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By pumping the dye with an external 
laser we add to a reservoir of electronic 
excitations that exchanges particles with 
the photon gas, in the sense of a grand 
canonical ensemble. The pumping is 
maintained throughout the experiment to 
compensate for losses … 
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Here we realize the Dicke quantum phase transition in an 
open system formed by a Bose-Einstein condensate 
coupled to an optical cavity, and observe the emergence 
of a self-organized super-solid phase. The phase 
transition is driven by infinitely long-range interactions 
between the condensate atoms, induced by two-photon 
processes involving the cavity mode and a pump field. 
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   DICKE SUPERRADIANCE { R. H. Dicke, Phys. Rev. 93, 99 (1954)  
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        We show that the presence of the recently discovered phase transition in the Dicke 
 Hamiltonian is due entirely to the  absence of the A2 terms from the interaction Hamiltonian. 
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Here we realize the Dicke quantum phase transition in an 
open system formed by a Bose-Einstein condensate 
coupled to an optical cavity, and observe the emergence 
of a self-organized super-solid phase. The phase 
transition is driven by infinitely long-range interactions 
between the condensate atoms, induced by two-photon 
processes involving the cavity mode and a pump field. 
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        Openness, entanglement, observation & fluctuations 



To explain the strong antibunching 
of transmitted photons, we 
introduce the concept of photon 
blockade in close analogy with the 
phenomenon of Coulomb blockade 
for quantum-well electrons.  



   PHOTON ANTIBUNCHING 

bunched light 
e.g. laser below threshold 

coherent light 
e.g. laser above threshold 

antibunched light 
e.g. resonance fluorescence 



Under conditions of strong dipole coupling an optical cavity 
containing one atom acts as a two-state system when excited 
near one of the “vacuum” Rabi resonances. 

       L. Tian and H. J. Carmichael, Phys. Rev. A 46, R6801 (1992) 
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