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Birefringence calibration of KAGRA sapphire

mirrors

Among various techniques to reduce noises, low-
ering the temperature of mirror-suspension system
is a way to reduce thermal noise. KAGRA is the
first long-baseline detector that uses cryogenic tech-
niques. The sapphire was chosen as the material of
KAGRA’ s high-quality test masses mainly for its
high thermal conductivity and good optical prop-
erties. However, as sapphire is birefringent, the ef-
fect of birefringence is currently an important factor
that determines whether the high-precision detec-
tor can achieve its design sensitivity or not. Hence,
study of the birefringence of sapphire mirrors and
proper mitigation strategies are highly demanded.

This year we studied the method of calibrating
birefringence properties of sapphire mirrors using
transmission wavefront error (TWE) measurements.
The birefringence map was constructed using TWE
maps measured with lineally polarized beam of dif-
ferent angles. According to the birefringence map,
we successfully estimated the energy coupling from
s-polarization to p-polarization and compared it with
KAGRA measurements. We also developed a model
that can describe light couplings between two or-
thogonal polarizations when they pass through a
birefringence medium. The simulated beam shape
matched well with experimental measurements.

6.5.2 FHZEMENRLE=E
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Fiber Q measurement

Research was focused on characterising and low-
ering the suspension noise for torsion pendulums,
focusing on two main key technologies: cryogenic
temperatures, and crystalline fibres. This is in or-
der to ensure that the noise floor of TOBA is low
enough for its intended sensitivity. The key mea-
surement metric is the Q factor, which we measure
via the ringdown method with a torsion pendulum
setup.

We have succeeded in achieving stable operation
of our cryogenic systems, in combination with the
torsion pendulum setup using sapphire fibres. Con-
sistent measurements throughout the entire cooling
and heating cycle, from room temperature down to
a chamber temperature of 4K were measured, al-
lowing for the characterization of the Q factor of
the setup with respect to temperature. We have
also characterised two clamp systems, with one that
was created only in 2021, and are currently adjust-
ing them to achieve higher Q [80, 69, 47].

HREBEL VY

TOBA OEER% EFEEICHANSAEL T L
T, wavefront sensor DR AIZHZ S 5 1 BEWT
RIS R T 2 BEAE L V2 ER L.
BIHIRARIC & A MBI X - TAEES = HEIE
TELZZLIWIMAT, E—AaYy Z—HFEINNZWV
WOHEDD B.
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[65] Yuta Michimura et al.: Searching for ultralight
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Yuta Michimura et al.: Searching for Signals from
Ultralight Vector Dark Matter with KAGRA, 8th
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riNg Cavity Experiment DANCE: Design and de-
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Yuka Oshima: Design of Coupled Wave Front Sen-
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search with riNg Cavity Experiment, ASU Cosmol-
ogy Seminar (2022 3 H, > 714 V).

[91] Yuta Michimura: DANCE: Dark matter Axion
search with riNg Cavity Experiment, CENPA Sem-
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Yuta Michimura: Vector dark matter search with
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Yuta Michimura: Introduction to MIF (Main In-
terferometer) and IOO (Input and Output Optics)
Groups etc., KAGRA Subsystem Session in 2021
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Yuka Oshima:The current sensitivity of DANCE
Act-1, Paris-Tokyo Dark Matter Seminar (April
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[96] Hiroki Fujimoto:Control scheme and future
prospects of DANCE Act-1, Paris-Tokyo Dark
Matter Seminar (April 2021, online).
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