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Theoretical Approaches to Precision Limits and Synchronization
in Quantum Oscillators

Yoshihiko Hasegawa'

! Graduate School of Information Science and Technology, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

Abstract This talk presents theoretical approaches to investigate the precision limit and synchronization
phenomena in quantum oscillators under continuous measurement. Focusing on the “chime-type”
quantum clock, where information is continuously extracted from the system, we utilize the framework
of quantum open systems described by the Lindblad equation. We derive a quantum thermodynamic
uncertainty relation by applying the quantum information theory to continuous matrix product states
that embed the measurement record. This relation reveals the potential for quantum enhancement of
precision compared to classical oscillators. Furthermore, we discuss the application of phase reduction
theory to quantum oscillators subjected to continuous homodyne measurement, described by a stochastic
Schrédinger equation. The continuous measurement framework allows for the analysis of both the
fundamental limits of timekeeping and quantum synchronization phenomena.

Key words Quantum open systems, thermodynamic uncertainty relations, continuous measurement,

phase reduction
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