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KAGRA Cryogenics Issues
• Thermal Noise Reduction

• Mechanical Q of Sapphire Suspension -> M. Otsuka’s presentation
• Mechanical Q of Sapphire Blade Springs
• Mechanical Q of Sapphire Mirror
• Gravity Dilution Effect

• Contamination of Cryogenic Mirror
• Vacuum Pressure
• Stability of Cryocoolers
• Removal Way of Frosting

• How to Measure Mirror Temperature
• Non-contact Thermometer

• Long Cooling Time
• Heat Switch
• Good Heat Conductor above 100K



KAGRA Cryogenic System

Main Cryostat
(~10K)

Type-A Suspension (300K)

Beam Tube (300K)

Cryogenic Tube
(Duct Shield, ~100K)

Ultra-Low vibration
Cryocooler (<10K)



Original Role of Duct Shield
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Thermal Radiation
From 300K Beam Tube
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Reduction of Thermal Radiation Injection

Black Coating

Black
Baffles

We could cool down
main cryostat only
by four 1W cryocoolers

T. Tomaru et al., 
Jpn. J. Appl. Phys. 47 (2008) 1771-1774



Additional but Critical Role of Duct Shield
Residual Gas Absorber (Cryo-Trap)

~10K

Cryostat

300K

~100K

Trapped

Frosting

K. Hasegawa, Ph. D thesis, 
Univ. Tokyo (2020)

K. Hasegawa et al, 
Phys. Rev. D 99, 022003 (2019)
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博士論文審査会 (2020/1/16)

解析結果
 18

パラメータ 値 σ 単位
形成速度 25.5 2.8 nm/day
屈折率(実部) 1.33 0.13 ̶
屈折率(虚部) 2.18E-071.81E-07 ̶
位相調整 0.8 0.36 rad
光損失 101.5 0.23 ppm

→実験中の真空圧力と、KAGRA真空系のコンダクタンス から分子層
の形成速度を数値的に評価し、実験結果との比較を行う。

"χ2/ν = 5.56/11 ∼ 0.51Result
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Estimated Speed of Molecular Layer Formation on a Cryogenic Mirror

博士論文審査会 (2020/1/16)

KAGRAにおける分子層形成速度
 20

分子層の形成速度 
・目標真空圧力（"  Pa）の場合 

・現状の真空圧力（"  Pa）の場合 

1 × 10−7

5 × 10−6

形成速度 1ヶ月後 1年後
H2O 0.56 nm/day 16.8nm 204nm
N2 0.3 nm/day 9nm 110nm
O2 0.23 nm/day 6.9nm 84nm

形成速度 1ヶ月後 1年後
H2O 28nm/day 750nm 10um
N2 15nm/day 450nm 5.5um
O2 11.5nm/day 345nm 4.2um

・低温重力波望遠鏡における分子層の形成過程は長いダクトからの分子輸送が支配的 
・KAGRAでは目標圧力を達成すると 
1ヶ月で10~20nm程度の分子層の形成が予測される 
・真空度が悪化するとumオーダーの分子層が形成される。

Speed 1 month 1 year
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Speed 1 month 1 year

at Design Pressure

at Present Pressure

（1×10-7 Pa）

（5×10-6 Pa）
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KAGRAの感度とインスパイラルレンジ
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*共振周波数 
*機械的散逸 
などの温度依存性は無視

・量子雑音 
・鏡の熱雑音 
・懸架系の熱雑音 
（分子層厚 : 0 - 2.5um）

KAGRAの（BRSE）—130Mpc 
→最大75Mpc程度まで低下する。 
→重力波イベント数は1/5程度に

*温度変化の効果あり

成長する分子層の形成を低温重力波望遠鏡に導入 
→これまで考慮されていなかった様々な効果を、
重力波望遠鏡の感度として取り入れ、評価可能に

Estimated Detection Range of GWs 
from Binary Neutron Star Coalescence

Thickness of Molecular layer [μm]
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1 year later
@ 1×10-7 Pa for Water

3months later
@ 5×10-6 Pa for Water

In 5×10-6 Pa, the detection range of BNS 
will reduce from ~130Mpc to ~75Mpc 

Defrosting heaters are installed on
cryogenic mirror suspension
in this stage.



However, 
we have still mirror frosting risk

Frost

> 15 K > 140 K 

Trap by duct & outer shieldsTrap by inner shield

T=~152 K

T=~172 K

P=1 x 10^-3 Pa

P=1 x 10^-5 Pa

~152K  @ 1x10-5 Pa
~143K  @ 1x10-6 Pa
~147K  @ 1x10-7 Pa

• Cooling Process
• Vacuum Level
• DS Temperature



Unstable Duct Shield Cryocooler

Recovery Trial

80K

90K

70K

60K

Early April-56 days-112 days

EX-1 Cooler
Unstable!!

EX-2 Cooler
Very stable!!

DS Cryocooler Temperatures
@ X-End

Critical Temperature for H2O Release

DS Cryocooler
Configuration

1st stage

2nd stage

Shorted
To use as a high power
60K cryocooler

• Too high temperature 
operation?

• Operational He gas 
contamination?

• Compressor trouble?
• Other reason?

Data: N. Kimura, KAGRA PAB meeting 
presentation



Dual Cryocooler Upgrade Plan for DS

Specifications subject to change without notice.
Note:  Capacity maps for reference only.                 ©SHI Cryogenics Group 8/19
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Dual Cryocooler
configuration

Single Cryocooler
configuration

~43 K

~78 K

ΔT=35 K

N. Kimura, KAGRA PAB meeting presentation



Defrosting

Test Mass

Intermediate Mass

Marionette

Platform

Heater

We installed a heater before O4

Estimated temperatures of TM and IM in 10W heat at IM

The IM heater is not so effective and can not 
defrost H2O.

T. Ushiba, KAGRA PAB meeting 
presentation



Cryostat

TM

CAL Chamber
(300K)

36m

Main Beam (1064nm)

CO2 Laser（10.6 um）
Or 3um Laser

Defrosting Plan by Laser Irradiation on a Mirror

JGWC2026年研究会

H2O frost generated for a half year
(2 x 1019 Molecules)

70W
50W

50W

~5h, ~196K

~7h, ~193K ~26h, ~183K

# Assuming 80% CO2 laser power is absorbed at TM

2 or 3 months
2 or 3 days

Required Time of H2O Defrosting Re-Cooling Time

2 or 3 days recovery is possible

T. Ushiba, KAGRA PAB meeting 
presentation



Summary

• The Duct Shield  is important not only for thermal radiation reduction 
but also residual gas absorber.

• Mirror frosting is serious issue in KAGRA
• It is difficult to avoid frosting
• 1x10-7 Pa is required

• Stabel 60K cryocooler is necessary
• He working gas cleaning
• Double cryocooler upgrade

• A heater at the IM was not effective
• Defrosting techniques are necessary

• Laser heating on TM is effective


