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General information

Venues

Conference venue:

Internationales Wissenschaftsforum Heidelberg (IWH)

Hauptstrasse 242

69117 Heidelberg

Tel.: IWH reception desk: +49(0) 6221 7299758

Tel.: IWH secretary: +49 (0)6221 54 3690

fax: +49 (0)6221 54 165896

Labtours and Poster session venue:

Physikalisches Institut Heidelberg (PI)

Im Neuenheimer Feld 226

69120 Heidelberg

Conference Dinner venue:

Kulturbrauerei Heidelberg

Leyergasse 6

69117 Heidelberg

Tel.: +49 (0)6221 502980

Public lecture venue:

Alte Aula

Grabengasse 1

69117 Heidelberg

Important phone numbers

Emergency call in Germany: 112

Taxi Heidelberg: +49 (0) 6221 302030

TLS booking hotline +49 (0) 6221 770077

Mobile phone numbers of the organizers:

Christoph S. Hofmann: +49 (0) 176 3894 6328

Eva Kuhnle: +49 (0) 176 3927 9669

Shannon Whitlock: +49 (0) 152 0968 5287

W-Lan access at the IWH

network: uni webaccess

user: iq3

password: 8x7du
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General information

Heidelberg Old Town and location of the IWH

from openstreetmap.org
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General information

How to find the IWH?

I. From Frankfurt Airport

1. ByGermanRailway (Deutsche Bahn; www.bahn.com) toHeidelbergmain station (Haupt-

bahnhof). Once you arrived there, please follow directions given under II.

2. Using the Airport Transfer and Limousine Service (TLS; booking hotline +49 (0) 6221

770077, reservations online: www.tls-heidelberg.de/en/online-booking/). Depending

on which airline you are using, you will be picked up at the meeting point at either

Terminal 1 or 2. TLS will take you directly to the IWH. Advance your reservation with

information on the airline and flight number is required (∼35,- EUR).

3. By Frankfurt Airport Shuttles (operated by the Transcontinental Group, booking hotline

+49 (0) 6152 9769099, www.transcontinental-group.com/en/frankfurt-airport-shuttles).

For schedules, please see www.transcontinental-group.com/de/fahrplan-hd-ap-ab-17.

The bus stops at the meeting point in Terminal 1 B 3/Arrivals level. It will take you to

the Crowne Plaza Hotel (Kurfürstenanlage 1–3) in Heidelberg (∼24,- EUR). From there,

you can take a taxi to the IWH.

II. From HeidelbergMain Station (Hauptbahnhof)

Take the S-Bahn (S1 – destination Eberbach or Osterburken; S2 – destination Mosbach; S5 –

destination Eppingen), or the bus nr. 33 (direction ”Köpfel”/ Heidelberg-Ziegelhausen , stops

in front of the train station) and get off at ”S-Bahnhof Altstadt” (formerly ”Karlstor”). It is a

3-minute walk to the IWH from there (see map). The travel time by S-Bahn is ∼5 minutes and

by bus between ∼16 and ∼21 minutes.

Opening Hours of the reception desk

During the symposium the front desk will be staffed during the following hours:

• Sunday, 9th of March: 1 pm – 8 pm

• Monday, 10th of March: 8 am – 9 am, as well as in the coffee breaks and in the lunch

break.

• Tuesday, 11th of March: 8 am – 9 am, as well as in the coffee breaks and in the lunch

break.

• Wednesday, 12th of March: 8 am – 9 am and 3:30 pm – 4:30 pm, as well as in the coffee

breaks and in the lunch break.

During opening hours you may reach the reception desk by calling the following phone num-

ber +49 (0) 6221 7299758.

Ruperto Carola Symposium 2014: Shedding Light on Emergent Quantum Phenomena 5

http://www.bahn.com/i/view/GBR/en/index.shtml
https://www.tls-heidelberg.de/en/online-booking/
http://www.transcontinental-group.com/en/frankfurt-airport-shuttles
http://www.transcontinental-group.com/de/fahrplan-hd-ap-ab-17


General information

Events

Sunday, 9th of March

City tour

On Sunday afternoon everyone is invited to participate in a guided English tour through Hei-

delberg’s old town. The tour through the picturesque lanes will take ∼1.5 hours including

marvelous sites like the Church of the Holy Ghost or the old bridge. To join the tour meet at

the conference venue IWH at 2:30 pm or at Universitätplatz at 3:00 pm. Afterwards you can

continue to explore the city yourself or visit the castle.

Welcome reception

Activities at the conference venue will start the welcome reception which starts at 6 pm. The

reception takes place in the IWH, where finger food and beverages will be served. This will

be a fantastic opportunity to meet some of the delegates and to receive the latest information

about the symposium.

Monday, 10th of March

Labtours

On lateMonday afternoon a shuttle service will take us to the science campus of the University

of Heidelberg. We will stop at the Physics Institute, which is home of the Center for Quantum

Dynamics (CQD) and the Heidelberg Graduate school of fundamental Physics (HGSFP). In

the Physics Institute and the neighboring Kirchhoff Institute for Physics we will be able to

visit some of our eleven Quantum Optics laboratories. PhD students will give tours through

the following labs:

Physics Institute:

• two labs of the Ultracold Quantum Gases group of Selim Jochim,

• three labs of the QuantumDynamics of Atomic andMolecular Systems group ofMatthias

Weidemüller,

• one lab the Exotic Quantum Matter group of Shannon Whitlock, and

• one lab of the Quantum Optics and Quantum Information group of Jian-Wei Pan,

or the labs in the Kirchhoff Institute for Physics:

• with four labs of the Synthetic Quantum Systems group of Markus Oberthaler.

Poster session

The poster session will take place on Monday right after the lab tours. The session will be held

in the ground floor corridor, which links the Physics Institute and the Kirchhoff Institute for

6 Ruperto Carola Symposium 2014: Shedding Light on Emergent Quantum Phenomena

http://www.physi.uni-heidelberg.de/?lang=en
http://cqd.uni-hd.de/
http://gsfp.physi.uni-heidelberg.de/
http://www.kip.uni-heidelberg.de/?lang=en
http://www.lithium6.de/
http://www.physi.uni-heidelberg.de/Forschung/QD/
http://www.physi.uni-heidelberg.de/Forschung/QD/whitlock/
http://quantuminformation.physi.uni-heidelberg.de/
http://www.kip.uni-heidelberg.de/matterwaveoptics/


General information

Physics. Here, walls for Posters of Size A0 (portrait) will be available. Please hang your poster

according to the Poster identification number listed on page 39. In order to guarantee fruitful

discussions, beer and German Pretzels will be served.

BBQ

Monday’s program will end with a one of the legendary BBQs run by the mechanics work-

shop of the Physics Institute. The BBQ is served in close proximity to the posters guaranteeing

a smooth transition between the two events. The ”open end” BBQwill be an ideal opportunity

to get to know all the other participants of the symposium. You can get back to the old town

via the public bus nr. 31, which leaves the Physics Institute (stop Bunsen Gymnasium) and

takes you all the way to Universitätsplatz, which is in the heart of the old town.

Tuesday, 11th of March

Conference Dinner

The Conference Dinner will be held in the Kulturbrauerei Heidelberg, which is one of Heidel-

berg’s famous breweries. Here typical German food will be served and of course beer won’t

be lacking. The Restaurant is situated in Leyergasse 6, 69117 Heidelberg (Tel.: +49 (0) 6221

502980), which is in the heart of the old town. Thanks to its proximity to the IWH, no bus

transfer is needed such that all participants can stay as long as they want.

Wednesday, 12th of March

Public evening lecture

The public evening lecture by Prof. Jun Ye fromNIST in Boulder, Colorado, USAwill conclude

the conference program. This lecture will take place in the ”Alte Aula”, the oldest and most

prestigious reception hall of the University of Heidelberg, which was redesigned in 1886. Since

then the venue is used for academic ceremonies and special lectures. The lecture on ’Making a

Clock’ by Prof. Ye is targeted at a general audience, such that interested citizens of Heidelberg

can learn more about the latest results from the forefront of atomic physics. For details, please

see page 38.
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Schedule

Conference Program

Sun, 9.3. 

08:45

09:00 9:00 key note 9:00 key note 9:00 key note

09:15 Rudi Grimm Jun Ye Michael Fleischhauer

09:30

09:45 9:45 hot topic 9:45 hot topic 9:45 hot topic

10:00 Martin Zwierlein Francesca Ferlaino Tilman Pfau

10:15 10:15 10:15 10:15

10:30 coffee coffee coffee

10:45 10:45 talk 10:45 talk 10:45 talk

11:00 Christophe Salomon Benjamin Lev Christian Gross

11:15 11:15 talk 11:15 talk 11:15 talk

11:30 Michael Köhl Juliette Simonet Shannon Whitlock

11:45 11:45 talk 11:45 talk 11:45 talk

12:00 Stefan Natu Olivier Gorceix Marion Moliner

12:15

12:30

12:45

13:00

13:15

13:30

13:45

14:00 14:00 talk 14:00 key note 14:00 talk

14:15 Selim Jochim Mikhail Baranov Chris Greene

14:30 14:30 talk 14:30 talk

14:45 Tilman Enss 14:45 hot topic Lincoln Carr

15:00 15:00 Kris Helmerson 15:00 talk

15:15 coffee 15:15 Tilman Esslinger

15:30 15:30 talk coffee 15:30

15:45 Thomas Gasenzer 15:45 talk coffee

16:00 16:00 talk Hélène Perrin

16:15 Matthias Weidemüller 16:15 talk

16:30 Daw-Wei Wang

16:45 16:45 transfer IWH to PI 16:45 talk

17:00 Thomas Pohl

17:15

17:30

17:45
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18:30
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lunch break

12:30 - 14:00

08:45 welcome

The talks will have the following durations:

• Key note talks are scheduled for a total duration of 45 min., including 5 min. for dis-

cussions. These talks are intended to be an introduction into the respective session topic

and to build bridges to other sessions.

• All other talks have a duration of 30 min., including 5 min. for discussions

All speakers and session chairs are kindly asked to stay in time, such that a smooth program

flow can be guaranteed.
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Overview of talks

Overview of talks

MONDAY, 10th OF MARCH

Session: Fermi and Bose polarons

Time Speaker Presentation title

9:00 Rudi Grimm
Fermionic mixtures with strong interactions: Polarons and

more

9:45 Martin Zwierlein Solitonic waves in a fermionic superfluid

10:45 Christophe Salomon Strongly correlated Bose and Fermi gases

11:15 Michael Köhl Attractive and repulsive Fermi polarons in two dimensions

11:45 Stefan Natu
Dynamical transitions in a thermal spin-orbit coupled Fermi

gas

Session: Research in Heidelberg

14:00 Selim Jochim
A first glimpse at the phase diagram of a strongly interacting

2-D Fermi gas

14:30 Tilman Enss Universal spin transport in strongly interacting Fermi gases

15:30 Thomas Gasenzer
Non-thermal fixed points: Universality, topology and turbu-

lence in Bose systems

16:00 Matthias Weidemüller
Dipole-mediated energy transport in ultracold Rydberg

gases

TUESDAY, 11th OF MARCH

Session: Long-range interactions

9:00 Jun Ye Dipolar quantum matter in optical lattices

9:45 Francesca Ferlaino Breaking dogmas with ultracold erbium atoms

10:45 Benjamin Lev Many-body physics with quantum gases of dysprosium

11:15 Juliette Simonet Artificial gauge fields in a periodically driven triangular op-

tical lattice

11:45 Olivier Gorceix Spin dynamics in a dipolar lattice gas
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Overview of talks

Session: Low-dimensional systems

14:00 Mikhail A. Baranov
Many-body physics in dipolar fermionic mono- and bilayer

systems

14:45 Kristian Helmerson
Emergence of order from turbulence in an isolated planar

superfluid

15:45 Hélène Perrin Collective modes of a two-dimensional quantum gas

16:15 Daw-Wei Wang Quantum phase transitions of Rydberg-dressed Fermi gases

16:45 Thomas Pohl
Many-body physics with stationary light in interacting

atomic media

WEDNESDAY, 12th OF MARCH

Session: Atom–light interactions

9:00 Michael Fleischhauer
Many-body physics in open systems: Rydberg gases and Ry-

dberg polaritons

9:45 Tilman Pfau Coupling a single electron to a Bose-Einstein condensate

10:45 Christian Gross Dynamical crystallization of Rydberg excitations

11:15 ShannonWhitlock
Realising quantum spin models with Rydberg-dressed

atoms

11:45 Hendrik Weimer Dissipative quantum state preparation with Rydberg atoms

Session: Future directions

14:00 Chris Greene Bosons at unitarity: Few-body and many-body phenomena

14:30 Lincoln D. Carr
Ultracold molecules in crystals of light: A highly tunable

system for exploring novel materials and quantum physics

15:00 Tilman Esslinger From terminal to terminal with atoms

Public evening lecture

18:30 Jun Ye Making a clock
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Monday-session: Fermi and Bose polarons— Key note lecture [45 min.]

Fermionic mixtures with strong interactions: Polarons and more

Rudi Grimm1,2

1 Institute for Quantum Optics and Quantum Information (IQOQI), A-6020 Innsbruck, Austria

2 Institute of Experimental Physics, University of Innsbruck, A-6020 Innsbruck, Austria

Mixtures of fermions with strong interactions realized near a Feshbach resonance exhibit

a wealth of intriguing phenomena. Fermionic spin mixtures have been extensively explored

over the past decade and corresponding experiments have produced exciting results on the

many-body physics of fermions, most strikingly on fermion superfluidity. Mixtures of differ-

ent fermionic species offer an important new degree of freedom: The effect of mass imbalance

can profoundly change the microscopic and macroscopic properties of the strongly interacting

sample.

The Fermi-Fermi mixture of 6Li and 40K is to date the only available two-species fermion

system with widely controllable interactions. We briefly review our experiments on strongly

interacting conditions in this system. We then focus on two experimental topics, representing

essential building blocks for the many-body physics of these systems. We study the properties

of polarons of 40K atoms in the Fermi sea of 6Li [1], revealing the repulsive polaron as novel,

metastable quasiparticle. We also investigate near-resonant interactions of 40K atoms with
6Li-40K dimers [2], demonstrating a striking attraction effect that results from the three-body

interaction physics in this system.

We finally discuss the prospects of fermionic mixtures for observing novel many-body phe-

nomena. We also advertise a promising new system, currently under preparation in Inns-

bruck: a mixture of 40K with fermionic isotopes of the lanthanoide element dysprosium.

Supported by the Austrian Science Fund FWF within SFB FoQuS.

[1] C. Kohstall et al., Nature 485, 615 (2012)

[2] M. Jag et al., Physical Review Letters 112, xxxxxx (2014), in press
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Monday-session: Fermi and Bose polarons— Hot topic talk [30 min.]

Solitonic waves in a fermionic superfluid

Martin Zwierlein

Massachusetts Institute of Technology, 77 Massachusetts Avenue, Cambridge, MA 02139, USA

Solitons - solitary waves that maintain their shape as they propagate - occur as water waves

in narrow canals, as light pulses in optical fibres and as quantum mechanical matter waves in

superfluids and superconductors. Their highly nonlinear and localized nature makes them

very sensitive probes of the medium in which they propagate. We create long-lived solitary

waves in a strongly interacting superfluid of fermionic atoms and directly observe their mo-

tion [1]. As the interactions are tuned from the regime of Bose-Einstein condensation of tightly

bound molecules towards the Bardeen-Cooper-Schrieffer limit of long-range Cooper pairs, the

waves’ effective mass increases dramatically, to more than 200 times their bare mass. This

mass enhancement is more than 50 times larger than the theoretically predicted value for pla-

nar solitons. I will present new experiments that reveal the microscopic nature of the observed

solitary waves. Our work provides a benchmark for theories of non-equilibrium dynamics of

strongly interacting fermions.

[1] Tarik Yefsah et al., Nature 499, 426 (2013)
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Monday-session: Fermi and Bose polarons— Invited/ Contributed talk [30 min.]

Strongly correlated Bose and Fermi gases

C. Salomon, I. Ferrier-Barbut, M. Delehaye, S. Laurent, B. Rem, A. Grier, D. Petrov, F. Werner,

T. Langen, L. Khaykovich, and F. Chevy

Laboratoire Kastler Brossel, Ecole Normale suprieure, CNRS, UPMC, 24 rue Lhomond,F-75231

Paris, France

In the recent years, ultracold atoms have established a very fruitful connection with con-

densed matter physics, nuclear physics, and astrophysics. Thanks to the tunability of the

atomic interactions offered by magnetic Feshbach resonances, atomic 7Li and 6Li gases can

be brought to the strongly correlated regime. In this talk, we will present recent results on

strongly correlated Fermi and Bose gases. For a system in thermal equilibrium, the thermo-

dynamic equation of state (EoS) is a central quantity for describing macroscopic properties of

the system. Expressing the EoS in the grand canonical ensemble enables a very simple con-

nection with experimental quantities such as the in-trap position distribution [1]. Precision

measurements of the Equation of State of a tunable Fermi gas in the crossover between Bose

Einstein condensation of strongly bound pairs and traditional Cooper pairing for weak attrac-

tive interactions reveal several properties of the gas such as the superfluid phase transition,

the Lee-Yang and Lee-Huang-Yang (LHY) beyond mean field effects or the properties of Fermi

polarons. Quantitative comparisons with advanced many-body theories developed for a uni-

form gas can now be made a the few percent level.

The EoS of low temperature bosons for large repulsion between particles also reveals the LHY

quantum corrections [2]. However, unlike fermions, strongly interacting bosons suffer from

large inelastic losses due to three-body recombination. We havemeasured the lifetime of a tun-

able 7Li Bose gas at and around unitarity. Good agreement is found with an exact theory valid

for arbitrary temperature and negative scattering length in the non-degenerate regime [3].

Our theory also predicts that new Efimov resonances in 7Li and 133Cs should be observable.

Finally we will present recent results on the production of mixtures of superfluid bosons and

strongly interacting fermions.

[1] S. Nascimbne et al., Nature 463, 1057 (2010)

[2] N. Navon et al., Physical Review Letters 107, 135301 (2011)

[3] B. Rem et al., Physical Review Letters 110, 163202 (2013)
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Monday-session: Fermi and Bose polarons— Invited/ Contributed talk [30 min.]

Attractive and repulsive Fermi polarons in two dimensions

Marco Koschorreck1,2, Daniel Pertot1,2, Enrico Vogt1,2, Bernd Fröhlich1,2, Michael Feld1,2,

and Michael Köhl1,2

1 Physikalisches Institut, University of Bonn, Wegelerstrasse 8, D-53115 Bonn, Germany

2 Cavendish Laboratory, University of Cambridge, JJ Thomson Avenue, Cambridge CB30HE,

United Kingdom

The dynamics of a single impurity in an environment is a fundamental problem in many-

body physics. In the solid state, a well-known case is an impurity coupled to a bosonic bath,

for example lattice vibrations. Here the impurity together with its accompanying lattice dis-

tortion form a new entity, a polaron. This quasiparticle plays an important role in the spectral

function of high-Tc superconductors as well as in colossal-magnetoresistance in manganites.

For impurities in a fermionic bath, the attention so far has been mostly on heavy or immobile

impurities which exhibit Anderson’s orthogonality catastrophe and the Kondo effect. Only

recently, mobile impurities have moved into the focus of research and they have been found

to form new quasiparticles, so called Fermi polarons. The Fermi polaron problem constitutes

the extreme, but conceptually simple, limit of two important quantum many-body problems:

the BEC-BCS crossover with spin-imbalance for attractive interactions and Stoner’s itinerant

ferromagnetism for repulsive interactions. It has been proposed that this and other yet elusive

exotic quantum phases might become realizable in Fermi gases confined to two dimensions.

Their stability and observability is intimately related to the theoretically debated properties

of the Fermi polaron in two dimensional Fermi gas. Here we create and investigate these

Fermi polarons andmeasure their spectral function using momentum-resolved photoemission

spectroscopy. For attractive interactions we find evidence for the disputed pairing transition

between polarons and tightly bound dimers, which provides insight into the elementary pair-

ing mechanism of imbalanced, strongly-coupled two-dimensional Fermi gases. Additionally,

for repulsive interactions we observe novel quasiparticles, repulsive polarons, whose lifetime

determine the possibility of stabilizing repulsively interacting Fermi systems.
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Monday-session: Fermi and Bose polarons— Invited/ Contributed talk [30 min.]

Dynamical transitions in a thermal spin-orbit coupled Fermi gas

Stefan Natu

Joint Quantum Institute and the University of Maryland, John S. Toll Physics Building, College

Park, USA

The realization of synthetic gauge fields in ultra-cold Bose and Fermi gases enables the

study of spin-orbit coupled systems in a novel setting. By dynamically tuning the interactions

and spin-orbit coupling, experimentalists can explore the interplay between single-particle

and many body degrees of freedom both in and out of equilibrium. Here we ask: What is the

interplay between spin-orbit coupling and interactions in a gas driven out-of-equilibrium? We

find that interactions and spin-orbit coupling have competing effects on the spin dynamics.

For a fully magnetized initial state, spin-orbit coupling tends to destroy the net magnetiza-

tion, while interactions tend to stabilize the initial state. The interplay between these two

effects therefore lead to three distinct dynamical regimes at long times: an unmagnetized state

for weak interactions, a partially magnetized state for strong interactions, and a state with un-

damped magnetization oscillations about a zero mean value for intermediate interactions. We

establish a connection between spin dynamics in the spin-orbit coupled gas and self trapping

in a double well Bose Einstein condensate.
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Monday-session: Research in Heidelberg— Invited/ Contributed talk [30 min.]

A first glimpse at the phase diagram of a strongly interacting 2-D Fermi gas

Selim Jochim

Physikalisches Institut, Universität Heidelberg, D-69120 Heidelberg, Germany

We report on first experiments with a strongly interacting 2D Fermi gas trapped in a sin-

gle layer of a standing wave optical dipole trap. From in-situ imaging of the trapped cloud

we obtain information about the equation of state of the system. A sudden release of the gas

from the two-dimensional confinement results in an abrupt change of density, and therefore a

quench to a noninteracting system. A very weak harmonic confinement in the radial direction

caused by a magnetic field curvature leads to “matter wave focusing” after a quarter of the

trap period. The momentum distribution of the gas obtained in this way reveals a bimodal

distribution with a condensed fraction varying with temperature and interaction strength. We

use this fraction to obtain the phase diagram of a two-dimensional Fermi gas in the BEC–BCS

crossover.
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Monday-session: Research in Heidelberg— Invited/ Contributed talk [30 min.]

Universal spin transport in strongly interacting Fermi gases

Tilman Enss

Institute for Theoretical Physics, University of Heidelberg, Philosophenweg 19, D-69120 Heidel-

berg, Germany

Spin diffusion arises from inhomogeneities of the magnetization, or spin population, and

has been observed recently in ultracold atomic gases. I present theoretical results for the longi-

tudinal [1] and transverse spin diffusion [2] and discuss how the diffusion coefficients depend

on temperature, polarization, interaction strength, and dimension. While the longitudinal spin

diffusivity depends weakly on polarization and diverges for small temperatures, the trans-

verse spin diffusivity has a strong polarization dependence and approaches a finite value for

low temperature in the Fermi liquid phase. Diffusion becomes very slow at strong interaction

and reaches the quantum limit Ds ∼ h̄/m for the unitary Fermi gas. I discuss how medium

scattering and the spin-rotation effect influence diffusion in the strongly polarized, or polaron,

limit and compare with recent experiments. Similarly, the pseudogap in 2D [3] might affect

the transport properties.

[1] T. Enss and R. Haussmann, Physical Review Letters 109, 195303 (2012)

[2] T. Enss, Physical Review A 88, 033630 (2013)

[3] M. Bauer et al., arXiv:1311.1000 (2013)

Ruperto Carola Symposium 2014: Shedding Light on Emergent Quantum Phenomena 17



Monday-session: Research in Heidelberg— Invited/ Contributed talk [30 min.]

Non-thermal fixed points: Universality, topology and turbulence in Bose systems

Sebastian Erne1,2, Thomas Gasenzer1,2, Markus Karl1,2, and Denes Sexty1,2

1 Institut für Theoretische Physik, University of Heidelberg, Philosophenweg 16, D-69120 Heidel-

berg, Germany

2 ExtreMe Matter Institute EMMI, GSI, Planckstraße 1, D-64291 Darmstadt, Germany

Among the wealth of possible non-equilibriummany-body configurations most interesting

candidates are those which show universal behavior. Non-thermal fixed points are proposed,

leading beyond standard equilibrium critical points. A selection of phenomena in ultracold

Bose gases, characterized by specific power-laws in space and time, and universal time evo-

lution will be presented. These are, for generic cases, related to the presence and turbulent

dynamics of (quasi-)topological defects in the Bose field, which are manifestly far from equi-

librium. Examples how to reach these critical points which will be discussed include interac-

tion quenches and rapid evaporative cooling. Our results confirm non-perturbative quantum

field theoretical predictions and establish a new link between kinetic wave turbulence and

topological excitations of superfluids. They open a path to explore a new class of universal

far-from-equilibrium dynamics accessible in ultracold gas experiments and are important be-

yond the realm of these systems.

[1] M. Karl et al., Scientific Reports 3, 2394 (2013)

[2] M. Karl, et al., Physical Review A 88, 063615 (2013)

[3] B. Nowak, et al., arXiv:1302.1448

[4] M. Schmidt, et al., New Journal of Physics 14, 075005 (2012)

[5] T. Gasenzer, et al., Physics Letters B 710, 500 (2012)

[6] B. Nowak, et al., Physical Review A 85, 043627, (2012)

[7] B. Nowak, et al., Physical Review B 84, 020506(R), (2011)

18 Ruperto Carola Symposium 2014: Shedding Light on Emergent Quantum Phenomena



Monday-session: Research in Heidelberg— Invited/ Contributed talk [30 min.]

Dipole-mediated energy transport in ultracold Rydberg gases∗

Matthias Weidemüller1,2

1 Physics Institute University of Heidelberg, D-69120 Heidelberg, Germany

2 Heidelberg Center for Quantum Dynamics, D-69120 Heidelberg, Germany

Ultracold gases of electronically highly excited (Rydberg) atoms constitute a system with

long range interactions which allows to study intriguing many-body phenomena, ranging

from quantum non-linear optics [1,2] to dipole-mediated energy transport [3]. We demon-

strate optical imaging of Rydberg atoms using the interaction enhanced imaging technique [4],

which allows one to follow the evolution of the system in real time. We observe the migration

of Rydberg electronic excitations, driven by quantum-state changing interactions similar to

Förster processes found in complex molecules and light-harvesting complexes. The many-

body dynamics of the energy transport can be influenced by an dissipative environment con-

sisting of atoms in different Rydberg states, which can be controlled through the laser param-

eters [5].

In my talk I will give a general introduction into dipole mediated energy transport in ultracold

Rydberg gases and present recent develoments in our lab.

[1] T. Peyronel et al., Nature 488, 57 (2012)

[2] C. S. Hofmann et al., Physical Review Letters 110, 203601 (2013)

[3] T. F. Gallagher and P. Pillet, Adv. At. Mol. Opt. Phys. 56, 161 (2008)

[4] G. Günter et al., Physical Review Letters 108, 013002 (2012)

[5] G. Günter et al., Science 342, 954 (2013)

∗Work performed in collaboration with Vladislav Gavryusev, Georg Günter, Stephan Helmrich, Christoph S. Hof-

mann, Martin Robert-de-Saint-Vincent, Hanna Schempp, and Shannon Whitlock.
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Tuesday-session: Long-range interactions— Key note lecture [45 min.]

Dipolar quantummatter in optical lattices†

Jun Ye

JILA, NIST and University of Colorado, Boulder, CO 80309-0440, USA

Molecules cooled to ultralow temperatures provide fundamental new insights to molec-

ular interaction dynamics in the quantum regime. In recent years, researchers from various

scientific disciplines such as atomic, optical, and condensed matter physics, physical chem-

istry, and quantum science have started working together to explore many emergent topics re-

lated to cold molecules, including cold chemistry, strongly correlated quantum systems, novel

quantum phases, and precision measurement. In this talk I will focus the discussion on the re-

alization of a strongly interacting novel quantum system based on long-range and anisotropic

dipolar interaction with polar molecules. We have recently brought polar molecules into the

quantum regime, and their collisions and chemical reactions follow simple quantum descrip-

tions. We control chemical reaction via molecular quantum statistics and by manipulating

their dipolar interactions. By pinning molecules in a deep three-dimensional optical lattice,

we can completely suppress chemical losses. This sets the stage to observe spin dynamics me-

diated by dipolar interactions thus realizing a lattice spin model. This system is in contrast to

previous work with atomic lattices, where pinning the atoms in lattice turns off spin-exchange

interactions. For polar molecules, the long-range dipolar interaction allows the spin dynam-

ics to be decoupled from motion. We encode spin-1/2 in a pair of rotational states and use

coherent microwave spectroscopy to drive the system. We demonstrate the ability to control

the strength of the dipolar interaction and achieve self-verifiable experimental observations of

many-body dynamics. These new capabilities promise further studies of quantummany-body

dynamics in spin lattices.

†Work in collaboration with D. S. Jin.
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Tuesday-session: Long-range interactions— Hot topic talk [30 min.]

Breaking dogmas with ultracold erbium atoms

Francesca Ferlaino

Institut für Experimentalphysik and Zentrum für Quantenphysik, Universität Innsbruck, Tech-

nikerstraße 25, A-6020 Innsbruck, Austria

Non-alkali-metal atoms have recently proved to be fascinating systems to explore novel

lands in ultracold quantum physics. Here, we present recent results with ultracold dipolar

gases of erbium atoms. As a consequence of the strong dipole-dipole interaction and of the

large anisotropy in the dispersion potential, Er shows a spectacularly high number of Fano-

Feshbach resonances both in the fermionic and bosonic isotopes. The complex Er scattering

behavior escapes to traditional scattering models and requires novel approaches based on sta-

tistical analysis. Following the powerful toolset provided by Random-Matrix theory, we eluci-

date the chaotic nature of the scattering. Finally, we report on the first degenerate Fermi gas of

Er, which is realized by direct cooling of identical fermions based on dipole-dipole interaction.

[1] A. Frisch et al., arXiv:1312.1972 (2013)

[2] K. Aikawa et al., Physical Review Letters 112, 010404 (2014)
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Tuesday-session: Long-range interactions— Invited/ Contributed talk [30 min.]

Many-body physics with quantum gases of dysprosium

Benjamin Lev

Stanford University, Applied Physics and Physics, Ginzton Lab, 94305-4088, Stanford, USA

Quantum gases of neutral, highly magnetic atoms can serve as versatile testbeds for ex-

ploring the organizing principles of quantum matter. To the toolbox of quantum gas-based

many-body physics, highly magnetic atoms offer large, possibly non-perturbative, dipolar in-

teractions concomitant with extraordinarily large SU(2) spinors and novel atomic structure.

We will discuss recent theory proposals of ours and others that point to exciting prospects for

generating strong synthetic gauge fields in such gases as well as for observing novel many-

body states arising from spin-orbit coupling. We report on experiments studying quantum

gases—degenerate Fermi gases and Bose-Einstein condensates—of the highly magnetic el-

ement, dysprosium, including recent measurements of low-field Fano-Feshbach spectra for

four isotopes, bosonic and fermionic.
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Tuesday-session: Long-range interactions— Invited/ Contributed talk [30 min.]

Artificial gauge fields in a periodically driven triangular optical lattice

Juliette Simonet, Julian Struck, Malte Weinberg, Christoph Ölschläger, and Klaus Sengstock

Universität Hamburg, Institut für Laserphysik, Luruper Chaussee 149, Gebäude 69,

D-22761 Hamburg, Germany

Atomic quantum gases are neutral, and therefore, not affected by external electromagnetic

fields in the way electrons are. This constitutes a central issue towards the quantum simula-

tion of solid state models involving an external magnetic field, e.g. the Quantum Spin Hall

Effect.

In this perspective, periodically driven optical lattices constitute a versatile tool, which allows

controlling both phase and amplitude of the tunneling parameters [1,2]. In the presence of

complex hopping parameters, the atomic gas can mimic the dynamics of an electron gas sub-

jected to an external magnetic field.

We have experimentally realized tunable artificial staggered magnetic fluxes on a periodically

driven triangular lattice [3]. The phase distribution of a superfluid state submitted to these

staggered fluxes shows strong analogy with a two-dimensional spin-chirality system. We ob-

serve a thermally driven Ising-type phase transition from an ordered, ferromagnetic to an

unordered, paramagnetic state. Both the experimental and theoretical analysis of the coher-

ence properties of the ultracold gas demonstrates the strong influence of the Ising symmetry

onto the condensed phase.

[1] J. Struck et al., Science 333, 996 (2011)

[2] J. Struck et al., Physical Review Letters 108, 225304 (2012)

[3] J. Struck et al., Nature Physics 9, 738 (2013)
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Tuesday-session: Long-range interactions— Invited/ Contributed talk [30 min.]

Spin dynamics in a dipolar lattice gas

A. de Paz1,2, A. Sharma1,2, A. Chotia1,2, E. Maréchal1,2, J. H. Huckans1,4, P. Pedri1,2,

L. Santos3, L. Vernac1,2, B. Laburthe-Tolra1,2, and O. Gorceix2

1 Laboratoire de Physique des Lasers, CNRS, UMR7538, F-93430 Villetaneuse, France

2 Laboratoire de Physique des Lasers, Université Paris 13, Sorbonne Paris Cité, F-93430 Villetaneuse,

France

3 Institut für Theoretische Physik, Leibniz Universität Hannover, Appelstr. 2, D-30167 Hannover,

Germany

4 Department of Physics and Engineering Technology, Bloomsburg University of Pennsylvania,

Bloomsburg, PA 17815, USA

Magnetic dipole-dipole interactions (MDDIs) are long-ranged and anisotropic. They in-

duce a coupling between spin and angular momentum degrees of freedom paving the way for

new interesting physics in the fields of quantum gases and magnetism.

We thoroughly study dipolar relaxation (DR) and spin exchange processes in a chromium BEC

confined in a 3D optical lattice. In a first set of experiments, atoms are transferred from the

absolute ground state with m = −3 > to the excited m = +3 Zeeman state; we monitor as

a function of time the magnetic state distribution of this system under various conditions [1].

As we have demonstrated in previous studies, the confinement of a quantum gas in 2D opti-

cal lattices deeply modifies the DR processes at low magnetic fields. In particular, when the

released energy becomes smaller than the vibrational quantum of energy at the bottom of the

lattice wells, DR is inhibited. Here, thanks to a strong 3D confinement, instability (or decay)

of the ’excited state BEC’ appears as a resonant process occurring when the released energy

matches the excitation band gap [1]. Analysing these resonances as a function of the mag-

netic field orientation reveals a new manifestation of the anisotropy of MDDIs. Besides, the

spectroscopy of these resonances as a function of the field intensity is found to be sensitive to

the lattice site number occupancy as demonstrated by performing it after various preparation

schemes including number-squeezed Mott states. Decays from sites housing three atoms pro-

duce 3-body states expected to have entangled spin and orbital states.

In a further set of experiments performed with Cr-BECs in deep 3D lattices, we adiabatically

transfer atoms from the groundm = −3 state tom = −2 using the quadratic Zeeman effect in-

duced by an additional laser beam (the QZE laser). We thus produce a metastable degenerate

Cr gas with atoms in the m = −2 state away from the aforementioned resonances. Shutting

off the QZE laser, we monitor the coherent spin dynamics driven by elastic collisions between

atoms in the prepared Mott state. Rapid oscillations are observed involving pairs in the same

site and resulting from spin exchange processes induced by contact interactions. On a larger

time-scale, spin dynamics including long period oscillations are interpreted using a toy model

as an evidence for spin-exchange collisions between atoms (singlons and doublons) in sepa-

rated sites of the lattice and triggered by the magnetic dipolar interactions [1]. Our outcomes

demonstrate the potential of dipolar gases for quantum simulation of condensed matter mod-

els and call for further investigation of the physics of large spin lattice gases of magnetic atoms.

[1] A. de Paz et al., Physical Review Letters 111, 185305 (2013)

[2] A. de Paz et al., Physical Review A 87, 051609R (2013)
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Tuesday-session: Low-dimensional systems— Key note lecture [45 min.]

Many-body physics in dipolar fermionic mono- and bilayer systems

Mikhail A. Baranov

Institute for Quantum Optics and Quantum Information, Austrian Academy of Sciences, Tech-

nikerstr. 21a, A-6020 Innsbruck, Austria

Many-body quantum states in a (quasi)two-dimensional fermionic single component sys-

tem of polarized dipoles (monolayer) and in a coupled system of two such layers (bilayer) are

discussed: From a normal Fermi-liquid state at weak interactions, with unusual properties of

single-particle and collective excitations, both conventional and unconventional BCS pairing

states with a specific two-dimensional version of the BCS-BEC crossover at moderate intrac-

tions, to a crystalline phase at strong interactions.
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Tuesday-session: Low-dimensional systems— Hot topic talk [30 min.]

Emergence of order from turbulence in an isolated planar superfluid

Tapio Simula1, Matthew J. Davis2, and Kristian Helmerson1

1 School of Physics, Monash University, Clayton, Victoria 3800, Australia

2 School of Mathematics and Physics, The University of Queensland, St. Lucia, Queensland 4072,

Australia

The natural tendency of the universe is to become more disordered. While there are many

examples where order can emerge from disorder, such as the formation of ice from water

and patterns in snowflakes, this is always in the context of an open system, which can ex-

change energy and entropy with the environment. In a simulation of a quasi-two-dimensional

superfluid Bose-Einstein condensate, we observe the emergence of order from chaos in an

isolated many-body quantum system. Beginning from a random arrangement of quantum

vortices, we observe that the vortices self-organize into two macroscopic coherent ‘Onsager

vortex’ clusters [1,2], despite the condensate being entirely isolated from the environment. We

demonstrate that this occurs due to a novel physical mechanism — the evaporative heating

of the vortex gas, which causes a phase change of the vortex subsystem at negative temper-

ature [1,3]. Our computational results provide a clear pathway to observing Onsager vortex

states and their unusual thermodynamics in a superfluid Bose gas.

[1] L. Onsager, Il Nuovo Cimento 6, 279 (1949)

[2] G. L. Eyink and K. R. Sreenivasan, Rev. Mod. Phys. 78, 87 (2006)

[3] N. F. Ramsey, Phys. Rev. 103, 20 (1956)
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Tuesday-session: Low-dimensional systems— Invited/ Contributed talk [30 min.]

Collective modes of a two-dimensional quantum gas

Hélène Perrin

Laboratoire de physique des lasers, Université Paris 13, UMR-CNRS 7538, Sorbonne Paris Cité,

99 avenue J.-B. Clément, F-93430 Villetaneuse, France

The study of the excitation modes of a quantum gas is a way to characterise its dynamical

properties. The low energy excitations of a quantum gas trapped in an harmonic potential are

collective modes. They can be excited by inducing a sudden change in the trap parameters.

In this talk, I will present results of the study of two important collective modes of a two-

dimensional bosonic quantum gas: the monopole mode (or breathing mode), and the scissors

mode. In particular, I will show that the third, strongly confining dimension has a measurable

effect on the breathing mode frequency, in agreement with our theoretical predictions and nu-

merical simulations [1] . The scissors mode can be used to characterize the superfluid phase.

We study its frequency and damping as a function of temperature across the transition to de-

generacy.

[1] K. Merloti et al., Physical Review A 88, 061603(R), (2013)
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Tuesday-session: Low-dimensional systems— Invited/ Contributed talk [30 min.]

Quantum phase transitions of Rydberg-dressed Fermi gases

Daw-Wei Wang1,2

1 Physics Department, National Tsing Hua University, Hsinchu, Taiwan

2 Physics division, National Center for Theoretical Sciences, Hsinchu, Taiwan

We theoretical investigate the quantum phase diagrams of a single component Fermi gas,

which is weakly coupled to a Rydberg state by a two photon transition. The effective interac-

tion can be either repulsive or attractive with a finite soft core radius via blockade effect. For

the attractive case, we systematically study the p-wave superfluidity, and obtain the quantum

phase diagram of three different symmetries in the pairing wavefunction: polar, axial, and

axi-planar phases. The last one is shown to be stabilized by the finite ranged nature of the

effective interaction. The transition temperature is estimated to be about 0.1EF in the current

experimental regime of Li6. For the repulsive case, we calculate the collective mode dispersion

as well as the density-density correlation function. We find a roton-like minimum in the col-

lective mode and it becomes softened when the blockade radius is large enough, leading to an

instability toward a charge-density wave order in a continuous space by breaking rotational

and translation symmetries, very similar to the Pomeranchuk instability in condensed matter

system. We then discuss the possible experimental parameter regime for these quantum phase

transitions.

[1] Bo. Xiong et al., arXiv:1307.5444 (2013)
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Tuesday-session: Atom–light interactions— Invited/ Contributed talk [30 min.]

Many-body physics with stationary light in interacting atomic media

Thomas Pohl

Max Planck Institute for the Physics of Complex Systems, Nöthnitzer Straße 38, D-01187 Dresden,

Germany

The combination of electromagnetically-induced transparency (EIT) with strong interac-

tions between atomic in highly excited Rydberg states offers intriguing perspectives for quan-

tum nonlinear optics operating on the level of single photons. In this talk, I will discuss the

many-body physics of stationary light formed by two laser beams that counter-propagate

through a gas of interacting atoms under EIT conditions. Using path integral Monte Carlo

simulations we determine the equilibrium phases of the resulting two component system

composed of massive photons and strongly interacting spin waves. We identify a range of

interesting quantum phases, that in addition to crystalline atomic excitations and photonic su-

perfluids include the emergence of photonic density-waves. Within an approximate theory we

discuss the dynamical preparation of such phases and elucidate the mechanism behind the ob-

served crystallization phenomena under resonant optical driving. Prospects for an realization

with current experimental capabilities will also be discussed.
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Wednesday-session: Atom–light interactions— Key note lecture [45 min.]

Many-body physics in open systems: Rydberg gases and Rydberg polaritons

Michael Fleischhauer

Department of Physics and Research Center OPTIMAS, University of Kaiserslautern, D-67663

Kaiserslautern, Germany

Quantum optical realizations of many-body systems must often be considered as open

systems and thus offer a way to study quantum correlations and phase transitions in a non-

equilibrium steady-state. The competition between interactions and fluctuations inherent to

an open system will be discussed for the experimentally relevant examples of optically driven

Rydberg gases and Rydberg polaritons.

The strong and long-range van-der-Waals repulsion of Rydberg atoms prevents resonant op-

tical excitation of pairs within a so-called blockade volume. Off-resonant driving on the other

hand can support pair excitations at a certain distance. These processes can drive a lattice gas

into a state with crystalline order. Quantum correlations in the steady state are calculated by

open-system DMRG simulations in 1D andMonte-Carlo simulations of effective rate equation

models in higher dimensions [1]. The steady-state phase diagram is derived and shown to be

very different from mean-field predictions in any dimension. In dimensions larger than one

there is a phase transition into an ordered state, which in general cannot be written as a ther-

mal state of the corresponding Hamiltonian. As the steady state is an attractor of the driven

system, we also analyze the dynamics of its build up. It is shown that the phase transition to

an ordered state is accompanied with a closing of the damping gap i.e. with diverging charac-

teristic time scales.

In the second part of the talk photons coupled to Rydberg atoms under conditions of electro-

magnetically induced transparency will be discussed. The coupling results in strongly inter-

acting quasi-particles called Rydberg polaritons, which behave like hard-sphere objects with

non-local, repulsive interaction. On short length scales avoided volumes form that can contain

at most one photon. On larger length scales interesting many-body states of photons can be

created which in 1D can be described in terms of a Luttinger liquid theory [2]. The latter pre-

dicts a non-classical Wigner crystal of photons. The formation of these states will be discussed

and conditions for their existence derived.

[1] M. Höning et al., Phys. Rev. A 87, 023401 (2013)

[2] J. Otterbach et al., Phys. Rev. Lett. 111, 113001 (2013)
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Wednesday-session: Atom–light interactions— Hot topic talk [30 min.]

Coupling a single electron to a Bose-Einstein condensate

Tilman Pfau

5. Physikalisches Institut, Universität Stuttgart, Pfaffenwaldring 57, D-70569 Stuttgart, Germany.

We study the interaction of a single localized electron with a Bose-Einstein condensate

(BEC) and show that it can excite phonons and eventually set the whole condensate into a

collective oscillation [1]. We find that the coupling is surprisingly strong as compared to ionic

impurities due to the more favourable mass ratio. The electron is held in place by a single

charged ionic core forming a Rydberg bound state. This Rydberg electron is described by a

wavefunction extending to a size comparable to the dimensions of the BEC, namely up to

8µm. In such a state, corresponding to a principal quantum number of up to n = 202, the

Rydberg electron is interacting with several tens of thousands of condensed atoms contained

within its orbit. We observe surprisingly long lifetimes and finite size effects due to the elec-

tron exploring the wings of the BEC. Based on our results we anticipate future experiments on

electron orbital imaging, investigation of phonon mediated coupling of single electrons, and

applications in quantum optics.

[1] . B. Balewski et al., Nature 502, 664 (2013)
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Wednesday-session: Atom–light interactions— Invited/ Contributed talk [30 min.]

Dynamical crystallization of Rydberg excitations

Christian Gross

Max-Planck-Institute of Quantum Optics, Hans-Kopfermann-Str. 1, D-85748 Garching, Germany

Ultracold Rydberg atoms offer the possibility to realize effectively long-range interacting

quantum gases. The ground state of an atomic many-body system continuously coupled to a

Rydberg state is paramagnetic or crystalline depending on the detuning of the electromagnetic

coupling. Here we report on the observation of dynamical crystallization of Rydberg excita-

tions in one-dimensional systems. Using optimized control of the detuning and power of the

coupling we drive the system into the crystalline phase. We observe the characteristic staircase

of excitation numbers and simultaneously measure the spatial distribution of the excitations.
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Wednesday-session: Atom–light interactions— Invited/ Contributed talk [30 min.]

Realising quantum spin models with Rydberg-dressed atoms

Shannon Whitlock1,2

1 Physics Institute University of Heidelberg, D-69120 Heidelberg, Germany

2 Heidelberg Center for Quantum Dynamics, D-69120 Heidelberg, Germany

Quantum spin systems often provide the most elementary realisations of a wide range

exotic quantum effects typically encountered in strongly-correlated materials and are proto-

typical systems for quantum simulation and quantum information processing. We propose a

new approach to simulate a large class of many-body spin Hamiltonians using ultracold atoms

involving two highly excited (Rydberg) states trapped in an optical lattice.

Narrowband laser excitation of the atoms to one Rydberg state using electromagnetically

induced transparency (EIT) weakly admixes some Rydberg-state character to the atoms. An

additional microwave field couples these dressed-atoms to the second Rydberg state to cre-

ate an effective spin-1/2 system. Strong and long-range state changing interactions between

Rydberg and dressed-atoms gives rise to an effective dipolar spin-exchange coupling between

atoms on different lattice sites. The strength of the coupling can be precisely controlled by the

EIT laser fields and can far exceed that possible in tunnel-coupled optical lattices.

Using the effective operator formalism [1] we establish a mapping between the Rydberg-

dressed system and XXZ-type Heisenberg spin chains with dipolar interactions. By exact diag-

onalization we explore the phase diagram of one-dimensional and coupled one-dimensional

spin chains, including magnetic, superfluid, and interlayer phases. We quantify the role of de-

coherence due to the short lifetime of the intermediate state. The presented model can be ap-

plied to describe recent experiments on dipole mediated transport of Rydberg impurities in an

optically coupled atomic gas [2], including the role of the environment and impurity-impurity

interactions. The proposed system is ideally suited to quantum simulation of many-body spin

models, elucidating fundamental properties of phase transitions and the emergence of super-

fluidity and magnetism in strongly correlated systems.

[1] F. Reiter and A. S. Sørensen, Phys. Rev. A 85, 032111 (2012)

[2] G. Günter et al., Science 342, 954 (2013)
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Wednesday-session: Low-dimensional systems— Invited/ Contributed talk [30 min.]

Dissipative quantum state preparation with Rydberg atoms

Hendrick Weimer

Institut für Theoretische Physik, Leibniz Universität Hannover, Appelstr. 2, D-30167 Hannover,

Germany

While dissipation is generally thought to be an undesirable process for the observation of

coherent dynamics, it is actually possible to turn controlled dissipation into a useful resource

for the realization of tailored quantum states. The tunable interaction and dissipation param-

eters in ultracold Rydberg atoms provide an excellent starting point for this approach. I will

discuss the prospects for the dissipative preparation of strongly correlated few- and many-

body states.
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Wednesday-session: Future directions— Invited/ Contributed talk [30 min.]

Bosons at unitarity: Few-body and many-body phenomena

Chris Greene

Department of Physics, Purdue University, 525 Northwestern Avenue, West Lafayette, Indiana

47907, USA

The unitary Bose gas, with infinite or very large scattering lengths at ultracold tempera-

tures, is receiving renewed attention recently, in part because of the discovery that such a gas

can live long enough to be studied [1]. On the many-body side, experiment [1] has shown an

interesting dynamical evolution that arises when the scattering length is swept suddenly to

unitarity. Mean-field theory has difficulty describing this system because the interaction term

in the Gross-Pitaevskii equation diverges, which requires some type of renormalization in or-

der to get finite, meaningful values for energies and time-evolution phenomena. Some early

theoretical attempts have succeeded in describing some aspects, but much remains to be done

in future work [2-5].

Some exciting opportunities to explore in few-body systems near unitarity include the het-

eronuclear Efimov effect, which a number of groups have recently been exploring experimen-

tally. In a somewhat more novel direction, the observation of the Efimov effect for a spinor

system having degenerate atomic energy levels is predicted to exhibit new types of Efimov

scaling, and is ripe for experimental investigation [6].

This work was supported in part by the National Science Foundation.

[1] P. Makotyn et al., Nature Physics, advance online publication, Jan.12(2014);

see also arXiv:1308.3696 (2013)

[2] A. G. Sykes et al., in press, Physical Review A, (2014); see also arXiv:1309.0828 (2013)

[3] X. Yin and L. Radzihovsky, Physical Review A, 88, 063611 (2013)

[4] B. Kain and H. Y. Ling, arXiv:1401.2390

[5] S. S. Natu and E. J. Mueller, Physical Review A, 87, 053607 (2013)

[6] V. Colussi, J. P. D’Incao, and C. H. Greene, (in preparation, 2014)
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Wednesday-session: Future directions— Invited/ Contributed talk [30 min.]

Ultracold molecules in crystals of light: A highly tunable system for exploring novel

materials and quantum physics

Lincoln D. Carr1, Kenji Maeda1, and Michael L. Wall2

1 Department of Physics, Colorado School of Mines, Golden, Colorado, 80401, USA

2 JILA, National Institute of Standards and Technology and University of Colorado, Boulder, Col-

orado, USA

Ultracold molecules at sub-microKelvin temperatures and trapped in crystals of light (op-

tical lattices) present a new regime of physical chemistry and a new state of matter: complex

dipolar matter. We present models for the quantummany-body statics and dynamics of present

experiments on polar bi-alkali dimer molecules. We are developing and will discuss Hamilto-

nians and simulations for upcoming experiments on dimers beyond the alkali metals, includ-

ing biologically and chemically important naturally occurring free radicals like the hydroxyl

free radical (OH), as well as symmetric top polyatomic molecules like methyl fluoride (CH3F).

These systems offer surprising opportunities in modeling and design of new materials, in ad-

dition to well-known exciting possibilities in quantum computing applications. For example,

symmetric top polyatomics can be used to study quantum molecular magnets and quantum

liquid crystals. Our numerical method of choice is massively parallel high performance com-

puting via variational matrix-product-state (MPS) algorithms, a highly successful form of data

compression used to treat lowly entangled dynamics and statics of many-body systems with

large Hilbert spaces; we supplement our calculations with exact diagonalization and simpler

variational, perturbative, and other approaches. We use MPS algorithms not only to produce

experimentally measurable quantum phase diagrams but also to explore the dynamical inter-

play between internal and external degrees of freedom inherent in complex dipolar matter.

Our group maintains open source code (openTEBD and openMPS) available freely and used

widely. We have worked and will continue to work closely with experimentalists throughout

our projects, andmake detailed use of ultracold molecular properties and constants to provide

concrete and accurate explanations, guidance, and inspiration.

[1] Kenji Maeda, M. L. Wall, and L. D. Carr, “Hyperfine structure of OH molecule in electric

and magnetic fields,” New J. Phys., to be submitted (2014)

[2] M. L.Wall, Kenji Maeda, and L. D. Carr, “Realizing topological states with polyatomic sym-

metric top molecules,” Phys. Rev. Lett., under review, arXiv:1402.0465 (2014)

[3] M. L. Wall, Kenji Maeda, and L. D. Carr, “Simulating quantum magnets with symmetric

top molecules,” Ann. Phys. (Berlin) 525, 845 (2013)

[4] M. L. Wall, E. Bekaroglu and L. D. Carr, “The Molecular Hubbard Hamiltonian: Field

Regimes and Molecular Species,” Phys. Rev. A, 88, 023605 (2013)

[5] M. L. Wall and Lincoln D. Carr, “Out of equilibrium dynamics with Matrix Product States,”

New J. Phys. 14, 125015 (2012)

[6] L. D. Carr, David DeMille, Roman V. Krems, and Jun Ye, “Cold and Ultracold Molecules:

Science, Technology, and Applications,” New J. Phys. 11, 055049 (2009)
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Wednesday-session: Future directions— Invited/ Contributed talk [30 min.]

From terminal to terminal with atoms

Tilman Esslinger

Department of Physics, ETH Zurich, Otto-Stern-Weg 1, CH-8093 Zurich, Switzerland

We study fundamental concepts of particle and heat transport in a model system using

ultracold atoms. It consists of a channel connecting two macroscopic reservoirs of fermionic

lithium atoms. The channel can be switched from ballistic to diffusive, and it can be structured

to form a quantum point contact or a quantum wire. Measurements of the thermoelectric ef-

fect and particle transport in the quantum regime will be presented. Our measurements find

an ideal description in the Landauer-Büttiker formalism, which views conduction as the trans-

port of carriers from one terminal to another.
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Wednesday— Public evening lecture [≈ 60 min.]

Making a clock‡

Jun Ye

JILA, National Institute of Standards and Technology and University of Colorado

Boulder, Colorado 80309-0440, USA

The relentless pursuit of spectroscopy resolution has been a key drive for many scientific

and technological breakthroughs over the past century, including the invention of laser and

the creation of ultracold matter. State-of-the-art lasers now maintain optical phase coherence

over many seconds and provide this piercing resolution across the entire visible spectrum. The

new capability in control of light has enabled us to create and probe novel quantummatters via

manipulation of dilute atomic andmolecular gases at ultralow temperatures. For the first time,

we control the quantum states of more than 1000 atoms so precisely that we achieve a more

accurate and more precise atomic clock than any existing atomic clocks. We are also on the

verge of integrating novel many-body quantum states into the frontiers of precisionmetrology,

aiming to advance measurement beyond the standard quantum limit. Such advanced clocks

will allow us to test the fundamental laws of nature and find applications among a wide range

of technological frontiers.

‡This lecture takes place at ’Alte Aula’, the ancient reception hall of the University of Heidelberg. The Aula is

situated in Grabengasse 1, 69117 Heidelberg, which is in walking distance to the IWH. The lecture will start at 6:30 pm.

The Aula will be opened to the public at 6:15 pm.
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Poster-session

Overview of posters

No. Name Poster title

P1

Rabin Paudel

JILA/NIST, University of

Colorado, Boulder, USA

Probing local quantities in a strongly interacting Fermi

gas

P2

Simon Murmann

University of Heidelberg,

Germany

Realization of a finite-size optical lattice for cold

fermionic atoms

P3

Benjamin Sparkes

University of Melbourne,

Australia

Ultracold ion source with Rydberg blockade

P4

Markus Karl

University of Heidelberg,

Germany

Nonthermal fixed points and superfluid turbulence in

ultracold Bose gases

P5

Daw-Wei Wang

National Tsing Hua Uni-

versity, Hsinchu, Taiwan

Synthetic gauge field generated by long-ranged inter-

action and its effects in quantum gases

P6

Mikhail Lemeshko

ITAMP,

Harvard-SmithsonianCen-

ter for Astrophysics, USA

Dissipation as a resource for atomic binding and crys-

tallization

P7

Ion Storescu

University of Heidelberg,

Germany

Accurate mesoscopic atom counting in a novel hybrid

trap

P8

Marı́a M. Valado

Università di Pisa,

Italy

Full counting statistics of a strongly dissipative Ryd-

berg gas

P9

Pietro Massignan

ICFO - The Institute of

Photonic Sciences, Spain

Efimov trimers under strong confinement
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Poster-session

No. Name Poster title

P10

Jesper Levinsen

Aarhus University,

Denmark

Observation of a strong atom–dimer attraction in a

mass-imbalanced Fermi–Fermi mixture

P11

Marco Koschorreck

University of Bonn,

Germany

Universal spin dynamics in two-dimensional Fermi

gases

P12

Tomotake Yamakoshi

University of Electro-

Communications, Tokyo,

Japan

Statistical evaluation of ultracold molecular fraction

rate

P13

Nikolaj T. Zinner

Aarhus University,

Denmark

Magnetism in one-dimensional few-body systems

P14

Hanna Schempp

University of Heidelberg,

Germany

Full counting statistics of laser excited Rydberg aggre-

gates in a one-dimensional geometry

P15

Jacob Covey

JILA/NIST, University of

Colorado, Boulder, USA

Many-body spin systems with ultracold polar KRb

molecules

P16

Michael Höning

University of Kaiser-

slautern, Germany

Critical slow down of a dissipative phase transition in

a 2D Rydberg lattice gas

P17

Marcus Barth

Technische Universität

München, Germany

Pairing effects in the non-degenerate limit of the two-

dimensional Fermi gas

P18

Igor Boettcher

University of Heidelberg,

Germany

Dimensional BCS-BEC Crossover
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Poster-session

No. Name Poster title

P19

Peter Hannaford

Swinburne University of

Technology, Melbourne,

Australia

Periodic array of Bose-Einstein condensates in a mag-

netic lattice

P20

Martin Gärttner

University of Heidelberg,

Germany

Aggregate formation in off-resonantly driven Rydberg

gases

P21

Elmer V. H. Doggen

Aalto University,

Finland

Highly polarized Fermi gases in one dimension

P22

David Feijoo

Universidade de Vigo,

Spain

Emission of vector solitons from a BEC after tuning of

time-dependent interatomic forces

P23

Luke Miller

University of Bonn,

Germany

Local probing of ultracold Fermions in an optical lattice

P24

Georg Bruun

University of Aarhus,

Denmark

Quantum hexatic order in two-dimensional dipolar

and charged liquids

P25

Rick van Bijnen

Max Planck Institute for

the Physics of Complex

Systems, Dresden,

Germany

Quantum simulation of interacting spin-1 chains with

Rydberg atoms

P26

James P. Sobol

Swansea University,

United Kingdom

Imaging cold atoms with shot-noise and diffraction

limited holography

P27

Stephan Helmrich

University of Heidelberg,

Germany

Long-range interacting quantum gases in spatially sep-

arated traps
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Poster-session

No. Name Poster title

P28

Christoph Tresp

University of Stuttgart,

Germany

Strongly interacting single photons in a cold Rydberg

gas

P29

Christof Weitenberg

University of Hamburg,

Germany

Precision spectroscopy of ultracold fermions in a trian-

gular optical lattice

P30

Stephan Häfner

University of Heidelberg,

Germany

Feshbach resonances in an ultracold 6Li-133Cs mixture

P31

Janne Ruostekoski

University of Southamp-

ton, United Kingdom

Cooperative response of ultracold atoms due to radia-

tive long-range interactions

P32

Arno Trautmann

University of Heidelberg,

Germany

Echo type mass spectroscopy of impurities immersed

in a Bose gas

P33

David Wilkowski

National University of Sin-

gapore, Singapore

Non equilibrium phase transition with gravitational-

like interaction in a cloud of cold atoms

P34

Hendrik Weimer

University of Hannover,

Germany

Dipolar crystals and liquids in optical lattices

P35

Luc Couturier

University of Science and

Technology of China,

Shanghai, P. R. China

Towards a strongly interacting gas of Strontium Ryd-

berg atoms

P36

Alexander P. Itin

Space Research Institute,

Russian Academy of Sci-

ences, Moscow, Russia

Effective Hamiltonians in fastly driven optical lattices
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Poster-session

No. Name Poster title

P37

Gerhard Zürn

University of Heidelberg,

Germany

Few-fermion systems in one dimension

P38

Jens K. Block

University of Aarhus,

Denmark

Properties and signatures of the density wave phase of

fermionic dipoles
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Poster-session— Poster P2

Probing local quantities in a strongly interacting Fermi gas

Rabin Paudel, Yoav Sagi, Tara Drake, Roman Chapurin, and Deborah Jin

JILA and University of Colorado, Boulder, CO 80309-0440, USA

Ultracold Fermi gases are idealmodel systems for investigatingmany-body quantumphysics;

they provide excellent controllability, reproducibility, and unique detection methods. How-

ever, the density of a trapped gas is intrinsically spatially inhomogeneous, which poses a

problem when comparing measurements to theoretical predictions of a homogeneous gas.

We have developed a technique to overcome this difficulty by selectively probing atoms at

the center of the trapped gas, while still retaining momentum information. We employ the

technique combined with RF spectroscopy to measure Tans contact of a homogeneous unitary

Fermi gas. We also combine this technique with momentum-resolved photo emission spec-

troscopy to measure the occupied spectral function of a strongly interacting Fermi gas.
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Poster-session— Poster P2

Realization of a finite-size optical lattice for cold fermionic atoms

Simon Murmann, Andrea Bergschneider, Vincent Klinkhamer, Gerhard Zürn,

Thomas Lompe, and Selim Jochim

Physikalisches Institut, Universität Heidelberg, 69120 Heidelberg, Germany

We report on the realization of an experimental setup for the deterministic preparation of

cold fermionic atoms in multiple-well potentials. Starting with a setup for the preparation of

few-atom samples in the vibrational ground state of one tightly focused dipole trap, we ex-

panded our experiment using an acousto-optic detector (AOD) to split the trapping light into

multiple orders forming one potential well each. Both depth and position of the individual

wells can be changed independently, allowing the creation of a tunable finite-size optical lat-

tice.

For two atoms in a double-well potential we report on the full control over the quantum state.

Preparing the atoms in the ground state of the double-well potential, a finite interparticle in-

teraction leads to a change in particle statistics. For strong repulsive (attractive) interactions

we measure a strong enhancement (suppression) of singly occupied sites. In terms of a finite

Fermi-Hubbard model this can be understood as a two-particle analogy to a Mott-insulator

(charge-density wave). Adding more wells to the systems we aim for a bottom-up approach

to Fermi-Hubbard physics. Further, prospects for experiments in dynamically changing po-

tentials are presented.
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Poster-session— Poster P3

Ultracold ion source with Rydberg blockade

Benjamin Sparkes

School of Physics, The University of Melbourne, Parkville, 3010 VIC, Australia

Rydberg atoms are of great interest across a range of fields from quantum information

through to quantum simulations. One of the main reasons for this is the phenomenon of Ry-

dberg blockade where, due to their large dipole moments, an atom in a Rydberg state will

affect the internal energy levels of neighboring atoms, preventing simultaneous excitation. In

the ultracold plasma community the phenomena of Rydberg blockade is currently being used

to create spatial order and thereby reduce disorder-induced heating [1,2]. We will present re-

sults investigating Rydberg blockade and disorder-induced heating from our cold atom elec-

tron/ion source [3,4]. Combining Rydberg blockade with our already-demonstrated ability

to shape the electron/ion bunches will allow improvements to the brightness and emittance

of our cold ion source for nanometer-precision milling and characterization of semiconductor

devices.

[1] M. Robert-de-Saint-Vincent et al., Physical Review Letters 110, 045004 (2013)

[2] G. Bannasch et al., Physical Review Letters 110, 253003 (2013)

[3] A. J. McCulloch et al., Nature Physics 7, 785 (2011)

[4] A. J. McCulloch et al., Nature Communications 4, 1692 (2013)
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Poster-session— Poster P4

Nonthermal fixed points and superfluid turbulence in ultracold Bose gases

Markus Karl

ITP, Universität Heidelberg, 69120 Heidelberg, Germany

Turbulence appears in situations where, e.g., an energy flux goes from large to small scales

where finally the energy is dissipated. As a result the distribution of occupation numbers of

excitations follows a power law with a universal critical exponent. The situation can be de-

scribed as a nonthermal fixed point of the dynamical equations. Single-particle momentum

spectra for a dynamically evolving Bose gas are analyzed using semi-classical simulations and

quantum-field theoretic methods based on effective-action techniques. These give information

about possible universal scaling behavior. The connection of this scaling with the appearance

of topological excitations such as solitons and vortices in one-component gases and domain

walls and spin textures in multi-component systems is discussed. In addition, this results are

also discussed from the point of view of holographic superfluids. The results open a view on

solitary wave dynamics from the point of view of critical phenomena far from thermal equi-

librium and on a possibility to study non-thermal fixed points and superfluid turbulence in

experiment without the necessity of detecting solitons and vortices in situ.
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Poster-session— Poster P5

Synthetic gauge field generated by long-ranged interaction and its effects in quantum

gases

Daw-Wei Wang1,2

1 Physics Department, National Tsing Hua University, Hsinchu, Taiwan

2 Physics division, National Center for Theoretical Sciences, Hsinchu, Taiwan

Recently, there has been a great achievement to generate a synthetic gauge field in the

systems of ultracold atoms by manipulating the external field coupling to atomic internal de-

grees of freedom. Most studies so far are based on the single particle picture with a weak

and short-ranged interaction. When considering a long-ranged interaction between Rydberg

atoms and/or dipolar gases, however, the spatial variation of the interaction energy can also

induce a synthetic gauge field between each two interacting particles when moving adiabat-

ically toward each other. Here we show how such internal gauge field can be manipulated

in various methods and brings significant change of two-body physics as well as many-body

physics.
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Poster-session— Poster P6

Dissipation as a resource for atomic binding and crystallization

Mikhail Lemeshko1,2

1 ITAMP, Harvard-Smithsonian Center for Astrophysics

2 Harvard Physics Department

The formation of molecules and supramolecular structures results from bonding by conser-

vative forces acting among electrons and nuclei and giving rise to equilibrium configurations

defined by minima of the interaction potential. Here we show that bonding can also occur

by the non-conservative forces responsible for interaction-induced coherent population trap-

ping. The bound state arises in a dissipative process and manifests itself as a stationary state

at a preordained interatomic distance. Remarkably, such a dissipative bonding is present even

when the interactions among the atoms are purely repulsive. The dissipative bound states can

be created and studied spectroscopically in present-day experiments with ultracold atoms or

molecules and can potentially serve for cooling strongly interacting quantum gases [1].

An extension of this technique to amany-particle system (Bose-Einstein Condensate of Rydberg-

dressed atoms) allows to observe long-range ordered crystalline structures emerging due to

dissipation [2].

[1] M. Lemeshko et al., Nature Communications 4, 2230 (2013)

[2] J. Otterbach et al., arXiv:1308.5905 (2013)
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Poster-session— Poster P7

Accurate mesoscopic atom counting in a novel hybrid trap

Ion Stroescu, David B. Hume, Wolfgang Muessel, Helmut Strobel, Daniel Linnemann,

Jonas Schulz, and Markus K. Oberthaler

Kirchhoff-Institut für Physik, Universität Heidelberg, Im Neuenheimer Feld 227, 69120 Heidel-

berg, Germany

Many cold atom experiments rely on precise atom number detection, especially in the con-

text of quantum-enhanced metrology where ef- fects at the single particle level are important.

We present the limits of state-selective atom number counting via resonant fluorescence de-

tection for mesoscopic samples of magneto-optically trapped atoms. We characterize the pre-

cision of these fluorescence measurements and by investigating the primary noise sources, we

obtain single-atom resolution for atom numbers as high as 1200.

With the addition of a blue-detuned light sheet barrier, we create a novel hybrid trap for neu-

tral atoms, which allows us to extend our atom counting capabilities to two internal atomic

states, for which we reach single-atom resolution for up to 500 particles in each state. This

capability is an essential prerequisite for future experiments with highly entangled states of

mesoscopic atomic ensembles.

Furthermore, the hybrid trap enables experimental access to the rate of light-assisted collisions

in a strongly damped, dissipative system. We observe effects that are not explained by thermal

reaction rate theory.

Finally, we show multiple signatures of a stochastic resonance in our system, including an in-

creased signal-to-noise ratio for added thermal noise and a measurement of the phase lag of

the non-linear response.
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Poster-session— Poster P8

Full counting statistics of a strongly dissipative Rydberg gas

M.M. Valado1,2, N. Malossi1, S. Scotto2, D. Ciampini1,2,3, E. Arimondo1,2,3, and O. Morsch1,2

1 INO-CNR, Via G. Moruzzi 1, 56124 Pisa, Italy

2 Dipartimento di Fisica E. Fermi, Università di Pisa, Largo Pontecorvo 3, 56127 Pisa, Italy

3 CNISM UdR Pisa, Dipartimento di Fisica E. Fermi, Università di Pisa, Largo Pontecorvo 3, 56127

Pisa, Italy

Ultra-cold gases excited to strongly interacting Rydberg states constitute a promising sys-

tem for quantum simulations of many-body systems. One of the most remarkable conse-

quences of these interactions is the dipole blockade effect, whereby an excited atom may pre-

vent the excitation of the neighboring ones by shifting them out of resonance. This blockade

offers several applications, such as the realization of quantum logic gates [1] and the possibility

of creating entangled states with two atoms [2]. Furthermore, the blockade mechanism consti-

tutes the basis for the observation of many-body effects [3] involving long-range correlations

and and the emergence of crystalline order in Rydberg excitations [4]. Another consequence of

the dipole blockade is the suppression of fluctuations in the number of excitations [5], leading

to highly sub-Poissonian statistics which presents negative values of the Mandel Q-Parameter.

On the other hand, for off-resonant excitation of such systems in the dissipative regime, highly

correlated many-body states exhibiting, among other characteristics, intermittency and multi-

modal counting distributions are expected to be created [6,7].

We show that in the off-resonant excitation regime the sign of the Rydberg-Rydberg interaction

manifests itself through an asymmetry in the mean number and in the Mandel-Q factor as a

function of the detuning. The sign of the detuning also strongly influences the overall shape

of the full counting statistics [8, 9] of our experiments. For S-state excitations the counting dis-

tribution presents a bimodal structure due to the strongly correlated nature of the off-resonant

Rydberg excitations (interacting with a positive van-der-Waals coefficient) for positive values

of the detuning [9]. These bimodal distributions are compatible with intermittency due to the

coexistence of dynamical phases [7].

[1] D. Jaksch et al., Physical Review Lett. 85, 2208 (2000)

[2] M.D. Lukin et al., Physical Review Letters. 87, 037901 (2001)

[3] Y. O. Dudin et al., Nature Physics 8, 790 (2012)

[4] P. Schauß et al., Nature 491, 87 (2012)

[5] M. Viteau et al., Physical Review Letters. 109, 053002 (2012)

[6] T. E. Lee et al., Physical Review Letters. 108, 023602 (2012)

[7] C. Ates et al., Physical Review A 85, 043620 (2012)

[8] H. Schempp et al., Physical Review Letters. 112, 013002 (2014)

[9] N. Malossi et al., arXiv:1308.1854 (2013)
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Poster-session— Poster P9

Efimov trimers under strong confinement

Jesper Levinsen1,2, Pietro Massignan3, and Meera M. Parish4

1 Aarhus Institute of Advanced Studies, Aarhus University, DK-8000 Aarhus C, Denmark

2 Cavendish Laboratory, JJ Thomson Avenue, Cambridge, CB3 0HE, United Kingdom

3 ICFO - The Institute of Photonic Sciences - 08860 Castelldefels (Barcelona), Spain

4 London Centre for Nanotechnology, Gordon Street, London, WC1H 0AH, United Kingdom

The dimensionality of a system can fundamentally impact the behaviour of interacting

quantum particles. Classic examples range from the fractional quantum Hall effect and high

temperature superconductivity to the adsorption of molecules on a surface. As a general rule,

one expects confinement to favour the binding of particles. However, attractively interacting

bosons apparently defy this expectation: while three identical bosons in three dimensions can

support an infinite tower of Efimov trimers, only two universal trimers exist in the two dimen-

sional case. Here we reveal how these two limits are connected by investigating the problem

of three identical bosons confined by a harmonic potential along one direction. We show that

the confinement breaks the discrete Efimov scaling symmetry and destroys the weakest bound

trimers. However, the deepest bound Efimov trimer persists under strong confinement and

hybridizes with the quasi-two-dimensional trimers, yielding a superposition of trimer config-

urations that effectively involves tunnelling through a short-range repulsive barrier. As all

experiments with ultracold gases are performed in harmonic traps, our results have immedi-

ate impact on the ongoing effort to observe Efimov scaling in an ultracold atomic gas.
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Poster-session— Poster P10

Observation of a strong atom–dimer attraction in a mass-imbalanced Fermi–Fermi mixture

Jesper Levinsen

Aarhus Institute of Advanced Studies, Aarhus University, Aarhus, Denmark

A mass imbalance can lead to fundamentally new physics in a Fermi gas: In the two-

dimensional heteronuclear Fermi gas with short range interactions, two heavy atoms and one

light will have a hydrogenic spectrum, while tetramers consisting of three identical fermions

and an additional light atom can also form. These phenomena both stem from a light atom

mediated exchange force. The possibility of trimers at a large mass ratio can lead to strong

higher partial wave scattering at slightly smaller mass ratio, and I will discuss how this has

recently been confirmed in a 3D mixture of ultracold 40K atoms and weakly bound 6Li40K

dimers. Here, the normally repulsive atom-dimer interaction is turned into a strong attrac-

tion, dominated by a near resonant p-wave interaction. This provides a striking evidence that

the mass imbalance in a fermionic system induces novel phenomena not existing in the well-

established mass-balanced case.

[1] V. Ngampruetikorn et al., European Physics Letters 102, 13001 (2013)

[2] J. Levinsen et al., Physical Review Letters 110, 055304 (2013)

[3] M. Jag et al. ”Observation of a Strong Atom-Dimer Attraction in a Mass-Imbalanced Fermi-

Fermi Mixture”, in preparation
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Poster-session— Poster P11

Universal spin dynamics in two-dimensional Fermi gases

Marco Koschorreck, Daniel Pertot, Enrico Vogt, and Michael Köhl

Universität Bonn, Physikalisches Institut, Wegelerstr. 8, 53115, Bonn, Germany

Studying transport in low-dimensional nanostructures has a long and rich history because

of its non-trivial features and its relevance for electronic devices. The most common case,

charge transport, has great technological implications and determines the currentvoltage char-

acteristics of a device. With the development of the field of spintronics, however, spin trans-

port has also moved into the focus of the research interest. Spin transport has unique prop-

erties, setting it aside from charge transport: first, the transport of spin polarization is not

protected by momentum conservation and is greatly affected by scattering. Therefore, the

question arises: what is the limiting case of the spin transport coefficients when interactions

reach the maximum value allowed by quantum mechanics? Second, unlike charge currents

(which lead to charge separation and the buildup of an electrical field, counteracting the cur-

rent), spin accumulation does not induce a counteracting force.

Fermionic quantum gases allow the study of spin transport from first principles because inter-

actions can be precisely tailored and the dynamics is on directly observable timescales. In par-

ticular, at unitarity, spin transport is dictated by diffusion and the spin diffusivity is expected

to reach a universal, quantum-limited value on the order of the reduced Planck constant di-

vided by the particle mass. Here, we study a two-dimensional Fermi gas after a quench into a

metastable, transversely polarized state [1]. Using the spin-echo technique, for strong interac-

tions, we measure the lowest transverse spin diffusion constant of 0.006 h̄/m so far. For weak

interactions, we observe a collective transverse spin-wave mode that exhibits mode softening

when approaching the strongly interacting regime.

[1] M. Koschorreck et al., Nature Physics 9, 405 (2013)
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Statistical evaluation of ultracold molecular fraction rate

Tomotake Yamakoshi

University of Electro-Communications, Tokyo, Japan

In recent years, various ultracold molecule production experiments have been carried out.

Molecules are formed via a field ramp through a Fano-Feshbach resonance (FFR). They are

subsequently transferred to the rovibrational ground state by STIRAP with very high effi-

ciency. In this scenario, the final molecule conversion rate is restricted by the FFR fractional

conversion. We study the FFR molecular fractional conversion rate using a Monte Carlo sim-

ulation based on the stochastic phase space sampling (SPSS) model [1]. The key idea of SPSS

is that the phase space volume of atomic pairs does not change during an adiabatic magnetic

sweep. We have applied this method to Fermi-Fermi, Bose-Bose, and Bose-Fermi cases, and

have compared our SPSS result with that of the equilibrium theory [2]. We have identified

some differences between results of the two approaches [3], especially in ultracold regions

that have not yet been experimentally realized.

[1] E. Hodby et al., Physical Review Lettres 94, 120402 (2005)

[2] S. Watabe et al., Physical Review A 77, 013616 (2008)

[3] T. Yamakoshi et al., Physical Review A 87, 053604 (2013)
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Magnetism in one-dimensional few-body systems

Nikolaj T. Zinner

Department of Physics and Astronomy, University of Aarhus, Ny Munkegade 120, DK-8000

Aarhus C, Denmark

Strongly-interacting one-dimensional few-body systems provide a great playground for

studying magnetic correlations. Using a combination of numerical and analytical methods,

we discuss how ferro- and antiferromagnetic few-body systems can be created and manipu-

lated in trapped cold atomic systems. Of particular interest is the role of quantum statistics

and we consider multi-component bosonic and fermionic examples. We also consider how the

states can be detected in tunnel experiments.

[1] E. J. Lindgren et al., arXiv:1304.2992 (2013)

[2] A. G. Volosniev et al., arXiv:1306.4610 (2013)

[3] N. T. Zinner et al., arXiv:1309.7219 (2013)
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Full counting statistics of laser excited Rydberg aggregates in a one-dimensional geometry

H. Schempp1, G. Günter1, M. Robert-de-Saint-Vincent1, C. S. Hofmann1, D. Breyel2,

A. Komnik2, D. W. Schönleber3, M. Gärttner2,3, J. Evers3, S. Whitlock1, and M. Weidemüller1

1 Physikalisches Institut, Universität Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Ger-

many

2 Institut für Theoretische Physik, Universität Heidelberg, Philosophenweg 16, 69120 Heidelberg,

Germany

3 Max-Planck-Institut für Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany

We experimentally study the full counting statistics of few-body Rydberg aggregates ex-

cited from a quasi-one-dimensional atomic gas [1]. We measure asymmetric excitation spectra

and increased second and third order statistical moments of the Rydberg number distribution,

from which we determine the average aggregate size. Estimating rates for different excita-

tion processes we conclude that the aggregates grow sequentially around an initial grain. Di-

rect comparison with numerical simulations confirms this conclusion and reveals the presence

of liquid-like spatial correlations. Our findings demonstrate the importance of dephasing in

strongly correlated Rydberg gases and introduce a way to study spatial correlations in inter-

acting many-body quantum systems without imaging.

[1] H. Schempp et al., Physical Review Letters 112, 013002 (2014)
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Many-body spin systems with ultracold polar KRb molecules

Jacob Covey, Bryce Gadway, Bo Yan, Steven A. Moses, Deborah S. Jin, and Jun Ye

JILA, NIST and University of Colorado, Boulder, CO 80309-0440, USA

Long-range dipolar interactions are expected to facilitate understanding of strongly cor-

related many-body quantum systems such as quantum magnetism. We have used dipolar

interactions of polar molecules pinned in a three-dimensional optical lattice to realize a lat-

tice spin model where spin is encoded in rotational states of molecules that are prepared and

probed by microwaves. The many-body dipolar interactions are apparent in the evolution of

the spin coherence, which shows oscillations in addition to an overall decay of the coherence.

The frequency of these oscillations depends on the strength of the dipolar interaction which

we can vary, and is shown to agree quantitatively with the spin-exchange model. Moreover,

the model is used to accurately estimate the lattice filling factor based on the spin coherence

dynamics. Recent work is focused on increasing the lattice filling factor by: 1) manipulating

the constituent atomic distributions from which molecules are made in the optical lattice, and

2) implementing a novel set of tools for manipulating polar molecules with electric fields that

can realize direct evaporative cooling of spin-polarized fermionic molecules.
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Critical slow down of a dissipative phase transition in a 2D Rydberg lattice gas

Michael Höning

Department of Physics and Research Center OPTIMAS, University of Kaiserslautern, D-67663

Kaiserslautern, Germany

We show that an optically driven, two dimensional Rydberg lattice gas can undergo a dis-

sipative phase transition to crystalline order. Using dynamical Monte-Carlo simulations of

equivalent rate equation models we determine the phase diagram in the stationary state. Our

results show, that in contrast to mean-filed predictions and nearest neighbor models, it is not

sufficient to resonantly drive single two-level atoms on each lattice site. Increasing the number

of atoms on each lattice site and a finite detuning from resonance are one possibility to enter

the crystal regime.

At the phase transition to long range order the system undergoes a critical slow down. In the

fluid phase relaxation times are on the order of single atom time scales, whereas relaxation

time diverges in the crystal regime. The dissipative gap closes, while the energetic gap in the

corresponding unitary model remains open. As the soft modes can be associated with line

defects, the steady state is robust to local perturbations which decay on a finite time scale.
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Pairing effects in the non-degenerate limit of the two-dimensional Fermi gas

Marcus Barth and Johannes Hofmann

Technische Universität München, James-Frank-Straße, 85748 Garching, Germany

The spectral function of a spin-balanced two-dimensional Fermi gas with short-range in-

teractions is calculated by means of a quantum cluster expansion. Good qualitative agreement

is found with a recent experiment by Feld et al. [1]. The effects of pairing are clearly visible

in the density of states, which displays a suppression of spectral weight due to the formation

of a two-body bound state. In addition, the momentum distribution and the radio-frequency

spectrum are derived, which are in excellent agreement with exact universal results. (Not on

this poster: Discussion of quasiparticle properties.)

[1] M. Feld et al., Nature 480, 75 (2011)
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Dimensional BCS-BEC Crossover

Igor Boettcher

Institut für Theoretische Physik, Universität Heidelberg, Philosophenweg 16, 69120 Heidelberg,

Germany

We investigate how the reduction of spatial dimensions influences superfluidity of two-

component fermions in the BCS-BEC crossover by means of the Functional Renormalization

Group. Our approach allows to study the system over the whole parameter space of inter-

action strength, density, temperature, spin-imbalance, and dimension. The high precision

and tunability of recent experiments allows for a solid benchmarking of our description. We

present results on the equation of state and the phase diagram as a function of dimension.
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Periodic array of Bose-Einstein condensates in a magnetic lattice

P. Surendran1, S. Jose1, Y. Wang1, I. Herrera1, L. Krzemien2, S. Whitlock3, R. McLean1,

A. Sidorov1, and P. Hannaford1

1 Centre for Quantum and Optical Science, Swinburne University of Technology, Melbourne, Aus-

tralia 3122

2 Jerzy Haber Institute of Catalysis and Surface Chemistry, Polish Academy of Sciences, 30-239

Krakow, Poland

3 Physikalisches Institut, Universität Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Ger-
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We report the realization of a periodic array of Bose-Einstein condensates of 87Rb atoms in

a 1Dmagnetic lattice produced by a patternedmagnetic film on an atom chip. Clear signatures

for the onset of multiple BECs in the magnetic lattice are provided by in-situ site-resolved RF

spectra, which exhibit a pronounced bimodal distribution consisting of a narrow component

characteristic of a BEC together with a broad thermal cloud component. The realization of

a periodic array of BECs in a magnetic lattice represents a significant step towards the im-

plementation of magnetic lattices to simulate many-body condensed matter phenomena in

lattices of complex geometry and arbitrary period.
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Aggregate formation in off-resonantly driven Rydberg gases

M. Gärttner1,2

1 Institut für Theoretische Physik, Universität Heidelberg, Philosophenweg 16, 69120 Heidelberg,

Germany

2 Max-Planck-Institut für Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany

The dynamics of a cloud of ultra-cold two-level atoms is studied at off-resonant laser driv-

ing to a Rydberg state. We find that resonant excitation channels lead to strongly peaked

spatial correlations associated with the buildup of asymmetric excitation structures. These

aggregates can extend over the entire ensemble volume, but are in general not localized rel-

ative to the system boundaries. We identify characteristic features in the spatial excitation

density, the Mandel Q parameter, higher statistical moments, and the total number of exci-

tations. Moreover, the influence of decoherence on the aggregate formation mechanism is

studied. We conclude that in the presence of strong decoherence the aggregates grow sequen-

tially around an initial grain. In the strongly dissipative regime a rate-equation description

can be employed. This allows us to study large ensembles of atoms and to directly compare

our findings to recent experimental observations [1].

[1] H. Schempp et al., Physical Review Letters 112, 013002 (2014)
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Highly polarized Fermi gases in one dimension

Elmer V. H. Doggen

School of Science, Aalto University, P.O. Box 15100, FI-00076 Espoo, Finland

We theoretically study Fermi gases with a strong spin imbalance in a one-dimensional ge-

ometry, using both approximative as well as exactmethods. Systems of this kind are appealing

because of their theoretical simplicity and are accessible in experiments with ultracold atoms.

Ground state properties are considered for a homogeneous system as well as for fermions

trapped in an optical lattice and a harmonic trap. Furthermore, we study Tan’s universal re-

lations and investigate in detail the validity of the tight-binding approximation for a trapped

Fermi gas in a lattice.

[1] E. V. H. Doggen et al., Physical Review Letters 111, 025302 (2013)

[2] E. V. H. Doggen et al., to be submitted to Physical Review Letters (in preparation)
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Emission of vector solitons from a BEC after tuning of time-dependent interatomic forces

David Feijoo, Ángel Paredes, and Humberto Michinel

Área de Óptica, Facultade de Ciencias de Ourense, Universidade de Vigo, Spain

We discuss the generation of vector solitons in a two-component elongated BECmodifying

in time the inter- or intraspecies scattering lengths with Feshbach resonance tuning. Different

situations are displayed. Particularly, we show vector soliton formation by tuning the inter-

species forces, the possibility of controlling one species by modifying the dynamics of the

other, and the way to create the so-called supersolitons. The analysis is developed by numeri-

cal simulations of the one-dimensional Gross-Pitaevskii equation.
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Local probing of ultracold Fermions in an optical lattice

L. Miller, E. Cocchi, J. Drewes, F. Brennecke, M. Koschorreck, D. Pertot, and M. Köhl

Universität Bonn, Physikalisches Institut, Wegelerstr. 8, D-53115, Bonn, Germany

Experimental realisations of quantum gases of interacting fermionic atoms confined to re-

duced dimensionalities, arising from the use of optical lattices, promise to shed new light on a

range of phenomena, from the low-temperature spin-ordered phases of Hubbard-typemodels

to the physics of the Luttinger liquid model. I will report on our recent experimental efforts

to study the physics of such systems by loading a quantum degenerate two-component Fermi

gas of 40K atoms into an optical lattice geometry. Using high-resolution imaging together with

radio-frequency and Ra- man spectroscopy, we are able to spatially resolve and probe the in-

trap distributions, elucidating the local behaviour of the emergent phenomena.
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Quantum hexatic order in two-dimensional dipolar and charged liquids

Georg M. Bruun

Institute of Physics and Astronomy, University of Aarhus, Ny Munkegade 120, 8000 Aarhus C,

Dennmark

Recent advances in cold atom experimentation suggest that studies of quantum two-dimen-

sional melting of dipolar molecules, with dipoles aligned perpendicular to ordering plane,

may be on the horizon. An intriguing aspect of this problem is that two-dimensional clas-

sical aligned dipoles (already studied in great detail in soft matter experiments on magnetic

colloids) are known to melt via a two-stage process, with an intermediate hexatic phase sep-

arating the usual crystal and isotropic fluid phases. We estimate here the effect of quantum

fluctuations on this hexatic phase, for both dipolar systems and chargedWigner crystals. Our

approximate phase diagrams rely on a pair of Lindemann criteria, suitably adapted to deal

with effects of thermal fluctuations in two dimensions. As part of our analysis, we determine

the phonon spectra of quantum particles on a triangular lattice interacting with repulsive 1/r3

and 1/r potentials. A large softening of the transverse and longitudinal phonon frequencies,

due to both lattice effects and quantum fluctuations, plays a significant role in our analysis.

The hexatic phase is predicted to survive down to very low temperatures.

[1] Georg M. Bruun et al., arXiv:1401.2237 (2014)
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Quantum simulation of interacting spin-1 chains with Rydberg atoms

Rick van Bijnen

Max Planck Institute for the Physics of Complex Systems, Nothnitzer Strasse 38, 01187 Dresden,

Germany

Ultracold, highly excited Rydberg atoms exhibit extremely strong and tunable interactions,

making them promising candidates for quantum information and quantum simulation pur-

poses. In particular, Rydberg atoms can provide a very close experimental realization of in-

teracting spin-1/2 systems, represented by the atomic ground- and Rydberg states. So far,

most studies involve a single Rydberg S-state, featuring isotropic van der Waals interactions.

Here, we consider laser excitation of two distinct Rydberg S-states, representing an interact-

ing spin-1 system. From a relatively simple experimental setup emerges a range of interesting

non-classical, entangled, ground states
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Imaging cold atoms with shot-noise and diffraction limited holography

James P. Sobol and Saijun Wu

Swansea University, Physics Department, SA2 8PP Swansea, United Kingdom

We demonstrate a lensless, holographic microscope for imaging ultra cold atoms with shot

noise limited sensitivity and diffraction limited resolution. Holographic reconstruction pro-

vides the full amplitude and phase information of a wavefront scattered by the sample, with-

out lens aberrations, and with holographic depth of field. In a simple set up, with modest

numerical aperture, a cloud of 87Rb atoms is imaged during and after cooling. Utilizing the

double point source geometry we remove the twin, and DC image noises by improving the

performance of an iterative removal algorithm similar to that displayed by [1], and with care-

ful subtraction of background light sources the noise level reaches the photon shot noise limit.

We image samples reliably at various probe detunings, overcoming previous difficulties [2].

With probe detuning near resonance the sensitivity to atom number approaches one atom

per resolution area, and a probe phase shift (absorption) sensitivity of ∼ 2mrad (∼ 0.4%) is

consistently achieved. By improving the resolution, this method should be suitable for high

resolution imaging of atoms in optical lattices [3, 4], and for studying high density atomic

gases at large detuning, mitigating the effect of the density dependent line broadening prob-

lem in resonant absorption imaging [5].

[1] G. Koren et al., Optics Letters 16, 1979 (1991)

[2] L. D. Turner et al., Physical Review A 72, 031403 (2005)

[3] W. S. Bakr et al., Nature 462, 74 (2009)

[4] J. F. Sherson, et al. Nature 467, 68 (2010)

[5] Chomaz et al., New Journal of Physics 14, 055001, 2012.
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Long-range interacting quantum gases in spatially separated traps

Stephan Helmrich, Silva Mezinska, Alexander Sayer, Valentin Ivannikov,

Christoph S. Hofmann, and Shannon Whitlock

Physikalisches Institut, Universität Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Ger-
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We present a new experimental apparatus aimed at studying strongly correlated phases of

ultracold quantum gases in low-dimensional geometries. By tailoring the interactions between

ultracold atoms in optical traps we aim to create new states of matter and shed new light on

many-body quantum effects beyond what has been possible in traditional condensed-matter

and cold-atom systems.

The experimental setup consists of an ultrahigh-vacuum chamber, which includes an electrode

structure for controlling electric fields and integrated optics for single-atom sensitive imaging.

We will trap 40K atoms in an optical dipole trap, loaded by 2D and 3D magneto-optical traps.

To introduce long-range interactions between the atoms we plan to weakly admix Rydberg-

state character via laser coupling (’Rydberg-dressing’). Our main goal is to understand the

role of quantum correlations on new phases of matter involving coupled 1D and 2D systems

of fermions (bilayer and biwire systems).

Ultimately,these experiments will provide the foundation to explore the full quantum phase

structure of strongly-correlated quantum systems with long-range interactions.
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Strongly interacting single photons in a cold Rydberg gas

Christoph Tresp, Hannes Gorniaczyk, Johannes Schmidt, and Sebastian Hofferberth

5. Physikalisches Institut, Universität Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg,

Germany

Strong interactions between single photons play an important role in the field of todays

quantum optics, as they permit for example the implementation of all optical quantum gates

or the study of strongly correlated many-body systems. Electromagnetically-induced trans-

parency involving Rydberg states enables the creation of such strong nonlinearities on the

single photon level.

Here we report about our efforts realizing such a system in an optically thick gas of ultracold

Rb87 atoms. The strong optical nonlinearity of this medium enables the realization of an opti-

cal transistor, where the presence of a weak light field has a drastic effect on the transmittance

of a second light field through the medium. On our poster, we present our progress towards

demonstrating such an optical transistor.
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Precision spectroscopy of ultracold fermions in a triangular optical lattice

Christof Weitenberg

Institut für Laserphysik, Universität Hamburg, Luruper Chausse 149, Gebäude 69, 22761 Ham-

burg, Germany

Ultracold fermions in optical lattices provide an ideal testing ground for solid-state theo-

ries due to the high experimental control and wide range of tunable parameters. Probing the

elementary excitation spectrum of these systems is of great interest and it is of substantial in-

terest to measure both the band structure and the filling of the lowest bands. In this poster, we

present measurements of the full two-dimensional band structure of ultracold fermions in a

triangular lattice using a versatile, fully momentum-resolved spectroscopy method based on

lattice amplitude modulation. Our newly implemented lattice setup allows us to tune the tun-

neling matrix elements in each lattice direction independently. In combination with the high

precision of the spectroscopy technique, this is promising for engineering and investigating

novel lattice systems with interacting fermionic spin-mixtures and non-equilibrium phenom-

ena in exotic lattice geometries including strong artificial gauge fields.
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Feshbach resonances in an ultracold 6Li-133Cs mixture

Stephan Häfner, Rico Pires, Juris Ulmanis, Alda Arias, Carmen Renner, Marc Repp,

Eva Kuhnle, and Matthias Weidemüller

Physikalisches Institut, Universität Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Ger-
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The Fermi-Bose mixture of Li and Cs atoms is a promising candidate for the investigation

of few- and many-body physics, ranging from the Efimov effect to polaron physics.

In this poster we present the experimental approach and the current status of our experimental

apparatus for simultaneous cooling and trapping of Li and Cs atoms. The present procedure

combines various cooling techniques, including double species Zeeman slowing, degenerate

Raman sideband cooling and forced evaporation in optical dipole traps that allows to prepare

a Bose-Fermi mixture at ultracold temperatures. An additional tune-out wavelength trap al-

lows one to individually manipulate the trapping potentials for both species.

The recentlymeasured interspecies Feshbach resonances in themixture of Li-Cs [1] provide the

necessary precise tunability of the scattering properties. A quantitative comparison of three

different theoretical models for the description of Feshbach resonances, namely, coupled chan-

nels calculation, asymptotic bound state model and the multichannel quantum defect theory

is performed.

[1] M. Repp et al., Physical Review A 87, 010701 (2013)
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Cooperative response of ultracold atoms due to radiative long-range interactions

Janne Ruostekoski

Department of Mathematical Sciences, University of Southampton, SO17 1BJ Southampton,

United Kingdom

We study strong near-resonant long-range radiative dipole-dipole interactions between ul-

tracold atoms. The atoms may be confined in an optical lattice in free space or in a cavity.

We show that in both cases the atoms can respond to light cooperatively, exhibiting collective

eigenmodes, resonance linewidths and line shifts. Quantum statistical correlations between

the atoms may be incorporated by stochastic Monte-Carlo sampling techniques. Specific col-

lective excitation modes of the system can be addressed by tailoring the spatial phase profile

of the incident light and cooperative response can also be employed for precise control and

manipulation of light on a subwavelength scale. We study the transmission properties of light

through an atomic ensemble and find that the century-old Lorentz-Lorenz relation for the res-

onance shift fails to describe the response of the gas at low temperatures. However, addition

of inhomogeneous broadening restores the usual mean-field phenomenology. The simula-

tions are also compared with the recent experiments on cold atomic vapor by the group of A.

Browaeys at Institut d’Optique in Paris that also demonstrate deviations from the mean-field

phenomenology.
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Echo type mass spectroscopy of impurities immersed in a Bose gas

Arno Trautmann

Kirchhoff Institut für Physik,UniversitätHeidelberg, ImNeuenheimer Feld 227, D-69120 Heidel-

berg, Germany

We study the impact of a Bose Einstein condensate of sodium atoms on the dynamics of

lithium atoms. For this purpose the lithium atoms are confined in a species-selective lattice

potential and we investigate the oscillation frequency as a measure of the effective mass. By

implementing an echo sequence for the two lowest motional states in the optical lattice, we

compensate for the inhomogeneities of the system. Based on this technique, we developed

an interferometer type method capable of measuring frequency shifts at the 104 level. This

precision is necessary for detecting the expected small mass changes due to the weak coupling

limit of our system. The observed frequency change indicates an effective mass increase of the

lithium atoms on the order of a per mille.
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Non equilibrium phase transition with gravitational-like interaction in a cloud of cold

atoms

D. Wilkowski1,2,3, J. Barré4, and B. Marcos4,5

1 Institut Non Linéaire de Nice, Université de Nice Sophia-Antipolis, CNRS, 06560 Valbonne,

France.

2 Centre for Quantum Technologies, National University of Singapore , 117543 Singapore, Singa-

pore.

3 PAP, School of Physical and Mathematical Sciences, Nanyang Technological University, 637371

Singapore, Singapore.

4 Laboratoire J.-A. Dieudonné, Université de Nice Sophia-Antipolis, CNRS, 06109 Nice, France.

5 Instituto de Fı́sica, Universidade Federal do Rio Grande do Sul, Caixa Postal 15051, CEP 91501-970,

Porto Alegre, RS, Brazil.

We propose to use a cloud of laser cooled atoms in a 1D or 2D trap to investigate long range

gravitational-like interaction. In 1D geometry, We give experimental evidences of such an in-

teraction in a cold Strontium gas, studying the density profile of the cloud and its breathing

oscillations [1]. In 2D, using theoretical arguments and numerical simulations, we show that,

a transition to a collapsed state occurs below a critical temperature. In addition and as a sig-

nature of the non equilibrium nature of the system, persistent particles currents, dramatically

increasing close to the phase transition, are observed [2].

[1] M. Chalony et al., Physical Review A 87, 013401 (2013)

[2] J. Barré et al., arXiv 1312.2436 (2013)
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Dipolar crystals and liquids in optical lattices

Hendrik Weimer

Institut für Theoretische Physik, Leibniz Universität Hannover, Germany

Ultracold quantum gases with long-range interactions can spontaneously form crystalline

structures when the strength of quantum fluctuations is sufficiently low. I will discuss the

quantum melting of these ordered structures, which in the case of 1D lattices occurs through a

series of commensurate-incommensurate transitions, and includes the possibility for an exotic

phase transition characterized by string order [1]. Finally, I will show how this behavior can

be demonstrated with laser-induced hopping of Rydberg excitations in deep optical lattice po-

tentials.

[1] H. Weimer, arXiv:1309.0514 (2013)
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Towards a strongly interacting gas of Strontium Rydberg atoms

Luc Couturier1, Ingo Nosske1, Chang Qiao1, Valentin Ivannikov2, Yuhai Jiang1,

and Matthias Weidemüller1,2

1 USTC, Xiupu Road 99, Pudong New Distinct, Shanghai 201315, P. R. China

2 Physikalisches Institut, Universität Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Ger-
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So far Rydberg atom experiments have mainly focused on alkali metals. However different

proposals pointed out the possibility to use alkaline earth metal elements as a two electron Ry-

dberg system allowing trapping of Rydberg atoms and providing thus new schemes for quan-

tum computation [1] as well as interesting applications in many-body quantum physics [2]

or for the study ultracold neutral plasma [3, 4]. For these purposes strontium is one of the

best candidates, most of the optical spectroscopy and cooling transitions being within reach of

commercial lasers, but also exhibiting favorable BEC formation schemes due to the existence

of a very narrow transition characteristic of the alkaline earth metals. We present plans for

a new experiment on strontium Rydberg atoms being set up at the University of Science and

Technology of China.

[1] R. Mukherjee et al. Journal of Physics B 44, 184010 (2011)

[2] S. Stellmer et al. Physical Review A 87, 013611 (2013)

[3] M. Robert-de Saint-Vincent et al., Physical Review Letters 110, 045004 (2013)

[4] G. Bannasch et al. Physical Review Letters 110, 253003 (2013)
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Effective Hamiltonians in fastly driven lattices

A. P. Itin

Space Research Institute, Moscow, Russia

I present analysis of several systems related to driven lattices. Firstlly, directed transport in

a fastly driven classical periodic potential is con- sidered [1]. Using canonical perturbation the-

ory, general expressions are derived for the drift velocity in an arbitrary potential and uniform

force. Secondly, quantum systems are considered: Bose- and Fermi-Hubbard models in the

presence of high-frequency driving [2, 3]. While it is well-known that a high-frequency force

renormalizes hopping parameters of these models, corrections due to interactions and external

potentials were not known before. A method inspired by classical canonical perturbation the-

ory is used to derive effective Hamiltonians of these systems. I demonstrate that the presented

method [2, 3] has some advantages to recent studies based on flow equation method [4]. I

also analyze recent Hamburg experiments with ultracold atoms in amplitude-modulated op-

tical lattices [5], which build quantum simulator of the phenomenon of photoconductivity. I

extend my semiclassical analysis [5] to interacting mixtures of gases.

[1] A. P. Itin et al., Physical Review E 111, 016206 (2012)

[2] A. P. Itin et al., arxiv:1401.0410 (2014), to appear in Physics Letters A

[3] A. P. Itin, arxiv:1401.0402 (2014)

[4] A. Verdeny et al., Physical Review Letters 111, 175301 (2013)

[5] J. Heinze et al., Physical Review Letters 110, 085302 (2013)
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Few-fermion systems in one dimension

Gerhard Zürn1, Vincent Klinkhamer1, Andrea Bergschneider1, Simon Murmann1,

Thomas Lompe2, Andre Wenz1, and Selim Jochim1,3

1 Physikalisches Institut, Universität Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Ger-
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2 Department of Physics, Massachusetts Institute of Technology, Cambridge

3 ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum für Schwerionenforschung, Darmstadt,

Germany

Deterministically prepared samples of ultracold atoms are ideal benchmark systems to test

theoretical models of few-fermion systems. We present experiments on 6Li atoms in quasi one

dimensional confining potentials with tunable interactions.

In one measurement, we perform radio frequency spectroscopy to measure the energy of a

single impurity particle interacting repulsively with a defined number of identical majority

particles of different spin. We study the crossover from single particles to the many-body limit

by adding majority particles one by one. Within only four majority particles, we observe a fast

convergence of the normalized interaction energy towards the analytic many-body prediction.

Extending thesemeasurements to higher dimensions would allow us to study polaronic physics.

By adding impurity particles one by one into a large Fermi sea, we could study the emergence

of polaron–polaron interactions. Investigating attractively interacting systems, we observe

that for increasing interaction strength the pair correlations in the system increase. This corre-

lations leads to a strong odd-even effect of the separation energy of a single particle from the

system, similar to the one observed for neutron separation experiments in nuclei.
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Poster-session— Poster P38

Properties and signatures of the density wave phase of fermionic dipoles

J. K. Block and G. M. Bruun

Department of Physics and Astronomy, University of Aarhus, DK-8000 Aarhus C, Denmark

We study the density wave (DW) phase of an ultra cold gas of fermionic molecules with

dipolar interactions trapped in two dimensions. In the DW phase, the translational symmetry

is broken in one direction and preserved along the perpendicular direction. Because of this,

the momentum space can be described by one dimensional slices analogues to Brillouin zones

and the energy spectrum consists of a series of bands.

Using a fully self consistent Hartree Fock mean field theory for the broken symmetry phase,

we show that there is an opening of a band gap along one edge of the Fermi surface while the

perpendicular direction is not gapped. We also calculate the amplitude of the density mod-

ulation in the (interaction strength, tilting angle)-plane, along with the full energy spectrum,

momentum space occupation and density-density correlation functions. Using these results,

we calculate several signatures of the DW phase, as the properties can be probed by in situ

light scattering, RF-scattering, and measurement of density and noise in time-of-flight experi-

ments, respectively.
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Bars and restaurants in the old town of Heidelberg
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