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We realized a three-level artificial atom-resonator interaction in
ultrastrong coupling regime. The three-level artificial atom composed of capacitively shunted flux
qubit which fabricated with superconducting thin film. By analyzing the spectrum using a circuit
model Hamiltonian, we confirmed that both elements are indeed interacting in the ultrastrong
coupling regime. Additionally, simulations using this model demonstrated that the coupling between
each level of the three-level atom can be modified by changing the bias. We also constructed a
system in which two qubits are ultrastrongly coupled to the resonator, and obtained the first
experimental evidence of two atoms being simultaneously excited by a single photon in this system.
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