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Manipulation of ultracold atomic gases with long range interactions

Chromium BEC (Stuttgart - Pfau)
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τ = 10− 100μs

Motivation

Rydberg gases

Manipulation of ultracold atomic gases with long range interactions
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Motivation

Rydberg gases

M. Saffman et al., Rev. Mod. Phys. 82, 2313 (2010)

Strong interactions 
compared to other systems

Manipulation of ultracold atomic gases with long range interactions
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COHERENT MANY BODY PHYSICS

Rydberg gases

Manipulation of ultracold atomic gases with long range interactions

 Slow dynamics - motional degrees of freedom: defect-
induced supersolidity vs. Density wave supersolidity

F. Cinti, T. M., W. Lechner G. Pupillo, and T. Pohl, ArXiv 1302.4576v1 (2013)

T. M., F. Maucher, F. Cinti, T. Pohl, ArXiv 1212.6934v1 (2012)

 Fast dynamics - internal degrees of freedom: 
dynamical creation of spatially ordered structures in spin 
models

Motivation
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COHERENT MANY BODY PHYSICS

Rydberg gases

 Slow dynamics - motional degrees of freedom: defect-
induced supersolidity vs. Density wave supersolidity

 Fast dynamics - internal degrees of freedom: 
dynamical creation of spatially ordered structures in spin 
models

Motivation

Thomas PohlGünes Soyler Immanuel Bloch’s group

Fabio Cinti Fabian Maucher Wolfgang Lechner Guido Pupillo Thomas Pohl
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Experiment
Step 1: Deep Mott insulator
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Step 2: Fast resonant excitation 
coherent dynamics

Step 3: Remove optically the 
ground state atoms

Step 4: De-excite and detect 
Rydberg atoms

P. Schauß, M. Chenau, M. Endres, T. Fukuhara, S. Hild, A. Omran, T. Pohl, C. Gross, S. Kuhr, I. Bloch, Nature 491, 87 (2012)
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Shot 1 Shot j

Quench dynamics

P. Schauß, M. Chenau, M. Endres, T. Fukuhara, S. Hild, A. Omran, T. Pohl, C. Gross, S. Kuhr, I. Bloch, Nature 491, 87 (2012)
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Quench dynamics

P. Schauß, M. Chenau, M. Endres, T. Fukuhara, S. Hild, A. Omran, T. Pohl, C. Gross, S. Kuhr, I. Bloch, Nature 491, 87 (2012)
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Step 1: Deep Mott insulator Step 2: Off-resonant non constant 
excitation coherent dynamics

Step 3: Remove optically the 
ground state atoms

Step 4: De-excite and detect 
Rydberg atoms

Experiment (ongoing)
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Finite time dynamics
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Dynamics without longitudinal field Δ=0 (preliminary experimental results)

 Average over non-ideal 84 lattice configurations from experiment

 Detection efficiency to image Rydberg atoms ~ 70%
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Finite time dynamics
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 Detection efficiency to image Rydberg atoms ~ 70%
Thursday, March 28, 2013



Rydberg dressing

Groundstate

Rydberg

H = 0
Ω
2 −Δ[ ]Ω

2�

Δ
|e〉
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Effective description with one level
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Slow dynamics
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τint � τrad ≈ 100μs

motional dynamics

... too slow compared to Rydberg state 
lifetime

atomic motion

τmot � τrad

Correlated internal dynamics (spin 
dynamics)
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Rydberg dressing
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Rydberg blockade Rydberg dressing

Simultaneous excitations blocked Effective description with one level
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N. Henkel, R. Nath, and T. Pohl, PRL 104, 195302 (2010)

F. Maucher, N. Henkel, M. Saffman, W. Królikowski, S. Skupin, and T. Pohl, PRL 106, 170401 (2011)

N. Henkel, F. Cinti, P. Jain, G. Pupillo and T. Pohl, PRL 108, 265301 (2012)

Soft-core interactions
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U(r) =

{
V0, |r| < R0

0, otherwise
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Model potential:

Approaches to the problem:

• Monte Carlo

• Mean field theory 
   Gross-Pitaevskii equation
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Many body framework
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Both approaches predict cluster 
supersolid in the high density/low 
interaction limit, what else?
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Low density phase diagram
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Low density phase diagram
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R2
cρα = 28

fs linearly depends on fdef 
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Spectrum of supersolid phase?
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Detect the phases experimentally

Mean field: analytical results in the homogeneous, good for wide energy range  

QMC: dyn. struct. factor, long. excitations at low energies, high computational effort

Mean field approach
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Conclusions
Rydberg gases as quantum simulators of long range spin models 
and exotic quantum phases.

Fast dynamics: limited coherence time 10 μs
     Dynamical creation of mesoscopic crystalline phases.
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Conclusions
Rydberg gases as quantum simulators of long range spin models 
and exotic quantum phases.
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