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Outline

• Purpose of the vibration measurement
• Test of the accelerometer
•Measurement of the KAGRA radiation shield
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Measurement of the vibration on the radiation shield.

Purpose

Vibration measurement of the radiation shield during the cryocooler operation
(@Toshiba Keihin Product Operations, Yokohama-city).

Heat links

T=20K

8K
80K

laser

Radiation shield
Cooling pole

The vibration from the radiation shield.
The recoupling into main laser from the scattered light

The concept figure

Cryo 
cooler

Cryo 
cooler

Measurement of the resonance frequencies of the cryostat and cooler
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testmass

Noise of the interferometer
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The measurement in Toshiba

Accelerometers
One is for vertical component.

The other one is for horizontal component.

Luca’s 
accelerometer

Michelson 
Interferometer

Cryostat #2

Cryostat #3

Measurement 
axis

I will mainly introduce this part.
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The measurement in the #2 cryostat

The result of the accelerometer is developed
by Luca Naticchioni and Ettore Majorana
It worked at low temperature in the cryostat.

The analysis is in progress.
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T~10K
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Specification of the accelerometer

1.Noise levels : 10-9m/rtHz@10Hz
Yokohama-city has this seismic vibration level.

2.Operation at low temperature

In horizontal case, we used a Michelson 
Interferometer as an accelerometer.
We can use the wavelength to calibrate the accelerometer.
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Principle
-The principle to measure the seismic vibration-

Sensor

Free mass

Actuator

We can evaluate 
the seismic 
vibration

A force is applied 
on the free mass 
to let it follow the 

ground

Impressed force 
is equal to the 
inertial force
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The concept figure of the MI

A mirror of the MI is on an oscillator.
The other one is fixed.

-
+

Filter

suppress the intensity noise

Oscillator
(inverted pendulum)

Coil
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The concept figure of
the Michelson Interferometer

Laser source

PD

PD

Fixed mirror
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Cooling part of the accelerometer

We put these components 
into the cryostat.

We use a optical fiber to conduct the laser.
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Oscillator

Coil
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Pictures of the accelerometer

PD

PD

oscillator
fixed mirror

oscillator

We used a coil actuator to control the Michelson Interferometer
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Oscillator

Coil

coil

Optical fiber
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The cooling test of the 
accelerometer

We had coincidence measurements of MI and RION.

MI

RION
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The measurement at T=109K

The signals are consistent with each other especially low frequency.
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We measured the seismic vibration at low temperature.

10-13

10-12

10-11

10-10

10-9

10-8

10-7

10-6

 1  10  100

se
is

m
ic

 n
oi

se
[m

/rt
H

z]

f [Hz]

14K
51K

109K
150K

The result of the cooling test
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Installation of the accelerometer into
the KAGRA radiation shield

The accelerometer
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The cryostat

Inside of the 
radiation shield

Optical fiber port
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Our accelerometer

RION
We used a commercial accelerometer(RION) to measure 

the vibration out of the cryostat.
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Installation of the accelerometer into
the KAGRA radiation shield
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The seismic vibration at Toshiba

These data are measured by RION accelerometer
The seismic vibration at Toshiba is larger than that at Kashiwa

10-12

10-11

10-10

10-9

10-8

10-7

10-6

10-5

10-4

 0.1  1  10  100

se
is

m
ic

 n
oi

se
[m

/rt
H

z]

f [Hz]

horizontal at Toshiba
vertical at Toshiba

horizontal at Kashiwa
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Vibration measurement during cooling

We had coincidence measurements with RION.
The signals of these two accelerometer are consistent at low 

frequency.
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Consistent with RION
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Modal Analysis of the Cryostat
(KEK Shigeaki Koike)

F1 11.07 Hz

F2 22.22 Hz

F3 34.72 Hz

F4 38.03 Hz

F5 43.02 Hz

F6 44.81 Hz

F7 55.97 Hz

F8 56.14 Hz

F1 20.709

F2 23.947

F3 24.712

F4 24.878

F5 30.839

F6 38.156

F7 42.182

F8 45.09

Vibration of the cryostat

mode frequency mode frequency

Vibration of the radiation shield
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We calculated the resonance peaks of 
the cryostat and the radiation shield
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Vibration measurement during cooling
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F1 11.07 Hz

F2 22.22 Hz

F3 34.72 Hz

F4 38.03 Hz

F5 43.02 Hz

F6 44.81 Hz

F7 55.97 Hz

F8 56.14 Hz

F1 20.709

F2 23.947

F3 24.712

F4 24.878

F5 30.839

F6 38.156

F7 42.182

F8 45.09
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The measurement is consistent with 
our calculation at many peaks.
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Vibration measurement above 100K

There are no huge change of the vibration.
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T=210K
T=264K
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Vibration measurements at 100K
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PT ON, Pump ON
PT OFF, Pump ON

PT OFF, Pump OFF
PT ON, Pump OFF

We want to know
the influence of coolers 

and vacuum pumps

We measured 4 cases.

There are no huge change of the vibration.
20

Cooler ON, vacuum pomp ON
Cooler OFF, vacuum pomp ON
Cooler OFF, vacuum pomp OFF
Cooler ON, vacuum pomp OFF
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The enlarged view.

19Hz

15Hz 30Hz

Vibration measurement at 100K

A peak at 19Hz appears when we turn ON the coolers.
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The origin of this peak is the coolers.

Pump OFF
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We can also see the peak using RION.
We had impulse response measurements of the cooler unit 

to know the resonance frequency of the cooler

19Hz

15Hz 30Hz

RION

Vibration measurement at 100K
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Impulse response measurement
 -The resonance frequency of the cryocooler unit -

23

8K
80K

laser

Cryo 
cooler

Cryo 
cooler

testmass

We measure the vibration of this part when 
we hit this cryocooler unit using a hammer.

We can measure the resonance 
frequency of the cryocooler unit.

This part is connected with the radiation shield 
during the operation of the cryostat.
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connected 
with radiation shield

The resonance frequency of the cryocooler unit
We measured the vibration of the heat-transfer bar of the cooler 

when we hit an impulse force on the cooler.
We can know the resonance frequency of the cooler.

This measurement supports the origin of the peak at 19Hz is 
the coolers.
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Vibration measurement at ~20K

It seems the noise level goes up. We can only see the peaks.
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This is because of the change of the alignment.(?)
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Preliminary 

The discussion about this result is in progress.
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Impulse response measurements of the cryostat

We can see the peaks of the cryostat both on the radiation shield 
and out of the cryostat.

Preliminary 
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The discussion about this result is in progress.

T~10K
@radiation shield
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Summary

・We measured the vibration of KAGRA radiation shield  
during the cooling.
・We observed the resonance peaks of the cryostat and 
the radiation shield.
・At least the origin of a peak is the cryocooler.
・We should take care these peaks when we design the 
cryogenic payload.
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to be continued...
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End
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Cooling test of the accelerometer

Connected to a cryocooler

The accelerometer 
will be here.

Cryocooler

F

-
+

Cryo

10K

100K

We prepared a vacuum chamber and radiation 
shield for cooling test.

Vacuum chamber
Radiation shield

We had a cooling test before the measurement in Toshiba.

RION
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Measurement at T=250K
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Consistent with RION
1st mode of Cryostat 11Hz

1st-4th mode of radiation shield 21Hz-25Hz

5th mode of radiation shield 31Hz

Calculated by Shigeaki Koike
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