KAGRAICF 1T % B HIrasim D
B[Rk IE D FH F

FERE  BEFILE (BRI
EIL KX EA BAFHIRE B AKE, Univ. SannioP, INFN RomeE, NIKHEFF

=B E AN AIEHEA EREAA BAGHE BOESRS EHE/N\EFA BRHEEC
F. E. Pena Arellano”, M. Barton?, EIZEHIE%A, RAZ A HOREA e EXEA
RBERA, BISEIRLA, FAERE BA KAERMET A BEF—A R Flaminio?,

L7t — =8, MILES, = )118S, J:%L-JﬁB F'ﬁlv_fﬂB R. DeSaIvoD E. Majoranat,
HE—1EF, ). van Heijningenf

Zﬂ

Cl




S

KERIREE © Type-A SAS

2 e JHlHE R

AR b=ILEZEDIRIK




KAGRA®D BE%E%E%E
I ‘ Selsmlc Attenuation System




Type-A SAS

ETY T

ITY

:r ITX ETX

n

+

« BiHIRSFEABIKREE 45




Type-A SAS

:‘ ITX ETX
{]
[
I
------- . BHIEREANIELEE (48)

rrrrr



Type-A SAS B8
[ e

= F1

» BENDEEER
/= F2
=
k. =~ F3
Roi
= BF

Longitudinal
Pin Transverse

PF -
g Mt Mmrm | 1EiE
IM  IRM . s
\4 m rv | STH—F ;




Spectrum density [m/Hz 2]

T BE

BEICXTd B EK

T. Sekiguchi Ph.D. Thesis, p.72: JGW-P1504155-v15

f .

fﬁ’Z{ M%&% @ 10 Hz
<1x101 m/HZ/2

R N N N N e W T —

OO0 o0OO0Oo0DO0o0Oo0 ===
Hhl A s LWL QQ
ENO ™ ®» R NVNO © & &

| TM requirement
1 1 1 11| II|

Ground ——
Horizontal
Vertical (1%) ——

etc...

—
Q
M

1071

\

Frequency [Hz]

\

< 60 sec

> X ey ZEfE



http://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=4155

FIIERIKE— FAER

-

0.019Hz  jwoe| 0.05Hz woe| 0.067Hz 0.067Hz 0.077Hz  woe|] 0.099HzZ  won

' i i (i ' I #1:Y whole chain 0th
T T T T T T #2:Y whole chain 1
#3: T whole chain 0th

IP translation

am | =m | | an | | am| == |  mm | #4:L whole chain Ot

|IP translation

— T - Vs mm s, #5: Y whole chain 2nd
#6: Y whole chain 3
#1 #2 #3 Y #5 #6 EIN-T

ﬁ @ % % % % BESELIH?




3RTRIERET IV »
JE) R 28U M B AT

Control
block

IREEZERAETILIC L B
HllfE R 5% 5



VIOF1IT—73 >

> 1 IVBA | [Fo LVDT ey
FO

% 7K 73 [7) O ) 10
SF1 (,%,MHBU)J})
SF2 ‘

I~ SF3

O JVEEA | [~~~ BF [BFLVDT
or |

H—iR
RO

10



Open-lo

10

Magnitude

IP horizontal

op TF (FO Longitudinal)

10

10

180

Oth pendulum

— Suspension ||
— Filter

= Open loop

1st pendulum

0.454 H7

0.207 Hz

X
o

Yo
S

Phase [deg]
o

-180

—
D 1

10

Frequency [HZz]

11




Phase [deg]

Magnitude

—
=

----- Suspension f

FO-Damper |~ Filter

0.150 Hz |

—
=

(=1

'
—_

-2
10

-180 BRI
3 2 1 5 1
10 10 10 10 10

Frequency [Hz]



Open—loop Transfer Function (YBF)

10 §:l5:: &
8 Whole cha|n Oth : S
10 i 0 018 Hz

— Open loop

Suspensmn 1

) S S 6\ W | G —
10
L 3 : i
=2 : AN Whole chain 2nd |+
= :
'Z 10 0 088 Hz o
%D 3 _
= 107 7 -
3 Whole chaln 3nd
5 0.120 Hz
107k
4
10
3 -2 -1 0 1
10 10 10 10 10
180
0 99
=
| —
o 0
£
= 90
=8
-180
3 -1 0 1
10 10 10 10 10

Frequency [Hz] B



Damping Time [sec]

(FO + BF Ctrl)

XX & 7 ILHEIEHON D
ERICESIERZ D

i O Control OFF
X Control ON |]

----- Q=10
Q=1000

Frequency [Hz]

14



AIVER 5T I

[~
—
‘e
~—

BmErDEZEHER (4~58=>
£ THIEOREE
(EZ £ TR0 %EFER)
eHRoEERHR (~108 7?)
RAA— K EDEEE
2EOERFER (~20185F3H 7)

Oy gaZvIo—2pE L TITS

15



(GRE& (2 1 7= 205

(FoaLBDEYy R T v )
(VT7ILEA LETIL-FBE TICIZED)

16



AV X F—ILIEZE




A A F—ILHFE

2017EEAND

HIRERA VR P —ILFE
e Yend : 2017548
« Xend : 2017%F6H

"I—~_AA—-F
(~ 200 kqg)

18






_ V

Frame lock



1
[\

Frame lock




PREIE DIRRE(E... 7

Xy F oY
(ON/OFF)

JAXRET 7Y
@17 —v7—X



http://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=5452

KAGRA EYV Room

) 9 R i i
HEIUE, i) 1 TS
vy "2 NG e :
7?' LR " ‘

_,)iriy'm

w
=31
Ve
C-
- |
e
~
-,
s
»
)




Vertical Chamber Opened

e ——




W W
W

d
Q||
C
O
O
O
-
O
O
-
©
C
)
©
O
=
(-
O
=




1A F=ILEERE =




IBIE DIRT

(FRETCAVRAF—ILETLTAIZT)

(Type-AZ1k

§<

GRIRDEEH)

)

27



s

Qu

KAGRA Type-A SAS
X ey 7RO Y —RE&E
YV RFTIEBDA X b= (~48%
wmEPDEZEFERIC M T TEfEH
SHEOEZE
RAHEHOEA
(R EER (2 a) ) 7= 4

Il
-_—
S
N—r

28



Backup Slides




KAGRA 2B A =R

[1/HZ'/°]

fwad
=]

P HY A B M

1020,

10- 21

HOE RN |\

10221 _
| -
| BT

108 ¢ > s
| | RRIME

10-24-_ ffgj‘# AN : _
G g B gy ks

T 5 o _ "---l..l_ :
| s !‘ ] . - "ll\
10-25 il i 1 “.l
100 101 102 103 104
JELR X [Hz]

30



13.5m

BF

PF

MT MRM
IM  IRM
™ RM

1B Ef) D AR TE &

Y
(il

Vertical

Rol

Longitudinal

Pitch Transverse

K&

~ABE—F 31



Y&

LVDT ] (L T, Y)FO
FO | acc(L, T, Y)FO
{ GAS LVDT »
=\ Notes:
F1 < GASLVDT » e
{(VFO-VF1} . @ : KF or EE or BE
(VF1-VF2} . / m&E& =
R (GBS |y {CHEISHLT |or(C1EE )
or { YREL »
{VF3-VBF}
~~ F3 { GASLVDT » | {VBF-VPF}
{_GAS LVDT ) _
== BF <{ BFLVDT
(L, T,V,R P Y)BF
<{ BF LVDT |
PF ¢ OELev (R, P Y)PF
MT MRM < PS » < Oplev (L, T. V. R, P Y){MT-MRM}, (R, P Y)MT
M IRM (L, T, V, R, P Y){IM-IRM}
™ RM < PS? > Oplev (L, P Y){TM-RM}??, (P Y)TM




7O F I —XEE

(L, T, Y)FO Act.
Notes: - m FO ﬁﬁ
e AE: KF orEE
- or viovey | @S F
{(VF1-VF2}
S P F T KRR vr2-vr3y | ST P2
A — e TRy R {VF3-VBF)}
(VBF-VPFH | gy, F3
R Act. 4
(L, TV, R, P Y)BF oF
PF

(L T,V,R PYYMT-MRM} @8> MT MRM
LT, V,RPYIM-RM} @EE» M IRM
L PY{TM-RVM) @58 ™™ RM




\/L—

o] fl1E4E & r] &R
(L, T, Y)FO ﬁ (L, T, Y)FO, acc(L, T, V)FO

L] {VFO-VF1} {VFO-VF1}

EI {VF1-VF2} {VF1-VF2} L_IIJ
< [\ m
— {VF2-VF3} {VF2-VF3} <
_I ="\ >
O {VF3-VBF} {VF3-VBF} a'd
& (LTV.RPYBF &2 (LTV.RPY)BF L'—'/J)
Z {VBF-VPF} {VBF-VPF} af
O (R, P, Y)PF O
U Y)MT

(L T, V. R, R Y){MT-MRM} (L T, V. R, EY){MT-MRM}, (R, F
(L, T, V. R, B Y){IM-IRM} (L, T. V. R, B Y){IM-IRM}
(L, P Y){TM-RM} (L, P Y){TM-RM}?, (B Y)TM



Bottom Filter LVDT

Bottom Filter

(suspended stage)

Primary coll

 Displacement sensor of
the primary coil

Local
Oscillator
Secondary
coils j 5 Displgcement
(Ground-side) signal

Mixer Low-pass
35



Bottom Filter LVDT

Bottom Filter
(suspended stage)

Magnet

Secondary

coils
(Ground-side)

Sensor / Actuator

» Coil-magnet actuator

 Driving-frequency
separation

— Sensor: 10 kHz (high)
— Actuator: < 10 Hz (Low)

Coil Driver

<+—— Actuation signal

36



BF LVDT (Prototype)

« LVDT used in Adv. Virgo — re-designed for
KAGRA
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Configuration of BF LVDT

Vertical x3

Horizontal x3
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