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I have made the mathematical research on the deep-strong coupling regime of
the interaction between an artificial atom and a 1-mode photon in circuit QED. I have studied the
guantum Rabi model and that model with the quadratic interaction as the mathematical models
describing that physical system. 1 have considered the strong coupling limit for both the models,
and then, I have shown that the quantum Rabi model reveals different aspects of its bound states
depending on whether it has the quadratic interaction or not, which is caused by the effect coming
from the virtual Bose particles. Based on the results, | have developed the mathematical theory with

those models of the virtual Bose particle coupled with a qubit so that it illustrates the phase
transition from supersymmetry (SUSY) to its spontaneous breaking. In particular, | have proved that
the spontaneous SUSY breaking works for the mass enhancement in the fermionic states as well as the
bosonic states.
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