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By using superconducting flux quantum bit, we succeeded for the first time
to realize an extremely strong coupling region (deep strong coupling: interaction energy comparable
to photon energy) which cannot be reached by the experiment using natural atoms and cavity
resonators. In the deep strong coupling regime, a new symmetry occurs in the system, a selection
rule is observed in the quantum transition, and a completely new result suggesting realization of
light and atomic quantum entanglement even in the ground state is observed. Experiments with double
resonance spectroscopy have also succeeded in observing a huge light shift (Lamb shift, Stark shift)

about 100 times the amount of shift previously known for artificial atoms. These show that new
energy control of superconducting artificial atoms interacting with electromagnetic fields is
possible by controlling the strength of interaction and the number of photons.
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