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Abstract

Gravitational waves (GWSs) are ripples that propagate along the space-time and predicted by
Einstein based on the general relativity in 1916. GWs propagate with the information we have never
been able to achieve by using visible lights, infrareds, and X-rays. Therefore, a detection of GWs
can open the way to the new astronomy and cosmology. The amplitudes of GWs, however, are
ultimately small and the first-generation interferometric GW detectors (TAMA300, LIGO, VIRGO,
and GEOG600) could not observe them. Recently, some detectors are in the upgrades toward the first
detection.

In second-generation interferometric GW detectors, various advanced technologies are employed to
reduce the quantum noise which mainly limits the performances of detectors. In the case of KAGRA,
following two techniques are installed. One of these is the detuning of an optical resonator cavity
and the other one is the usage of a high power laser. These advanced technologies, however, cause
new problems which have never appeared in the existing GW detectors. In my thesis, I develop two
elemental technologies to resolve the problems.

The detuning technique involves technical noise due to an asymmetry of the control sidebands,
which includes photo-detector noise and oscillator-phase noise. Here, I introduce a solution to
reduce the two kinds of excess noise using an amplitude-modulation sideband that compensates
the asymmetry. The solution is planned to be implemented in the Japanese second-generation
gravitational wave detector KAGRA.

The usage of a high power laser causes the risk that the photo-detectors can be destroyed by
an accidental incidence of a high power beam stored in the optical cavities when the mirrors are
suddenly kicked and out of controls. To prevent the photo-detectors from being damaged, I develop

a safety shutter, which closes its arm as fast as possible.
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transmittance of beamsplitter
transmittance of end test mass
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resolution of photo detector

oscillator single-sideband phase noise
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66.591 m

3.5522 rad
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16 MHz, In-phase, POP
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Appendix
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