Status of KAGRA Vibration Isolation System
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1. Introduction
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We present the status of vibration isolation system (VIS) of the Large-scale Cryogenic Gravitational-wave Telescope (KAGRA).
KAGRA will be operated at the cryogenic temperature of 20 K under the ground. A test run with the interferometer operated at room
temperatureis planned this year (IKAGRA). We assembled one prototype Seismic Attenuation System for the beam splitter

of KAGRA, which we call type B. The vibration isolation performances of the prototype are bing tested in vacuum at NAOJ

+»*Seismic motion
The ground always vibrates
at low frequencies

with the amplitude of a few um.

/This seismic motion has to be\
Attenuated, not to transfer the
\seismic vibration to the mirrors)

_ ‘Seismic motion
AN In the KAMIOKA mlne

| East | .

B
o 1
(0))

1
o
A A

=
o

=
o

=
O 1

MY
N

=
O 1

Seismic motion [ m/ rtHZ]

Frequency [ Hz ]

Mirrors for ground based gravitational wave
detector are suspended to attenuate
the seismic motion.

» Purpose of KAGRA Seismic Attenuation
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3. TypeB SAS details

Geometric Anti Spring(GAS) filter | Inverted Pendulum (IP) [ Pre-Isolation Stage

» Vertical Seismic Filter

Attenuate
over ~ 0.3 Hz

Fishing rod
» GAS filter height adjustment

Optical Sensor and Electro-
Magnetic actuator (OSEM)

and coil-magnet actuator

9. Frequency Resp

» Contact free displacement sensor

Sensor LED Actuator

rformanc

v For bKAGRA TM
v/ 7 stage pendulum
v/ With Cryogenics
v/ Height is 13 m.

.

Type B
v' For BS, bKAGRA SRMs

v/ 5 stage pendulum

. Type Bp
: v For PRMs, iKAGRA TM s
i v 2 or 3 stage pendulum

Type C
v/ For Mode Cleaner
C/ Double pendulum

(Toyko, Mitaka). In this poster, we present the concepts and current performance of the KAGRA type B suspension system.

2. KAGRA Seismic Attenuation System ( Type A/IBIC ) igher
»KAGRA SAS N Type A K&tenuauon
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» Horizontal Seismic Filter
Attenuate over ~ 0.1 Hz

LVDT & Actuator

LVDT signals

» Blend GEOPHONE &

Damper ' : " ]
PErt _' \ Torsion Damper
~ LVDT&

wire torsion mode

» Eddy current damper
~ 4 Actuator Attenuate low frequency

A & » Power Spectrum

Response Check

» Output Signals
» Transfer Functions

Compare with Simulation

» Any strange response?

1Yes \No

» Debug » Assemble
the system other parts

Install inside

GAS ' OSEMs in TypeB

2 al » Local control for
IRM / IM

by 6 or 4 OSEMSs

& Intermediate Mass

TM | RM .

damping provided

Intermediate Recoil Mass

Recoil Mass & Test Mass (4)

vacuum camber

(6)

onse In the Air

Set addtional Sensors Pump down
for measurement

» Test under
the vacuum
IS ready
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differences remain > causes mostly identified

» DoF in Measurement

IP 3(L,T,Y)
GAS 1(V)
IM/IRM 6 (ALL)

Idealized simulation; Not mechanical response
Direct electromagnetic GAS
i I Sensor

Asymmetry of IPs
Difference of CM position coupling of

GAS actuator and sensor
» |P(80 mHz) » Difference in High Frequency

P

- GAS
Act.

PHIIS0EY) The wansfer functions o the SAS is onfirmed as designed

6. Summary

v We assembled one whole
Type B SAS prototype and
confirmed that the transfer
functions of the SAS worked
as we designed. Now TypeB
prototype test under vacuum
IS ready.

Future Work : start test

» Confirm local control loop

» Test performance with
control loop in vacuum

» Evaluate long term
stability

) After the test
Assemble 5 more IKAGRA

SASs similar to this type and
Install into the Kamioka mine.




