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Advantage of Cryogenic Mirror System
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Advantage of Cryogenic Mirror System
(2) Thermal Lensing

Fused Silica Fused Silica Sapphire Sapphire (20K)
(300K) (20K) (300K)

a [ppm/cm] 2-20 2-207? 40 -140 20-907
K [W/meK] 1.4 0.15 46 4.3 x 103
dn/dT [K] 1.4 x 107 1.4x 10 1.3x 10 <|9x108|
i -4
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x 10 ¢
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Outline of Cryogenic

Systems

Ifrbme-Free Suspension ' Uppe

We excavate upper-floors A v-s,g
and—vertical holes for

Vibration Isolation System.

Base of the VIS is put/ 14m
on the upper-floor

Cryogenic Payload




Outline of Cryogenic Systems
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Accelerator Science Technologies
-> Vacuum, Cryogenics, ... in GW detector

J-PARC Superconducting
Beam line for Nutorino




KAGRA Cryostats




Layout of Cryostats

Ultra high vacuum beam tube
100K cryogenic tube for thermal radiation

shielding (Duct Shield)

3 km

Ultra-small vibration cryocooler system (100K)

Ultra-small vibration cryocooler system (4K)

Cryostat

Laser




Reduction of thermal radiation

To realize conduction cooling by using small
cryocoolers, heat load in cryostat must be
below several watt.

But GW interferometer can not have optical
windows on leaser beam path,

so large heat load from the openings exists.

We succeeded to reduce about 1/1000 times thermal
radiation heat load from beam openings by using
100K cold tubes with black coating and baffles.

Black coating and baffles in cold tube
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q[Pa m3 /s /mz]

T [hour]
Nickel-Phosphorus black plating realize
comparable level of outgas with Steel

surface by backing.

.| SolBlack Coating s
Reflectivity~3% @1064nm




Ultra-small vibration cryocooler system

T. Tomaru et. al.,
Cryocoolers 13, (2005) 695-702

e nm vibration at cold stage
e comparable vibration level of
whole system with Kamioka

seismic vibration
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Vibration measurement of the KAGRA cryostat is under studying
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Cryogenic-Payload Type-Al

Platform
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6N High Purity Al Heat Link

Stranded cable (made of many thin
wires) has advantage to have small
spring constant.

100,000 —+——rrrrry
10,000 - |
— 1 Magneto-resistance is also small
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Aug, 26, 2017
KAGRA Cryogenics Team

Cooling Down of EYC Test-Cryogenic-Payload
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Tilting Adjustment by Moving Mass

Result @ Room Temperature
M oving Mass Test in cryogenic temperature is on going now.

D J—

Tilting Test Result

Marionette

7] B N _____________ _____ 16mrad/mm _____________

o S N S— R ]

angle [mrad]
[w]

Intermediate
mass

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 15 2.0
displacement [mm]

Requirement: 10urad resolution
Mirror +- 3mrad in dynamic range

Result: 0.45urad resolution
> +-3.2mrad range 17



Summary

e Physics of cryogenics mirror and suspension is simple.
So introduction of cryogenic mirror system should be promising
in 379 generation GW detectors.

e But its technologies are difficult.
KEK spent 20 years to develop cryogenic mirror system
on the basis of accelerator science technologies.

* |[n the process, we developed new technologies such like
vibration free cryocooler, black coating, 6N Al conductor and stuff.

e KAGRA is under challenging to complete cryogenic mirror system.
We are making maximum effort to start full cryogenic operation
of KAGRA from early 20109.






Goal Sensitivity of KAGRA

An issue in 2" generation GW detectors:
How can we reduce thermal noises, which restrict

h ~ factor x 1024 [/VHz]

best sensitivity range of 100Hz.

KAGRA sensitivity limit
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KAGRA Site
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Size Effect

Size effect dominates conductivity of 6N Al thin wire at low temp.

25000 - _ Estimated RRR
6N8 (RRR,~54000) m ®1.0mm m
00 | - _ OLOmm
~22,000 ~14,000 ~4,000

% 15000 | 6N (RRR,~22000) 5N ~6,000 ~5,000 ~2,700
. 4N ~390 ~390 -
& 5N (RRR,~6000)
5000 e S o 10° Measured by K Kasahara, 5N, $0.20mm, annealed
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Temperature [K]
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Installation Tools
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Heat Link Installation
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Small-Outgas Super Insulator
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The samples of KFL-9B05. KFL-9B08. KFP-9B08 are new developed MLI. Each samples has both side
Al coating and single-side fiber spacer on polyester film of 5um, 8um and 8um in thickness, respectively.
The KF-9B + KN-20 sample is a typical MLI with polyester-net spacer.



Vibration Measurement Result in X-front Cryostat

Vibration displacement(m/rtHz)

Large vibration was found btw 10 and 100Hz region.
These vibrations look to correspond to structural

resonance of cryostat.
But still under investigation.
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Ultra-small vibration cryocooler system

Cold Head (Connecting Tube
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Cooling Down of EYC Cryostat

Aug, 26, 2017
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Cooling Down in 6:40pm, Aug. 26, 2017
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Duct shield at Ref.: 90K 80K shield top: ~105K
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4K shield top: ~12K
4K shield bottom: ~12K

Duct shield at Ref.: ~90K

dV Oad
ZI-Ref.Z 4K head.: ~6K g



Cooling Down

on Aug. 26, 2017

Frame: ~12K

Marionette: ~12K - - — )
Fralir By el Recoil mass:

Intermediate Mass:
~12K

Mirror:
~14K
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angle [mrad]

Tilting Test Result of Cryo-Pyaload @300K

Moving Range: +/- 15mm

Maximum tilting: +/- 24mrad

Tilting Test Result

_ L.6mrad/mm

(Requirement: +/- 3mrad)

One step of motor: 0.09°
Screw Pitch: Imm

50 -15 -10 -05 00 0.5 1.0 15 2.0 @

displacement [mm] el e .
i Tilting Resolution: 0.4urad

ly=-tlé6x-01

(Requirement: 10urad)

We plan to have a cryogenic test in this December.
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