitit Bremen — *Institut fiir Physik, JGU Mainz —
51QO, Leibniz Universitit Hannover

The MAIUS II/IIT missions will perform dual-species atom interfer-
ometry with BEC’s onboard sounding rockets, enabling longer, un-
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interupted timescales of microgravity than any other ground based
facility. By therefore effectively increasing interferometer times be-
yond the typical limits imposed by, for example, the maximum height
of terrestrial instruments, MAIUS II/III will allow for high-precision
measurements of Einsteins’s Equivalence principle.

This poster presents the design of our laser system for this mission in
detail. All key components such as micro-integrated high power diode
lasers, optical fiber splitter system and Zerodur bench technology will
be highlighted. The laser sources are exetended cavity diode laser
(ECDL) master oscillator power amplifier (MOPA) modules. They
feature wavelengths of 780nm and 767nm for Rb and K as well as
1064 nm for a dipole trap.

This work is supported by the German Space Agency DLR with
funds provided by the Federal Ministry of Economics and Technology
(BMWi) under grant number DLR50WP1432.

Q 40.26 Wed 17:00 P OGs
MAIUS-B: Towards dual species atom interferometry with
Bose-Einstein condensates in space — eBaprisT Piest!, WoLF-
caNG Barroscu!, DEnNis BeEckiRr!, MicHAEL ELsen?, Kar Frye!,
MaIKe D. LacHMmaNN!, WorLrgance ErRrMER!, and ERNsT M.
Raser! — llnstitut fiir Quantenoptik, LU Hannover, Hannover,

Deutschland — 2DLR Institut fiir Raumfahrtsysteme, Bremen

We explore the feasibility of a quantum test of the Einstein equiva-
lence principle with a dual species atom interferometer in space. The
precision of such an experiment can be enhanced by the extended free
fall of the matter waves in the interferometer. Goals of the sounding
rocket mission MAIUS-2 are the generation of K-41 and Rb-87 BECs
and the first demonstration of Raman based matterwave interferome-
try in space. The design builds on the MAIUS-A experiment [1]. The
new system has been commissioned and qualified on ground and first
results on ground-based cooling of alkaline atoms are presented.

[1] J. Grosse et al., J. Vac. Sci. Technol. A 34, 031606 (2016).

Q 40.27 Wed 17:00 P OGs
Demonstration of an all digital optical phase-lock for preci-
sion measurements. — e ALEXANDROS PAPAKONSTANTINOU, THIJS
WENDRICH, WOLFGANG BARTOSCH, ERNST RASEL, and WOLFGANG
ErRTMER — Institut fiir Quantenoptik, Universitdt Hannover

For many applications in quantum optics involving for example an
atom interferometer, one will need lasers with a precise phase rela-
tion. The residual phase noise transfers directly to the performance
of an atom interferometer. In this poster we present an all-digital
optical phase-lock implemented in an FPGA. The FPGA receives a
pre-scaled beat signal between two lasers and outputs an analog signal
that directly drives the laser. Its firmware includes the phase fre-
quency detector as well as the loop filter and enables an easy, software
based, optimization of loop parameters for best performance in differ-
ent tasks. This new phase-lock technique can enable phase-locks for
tasks in quantum optics that previously used less advanced techniques,
and can be used to further improve experiments like the MAIUS mis-
sions.

This work is part of the Quantus/Maius project which is supported
by the German Space Agency DLR with funds provided by the Federal
Ministry of Economic Affairs and Energy (BMWi) under grant number
50WM1239.

Q 40.28 Wed 17:00 P OGs
Control electronics for precision measurements on a sound-
ing rocket. — eWoLrFGANG BarroscH, THiJs WENDRICH, ERNST
RaseL, and WoLrFaaNGg ERTMER — Institut fir Quantenoptik, Uni-
versitdt Hannover

Interferometry experiments with ultra-cold degenerate quantum gases
under microgravity conditions offer possibilities to test fundamental
laws of physics to unprecedented precision. The MAIUS-1 mission will
explore BEC interferometry in space. Operation on sounding rock-
ets poses stringent requirements on the mass, volume and especially
features such as reliability robustness of the payload. In this poster
we show the electronics we designed to control an atom interferometer
experiment on a sounding rocket. We had to downsize lab filling elec-
tronics to match the requirements on a sounding rocket both in size
and toughness while maintaining its accuracy.

The QUANTUS/MAIUS project is supported by the German Space
Agency DLR with funds provided by the Federal Ministry of Economics
and Technology (BMWi) under grant number 604 107 22.
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Progress report towards a portable 27Alt optical clock —
oSTEPHAN HaNnniG!, NiLs ScHARNHORST!, JoHANNES KRAMER!,
LENNART PELZER!, STEPANOVA MARIIAL, LEROUX IAN D.3, TaNJA
E. MEeuLsTAUBLER!, and Pier O. ScumipT!:? — 1Physikalisch-
Technische Bundesanstalt, 38116 Braunschweig, Germany — 2Leibniz
Universitit Hannover, 30167 Hannover, Germany — S3National Re-

search Council Canada, 1200 Ottawa, Canada

We present the status of our aluminium ion optical clock using quan-
tum logic techniques for cooling and reading out the clock ion. The
design goals for the frequency standard are an inaccuracy below 10~17
and relative instability better than 10~1% in one second. 27Al* pro-
vides a narrow (8 mHz) clock transition at 267 nm which exhibits no
electric quadrupole shift and a low sensitivity to black-body radiation.
A single 27AlT ion will be confined in a linear Paul Trap together
with a 4°Cat logic ion. The latter is used for sympathetic cooling and
internal state detection of the clock ion via Coulomb interaction.

A second generation, new vacuum chamber and complete Ca™ laser
system have been set up, partly using fiberized components to fea-
ture miniaturization and thereby portability. The chamber includes a
segmented multi-layer linear Paul trap. This design enables the im-
plementation of multi-ensemble, multi-ion clock protocols which can
advance the stability of ion-based optical clocks.

We will use such a transportable optical clock for aplications such
as relativistic geodesy.

Q 40.30 Wed 17:00 P OGs

Investigation of fast ground state cooling schemes for a
trapped Ca ion — NiLs SCHARNHORST!, eJOHANNES KRAMER!,
JaviEr CERRILLO MORENOZ, ALEX RETzKER3, Ian D. LErROUX?,
and PieT O. ScuMipT!® — !Physikalisch-Technische Bundesanstalt,
38116 Braunschweig — 2Technische Universitéit Berlin, 10623 Berlin —
3The Hebrew University of Jerusalem, 91904 Jerusalem — “*National
Research Council Canada, 1200 Ottawa — °Leibniz Universitat Han-

nover, 30167 Hannover

One of the major systematic uncertainties of frequency standards based
on light atoms, such as the aluminium ion, is the time dilation shift
from residual motion. This requires fast near-ground state cooling of all
motional modes to reduce this shifts and minimise dead time between
interrogations. Conventional Doppler cooling techniques typically do
not achieve the required reduction in motional energy. Sideband cool-
ing techniques achieve this goal, but typically only for a single mo-
tional mode at a time. In multi-level atoms, coherences between levels
can be used to design non-Lorentzian scattering spectra that selec-
tively suppress heating processes, promising cooling times comparable
to Doppler cooling. We investigate double-EIT cooling [1], based on a
tripod level scheme in a calcium ion, involving the two ground states
S1/2 and the metastable D5,y levels. We demonstrate simultaneous
cooling of the radial and axial motional modes of a *°Ca™ ion near to
the ground state in a single, short laser pulse.
[1] Evers, J. and Keitel, C. H., Europhys. Lett., 68 370 (2004).

Q 40.31 Wed 17:00 P OGs
Precise optical bulk and surface absorption measurements
in high purity silicon. — eJoHANNES DickMann!2:3  STE-
FANIE Kroker'?, CaroL BisiaNna Roias Hurrapo!:2, RENE
Graser?, and RonNy NawropT® — !Physikalisch-Technische Bun-
desanstalt — 2Technische Universitdt Braunschweig — 3Friedrich-
Schiller-Universitdt Jena

Silicon is a promising material for high-precision metrological appli-
cations such as gravitational wave detectors and frequency stabilized
laser systems for the realization of optical clocks. In order to maximize
the performance of such experiments, the optical absorption of all in-
volved elements should be as small as possible. This sets high demands
to the purity of the utilized silicon material. For quantitative state-
ments on the optical performance it is essential to measure the surface
and bulk absorption separately. Photothermal deflection spectroscopy
is a powerful tool for these measurements. In this contribution, theo-
retical and experimental aspects of such high resolution measurements
are discussed. Numerical calculations are presented which help to es-
timate the influence of all parameters and thereby to optimize the ex-
perimental setup. We present results of the following measurements:
Bulk absorption of silicon samples with variable doping gradients, room
temperature surface absorption in dependence of surface roughness as
well as temperature dependent surface and bulk absorption down to
4 K. The developed experimental setup is very sensitive to material
disturbances. Therefore, an application in quality control of 2D (thin
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films) and 3D (bulk materials) is possible.

Q 40.32 Wed 17:00 P OGs
Asymmetry induced resonances for performance predic-
tion of short wavelength periodic nanostructures — eCAROL
BiBiana Rosas Hurtapol:?, Jouannes DickMmann!:2, THOMAS
Sierke!3, and STEFANIE KrokEr!2 — 1Physikalisch-Technische
Bundesanstalt — 2Technische Universitit Braunschweig — 3Friedrich-

Schiller-Universitat Jena

Nano-optical elements for applications at short wavelengths are sub-
ject to strict requirements with respect to structural accuracy. Even
deviations in the range of a few nanometers can have a considerable
impact on the optical performance of the related elements. In this con-
tribution, we investigate asymmetry induced guided mode resonances
(GMR) as a measure for structure deviations in nano-optical wire grid
polarizers made of titania. Hereby, the structural asymmetry arises
from the self-aligned double patterning process - a well-established
technique for the realization of structures with small periods. The
guided mode resonances yield information about the structure geom-
etry and enable the prediction of the polarizer performance at short
wavelengths < 200 nm. Thus, easily accessible reflectance and trans-
mission spectral measurements at a wavelength around 370 nm can
replace an elaborate optical characterization in the DUV region. An
additional advantage of this method is that no calibration is necessary
which promises high application potential as in-situ tool. Furthermore,
the presented method can be extended to applications at even shorter
wavelengths down the extreme ultraviolet spectral region as well as to
2D periodic structures of versatile shape.

Q 40.33 Wed 17:00 P OGs
Pulse shaping of single photons with pulsed cavity SPDC
sources eSiMoN LaiBacHer! and ViNcENzo Tammal:2
Hnstitut fiir Quantenphysik and Center for Integrated Quantum Sci-
ence and Technology (IQST), Universitéit Ulm, D-89069 Ulm, Germany
— 2Faculty of Science, SEES, University of Portsmouth, Portsmouth
PO1 3QL, UK

Cavity-enhanced spontaneous parametric down conversion (SPDC) is
used extensively as a light source in quantum optics. Such sources are
nowadays often integrated into waveguides where high finesses can-
not easily be achieved and thus reservoir theory cannot be applied to
describe the coupling of the cavity. Recently, a description of such
sources for arbitrary sub-threshold gain has been published for contin-
uous pumping [1].

Our work aims to extend this description by including a finite phase
matching bandwidth and allowing for a pulsed operation of the source.
We derive the general Bogolioubov transformation between the input
and output fields of the cavity for Type-II SPDC under these condi-
tions. Our approach allows us to easily calculate arbitrary correlation
functions of the generated two-mode state. We then use our formalism
to investigate how the shape of the pump pulse and post-selection in
the heralding time of the idler photons can be employed to engineer
the shape of the signal photons. Further, corrections to the signal-
idler cross correlation function reported in [1] are found in the limit of
near-threshold squeezing.

[1] Zielinska and Mitchell, Phys. Rev. A 90, 063833 (2014).

Q 40.34 Wed 17:00 P OGs
Optimizing the correlation signals in Hanbury-Brown-Twiss-
setups — eANDRE PSCHERER, RAIMUND SCHNEIDER, THOMAS
MEHRINGER, JOHANNES HOLzL, and JOACHIM VON ZANTHIER — FAU
Erlangen-Niirnberg, Erlangen, Deutschland

When measuring the correlations between arrival times of photons at
two detectors like in the original Hanbury-Brown and Twiss (HBT)
experiment the key to satisfactory results is a good understanding of
the various parameters affecting the second order photon correlation
function 9(2)(7_"1,172,7'). We discuss in particular effects like a finite
detector size and limited temporal resolution and investigate how they
influence the trade-off between count rates and the contrast of the
g (71, 7, T)-function.

Q 40.35 Wed 17:00 P OGs

for high fidelity quantum

Microwave quantum logic
SEBASTIAN GRONDKOWSKI!,

simulation with °Bet ions

Tmuxo DusierLzic!, Fasian Upr!, Henine Hann?!, Giorcio
ZARANTONELLO?'!, MARTINA WAHNSCHAFFE?!, AMADO BAUTISTA-
Savapor?!) and CurisTiaN OsPELKAUs' 2 — !nstitut fiir Quan-
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tenoptik, Leibniz Universitdt Hannover, Welfengarten 1, 30167 Han-
nover — 2Physikalisch-Technische-Bundesanstalt Braunschweig, Bun-
desallee 100, 38116 Braunschweig

We describe the necessary experimental infrastructure to perform ex-
periments with an integrated microwave near-field surface-electrode
ion trap developed in our group [1] at cryogenic temperatures with
applications in quantum simulation and quantum logic. We discuss
our loading scheme using a pulsed laser for ablating and a subsequent
cw-laser at 235 nm for photo-ionization [2]. An additional laser beam
at 313 nm is used for cooling, repumping and detetion of YBet hyper-
fine qubit ions, similar to [3]. We use a set of water cooled coils which
produce a magnetic field of 22.3 mT. At this field the qubit transi-
tion becomes field-independent in first order, making the qubit robust
against fluctuations. We discuss a sophisticated pulse-shaping scheme
to implement quantum logic operations with high fidelity using short
microwave pulses (cf. [4]).

[1] M. Carsjens et al., Appl. Phys. B 114, 243-250 (2014)

[2] H.-Y. Lo et al., Appl. Phys. B 114, 17-25 (2014)

[3] A.C. Wilson et al., Appl. Phys. B 105, 741-748 (2011)

[4] D. Hayes et al., PRL 109, 020503 (2012)

Q 40.36 Wed 17:00 P OGs
Simulating boson sampling in free space — eMAaARrc-OLIVER
PLeINERT!? and JoacHIM voN ZANTHIER'2 — lnstitut fiir Optik,
Information und Photonik, Universitat Erlangen-Niirnberg, 91058 Er-
langen, Germany — 2Erlangen Graduate School in Advanced Optical
Technologies (SAOT), Universitidt Erlangen-Niirnberg, 91052 Erlan-
gen, Germany

Boson sampling constitutes a promising model of quantum computa-
tion, which probably for the first time will show post-classical calcula-
tions, even though it is restricted and non-universal. Here, we inves-
tigate a particularly simple boson sampling device consisting of freely
propagating photons of different statistics. We relate the boson sam-
pling probabilities to correlation functions in free-space setups. We
find that the structure of the multi-photon interferences and spatial
correlation functions reflect exactly those occurring in boson sampling
and thus are characterized by the permanent of a propagation matrix.
As a result, we are able to simulate boson sampling-like computations
in free space. We also investigate the computational complexity of
such a setup.

Q 40.37 Wed 17:00 P OGs
2D arrays of ion traps in cryogenic environment for quantum
information processing — ePHiLiP HoLz!, KIRILL LAKHMANSKIY!,
STEFAN PARTEL?, STEPHAN KASEMANN?, VOLHA MATYLITSKAYAZ,
JoHanNEs EpLiNGER2, Muir KumpH?, MIKE BROWNNUTT®, YVES
CoromBE!, and RamNner Brart!3 — Mnstitut fiir Experimental-
physik, Uni Innsbruck, Austria — 2Fachhochschule Vorarlberg, Dorn-
birn, Austria — 3Institut fiir Quantenoptik und Quanteninformation,
Innsbruck, Austria — 4IBM Thomas J. Watson Research Center, York-
town Heights, USA — 3The University of Hong Kong, Pokfulam, Hong

Kong

Linear chains of trapped ions are used for quantum simulation of 1D
spin systems [1]. 2D arrays of ion traps may allow to extend the range
of accessible simulations to systems with more than one spatial dimen-
sion, because of the physical arrangement of the individual trapping
sites. We have realized a microfabricated 2D array of individual RF
point traps with a 100 micron pitch between trapping sites. The inter-
ion distance may be reduced while maintaining a stable trap by varying
the RF amplitude on electrodes between two adjacent trapping sites
[2]. In this way, coherent operations mediated by the Coulomb inter-
action should become possible. We report on our progress towards
operating the system at cryogenic temperatures and present surface
trap designs for a new generation of 2D arrays based on parallel linear
traps.

[1] C. Monroe et al., Proceedings of the International School of
Physics 'Enrico Fermi’, Course 189, pp. 169-187 (2015)

[2] M. Kumph et al., New J. Phys. 18, 023047 (2016)

Q 40.38 Wed 17:00 P OGs
Controlled absorption of a single photon by a single atom
via adiabatic transfer — Luici GIANNELLI', eToM ScHMmIT!, SU-
sanNE Brumb?, DanieL M. Reicu?:3, CurisTiaNE P. Kocu?, ToMm-
MAsO CaLARCO®, and GiovaNNA Moricr! — Universitit des Saar-
landes, 66123 Saarbriicken, Germany — 2Universitat Kassel, 34132
Kassel, Germany — 3 Aarhus University, 8000 Aarhus C, Denmark —
4Theodor-Heuss-Gymnasium, 73730 Esslingen am Neckar, Germany
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— SUniversitit Ulm, 89069 Ulm, Germany

We analyse the dynamics of a single photon propagating in free space
and incident on the mirror of an optical cavity, in which an atom is
localized and characterise both numerically as well as analytically the
efficiency of protocols which achieve photon absorption by adiabatic
transfer [1-3] as a function of dissipative processes and of fluctuations
in the experimental parameters. We further characterize the efficiency
of the protocols when the signal is an attenuated laser pulse.

[1] M. Fleischhauer, et al., Opt. Commun. 179, 395 (2000).

[2] A. V. Gorshkov, et al., Phys. Rev. A 76, 033804 (2007).

[3] J. Dilley, et al., Phys. Rev. A 85, 023834 (2012).

Q 40.39 Wed 17:00 P OGs
Characterizing Bell Polytopes for loophole free Bell tests in
multipartite scenarios — e ALEXANDER SAUER, NILS TRAUTMANN,
and GERNOT ALBER — Institut fiir Angewandte Physik, Technische
Universitdt Darmstadt

Loophole free violations of Bell inequalities are crucial for fundamen-
tal tests of quantum nonlocality. They are also important for future
applications, such as device-independent quantum cryptography. We
estimate the minimal requirements on detectors for performing a loop-
hole free Bell test with dichotomic observables in multipartite scenar-
ios, based on a detector model which includes detector inefficiencies
and dark counts. We investigate the structure of Bell polytopes via
principal component analysis and take the possible quantum correla-
tions and the no-signaling polytope into account to find suitable Bell
inequalities for such tests.

Q 40.40 Wed 17:00 P OGs
Squeezing Distillation from Atmospheric Fluctuations —
oKeviN GUNTHNER!'2, OMER BAYRakTAR!'2, ANDREAS THURNDZ,
CHRISTIAN PrUNTINGER!'2, DomiNIQUE ELser}2, CHRISTOPH
MAaARQUARDT!2, and GErD Leucus!'?2 — 1Max Planck Institute for
the Science of Light, Erlangen, Germany. — 2Department of Physics,

University of Erlangen-Nuremberg (FAU), Germany.

We show the distillation of squeezed states of light, that have been
transmitted through a 1.6 km urban, atmospheric free-space channel
[1]. Squeezed states of light are interesting and important non-classical
states for quantum information processing [2]. The efficiency of pos-
sible applications, e.g., quantum key distribution [3|, crucially relies
on a state’s nonclassicality, i.e., the degree of squeezing. The atmo-
spheric channel introduces intensity fluctuations through beam wan-
dering and scintillation considering the finite receiving aperture size.
This real physical, non-gaussian noise will unavoidably lead to reduc-
tion of squeezing after transmission. We combat this degrading by
employing various purification and distillation protocols, hence select-
ing states with high degree of squeezing [1,4].

[1] C. Peuntinger et al., Phys. Rev. Lett. 113, 060502 (2014).

[2] U. L. Andersen et al., Physica Scripta 91, 053001 (2016).

[3] L. S. Madsen et al., Nature Comm. 3, 1083 (2012).

[4] J. Heersink et al., Phys. Rev. Lett. 96, 25 (2006).
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Construction of a single-NV setup for single-molecule NMR
— oTmwL Lenz!, Lykourcos Boucas!, ARNE WICKENBROCK!,
SAMER Aracu!, JoHN W. BLANCHARD!, LiaM McGuUINNESs2, FE-
poR JELEZKO?, and DMITRY BUDKERD3 — !Helmholtz Institute, Jo-
hannes Gutenberg University, Mainz, Germany — 2Institut fiir Quan-
tenoptik, Ulm, Germany — 3University of California Berkeley, Berke-
ley, USA

Nuclear magnetic resonance (NMR) spectroscopy plays a central
role in modern science, with applications ranging from fundamental
physics and chemistry to biomedical imaging. NMR spectroscopy
can provide detailed information about the structure and dynamics
of molecules, but the realization of measurements with sensitivities at
the single-molecule level requires fundamentally new detection strate-
gies. Nitrogen-Vacancy (NV) color centers in diamond have emerged
as unique magnetic resonance sensors, marked by the recent remark-
able demonstrations of nanoscale spectroscopy and imaging of single
electron and nuclear spins. Our goal is to extend the magnetic reso-
nance techniques using NV-centers to Zero- and Ultralow-Field NMR
(ZULF-NMR), an alternative technique where measurements are per-
formed in the absence of a strong external magnetic field, which is
already used to investigate macroscopic NMR samples. ZULF-NMR
allows us to perform single-molecule identification via analysis of J-
coupling data.We report on our current efforts in designing, construct-
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ing and characterizing a single-NV-based ZULF-NMR spectrometer in
Mainz.

Q 40.42 Wed 17:00 P OGs
Properties of the Quantum free-electron laser — ePETER
Kring!2, Enno Giese®2, RoLAND SAUERBREY!, and WoLFGANG
P. ScuLEicE?* — 1Helmholtz-Zentrum Dresden-Rossendorf, D-01314
Dresden — 2Universitiat Ulm, D-89069 Ulm — 3University of Ottawa,
Ottawa, Ontario KIN 6N5, Canada — *Texas A & M University, Col-
lege Station, Texas 77843, USA

In contrast to all existing free-electron lasers (FELs), which purely
rely on classical physics, quantum effects are crucial for the ‘Quantum
FEL’ [1]. In this device the discrete recoil of the electron dominates
the dynamics, which is characterized by two resonant momentum lev-
els [2,3].

We present intuitive arguments for the transition to the quantum
regime and discuss quantities such as gain and photon statistics in
this limit. Moreover, we identify effects which distinguish the Quan-
tum FEL from the classical FEL.

[1] R. Bonifacio , N. Piovella and G. R. M. Robb, Fortschr. Phys. 57,
1041-1051 (2009).

[2] P. Kling et al., New. J. Phys 17, 123019 (2015).

[3] P. Kling et al., Appl. Phys. B (accepted).
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Birth, death and revival of spontaneous emission of a three-
atom system — SiMoN MAHRLEIND2, KevIN GUNTHNERD3, JORG
Evers?, and eJoacHM von ZanTHIERD? — lInstitute of Optics, In-
formation and Photonics, Universitdt Erlangen-Niirnberg, 91058 Er-
langen, Germany — 2Erlangen Graduate School in Advanced Opti-
cal Technologies (SAOT), Universitit Erlangen-Niirnberg, 91052 Er-
langen, Germany — 2Quantum Information Processing Group (QIV),
Max-Planck-Institut fiir die Physik des Lichts, 91052 Erlangen, Ger-
many — “Theoretical Quantum Dynamics and Quantum Electrody-
namics, Max-Planck-Institut fiir Kernphysik, 69117 Heidelberg, Ger-
many

Death and revival phenomena can be observed in many areas in quan-
tum physics and can appear in different aspects and forms. We investi-
gate the time behavior of spontaneous emission of a three-atom system
which collectively shares a single excitation. Two atoms are assumed
to be closer than a wavelength to each other, while the third atom is
many wavelength away. In a detailed analysis we demonstrate that
at certain detector positions the spontaneous emission of the photon
can display a birth, i.e., the probability to detect the photon does not
decay as a function of time but increases from zero, or a non-periodic
death, i.e., the photon detection probability drops to zero, followed by
a revival of the signal. We further show that the spontaneous emission
process of the fully excited system can be monitored by higher order
intensity correlation measurements.

Q 40.44 Wed 17:00 P OGs
Characterisation of open acess microcavities — ¢ OLAF ZIMMER-
MANN, ANDREA KURz, FELIX GLOCKLER, and ALEXANDER KUBANEK
— Institute for Quantum Optics, Ulm University, D-89081 Ulm, Ger-
many

In order to increase the interaction strength between a single mode
of light and the optical transition of an emitter, the emitter can be
placed inside the mode of a cavity. To optimize coupling strength ei-
ther the quality factor can be increased or the mode volume can be
decreased. Many cavities that have ultra small mode volumes do not
have open access and are not tunable. We present the current status in
our development of designing an open accessable, tunable, Fabry-Perot
resonator with femtolitre mode volume.

Q 40.45 Wed 17:00 P OGs
Collective sensing at x-ray energies — PaoLo LoNnGo, eDOMINIK
LenTrRODT, CHRIsTOPH H. KEITEL, and JOrG EvErs — MPI fiir
Kernphysik, Heidelberg

We theoretically demonstrate that the cooperative emission from a
layer of 57Fe nuclei embedded in an X-ray waveguide can be used as a
tool for sensing the presence of external nuclei. The internal nuclei are
necessary to counteract the low Q-factor of the cavity. Our approach
is based on an evanescent side-coupling mechanism and collective ef-
fects from within the waveguide [1] that realise a sufficiently high re-
sponse for nuclei attached to the waveguide cladding. The results show
that a shift of the emission line is only observable if deliberately ex-
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cited off-resonance. The predicted collective modification of the Lamb
shift and linewidth are qualitatively verified using the software package
CONUSS.

[1] P. Longo, C. H. Keitel and J. Evers, Sci. Rep. 6, 23628 (2016),
arXiv:1503.04532

Q 40.46 Wed 17:00 P OGs
A Lorentz-covariant master equation for a scalar quantum
field — eMARrRDUK BoraNos and Kraus HORNBERGER — Fakultét
fir Physik, Universitdt Duisburg-Essen

The interaction of quantum particles with their environment has been
thoroughly studied in the non-relativistic regime. However, ongo-
ing superposition experiments involving large numbers of photons [1]
call for an extension of decoherence models to the electro-magnetic
quantum field, which is inherently relativistic. Relativistic models
of decoherence will also enable the extension of empirical measures
of macroscopicity of the kind introduced in [2]| to this regime. As a
starting point we consider a relativistic quantum particle, described
as an excitation of a scalar field, subject to random momentum kicks.
This study will pave the way to a Lorentz-covariant master equation
for the dynamics of quantum fields.

[1] E. Nagali et al, PRA 76, 042126 (2007).
[2] S. Nimmrichter and K. Hornberger, PRL 110, 160403 (2013).

Q 40.47 Wed 17:00 P OGs
Thermalization in an isolated quantum system - dynamics
and time scales — eGovinpa CrLos!, DiEGo PorrAs?, MATTHIAS
WirTEMER', ULRIcH WARRING!, and ToBias ScuaeTz! — ! Albert-
Ludwigs-Universitdt Freiburg, Germany — 2University of Sussex,
Brighton, UK

For an isolated quantum system, the dynamics is governed by the
Liouville-von Neumann equation and is, thus, unitary and reversible in
time. Yet, few-body observables of (possibly highly-entangled) many-
body states can yield expectation values that feature equilibration and
thermalization [1]. We use a trapped-ion system to study a spin cou-
pled to a phononic environment of engineerable complexity [2]. While
the total system evolves unitarily, we record the dynamics of a sub-
system observable, and find the emergence of thermalization. With
this time-resolved measurement, we address associated time scales of
equilibration, thermalization, and the information flow between the
subsystem and its environment.

[1] Eisert et al., Nat. Phys. 11, 124 (2015).

[2] Clos et al., Phys. Rev. Lett. 117, 170401 (2016).

Q 40.48 Wed 17:00 P OGs
Asymmetric fiber cavities for quantum opto-mechanics
with SiN-membranes — eJAN PeETERMANN!, ToBias WAGNER!,
PuiLipp CurisTopH!, CHRisToPH BECKER!', KLAaus SEngsTOck!,
Ha1 ZroNc?, ALEXANDER ScHWARZZ, and ROLAND WIESENDANGER?2
— 1Center for Optical Quantum Technologies, Hamburg, Germany —
2Insitute for Applied Physics, Hamburg, Germany

We are currently setting up a quantum hybrid experiment, which aims
at coupling a Bose-Einstein condensate to a cryogenically pre-cooled
SiN membrane via long-range light interaction. A fiber cavity is used
to enhance the coupling between light and membrane by a factor of
the finesse. Asymmetric coating of the cavity mirrors enables finite on-
resonance reflectivity required to establish a mutual resonant coupling
between the atomic sample and the membrane motion. Our results
reveal that the on-resonance reflectivity is extremely sensitive to the
mode match between fiber- and cavity mode. Best mode match is
achieved for plano-concave cavities. Using standard single mode fibers
with mode a field diameter of 5.2um, we derive an optimal mode
match for a radius of curvature close to 50um and a cavity length
of L =~ 25um. We optimize depth and width of our laser machined
gaussian mirror profiles by numerical simulations and achieve values
for the on-resonance power reflectivity ideally suited for our envisaged
quantum hybrid system.

Q 40.49 Wed 17:00 P OGs
A classical linear Boltzmann equation for rotational friction
and diffusion — eLukAs MARTINETZ, BENJAMIN A. STICKLER, and
Kraus HorNBERGER — Fakultédt fiir Physik, Universitdt Duisburg-
Essen

Motivated by recent experiments [1,2,3], we derive the classical linear
Boltzmann equation for the ro-translational dynamics of an arbitrarily
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shaped anisotropic nanoparticle interacting with a dilute gas. It ac-
counts for specular as well as diffuse thermal reflection of the gas atoms
at the particle surface. As a limiting case, the Boltzmann equation de-
scribes rotational friction and diffusion. By specifying the form of the
nanoobject, we derive the friction and diffusion coefficients for spheres,
cylinders and cuboids and discuss the equilibration of the orientation
state.

[1] Kuhn et al., Cavity-Assisted Manipulation of Freely Rotating
Silicon Nanorods in High Vacuum, Nano Lett. 15, 5604 (2015)

[2] Hoang et al., Torsional Optomechanics of a Levitated Nonspher-
ical Nanoparticle, Phys. Rev. Lett. 117, 123604 (2016)

[3] Kuhn et al.,, Full Rotational Control of Levitated Silicon
Nanorods, arXiv:1608.07315 (2016)

Q 40.50 Wed 17:00 P OGs
Coupling cold atoms to a cryogenically cooled optomechan-
ical device — ePuiLipp CurisTopH!, JAN PETERMANN!, To-
BIAs WAGNER!, CHRISTINA STAARMANN', Kraus SENGSTOCK!2,
CuristorH Brecker!2, Har Zuong?, ALEXANDER ScHwaRz®, and
RoLAND WIESENDANGER® — !Center for Optical Quantum Technolo-
gies, Luruper Chaussee 149 , 22761, Hamburg, Germany — 2Institute
of Laser Physics, Luruper Chaussee 149 , 22761 Hamburg, Germany
— 3Institute for Applied Physics, Jungiusstrasse 11, 20355 Hamburg,

Germany

We present work towards a new hybrid quantum system consisting of a
sample of cold atoms coupled to a cryogenically precooled mechanical
oscillator. Our ultimate goal is the investigation of two very differ-
ent macroscopically large quantum systems coherently coupled to each
other. For this purpose we have set up a Rubidium-BEC apparatus
coupled to a SiN membrane placed inside a fiber Fabry Perot cavity
via an optical lattice. This membrane in the middle system is cooled
to below 500mK in a dilution refrigerator. We present details on the
coupling lattice laser system and a highly sensitive homodyne setup
for detecting and manipulating the membrane motion. The coupling
lattice is operated very close to atomic resonance in order to allow for
the required large lattice depth for resonant atom-membrane coupling
at low coupling light powers. First results of loading ultracold atoms
from a dipole trap into this near resonant lattice are presented.

This work is supported by the DFG grants no. BE 4793/2-1 and SE
717/9-1.

Q 40.51 Wed 17:00 P OGs
Single photon emission from point defects in hexagonal
boron nitride flakes — eBERND SONTHEIMER!, MERLE BRAUN!,
NikoLa Sapzak!, Icor AmarRONoOvIcH?, and OLIVER Benson! —
THumboldt-Universitit zu Belrin — 2University of Technology Syd-

ney

Single photon emitters play an important role in a variety of quan-
tum technologies, including quantum communications and computing.
Here, we introduce Hexagonal boron nitride (hBN), an emerging twodi-
mensional wide-bandgap material, as a host for a multitude of point
defects. We investigate those defects and find stable ones at room
temperature that show extraordinary bright single photon emission
at various wavelengths in the visible and near infrared. Furthermore,
present our latest measurements on the temperature dependence of the
spectral properties of those defects and show and analyze the apparent
spectral diffusion at different time scales as well as optical coherence
properties at cryogenic temperatures.

Q 40.52 Wed 17:00 P OGs

Widefield Microwave Imaging using NV Centres — e ANDREW
HorsLeY!, JaANIKk WoLrERs!, PaTrick AppEL!, JaAMES Woob!, Jo-
CELYN ACHARD?, ALEXANDRE TALLAIREZ, PATRICK MALETINSKY!,
and PuiLipp TREUTLEIN! — 1University of Basel, Switzerland —

2LSPM, Universite Paris 13, France

We present a microscope for widefield electromagnetic field imaging
using NV centres in diamond. We expect to realise > 1mm? field
of view and sub-ms temporal resolution, exceeding the state-of-the-
art for widefield NV imaging. The microscope provides 5 um spatial
resolution, given by the thickness of the near-uniaxial NV layer, and
our current sensitivity is hundreds of nT Hz=1/2, which we expect to
improve.

We use the microscope for microwave near-field imaging, which we
are pursuing in the context of microwave device characterisation [2-4].
Such devices form the backbone of many scientific and technological
applications, from quantum devices (atom chips, ion traps, atomic
clocks, qubits...) to telecommunications (wifi, mobile phones...). Our
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technique promises to transform device development, characterisation,
and debugging. Our high-resolution NV microscope may also be of
interest for medical microwave sensing and imaging, particularly in
skin-cancer screening.

[1] Steinert et al., Rev. Sci. Instr. 81, 043705 (2010)

[2] Horsley and Treutlein, APL 108, 211102 (2016)

[3] Horsley, Du, and Treutlein, NJP (FTC), 17(11), 112002, (2015)

[4] Appel et al., NJP (FTC), 17(11), 112001, (2015)

Q 40.53 Wed 17:00 P OGs
Low temperature spectroscopy of quantum emitters in 2D
materials — eKoRBINIAN KoTTMANN!, ANDREAS DIETRICH!, STE-
rFAN HAussLer!, Kerem BRravy2?, Icor AmnaroNovicH?, FEDOR
JeLEzKO!, and ALEXANDER KUBANEK! — lInsitute for Quantum Op-
tics, Ulm University, D-89081 Ulm — 2School Mathematical and Phys-
ical Sciences, University of Technology Sydney, Ultimo, New South
Wales 2007, Australia

In the previous decade, atomically thin materials have drawn much at-
tention in science and technology because of their extraordinary phys-
ical properties due to spatial confinement in two dimensions [1]. We
investigate optical properties of individual color centers at very low
temperatures (4K). Quantum emission of single photons in the visi-
ble spectrum at very high rates make them a promising prospect for
applications in quantum communications and photonics. Henceforth,
single or few layers can easily be implemented in a micro resonator by
virtue of their small size, heralding the possibility of a tunable cavity
QED platform.

[1] A. Gupta, T. Sakthivel, S. Seal, Progress in Materials Science 73,
2015

Q 40.54 Wed 17:00 P OGs
Low Temperature spectroscopy of color center in thin
diamond layer — eANDREAs DieTRIcH!, STEFAN HAUSSLER!,
KoBiniaN KorTMmann!, Lukas Anrtoniuk!, KEREM Bray?, Icor
Anaronovicn?, FEpor JeLEzko!, and ALEXANDER KUBANEK! —
Hnstitute for Quantum Optics, Ulm University, D-89081 Ulm, Ger-
many — 2School of Mathematical and Physical Sciences, University of
Technology Sydney,Ultimo, New South Wales 2007, Australia

Color center in high band gab material, such as diamond, appeared as
important and valuable quantum systems for emerging quantum tech-
nologies [1]. Engineered diamond materials are demanded for future
quantum optics and quantum sensing applications. Preserving optical
properties like narrow linewidth and spectral stability in thin mem-
branes is a major task. We investigate in thin diamonds membranes
the spectral properties of color centers at low temperature.
[1 |F. Jelezko, J. Wrachtrup, Phys. Stat. Sol. 203, 13, 2006

Q 40.55 Wed 17:00 P OGs
Low Temperature spectroscopy of color center in thin di-
amond layer — eANDREAs DIETRICH!, STEFAN HAussLEr!, Ko-
RBINIAN KoTTMANN!, Lukas ANToNnIUk!, KErReEM BRrayv2, Icor
Anaronovice?, FEpor JeELEzko!, and ALEXANDER KUBANEK!
Hnstitute for Quantum Optics, Ulm University, D-89081 Ulm, Ger-
many — 2School of Mathematical and Physical Sciences, University of
Technology Sydney,Ultimo, New South Wales 2007, Australia

Color center in high band gab material, such as diamond, appeared as
important and valuable quantum systems for emerging quantum tech-
nologies [1]. Engineered diamond materials are demanded for future
quantum optics and quantum sensing applications. Preserving optical
properties like narrow linewidth and spectral stability in thin mem-
branes is a major task. We investigate in thin diamonds membranes
the spectral properties of color centers at low temperature.
[1 ]F. Jelezko, J. Wrachtrup, Phys. Stat. Sol. 203, 13, 2006

Q 40.56 Wed 17:00 P OGs
Frequency Doubling of Fiber Amplified Picosecond Laser-
pulses for Ion Beam Cooling — eCHRISTIAN KUHNEL, DANIEL
KiereR, and THOMAS WALTHER — TU Darmstadt, Institut fiir Ange-
wandte Physik, Laser- und Quantenoptik, Schlossgartenstr. 7, 64289
Darmstadt

White light cooling is an efficient way for reducing the phase space
density of relativistic bunched ion beams [1]. For this purpose we
present pulsed SHG in a noncritical phase-matched lithiumniobate
crystal. The pulses are provided by a MOPA system with flexible
pulse duration.

The MOPA system delivers pulses at 1030 nm and a repetition rate
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of up to 1.5 MHz. The pulse duration is variable between 70 and 740 ps
and switchable to 50ns. The setup for SHG is typically done for one
specific set of laser parameters. However, here it needs to be variable,
since the pulse length is tunable. Therefore, the peak power differs so
that exceeding damage thresholds and varying SHG efficiencies have to
be considered. The current status of the system is presented compared
with theoretical and numerical predictions [2]. In addition the future
development will be shown. [1] S. N. Atutov. Phys. Rev. Lett. 80
(1998), 2129-2132. [2] H. Wang and A. M. Weiner, IEEE Journal of
Quantum Electronics, vol. 39, no. 12, 1600-1618.

Q 40.57 Wed 17:00 P OGs
Tabletop 20 kHz laser source for circularly polarized vac-
uum ultraviolet radiation — eToBiAs REIKER, DANIEL NUREN-
BERG, and HELMUT ZAcHARIAS — Westfilische Wilhelms-Universitét,
Miinster, Deutschland

We present a high repetition rate table top laser source at a photon
energy of 10.5 eV with full control over the polarization. The radiation
is generated from a 20 kHz Nd:YVO4 laser with a wavelength of 355
nm by frequency tripling in Xenon to a wavelength of 118nm. In this
regime, no suitable material for birefringent optics is available. Instead
we use a reflection induced phase shift to control the polarization. The
Stokes parameter of the radiation are measured by a reflective vac-
uum ultraviolet polarizer. Circularly polarized light from this source
is proposed to be used in spin-resolved photoelectron spectroscopy on
surfaces.

Q 40.58 Wed 17:00 P OGs
Stimulated Raman scattering microscopy by Nyquist modu-
lation of a two-branch ultrafast fiber source — ePETER Fim-
PEL, CrLauDpIUS RIEK, PEYMAN ZIRAK, CHRISTOPH KOLBL, ALFRED
LEITENSTORFER, DANIELE BRIDA, and ANDREAS ZUMBUSCH — Uni-
versitdat Konstanz

A highly stable setup for stimulated Raman scattering (SRS) mi-
croscopy|l] is presented. It is based on a two-branch femtosecond
Er:fiber laser operating at a 40 MHz repetition rate. One of the out-
puts is directly modulated at the Nyquist frequency with an inte-
grated electro-optic modulator (EOM). This compact source combines
a jitter-free pulse synchronization with a broad tunability and allows
for shot-noise limited SRS detection. The performance of the SRS mi-
croscope is illustrated with measurements on samples from material
science and cell biology. [1] C. Riek et al., Opt. Lett. 41, 3731 (2016)

Q 40.59 Wed 17:00 P OGs
Atom interferometry with ultracold thermal clouds and real-
istic laser pulses — eJENS JENEWEIN, ALBERT ROURA, WOLFGANG
P. ScuLeicH, and THE QUANTUS TEAM — Universitdt Ulm, Ulm,
Germany

We have developed a real-time simulation for a symmetric and an
asymmetric Mach-Zehnder like light-pulse atom interferometer. Real-
istic laser pulses of arbitrary shape are employed based on single and
double Bragg diffraction leading to velocity selectivity and excitation
of off-resonant diffraction orders. This feature makes the simulation
which also includes lensed thermal atoms more feasible for the de-
scription of experiments. We can also estimate the contrast C' that
contributes together with the atom number to the sensivity. Various
effects such as delta-kick collimation and the amount of evaporative
cooling affect C'.

The QUANTUS project is supported by the German Space Agency
(DLR) with funds provided by the Federal Ministry for Economic Af-
fairs and Energy (BMWi) under grant number 50WM1556.

Q 40.60 Wed 17:00 P OGs
Light propagation in a 1D medium of high optical density
— eRoMAN SurLzBacH and REINHOLD WALSER — Institut fiir Ange-
wandte Physik, TU Darmstadt, Schlossgartenstr. 7, 64289, Darmstadt

Electromagnetically induced transparency (EIT) has found many ap-
plications in quantum optics, since its experimental demonstration in
1990 [1]. Recently, it was possible to demonstrate EIT and the related
effects of slow and stationary light pulses in a hollow fiber containing
a thin medium of cold Rubidium atoms [2]. These hollow fibers have
a diameter of 7 pm and a length of 10 cm. Therefore, this system
represents a one-dimensional medium of high optical density.

We use Maxwell-Bloch theory to simulate the pulse propagation of
the probe-beam inside this fiber. This leads to a paraxial Schrédinger-
equation as well as to corrections. We will present results of numerical
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simulations of this strongly interacting light-matter system.

(1] K. Boller, A. Imamoglu, and S. Harris, Observation of electro-
magnetically induced transparency, Phys. Rev. Lett. 66, 2593 (1991)
(2] F. Blatt, L. Simeonov, T. Halfmann, and T. Peters, Stationary
light pulses and narrowband light storage in a laser-cooled ensemble
loaded into a hollow-core fiber, Phys. Rev. A. 94, 043833 (2016)

Q 40.61 Wed 17:00 P OGs
From incoherent to coherent: modeling quantum-dot su-
perluminescent diodes — eFrANzISKA FRIEDRICH and REINHOLD
WALSER — Institut fiir Angewandte Physik

Commercial devices for optical coherence tomography greatly benefit
from the appealing features of broadband light emitting quantum-dot
superluminescent diodes (QDSLDs), where light is generated in the
regime of amplified spontaneous emission (ASE). But also from the
fundamental point of view, these devices exhibit uncommon proper-
ties considering field and intensity correlations, g(1) () and g (7):
a reduction of ¢(2)(0) from 2 to 1.33 at T = 190 K was observed in
the lab in 2011 [1]. The understanding of these hybrid coherent light
states, which are simultaneously incoherent in g(¥) () and coherent in
g(2>(7'), represents an interesting and challenging topic of research.

In the present contribution, we will discuss a multimode quantized
field theory of the QDSLD and study the generation of the amplified
spontaneous emission on a microscopic level [2]. As a main result, we
analyze the external power spectrum. Comparison with experimental
measurements exhibits good agreement.

[1] M. Blazek, W. Elsafer, Phys. Rev. A 84, 063840 (2011)
[2] to be published

Q 40.62 Wed 17:00 P OGs
Direct probing of higher order Fock states — eJOHANNES
Tiepau, GEorRG HARDER, VAHID ANsari, Tim J. BARTLEY, and
CHRISTINE SILBERHORN — Universitdt Paderborn, Integrierte Quan-
tenoptik, Warburger Str. 100, D-33098 Paderborn

Optical quantum state characterisation is an important task for dif-
ferent scenarios. For many applications, particularly in protocols in-
volving continuous variables, balanced homodyne detection is used to
reconstruct a quasi-probability distribution in phase-space to describe
the state. However, this method can only investigate the part of the
signal field which is overlapping with a strong probe field. In contrast,
using a weak local oscillator and photon counting overcomes this prob-
lem and enables us to investigate the full quantum state. Depending
on the configuration, one can call this weak-field homodyne detection
and or direct probing, in which the displaced parity operator of the
state is measured. Since there is no intrinsic filtering during mea-
surement, in order to see quantum effects an extremely pure quantum
state is required. In our case this is achieved by precise Parametric-
Down-Conversion source engineering. We report on our latest progress
using this technique, namely direct probing of higher order (>=2) Fock
states.

Q 40.63 Wed 17:00 P OGs
Qudi: a modular Python suite for experiment control
including implemented modules for confocal microscopy,
quantum optics and quantum information experiments —
eJAN M. BINDER!, ALEXANDER STark!?, NikorLas ToMEek!,
JocHEN ScHEUER!, FLorRIAN Frank!, Kay D. JAHENKE!, CHRISTOPH
MoOLLER!, SimonN ScumrrT!, Maruias H. Merscu!, THOMAS
UNDEN!, ToBias GeHRrRINGZ, ULRIK L. ANDERSEN?, LAcCHLAN J.
Rocers!, and FEpor JeELEzko!:3 — llnstitute for Quantum Op-
tics, Ulm University, Albert-Einstein-Allee 11, Ulm 89081, Germany —
2Department of Physics, Technical University of Denmark, Fysikvej,
Kongens Lyngby 2800, Denmark — 3Center for Integrated Quantum

Science and Technology (IQST), Ulm University, 89081 Germany

Qudi is a general, modular, multi-operating system suite written in
Python 3 for controlling laboratory experiments.

It provides a structured environment by separating functionality into
hardware abstraction, experiment logic and user interface layers.

The core feature set comprises a graphical user interface, live data
visualization, distributed execution over networks, rapid prototyping
via Jupyter notebooks, configuration management, and data recording.

Currently, the included modules are focused on confocal microscopy,
quantum optics and quantum information experiments, but an expan-
sion into other fields is possible and encouraged.

Qudi is available from https://github.com/Ulm-IQO/qudi and is
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freely useable under the GNU General Public Licence 3.
A preprint describing the design is avaliable at arXiv:1611.09146.

Q 40.64 Wed 17:00 P OGs
Limits on the time-multiplexed photon-counting method
— eoREcINA KRrusg, JonannNes Tiepau, Tim BARTLEY, SonNJA
BARKHOFEN, and CHRISTINE SILBERHORN — Applied Physics, Uni-
versitat Paderborn, Warburger Str. 100, D-33098 Paderborn

Building large and reliable quantum networks requires sophisticated
detection techniques to verify the correct operation of the network.
To this aim, we investigate the limits of a cost and resource efficient
time-multiplexed detection method [1]. We quantify the optimal num-
ber of time-bins for such a setup under the constraints of convolution
effects and realistic setup losses by simulating the overlap of specified
Fock states after passing the time-multiplexed detector.

[1] Kruse et al., arXiv:1611.04360

Q 40.65 Wed 17:00 P OGs
Laserinduzierte Hochspannungsentladung zur Erzeugung ei-
nes Plasmawellenleiters fiir die Elektronenbeschleunigung —
eCARoLA WIRTH!, ALEXANDER SAVERT!'2, WOLFGANG ZIEGLER! und
Marre C. KaLuzal?2 — Mnstitut fiir Optik und Quantenelektronik,
Friedrich-Schiller-Universitit Jena — 2Helmholtz-Institut Jena

Die Erzeugung hochenergetischer Elektronen durch die Laser-
Plasmabeschleunigung gewinnt in der Wissenschaft immer mehr an
Bedeutung. Bei dieser Art der Beschleunigung werden Elektronen in
eine von einem Laserpuls erzeugte Plasmawelle injiziert und kénnen
so innerhalb weniger Zentimeter auf Energien von bis zu einigen GeV
beschleunigt werden. Um die hohen beschleunigenden Felder der Plas-
mawelle effektiv nutzen zu kénnen, muss die Welle iiber eine moglichst
lange Strecke bestehen bleiben. Erreicht werden kann dies beispiels-
weise durch die Fithrung des treibenden Laserpulses in einem Plasma-
Wellenleiter. Ahnlich einer Glasfaser mit einem Gradientenbrechungs-
indexprofil, in dem Laserstrahlen mit konstantem Strahldurchmesser

Q 41: Quantum Information:

Time: Thursday 11:00-13:00

Group Report Q 41.1 Thu 11:00 P 2
Processing of two matter qubits using cavity QED —
oSTEPHAN WELTE, BAsTIAN HACKER, SEVERIN DaAIss, STEPHAN RiIT-
TER, and GERHARD REMPE — Max-Planck-Institut fiir Quantenoptik,
Hans-Kopfermann-Str. 1, 85748 Garching, Germany

In a quantum network, optical resonators provide an ideal platform for
the creation of interactions between matter qubits. This is achieved
by exchange of photons between the resonator-based network nodes,
and in this way enables the distribution of quantum states and the
generation of remote entanglement [1]. Here we will show how sin-
gle photons can also be used to generate local entanglement between
matter qubits in the same network node [2]. Such entangled states are
indispensable as a resource in a plethora of quantum communication
protocols. We will give an overview of the necessary experimental
toolbox for an implementation with neutral atoms. Several entangle-
ment protocols showing the generation of all the Bell states for two
atoms will be presented. We will also detail how we experimentally
exploit the employed method for quantum computation and quantum
communication applications.

[1] S. Ritter et al., Nature 484, 195 (2012)

[2] A. Sgrensen and K. Mglmer, Phys. Rev. Lett. 90, 127903 (2003)

Q41.2 Thu11:30 P 2
Robust creation of large entangled quantum states in Ry-
dberg lattice system — eMaike OsTMANN'Z, JirR1 MiNaR!-2,
and Icor Lesanovsky!’2 — 1School of Physics and Astronomy,
University of Nottingham, Nottingham, NG7 2RD, United Kingdom
— 2Centre for the Mathematics and Theoretical Physics of Quan-
tum Non-equilibrium Systems, University of Nottingham, Nottingham,
NG7 2RD, United Kingdom

Due to new experimental developments, the generation of quantum
states in Rydberg lattice systems is of interest. Recently, there has
been success in the realisation of a quantum simulator for an Ising

(0]

gefiihrt werden koénnen, kann ein hochintensiver Laserpuls in einem
Plasma mit einem transversal parabolischen Brechzahlprofil gefiihrt
werden. Eine Technik zur Erzeugung dieses Profils ist die Hochspan-
nungsentladung in einer gasgefiillten Kapillare.

Wir stellen eine Analyse des Stabilitdtsverhaltens einer Hochspan-
nungsentladung in einer Kapillare zur Erzeugung eines Plasmakanals
vor. Dazu wurde der Einfluss der Vorionisation des Gases mit Hil-
fe eines intensiven fs-Laserpulses auf das Stabilitatsverhalten und das
Fiihrungsverhalten des Plasmakanals untersucht.

Q 40.66 Wed 17:00 P OGs
Three-dimensional Direct Laser Written Waveguides on a
Chip — eALEXANDER LaNDOwsKI'2, DoMINIK ZEPP!, SEBASTIAN
WiINGERTER!, MIicHAEL RENNER!, GEORG vON FREYMANNI'3, and
ArTUR WIDERA'2 — 1Department of Physics and State Research
Center OPTIMAS, University of Kaiserslautern, Erwin-Schroedinger-
Str. 56, 67663 Kaiserslautern — 2Graduate School Materials Sci-
ence in Mainz, Erwin-Schroedinger-Str. 56, 67663 Kaiserslautern
— S3Fraunhofer-Institute for Physical Measurement Techniques IPM,
Fraunhofer-Platz 1, 67663 Kaiserslautern

We engineer three-dimensional waveguides from a low fluorescent pho-
toresist on a chip using a commercial system for direct laser writ-
ing. Using a silica substrate and air cladding, we are able to fabricate
waveguide bends with small radii down to 40 pm and three-dimensional
coupling structures, that enable addressing all input and output ports
of our waveguide network through the substrate via one microscope
objective simultaneously. Due to the low fluorescence, our waveguides
in principle allow integration of single quantum emitters for quantum
optical experiments on a chip.

Here we present detailed characterization of stadium waveguides
with three-dimensional coupling structures. We discuss the limits of
the single mode operation of the waveguides and show first beamsplit-
ting devices. We analyze coupling, propagation and bend losses of our
waveguides. Further, we characterize the fluorescence of the photore-
sist used.

Concepts and Methods VI

Location: P 2

model using Rydberg atoms [1]. This promising new platform is able
to deal with one and two-dimensional arrays of arbitrary geometry.
Furthermore, new procedures to prepare neutral atoms in optical lat-
tices with unit filling fraction have been developed [2,3]. Consequently,
the question arises whether it is possible to easily produce a quantum
state, which can be used as a resource state in quantum simulators
or quantum computation. A simple protocol, which makes use of the
Rydberg blockade effect, is considered. Three laser pulses are applied
to a one-dimensional chain of Rydberg atoms resulting in an entan-
gled graph state. The effect of this protocol has been simulated, and
the entanglement of the state is specified by calculating the concur-
rence depending on the interatomic separation. [1] H. Labuhn et al.,
arXiv:1509.04543 (2016) [2] D. Barredo et al., arXiv:1607.03042 (2016)
[3] M. Endres et al., arXiv:1607.03044 (2016)
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MEeINECKED4?,  Lukas Knipsl4,  Jan L4 Prre
SuapBorLT?, JoseEPH BowLes?, NicoLas BRUNNER?, JEREMY
O’Brien®, and HArRALD WEINFURTER!"# — 1 Max-Planck-Institut fiir
Quantenoptik, Hans-Kopfermann-Str. 1, D-85748 Garching, Germany
— 2Department of Physics, Imperial College London, SW7 2AZ, UK
— 3Groupe de Physique Appliquée, Université de Genéve, CH-1211
Genéve, Switzerland — “Fakultit fiir Physik, Ludwig-Maximilians-
Universitdt Miinchen, D-80799 Miinchen, Germany — °?Centre for
Quantum Photonics, H. H. Wills Physics Laboratory & Department
of Electrical and Electronic Engineering, University of Bristol, Mer-
chant Venturers Building, Woodland Road, Bristol, BS8 1UB, UK

Entangled particles exhibit quantum correlations over arbitrary long
distances in time and space which cannot be mimicked by local realis-
tic models. In order to detect and utilize these correlations for quan-
tum information tasks, measurements in different bases are necessary.
Schemes for experimentally characterizing quantum states have been
devised, which are often experimentally demanding in terms of stabil-
ity and insensitivity against noise. We show that entanglement detec-
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tion is possible even under uncontrolled, unknown, local environmental
noise on the quantum channel - a scenario under which established en-
tanglement witnesses and tomography schemes fail - and demonstrate
our new practical method by determining the degree of entanglement
and purity of an unknown state using photonic multi-qubit states.
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Measurement-device-independent randomness generation
with arbitrary quantum states — eFELIX BiscHorF, HERMANN
KamPERMANN, and DacmArR BRruss — Institut fiir Theoretische

Physik III, Heinrich-Heine-Universitat Diisseldorf, Universitatsstrafse
1, D-40225 Diisseldorf, Germany

Measurements of quantum systems can be used to generate classical
data that is truly unpredictable for every observer. However, this true
randomness needs to be discriminated from randomness due to igno-
rance or lack of control of the devices. At the same time, the number
of assumptions and explicit modeling of the devices should be low to
guarantee the safety and practicality of the scheme.

We analyze the randomness gain of a measurement-device-
independent setup, consisting of a well-characterized source and com-
pletely uncharacterized detector. Our framework generalizes previous
schemes! as it quantifies the randomness generation for any implemen-
tation: arbitrary input states, and detectors with an arbitrary number
of outcomes can be analyzed. Our method is used to suggest simple
and realistic implementations that yield high randomness generation
rates of more than one random bit per qubit for detectors of sufficient
quality.

1 7. Cao, H. Zhou, and X. Ma (2015)
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KerTeERERD2, MARIANA R. BaARRrROs3, OsvaLpo J. Farias?, FEr-
NANDO DE MELO?, and STEPHEN P. WALBORN® — 1Université Paris
Diderot, Paris, France — 2Universitit Siegen, Siegen, Germany —
3Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil —
4Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro, Brazil

The Talbot effect in quantum physics is known to produce intricate
patterns in the probability distribution of a particle, known as “quan-
tum carpets”, corresponding to the revival and replication of the initial
wave function. Recently, it was shown that one can encode a D-level
qudit, in such a way that the Talbot effect can be used to process the
D-dimensional quantum information [1]|. In this talk I will introduce a
scheme to produce free-propagating “entangled quantum carpets” with
pairs of photons produced by spontaneous parametric down-conversion
[2]. First I introduce an optical device that can be used to synthe-
size arbitrary superposition states of Talbot qudits. Sending spatially

entangled photon pairs through a pair of these devices produces an
entangled pair of qudits. As an application, I show how the Talbot
effect can be used to test a D-dimensional Bell inequality.

[1] O. J. Farias et al., Phys. Rev. A 91, 062328 (2015)

[2] M. R. Barros, A. Ketterer et al., in prep. (2016)
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