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Hybrid gquantum systems based on collective excitation in solid emerging from
spontaneously symmetry breaking
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We investigated coherent control at the level of single quanta of collective

excitation in solid, which emerge in a macroscopic scale as a result of spontaneous symmetry
breaking. By using superconducting quantum circuits as a tool, we constructed hybrid quantum systems
in which quantum degrees of freedom of other physical systems are coherently controlled. The
targets included photons in a propagating microwave mode on a superconducting circuit, magnons as
quanta of collective spin excitations in a ferromagnetic crystal, and phonons as quanta of
collective motions of atoms in nanomechanical devices. We developed a number of techniques to
generate and observe nonclassical states, such as squeezed states, Fock states and entangled states,

in those hybrid systems.
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