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What is designed?

® The cryogenic
suspension Is
refereed to the
picture.

® Temperature
distribution.

® Major item is the

heat links design.
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Flowchart of designs
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Point mass model 2

SAS

‘ vertical spring

cryostat shield

Pure Al wires\ heat link suspension platform |1 00kg

RRR6000

Im, Q106

Radius of U = 25cm / &
atlink | heat link
Sapphire fiber
¢ 1.8mmx50cm . .
8, 6
Q,10%Q, 10 upper mass recoil mass for the upper mass
_ | 50kg 0.5m, 50kg
Sapphire mirror | Q.107-Q, 105
® 300mmx 18cm — = | 'I —
50kg, 20K recoil mass for the mirror

50kg
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Sapphire mirror cooling

® The mirror substrate

® Sapphire cylinder
® 50 kg, @300x180
® cooled under 20K

® The sapphire fiber suspension

® 4 wires, @ 1.8x500
® Sapphire - Sapphire bonding technique



Sapphire mirror cooling 2
.- heat in the mirror-

® Laser absorption in the substrate

® 20 ppm/cm laser absorption ratio.
®» 360 mW

® Laser absorption in the coating

® 0.1 ppm laser absorption ratio.
® 40mW

® Other heat source

® radiation from laser holes...... not considered.

® Margin
= 2x(360 mw + 40 mW)

IS design heat.



Sapphire mirror cooling 3
- temp. of the upper mass-
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Heat link design

® H. L A

® vibration isolation

® thermal conduction

® large temperature
difference.

® H.L.b&CcC

® thermal conduction



Heat link design 2

-heat of coil-
® If use Al
or Cu wire for the E ‘
coils, heat in the ? ——

coils may be m\W.

® 300K: TAx1V=1W
® 4K: RRR=1000, TAX I mV=1mW

® At present, the heat
in the coils is

® H.L. b =cinthe
design.



Heat link design 3

-Cross section of H. L. A-

® Temperature difference
® 13.1K-> 38K

® Thermal conductivity:
® RRR6000, pure Al wire

® Length of wire
® radius of U = 25cm
® 0.0m

®» Heat
®» 1TW=800mW + SPI + etc.




Heat link design 4
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Heat link design 5
-seiISmIC noise-

® Change diameter and number of wires.
® must keep cross section for cooling.

® Estimate seismic noise at the mirror.
® X (light axis), Y, Z direction.

@ SAS is excited by normal Kamioka level.

® Cryostat is vibrating

® SPI: -40 dB isolation ratio in both X & Z

® Coupling: 1% is assumed in bothY & Z.

® Design two cases: cross & 10Hz cross.
® H. L. b & c are not important for seismic noise.



Heat link design 6
o, -example-

Target (4 mirrors)
3Hz: 7x1018m/Hz!/2
10Hz: 6x10-1°m/Hz!/2
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Displacement [m/Hz!/2]
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Frequency [HZ]

Search for optimal diameter for H. L. wires.
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Heat link design 6
-3Hz cross-

1.x 1072 |

1.x107%° |

meﬁg

1. x 107 |

1ﬁm@; SAS

v

Displacement at 3Hz
[m/Hz!1/4]

.
Diameter of wires [mm]
Diameter of O.1mm Is satisfied.

Number of wires 800.
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Displacement at 1 0Hz
[m/Hz'!/]

Heat link design 7
-10HZ cross-
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Diameter of wires [mm]
Diameter of 1 mm Is satisfied.

Number of wires 8.
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Displacement [m/Hz'!/4]
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Heat link design 8

=T10HZ cross 2-
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Heat link design 9
&C-
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= = ~
_r: —ul e | WIlIe
= | ?RREr:)OO /
=3 . =
— | Radiys of U|= 25cm =
O 2-136K > 131K
= =
I /5//
2 £ 6 s 1
Radius of wire [mm]

Radius of

IS needed.



Heat link design 10
-3Hz cross H. L. b & c-
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Heat link design 11
-1OHz cross H. L. b & c-
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Heat link design 12
-summary of parameter-

3H‘z crcl)ss

A ?vertca spring
= cryostat shield
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Heat link design 13
-summary of parameter-

H. L. A

10Hz cross
]

? vertical spring
cryostat shield

RRR6000
Radius of U; 25cm

d I mm
number: 8

Sapphire fiber
4x p1.8mmxb0cm

suspensipn platform [ 5t
RRR6000
hegs Brnm
Radius of U: 2bcm
re-::oil mass f@%%?&[m;sg

heat link -I W

&,

upper mass
s00mW
mirror { ‘

re¢8il mass for the mirror



Summary

® Design the heat links for two cases.

® including design of the cryogenic suspension
and temperatures.

® Obviously, T0Hz cross is much easier
than 3Hz cross.



Displacement [m/Hz!/2]
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Displacement [m/Hz!/2]

All component
-10HZ cross-

~~ -~ LCGT design
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Frequency [HZ]



Contribution by each
directions

&8 1 5 10 50 100

Frequency [HZ]

Vertical Is not serious.

use VSPI or a mGAS (platform) Is enough.

&



Revised model

SAS
’ vertical spring
Gek G

cryostat shield

: heht lin) :

RRR6000

Radius of U = 2bcm b
heat lihk - :

w4

Sapphire fiber

|
¢ 1.8mmx50cm up|35e(5lr(nass \) recoil mass for the upper mass
Q,108 Q108 J 50kg
Sapphire mirror  mirror PR b réatsil mass for the mirror
 300mmx18cm = K

50kg, 20K




With mGAS (0.7Hz)
-No VSPI-
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With mGAS (0.7Hz) 2
-No VSPI-

Displacement [m/Hz'/2]

| 10 | 100 | HWII(IJIOO
Frequency [HZ]




With mGAS (0.7Hz) 3
-No VSPI-
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Contribution of all 3 directions are almost the same.



L x 107 |

Displacement at 10Hz
[m/Hz!/2]

SAS
ILx 10 L—— R e
0.005 0.0l 0.05 0.1 0.5 |
Diameter of wire [mm]
Diameter of O.1mm Is satisfied.
MGAS In the suspension platform has important roll for

vibration isolation of the heat link.




Summary of parameters
New model

‘ SAS ‘
? vertical spring
cryostatshield H. | . b

e A
QRR6OOO sus}e@on]ﬂ%rm
Radius of U: 25cm ' RRR6000
® 3mm
¢ 1 s heat“nk] Radius of U; 25cm
humber: 8

number =7
@ Jo}ga for the upper

) recollimass for the mirror

Sapphire fiber
4x ¢ 1.8mmx50cm i




New summary

® Design the heat link for the new model
without VSPI.

® VSPI or the mGAS (0.7Hz) in the
suspension platform is assisted the heat
link design greatly.

® Without VSPI and the mGAS, we
should consider an additional vibration
isolation stage for the heat link.



