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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
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Original Role of Duct Shield 7755 % o 200 177117

Reduction of Thermal Radiation Injection Cryostat

Direct Injection
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Additional but Critical Role of Duct Shield

Residual Gas Absorber (Cryo-Trap)
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Estimated Speed of Molecular Layer Formation on a Cryogenic Mirror

at Design Pressure (1 x 107 Pa)

Speed 1 month 1 year

H20 | 0.56 nm/day 16.8nm 204nm
N2 03nm/day 9nm 110nm
02 | 0.23 nm/day 6.9nm | 84nm

at Present Pressure (5 x 106 Pa)

Speed 1 month 1 year

H20 28nm/day @ 750nm @ 10um
N2 15nm/day 450nm 5.5um
02 | 11.5nm/day 345nm 4.2um

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

Estimated Detection Range of GWs
from Binary Neutron Star Coalescence
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However,
we have still mirror frosting risk
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DS Cryocooler
Configuration

DS Cryocooler Temperatures
@ X-End

Critical Temperature for H,O Release

To use as a high power
60K cryocooler

Too high temperature
operation?
Operational He gas
contamination?

EX-2 Cooler
Very stable!!

Compressor trouble?
Other reason?
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Dual Cryocooler Upgrade Plan for DS

Single Cryocooler
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Defrosting  "oianiorr e
We installed a heater before 04 ‘

Estimated temperatures of TM and IM in 10W heat at IM
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Defrosting Plan by Laser Irradiation on a Mirror
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Summary

The Duct Shield is important not only for thermal radiation reduction
but also residual gas absorber.
Mirror frosting is serious issue in KAGRA
e It is difficult to avoid frosting
« 1x107 Pais 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 heatfing on TM is effective




