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This talk will be devoted to cavity and circuit quantum electrodynamics (QED) in the 
ultrastrong coupling regime. Such an unconventional limit is achieved when the vacuum 
Rabi frequency (quantifying the light-matter interaction) is comparable or larger than the 
two-level transition coupled to the bosonic field of a resonator. The ultrastrong coupling 
regime is being explored both theoretically and experimentally in semiconductor and 
superconducting systems[1]. Here we will describe theoretically the quantum properties of a 
chain of Josephson atoms in a transmission line resonator, both in the case of inductive[2] 
and capacitive[3] coupling with the resonator field. In the ‘thermodynamic’ limit of a large 
number of artificial atoms, predictions and constraints will be presented for the occurrence of 
‘superradiant’ quantum phase transitions, with a doubly degenerate vacuum (ground state). 
In the finite-size case, the robustness and protection of the vacuum degeneracy and of 
quantum information stored in a ‘vacuum’ qubit in the ultrastrong coupling regime will be 
explained both analytically and numerically.  
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