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A 13.1 Mon 14:00 DO24 1.101
Critical slow down of a dissipative phase transition in a 2D
Rydberg lattice gas — eMICHAEL HONING!, WILDAN ABDUSSALAM?,
THOMAS PoHLZ, and MICHAEL FLEISCHHAUER! — 1Fachbereich Physik
and Forschungszentrum OPTIMAS, Technische Universitdt Kaiser-
slautern, 67663 Kaiserslautern, Germany — 2Max Planck Institute
for the Physics of Complex Systems, Dresden, Germany

We study two dimensional lattice systems of atoms driven near reso-
nance to strongly interacting Rydberg states. In general dipole block-
ade gives rise to strong short range correlations of excitations. Dy-
namical Monte-Carlo simulations of equivalent rate equation models
show that for specific driving schemes a phase transition of the steady
state to true long range order occurs. The phase diagram is however
markedly different from mean-field predictions.

At the phase transition a discrete lattice symmetry is broken and it is
found that the system undergoes a critical slow down. The dissipative
gap of the system closes in the ordered phase, while in the param-
agnetic region relaxation occurs on time scales of single site physics.
This behavior is analogous to the formation and dynamics of domain
walls in classical Ising models of magnetism. The stationary state of
the driven lattice gas is nonetheless protected from local disturbances
as they relax on short time scales.

A 13.2 Mon 14:15 DO24 1.101
Rydberg Excitation in Hollow Core Fiber — eKATHRIN S.
KLEINBACH!, GEORG EppLE"2, TuMEN G. Euser?, NicoLas Y.
Jory?, TiLmaN Praul, PuiLip St.J. RUsSELL?, and ROBERT LOW! —
15. Physikalisches Institut, Universitit Stuttgart, Stuttgart, Germany
— 2Max Planck Institute for the Science of Light, Erlangen, Germany

Rydberg atoms exhibit large polarizabilities, long-range interactions
and the Rydberg blockade effect. These special properties can be em-
ployed in sensitive electric field sensors or as optical non-linearities
down to the single photon level. A promising way to reach applica-
bility in technically feasible devices even at room temperature is the
excitation of Rydberg atoms inside hollow core fiber, which can bring
together highly excited atomic gases with the features and advantages
of optical wave guiding structures. The confinement of the atoms and
the light fields results in a perfect atom-light coupling.

We perform coherent three-photon excitation to Rydberg states in
a cesium vapor confined in kagomé structured hollow core photonic
crystal fiber and capillaries with various core diameters. Spectroscopic
signals are detected for main quantum numbers up to n=46 exhibiting
sub-Doppler features. The observation of line shifts inside the fiber
with respect to a reference cell can be assigned to stray electric fields
by comparison with well-known scaling laws of Rydberg states. By
increasing the number density, and with this the optical density, in-
side the fiber we are able to eliminate almost all shifts. A detailed
understanding of the origin and the disappearance of the shifts will be
essential for the successful development of miniaturized fiber-devices.

A 13.3 Mon 14:30 DO24 1.101
Creation, excitation and ionization of a superatom — eTOBIAS
WEBER, THOMAS NIEDERPRUM, TORSTEN MANTHEY, OLIVER THOMAS,
VERA GUARRERA, and GIOVANNI BARONTINI — Research Center OP-
TIMAS, Technische Universitat Kaiserslautern, 67663 Kaiserslautern,
Germany

We have prepared and studied a single, isolated superatom consisting
of a mesoscopic atomic sample with several hundred atoms, coupled to
collective Rydberg states. We probe the created excitation blockade by
ionizing the superatom. This results in an anti-bunched ion emission
which has many similarities to the resonance fluorescence of a single
atom. We determine an effective blockade radius for the 51 P-state and
demonstrate the collective character of the excitation. The rich inter-
nal level structure of the superatom can be further exploited to create
pairs of excitations within the superatom. The resulting ion bunch-
ing signal shows record values up to g(?(0) = 30. Varying coupling
strength and detuning, we observe a significant change in the excita-
tion dynamics, indicating an excitation regime transition. Our results
open new possibilities to quantum optical experiments with Rydberg
blockaded samples.

A 13.4 Mon 14:45 D024 1.101

Location: DO24 1.101

Exploring the phase diagram of a spatially ordered Ry-
dberg gas — eJOHANNES ZEIHER!, PETER SCHAUSS', SEBASTIAN
HiLp!, TakesHI FUKUHARA', MARC CHENEAU2, MANUEL ENDRES!,
FRAUKE SEESSELBERG!, ToMMASO MACRI®, THOMAS POHL3, CHRIS-
TIAN GRrOss!, and IMMANUEL Brocub? — !Max-Planck-Institut fiir
Quantenoptik, Hans-Kopfermann-Strafle 1, 85748 Garching, Germany
— 2Laboratoire Charles Fabry - Institut d’Optique, Palaiseau, France
— 3Max-Planck-Institut fir Physik komplexer Systeme, Nothnitzer
StraBe 38, 01187 Dresden, Germany — “Fakultit fiir Physik, Ludwig-
Maximilians-Universitadt Miinchen, Schellingstrafle 4, 80799 Miinchen,
Germany

Rydberg gases offer the possibility to study long-range correlated
many-body states due to their strong van der Waals interactions. In
our setup, we optically excite Rydberg atoms and detect them with
submicron resolution, which allows us to measure spatial correlations
of resulting ordered states. Starting from a two dimensional array of
ground state atoms in an optical lattice, we couple to a Rydberg state
in a two-photon excitation scheme. Using numerically optimized pulse
shapes for coupling strength and detuning, we deterministically pre-
pare the crystalline state in this long-range interacting many-body sys-
tem. Control of the spatial configuration of the initial state is of great
importance for the investigation of the phase diagram. To achieve this,
we developed an experimental scheme based on single site addressing
allowing for preparation of initial states with sub-Poisson number fluc-
tuations.

A 13.5 Mon 15:00 DO24 1.101
Observing the dynamics of dipole-mediated energy transport
by interaction enhanced imaging — eGEORG GUNTER, HANNA
SCHEMPP, MARTIN ROBERT-DE-SAINT-VINCENT, VLADISLAV GAVRYU-
SEV, STEPHAN HELMRICH, CHRISTOPH S. HOFMANN, SHANNON WHIT-
LOCK, and MATTHIAS WEIDEMULLER — Physikalisches Institut, Uni-
versitat Heidelberg, Im Neuenheimer Feld 226, 69120, Heidelberg, Ger-

many

Electronically highly excited (Rydberg) atoms experience quantum-
state changing interactions similar to Forster processes found in com-
plex molecules, offering a model system to study the nature of dipole-
mediated energy transport under the influence of a controlled environ-
ment. We demonstrate a non-destructive imaging method to monitor
the migration of electronic excitations with high time and spatial reso-
lution using electromagnetically induced transparency on a background
gas acting as an amplifier[1]. The many-body dynamics is determined
by the continuous spatial projection of the electronic quantum state
under observation and features an emergent spatial scale of micrometer
size induced by Rydberg-Rydberg interactions|2].

[1] G. Giinter et al., Phys. Rev. Lett. 108, 013002 (2012)

[2] G. Giinter et al., Science 342, 954 (2013)

A 13.6 Mon 15:15 D024 1.101
Generating heavy-tailed disorder in Rydberg aggregates
— @SEBASTIAN MOBIUS!, SEBASTIAAN M. VLAMING!, VICTOR A.
MALYSHEVZ, JASPER KNOESTER?, and ALEXANDER EISFELD! — 1Max
Planck Intitute for physics of complex systems, Dresden, Germany —
2Centre for Theoretical Physics and Zernike Institute for Advanced
Materials, University of Groningen, Netherlands

Molecular aggregates exhibit extraordinary absorption properties, de-
pending on their geometrical conformation and inter-monomeric cou-
pling. The narrowing of the absorption band for J-aggregates can be
well described by diagonal Gaussian static disorder for individual site
energies. Recent studies by Eisfeld et. al [1] have shown, that Levy
stable distributions (LSD), a generalization of the Gaussian case, may
also lead to a broadening of the absorption band.

Recent developments in generating and trapping highly excited Ry-
dberg atoms, allow for quantum simulations of these molecular aggre-
gates. We show that the interaction of Rydberg atoms with a back-
ground gas leads to heavy-tailed disorder in the energy spectrum. De-
pending on the species of the background gas and the preparation of
the system different kinds of heavy-tailed disorder can be observed,
including LSD.

[1] A. Eisfeld, S.M. Vlaming, V.A. Malyshev, J. Knoester, PRL 105,
137402 (2010)



