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2d Generation GW Teleseope in Japan.
Building block for 8' generation GWDs.
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KAGRA

b 3-km armength.

b Two unique features:
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Undergrund Site Cryogenics

Quiet Site @ 20K
Reduce Seismic Vibration Reduce thermal noise
and Newtonian Noise

Segorhire Mirror
Mass: 23 kg
| Diameter: 220 mm
% Thickness: 150 mm




Test Mass Suspension

This 13.5 m tower issifje pendulum
and Isolates TM from seismic motion.

Type-A Suspension

Type- A Tower:
 Top 5 stages, 12 m
« Room Temperature

: 2f Inverted pendult
& 5 GAS Filters

Cryogenic Payload: ey >
- Bottom 4 stages, 1.5 m (/ T

« Cryogenic Part

How to cool down TM to 20K b5 : e ”
and keep vibration isolation? \A _ VT I

(c) KAGRA Collaboratiofey.Hori




: CoolingSystem Doublegadiatio
COO“”Q I—ayOUt shield cryostatcooledby Pulse
, TubeCryocoole(®TC)

Double Stage PT(G4)

To room ‘ A].St StageA I I 4( SmeIdS

moceall ] S Ao Stage:

e T 2 VK 8Shield:
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PTC Cryocooler
for Cryostat
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S "?"| - ‘ 0 \ Duct shield PT{x2)
?l \ To cool downns duct shield

| e | I which reduces 3R0adiation.
VAV VN VD Sapphire Fibers IEJ H Frrriri
300 K Radiation \\\\> ¥ ;  HeatLink Vibration et Shield with Baffles ]
oy V1 Isolaton System (HIVIS) ~\ \ \ \ \ \ Cooling

N B I .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 cryocoolerSNereturnedon
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A significantincreasein radiation ~ COUPlingof this vibration via

shield vibration coupling after heatlml;s s attenuated by
coolingwasobserved HLVIS but Newtonian Noise
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Newtonian Noise .

b Due to fluctuatop mass distributiorwhich
causedluctuatmpgravitationdrcenTM @

b C a mashieldeagainsbrattenuated — T AL—
b SourcesSeismiovaves Atmospheritelds,

Vibratin@bjects In KAGRAstudy of NN has been

@ limitedo seismievavesatmospheric
fleldsandundergrounsater

NewtoniaNoisée®
Massoftheobject
]Jdistanc?e(m- object)
Vibratiomagnitude

A Cooling System NN:
b Coolingystentomponentreheavyandrelativelgloseothemirrar
b Whencomponentgibratethe Newtoniagravitationdbrcebetween

themandthemirrofluctuates
b Thiscausesnirrodisplacement




Derivation b ConsideasimpléhollovcuboidtoolingystenfCS)with
TM(massM) atorigin

b SpliintoN elemenmmeshwherezachelemenis a poirt
masswveighing.

b ThegravitationdrceonTMalom X-axisduetoa poit
masdocateat(w,, ), Q.):
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b WhenCSvibratesvith®o6hh) ) forcefluctuatiomill
be
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AFry, (t) = VEryy . d
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Summate (or Integrate) over the entire cooling system f
derive cooling system force fluctuation.
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summate / integrate  Fourier Transform (Power Spectral Dens) V4
For —U f(3 ASD Mao?L
A Fryy. (t)—>AF(t)——;AF(w)—>\/SF (w) =1/ Sh(w)
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

VS (w) = G JAZS, (W) + B?&(w) 25, (W)

’/ A — ZN m —2$i+yi—|—zi Su(w) X_aXiS
w=2"f S =L g2 ey a2y3 :
| N - : Sy(w) Y-axis
Cooling System 3000 m |B=Xn-1mmn e g 7o
NN Strain D R [ ] wlw) Zaxis
S XGRS R Ok are cooling system

A, BandCare constant and Vibration PSD along eac
depend on the geometry axis and are incoherent



KAGRA Cooling System

Newtonian Noise 4
“massofteobiect || A Values of A, B and C for
— 1/distance? (M - object) .
— Vibration magnitude eaCh CompOnent.
Evaluatedfrom N elementmesh
Crvovta generatednAnsys
{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)
Breadboard 'f ' A 1 B Or C

(87.6 kg)

Test Mass
(23 kg)
Origin

U

Sh(w) = YAC . /A25 () + B2S A +E25, ()
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Comparison

NN Is estimated as:
\/ZG
\V/ SF =37 X Su(w)|x A

Vibration Spectra of
the component

Cryostat
(11000 kg)

OQOuter Shield
(520 kg)

Inner Shield
(480 kg)

Baffle
(7.2 kg)

Breadboard ' .
(87.6 kg)

Test Mass 4
(23 kg)
Origin

Strain [1/+/Hz]

—Breadboard
—8 K Shield
102" 80 K shield
Cryostat
1 0_32 ~ —Baffle | |
1

10
Frequency [Hz]

BreadboardNNdominatealmostheentirel-100Hzband
Radiationshield NN dominatesround?21-23 Hz dueto
resonance

ChambeNNiscomparablarlowethanshield
BaffleNNis loweseventhought is closesto TMbecause
lowmassandsmallevibration
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Impact on Sensitivity

EvaluatedsthesumofNewtonianoisgromeachcomponent

—karspemsainiy | CoolingsystemNN is below
-~ KAGRA Design Requirement ] . oL,
—Cooling System Newtonian Noise d esi g Isens |t|V| ty
.~ Butseveralpeaksin (16 -50
Hz) are largerthan the final

requirement

Strain [1/+/Hz]
= =

24
10 - Largestarepeaksdue Vibration Source |Frequency (Hz)

4 toshieldesonances -~ |Chamber Resonance |[17.2, 21.8
) | I | e [Shield Resonance 16.3,21.17, 21.8"
Frequency [Hz] Cryocooler Operation [26.8, 35.1, 37.2, 39.3, 41.3,
43.5, 45.5, 47.6, 46.9
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|nSp|ra| Range Y Michimuraet. al, Phys. Rev. D102 0220082020

SNR=8, fmin=10.0 Hz, skyaverage=0.442 SNR=8, fmin=10.0 Hz, skyaverage=0.442
KAGRA !Jpgrade'd.K.AGRA
1 - —Design Sensitivity — Design Sensitivity
‘ -~ Design + li tem NN
. |-~ 'Design + Cooling System NN 1 esign + Cooling System
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CurrentDesignSensitivity

Tech. Upgrade UpgradedesignSensitivity

High power laser, 100 *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_}


https://doi.org/10.1103/PhysRevD.102.022008

Conclusion & Future Work

b

o T

o

Significanincreasan radiatiorshieldvibratiorwas observedfter
coolingCouplingfthisvibrationiaheatlinkss sufficientigttenuated

Sincecoolingystentomponentsreheavyandrelativelgloseto the
mirroryweevaluatetheNewtonianoisanjectedbythecryostat

Inthecurrentnodethesizeofthetestmasgs unaccountdar
Weareimprovinthemodetoincludéhetestmasanesh

Our calculatioshowsthat NN couplingromKAGRA
cryostathasnegligiblanpaconsensitivity

But coolingsystemNN couldbe a potential noise
sourcefor 39 generatioretector
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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 Cryostat

Cryogenic
Duct Shield
Connected to room

temperature beam duct

4.3 m

h

‘Cryostat Chamberl

80 K Shield

8 K Shield

Connected to vacuum chamber
of Vibration Isolator

Connected to
Beam Duct

2.3m

v
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