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0. Abstract

M easur ement of the vibration

at thetop of suspension and inner shield of CL10O interferometer
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1. Introduction

LCGT and CLI10O : futureand current Japanese proj ect

to construct the interferometric gravitational wave detector

(1) Cryogenic interferometer (20 K) : reduction of ther mal noise

(2) Kamioka mine: small seismic noise

\
\ ycool er

Vibration

M easurement of vibration with operating cryocooler Isnecessary.



Schematic view of cryogenic apparatus Vacuum chamber (300 K)
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2. Outline of experiment

2-1. Location

Kamioka mine (LCGT,CLIO site)
220km west from Tokyo
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2-2. Cryostat of CLIO interferometer (end)

Gifford-McMahon refrigerator

(removal) Top of suspension

i) (room temperature, vacuum,
TR 1.9 m from floor, support of four poles)

Inner shield
(low temperature, vacuum,
0.6 m from floor, support of G10 rods)

Compressor .

Shield

4K Pulse tube | |

cryocooler Beam splitter

80K Pulse tube
cryocooler

(100m ahead)
Pulse tube cryocooler :
extremely small vibration

(developed by KEK and Sumitomo Heavy Industries Ltd.)
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2-3. Accelerometer

L aser

sour ce
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Output

~ |

Filter

Vacuum chamber
(Laser source and

photo detectorsare

In vacuum chamber.
Sound does not affect
accelerometer directly.)

Only room temperature

Observation band

<400 Hz (horizontal)
<250 Hz (vertical)
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3. Results

3-1. Top of suspension
(Horizontal:optical axis)

< 200 Hz :
Cryocoolers and pump E
do not increase §
vibration. &
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3-2. Inner shield
(Horizontal:optical axis)
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3-3. Inner shield (Vertical) 5
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3-4. Comparison with floor s ——
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3-5. Comparison with floor ;s —
(Vertical) . e
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3-6. Sensitivity of CLIO o s
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4. Futureworks (For LCGT)

(1) Cryocooler : no serious problem

(2) Vacuum pump : some problems (inner shield, vertical motion)
(Dry pump) < (Rotary and turbo pump)
Connection with cryostat

(3) Suspension top : peak (30 Hz)
—> SAS

(4) Inner shield : largevibration (10 Hz - 200 HZz)

—> SPI

Study of inner shield vibration



5. Summary

(1) Measurement of the vibration at top of suspension and
inner shield of CL10O interferometer

(2) Cryocooler : no serious problem

Vacuum pump : some problems (inner shield, vertical motion)
(3) Suspension top : peak (30 Hz)

Inner shield : largevibration (10Hz-200Hz: 10 - 100 times)
(4) CLIO interferometer sensitivity :

External vibration does not limit sensitivity above 40 Hz at 300 K.

above 60 Hz at 20 K.

(5) Futureworksfor LCGT : Vacuum pump

|nner shield vibration
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2. Outline of Experiment

2-1. Outline of accelerometer

(1) Freemass: reference

(i1) Sensor : displacement
between free mass and shidld

(ii1) Actuator : feedback

M ass follows shield. Acceleration

> Acceleration of shield isderived from feedback signal.

Horizontal and vertical vibration measurement
Goal sengitivity . Seismic motion in Kamioka mine



2-2. Components of accelerometer

(1) Freemass : M echanical har monic oscillator

Material : Phosphor bronze

Resonant frequency : 20 Hz

\ 20 mm length

20mm * 20 mm *20 mm 0.3 mm thickness
1 mm width

(i1) Sensor : Michelson interferometer
(Calibration)
(i11) Actuator : Coil-magnet actuator
(Operation at low temperature)



Vertical oscillator




Accelerometer
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3-2. Horizontal motion
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3-2. Vertical motion 10° F——
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3-3. Vertical motion
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3-5.Gifford-McMahon refrigerator
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3-2. Operation at room temperature (2)

(Cryostat vs optical table)
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3. Results

3-1. Operation at room temperature
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(i1) Vertical motion
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