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Fig.1 Left panel: the detector configuration of KAGRA. Right panel: the cryogenic suspension system
for sapphire test masses. Upper mass, intermediate mass and test mass are surrounded by respective
recoil masses for position and alignment control. ITM (ETM): input (End) test mass, BS: beam splitter,
PRM (PR2, PR3): power recycling mirror, SRM (SR2, SR3): signal recycling mirror, IM: intermediate

mass, TM: test mass.
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Fig.2 The optical configuration of the absorption measurement system. PBS: polarized beam splitter,
HWP: half wave plate, PD: photo-diode.
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Fig.3 Optical configuration of the birefringence measurement system
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Fig.4 Optical absorption map and histogram of KAGRA-size sapphire susbtrate. The mean absorption
is (77.16 £ 20.95) ppm/cm.
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Fig.5 Birefringence polarization angle distribution map and statistical histogram of KAGRA-size

sapphire substrate. The polarization angle of P polarized beam is 0°.
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Fig.6 Optical absorption map of 25.4 mm and 50.8 mm sapphire substrates. The first row are S1, S2, S3.
The second row are S5, S6.
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Fig.7 Statistical histogram of 25.4 mm and 50.8 mm sapphire substrates. The first row are S1, S2, S3.

The second row are S5, S6.
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Fig.8 Birefringence polarization angle distribution map of 25.4 mm and 50.8 mm sapphire substrates.
The first row are S1, S2, S3. The second row are S5, S6. The polarization angle of S polarized beam
is 90°.
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Fig.9 Optical absorption map and birefringence polarization angle distribution map of S1 sapphire

substrate after annealing process. The polarization angle of S polarized beam is 90°.
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Fig. 10 Optical absorption map and birefringence polarization angle distribution map of S5 sapphire

substrate after annealing process. The polarization angle of S polarized beam is 90°.
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Optical Characterization of Sapphire Test Mirror in
KAGRA Gravitational Wave Detector

LI Peng-bo!  ZEIDLER Simon? LEONARDI Matteo®> WANG Hao-yu!
ZHU Zong-hong!

(1 School of Physics and Technology, Wuhan University, Wuhan 430072)
(2 College of Science Department of Physics, Rikkyo University, Tokyo 171-8501)
(8 National Astronomical Observatory of Japan, Tokyo 181-8588)

AsstracT Cryogenic technology is one of the key technologies for the next generation
of Laser Interferometer Gravitational-Wave detector. The Japanese gravitational wave
interferometer KAGRA (Kamioka Gravitational Wave Detector), as the pathfinder of
this technology, will operate in a 20 K cryogenic environment and use a sapphire sin-
gle crystal with less thermal noise at low temperatures as the test mirror. However,
sapphire crystals with high quality, large size, and low absorption rate are extremely
difficult in manufacturing. In addition, due to the inhomogeneity of lattice structure
in the sapphire crystal, it is easy to cause unnecessary birefringence effects, thereby af-
fecting the target sensitivity of the detector. Based on the above problems, this paper
developed two large-size optical measurement systems, and for the first time studied
the optical characteristics of KAGRA cryogenic sapphire test mirrors systematically.
First of all, according to the requirements of the detector for the thermal noise of the
test mirror, we developed an optical measurement system based on the photothermal
common-path interferometer technique, which can characterize the optical absorption
of the test mirror and the surface coating of the test mirror effectively. Secondly, based
on the optical absorption measurement system, we developed the birefringence effect
measurement system, which can characterize the uniformity of birefringence in the test
mirror. At present, the construction and testing of these two measurement systems
have been completed, and the measurement sensitivity of the optical absorption of the
sapphire test mirror has reached 1.5 ppm/cm. As for the birefringence measurement
system, its spatial resolution is less than 0.3 mm x 0.3 mm. This work is of high sig-
nificance for reducing the birefringence effect of large-size cryogenic test mirrors and
improving the sensitivity of the detector.

Key words gravitational wave: detector, thermal noise, birefringence
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