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KAGRAE G 5% {if D18 Ak

Cryostat Chamber Dimensions: Cryocoolers: 2 stage Pulse tube type
Diameter: 2.6 m, Height: ~4.3 m, Mass: ~ 12 ton Cooling power: 0.9 W at 4K (2nd)
I/0 shields Mass: 8K: ~460 kg, 80 K: ~590 kg 36 W at 50K (1st)

1st cooling stage PTC for Heat Link 4 Bottom Filter Thermal
(~ 40K) Cr):;st.at Wires at ~300K ;ozdu tion
Radiation O Pulse Tube type
1st vibration Shields A\ Cryocooler (PTC)
reduction stage 1 1 for
v Heat Link HLVIS Cryostat Radiation
2nd cooling stage = | Vibration st Y
S S Shields
(~ 4.2K) Q S || 1solation S S T el
/ S 24 System 5 2
2nd vibration 3 S (HLVIS) 3 S
reduction stage ¢ 4 Platform S >
> [- > [-
PTC for E S —_ PTC for
Cryo-Payload Cryo-Payload
Cooling Cooling
\—/_l Bar Bar I__/
= Marionette Marionette =
NN NN NN NN Recoil Mass /7 7 77 7777
AN LU— 300K radiation Intermediate \ Intermediate Mass 30.0K' radlaflon -—"\ NS\
5-m Radiation Shield Duct Recoil Mass 5-m Radiation Shield Duct
with Baffles and Insulators / with Baffles and Insulators
Mirror Recoil Mass \ \

'\ Sapphire Mirror

<
,_.l t -k Inner Radiation Shield with insulators
ﬂ Outer Radiation Shield with insulators

PTC for PTC for

5-m Radiation 5-m Radiation
Shield Duct Shield Duct
Cryogenic payloads: 5-m Radiation shield Duct :

SOLBLACK coating Diamond Like Carbon (DLC) coatings

—low cost, can be coated on large area —low outgas, no magnetism %% I rﬁk [3] 75\ E) g | FH

—some magnetism, higher outgas —only small area, expensive

D547 X5y FAIZ, 5MAI(~80 K)& RAI(~8 K)D 2 BIEEDERSN >V —IL FZ&RE
WOHRAIEARBIIZIE, E—LF Y FROEM S DERERZERSE LS00

ZENYITIGFY F—IL FDOEKRE
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Platform

\ Marionette &
Recoi /| mass

/ Intermediate mass
e & Recoil mass

Nirror &
Recoi | mass

- I

7 : /, j : ; Qﬁ

i _—
R B (L2 RS — LR ORISR E v TA T
AERIRY FRREDRBREEEFIZH
SEHE SIS BE) Y (Heat Link Wires) X528 Fr— % FIH
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Valve unit

(Pressure switching valve)

o

g .
“ Soft connection
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supporting frame__ 1st col
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Cryostat__-_ i stage Valve atand
o 2nd VR stage H A E
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Valve unit

Cold head

Pulse tube —
1st VR stage

8 K heat condu’g

2nd VR stage

Vacuum vessel
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" Before Modification ——
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=HIEA =

Ch1 (%) 73 A]

Valve unit

Cold ‘head

iR 0 2 R A
Frequency Response Function [1dev=20dB]

puise tube _ 9 :_//-3""‘;\/ b 4
| 1st VR stage
s 'iON bar Yya _x/ 1m
?Jl_?@] OKheé\“\he'd 2nd VR stage
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AEEAYEDIRE (£91.7HZ) B &K

« ZE{IIdEH A [ (Ch1) T<100nm (peak to peak)

- RENEBEAMER CHEBRE R 2 &T /R

=
H

h

N lUnit7@7K &
<100nm (pp)

MUUU” | UVVV/\HW

1 | | | -

-~ 1st VR stage

| Ch1:#aAM
1 Ch2:KFEAM
f Ch3: EEAA

T —

——
—
S———

. 80K heat shield

N Ch3 induction bar \ v . 1m

Relative Amplitude (1 dev = 20 nm) :_I:JEIII

05

-

1.0 15 20
Time [s] FRFfE]
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Valve unit

Cold head

Pulse tube —
1st VR stage

8 K heat conduction bar

80 K heat shield . § 2nd VR stage

FERE

Vacuum vessel
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Load map

o« UERE N HAMERR (OK@2.5W,70K@35W) Ziifif=9 & & MR
- SHGEREE SE X [7]H 531

v Cryo-unit load map

— 12 T T T T T 1

= JTC (Unit#1~#16)

< Unit#15 (2013/7/5) —e—

i Unit#2 (2013/1/7) —e—

A Unit#1 (2012/3/1) —e—

% 10}

= 4 (25W 35W)

v-a —

5 2

&-4 a 8t

S o

» =

2

"5 -

S 8 6}

—

=R

~—

= =

= 5)

& B 4

g -

= Sil0@1st, Si8@2nd
2 "l | | | | |

0 30 40 50 60 70 380 0

Temperature at 1st [K]
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STainless steel +=20mm Setsmic Attenuation System (SAS)
Diameter 2.6 m ‘

Height ~4.3 m

M ~ 12 ton 5 ‘ |

Cold Mass: . @ryogenic Payload

8K shield ~460 kg
80 K shield ~590 kg

View Ports

43 m
Sl

Sapphire Mirror
(a-alunfiha-—crystal)

iation S

Oy

,\ MQIhL .

Cr'yocooler's
WEbeier n 2 Pulse tube, 60Hz

. 0.9 W at 4K (2nd)
KAGRA 2 S A4 A RA32 v bDiE &

36 W at 50K (1st)
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=== 50m Hor. [m/ sqrt[Hz]] I E

50m Hor. [m/ sqrt[Hz]]

10”»

108

10°

10-10

Mozumi 50m K.Y. 2005

CLIO Hor. [m/ sqrt[Hz]]

1 10 100

50m freq. [Hz] MozumiVibYK20!

Jan. 31st, 2011
H. Yamaoka

—Imgs U/

BN
BEsn <L

:
Input to peripheral of bottom

1E-17¢
1E-18 \ | —— 50m from entrance |

3 N —&— [nput
19L n
1E 195 \_/ \WL\ i
1E-20 VAV4

1E-21

1E-22
1E43;
1E44;
1E-252

P.S.D.(m/Hz)

1E-26}

1E-27}

1E-281 . N
1 10 100

Frequency(Hz)
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P.S.D.(m*Hz)

Integrated amplitude(m)

1E-17,
1E-18]
1E-19]

th T 4 B s &

FH R [ IR 2

1E-20}
1E-21f
1E-22}
1E-23}

1E-24

1E-25}

1E-26

1E-27}
1E-28t ———
1

1E-8

1E-9

at Cryo-toﬂ)

at Cryo-R
at Cryo-L
at Cryo-F
at Input

Ty

10

Frequency(Hz)

E' damping=0.5%

$§§<\\

1E-10k

o
(Nanometer)

1E-11 at Cryo-top 0.01

E at Cryo-R \1
at Cryo-L

1E-1 25- at Cryo-F 1E-3
F at Input

1E-13 S — 1E-4
1 10 100

Frequency(Hz)

P.S.D.(m%Hz)

Integrated amplitude(m)

1E-17¢
1E-19}
1E-20} ‘\“--‘§__- |
1E-21F
1E-22f
1E-23f
1E-24f | 2 Smo-top I\
3 at Cryo-R \ 7"\
1E-25¢ at Cryo-L \/
1E-26F | at Cryo-F
1E-27L | at Input V
1E-28t a5 TR T
1 10 100
Frequency(Hz)
1 E_S E X 1 0
1E-9} l
| 3
I 1 ©
1E-11¢ at Cryo-top .01 3
: at Cryo-R 3
r at Cryo-L
1E-1 25 at Cryo-F {E-3
; at Input ‘
1E-13 , A s A P
1 10 100

Frequency(Hz)



— B LRFORE  EZR

3

F1:30Hz
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F8120.70 Hz

S.Koike

e | - F485Hz ‘
SE ik [15]h 55| :

202249590 BIALF—miEEyss Rt EEDSNEEEE

T T | — s g~ Y



E—FILBITOER : HNBES—ILEF
XEEEME, S.KOIKE

F1:22Hz
Fl £4£.91 M& .
F2 25.98 Hz F2:26Hz
F3 39.47 Hz
F4 41.79 Hz
F546.22 Hz ol Mo ot | .
F6 57.38 Hz | a

F7 59.04 Hz . \Wlebl | o
F8 76.29 Hz ﬁﬁo |

Mass=893.429 k

X EEM

F17.86 Hz - o
F2 16.80 Hz >
F3 39.18 Hz OO T 9
F4 41.78 Hz | 4
F543.01 Hz 5 ¢
F6 44.96 Hz o 5
F7 57.11 Hz i i
F8 58.41 Hz : L[|

JLKR

Mass=889.352 kg

SEXHR (15100531 - Foodhe F4:42Hz |
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Temperature [K]

[ o |

ERIE DR H]
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300 m I . I 300 I .
e o, Inner Shield —— Inner Shield ——
Test Mass (TM) --------- ‘A Test Mass (TM) --=------
250 5 e Recoil Mass (RM) - 250 W, Recoil Mass (RM) -
Intermediate Mass (IM) - [ Intermediate Mass (IM) - ]
N Intermediate Recoil Mass (IRM) ----- Intermediate Recoil Mass (IRM) -----
Platform -----:-:--- Platfiorm ------
200 < 200
150 ; @ 150
1
S e . o
\ [ ; “H S = % .,
----- e Y 0] R
100 7y s = 100 et
50 e 50 =AW
\ - -:‘Q:___ i .‘\}::3\. :E
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0 0
0 10 20 30 40 50 60 0 10 20 30 40 50
Time [days] Time [days]

At mENE B DH RS mEA

* 22— inf 150 [K] LLETIHERIEMEHEERV LY A
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5| Cryo-payload Esti. (W) Meas. (W)
“iﬁ > Payload 1.0 -
> Mirror Deposition (1.0?) - RERTR
Total 10(20?2) - bp Plate
p Plate
W/unit 05(1.0?) 04 > Curve — ||
PN 8K shield Esti. (W)  Meas. (W)
4 - View Ports (0.4)* -
> Radiation From 80 K 2.0 -
> Support post and Rods 0.3 -
3l - Electrical wires 3 x 104 - By
> Scattering Light (<4.0?) - -
Total 2.3 (6.72) <20 '\ h \1_”
W/unit 1.15(3.42) <10 — 114 16
80K Shield Est. (W) Meas. (W)
> Eleven View Ports (22) -
- 300K] - Radiation From 300 K 80 -
L HS ; gluppor"‘r pos.’r and Rods 7.6 . = Al Xt
A1) o Electrical wires 3x10 -
™ Total 88 (110) 125
- e R
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Ty REBEANDENEEALES5 ton (X-end— 8.5 ton. Y-end 7 ton)

(EfEt. JLFIVTIVECE. WishEZEHRm. HAKBREES)
* WEAEZEREZR T2 (&, KAGRANSHI30 kmEin/icBETRE
LECOEMEIREI kMO YR ZEBLTHEY I\fﬁ@(dﬂx /=

Cryg-chamber Side ports box /
weight; 12 t 3.4 1, 2480x2480x2230|

height; 3150 mm /7' I
width; 2700 mm

R 200

ventilating duct

b2 )L R EE R DB
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KAGRATIAT DR HAHARDIBER (2017.Feb.6~Mar.13)

2017/2
Feb. 6 Operation start ‘
SOk, ==oe- S
'rg | S EE Shlella_té)p | ‘ -
i | = ayloa i =
3 é}\ | T 80 }g Syhiold top Itﬁnﬁgﬁ
v, 0 8R Shield-10p |
: 1\( i o 18& shilclad dB<1)ttorr
— - & payload-
L ool bv ™, a 4K payload-2 @& KAGRA HiN
= 1 % o v 80Kshield Top
® \ N ¥ 80 Kshield Bottom
- P YN \
© ":'& k\ \
2NN
E ! l:. ‘."\ i
100 [.....d S 35 .
L 1 S
|_ [ li \\\' \V V
E ‘“‘:.__. ________ o A 4
R\
dg_
0 5 10 15 20
Time (Days) TiZaBROERZHH
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300
—— Mirror
Marionette recoil mass
250 - —— HLVIS
—— |nner radiation shield
- Quter radiation shield
g 200
v
B
© 150
[}
o
-
)
F 100
50 1
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SZ 3wk [16]D 551 0 5 10 15 20 25

Time [day]

*100KA L DS HNEBMSHE RN X B TH ST, NEEEST > — LR (Internal radiation shield), & (Mirror),
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Turn On Turn On Turn On
2 duct 2 radiation 2 payload -
coolers coolers coolers
Step » Step » Step » Final » Goa
1 2 3 Step I
I GETE ~ 28 days > 21 days 10 days
v'Vacuum v Cooling v Cooling v Cooling
pumping down down down 20 K
v’ Internal duct shields. Test
pressure v’ Duct inner/outer Mass
< 107-4 Pa shields shields
v No leakage Temp. v/ Radiation
>107-10 90 K~ Temp.
Pam”3/s 150 K 20K~
v’ Trap H,0 30K
v Trap O,
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12/25 9:45
Two cryostat shield cooler
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2020/1| 11721 13:32

One root pump Tauct=150~200 K 2021/1/18 10:52
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\\\\
2 I 11/23 8:49~50 I e ;
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KAGRA T 55t Al
| COBAER ]

~20 K

Dual Recycled Fabry-Perot ETM \
Michelson Interferometer "l =
FFiBE
® Resonant sideband extraction
1 S ol 3km with detuning
ET—FO)—F— o RT—HAHYLFTHL: 11
® 26 m @ LTI ogner Vi 15
® J141X:500 ~20 K
ITM o
PRM
\ Bs IT™M  400kw ETM
o SO W N
L—4—
® ;EKE: 1064 nm
® /\J—:180 W Z DEEHER Z DEHEER
® NPRO + Fiber amp. + laser %ﬂk ~20 K ~20K
module 7IRTIR E—FH)—F—
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Vibration Level at edge of AL thermal conductor

40107 _

< - ' ' Cryo-cooler QN

= 2 Cryo-cooler OFF
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“START” evacuation of IXC

23/Dec./2021

Duct shield coolers “ON” -

L IXA(P=6.6e-06Pa)

10° L XArm(P=3.66-06Pa)

1 sl TMSX(P=0.0Pa)

Vacuum(Pa]
3
-

102 5
107°
10%
107°

—— EXA(P=8.3e-05Pa) :

1078 Bt

'10'4 —

10-5 -4

108

@1 x 104 Pa
Start cooling
15/Feb./2022

Al

- One week/Div.

— — -
-~ .

‘| P=6.6x10% Pa
m— O/Mar./2022

6/Dec./2021/ 1
0:00

D534FRE Yy FAE

ENADEE

One week/Div.
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1
MNirvoacrt radiatinn fram 2NN LT

Mirror
20K

e ————300K
—'“"'°”"*‘—-~——~—--_-___, Optical axis
J—‘ of cavity

Power of 300K radiation is proportional to solid
angle of hole (inversely proportional to duct
length).So, 300 K radiation should be small.

But actually,..... B2 2753

Outer radiation shield 40 K

48
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Duct transfers 300 K radiation effectively.

Reduction: baffles, low reflective coating ...

20 K Outer radiation shield 40 K

_______ TSN e SO
R - _ - Optical axis

of cavity
Details (and strategy for LCGT) are shown in
T. Tomaru er al.,

Japanese Journal of Applied Physics 47 (2008) 1771.

T. Tomaru et al.,
Journal of Physics:Conference Series 122 (2008) 012009.

But actually, cryo duct can transmits 300K radiation
well (!) because inner surface of cryo duct reflects
radiation ! % Ak [27]5V 551 A 49
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Cryo duct for KAGRA Y. Sakakibara, Ph.D. thesis (2015).

O —)LEDELE
y )L I\ 0) YA Cryostat
oX A S A+ R 5
N4 D74AF A 39k

HOrT—IFp et Scattered light

NIl ﬁQEL)%

/ Baffle

~ &

Mirror

Length in mm

Black coating on inner surface and baffles
SEXH [27]0 551

Only 0.1 W radiation can pass through. 50



