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Standard Optical Lattices







Atom-light interaction in optical resonators
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Cavity-mediated atom-atom interaction

„infinitely-ranged“ interaction



Cavity-mediated atom-atom interaction

„infinitely-ranged“ interaction

infinitely coordinated“ many body system„infinitely coordinated  many-body system



Experimental setupExperimental setup

150μm

BEC after resonant 
probing and free 
expansionp

See also: Zimmermann, Hemmerich, Stamper-Kurn, Reichel



Transverse Pumpingp g

Theory: H. Ritsch, P. Domokos, Exp. with thermal atoms: V. Vuletic



Phase Transition

Theory: H. Ritsch, P. Domokos, Exp. with thermal atoms: V. Vuletic



Scattering from a single atomg g



Scattering from two atoms: Interferenceg



Scattering from two atoms: Interferenceg



Self-organizationg



Symmetry-breakingy y g
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Observing Self-Organizationg g



Observing Self-Organizationg g



Observing Self-Organizationg g



Observing Self-Organizationg g



Observing Self-Organizationg g



Observing Self-Organizationg g



Observing Self-Organizationg g

Coexistence of: 
- non-trivial diagonal long-range order
- off-diagonal long-range order g g g

The atoms can be regarded as a Supersolid



Stabilityy



Stability and Dephasingy p g





“molecules interacting with a 
common radiation field cannot 

be treated as independent” 
R H Dicke (1953)R.H. Dicke (1953)



Super-radiancep





Dicke Model



Super-radiant phase transition

Recent work: T. Brandes, …



described by the 
Dicke Hamiltonian



Two-Mode Descriptionp



Two-Mode Descriptionp



Two-Mode Description

energy diagram momentum diagram

 self-organization is a dynamic version of the Dicke quantum phase transition

1D theory: D. Nagy, G. Ko´nya, G. Szirmai, P. Domokos, PRL 104, 130401 (2010).

K. Baumann, C. Guerlin, F. Brennecke, and T. Esslinger, Nature 464, 1301 (2010)



Zero Temperature Phase Diagram



Zero Temperature Phase Diagram

ordered phase
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Zero Temperature Phase Diagram



Zero Temperature Phase Diagram

K. Baumann, C. Guerlin, F. Brennecke, and T. Esslinger. Nature 464, 1301 (2010)



Phase Sensitive DetectionPhase Sensitive Detection
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Phase Sensitive DetectionPhase Sensitive Detection
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Phase Sensitive DetectionPhase Sensitive Detection
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Soft Mode SpectroscopySoft Mode Spectroscopy
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Preliminary Data
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Preliminary Data



Outlook

Phase-transition dynamics
(th G i Tö ä)(theory, e.g. Gurarie, Törmä)

Hubbard physics with long-range interactions
(theory, e.g. Lewenstein, Ritsch)



Probing nearest neighbor correlations – Letitia Tarruell
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