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Mt. Ikenoyama

= Building block for 3" generation GWDs.




KAGRA

— 3-km arm-length.

— Two unique features:

Underground Site Cryogenics
Quiet Site @ 20K

Reduce Seismic Vibration Reduce thermal noise
and Newtonian Noise

A F2Ve

Suspended to
attenuate vibration

Sapphire Mirror
Mass: 23 kg
Diameter: 220 mm
Thickness: 150 mm




Test Mass Suspension

This 13.5 m tower is a 9-stage pendulum
and isolates TM from seismic motion.

Type-A Suspension

Type- A Tower:

 Top 5 stages, 12 m

« Room Temperature
Cryogenic Payload:

« Bottom 4 stages, 1.5 m
« Cryogenic Part

How to cool down TM to 20K
and keep vibration isolation?

i\ Inverted pendulum
' & 5 GAS Filters
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. Cooling System: Double radiation
COOImQ LaYOUt shield cryostat cooled by Pulse

, Tube Cryocoolers (PTC).
Double Stage PTC: (x4)

R + 15t Stage: All 4 — 80K Shield
sus;?ensiol:l :i ® an S tage:

b e 2 —» 8-K Shield: 2 — Cooling Bar
I

PTC Cryocooler
for Cryostat

L) A
1 1
1 .

B RN \ Duct shield PTC: (x2)
?l \ To cool down 5-m duct shield

| e % I which reduces 300-K radiation.
VAV VN VD Sapphire Fibers IEJ H Frrriri
300 K Radiati f\NV\_) ‘ll i ,I' Heat Link Vibration Duct Shield with Baffl I
/) /a ;a 1/0“ / VT ' Isolation System (HLVIS) uct\le\ ‘:It\ a\ e\s COOIIng

N gl | .y .
WP T Thermal Radiation to shield:
Inner (8 K) Radiation Shield | e Cools Payload to~100 K

A Outer (sé} K) lﬁdiation Shield \ Conduction cooling via heat-links:
ryosta
e CoolsTMto~20K 5

PTC Cryocooler
for Duct Shield




Vlbratlon Spectra of KAGRA Cryostat

‘Note: All cryocoolers were turned on
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Vibration (m/~+/Hz)

~ —Shield Temperature= 12 K

10711
- Shield Temperature= 290 K
- —KAGRA Seismic Motion
1 10 100

Frequency (Hz)
A significant increase in radiation

shield vibration coupling after heat-links Is atten_uate(;l\l .by
cooling was observed. HLVIS but Newtonian Noise

R Bajpai et al 2022 Class. Quantum Grav. 39 165004 cou pllng mlght be dain ISSUG.
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Newtonian Noise .

— Due to fluctuating mass distribution which

causes fluctuating gravitational forces on TM. @
— (Can't be shielded against or attenuated. — T A
— Sources: Seismic waves, Atmospheric fields,
Vibrating Objects In KAGRA study of NN has been |Newtonian Noise o
@ Ii.mited to seismic waves, atmospheric : I:/Jgissstaor:ctgf(g\?-i;ia)
« Cooling System NN: fields and underground water. _ Vibration magnitude

— (Cooling system components are heavy and relatively close to the mirror.
— When components vibrate the Newtonian gravitational force between

them and the mirror fluctuates.
— This causes mirror displacement.



Derivation — Consider a simple hollow cuboid cooling system (CS) with
TM (mass: M) at origin.

— Split into N element mesh where each element is a point-
mass weighing m,.

— The gravitational force on TM along X-axis due to a point-
mass located at (x,, v, Z,):

:2@
XX)
XK
’ Q“ ’
e
5

i

/
X
:a
o
8
%

."
.q:
v
Q)
O

AN NN NN N N AN N A

A0S

8
)
&

AN N 2N NN NN N N NN

4

<

Q

NAAMAAAN RN NN RN

AN N\ N Y
WMWY,

4

i

AN AN\ Y

0

B\ N SN N S S\ WY

AN NN N N\ N\ N\ N\ Y

5
%
K0
KRN
58
QN

%
5
%

SARRARRRARET 4
 AANMRNMNRNE

’;V

AWAWA

A AN NN NN NN

. 9
Frvye = GMm,
“n Jn ~n

b | L

NN S N N NN A D

— When CS vibrates with cf(u, v, w) force fluctuation will
be:

AFry, (t) = VEryy . d
!

Summate (or Integrate) over the entire cooling system to
derive cooling system force fluctuation.




summate / integrate

Fourier Transform

(Power Spectral Density)'? V4

S or | 19 ASD MarL
A Pryy (> AF (£ A F (W)=, /5 (w0) 228 /S5 (@)
Change in force Change in force Change in force in ASD of change NN Strain
due tom, due entire system frequency domain in force

y

VSh(w) =

s

Cooling System 3000 m

NN Strain

VG| JA2S, (w) + B2S,

|

A= Zle My, {

B = Zﬁ;l mn

C = ij:l Mn

—222 +y2 +22

(2 +y2+22)7 |

—3Tn Yn

5
(2 +ys+22)2 |

—325-”,{137;,
|5
(@5 +yn+27) 2

A, B, and C are constant and
depend on the geometry

(w) + C25y(w)
Su(w) X-axis
Sy(w)  Y-axis
Sw(w) Z-axis
are cooling system

Vibration PSD along each
axis and are incoherent
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KAGRA Cooling System

N ian Noi
e o || = Values of A, B and C for

— Mass of the object

— 1/distance? (M - object) .
— Vibration magnitujde eaCh Component'
— Evaluated from N element mesh

generated on Ansys.

Cryostat
{1000 ke Component| A B C
Outer Shield Breadboard | 550.69 |—5.4 x 10 '°|—-1.2 x 10 '
(520 kg) Baffle -23.4 -6.97 -0.11
Inner Shield : Innef Shleld 12415 —028 —464
(480 kg) Outer Shield | 97.52 0.53 -1.95
Baffle Cryostat |-298.34 -6.22 -0.03
(7.2 kg)

A>BorC

U

Sh(w) = YAC . /A25 () + B2S A +E25, ()
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Breadboard '7 '
(87.6 kg)

Test Mass
(23 kg)
Origin
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Comparison
NN is estimated as: 5 107
\/ZLG = 1426
VS — Su(w)|x A — 10
Vibration Spectra of E 108
the component 2 —Breadboard
—8 K Shield
10°3% - 80 K shield
Cryostat
10-327 —Baffle | |
Cryostat 1 10
e Frequency [Hz]

OQOuter Shield
(520 kg)

— Breadboard NN dominates almost the entire 1-100 Hz band.

Inner Shield
(480 kg)

— Radiation shield NN dominates around 21-23 Hz due to

Baffle
(7.2 kg)

resonance.

— Chamber NN is comparable or lower than shield.

— Baffle NN is lowest even though it is closest to TM because
low mass and smaller vibration.

Breadboard ' .
(87.6 kg)

Test Mass 4
(23 kg)
Origin
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Impact on Sensitivity

Evaluated as the sum of Newtonian noise from each component.

[a——
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—_—
N

—xacrapsimsansiiy | — Cooling system NN is below
-~ KAGRA Design Requirement ] L

—Cooling System Newtonian Noise d es| g N Séen S|t|V|ty

- —But several peaks in (16 -50
Hz) are larger than the final

requirement.
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Strain [1/+/Hz]
= =

[

<
[
=N

- Largest are peaks due Vibration Source |Frequency (Hz)
267 to shield resonances. f Chamber Resonance [17.2, 21.8
| | I | o0 |Shield Resonance 16.3,21.17, 21.8%

Frequency [Hz] Cryocooler Operation Zgg, Zgé, i;é, Zgg, 41.3,
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Code: Internal Document JGW-T1707038-v9

I ns pl ral Ra N g e Y Michimura et. al., Phys. Rev. D. 102, 022008 (2020)

Inspiral range [Gpc]

0.1

SNR=8, fmin=10.0 Hz, skyaverage=0.442

SNR=8, fmin=10.0 Hz, skyaverage=0.442

KAGRA
1 - —Design Sensitivity
-~ Design + Cooling System NN

Upgraded KAGRA
—Design Sensitivity
- - Design + Cooling System NN

Inspiral range |Gpc]

No impact Negligible impact

1 10 T | - 10 T
Mass [Msolar] Mass [Msolar|
Current Design Sensitivity Tech. Upgrade > Upgraded Design Sensitivity
High power laser, 100 kg *Note: 100 kg test mass is

mirror and squeezing assumed to be point mass

No science is lost due to cooling system Newtonian Noise in KAGRA
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Conclusion & Future Work

Significant increase in radiation shield vibration was observed after
cooling. Coupling of this vibration via heat-links Is sufficiently attenuated.

Since cooling system components are heavy and relatively close to the
mirror, we evaluated the Newtonian noise injected by the cryostat.

In the current model the size of the test mass is unaccounted for.
We are improving the model to include the test mass mesh.

Our calculation shows that NN coupling from KAGRA
cryostat has negligible impact on sensitivity.

But cooling system NN could be a potential noise
source for 3" generation detector.

14



Thank you for your attention
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Backup




Cooling System

PTC2 PTC-1
(8K /80K Shield) (8 K Shield/Payload)
(@)
= | Sm(gslg IS{tigren:’)TC ‘ Y S5-m Cryogenic Duct ‘
ﬁ - 1 ] l
e _'_I ) B o) |

.

5-m Cryogenic Duct ‘ Single Stage PTC |
(80 K Arm) =
PTC-3 PTC-4
(8 K Shield/Payload) (8 K/ 80 K Shield)
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PTC Cryocooler
for Cryostat Heat Link Vibration

Vespel Support Rods
Isolation System\ (HLVIS) N
1% Cooling Stage
(~40K) To room temperature
1t Vibration suspension !
Reduction Stage -] ':
Cold-head \
Platform i Heat Link
Cooling Bar (
':
/
2" Cooling Stage ! “‘ ','
(~4.2K) \ \ \ ]
\ \\\ s.,..J \‘\ ”I
2" Vibration . . L
Reduction Stage - -
Intermediate
\YAYAYAYAYA Mass (IM) /77777
300 K Radiation \\\/\> , Duct Shield with Baffles
; IM Recoil Mass
L /L /L [ [/ AN
TM Recoil Mass
| _ Inner (8 K) Radiation Shield
PTC Cryocooler Outer (80 K) Radiation Shield
for Duct Shield Cryostat
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Cryostat

Connected to vacuum chamber

t Cryostat Chamber
of Vibration Isolator

80 K Shield

8 K Shield

Connected

to Cryostat 4.3 m

Connected to
Beam Duct

Cryogenic
Duct Shield

Connected to room
temperature beam duct

Connected to PTC

2.3m

v
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Cryocooler

Connected to
80K Shield

Connected to 8K
Shield/Payload

1m

Valve Unit
Stranded Cu Wire Gas Pipe A
‘PTC Coldhead‘ (99.99999%)
Support Bar Cryostat Flange
(CFRP/GFRP)
15t VR Stage ‘
‘ Coldhead Flange
80K Conduction Rod N | ]
8K Conduction P ‘
Flexible Connection Bar (99.9998% Al)
(99.9998% Al)
N
N \
B 7
B - -
Flange Support Rods/ —
—— g pp / ™ F =
27 VR Stage Cryostat|  Supporting Rods
23 m
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Vibration Spectra

Vibration (m/+/Hz)
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Einstein Telescope

— 3" generation GWD in design phase.

— It aims to push the sensitivity of ground-
based GWD to its limits by:

 Longer arm-length —10 Km

» Constructing detector underground — y :ziaélgzs utnhiqube tlz 'KACSIRAk
. is the building bloc

for Einstein Telescope (ET).

10! 10° 10°
Frequency [Hz|

» Using cryogenics — <20 K mirrors

Estimate cooling system NN for ET using KAGRA cooling system.

23



Cooling System NN- ET

Strain [1/+/Hz]

— Still in the design phase.

— Substitute KAGRA cooling system as ET's. :> NN is eStimated as.

10 16,

[a— [a— [a—
< < <
[N (S0 [N )
= [\*] <>

[a—
<
[ )
(=)

—Einstein Telescope Design Sensitivity
—ET Cooling System NN ]

1078:

3
ETyy = KAGRAyy X —

\/ S sz X v/ Sy(w) x A

~
3 km for KAGRA

10 km for ET

A A
"P‘lv‘r

- Cooling system NN will limit
~ ET sensitivity.

Conclusion:

llaﬂm

Design of ET cooling system

should be carefully considered to

daes "wum

minimize NN and achieve design
sensitivity.

10
Frequency [Hz]
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Breadboard

Integral Calculation

While the breadboard has several M6 tapping to fix the earthquake stopper frame and
other components, for NN calculation a simple cuboid as shown in fig. 8.3(a). To simplify
the calculation I consider a rectangle of dimension 0.7 x 0.95 m at the center of cuboid as
shown in fig. 8.3(b) with the mass of 87.6 kg evenly distributed across the surface. The
distance of this rectangle from the TM is 0.31 m. A small mass dm on this rectangle is

M,,,;; dzdy, where:

Mass of the breadboard B 87.6
Surface area of the rectangle 0.7 x 0.95

Muypit = =139.36 (8.14)

(a) (b)

Figure 8.3: (a) Simplified optical breadboard below the test mass for NN calculation.
(b) A simple rectangle (green) considered at center if the breadboard to simplify the NN
calculation.

From fig. 8.3(b) and eqgs. (8.12) and (8.14) the NN strain will be:

ViG. Myt ottom 0.475 /0.35 (_233,2 12t 22)

—dz dy (8.15)

Hbreadboardipgegras =
e w?.L —0415.J-035 (2?2 +y%+ 2%)2

where, Upom 18 the vibration measured by cryogenic accelerometer.

4447 x 1074

5 X Muynit X Ubottom X 4.564 (8.16)

Hbreadboard;, g = "

Uhottom
&J‘Q

Hireadboardsppege = 2-828 x 1071 x (8.17)

25



Element Calculation

For elemental method, elements size was set as 0.01 m splitting cuboid into 33250 elements
each of weighing 2.634 gm. Figure 8.4(a) shows the generated mesh.

Based on the generated mesh eq. (8.13) becomes:

\//Z e 33250
Hbreafdboe-rdelamental - w? L > Ubreadboard E : Sn'braadboard (8'18)
’ n=1

where, m,, is 0.002634 and (x,,¥Yn, 2.) are the coordinate of centroid of element n in

S,

Tibreadboard *

950

700

150

(a) (b)

s
naT
o6
nas
004
[EY
nax

os 00

Optical o il - iy

Figure 8.4: (a) Mesh generated for the breadboard. The cuboid is divided into 33,250
elements each weighing 2.634 grams. (c¢) 2-D drawing of the breadboard. (b) 3-D scatter
plot where each dot represents an element n from breadboard mesh while the color is value
5 of the element in eq. (8.18)

Mhreadboard

33250
n=1

The value of summation is calculated to be >
in eq. (8.18) we get,

= 550.697, substituting the wvalues

w
Hbl‘ea.dbOﬂrde]emental = 2.295 x 10_11 = bz_:;om (8- 19)
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Direct Calculation

A simplified system, shown in fig. 8.5 was considered to confirm the results obtained from
elemental and integral method.

Figure 8.5(a) shows the front view of the breadboard. Now if the displacement (vibra-
tion) of the breadboard is X m//Hz at some frequency f. Now the force acting on the TM

~
\0.467
A
~

- -

(b)

Figure 8.5: (a) Front view of breadboard, being displaced X m/,/Hz. Dotted green circle
represent mass that cause gravity fluctuations. (b) A simple point mass representation of
fig. 8.5(a) showing relative position of Test Mass and breadboard point masses m.

will only be due to the small mass, represented by green dotted circles (in fig. 8.5(a)) dis-
placed at ends of the breadboard. A simplified representation of this is shown in fig. 8.5(b),
from which the force on TM along X-axis can be calculated as:

0.35

where m is 87.6 X kg at some frequency f and M is mass of Test Mass From eq. (8.20) the
expression for strain can be derived as:

V4

Hircadboardasees = —37 % 2 % G % 87.6X x 3.436 (8.21)

where, X = Upottom 15 the vibration measured by cryogenic accelerometer.

Hyreadboard e, = 2.676 x 1071 x % (8.22)

27



10 ¢
L — Elemental Claculation
- N === Integral Calculation

13 E - Direect Calculation

22| 2

Strain (1/+/Hz)

10" 10!
Frequency (Hz)

Figure 8.6: Strain of breadboard NN calculated with elemental (black) and integral (red)
method. Hbre&dhoardintagm] = 1.05 x Hbreadbuarddimct = 1.23 x Hbreadbua.rd

elemental *
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Integral Method

Upaffle = Ubottom X Suspension TF

ZI y € >
X

Figure 8.8: Simplified baffle to calculate NN is a thin cylinder of radius, R(=0.128 m) and
length, 1 (=0.57 m). The TM is at distance, X (=0.01 m) from baffle. The green dot is a

small mass on the red ring.

To estimate NN from baffle I reduce it to a cylinder of radius (R) 0.128 m and length
(I) 0.57 m as shown in fig. 8.8. I consider a thin ring of length dz on the baffle at a distance
x from TM. Force on TM due to this red ring along x-axis is:

T
F = G.M.Mping———— 8.23
TMIr:.ng Mying ($2+R2)% ( )
Gradient of eq. (8.23) is:
—22% + R? .
VFru,,, . = G- Mg —— " (8.24)

— =5 1
(z2 + R2)3

Now the ring is being displaced by a small amount ... The force due to this small
displacement, along x-axis is the scalar product VFTM,‘_NRQ AUbaffle, SO:

—27%2 4+ R?

e T X U 8.25
(332 N Rﬂ% bafh ( )

FTM = G-mﬂ?ng-

Tring
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NOW, Mying = Munit AT
where,

; —_ Massofeylinder 7.2
TMeunit=Tamgth of the eylinder — 057 — 1209

Integrating eq. (8.25) over the length of cylinder we get the force on TM due to baffle
as:

0.58 2 2

-2 R
Frg, = G .M.y Upame f Lz
Bt oor (2 + R?)z

So, NN strain for the baffle will he:

dr = —1.648 x 107? x Uparfie X M (8.26)

4
Hpafflenmaga = % X —1.648 % 107" X Upame x M (8.27)
Hiaffg = —1.008 x 10712 “‘;—? (8.28)

The baffle suspension is rigidly bolted to the breadboard and since the longitudinal mode
of the suspended baffle is 0.84 Hz so the transfer function is: %3 for f = 0.84 Hz. So,
vibration of baffle:

0.842

Ubafle = Ubottom * 1ransfer function of suspension = Upepom * ? (8.29)
From eqs. (8.28) and (8.29) the expression for stain NN becomes:
Hyafesy s = —T7.68 x 1071 x j;—”’fz for f = 0.84H = (8.30)

Elemental Method

For elemental method, elements size was set as 0.005 m splitting the cylinder into 29,601
elements each of weighing 0.19 gm. Figure 8.9(a) shows the generated mesh. Based on the
generated mesh eq. (8.13) becomes:

ﬁG 37164
Hbameel:mm-al = IQ—L X Ubaffle Z Snbafﬂe [:831)
= n=1

where, my, is 0.00019 and (x,, y., z,) are the coordinate of centroid of element n in Sy, ..

The value of summation is caleulated to be Zzgﬁm = —24.75, substituting the values

n=1
in eq. (8.18) we get,

— 688 x 1079 22?2 (8.32)

Hbaﬂ:leelamnbal

Figure 8.9: (a) Mesh generated for baffle. The cylinder is divided into 29601 elements each
weighing 0.24 grams. (¢) 2-D drawing of the baffle. (b) 3-D scatter plot where each dot
represents an element n from baffle mesh while the color is value S, of the element in

eq. (8.31)

baffle
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107 BN

—— Elemental Calculation
- == Integral Calculation :
— Elemetal Calculation*TF

11}'14 - - - Integral Calculation*TF |
lfl
C |
= 1072 .
—
'E
=
% m-ZE ]
I“-JU |
. . L . . . . I |
10’ 10" 102

Frequency (Hz)

Figure 8.10: Strain of baffle NN calculated with elemental and integral method
Hbﬂfﬂeintegral — 1125 X Hbafﬂeelemntal'
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Radiation Shield

Eh
&
= &30
s o
E E ]
i #1280 |
(b) (a) (b)
ann
15 1.5 [}
B 0.035
14
i ! SN 1 12
0025 | 10
. w05
it oo ! ¥
0 0.015 0 6
4
I i 05
A 0005 T ;
1 : 0
0 Optical ¥ oy ; N
Optical? - _ . 0.5 -2
: 05 N EI 1% .5 v 4
2 :
1 " =05 Y
(c) (e)
Figure 8.14: (a) Mesh generated for the Inner/8K radiation. The octagonal prism is divided Figure 8.16: (a) Mesh generated for the Outer/80K radiation. The octagonal prism is
into 200,935 elements each weighing 2.4 grams. (c¢) 2-D drawing of the inner /8K radiation divided into 262,889 elements each weighing 1.97 grams. (c) 2-D drawing of the outer /80K
shield. (b) 3-D scatter plot where each dot represents an element n from inner shield mesh radiation shield. (b) 3-D scatter plot where each dot represents an element n from outer

while the color is value of summation expression of the element in eq. (8.39) shield mesh while the color is value of summation expression of the element in eq. (8.43)



Cryostat

| 0.02
3
! 0
2]
i |
m 4
o . .02
N
it 004
= !
o |
2 |
= 1] 006
= Pl e P
=t - y
s 05 <
— ptical 0
Optica 0.5 . Y .1

(a) (b)

Figure 8.17: (a) Mesh generated for cryostat with 124,795 elements. Cryostat was split
into three parts and the green dots represent the position where vibrations u,,, Umidde
and Upeetom Were measured. (b) 3-D scatter plot where each dot represents an element n
from cryostat mesh while the color is value S, of that element in eq. (8.45)

arpostal
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Vibration Transfer

Heat Link Vibration
Isolation System (HLVIS)

|

Vespel
Support Rods

-----

*
‘‘‘‘‘

MN Recoil Mass

|

Sapphire Fibers \/

i ]
il sh
1 0
il st
' I |
| TTITT
\ ! i
\ .
1 ,ll' \\\ ’I' '_.l “‘\\\
1 \ s’ 1 1 £
\ ! \ @ — — H ~,
) F s &/ h
N I s
Y Vs ! N \
i i
i ]
H | |
| i
. 1 | | I
Marionette (MN) | !
1 I
1 I
L Dam
A
A

\/  IM Recoil Mass

TM Recoil Mass

~,
~ g

Intermediate Mass (IM)

Radiation shield vibration
couples to Test-Mass as:

Top of inner shield — HLVIS
— HL — MNR — PF — MN
—IM—->TM

Cryostat

\\j Inner (8 K) Radiation Shield
QOuter (80 K) Radiation Shield
/

AN

Z

Issues: Current noise budget
for this vibration coupling is
based on old in vacuum room
{emperature measurement.

Perform vibration measurement at 12 K.
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Setup

Measurement was done in |Y cryostat.

Shield vibration source:
— Seismic Motion. (ground vibration)

— Cryocooler Operation.
— Resonances®; Shield and Chamber

*Enhances the vibration

Sensor

Monitors

D B

Seismic Motion

Tirillium 80 K Shield

120QA

) -

Cold-Head Vibration

[

Inner Shield Vibration

8 K Shield

Cryogenic

25 m Accelerometer

TokKkyokiki
MG-102S

RION LA-50
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i Trillium © nanometrics

120Q/QA

Piezoelectric

Accelerometer

Cooling down to 12 K took 2 month
Analysis was done after cooling.
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Analysis Results

Vibration(m/+/Hz)

Performed vibration analysis to
identify the origin of peaks.

" Influence of Seismic Motion:
10 | | | | | | ;Kalmioka Seismic Moition
——Inner Shield Vibration

-6 = — Coherence

o o
< —
=3

|
<
=]

Compare 8 K shield and

. | seismic motion in 0.1-2 Hz.

[—
<
o

1)
05, )

Measured at: 12 K
Sensor:

Trillium 120QA
Cryogenic Accelerometer

0.1
Frequency (Hz)

Conclusion:
Shield follows ground motion below 1 Hz.

Both spectra below 1
Hz are comparable and
coherence is 1.
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= |nfluence of Resonances:

108 =

[y
S
\o

k.

<
[y
—]

Vibration (m/+/Hz)

- All Cryocooler Off
- —KAGRA Seismic Motion

: A
- —All Cryocooler On WJ\\W
g

[

<
[y
[y
[

1 10 1
Frequency [Hz]

Conclusion:

 Shield vibration is 2-3 orders larger than seismic motion.

» QOperation of cryocooler doesn't affect noise floor but 2
Hz peaks and it's harmonics appear.

Compare shield vibration
when all cryocoolers are
on/off and

Measured at: 12 K
Sensor:;

Cryogenic Accelerometer

00— Cryocoolers off = peaks

due to resonances.
— Origin of peaks identified
by hammering test.
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* [nfluence of Cryocooler:

w0l [ ~ Compare shield vibration
_ f — | — with vibration.
E 10'8\ - | | =
El & Ul 1 |Measured at: 12 K
-510-9 N R Sensor:
> 10710 - —Cryocooler Vlbratlon = J U1 Cryogenlc Accelerometer
- -~ Inner Shield Vibration = o R
. ——Coherence g .
1 ) \ m - \H —— Cryocooler operation
; FE——h s\, sa i | - -
0‘3 A A s e H‘ Lt *'”\“ \" .M ‘|’u' . \“ W W 'L MMME introduces 2.0 Hz and its
1 10 100 harmonics over the entire
Frequency (Hz) : : :
: shield vibration spectra
Conclusion:

Shield vibration spectra is dominated by 2.0 Hz peaks in 1-100
Hz however, internal resonance dominate in 10-30 Hz band.
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HLVIS

-Heat links should be effective In
reducing vibration transfer while
keeping sufficient thermal conductivity.

— . ' ' 5 o — M.
We lfound that ygrhcal wbraﬁon ST Mimor
Isolation was insufficient to achieve . B o s ——— aiii
: TR Lt M W coupling with |
design sensitivity. CpmnnRe T NP g‘;,fe'['ggv; 5
16 K | @ RN Y :'i\i S f
. . . . € f=====7 Peaks CO”S’Ste”t 7 777777777777 E LJ cg/;gslggn(;
A simple vertical vibration e winmeoy N ;
isolation system was developed .. (b
] s | Slope is consistent Wlth S Surging of
for heat link . [ theory but 3 times larger i~ coll spring
1078 N Y
et I IR N
[ --= Theory | A s e o I A s s R SRl
Yamada T., PhD. Thesis, The University of Tokyo (2021) T I 109 1o — 10

Frequency [Hz]
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Vibration Coupling

Topof |, Heatlink Vibration _, HeatLink _, MNR—PF— /// /lsoﬁii?ifé‘;';iii‘:‘:fi‘i?m\?ﬁ?\\\
inner shield| | Isolation System (x2) (x2) MN—IM - TM I l,M,m,7| g:g"‘

TM Displacement due to Horizontal Vibration Coupling

' o= Lil H MNR ‘1 / T (x2)
Displacement = VTop X | T Fiy g X (T Fap | % (T Fying M R | Hea Link
Marionette lntermedlate
(MN) Mass (IM)

Sapphire Fibers ‘u’ lM Recoil
Due to 1 heat-link : . Mass
t;J:[wZen I?IaLVI 3 V Wi F Measured by Evaluated using \ T Heoolles j
Bottom Bottom—=Top, | Yamada et al. simulation \ Inner (8 K) Radiation Shield /
and Payload Outer (80 K) Radiation Shield
Cryostat

measured | 455 mption

: V | \Y, AV 0 .| V-H coupling due to
Displacementyy =V X T FypyisX(T Frr X1 Fying ™| 1 %0 1/300 tunnel slope

TM Displacement due to Vertical Vibration Coupling (Coarﬁ;f;‘g“ﬁ;‘e " a1




TM Displacement

No correlation between vertical

similar vibration coupling for
all 4 TM with no correlation

and horizontal vibration
Added in quadrature

I I
. . . 1/2
Displacementy; = fo VX [D1Spla.c:.enlelltmh,2 + Displacementy, Hg] /
4 heat-links
10710 ‘ ‘
—KAGRA Design Sensitivity H A
o~/ KAGRA Dzzign Reeqsuirement CO”CIUS’ on.
L --Vertical Vibration Couplin I 1 1 ' :
§ IR o Horional Vibraton Coupng Dlrect. V|bra.t|on couplmg via
} 10 — Vibration coupling via heat-links heat_llnks W|” n_Ot be an issye
E for KAGRA in the current
= - . .
E 10 i configuration at 12 K.
g The results are summarized in:
A L.
10" Note: Detection bandwidth is R Bajp a1 et al 2022 Class.
above 10Hz Quantum Grav. 39 165004
1 10 100

Frequency (Hz)

42


https://doi.org/10.1088/1361-6382/ac7cb5

Cryogenic Accelerometer

= Requirements:

(Cooling may change the Calibration Factor)

— Calibration: Self Calibrating

— Temperature Range < 20 K

— Sensitivity < KAGRA seismic motion
in 0.1-100 Hz range

= For cryogenic issues:
— |dentified cryogenic compatible PD.
— Minimum misalignment components:
o Designed proof-mass.
o |dentified mirror mount.

—

= Design/ Layout:

— Sensor: Michelson Interferometer
— Interference signal o d

— High Sensitivity can be achieved.

— Laser wavelength can be used for
calibration.

— Issue: Loss of interferometer output
due to thermal contraction.
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