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Progress of Frequency Dependent Squeezing for Upgrade
KAGRA Detector

GUO Yue-fan!, CAPOCASA Eleonora??, EISENMANN Marc®, FLAMINIO Raffaele®,
LEONARDI Matteo?, TACCA Matteo?, ZHAO Yu-hang?, LI Mu-zi', LYU Zhen-wei!

(1. Astronomy Department, Beijing Normal University, Beijing 100875, China; 2. Gravitational Wave
Project Office, National Observatory of Japan, Tokyo 181-8588, Japan; 3. AstroParticule et Cosmologie,
Paris 75205, France; 4. Nikhef, Amsterdam 1098 XG, The Netherlands; 5. LAPP, Annecy 74941,

France)

Abstract: KAGRA is the Japanese kilometer-scale ground-based interferometric gravita-
tional wave detector. It is currently in the commissioning stage and it will soon join LIGO
and Virgo for the detection of gravitational waves. Adding KAGRA to the detectors network
will increase the sky location accuracy of the gravitational wave source. The several special
techniques used in KAGRA will generate new experience. The underground location of the
detector will reduce the seismic noise and cryogenic operation will reduce the thermal noise.
As a future upgrade of the ground-based gravitational wave interferometric detectors, the
laser power and the mirror mass will increase. In this condition, the quantum noise will limit
the sensitivity in all the detection frequency range. To reduce quantum noise in the next
generation gravitational wave detectors, one of the most well-known quantum non-demolition
techniques is the so-called frequency dependent squeezing. The application of this technique
consists on the injection of a 9 dB squeezed vacuum, filtered by a 300 m long cavity with
80 ppm of round trip loss. Rotating the squeezing angle by using the filter cavity has been
demonstrated in the MHz range with a 0.5 m long Cavity['i] and in the kHz range with a 2 m
long cavity[m‘]. In this article we briefly introduce the theory of this technique and, based on
the design of KAGRA, we calculate a factor of 2 improvements on the design sensitivity. We
present the latest progresses on the experiment currently ongoing in the laboratory of NAOJ,
where we are aiming to demonstrate the theoretical prediction of quantum noise suppression.
The south arm of the old TAMA300 detector is used as the filter cavity, which is the first 100

m scale filter cavity and the longest in the world.

Key words: gravitational wave; gravitational wave detector; quantum noise; squeezed state
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