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+ Estimate seismic noise introduced from heat links.

 Discuss how to achieve cooling and seismic isolation at
the same time.

= Heat Flow
- Al Heat Links
( w== Sapphire Fibers
e
1 - Vibration

Test Mass

Laser
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+ Attenuate seismic noise

Test Mass Displacement
<3x102°m/+/Hz @ 10 Hz

+ Cool down test masses

Mirror Temp. ~ 20K
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(l] Seismic Attenuation System
; for KAGRA Test Mass

e

+ Seismic vibration transmits to the mirror
in two different paths

1. From the top through the
attenuation chain

2. From the wall of the cryostat
through heat links
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* Heat transferred via pure aluminum heat links.

We need ®1 mm, L=1 m heat links x 7~8 I

Thermal simulation
Done by Y. Sakakibara

} tosas

Prmsa..

23 KT 16 K-

Platform: 120 kg

GAS Filter ~ 0.3 Hz 15 K

. N

Intermediate
Mass: 60 kg

16 K

15K

apphire Fibers Laser

> | |

Test Mass Recoil Mass
22.7kg 373 kg

Scattered Light

v

S—r

Intermediate

Recoil Mass: 60 kg

—» Heat Flow
=== Al Heat Links
=== Sapphire Fibers

(©1.6 mm, 1.=30cm)



Mechanical Property of

Heat Links

* A heat link works as a soft spring (f,~10 mHz)
with violin modes above ~1 Hz

X(w) FEM Simulation Done by Y. Aso, (JGW-G1000108)

[NARETI o brrnm [ |||||II 1 |||||||=
¥ :::::5 iLongitudinal {x)
' 11 Transversal (y} i
Vertlcal {z}

[a—
9
da

Transmissivity (X/Xo)
3 2

[a—
)
[#.5]

0001 001 01 1 10 100

Frequency [Hz]
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Estimation of Seismic Noise

via Heat Links

e

* Simulation Tool: 3-D rigid-body model simulation
T. Sekiguchi, Master Thesis (JGW-P1200770)

‘t to SAS The attachment point
is vibrating at the same i
. Platform: 120 kg Vi level as the ground vibration. 4 heat links A 480
GAS Filter ~ 0.3 Hz l-/ E
| v D 640 ._
| Pure Aluminum (E=68 GPa)
Intermediate | Intermediate .
o N S {1 mm, number: 8
e 800 4 heat links
A ] 200
\ Top View
(L =968 mm)
Laser \
#

Test Mass  Recoil Mass
22T kg 37.3 kg
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\
* There is no guarantee that the wall inside the cryostat is
vibrating at the same level as the ground.

‘ttnSAS

Platform: 120 kg

GAS Filter ~ 0.3 Hz
Ve aN

Intermediate
Mass: 60 kg

Inte rmediate ™
Reoil Mass: 60 kg

A

\

Laser

\

22.7kg

Test Mass  Recoil Mass

37.3 kg

27?

he attachment point
is vibrating at the same
level as the ground vibratio

Pure Aluminum (E=68 GPa)
{1 mm, number: 8
800

(L =968 mm)

10

4 heat links

]

4 heat links

Top View
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Vibration Inside

the Cryostat in CLIO

10-100 times larger !!
K. Yamamoto et al, J. Phys.: Conf. Ser. 32 418 (2006)

VicMahon refrigerator

Displacement [m/rtHz]

cryocooler

Frequency [Hz]
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In Worse Case

« [f the attachment point of heat links is vibrating at the
same level as cryostat vibration in CLIO..

|||||||| T T T T T 1111 T T T T T 1717
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round o :
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B
* Add one more “cushion” between the cryostat and mirror

} tosas
Platform: 120 kg
GAS Filter ~ 0.3 Hz
N
S
[nte rmediate
Mass: 60 kg

Test Mass
22.7 kg

Intermediate
Recoil Mass: 60 kg

Recoil Mass

37.3 kg

13

} tosas

Platform: 120 kg

(

GAS Filter ~ 0.3 Hz
NN Spring: 5 Hz

Recoil Mass: 60 kg

Test Mass
227 kg

Recoil Mass
37.3 kg

Intermediate - -
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\

These two masses are

thermally well connected

by heat links*
$ to sAs

Phtform: 120

GAS Filter ~ 0.3 Hz

AN

15K

Intermediate
Mass: 60 kg

16 K

15K

16 K-

—

Test Mass  Recoil Mass

37.3 kg

Intermediate
HBecoil Mass: 60 kg

—» Heat Flow
== Al Heat Links

=== Sapphire Fibers
(1.6 mm, L=30cm)

* Pure aluminum
®d 3 mm, L=63 cm,
Number: 5
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1071

Several peaks exceed
the target sensitivity,
but the flour level is OK.

o 10710) ki
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8 10720 NG L e A
E -------------------- - - -
R A U  [TE
G 10N T W
a No Heat Links--------- A ASEEEhs -
o4l B L 8
2 5 10 20 50 100
Frequency [Hz]
o2l
0.1 1 TO
_ Frequency [Hz]
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Possible Ideas of

Further Improvement

* Suppress the cryostat vibration passively/actively.

* Put additional filters between suspension and cryostat.

()

—_—
]

“~—+*  Heat Link

Platform Mass

* Add vertical springs for test mass suspension.

GWADW 2012 17
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Effect on Angular Motion @

.‘,/" y
~Hawaii~

\

# SAS is very soft in yaw motion (~ 10 mHz).
* Low frequency yaw motion can be easily excited.

I - Torque I Single wire
suspension
<
O

Top View

GWADW 2012 19



* [f one employs asymmetric wiring of heat links..

Mirror Yaw Angle

SRR —~ | | Microseismic peak

8 heat links T T A aREEELY EEEREEEEEE

<oy N AR Y . < G A

[I o QU A s T T
u

f—
<

—
i
=

—
9
=]

Spectrum Density [rad /rtHz]
RMS Angle [rad]

107 RMS: 2 urad Y
IRy - Yaw resonance
Top View 10 '"r'*.'*.'r*.*.':"""'r"'.*".*'*.'*.'r*.':':"""'.*‘;x;E"*:"
lo-tol il IR %)
* Eddy current damping for yaw 0.005 0.010 0.050 0.100 0.500
modes is applied 20 Frequency [Hz] 2012/5/15

T. Sekiguchi, Master Thesis (JGW-P1200770)



* Symmetric wiring does not subject any torque.

« If you admit 10% thickness difference in two connections
- Blue Curve

%‘ 1075
4 heat links > = o
£F 108 4/
3% 107
+
5 1078
4 heat links o |
S e Y
wi I T T T I 1 [ T T Y
10—1{} “

0.005 0.010 0050 0.100 ___ 0.500
GWADW 2012 o 21 Frequency [Hz] 2012/5/15
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 Careful wiring of heat links is required, in order to
mitigate the seismic noise introduced from them.

* Further isolation, or improvement of the suspension
design may be necessary.

* Yaw excitation by heat links would be not so huge (be
in a controllable level).

GWADW 2012 23 2012/5/15



+ Transfer function measurement of heat links.
(How to 77) -

* Vibration measurement inside the cryostat.
* L. Naticchioni and D. Chen will start this autumn

" | Ground vibration at Kamioka | ||

Sspone EREEN
= 107 v measured by L-4C (geophone) | |},
E_ 107k ibration of the inner shield
.E. feromete
u I
) 0| Gl
B 10
E
2,_ 10-11L
[a] RN DR NN WO PO 1 K NPUPRRY JUONS SO0 DU X PR ML SO B RO

ol IR R
0.1 1 10 100
Frequency [He]
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Requirement for KAGRA (f '

Test-Mass Suspensions (1)

* Seismic noise should be much
lower (at least 10 times smaller)
than other noises at the detector "\ fp Seismic
observation band (> 10 Hz). 1071

KAGRA Design Sensitivity

Suspension Thermal

Seismic Noise Requirement:

<3x102° m/+/Hz @ 10 Hz
And rolls off steeper than f3

Strain [/rtHz]

10 100 1000
Frequency [Hz]
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Requirement for KAGRA | '

Test-Mass Suspensions (2)

 Mirror temperature should be as low as 20 K to suppress
thermal noise.

-21

10 .:_............~...........................................................................................:
:|Thermal noise of LCGT mirror at 100 Hz
e {| === C'oating Brownian noise : ;
= 29 [l w ; PN ; = :
- 10 d Substrate Brownian noise
g Heeoes Substrate thermoelastic noise ;
— | === Thermo-optic noise
- :
< =2 1 T e e T e—— R o TR TR (AT S T ot
T A R S L2 23 7 RIS 2 |
- ¥ : L : Aok
- . . D
A P :
ot 24 [ Y
S 10 T E
= R :
= | f
= 25 [~ 5
2 10 5
% o '
P "
26 b7 :
10 - R P o I 1 | £ OO | RGN, SN R | A 3 A7 S oo s 1
4 567 2 3 4 567 2 3

-

Temperature [K]

Substrate thermoelastic noise
(o< T?5) gets lower than coating
Brownian noise(o<T%>) at < 23 K
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Seismic Attenuation System

(SAS) for KAGRA

+ 7-stage pendulum + 5-stages vertical spring
(horizontal attenuation) (vertical attenuation)

Metal cantilever springs

Geometric Anti-Spring
(GAS) Filter

f, ~ 0.3 Hz

~13 m

Last 3 stages are cooled at cryogenic temperature
(<20 K) to suppress thermal noise

Mirror (Test Mass)

* Beam splitter and other optics are suspended by smaller vibration
isolation systems



Vibration Isolation
System Disposition

ETM: End Test Mass
ITH: Input Test Mass
BE; Beam Splitier
MC: Mode Cleanar A
MMT: Mode Matehing Telescope | ‘T
PRM: Power Recycling Miror
S5RM: Signal Recycling Mimor
PD: Photo Detector
Type-B Type-C 140 Input Auxiliary Optics
EAQ: End Auziliary Optice

Type-A

, BRT: Beam Reducing Talaacops 5
Expected Performance S
1e-04 ¢
e
naiE ~ . e
s T
“E 1E-10'_§ —\k\l{k\?— — Typa s Tipsh  Typed
£ te12f AN
8 I
] 1&-14-E \'\:‘:\ :
%_ ' — Ground N \
8 1e-16' — Type-A T
1e-18:f{ — Type-B H\\
' ~— Type-C LS
18-20'F ~ - iLCGT Test Mass S
P ———H R Bt
0.01 0.1 1 10

Frequency [Hz]



SAS Status

Prototype Experiment:
Standard filter (GASF): Performance was measured @NIKHEF
Pre-isolator (IP&GASF): Now Measuring @ Kashiwa

Design:
Type-B Payload: Now Designing

\

10°
intermediate recoll B —— Swept sine
mass suspension i —
. p : s —
wires (3) 10 P L Model, Q=18, B=0.0006
intermediale mass I : : :
suspension wire )
5 10
intermediate recoil £ »
mass -controls 810
=
107
10°
10 . .
£ - 107" 10° .10 10° 10°
intermediate mass ——— (G RE TS A =T 4 A ———
suspended magnet
- internal mode 3
e Measured

mirror suspension
wires (4) |

Transfer Function

recoil mass

suspension wires
(4) )

Mrror recoil mass - |
controls

(Feb. 16th, 2011)
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Cryogenics

99.9999%, Purity
®1 mm,L=97 cm

1 to SAS Nu::rlher: 8

Phtform: 120 kg

GAS Filter ~ 0.3 Hz 15 K

N 2 Cryocoolers
17K ( w60 ki == 2 Cryocoolers
16 K 15K

Intermediate
Hecoil Mass: 60 kg

a4
i

>3
23 K416 K-

1
Test Mass  Hecoil Mass

‘_,-"" 22.7kg 373 kg HM\

Scattered Light ™~ 99.9999% Purity
5 W ¢ 3 mm,L=63 cm _
( Number: 5 )




Temperature [K]

300

150}

250}

200}

100]

50¢

m— [nner Shield

—— Platform

Intermediate Recoil Mass| ]

~—— Intermedate Mass
——— Recoil Mass

m— Test Mass

Thermal simulation
with Y. Sakakibara’s Method

1 * The inner shield and the
] masses except for the test
1 mass are DLC-coated (€=0.41).

| ** Radiation cooling is
i : dominant before 15th day.
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Initial Cooling Time

Calculation Diagram

By Y. Sakakibara

Qra
er Al
4 x $1.6 mm x 47.1 cm|
{Cu:l, Tr]_
My =60 k
Inner Shield Platform 1 RM
(AT, T (Cu), T, (Cu), Ty
Mz = 410k 'IE Mp =74 kg ™ Myrz =23 kg
f (Cu), T;
_— Al Al My = 60 kg
Radiation | - ol mm x 785 em 5 x ¢03 mm x 62.8 em {TSTﬂghtjre]l
Qi pphi M. = 23 kg
- 4 x ¢1.6 mm x 30 cm

Q
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* Absorption in mirror
Coating: 0.4 W (1ppm)
Substrate: 0.6 W (50 ppm/cm)
Total: 1.0 W

GWADW 2012 36

+ Inner shield

Radiation from 80 K: 1.3 W
Conductance: 0.8 W

Scattered Light: 5 W (10 ppm)
Total: 7.1 W

2012/5/15



Py
Heat Extraction Scheme @

\“--__.-—‘ﬁ P
~Hawaii~

\
* In the new heat extraction scheme, mirror temperature

would not be raised, even if large scattered light attacks the
shield.

Initial Idea New Scheme

! 4 Cryocoolers ! 2 Cryocoolers
‘#)—P %

2 Cr{ocoolers

N
™ Thermally
GW/ separated °/15

-




Thermal Conductivity of (f

High Pure Aluminum

107 ¢

40,000 W/m/K @ 6K <o

6N Aluminum : \).\

5N up Al 3 =C e ..
RRR=3000 i

2 L

10 o s
2N Aluminum 1 ==
10 For inner shield =

~Type A-1070 = 72

10 2 3 4567 ' 2 3 4567 2 3
GWADW 2012 1 10 100

T [K]



CcComMsSOoL
MULTIPHYSICS

*  Pure aluminum (E=68 GPa), ®1 mm
* Half-ellipsoid (a=400 mm, b=200 mm)
* Los< anole: 104

GWADW 2012

Heat Link
TF Calculation

X(w)

[am—
9
e
1

Transmissivity (X/Xo)
L =
= =

10-8 ] L

i T""'TEBH;iiIG'Ei}{Si”&'f
' Transversal (y) i
Ve rtlcal {z}

_IL L

0. []Ul

39

0.01 - 01 1 10 100
Frequency [Hz]
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—~ o Heat Link Longitudnal

—___ Transfer Functions 2" ST
E ] — b=300 mm
Xy w) X{w) E ~—— bh=4 00 mm
- 800 - B 0,01
- = ta
\L}/ -E .
g 10
1.:"-,-I:l Ll PPN
000l 001 0l ] 1 100
Frequency [Hz]
Transversal . Vertical
— b=200 rum — b=200 mm
]: — b=300 mm : — b=300 mm
— b=400 mm 0ot |~ b=400 mm

Transmigsivity [X/Xo)
Transmissivity [X/Xo)

10~
194

10-4
106 i 10-3 i
0ol .0l 0.1 1 10 1] 0.1 001 (I | 1 10 100

GWADW 2012 Frequency [Hz] Frequency [Hz]



g Heat Link TFs Longitudnal

= Da25mm |
Kol w) X(w) e | — D=
-— — E : — D=50 mm ]
—— — D=75 mm
D . %‘
B 001}
L]
100 E .
' 1,;_;.-I!'. Lo
0.01 0.1 ] 10 1000
Frequency [Hz]
Transversal Vertical
. . : 1000
E 1o} || — D=25 mm E‘ J — D=25 mm
= —D=S0mm || = | U | —D=50mm |’
s —D=75mm || T | S| — D=75mm ||
= 0.001 E R
b 0000k ran ...H'-\.,_EH
-g ]D-F -E . S . H-h'-q_hh. II
g 1075 L
]I:I_:I g -k -Ill
107 '
0.01 01 i 10 100 0.0 0.1 ] 10 100

GWADW 2
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GWADW 2(

[a—
<
=

(]

i
—
=]

Displacement [m/rtHz]

T ——
* Couplings from the vertical motion is dominant above 3 Hz.

Seismic Noise via Heat Links

Ground

Frequency [Hz]

* Assuming
1% coupling
from vertical

2012/5/15



Heat Links with Half

Diameters

* How about decreasing the fiber thickness,
from 1.0 mm to ®0.5 mm ?

* Heat conductivity per link: x 1/4
* Necessary number of links: x 4

* Spring constant per link: x1/16
« Total stiffness: 1/4

* Heat link total mass: Same

GWADW 2012 43 2012/5/15



} tosas

Platform: 120 kg

GAS Filter ~ 0.3 Hz

Intermediate Intermediate
Mass: 60 kg Recoil Mass: 60 kg

Laser
—*-

\

22.7kg

Test Mass  Recoil Mass

37.3kg

N

\

AN

-~ 99.9999% Purity

50 ® 1 mm,L=29 cm
100 Number: 207

Push heavy Platform to
the room temperature
part.

Decrease the initial
cooling time.

Another vibration
shortcut occurs
between IM and IRM

2012/5/15



Hot Platform

Initial Cooling Time

it o | B
Current Design |({ |- i) Hot Platform
Y
1 I_I__i):::m:m —
Tiomy | T
300je T T T 300 T T T T T .
'\ = Inner Shield [ | = [nner Shield
— 250F--\N------r----- —— Platform 1 — 250F-\N\a-- - .
ne [ ' ! Intermediate Recoil Mass|] | Intermediate Recoil Mass
— [ . ~— Intermediate Mass ! = I ~ Intermedate Mass j
g 200f-----\ N ~——— Recoil Mass : @ 200p----- i iy —— Recoil Mass N
a [ PN e Test Mass ] E :\ | s Test Mass
S 150] | 5 1s0p- S\ | -]
a | =Y ek earlier!! |
£ 100f | E 100p .
= [ I 5
50] : SOF -\ N ]
oL = Ok =]
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

Time [day] _ Time [day]



 wsas

Plaiform: 120 ky

Hot Platform

Seismic Noise

s s 0.5 T
—— ~hmai
Laser ff )
—
IR S O I AN U U 4 S S R S 1A Zrug ATk
107 AU~ AN N R \ N
% 10—“’ ——::::______:'L __________ Due to the vibration
T W S shortcut, seismic noise
SOL0THE St gets larger above 10 Hz
S S R | R in ~1 order of magnitude
LS A
T i TOAt S ' {4 Hot Platform
A 107 YA Current Design
. i 10 100

Frequency [Hz]
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Heat Links with Half

Diameters

T ——

10-¢
N ;
T 1070 )
~ LAY o
=) b --i---‘Dl {}mmxﬂ----L
o 107 LI ik
S b SO @0.5mm x 32 1]
E N B I I j ______ ::I_:____ I__I__I_I_I_:_Ijr____I___I__I_I_I__Ijrl_
g 10718 Z
i
A,
4
b 10_22 R I____ o TR *Assuming
e : 0 -
L w fn Heat Lmks h 1% coupling
__L_l_l_l_lJL ________ _l LLJ. |_ J. L L_l JI. from Vertlcal
10 =26 | |:I ; I

or T """1"0 100

Frequency [Hz]
UVWADV ZU1Z o 2012/5/15



Damper
;,/ Conductive Plate

Filter 1

Permanent %)

| Lower Stages

~70cm

GWADW 2012 48



+ Torsion modes of the single wire suspensions would be
sufficiently damped by the eddy current damper.

SEE EE EE B B T T FEEE EEE B e E e —— . Impulss Response
'E‘ m[m_Ié__Ié_i_i_Iéi__E{_____Ié___d_;i__!__d__t — with Damp 25|y — =]
FTITTTISISIASEARTISC SISt T ) Ll No Dam || i :
z 'T__T_-I_-I_T-I_I_l_h _____ T___'I_=-I__ _I'='I_I_F p 2 Damplng tlme:
:a“ ]ﬂﬂEIEEEIEEE:EE:EIEE:E:E:illé"é§§§§I§§§§§:§IE:EE%E:;.E:EEF1========|====|===|==1== 15 .
o S EEEEE = S SR EEEEEL Y S EE 3 ' 1~2 min.
= % z !
. =
E E 05
2 i
0 05
g
_15 ' 1 1 1 1 1
$oroooac e Ot 1 O a0 100 160 200 Zhi 200
------ Tge
0.005 0.010 0.050 0.100 0.50C
Frequency [Hz] Figure 6.7: Impulse response to the external torque.

Mirror yaw angle response to applied torque
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RMS: 0.5 prad
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