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Formulation of phase reduction theory for nonlinear oscillations in quantum
dissipative systems
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Phase reduction theory for nonlinear oscillations in quantum dissipative
systems was developed. Recent advances in nanotechnology arose interest in nonlinear oscillations in
microscale physical systems like optomechanical and laser systems, in which quantum effects play
important roles, and their application to quantum information processing. For nonlinear oscillators
in classical physical systems, phase reduction theory, which allows us to represent the system
dynamics by a simple phase equation, had been developed and used to analyze their synchronization
dynamics. However, this method had not been applicable to quantum nonlinear oscillators. In this
study, we formulated a phase reduction theory for quantum nonlinear oscillators by focusing on the
semi-classical regime where the quantum effect is not too strong. We then used the theory to analyze
synchronization dynamics of the system.
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