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A: Frequency stabilization

Optical Layout of TAMA300 - B: Mode-cleaner monitor
< 33 C,D: Interferometer control
E,H: Alignment control
< 32 F,G: Main cavity monitor
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1M
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B 1: Laser, 2: Isolator, 3: Phase modulators, 4: Mode-matching telescope,
2 5: Beam steerer,6: Alignment mechanism for injection,

8-9-10: Mode cleaner, 13-14: Mode-matching telescope,
15: Optical circulator, 17:Recycling mirror,
18: Beam splitter, 20-21, 25-26: Main Cavities,
1 19,24 Pick-off plates for alignment control,
7,11,12,16,22,23,27,28,29: Optical window plates of vacuum chambers,
30,31,32,33: Beam position sensors
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diameter | thickness | curvature | reflectivity trans. injection | wedge | pol. | N
(mm) (mm) (m) (%) angle

300mFP front 100 60 flat 98.80 0 1 2
300mFP end 100 60 450425 > 99.99 > 60ppm 0 1° 2
300mFP BS 150 40 flat 50+0.1 45° S 1
10m ring MC near 100 30 flat 99.82 + 0.05 4h5° S 2
10m ring MC far 100 60 1b+1 > 99.99 > 60ppm 0 1
recycling mirror 100 60 9,000 96.67 0 1

0 3: TAMA300DODOOO

3.7.5 0OOOOOO

goboobooboboobooobooboorpO0bOO0ObOOOOOOOOOOODOOOOOOOOO
gbboooooboboboorpOob0DbOO0OO0O0ODOOOOOOOOOODODODOODOOOOOOOOODOOO
boooobobboobooooooboboooobooboobobooooobOobooboooonog
oobooooobo oppmU0O00000000O000 99999 0ppmO0000000O0O0O0O0O0O0O0O
boooobobboobooooooboboooobooboobobooooobOobooboooonog
gbbooboobobobobooboboooboooooooOsppmbObO0onoOoOoOOoOoOOonOOn
gbooooboobooooboobobooobooboboooOoboboooobOOobooboobooonog
gboboobooooobobooobobobobobobobOooooooboboOobobOooboOoboonoo
000000000 0DO0O000000D00O00DO0O000000D0 Iom Beam Sputter DD O0D0O0O
00000 1emO0000D0D00O00C0O001ppmDOO0OO0O000DDOOOOO0ODODOOO0OTAMADOO
gbobooobobboobobooooobobooooboooboaon

gbooooboboosbobooooboboon

3.8 0U0O0OO0ODOODO

gboboooboooboobobooooboboooooooobooboboooooboOoboOobooboobn
boooooooobobobooz200b0000ob00ob0oboo0oboooobOobOobOobooonog
O0D0o0D0O002000000000000000D000D0000D0O0DOO0ODOUO eddy current
boooobobboobooooooboboooobooboobobooooobOobooboooonog
booooboobooboobobooooboboooobOoboboboboOoOoboOobOobooonog
boooobobboobooooooboboooobooboobobooooobOobooboooonog
gbooboobooooXxyzooobooz2oooboooooooboobobobobooooog
gbobobooooboooboboboboboboooboOoooboOoboboOoPpPZTODOOOO
gobooboboooobooooboooboboobobooboooooboboOoobobooobooboOobo
gboboboooboooobooooboi1iocobobuoboboooboooobOOo0oOobOOn 300Hz
ooo0DoOoO0o00DODO0O0000DOO0000DObO0000DObO00030kHz0000000D00O0
0000000D000000000000QO0000 10°000000000QO00 107000000000
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Pitch

(Picomotor+PZT)
Yaw
(Picomotor+PZT)

Bellows
( Vertical isolation)

Z 100 mm
Suspension wires (Picomotor)
( Tungsten)
(Picomotor)
[ : X (optical axis)
‘ (Picomotor)
|| Flexible
[ support Upper mass
Total ‘
length i i Upper-mass
(approx.) L | LI holder HE o B | | Damping
1t /\ i magnet
800 mm | ‘ support
Suspensj|on
wires
(2-turn)
Lower
mass
(Mirror)
laser
—

%

Preliminary Suspension Design for TAMA300

(A. Araya, 96/10/4)

U 13: 0000000000
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3.8.1 0OOOO0OOOOOOOOODOODOO

000000000000 000000000D Otest mass(mirror, BS, Pick-off) 000000000
goboboooboobbooooooooobobooobooooobooooboooobbooobobooOong
gdooooogosooooobobz200b0000s5000000000000000O0ODOOODODODODOOD

Notation
X: longitudinal position(0 00 0)
Y: laterial position
Z: vertical position
fy: pitch(YOODODOODO)
bz: yaw(Z0DODODDOODO)

test mass 0000000000000 00D0O000O0O¢testmassO000000000D0OOCOOODO
O000000DbOO0ObODO0O0D3b000b00O0bDlIOb accuracyDOO0ODOOODODOOODOOO
0000000000000 00D0O0O0000DoO0O0000Do00 ImmO offset000O0DOOO0O
O000000Oaccuracy 000000000 DOODOOOOOOOO0O0ODDOOODOO0OOOODDDOOO
0000 rms noise(precision) 0000000000000 rms noiseDJ accuracy 00000000000
30000000000000 (150-450Hz) 000000000000 00000O0 150Hz20000 power
spectrum density 000000000

position | accuracy rms noise spectral noise @150Hz
X <5 x107°m/v/Hz
Y < lmm < Imm <5 x 107m
Z < lmm < Imm <5 x 107m
Ay <5x107rad | <5 x 107 7rad | < 10_17rad/\/E
0z

O 4:testmass000000O00000OO

X0O accuracy O FP cavity OO O (Ly,L_,¢4,¢_ ) 0000000000000 0OO0OOOOOOOOO
0 00O starage time 0 mismatchingDO O OO0O0O000D0OOOOO0OODOODDOOOOspectral noise 0O
000000000000000000000006 ~ 300/6,500x103~5x10"°rad00000 Z — X
OOoDo0o00o0OD00000Y, Zz0000 accuracy00 0000000000 CCOCDODODODODOOOOOOO
000000y,0z,0000 accuracyDO0 0O O0000O00O (99%) OO O recycling gain 0 misalignment
000000 10%00000000000000 0 0spectral noise O beam centeringd IlmmO 0000
gooooooopooooOoOoOOOOOOOOOOODOOOOOOO

3.8.2 0ODOOO0OOOOOOOOOOODO

00 TAMA30OOODOODOOOODOODODOOOO0ODOO0ODO0O0O0O0ODOOXyZ000DO0O6y8,0
O O initial position error(mode-cleaner chamber 0 FP cavity chamber 000000000000 0)00
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000000000 oooOooDo0oD 2nmO000000 1°000000D00000OO00OOCOO0O0OO
000000000000 000000000(XYZ)0ODOO0O03mO0000 2nmO00000000
00000000 (y,lz) 000000000000 00O00O0DO0O0D0O0OO0OO0O0O0OOO0ODO0O0
0000000000000 0Do0Doooo0D Imad0 000000000000 O0OOODOOO
O00000000150Hz0O 000 seismic noise level O 10_12m/\/I—EDDDDDDDDDrmS noise J 0 0O
O000.1Hz-10H D OO DDODODDODODODDOOOoODOOoOo

position | initial error | drift & rate spectral noise @150Hz | rms noise
X < 2mm < 2mm 10_12m/\/I—E 10pum
Y < 50pm/h
Z
Oy < bmrad < lmrad
0z < 30urad/day

Us5 db00boboooboobobooobn

3.8.3 design

suspension point 00000 000 picomotor(£3mm)00 00 PZT(+0.6p4m@+10V)Otest mass0 00
00 magnet & coil O actuator 0 0 00 0O 0O Osuspension point 00 50000 stage 00000 X,Y, 7, 0y,04
O0D0D0OD0OO0Otest mass0 0000 magnet & coll D00 XOOOOOOOO

suspension point stages
X: with picomotor
Y': with picomotor
Z: with picomotor
fy: with picomotor+PZT
f7: with picomotor+PZT
test mass

X: magnet & coil

3.9 0UU

gboboooboooboobobooooboboooooooobooboboooooboOoboOobooboobn
0000000 100000000 150Hz0000000000107m/vH000000000000
boooobobboobooooooboboooobooboobobooooobOobooboooonog
5x107*m/vH000000000000000800000000D00D00OO3000000000
gbbobooooboobooobooobooz20bb00b0000oobOo00H.00000DLO00DOODOO
goooog
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Model 8302
resolution 30nm
traveling 10-50mm
max. load 2.5kg
speed lmm/min
vacuum spec. | (1078torr)

0 6: NEWFOCUS picomotor 0 OO

Model ASB090C801MPO

expansion 9pum@150V

length 29.15mm

diameter 11.5mm-13.1mm
vacuum spec. | 1 x 10~%atm cc/sec

O7TOKINOOODOODOODOOOOD

3.9.1 0OO0O0O0OO

gobooobooobooobooobooobooboooboobboooboo0obbOOo0oobOoOo0n0D 10Hz0
boooobobboobooooooboboooobooboobobooooobOobooboooonog
gboooobobbooboboooobobooog

3.9.2 X pendulumO0

gbooboooobooooobobooboooXboooooboooobooooboooooo
uboxXooooooboooooooooboobobooboooobwooooooooboobobooobog
IHzO0OOOOOOOOOoOOoOobOooDO2smb0ooO0OOO0O0oOO0OOO0O0O0DbO00000 ImO00O000d
booboboboboobooboboboobooo2zsmbO0O00OOoOoOoOoOOoOoOOobOOOobObOODOn
gboooooobogn

3.93 0OO0OO0ODOOODO

goboodobooboz20b000000000000DbOO000bOO0OOO00OOOOO0bOOOO0bO0O0On
gbooooboobbooborpzrooobogobooobobooooboobooooboOoooboon
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_ o Support plate

m2 m2, N/ Nominal top of frame

BN |/2’ 12 I o] Tuning spacer

Frame COM

Intermediate wires

Critical point
M Net COM

\ Hinge point
Load
Clamp

~__ Table

g 15 100X00000000

Ve Upper X-wires

~
/ ~
Top support —~_ N // .
N . ~N ~
TS

Intermediate wires (4) X
Lower, inverted X-plate
/\ el
Bottom plate g,
P i"’/s/”
Lower X-wires o~ 19
C(‘/’O/)

g 16: 200 X0000000OO
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servo accelerometer

(dc—500Hz)

-

! [

E

/

/'\/

/\driver (68 12 m/150V)

N

y

suspension
top plate

PZT

Servo
filter

Ulr-00000000000000000
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Vibration Isolation System for the 300m Interferometer

[ i ]
\ ~~ X-pendulum
Active Control

\ Double Pendulum

~~Mirror

Stack

018 00booooboobooog
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3.10 000000000000

gboooobooobooboboooobobobooooboooboobobooooboOobobn

O0000000000D000 Fabry=PerotOOOODOO0OO0ODOO0ODOOOODOOOOOOD
(20kHz) D 0ODO0D0O0D00O0D0O00D0O000000000000000000000000D000 (10Hz
00)0000000000000000000000000000D000000O0D008OOD0O0O
gbobobooobooboboobobobobooooooobooooboobobooboboOoboboaon
boooobobboobooooooboboooobooboobobooooobOobooboooonog
boooobobboobooooooboboooobooboobobooooobOobooboooonog
gbobooobobboobobooooobobooooboooboaon

e J00DDODDOOODO (600KByte/sec, O 0)
e« JO0ODDODODO (300m+300m)000000O0D0O0ODOODOOOO

e 000U OOODDOOODOOOOOLDOOOOOOLDOOOOOODOODLDOOODOODODOOOD
go

OTAMADDOOODODOOODOOOODOO

3.10.1 000000

TAMAODOOOOODOODOOOOOODODDODOOOOoOODOOOoO0OooooDOooOoOOoOOoooooOD
gboooobooilsboosbooooobobooooboboobobooooobobooboooonog
000000000000 A/DODOOOO0O0OOOOOO0OOCOOO0OOOCODOOOOD/AODDOODO
boooobobboobooooooboboooobooboobobooooobOobooboooonog
boooobobboobooooooboboooobooboobobooooobOobooboooonog
gbooooooivgoo

3.10.2 O000O0DOO0OOOOOODOOOOO0OO0OO0

gboboooboooboobobooooboboooooooobooboboooooboOoboOobooboobn
oooooooooooboooooooooobooooDODOOO0O00OVMEDOODDO+0O0ODDDOD CPU
O0O000o0ooovXIDDODOO+PCODOODUOOOODOOOODODOD ADC, DAC, TTL-IODDOOO
000000000000 GPIBOOO VME/VXIODOOOOOOOOOOOO GPIB-EthernetO OO0
gbooooogn

3.10.3 O00O0O0OOO0OOOOOOOOD0

000000 600 kByte/sec (2 GByte/hour) 000000000000 000D00O00OOO0OOO0OO
00000000000 dmm)00000000000000000O0D00O0D0OO000O0O0DOO0
gbobobooooobooobobooooboboboboboooooooooboobobOoboboonoog
ooobooooDODODODOOO000OoOo ADCOODOOODODODDDODOOOO0O0OO0O0O0O0OOODOD ADC
booboboooboobooboboooboooooooOobobOOooovVXIooooooooooo
ADCOUOO0DO0OU0O0O000000000000VXIOODO0OOoOoooooooooovxXiooooooo
ooADCOOOO0DOOODOOODOOOODOOOODOOOCPUODOODODODODOOODODODOO
00000000 (DSP Engine)D00D00OVXIDODOODDODOODODODOODOODOOOODOOOOOOO
ooooooooDDooObDOoDODODbObO0O0oOoOooooccpuOboOoOoScSzO0ooooDoOODOODbDOOn
good
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3.10.4 0O0O0O0DOOOOOOODOOOOOOD

gbooooboobooboooobooboboooboobooboboooboOobOobn

e EPCIS (Experimental Physics and Industrial Control System)

EPICSO Los Alamos DO DOO0O0ODDDDOODODDDDOOODOOO0O0O00OUNIXOOOOOO
O0O0OVME(OS: VxWorks) 0O ODOO0OO0O0OO0OO00OO0DO0O00D00OD00OO00O000OO0DO0O0OO0
gobobooooboobooooooboobooooobobooobooooobooboooobooOooboobooo
ooooooboooooGuUIDODOoDOOOooooDoDOoOOooOooDDoOOoDOoSNCDOOOoOoOonoo
gboooooooboobooooogon

e HP VEE (Visual Engineering Environment , Hewlett-Packard Co.)

VEEOOOODOOOODODOOOOOoOoooGuUIoooopCcOOOOUNIXODOOODDOOO
gbooooooboboobobooovXiobobooooooooooboooboboooo
oooDooO0oooDbOooGuUIDOOoOoOooDObO0oooooOooDon

gbooooboooboobobooooboboooooooboobOobooonoog

1. 0000000 (Local control layer: LCL)

00000 (PC+VXIcrate 000 VME)OOODOOODO0OO00OO0OOO0ODOOO0OOOODOOOO
goboooboobooobboooboooboOobboobbOoooboooooboboooooboobooo
gbobooobooobooboboooobobobbobooooboOobOobo

2. 0000000 (Global control layer: GCL)

goboooboooboboooboooboobooooboooboobooOoboOoOooboooobooboo

ooooooboooooooboooooooooOoObOoOooooDbbOOoLCcLO0oDbDoDbDO0oDOono
gobooooboobooobboooboooboobooooobobooboooboooboobobooboo
ooooooooooboooooobGGeLbOboooooooboooooobobo0oooooDoooOonoo
LCLoooooooooooooon

LCLOOD GCLODDOO d300net O ”Control net”0 00 0D0DODODOODODDOOOODODOOOO
OO0GCLODOOOOO Control net0 00 0DOO0O00DDDO LCLOGCLOOOODOOOOO
O00DO0OOO0OO0OOVEED EPICSOOODOODOOOOOEPCISODOOOODOOODODODOOO
O00O0Odatabase DO0ODOOOO000000O0O0DDDOOOOOOOODDDOOOOOOO
boobobooobooooobooboVEEODODOODODOOOOOoOoboooooooobooooo
0000000000000 000D0O000DD0O0ODsocket 00O0O00ODDOOODODODOOO
gbooooooogon

3. 0000000000 (Low rate data acquisition layer: L-DAL)

O0rated0.1-10HDO00O00OO0O00O0O0ODOOODOODOOODOOOOODOOOOODOOOODOOO
0000000000000000000000000000000D000 (300mx 300m)000
O0000o0ooooDoD0000000000000000000D0D0O00D?”Acquisition net”
000000000000 000000000000000 Acquisitionnet0000 (000000
000000 pC)D0D00O00O0OOODOOO

4. 0000000000 (High rate data aquisition layer: H-DAL)
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00000 (20kHz) 0000000000000 000000000000D00000000000O0
0000000000000 0000000 L-DALOODOO0O0OOODOO0OD (MSP)ODOOOOO

000000000 DO0O00O0DODO0O0O0O0DDDbO0O0O0D0ODbbO0O0O0ODObOO0OOUOOMatched
fitermg0 00000000 O0OOOOOOOOODOOOOOOOOODODOOODDOODDOODOO
00o0O00oo0oo(VvXIDOoOOoo0ooooooO0)0oo0ooo0oo0oo0o00ooooooooo
gobooooboobon

5. 0000000000 (Marge and storage process: MSP)
L-DALOH-DALOOOOODOODOODOOOOODOODOOODOOB-DALOOODOOOODOOD
O0OH-DALOODOODOODOOODOODOODODOOD

gboooooobboobob200000

O 8: List of signals to be recorded with the TAMA300 gravitational-wave antenna.

signal category signal name sampling channels
interferometer main signal 20kHz 1ch
visibility 20kHz 1ch
interferometer feedback main 20kHz 2ch
beam splitter 20kHz 1ch
recycling mirror 20kHz 1ch
mode cleaner 20kHz 1ch
laser power 20kHz 1ch
frequency stability 20kHz 1ch
visibility 20kHz 1ch
online analysis h 20kHz 1ch
matched filter 20kHz 3ch
mirror control main(4deg.freedom) 100Hz 4ch
recycling(4deg.freedom) 100Hz Ich
mode cleaner(4deg.freedom) 100Hz 2ch
mirror isolation main(5deg.freedom) 100Hz 4ch
recycling(bdeg.freedom) 100Hz Ich
mode cleaner(5deg.freedom) 100Hz 2ch
beam splitter(bdeg.freedom) 100Hz Ich
environment seismic noise, acoustic noise, etc. 100Hz 30ch
temperature, etc. 1Hz 100ch
vacuum vacuum status 1Hz 20ch
valve status 1Hz 50ch
GPS monitor clock 1Hz 2ch
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pur pose
TAVA300
skemati c of network and Firewal | 1P-routing: NQ
dat a acqui sition system SPARCcl assi ¢ R P-input/ out put : NO, J, T anal og signal 1/0
| B
Router )
I Hi gh speed BUS
[Control net | Hi gh rate DA net]
[Acqui si Iti on net|
4 HUB Cat al i st 2100 h
s Ve N qv' LP“\“ s N N
— L — -
VME VME
IMT /| | IMT
V- LAN2
—I: ;’— (]
(V-LAN3 )
N v
L —LF =L = 1
ps
-\/XI
VX Mass
(End room) (M d room storage (Md room (End room
o

(

Cent er room

0 19: TAMA30OOODOOOO000O0OO00OO0
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Dat a Fl ow of TAMA

300

hi gh rate data
~10 kHz
(~500 kByt e/ sec)

smain signal from
interferoreter
soptics servo controls
.

|l owrate data
1~100 Hz

eal i gnment control
eenvi ronment s (vacuum
tenperature, seisnic
noi se)

H gh rate data

# acquisition system|

Local Control

P ——
‘[ | | WME VME VME
] wxi (832 ) || (Pass) C;Da base
| ‘ sequencer
‘ \ *gl obal control
\
j L \ N
‘ \ UNI X Wor kst at i on
\ ‘ dat a base
‘ ‘ | eraw data of
| ‘ envi r onment
| } \ equi ck anal ysis
\ —>\ results
} event packets \ \ -
‘ ~every 3sec. \ ~ = | 1111 _
\ #01 all data |
‘ 0: 00: 00- 03 ] L—<
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| = ||| O
| #03 | =
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| sanpl ed data .‘E
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| . «FFT k=
\ . eenvi ronnent s noni t or =
\ ematched filtering <
\ R i
\ & ffffff / [ c‘fn
‘ X
\ OQ raw dat a } S
l archi ve —

OO Jarocessed )
dat a archi ve

Y . ‘V
of f-1ineanalysis

\ | | | | |
each desk of end users

0 20: TAMA3OOOODODODOOOOD
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3.11 00

o0DO000040cmDO SUSS400000000000D000D000DODO00 10000 1ImOO0ODO
00000000000000000 (Helicoflex) OO ODODO0D0OO0D0O0OO0O0OOOOOOO 10-%Pa00
000000000D00000 ECB(Electrochemical buffing) 000 0000000000000 O0OO
BmUOOOOOOOOODOO2000000000000002000000004000000000
ooooDoDoO0o00oDODOO00TiNOOO0DOOO000ooO0O00oooobOoO0o0oooobDbO0ooooDoboOon
000 mO000012m0O000000000800000000
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: and 2 m in hight
' BS; Beam Splitter | s

g on Pump (0.4 m's-1

+ EM; End Mirror p( m )
. NM; Near Mirror

! PD; Photo Detector !

+ RM; Recycling Mirror.

&@ O Chamber; 1 and 1.2 (MC1, RM and BS) m in diameter
T i g

Gate Valve; 400 mm in diameter

300 m

Gate Valve; 200 mm in diameter

Pump Unit; TMP (1 m'/s) and RP (2 m'/min)

QQQQE?QQQ

©

Laser Beam Duct (300 m long, 400 mm in diameter)

024000000000
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gboboooboooboobobooooboboooooooobooboboooooboOoboOobooboobn
gboobooooboooobooboooboobooboobobobobooob0o00On 2mO0 1.5m0O
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6 Appendix

6.1 UDOOOOODO
gobbobuoobbbbodoooob

e [0 0 :Fused Silica, Suprasil P-30

o 00
00 :100mm
00 :60mm
O00:M=1.03kg

e JOOO
00 :p = 2.19(measured)
O0000:F =7.24 x 10'°Nm~2

Poisson ratio: ¢ = 0.17

e 0000 radius
front mirror 8.5mm

end mirror 15mm

mode # | cal. freq.(kHz) | obs. freq.(kHz) | Q(x10%) | (1/m;w?)eont | (1/miw?)ena
1 27.77 27.79 1.9 1.00 0.815
2 35.21 35.26 5.3 0.238 0.224
3 43.39 43.38 2.5 0.539 0.467
4 50.35 50.23 1.1 0.105 0.121
5 51.09 51.23 4.4 0.877 0.664
6 65.75 66.00 2.5 1.46 0.962
7 67.79 68.18 1.4 0.332 0.143
8 83.35 83.62 3.9 0.100 0.0144
9 83.96 84.27 3.1 0.379 0.165
10 89.11 89.51 74 0.306 0.197
11 99.42 99.38 4.7 0.176 0.156
total 5.51 3.93

0 9: 100kHz000000000000000DO (P-30)00000000000000QRODOOOO0OO
Ubtom00000D00DOO0O0OO0OO00O0O00

0000 (1/mw?)000front mirror 00000000000 DODOODOODOODOODOODODOODOO
oooo0mOm /M =05160000001/20000000 100kHz00000000000O000COO
600kHzO O ODDODODDODODOOODODO front mirror 00000 2.200end mirrord 1400000000
front-end0 0000200000 200000000000 tetal00000000O00OOOOQOOOO
00000100 front mrror 000000000 DOOOOODOOB90000000000
00Q=10'0000000000 structure damping D 000000000 Ofront mirror0 00 000
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m0O00000o00ooan

ey =1.3x 1071/ ?)m/VHz

A00 mirror0 000 600kH-ODOOOODOOOOODOO

ey = 7.6 x 107 (1/fY/?)m/VHz
000 150Hz~450Hz 0000000

oy =8.0x%x107"m

gboooooboon hthermal—limitlj

—21
hthermal—limit =2.7x10
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