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Study of Newtonian noise from 

the KAGRA cooling system
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KAGRA
ĭ2nd Generation GW Telescope in Japan.
ĭBuilding block for 3rd generation GWDs.

Mt. Ikenoyama

(c) KAGRA Collaboration / Rey.Hori
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Ƅ Two unique features:

KAGRA

Ƅ Configuration: Dual Recycled Fabry-Perot Michelson 

Ƅ 3-km arm-length. 

Suspended to 
attenuate vibration

Sapphire Mirror
Mass: 23 kg

Diameter: 220 mm

Thickness: 150 mm 3

Housed inside CryostatIYC

EYC

IXC

EXC
Underground Site 

Quiet Site
Reduce Seismic Vibration 

and Newtonian Noise



Test Mass Suspension

Inverted pendulum 
& 5 GAS Filters

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

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

(c) KAGRA Collaboration / Rey.Hori 4



Cooling Layout
Cooling System: Double radiation 
shield cryostat cooled by Pulse 
Tube Cryocoolers (PTC).

Double Stage PTC: (x4)

Å1st Stage: All 4 Ÿ 80-K Shield

Å2nd Stage: 

   2 Ÿ 8-K Shield; 2 Ÿ Cooling Bar

Duct shield PTC: (x2)

To cool down 5-m duct shield 
which reduces 300-K radiation.
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Vibration Spectra of KAGRA Cryostat

R Bajpaiet al2022Class. Quantum Grav.39165004

A significant increase in radiation 

shield vibration coupling after 

cooling was observed.

Note: All cryocoolers were turned on.

Coupling of this vibration via 

heat-links is attenuated by 

HLVIS but Newtonian Noise 

coupling might be an issue.

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


Newtonian Noise ᶿ
Mass of the object

1/distance2 (TM - object)

Vibration magnitude

Ƅ Due to fluctuating mass distribution which 

causes fluctuatinggravitational forces on TM.

Ƅ Canôt be shielded against or attenuated.

Ƅ Sources: Seismic waves, Atmospheric fields, 

Vibrating Objects

Newtonian Noise

ÁCooling System NN:

Ƅ Cooling system components are heavy and relatively close to the mirror.

ƄWhen components vibrate the Newtonian gravitational force between 

them and the mirror fluctuates. 

Ƅ This causes mirror displacement.

Gravitational 
attraction

Propagation of surface 
wave on earth surface
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In KAGRA study of NN has been 

limited to seismic waves, atmospheric 

fields and underground water.



ƄWhen CS vibrates with ᴆὨόȟὺȟύ  force fluctuation will 

be:  

ƄConsider a simple hollow cuboid cooling system (CS) with 

TM (mass: M) at origin.

ƄSplit into N element mesh where each element is a point-

mass weighing mn.

Derivation

Summate (or Integrate) over the entire cooling system to 

derive cooling system force fluctuation.

ƄThe gravitational force on TM along X-axis due to a point-

mass located at (ὼn,ώn,ᾀn):
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A, B, and C are constant and 

depend on the geometry

Cooling System 

NN Strain
3000 m

w=2 f́

are cooling system 

Vibration PSD along each 

axis and are incoherent 

Ɇ or Ú f(ɝ) ASD
summate / integrate Fourier Transform (Power Spectral Density)1/2

Change in force 

due to mn

Change in force 

due entire system

Change in force in 

frequency domain

ASD of change 

in force
NN Strain
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KAGRA Cooling System

ÁValues of A, B and C for 

each component:

A ḻ B or C 

Evaluated from N element mesh 

generated on Ansys.
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Breadboard NN dominates almost the entire 1-100 Hz band.

Radiation shield NN dominates around 21-23 Hz due to 

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.

Comparison

Vibration Spectra of 

the component

NN is estimated as:
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Evaluated as the sum of Newtonian noise from each component.

Impact on Sensitivity

Largest are peaks due 

to shield resonances.

Cooling system NN is below 

design sensitivity.

But several peaks in (16 -50 

Hz) are larger than the final 

requirement.

12R Bajpaiet. al., Phys. Rev. D.107, 042001(2023)

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.042001


Current Design Sensitivity

No impact

Inspiral Range

No science is lost due to cooling system Newtonian Noise in KAGRA
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Code: Internal Document JGW-T1707038-v9

Tech. Upgrade Upgraded Design Sensitivity

Negligible impact

High power laser, 100 kg 

mirror and squeezing 

*Note: 100 kg test mass is 

assumed to be point mass

Y Michimura et. al., Phys. Rev. D.102, 022008(2020)

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


Conclusion & Future Work
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Ƅ Significant increase in radiation shield vibration was observed after 

cooling. Coupling of this vibration via heat-links is sufficiently attenuated.

Ƅ Since cooling system components are heavy and relatively close to the 

mirror, we evaluated the Newtonian noise injected by the cryostat.

Ƅ In the current model the size of the test mass is unaccounted for.

ƄWe are improving the model to include the test mass mesh.

Ƅ Our calculation shows that NN coupling from KAGRA 

cryostat has negligible impact on sensitivity.

Ƅ But cooling system NN could be a potential noise 

source for 3rd generation detector.
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Thank you for your attention
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Backup
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Cooling System
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Cryostat
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Cryocooler


