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Q 20.1 Tue 11:00 442
Towards Rydberg polariton dynamics with cold atoms in
quasi 1D geometries — eMoHAMMAD NoaMAN, MaRria LanG-
BECKER, and PATRICK WINDPASSINGER — QUANTUM, Institut fiir
Physik, Johannes Gutenberg-Universitdt 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. 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 information and
simulation. This talk will review the current status of our experimen-
tal setup where laser cooled Rubidium atoms are transported into a
hollow-core fiber. We present the first measurements of Rydberg EIT
of the optical molasses in front of the fiber and discuss the progress
towards Rydberg physics in a quasi-one-dimensional geometry.

Q 20.2 Tue 11:15 442
Storage of fiber-guided light in a nanofiber-trapped ensem-
ble of cold atoms — eBERNHARD ALBRECHT, CHRISTOPH CLAUSEN,
CLEMENT SAYRIN, PHILIPP SCHNEEWEISS, and ARNO RAUSCHENBEU-
TEL — VCQ, Atominstitut, TU Wien, Stadionallee 2, 1020 Wien, Aus-
tria
The storage of a classical optical pulse is an important capability for
the realization of all-optical signal processing schemes. Simple opti-
cal buffers can be extended to work as optical quantum memories, in
which quantum states of light can be stored and retrieved. They are
crucial elements of a global quantum optical network. The storage of
light has been achieved with several systems. However, the realization
of efficient, long-lived fiber-integrated optical memories is still subject
to active research.
Here, we report on the progress of a novel implementation of an in-
tegrated optical quantum memory. We use an optical-nanofiber-based
experimental platform for trapping and optically interfacing laser-
cooled cesium atoms. Using the effect of electromagnetically induced
transparency we are able to slow down fiber-guided light pulses to only
50 m/s [1]. We also experimentally show the storage and retrieval
of fiber-guided light pulses on the single-photon level. We achieve a
good overall efficiency and a largely improved characteristic memory
lifetime compared to previously demonstrated fiber-integrated optical
memories. Our results are an important step towards fully fiber-based
quantum networks.
[1] C. Sayrin et al., Optica 2, 353-356 (2015).

Q 20.3 Tue 11:30 442
Anregung atomarer Ubergiinge mit einem Vortex Laser-
strahl[1] — eJonas ScuuLz, CHRISTIAN TOMAS SCHMIEGELOW,
HenNING KAUFMANN, THOMAS RUSTER, ULRICH POSCHINGER und
FERDINAND ScHMIDT-KALER — QUANTUM, Institut fiir Physik, Uni-
versitdt Mainz, Staudingerweg 7, 55128 Mainz, Germany

Aufgrund ihres internen Spins tragen Photonen Drehimpuls, der ab-
héngig von der Lichtpolarisation die Werte +1h annehmen kann.
Vortex-Strahlen besitzen zusétzlichen externen Bahndrehimpuls. Wir
demonstrieren den Transfer von optischem Bahndrehimpuls (OAM)
aus dem Vortex-Strahl auf interne, elektronische Freiheitsgrade eines
Atoms. Wir platzieren dafiir ein einzelnes 4°Cat Ion im Zentrum ei-
nes Vortex-Strahls und treiben den S; /5 + Dg /9 Quadrupoliibergang.
Abh#ngig von der Polarisation des Lichtes (o) und der Vortizitét
des Strahls (OAM=0, +1) erhalten wir modifizierte Auswahlregeln fiir
die Uberginge zwischen Zeeman Niveaus mit Am=0,+1 und +2 was
zeigt, dass Spin- und Bahndrehimpuls der Photonen zu einem effek-
tiven Gesamtdrehimpuls mit den Werten Oh, +1h und +2h gekoppelt
werden.
[1] Christian T. Schmiegelow et al., arXiv:1511.07206 (2015)

Q 20.4 Tue 11:45 {442

Phase shifting a weak coherent beam by a single
174ybt ion — eMartiN Fiscuerb2, Lucas ALER!2, BHARATH
SrivaTHsAND2, Markus WEBER!"2, MARKUS SONDERMANN':2 and

Location: {442

Gerp Lreucns!?3 — 1Max Planck Institute for the Science of Light,
Erlangen, Germany — 2Friedrich-Alexander University Erlangen-
N dirnberg (FAU), Department of Physics, Erlangen, Germany —
3Department of Physics, University of Ottawa, Canada

We report on the phase shift induced on a weak coherent beam of light
acting on the 7-transition of a single 17#Yb% ion. The m-transition
is driven by focusing a radially-polarized donut-mode with a deep
parabolic mirror, covering 94% of the relevant solid angle, onto the
ion. The phase shift is measured in a heterodyne configuration with
a local oscillator detuned by twenty linewidths from the investigated
atomic transition. Measurements with a still imperfectly corrected
parabolic mirror show phase shifts of 3°, as expected for the coupling
efficiency determined through saturation measurements.

The measured phase shift deviates significantly from the predicted
phase shift of a two-level system [1]. We discuss the influence of
coupling to a J = 1/2 to J = 1/2 transition instead of coupling to
a two-level system and estimate the residual aberrations limiting the
observable phase shift. Prospects of using 174Yb?" as a target for the
dispersive interaction are discussed.

[1] M. Sondermann et al., J. Europ. Opt. Soc. Rap. Public. 8,
13052 (2013)

Q 20.5 Tue 12:00 {442
Towards a quantum simulator using engineered spin ar-
rays in diamond — eNikoLas Tomek!, THomas UNpEN!, Timo
WEeGGLER!, FLORIAN Frank!, ALEXANDRE LE Borr#2, JIANMING
Car3, Paz Lonpon?, ALex ReTzKER?, Konrr ITon®, MarTiN Bopo
PLENIO2, Boris NaypeNov?!, and FEpor JeLEzKO! — !Institute for
Quantum Optics, 89081 Ulm University, Ulm, Germany — 2Institute
for Theoretical Physics, Ulm University, 89081 Ulm, Germany —
3School of Physics, Huazhong University of Science and Technology,
Wuhan 430074, China — “Department of Physics, Technion, Israel
Institute of Technology, Haifa 32000, Israel — ®Racah Institute of
Physics, The Hebrew University of Jerusalem, Jerusalem 91904, Is-
rael — SDepartment of Applied Physics and Physico-Informatics, Keio
University, Hiyoshi, Yokohama, Japan

Numerical simulations of strongly correlated quantum many-body sys-
tems are becoming intractable for as few as <100 particles. This gave
rise to the idea of quantum simulation to gain access to nonequilib-
rium mechanics of large systems. As solid state system for our quan-
tum simulator experiments we use a dense layer of C13 nuclear spins
inside an otherwise C12-enriched bulk diamond. Initialization, control
and read-out of this spin array is accomplished with nitrogen-vacancy
(NV) centers implanted in the diamond. The system stands out due to
exceptional long coherence times even at room temperature. Using nu-
clear magnetic resonance techniques we can control the dipole-dipole
interaction between the nuclear spins in the 2D ensemble. This will
allow us to simulate a wide variety of strongly correlated spin models.

Q 20.6 Tue 12:15 {442
The Resonant Fluorescence of Nitrogen-Vacancy Centers —
eTHuar Hien TrRaN!, PETR SivusHEVZ, JORG WRACHTRUP!, and ILja
GEeRHARDT!® — 13, Physikalisches Institut, Universitit Stuttgart —
2Institut fiir Quantenoptik, Universitéit Ulm — 3Max-Planck-Institut
fiir Festkorperforschung, Stuttgart

The interaction between photons and single quantum systems is a key
question and necessity for quantum information processing in means of
reading, writing, and storing information. In our study we investigate
the efficient optical interaction between a laser beam and a negative
charged nitrogen-vacancy (NV ™) center in diamond — a promising solid
state spin qubit. We are able to observe the interference and the rela-
tive phase shift between the exciting laser and the coherently emitted
photons. This allows us to distinguish the coherently and the incoher-
ently scattered photons within the narrow zero phonon line.

Q 20.7 Tue 12:30 {442
Single Molecule NMR using NV centers — eMaTTnias KosT!2,
Jianming Carl»2:3, and MarriNn B. PLenio!? — !nstitut fiir Theo-
retische Physik, Albert-Einstein Allee 11, Universitdt Ulm, 89069 Ulm,
Germany — 2Center for Integrated Quantum Science and Technol-
ogy, Universitit Ulm, 89069 Ulm, Germany — 3School of Physics,
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Huazhong University of Science and Technology, Wuhan 430074, China

Nuclear magnetic resonance spectroscopy (NMR) allows for the struc-
ture determination of molecules and proteins and therefore contributes
fundamentally to the advancement of the biological sciences. The
recent progress in the control of a single electron spin in Nitrogen-
vacancy (NV) centers in diamond offers a new perspective here as it
becomes possible to use optically detected magnetic resonance to read
out the effect of smallest magnetic fields.

This talk presents, how to utilize the sensitivity of shallow NV cen-
ters to perform NMR-like protocols at a single molecule level, which
yields information on e.g. coupling strength and spatial structure of
the target molecule. Theoretical simulations demonstrate application
of the protocol addressing small amino acid.

Q 20.8 Tue 12:45 {442

Robust dynamical decoupling sequences for individual-
nuclear-spin addressing — JorGE CAsaNova, ZHENYU WANG,
eJAN Haasg, and MARTIN PLENIO — Institut fiir Theoretische Physik
and IQST, Albert-Einstein-Allee 11, Universitdt Ulm, D-89069 Ulm,
Germany

We propose the use of non-equally-spaced decoupling pulses for high-
resolution selective addressing of nuclear spins by a quantum sensor.
The analytical model of the basic operating principle is supplemented
by detailed numerical studies that demonstrate the high degree of selec-
tivity and the robustness against static and dynamic control-field errors
of this scheme. We exemplify our protocol with a nitrogen-vacancy-
center-based sensor to demonstrate that it enables the identification of
individual nuclear spins that form part of a large spin ensemble.



