el CRELCHER]
(National Astronomical Observatory of Japan
| Institute for Cosmic Ray Research, Univ. of Tokyo)

K. Yamamoto (ICRR), T. Uchiyama (ICRR),
T. Sekiguchi (ICRR), H. Ishizaki (NAOJ),
A. Takamori (ERI), R. DeSalvo (Univ. of Sannio),
E. Majorana (INFN), J. van den Brand (NIKHEF),
E. Hennes (NIKHEF), A. Bertolini (NIKHEF)

<o
MG13, Stockholm w R A

6 July, 2012




Concept of SAS for KAGRA

. Configuration of the vibration isolation system
for KAGRA

Simulation
Design and Test
Summary







We employ the for KAGRA.
The SAS consists of an inveried pendulum (IP)

and geometric anti-spring (GAS) filters.

Attenuation of seismic noise at the observation band (>10Hz).
GAS filters and payload (mirror suspension).

*Reduction of RMS motion of mirror at low frequencies (<10Hz).

Pre-isolator (IP + GAS filter)

Expanded
Initial Angle
: GAS Blade
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Figure 4. Current strain sensitivity of TAMA300 (red) and the alignment noise level (blue), which
is currently limited by DAC noise at around 100 Hz. The previous best sensitivity (black) is also
shown.







ETM: End Test Mass

ITM: Input Test Mass

BS: Beam Splitter

MC: Mode Cleaner

MMT: Mode Matching Telescope
PRM: Power Recycling Mirror
SRM: Signal Recycling Mirror
PD: Photo Detector

IAQ: Input Auxiliary Optics
EAO: End Auxiliary Optics

BRT: Beam Reducing Telescopej

Type-A
IP + GAS Filters (5 stages)
+ Payload (23kg, cryogenic)
Type-B
IP + GAS Filters (3 stages)
+ Payload (10kg/20kg)

Type-C
Stack + Single/Double-pendulum (~1kg)

Type A

TypeA TypeC Type C TvpeA  TypeC
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Pre-isolator

Filter chain

Payload

Top filter
[FilterO]

Inverted Pendulum (IP)

Filter1

Bottom Filter (BF)

Intermediate Mass (IM)
Intermediate Recoil Mass (IRM)

Test Mass (TM)

Recoil Mass (RM)

Optical Bench
[Breadboard]
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m 1.2m diameter 5m tall
borehole containing
stanaard filter cham




Old Type-A design Test of support frame




It is difficult to apply them to huge cryostat/

Accelerometer
Vertical Filter

_LvDT

= Vertical Filter

———Monolithic GAS

Inverted Pendulum Leg N

+— Platform
_L—Intermediate Stage

_+-Recoil-mass
.~ Payload
~

Test-mass (mirror) ——




Double radiation shield
Low vibration PTC units
*Pure Al heat path
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Longitudinal simulation using point mass model

(R. Takahashi)

Full dimensional simulation using rigid body model
(T. Sekiguchi & E. Majorana)
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®The isolation above 2Hz is due to
the heat link of 0.03Hz.

®The 1% coupling from vertical
displacement is comparable with the
horizontal one.

®Predicted displacements are
consistent with the IFO noise budget
above S5Hz.
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Displacement
@10Hz [m/rHZz]

RMS (velocity)
[um/s]

RMS (displace.)
[um]

Target

—

Calculation

3 x 10-17

3.1

2.2

Requirement

4 x 10-20

0.1

0.1

Calculation

4 x 10-20

0.08

0.05




e, B0 [=330 mHz, Q=20
M=370,[x=48[y=95,[z=48

Each body has 6 DOF (X, Y, Z, 6x,
9 y, 9 Z) | Flw (1); Maraging

~ L=1300,dn=2.1,dw=2_1T=710 N/mm2
Wire potential is divided into
and . ) | F1; =330 mHz, Q=20

M=100Ix=4,ly=6.4lz=4

GAS works as a one-dimensional

L Paw [1]; Maraging

ideal Spri ng ) ’- L=0500,dn=1.6dw=1.6T=736 N/mm2

No deformation of the bodies, no 00t 2t
violin motions of the wires. R Me1031x-3.81y=64 r=3.8

—~ IMw [1}); Maraging
L=0500dn=080dw=080T=750 N/fmm2

Steel

=564 N /mm2

y=0.40,1z=024
IM; M=15.6,Ix=0.12 Iy=0.19,[z=0.15

~ TMw [4]; Tungsten

~ L=0500d=020T=835N/mm2
o BMw [4]; Tungsten

L=0.500,d=0.60,T=107 N/mm2

RM; M=1273 [x=0.16,ly=0.151l2=021
TM; M=10.7,[x=0.051,[y=0.051,lz=0.083




10-21 m/Hz12 at 100Hz
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' Torsion(.012Hz) “ Torsion(.020Hz) 3IPTrans.(.O?)OHz) P Long.g.QBOHz)

: : - aiganplot[eigeny, 0.6,
- elgenploteigeny, 1.0, 1] aigenplot[aigeny, 1.0, 9] elgenplet [elgeav, -0.3, 3]
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Pre-isolator prototype

: , Central keystone (C), Motor controlled rotation
mechanism (D), Platform for vertical accelerometer (E), :
Motor driven vertical springs (G), Sliding clamps (H), Special tool tuning filter resonant frequency (1),
Counterweights for GASF (J), , Magnetic dampers (L), Counterweights
for inverted pendulum (M), Motor driven horizontal springs (N), :

, and Hooking points of magnetic damper (Q)




120330_HvsF0 | —=—|nitial
—e—~0.7 mm Compressed
—e—~1.5 mm Compressed
—e—~2.2 mm Compressed
—e—~2.0 mm Compressed

C*:- e

Frequency [Hz]

i
16 18

Height [mm]

Top Filter

y = sgrt(m1*(m2-M0))
Value Error
m1 0.05296|0.0088784

m2 2.7947| 0.21641

\ 0.0023156 NA

\ R| 0.96413 NA
’(\
Pre-isolator prototype with digita . o -

ContrO”el’ at ICRR Average Compression from Initial State [mm]

Tunning of top fiter

Frequency [Hz]




—— Swept sine

- - = Model, Q=18, B=0.0006

Transfer function
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intermediate recoil
mass suspension
wires (3)
intermediate mass
suspension wire

intermediate recoil
imass -controls

mediate mas
suspended magnet

- internal mode
damper

mirror suspension
wires (4)

wire breaker

recoil mass

mirror recoil mass -
ntrols

lshadowmeter flag




Standard GASF

Frototype test
Procure
Bzzembling

Fre—izolator

Frototype test
Frocure

Bzzemb ling

vpe—& payload

Prototype test
Frocure

s zembling
[inztallation

E‘rntﬂtype test

ztallation

rototype test
ztallation

Prototype test: 2011.2- (@NIKHEF)
19 units: 2011FY

Prototype test: 2011.8- (@ICRR)

Hrocure
nstallation

6 units: 2012FY

in MI<HEF /ICRR

i &keno
in ICRR

in &keno
i P A

in kamioka

in the site

i TARAS

Prototype test: 2012.8- (@ICRR)
7 units: 2013FY

Prototype test: 2013.4- (@ TAMA)
3 units: 2014FY




KAGRA employed the SAS which consists of an
inverted pendulum and geometric anti-spring filters.

The SAS for the main test mass is set in the 2-layer

tunnels to obtain a rigid base.

Model calculation has been developed with design
works.

Prototype tests are now going.




