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Outline
- Concept of the LCGT cryogenics

v’ Structure and Response to
ground motion at CLIO

v' Thermal Budget of the cryostat

v' Estimation of heat load of the Mirror
by beam duct shield
(by Mr. SAKAKIBARA)

-+ Summary
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Location of Four' er'r'or' Cr'yos‘ra’rs wu'rh ’rhe‘Cr'yo cooler's
for the LCGT

%% f:’?onnec'rion Port to SAS

Gate valve
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Gate valve

— Mirror a cryostat

Vacuum duct ¢800
with radiation shield ("

duct $800
with radiation shield
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Production plan of LCGT cryogenics

 Product four mirror cryostats until the
end of 2013 Jfy* (2012.4~2013.3).

e In order to demonstrate the performance of
cooling system and investigate interface to
other subsystems, two mirror cryostats will
be installed Mozumi-end and Atotsu-end.

» Other components, such as low vibration
cryo-coolers and duct shield, will be product

until the end of 2013 Jfy.

* Jfy: Japanese fiscal year
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Production plan of LCGT mirror cryostats

and peripheral components

Four Mirror Cryostats

Cryo-cooler units

Design by KEK

Duct shield units

2011 Jfy | 2012 Jfy | 2013 Jfy |
A | | |
'11.3 I I '12.3 '13.3 '14.3
We are here
P >
..... —— >: Manufacture components P
: I < > .
- Transport to Kamioka
Design by KEK | Assemble and factory test (_f _________________
: Bidding with cryo-coolers Custody at Kamioka
I | <€ >
— :I ' Performance test -
i 1st Prot-type Cryo-cooler unit test .
: € > S Transport to Kamioka
| I B ——
I| Production of | | Performance test Custody at Kamioka
'| seven cryo- < >
cooler units Production of
nine cryo-
cooler units
= - >
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Regurements and it's Ansewr

Answer to the requirements

* Adopt Plus Tube-type Cryo-cooler units
with very low vibration mount based
on the CLIO type cooler.
 Analyze response to grand motion
at Kamioka-mine.
* Heat load design as low as possible.
» Adopt $2200 of inner diameter of flanges
for installation work of the mirror and suspension.
 Develop very low out gas super insulation system
for radiation heat load.
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Structure of Mirror Cryostat

CI“YOSTC(T Drawn by S. Koike (KEK)

Stainless steel t20mm
Diameter 2.4m
Height ~3.8m

Remote valve

Y

-
o

~ b Low vibration

-

cryocooler unit

0.9 W at_4kKe(2nd)
36 W at 50K (1st)

Cryostat with four cryocooler units
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The interior of the cryostat

Drawn by S. Koike (KEK)
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Estimated Heat Loads at the radiation shields and Support posts
and rods
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A Break Down List of Thermal Budget

1st Quter Shield (W)

> Eleven View Ports 22
> Radiation From 300 K 70
> Support post and Rods 24

o Electrical wires 3 x 104
Total 116
W/unit 35

2hd Tnner Shield
> Duct Shields*
(Beam and SAS)

- Eleven View Ports
> Radiation From 80 K

(W)
<0.05

0.4
2.2

> Support post and Rods 2.4

> Electrical wires
> Mirror Deposition

o~

Total 6.5
W/unit 1.9

3 x 104
0.9

Heat Load of Duct Shields will be told by Mr. Sakakibara
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Outline

v

v' Estimation of heat load of the Mirror
by beam duct shield
(by Mr. SAKAKIBARA)

-+ Summary
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Estimation of heat load by beam duct shield
of the Mirror in the Cryostat

» Thermal radiation from opening of 500 mm in diameter

Py=ecT*A=9.02W e = 0.1: Emissivity of duct (SUS)
o: Stefan-Boltzmann constant
T =300 K
A: Area of opening

 Cooling power 3.6 W at 4 K
(inner shield, 4 pulse tube cryo-coolers of 0.9 W at 4 K)

» Thermal radiation appears to be reduced by reducing solid angle
1 —cosf =781 x107°

300K Duct Shield
. 0.5 m| ’»)
I: =I
\_/ | 20 " \l_/
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Problem experienced in CLIO

» Thermal radiation reflected by metal shield pipe
 Incident power

P/Py=0.293 P=264W Py=eoT*A=9.02W

(calculated using ray trace model,

experimentally verified by T. Tomaru, et al. 2008 )

» Very large compared with solid angle
1 —cos® =781 x107°

AR,

| | | | |
0 5 10 15 20
x [m]
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Reducing heat load by baffles

» Incident power calculated using ray trace model by
counting up number of reflections
Py=eoT*A =225 W
£ B /RN CQZQ /071'/2 RVO) gin 046 A = 7d?: Area of baffle ?pening
@ N(0): Number of reflections
R =0.94 4+ 0.02: Reflectivity

(Aluminum of A1070 measured at 10 um, 100 K)

Baffle

4 K

y[m]

6bbd ocooo

AWN=_2O2ANWA
| % §

2a = 0.5 m in diameter, L = 20 m in length,

2d = 0.25 m in diameter of baffle opening
GWADW2011 Elba/Italy, 21~27/May/2011 N. KIMURA and Y. SAKAKIBARA



Result of calculation

R=0.94
Position of baffles x [m| | P/Fy | P [mW]
0.20 0.0487| 110 '\j\;g;z:ﬁfez
0,4,20 0.0359 | &81.0 R=096 P=52.4 mW
0,5,10,15.20 0.0199 | 44.9 Better case
0,3,10,15.20 0.0127| 28.7 4mmR=0.92 P=17.6 mW

Py=coT*A=225W

» The better result for the case that intervals of baffles
don't equal

> If intervals of baffles equal, ray whose angle passes
through one baffle also passes the other baffles

A
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Diamond Like Carbon coating

DLC coating . Position of baffles z = 0,3, 10, 15, 20 [m]
4K Without DLC | P/FPy = 0.0127 | P =28.7 mW

With DLC | P/Py = 0.00815| P =18.4 mW

Heat absorbed by baffles
Heat load becomes smaller

» Baffles whose room temperature sides are coated with DLC

» Assuming reflectivity 0.35 (measured at 1 um
at room temperature by T. Tomaru, et al. 2005)

 Preparation for measurement at 10 um, cryogenic temperature
is now underway
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Summary 1

» Sum of heat load from openings of cryostat
- 37 mW (18.4 mW x2)

> Smaller by two orders of magnitude than total
heat load of the cryostat.

» One prototype duct shield will be constructed
until the end of March, 2013.

» The duct shield will be tested to verify this
calculation with the mirror cryostat.
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Summary 2

» The design of the mirror cryostat for LCGT
satisfying requirements from was almost finished.

» The production of the components for the
cryostat will be started after decided contractor.

» Performance of the first cryostat will be
demonstrated at the factory of the contractor on
the mid of 2012 fy.

We would like to discuss the detailed design process
of the cryostat with participants of GWADW
conference after this talk.
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Backup Slide
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Thermal Heat Links in the Mirror Cryostat
(Subject of Study)

e Pure aluminum (bN8) wire
» U-shape deflection

» Example of temperature distribution and heat
current are shown in the figure below. For
vibration isolation issue, we must redesign.

SAS

‘} vertical spring
Heat link A 8K \
99.9999% purity cryostat shieid 162 ¢ [INK B
Radius of U: 25cm == 99.9999% purity
pImm UL AILNS T e ®3mm
umber: 7 heattinke] g T Radius of U: 20cm
number: 5

upper mass

Sapphire fiber .............. 86QmW
----------- »

4x ¢ 1.8mmx40cm o P

recoil mass for the upper mass

acoil mass for the mirror
NG - 2

Courtesy bi T. Uchiyama
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Components

» Cryostat « Shield duct
> Mirror chamber (Vacuum chamber) — Cryocooler for cooling shield duct
> Cryo-shield (Radiation shield) — Vibration isolator of cryocooler
> Heat links — Baffles to reflect or

+ Heat conduction path absorb obstacle radiation

 Thermal insulator
— Low degassing MLI ( or Sl)
— Optimum mounting

» Sapphire mirror suspension

— Sapphire-sapphire bonding
technique

— Compatibility to mirror polishing and
coating process

— Interface with SAS platform

— Low mechanical loss at bonded
boundary

— Stability
— Quality control

o Heat conductor
o Connection of conductors
e Low vibration cryocooler unit

> Vibration isolator of cryocooler
Pulse-tube cryocooler
Remote valve
Flexible heat links
Rigid frame for supporting stage

> Sound proof
Acoustic shield of compressor room
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2 Layers Plan for SAS

13 step ¢

00000

GWAL



Modular design

Type A

1300

: ; ;\\< ?

‘ ey

e

Filter zero

5000

2109

i ,ﬁ ' l
ﬂ /. . 2 { .

Standard filter
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Reflectivity of Aluminum (type A1070)

at 10 um
0.07
0.06 |
005+
>
s o004
€ 003} -
L]
002t
oottt -
0.00

0 100 200 300
Temperature[K]

GWADW?2011 Elba/Ttaly, 21~27/May/2011 N. KIMURA and Y. SAKAKIBARA



Response to ground motion
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Cryostat Design
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Static deformation analysis S Kok

Deformation under the atmospheric pressure and the gravity

Maximum deformation : 0.8 [mm] Maximum stress : 59 [Mpal]

e Main vacuum duct and the duct to SAS are not connected.

* Boundary conditions

o periphery of the bottom : fix
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Modal analysis Boundary condition: fix the perimeter of the bottom
* Interface to SAS is not fixed at the moment.

S.Koike

F2:41Hz

Frequency
RIRHDIE
F129.86 Hz
F241.27 Hz
F357.22 Hz
F4 85.01 Hz
F589.68 Hz
F6 93.33 Hz
F7111.81 Hz
F8120.70 Hz

F3:57Hz
‘ | F4:85Hz




wall A1050

Cryostat shield

Frames: aluminum alloy
Walls: pure aluminum
Supports: FRP, Stainless steel
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Modal analysis of outer shield

Mode frequency
F122.31 Hz F1:22Hz
F2 25.98 Hz
F339.47 Hz

F4 41.79 Hz AR BVin
‘ A

S.Koike

F2:26Hz

F5 46.22 Hz
F6 57.38 Hz |
F7 59.04 Hz | \lhat| | |0

F8 76.29 Hz Ry, YR | i

M= 893.429 k

Remove support ro

Mode Frequency \ e —
F17.86 Hz | ~ %.@&» ,
F2 16.80 Hz , > &
F3 39.18 Hz o [T | T8 @
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F543.01 Hz | 2 >
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F7 57.11 Hz i i
F8 58.41 Hz : B

M= 889.352 kg
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Modal analysis of inner shield .
.Koike

Frequency
F124.31 Hz
F2 30.66 Hz
F351.77 Hz
F4 62.12 Hz ‘
F5 68.78 Hz TR i
F6 80.94 Hz 1" ,. |
F7 80.97 Hz 1. | 1=k
F8 81.39 Hz | il

F1:24Hz
F2:31Hz

M= 775.855 k

F3:52Hz
F4:62Hz




|

- Doors for access to inside

S. Koike
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]

Support rods and frames of shields
S. Koike

Pure aluminum wall

Aluminum alloy frame Aluminum alloy frame
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Shields
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