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“Quantum crystals of photons and atoms”  
 
We argue that atomic physics offer a test bed for studying the 
statistical mechanics of long-range interacting systems. We focus 
in particular on spatial pattern formation of atomic ensembles in 
optical resonators in the semiclassical regime and discuss the 
thermodynamic properties of the stationary state as well as the 
prethermalization dynamics leading to equilibrium. We then 
discuss quantum phases in the ultracold regime, and show that 
the interplay between quantum fluctuations and the cavity-
induced optical potential lead to novel exotic phases of matter. 
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