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A 29: Ultra-cold plasmas and Rydberg systems Ill (joint session A/Q)
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Invited Talk A 29.1 Fri11:00 Db305
Coherent facilitation dynamics in Rydberg atomic lat-
tice quantum simulators — ePaoLo PIETRO Mazzal, RICHARD
ScamipT?3, and Icor LEesanovskyl4 — lInstitute of Theoreti-
cal physics, University of Tiibingen, Auf der Morgenstelle 14, 72076
Tiibingen, Germany — 2Max-Planck-Institute of Quantum Optics,
Hans-Kopfermann-Strasse, 1, 85748 Garching, Germany — 3Munich
Center for Quantum Science and Technology (MCQST), Schellingstr.
4, 80799 Miinchen, Germany — *School of Physics and Astronomy
and Centre for the Mathematics and Theoretical Physics of Quantum
Non-Equilibrium Systems, The University of Nottingham, Notting-
ham, NG7 2RD, United Kingdom

The possibility to precisely control many-body systems at the quantum
level has opened the era of quantum simulators. Rydberg atoms held
in optical tweezer arrays represent currently one of the most advanced
simulator platforms. They are particularly suited for the implementa-
tion and study of strongly interacting spin systems. In this talk T will
present results on the coherent many-body dynamics in the so-called
*facilitation regime*. The focus of my talk is on the understanding of
the interplay between Rydberg excitations and lattice vibrations. Us-
ing both analytical arguments and numerical simulations, I will show
how vibrations of the atoms around their local equilibrium positions
can alter the dispersion relation of spin excitations or even leads to
their spatial localization.

A 29.2 Fri 11:30 b305
Entanglement and Critical Dynamics in (1 + 1)D (Rydberg)
Quantum Cellular Automata — eEpwarp GIiLLMAN!, FEDERICO
CaroLLob2, and Icor Lesanovsky!2 — School of Physics and As-
tronomy, University of Nottingham, Nottingham, NG7 2RD, United
Kingdom — 2Institut fiir Theoretische Physik, Universitat Tiibingen,
Auf der Morgenstelle 14, 72076 Tibingen, Germany

The study of non-equilibrium phase transitions in dissipative quan-
tum many-body systems presents a significant challenge [1,2]. One
open problem relates to the relevance of quantum correlations, and
particularly entanglement, on critical physics. Recently, quantum cel-
lular automata (QCA) * realisable in quantum simulators based on
Rydberg atoms * have been shown to constitute an ideal platform for
investigating such questions. In this talk we present a framework for
analysing QCA with absorbing states based on projected entangled
pairs states. This permits the study and quantification of the effect of
entanglement on non-equilibrium dynamics and critical behaviour.

[1] F. Carollo, E. Gillman, H. Weimer, and I. Lesanovsky, Phys.
Rev. Lett. 123, 100604 (2019). [2] E. Gillman, F. Carollo, and I.
Lesanovsky, New Journal of Physics 21, 093064 (2019).

A 29.3 Fri 11:45 b305
Fermi surface deformation and pairing of Rydberg-dressed
fermions — eYuia Zuou! and WemBIN Li%2 — 1School of Physics
and Astronomy, University of Nottingham, University Park, Notting-
ham, NG7 2RD, UK — 2Centre for the Theoretical Physics and Math-
ematics of Quantum Non-equilibrium Systems, University of Notting-
ham, Nottingham, NG7 2RD, UK

Anisotropic long-range interactions in cold Fermi gas have attracted
broad interest in studying exotic many-body physics. Previous the-
ories and experiments on magnetic dipolar atoms have revealed dis-
torted Fermi surface, directional zero sound, anisotropic Cooper pair
and Wigner crystallisation, etc. In this work, we study the laser dress-
ing of fermions to Rydberg p-states and d-states. Due to the higher
angular momentum, the Rydberg-dressed interaction is anisotropic and
long-ranged. By controlling the strength and length of the interaction,
the anisotropicity is enhanced in a controlled fashion. Focusing on
a single component fermion gas, we show that the strong anisotropic
interaction alters the many-body ground state, such that the Fermi
surface is deformed. When two fermions with opposite momentum
are paired through the long-range interaction, they exhibit interesting
anisotropic features. We study dependences of the anisotropic physics
of the fermion gas on the laser parameter, Rydberg state, and density
of atoms.

A 29.4 Fri 12:00 b305

Precision Spectroscopy of Negative-lon Resonances in

Location: b305

Ultralong-Range Rydberg Molecules — eTHoMAS DIETERLE!,

FeLix EnceL!, Freberic HummEeL?, CHRISTIAN Frv? PETER
ScumeLcHEr?3, RoBerr Low!, Timan Praul, and FLoRrIAN
MEINERT! — 15, Physikalisches Institut and Center for Integrated
Quantum Science and Technology IQST, Universitdt Stuttgart —
2Zentrum fiir optische Quantentechnologien, Fachbereich Physik, Uni-
versitit Hamburg — 3The Hamburg Centre for Ultrafast Imaging,
Universitit Hamburg — *Max-Planck-Institute of Quantum Optics,
Garching

Negative ions constitute remarkable objects that, in contrast to their
neutral relatives, are very weakly bound and typically feature only few
bound states. Moreover, the level structure of negative ions near the
electron detachment limit also dictates the low-energy scattering of an
electron with the parent neutral atom.

Here, we demonstrate how ultralong-range Rydberg molecules
(ULRM) can be used as an atomic-scale system to precisely probe
details of the underlying near-threshold anion states. For the first
time, we present measurements of the so-far unobserved fine structure
of the 3P triplet of Rb—. In addition, these measurements allow us to
extract s- and p-wave scattering lengths with unprecedented precision
and determine the positions of the p-wave shape resonances associated
with the 3P ; fine-structure triplet of Rb~.

A 29.5 Fri12:15 b305
Engineering non-binary Rydberg interactions via electron-
phonon coupling — eFiLipPo MARIA GAMBETTAY2, WEIBIN L1b2,
FERDINAND ScHMIDT-KALER? %, and Icor LEesanovsky!2 — 1School
of Physics and Astronomy, University of Nottingham, Nottingham,
United Kingdom — 2Centre for the Mathematics and Theoretical
Physics of Quantum Non-equilibrium Systems, University of Notting-
ham, Nottingham, United Kingdom — 3QUANTUM, Institut fiir
Physik, Johannes Gutenberg-Universitidt Mainz, Mainz, Germany —
4Helmholtz-Institut Mainz, Mainz, Germany

Coupling electronic and vibrational degrees of freedom of Rydberg
atoms held in optical tweezer arrays offers a flexible mechanism for cre-
ating and controlling atom-atom interactions. In our work, we demon-
strate that the state-dependent coupling between Rydberg atoms and
local oscillator modes gives rise to two- and three-body interactions
which are controllable through the strength of the local confinement.
This approach even permits the cancellation of two-body terms such
that three-body interactions become dominant. We analyze the struc-
ture of these interactions on two-dimensional bipartite lattice geome-
tries and explore the impact of three-body interactions on system
ground state on a square lattice. Our work shows a highly versatile
handle for engineering multi-body interactions of quantum many-body
systems in most recent manifestations on Rydberg lattice quantum
simulators.

Reference: F. M. Gambetta, W. Li, F. Schmidt-Kaler, I. Lesanovsky,
arXiv:1907.11664

A 29.6 Fri 12:30 b305
Engineering Rydberg-spin Hamiltonian using microwave
pulse sequences —  ®SEBASTIAN GEIER!, NITHIWADEE

THAICHAROEN', CLEMENT Hainaur!, Tirus Franz!, AN-

DRE SALZINGER!, ANNIKA TEBBEN!, CarLOs Branprl, Davip
GRIMSHANDLY, GERHARD ZURN!, and MarTHIAS WEIDEMULLER!:2
— !Physikalisches Institut, Ruprecht-Karls-Universitat Heidelberg,
Im Neuenheimer Feld 226, 69120 Heidelberg, Germany — 2Shanghai
Branch, University of Science and Technology of China, Shanghai

201315, China

We present engineering of general classes of spin Hamiltonians differ-
ing from the underlying Rydberg interaction Hamiltonian to experi-
mentally study quantum spin models in an isolated environment. A
system of Rydberg atoms in two distinct Rydberg states, interacting
via Van der Waals or dipolar interaction, can already be mapped onto
a spin system with a Heisenberg XX- and XXZ-Hamiltonian. In or-
der to obtain access to more general classes of XYZ-Hamiltonians, we
dynamically engineer terms in the given interaction Hamiltonian us-
ing global microwave pulses which couple the two different Rydberg
states. With a sequence widely used in nuclear magnetic resonance
that is called WAHUHA sequence, we show the ability to transform a
system with XX-like interactions into an isotropic XXX-model. Mag-
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netization measurements reveal that this sequence can be used to pre-
serve the magnetization of any arbitrary initial state even if it is far-
from-equilibrium. By modifying the delay time between the pulses we
implement XXZ-models with different anisotropies and observe their
relaxation dynamics.

A 29.7 Fri 12:45 b305
An optogalvanic flux sensor for trace gases — eoFaBIAN
Munkes!2, Patrick Kaspar'?, Yannick ScHELLANDERDZ) Jo-
HANNES ScuMIDT!'?# DENIs DiEKIc?3, PATRICK SCHALBERGER??,
HorLcer Baur?%, Rosrerr Low!h2, Timan Praul2,  Jens
ANDERs?3, NorBERT FrRUHAUF??*, EDWARD GRANT®, and HARALD
KoBLerb2 — 15, Physikalisches Institut — 2Center for Integrated
Quantum Science and Technology — 3Institut fiir Intelligente Sen-
sorik und Elektrotechnik — 4Institut fiir Grokflichige Mikroelektronik
— 5Department of Chemistry University of British Columbia

We demonstrate the applicability of a new kind of gas sensor based
on Rydberg excitations. From a gas mixture the molecule in ques-
tion is excited to a Rydberg state. By succeeding collisions with all
other gas components this molecule becomes ionized and the emerging
electron can be measured as a current, which is the clear signature
of the presence of this particular molecule. As a first test we excite
Alkali Rydberg atoms in an electrically contacted vapor cell [1,2] and
demonstrate a detection limit of 100 ppb to a background of Ng. For
a real life application, we employ our gas sensing scheme to the detec-
tion of nitric oxide at thermal temperatures and atmospheric pressure
[3]. We show first results of cw spectroscopy of the A 2%+ «+ X 21'[1/2
transition in NO.

[1] D. Barredo, et al., Phys. Rev. Lett. 110, 123002 (2013)

[2] J. Schmidt, et al., SPIE 10674 (2018)

[3] J. Schmidt, et al., Appl. Phys. Lett. 113, 011113 (2018)



