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The inception of gravitational wave astronomy has revealed astonishing astronomical insights and also
underscored the importance of further improving the sensitivity of detectors. High—frequency gravitational
waves emitted from binary neutron star post-merger remnants contain critical information about
high—-density nuclear materials that cannot be accessed by terrestrial experiments. However, high—frequency
gravitational waves have yet to be observed and are unlikely to be observed because of the lack of
sensitivity of modern gravitational wave detectors. Intracavity signal amplification using nonlinear
optical effects is a promising technique for dramatically improving the sensitivity of gravitational wave
detectors in the high—frequency band. The signal amplification effect generates a stiff optical spring
that can amplify high—frequency gravitational wave signals at its resonant frequency. In this thesis,
we construct an intracavity signal amplification system using two nonlinear optical effects, namely,
optical parametric amplification and the optical Kerr effect, and investigate the behavior of the optical
spring generated in the cavity. We found that the photothermal effect caused by thermal absorption in
a nonlinear optical crystal is an essential characteristic of a signal amplification system. We developed
a method to precisely estimate the photothermal parameters by measuring the susceptibility of an
optomechanical oscillator. Finally, we successfully observed an optical spring enhanced by the intracavity
signal amplification effect by appropriately eliminating the photothermal effect from the measurement
results. This study revealed the impact of intracavity signal amplification on optomechanical systems
and demonstrated a signal amplification system that improved the sensitivity of gravitational wave
detectors in the high—frequency band.
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