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Abstract

The times when Newton announced the law of universal gravitation in 1665, people believed the
gravitation is the power that objects with mass pull against each other. However, in 1915 Einstein
announced the general relativity, and people became to be able to explain gravity by a concept called
the space-time. Gravitational wave is the ripple on a space-time and derived from the Einstein’s
theory. In 1978, the existence of the gravitational wave was proved indirectly by J.H.Taylor and
R.A.Hulse from the observation of the binary pulser PSR1913+16, but nobody detect it directly still
now. Because the gravitational wave has very small interaction with the material. First detection
of the Gravitational wave is expected not only the verification of the general relativity but also
pioneering the gravitational wave astronomy using the high transmittance of it.

In the various detection method of the gravity wave, the laser interferometer based on the Michelson
interferometer is mainstream. We can observe a change of the minute distance by the gravitational
wave as a change of the interference of light, because the gravitational wave has a characteristic to
let the distance between free masses stretch and contract. The signal of the gravitational wave is
very small, and the sensitivity of the detector is limited for various noises. Therefore, the key to
success of the first detection of the gravitational wave and the main theme of the detection of the
gravitational wave are how much we amplify the signal and reduce the noise.

From such a background, we operate and build the laser interferometer type detectors with the
highest technique all over the world now, and we aim at the first detection of the gravitational wave.

In Japan large cryogenic gravitational telescope KAGRA has been built inside Kamioka mine
at Gifu prefecture, and we push forward preparations for the test driving now. The sensitivity of
KAGRA is limited mainly by quantum noise which is caused by light being the cluster of the photon.
In order to reduce the quantum noise level, KAGRA employs an output mode-cleaner (OMC), which
filters out junk light to clean up the signal and the reference light at the signal extraction port. The
proper design of the OMC is a key to achieve the target sensitivity of KAGRA.

In this master thesis, we present two results. One is the final result of numerical simulations,
from which we determined the optical parameters of the KAGRA OMC. The other one is the latest
results of our prototype experiment, the goal of which is to establish the length control scheme of
the OMC. In the simulation part, I use the simulation software FINESSE with mirror maps created
with a random function and a measured spectrum and I calculate which high order mode of the light
comes to the signal extraction port from the interferometer. In the experiment part, I control the

length of the OMC suspended with its breadboard and checked the performances of it.
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4321 1.54E-02 2.64E-02 3.57E-01 || 1.48E-02 1.30E-06(0.01%) 2.32E-05(0.16%)
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"When a man sits with a pretty girl for an hour, it seems like a minute.

But let him sit on a hot stove for a minute - and it s longer than any hour. That s relativity.”
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