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Abstract

KAGRA is being constructed in the Kamioka mine in Gifu-prefucture in Japan. In this paper, I
report two experiments to confirm techniques to amplify gravitational wave signals in KAGRA and
future detectors.

Gravitational waves are phenomena that the space-time strain caused by an accelerative motion of
a massive star propagates from the far universe to the Earth. Existence of the gravitational wave was
predicted by Albert Einstain, but the wave has not been detected. The gravitational wave changes
the distance of two objects on the Earth, but the change is as small as 10722m per 1m. To detect a
gravitational wave, we need big detectors with good sensitivity.

We use a Michelson interferometer for a gravitational wave detector. A laser beam is devided into
two beams by a beam splitter. The beams are reflected at far mirrors, go back to the beamsplitter,
interfere at the beamsplitter, and makes an interference pattern at a photo-detector. We need to
reduse seismic noise, quantum noise, thermal noise and so on to realize a good sensitivity. Studies
to reduce these kinds of noise with various advanced techniques are on going.

Shot noise can be reduced by a use of a high power laser. But a low power laser is better because
mirrors are cooled for decreasing thermal noise in KAGRA. So we use the technique called Resonant
Sideband Extraction (RSE). RSE realizes the same quantum noise level with a lower laser power
transmitting through the beamsplitter and the input mirrors. In order to improve the quantum noise
further more and even to surpass the standard quantum limit, we can create an optical spring and
increase the gravitational-wave signal around its resonant frequency by detuning a signal recycling
cavity. Naive detuning by adding a DC offset to the control signal, however, increases technical
noise to the interferometer output. A solution not to use for the electronic offset is adding an optical
offset.

For a next generation detector, a number of ways that have been proposed to improve the sensitivity
utilize the optical spring. The spring frequency should better be higher to realize a better sensitivity,
but it is not the best way to further increase the input laser power. Here we propose a new technique
to increase the spring frequency by amplifying the signal with a non-linear crystal. As the first step of
the development of this technique, I have demonstrated it using an interferometer with a non-linear

crystal before its signal extraction port.
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