LCGT design document

(Version 2.0)

April 4, 2007



Joooood

gooooooOoOO0oOOOO0O0OO0O0O0O0OOOOO0oOoOoOooOO LCGTOOOOOOOOO2008
01r2o000000000oooOo0o000gooooo0oooooo00ooooDoDOo0g GRBOO
obooooooboooboobobooboobooboooobooboobobooboDobooboobobooOoo
gboobooboooboobobooobooboboooboobooooboboooboOobooooboobooog
oboobooboooobobooooboboooboobooooobobooooboobooboobooo
obooobooboooobobobooboobobooooboobooooboboooboobooboobobooo
O0Do00DoO0o0oo00ogO AppendixOD 0000000 OO0O0OODOOODOOOODOOOOODOO
O Appendix 000 00000000000000000000000000000000000000O
obooooboooobobooooobobooooboobOooooboboooobooboobOoooo
ooo






HREN

1 LCGTOOOO

2 LCGTOOOOO
21 D0OO0O000O0O0D000OO Mnspiral . . .o o000 oo oo e e
21.1 0000000 .. 0 e s e e
2.1.2 Inspiral, Merger, and Ringdown . . . . . . . .. ... . Lo Lo
22 000000 ... e e e e e e
23 0000000000 ... e e e s s s s s e
24 00000000 . .00 e e e e s e s

LcGrooooooono

3.1 LCGTOODOOODOOO ... . e e e
32 LCGTOOOOODODO ... e e e
3.3 LCGTOODOOODOODOOOOO ... ... .. ... .. .....
3.3.1 Optical readout noise . . . . .. ... ... L.
3.3.2 Thermal noise . . . . . . ... ... ... ... ..
3.3.3 Seismicnoise . . . . ...
334 O0000D00O0 ... e e
34 LCGTOOO parameter . . . . . . . oo v v v v v v e oo

rcGrooooooono

41 LCGTOOOOODOOOOO0O ...
4.1.1 0000 ... o
4.12 000000 ..o s
413 000000 ... 0 o oo
414 00000 ... 0 oo e

42 LCGTOOUOOODODOOOOO ... oo
421 00000D00O0O0O ... 00000 o oo o
422 00000 ... o s

4.3 00000 .. e
431 000000000 ... 0 oo oo
432 000000000 ... 0 0 o oo ..

iii

11
11
11
13
13
15
17
17
18



[BN]

5 Resonant Sideband Extraction

0000000000 oooooooooooogng ..o e e e e
52 0000000000 DODDOODOODO00000 & ... ...
5.3 OOOO0DOOODO . . o o o e e e e e e e e e s e s e

5.1

5.4

6.1
6.2
6.3
6.4
6.5

oood

5.4.1 ODOODO ..o e e
542 O0O0OO0OD0ODOOO .. s e s e

LcGrooooooooooooooog

LCGTODOOOO0ODOOOO0DoOoOOoOoOnnO ... o e
UO00O0000000000 .. .. e e e
OOOODO e e e e

6.5.1 OOOO00OD0O0 ... s e
6.5.2 ODOOO . ..o e
6.5.3 OOOODO ... e

7T 0000DOO0O00O0OD0OO0OOoOoOooOoo

O0000000000 . ... e e e e e e e e e e e s e e
72 0000000000000 .« .. 0 e e e e e s e e s s
721 O0000000000O ... 0 e e e e e e e e e e
722 0O000000000000O00O0O0O0 ... 0 e e e
723 0O000D0D0O00O0O0ODOOO0O .00 o e
LCGTOOOODOOODOO0DO0O00O .. . e e e e e e e e s e
7.3.1 O0000000 .« ..o e e e e e e e s e s e
732 O000000000000O00O0O0 .. s e e e e
7.3.3 OODODODO .o e e e e
734 000000000000 .. . 0 e e e e e e e e s e e
7.3.5 ExcessOUOOOODOO . ... 00 o e e e s e e e
O000000D000000000000 ... e e e e e e e e e
741 00000000000 D00O000O0 .00 e e e e e
742 00000000000 OODOO0O0O00O000 .. ... e
743 000000000000 0ODOO0O0O0O000 .. ...
0000000000000 DO00000DooO0oooOooooog ... oo ..
LCGTOOOOOOOOOOO0O0 . . o ot e e e e e e e e e
7.6.1 O0OOODOO0 ... . e e e e e e e s e
762 0000 LDOOOOOOOOON ... e e s e
763 O0000D000000O00O0O0O ... e e e e e
764 00000000000 ... v e e e e e e e s e s

7.1

7.3

7.4

7.5

7.6

7.7
7.8

good

7.9 00000000 ... e e e e e s
710 0000000000000 0O00 .. 00 e

iv

55
95
58
58
58
58
62

65
65
66
67
68
68
68
69
69



od

8 DUOOOoooo

8.1
8.2
8.3
8.4

OOOODO . e e
OOOODO e e e s s e
OOO0OO0O0 . . e
OOO0OO0000 ... e e
84.1 TOOOODOODOODO ... e
842 UOOOOODOOOOODOODOO ... e
843 TODOOODODOUODOOODOODOO ... e e

9 0Ooooon

9.1
9.2

9.3

9.4

OO00000O000 . ... e e e e e e e e e e e e
OO0 o e
921 O000OD0OD00O QO ..o o e s e
9.22 0OD00O0O0DO Thermoelastic Noise . . . . . . . .. ... . . ..

9.3.1 O00O00O0OD00D0O0O0O .. e e e
932 000000 .. s e
933 OO0OD0 ... e
OD00000000 ... e e e e
9.4.1 Rayleigh OO . . ... e
942 000000 .. s e
943 OO0 ... e
9.4.4 OO .o

10000

10.1
10.2

I
UO00000000 .. e e e e

11000000

11.1

11.2

11.3

1200
12.1

OOOODO e e s s e
11.1.1 DO0000000 . oo
11.1.2 OO0000000 . .0
OOO0O0O0OD0 ... e e
1121 DO0OO0OO0OODO .« .. e e e s s e
1122 CLIOOOOOO00O0O0O0D000OO « .o s
1123 OO0O0O0O0 . ..o e e
LCGTOOOODODODOO ... e s e e e

OOO0OO0O0 .. e e
12.1.1 DO0OO0OO00OD00O0O . e e
1212 DO00000000000 .« . .00 e e
1213 OOD0OD0 .« .o oo e
1214 000000000 QO . .o s

101
101
102
105
106
106
107
109

115
115
116
116
116
117
117
121
121
123
123
123
123
124

127
128
137

147
147
148
149
149
149
149
152
154



[BN]

12.1.5 OO0
12.1.6 ODOO
12.1.7 ODOO
122 000000

13LCGTOOOO
131 000000

OO0 .o
OO0O0 .. e
UO0O0000000 ... e
U e

13.1.1 LCGTOOOOODOOOO . e s s

13.1.2 OO0
13.2 SASOO0O0OO

OO00O00 ... e
OOOO .o e

13.2.1 SASOODODO « . e e e e
13.2.2 SASOODO . .o o e e

13.3 SASOOOO

O e

13.4 LCGT SASOOOO0OODO LCGTOOO . ... e e
13.5 LCGT-SASODODOOO . . . oo e e e e e s e e

13.5.1 OO0
1352 OO0
13,53 OO0

OOOO .o e

OO0O0O0 ... e

14 Suspension Point Interferometer

14.1 Introduction

14.2 SPIOOOONO .. 0 e e e e e e e

143 000000
144 000000
145 000 ...
146 OOOODOO

15000
151 0000 ..
15.1.1 OO0
15.1.2 OO0
15.1.3 OO0
152 000000
15.2.1 ODOO
1522 OO0
1523 OO0
1524 OO0

le 000000
16,1 O0OO0OOOO
162 000000

I

O e

OO e
OO00O000 ... e
OO000DO0000O0000 ..o e
OO00OD0 ... e
OO00O000 ... e
UO00000000 ... e e

OO0 e
OOO0OD0 .o e

16.2.1 Quick-LookO OO OOODOOCOOOODOOO ... oo

16.2.2 OO0
16.3 00000

OO00O00 ... e

vi

175
175
175
176
176
176
179
180
180
181
181
183
184

187
187
189
190
192
196
197

201
202
202
203
205
205
205
206
209
210



od

16.4 OOODO . ..o e e

1700000
Main DAQ system . . . . . . . .. e e e

Frame Maker . . . . . . . . . e e

17.1
17.2
17.3
17.4
17.5
17.6
17.7
17.8
17.9

Detector Diagnosis . . . . . . . . .. Lo

Environment Monitor . . . . . . . . .. e

Time Keeper and Global Positioning System . . . . . .. . ... ... .. ... ...
Raw Data Archive . . . . . . . . .
Pre Analysis Server . . . . . . . . e
Data Distribution . . . . . . . . . . e

Summary of ADC Specification . . . . . . ... L oo

18004000
181 O OOD « .o o e

18.2

18.3

18.4

18.1.1
18.1.2
18.1.3

OO0000 .. e e
00000000 .. . e e e
000000000 Event Significance . . . . . . ... .. . ...

00000000000 .. e e e

18.2.1
18.2.2
18.2.3

00000000 .« . ot et e e e e
0000000 (@O0) . . ot e e
i

I

18.3.1
18.3.2

000000000000 LCGTOOOOOOO oo oo
OO0O0O000000000 ... e

UO00000000000 ... e e e

18.4.1
18.4.2

9004000
191 OD0O000O000O0 ..o e e

19.2
19.3

19.4

19.1.1
19.1.2

00000000000000000 (@0)00 ... ... ..
O000000000Ng OO Ny OO0O000 + o oo oo

UO0O0O0O00000 ... e
OO0O0O00000000 ... e e

OOOODO . e
OO0O0O00O00 ..o e

19.3.1
19.3.2

OOOO .o e e
OOOO .. e

UO0O0O0O0O00 ..o e e e

19.4.1
19.4.2
19.4.3
19.4.4
19.4.5
19.4.6

N

OO0 .. e

vii

220

221
223
223
224
224
225
225
226
226
226

227
227
227
228
228
229
229
234
235
236
236
239
240
241
241



[BN]

A Detuned RSE 255
A1l Detuning OO OO . . . o000 e e e 255
A2 QNDOODOO ..o e e e e e e s e 255
A3 Detuned RSEOOOOO ... .o e e s 257

B 0O0O0QOQOOOoOOoOoOooOoOoOooOoOoOoOoOOOOo 261
Bl OOOOOOOO « o e e e e e e e e e e e e e s 261

Bl OOO0OD0 ..o e 261
B.1.2 00000000000 0O0O0O ... e e e e e e e e 262
B.1.3 OOOOO .. e e e e 264
B.l4 ODO0O0OO0OO0OODOODODODODODODODOOLCGTOOOOO oo 265
B2 O0D00O0OO0OOOOOO0OOOO .. e e e e e e s e e 265
B2.1 00000000000 0O00O0O .. e e e e e e e e 265
B22 00000000 LCGTOOOOOOOOO ... .. 266

C LCGT OOooooooooog 267

Cl O0O0OO0O00000000D0 & .« e e e s 267
C.1l.1 0000000000 ... e e 267
C.l2 O0000ODOO00O0OD0O0 .« . e e s e e e 268
C.1l3 0000000000 0000 ... e e e e e 269
Cl4 O00O0O0O0O0O0O00O0O0O0O @ .. e e e e 269

C2 000000000000 0O0O ... e e e e e 271
C.2.1 Kamiokande-II O p O00OO0OOO .. o000 oo e 271
C22 LCGTOOOOOOOOOOOOOOOOOOOOOO ... ... ... 271

C3 LCGTUOOOOOOOOOOOOOOOOO . e e 272
C31 0000DOD00D00ODOD00O0O0O0 ... 272
C32 000000000000 0O000O00O0 ... 272

D O00booooon 277
D1 O000O00 . . e e e e e e e e 277
D2 00000000000 .. o e e e e e 278
D3 D00O0O0O0O0OOOO0OOOOO oot e e e e e e e e 278
D4 OO000O0O0O0ODO ... e e e e e e e s s s 280
D5 O000O0 .. e e e e e e 282

viii



od

0100
o200
o300
0400
os500

0600
or7oad
0 8o
0900
0100
1100
1200
1300
1400
1500
1600
1700
1800
0190d
Appendix A
Appendix B

Ooooooood

Appendix C
Appendix D

goooo

LCGTOOODO
LCcGTOOoOoOoO
LCcGToooooooo
LCGroooooooa
Resonant Sideband Extraction

LCcGrTooooooooooooog
oo -gbobbooooobo -ooboogd
goooooad

oooooo

ood

gooood

oo

LCGTOOODO

Suspension Point Interferometer
oo

gooood

ooooo

ooooo

oo -oo

Detuned RSE

gbooobOoboooobobooooboooon

LcGrooooooooogoo
oooooooo

ix

good

goog

goog

ooog
gobooooboobodanod
googno

goog

b gobooo goboood
gooog

ooog

oon
gobooooaoo
googno

good

ooog
goboooobood
goog

good

ooog

good

googno

goog

oood

goog






10

LCGTUOOO

oooot

gbooboobdoboobobooboboobg st spoogooobooboobooboobn
000000000 0000oOo0oooOooo9oooooooooooooO (B)ooooooo
oboooobooooboboooooboboooboobOooooboboooOoboooobOoooo
000000000o00o00o0o0oo0o0oUoUo0o0 (Doo0o0oooooooooooooo
gbeb0ooooboboOoobOobboOobooboooono
ubooooboooooobooooboooobooobooboooooobooboOoooobooboboOooooo
obooobooboooobooboooobobooobooboooobobooobooboooboobobooo
gboogbooobooboooooboboboboboobobobooboobobobmobobooo
boboooboooboooboooboooooobobooooooomooooboobobooooooooon
ooooooooboooooooooogoooooooooboboUuuooooooooDobbboOog
obooooobooooboobooooboboooobooboooobobooooboooboobobooo
goooooooooooooboboooboooboooobooboooboooboobOooobOobobDooobooOoo
gboooooobobooooooboboooooboobooboooooboobob boboooo
oboooobooooooboobobooobooboboobooboobooom
oboboooooooooooooobooboboboooboooobooooobooboboobobo
oooooooooooboobooobobooobo Koooooooooooobooooooooooo
gom
oobooooooooboooboooboooboobooobboooboobooobobooboooOooooon
obooooboobooooboboooooon
gooobooooooboboobooboooooobooooobooobboobOoOoDOoOn Free Mass
oboooooboobooooobooboooboobooboooboobooboooooboOoboooooOoboooo
obooooboooboooooooboooboobobooboooooooboobobobobobooooooboo
gobobooboobuoobooboobob
gbooooooooobobobobobobooooboboboboboooooooobobo
ooooooooooobooobooooooooobooooooooDoo LeGToooooooobooog
000 Working Group D 00000000 OCOOODOO

looo






20

LCGTOUOUO O

oooot

gbgboooboobobobobobooobooboboboobobobobobooooobooooon
goboboobooboobuooboobooboooboobobboboobooboobOooDbo
O000000000000000Cutlerand Thorne[l]| 0 0000000000000 0O0OO0OO0O

ggbbooobbodobobuooobooobooobboobooobboobbooobooon
gooooooooooo0oooooooooboooooooOooodoogo LeGroooooog
gboobooboooooboooobobz2e0z0b0oboboobobooon

21 0000000 0O0O0O0O0OO0OUOUO inspiral

2.1.1 0000000

0000 10M, 0000000000 (BH)OOOOO (NS)DOUOoOUooOoUoooooooooo
gooooooooooogooLeGrooogooooooo 2rgoooooooboogooooog
gooooo

ubooooooboobooooobOoobOoobooOoooOooboOoooooobooobboo0ooonoOoo
00000000000000000000000 10°°000000000PSR1913+1600 1534+12
0000000000000 OKalogeraet al. 2]00000000000000OOOOOOOOOOO
o000 ROOODOOODODDOOOOOOO0OO0OOO0OO0OO0OOOOOODDDDODO selectionODOOOO
00D0D0000000R=2-4x10""yr1|0000000000000D0O0O0O000O0ODOOOO0
goooooooooooooOoooOo0ooooooOoooooooooO0ooDoOoooDoOO fL,O0O
O00004n/(beam 00000000000 0)000000DOOOKalogera et al. 000PSR1913+16
00 134+12000000000000000O0O00O0O00O0O00OO f,=58,6500000000000
00oo0ooUuoooog fp,=600000 BDOODOOODOOODOOODOOOOODOOOOOOO

looo



020. LCGTOOOOO

NS-NS BH-NS BH-BH

00000000 [1/yr 83.0728% 1 x 10-6(C.L.=68%) | 10~7 —10~* | 10~7 — 105
LcGTooooooog 240Mpc 500Mpc 1.2Gpc
LCGTOOO0000000 [1/y1] 56.07 11 (C.L.=68%) 0.5 — 800 7 — 1000

021:000000000000000000 LCGTOOOOOO0OOOO00O0OOO0OO00O0ONS-NSOOOODOOOOO0O
g0o00oooOoOo0o000o0ooooooOobb000o

0000000000000 D000D0O0Kalogeraeta. 00000000000000000O000OO0OO
ROOC200000000000000000000000D000D000DO00OOCOOOODOOOOO
0000000000000 00000000000RO6x(1~200)00000000000000
O00D010°<R<5x1074yr'j0DODODO
Kimet al.[5)000000000Bayes00000000000D00D0O0C00O0DODOODOOOODOOODO
O0R=8x10"°yr'|0000000O0 CL=68%0 (3—20)x10~° [yr~']0CL=99%00 (0.7—40) x10~°
yr-]00000000000000000000D00000000000D000D00O00000000
0000000D00000D0D00 (f,~6)00000000000000 R=13x10"%yr']000O
0000 CL=99%0 (0.11-6.6) x 1076 [yr~!| 0000000000000 0O0O0O0O0OO0OO0DOO0
0000000000000 0000000000000O000000D0000DO00000D0D000
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
O0O0D0PSRJ0737-3039 00 0000000000000 D00D000000O000O00OOO0O0OOPSR
B1913+1600 3.5000000000000000 [6)0000000000000O0KalogeradO [7]
83.0722% x 1076 [yr~0000O0000OD0DO
000000O000OLCGTOOO0D0O000D00000000 240Mpc0000000000000O0
0000000000000D000000D000D0000000000000 BOOOOOOODOOOO
00000000000 DOPhinney4 000 BOOODODOODOODOOODDO Kalogera et al. [2] 00
00000 BOOO luminosity density 0 £ = 1.5 —2 x 1085hLoMpe™® (h00000000000 Lg
0000D0)0D00000 BODO luminosity J Lp =9x 10°L, 0000000000000000
Lp/Lp x4rD?/3Mpc] 000000 D =240Mpc 000 056.07 3 [yr" 0000
0000000000000 00000O0000000D0D0O000000000D0DOO0000D00OO
0000000000000000000000D00000000000000000000NS-BHODO
0000000000 1077"<R<10*yr !, BH-BHOOO 100" <R <10°[yr '] 000000 [8]0
00000000000 10Mp 00000LCGTOOOO0O 500Mpe 000 NS-BHO OO 1.2Gpe O
000 BH-BHOOOOOOOOODDOOODDOOOODOODOOOODOOOOOOODOOODOOOODOOOO
OO0ONS-BHOOO (0.5—800)[yr~!], BH-BHO OO (7—1000)[yr—']0 000
0000000000000000000000000000000000000 1.6x1077 [yr~*Mpc™?]
00000000000 (9. 000LCGTOO0ODO00DDO00DO00 1200yr~YJO00DO0O

2.1.2 Inspiral, Merger, and Ringdown

0000000000000 00000000000U00O00UOUOo0O00O (inspira)d OO0
00 (merger)J000000O0O (ringdown) 0000000000 O0Inspiral 00000000 0O0O
gobooboobooboboobooboobooboobooboboobobo ssbgubnooboo
0000000000000000 [10)0rindown 0000000000000 O0DO0OOOOOOOOO



2.2. 0O00O0O0OO

S/N

1000 ¢
100

10 &

’ ..

100 1000 10000
Total mass (Solar mass)

0 2.1: 1GpcO0OOO0DOO0OOO inspiral, merger, ringdown 0 matched filter 0000000000000 0O000 S/N.OO
0000000 (000000)0000 S/NO

gobooboobbobbobbdObDOmerger00OOd 200000000000 00O00O00O0ODOODOO
000000000O00o0O00oDOO00DOO0b0DOO0D0O0DO00DO00DO0O00DOU0O0D inspiral O
O0merger 0000000000000 0O0ODOOOOO0OOO0ODOO0ODOODODOO0OO

0000000000000 000 merger D rindown 00000000000 OODODOOODOO
0O S/NOOOOO Flanagan and Hughes[11) 00 000000000000 OOOOOOOOOOOO
0ooo0b0odooooboouoobobDOmerger 000000000 DO0OODDODODO0O0ODODDOOO
M=m;+m.0 10%00000000000 inspiral 00000000 (Innermost Stable Circular Orbit)
OO0 rindown 00 000000CO0DO0ODO0OOOOOORIngdownOO0000OD0OOOOOOODOODODOO
003 0000000000000 0000000O0UO0OLCGTUOOOOOO S/NODOUOOoO (O
2100000000000000 50M, 00000000 merger 0000 inspiral 00000 S/NOO
O000200Ms 0000 rindown 0000 inspiral 000 0000000000000 merger00000O
600M, 000000 S/NOOOO

O00000OOmergerd ringdown OO0 000000000 O0OOOOOOOODOOOOODOOOOOO
0000000 S/NOOOODOUOOOOO00OO000000oO0o00O0O000Omerger O ringdown 0000
0dooodoooooooooooo LCGTODOo0oDooooooooLecGTrooooooooog
oooooobooooooboobooo

22 0OJ0O0OOOO

0000000000000 00000000000000000000000000000000
OOwobbleD0 000D OODOODOODOODOONOONDOONDONDOODOOODODOOOOOOOD
000000000000000000000000 fO00000000 f, 00000000 fpree D
000 f=frot+ foree 0000000 fror < foree 000000f~ f,,, 00000000000000
00000000000 000000000000000000000000000000000000



020. LCGTOOOOO

10—27 L

28
10

10°

022 LCGTOOOOOOO k\/m, (0000 T=20days 0 107sec) 00000000 LMXBOOOOODOOOOO
characteristic amplitudeD0 D0 0000 e=10"°,10"2 0000000 Sco X-100OODDODODODO k=36000000000
000000000000 falsealarm 000 1%00000000 (ScoX-100OO0ODODODODO0ODOD0O0OODODO0OOODO0ODOOOODO
0000000000 1%000000)0

00000000000000 [12)0

0000000000 rmode00000000000000000000r-mede000000000
0000000000000000000000000000000000000000 199800000
000000000000000000000000000000000000000000000000
0000000000000000 [13)00000000000000000 (140000000000
00000000000000000000000000000000000000000000000
000000000000000 LMXBOOODOOOOO0OO00O00000000000000000r-mode
0000000000000LCGTOOOOOOODOODOnO

000000000000000000000000000000000000000000000
L 00000000000 L,000000e= (1, -0L)/000000000000000000
h~4i?§iqf:2ﬁMDDDDDDDDDDDDDrDDDDDDDDD)DDDDDDDDDDD
00o0bo000000000D0000000e0000000000000000000000 shear
stress 00000000 €maz ~ 5 X107 (01maz/1072) (0pmae O crust yield strein 00000000000
000)000000 (15 000000000000000000000000000000000000
000 (1600 22000e=10°010°000000000000 10kpc0O0O0000 characteristic
amplitude(0 00 0000000000000000)0000000

00000000000000000000000000()000000 10000 100HzO0O000O
O000(Mb) 000000000000 0000O(c)0 00000 low-mass X-ray binaries(LMXB) 00O
00000000000000000(R)00000000000000000000000000000
000000000000 ((M 000000000000 LMXBOOOOOOOO0OO0O0O0000000O
00000000000000000000000000000000000000000000000
0000000000000000000

()0 LMXBOODODOODOOOOOOOO(a)(b)0000000000000000O0O0O0O0ODO




2.3. 0000000000

00000LMXBOOOOODOOODOOODOODODOODOOODOODOOODOOODOoDOoDOoOooXxoooo
0o0O00000ooDooo0ooo 30000 600HzOOOODOODODODODODODODODODODODODODOOODOO
00000000o00o0ooo0o0oUo0oooUo0oo0oD IMooDo0Do0oUo0oooUoooo
000 characteristic amplitude 0000000 XOOOOOO F, 00000000 frpe O

R B\ mys \ VA P ~1/2
106cm 1.4Mg 10~ 8ergem—2sec—!

00000000 (ROODOOOOmys00000)OODODDOODODOOOODOOODODOOODOOOOOOO
00000000000 200000000000000000000000D0000O0O (18020000
OO00O00000000OSco X-10 LCGTOOOOOOOODOOOOOOOOOOOOODODODOOOO
oboooobooooboobooooboboooobooboooooboboooobooboobOoooOoo
O000000000o0o0oooOooOoO 1900 22000ScoX-1000000000 LMXBOODO
gobobooboobgoobooobo

23 UO0ooboobooton

0000000000000000D000000000000000000000000000000
000000000000 0000000000D00000000000000000D0000D000
0000000000000 00000D00000000D00000000O000000D0000000
00 20000000000000 10kpeDd 4x1072'003x107°000000000000000
0000000000 00000D00000D00000D00000000LCGTOOOODODOOOO
00000000000000 Local Group 000000 DOD0DOOOOOO

000000000000000000D00D0000000D00000000 500km/sO000150
kick 00ODOODOODOODOO0OD0O00 21000000 kickODOODOODOODOOODOOD
0000000000000 D000D0000 22000000000000000000000D0O00
00000000000000000000000000000000000000000000000
000000000000 D0000000000D0000000D0000000D00000000000
000000000000 D0000000000D00000000O00D0O000D00000000D000
000000000 [28|[0000000000 10MpeO 5x1072 000000000000 1kHzO0O
0000000000000000000000000000000000D0D000000000000
0000000000000 000000000D0000000D000D0D00000000000000
00000000000DDOO0D0OO000DO

24 O00O0O0OOOO

00000000 (GRB)OO107300010°00000000000000 (~100keV)OOOOO
goooooooooooboooooooooooooooooooooooGRBODOODDODOO
000000000000 hardO000O0O0O0DOOOO0OOD (SGRB)OOOODODOODOOODOOOO
00000000 soft 0000000000000 (LGRB)OODOOOOOOOO

SGRBOOOOOOOOODDOUOODODOOOODOOOOUODOOO00ODOOO0ODODOOONSNSOODOO
O0000000000000ONS-BHOOOOODOOODO [24)25)000000000000000000O



020. LCGTOOOOO

00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
00 SGRBOOODOOO0O0OO0OO0O0O0O0D0D000000000O000000 Gyr00000000000
000000000000000000000000000000000000000 10000000
0000D00000000000D00000 SGRBO NSSNSOOO NSSBHOOOOOOOOOOOO
0000000 inspiral 000 000000LCGTOO0OOO0O0O0000O0O0SGRBOOOOO0OO0O0O
00000000000000000000000000000000000000000000000
O signal-tonoise 00 0000000000000 0D0000000D0D0000OOODO0OOOOOODN
O0O0DONS-NSOOOONS-BHOOOOOOOOOOODOOOOOODOO000O0O0O0000SGRBO
0000 NS-NSONS-BHOOOOOOOOOOLCGTOOOOOOOOO00000000000000
0D0000LCGTOOOOO0OOO0DOOO0SGRBOOOOOOOOOOOOOOOOOO0000000O

LGRBOOOOOOOOO0O0OOD SN1998bw 0 GRB9804250 SN2003dh 0 GRB030329 0 0 00 [
000000000000000000 LGRBOOOOOOOODO000O00000000000000
0 (LGRB)DOO0OOO0O0D0O00000O0D0000000O0000 26000000 GRBOOOOOO
000 Collapsar 0000000000000 0O000D000O0O0OOOOODOOODOOOOODOOO
0000000000D0000 Ker BHOOOOOOOOOODOOOOOO00O0O0O00O0000O0O0
GRBjet 000000000000 D0000O0O0DOO00O0O0O0DO0000O0ONDO00ONONONO00000
00000000000000000000000000000000000000000000000
000000000GRBOOOODOOOOOOOOOOOOOOOOOOO0OOOO0O0ONO0O00OO
00 cross-correlation 10 0 0 0000000000000 000D0000000O0D00000O00O0O0
0000000000000000000000 GRBOOOOOOOO0OOO0O000000000000
0GRBOOODOOOODOODOOOD cross-correlation 00 00000000GRBOOOOOOODODO
000 cross-correlation 00 000000000 O0GRBOOOOOOODO00OOOOOOOOOOOOO
000000000027

00000000000000000000000000000LCGTOO00000000000
00000000000000000



HREENEN

[1] C. Cutler and K.S. Thorne, gr-qc/0204090.
[2] V. Kalogera, R. Narayan, D.N. Spergel, and J.J. Taylor, Astrophys. J., 556, 340 (2001).

[3] PSR1913+16 000000000000 OO Weisberg and Taylor(Astrophys. J., 576, 942 (2002))
goboooooOoooooooooooDoong f,~60000000dbghy

[4] S.E. Phinney, Astrophys. J., 380, L17 (1991).
[5] C. Kim, V. Kalogera, and D.R. Lorimer, Astrophys. J., 584, 985 (2003).
[6] M. Burgay et al., Nature, 426, 531 (2003).
[7] V. Kalogera et al., Ap.J. 601, L179 (2004). Erratum: Ap.J. 614, 1137 (2004).
[8] V. Kalogera and K. Belczynski, astro-ph/0101047.
[9] S.F. Portegies Zwart and S.L.W. McMillan, Astrophys. J. 528, L17 (2000).
[10] L. Blanchet, T. Damour, G. Esposito-Farese, B. R. Iyer, Phys.Rev.Lett. 93 091101 (2004).
[11] E.E. Flanagan and S.A. Hughes, Phys. Rev. D, 57, 4535 (1998).
[12] D.I. Jones and N. Andersson, Mon. Not. R. Astron. Soc., 331, 203 (2002).
[13] P. Arras et al. Astrophys. J. 591, 1129 (2003).
[14] L. Lindblom and B.J. Owen, Phys. Rev. D, 65, 063006 (2002).
[15] G. Ushomirsky, C. Cutler and L. Bildsten, Mon. Not. R. Astron. Soc., 319, 902 (2000).
[16] C. Cutler, Phys. Rev. D, 66, 084025 (2002).
[17] see e.g., L. Bildsten, astro-ph/0212004.
[18] G. Ushomirsky, L. Bildsten and C. Cutler, asgro-ph/0001129.
[19] S.V. Dhurandhar and A. Vecchio, Phy. Rev. D, 63, 122001 (2001).

[20] H. Dimmelmeier, J.A. Font and E. Miiller Astro. Astrophys., 393, 523 (2002).



oooo

[21] Z. Arzoumanian, D.F. Chernoff, and J.M. Cordes, Astrophys. J. 568, 289 (2002).
[22] see e.g., D. Lai, D.F. Chernoff, and J.M. Cordes, Astrophys. J., 549, 1111 (2001).
[23] M. Shibata, T.W. Baumgarte, and S.L. Shapiro, Phys. Rev. D, 61, 044012 (2000).
[24] E. Nakar, astro-ph/0701748.

[25] W.H. Lee and E. Ramirez-Ruiz, astro-ph/0701874.

[26] S.E. Woosley and J.S. Bloom, astro-ph/0609142.

[27] L.S. Finn, S.D. Mohanty, J.D. Romano, Phys. Rev. D 60, 121101 (1999)

10



[ 30

LecGroooooogn

oooot

0000000 LCGTUO JD0000U0o0iooooooUo LCGToooUoooooooo
gboobooboooboobobooobooboboooboobooooboboooboOobooooboobooog
oboooooboooooooon

3.1 LCGTOOOOODOOO

LcGrooooopooooooooooooooooooooooogooooD LeGrooooo
boooobobobooboobooboooobooboboobooooboobobobOond eventd O
oooooogoooooooobooooobo0ooooObo0ooooOooooDoODOoOoooOOoOoOooDoLeGT
oobooob 14M, 0000D000DOOOOO0O0ODOO0O0ODOOODOOODOO0O0ODOOODbbOOOD 20
00000000 200Mpe0 0000000000000 0OOOO 100000000000 0OO0O [1)0
OO0 LCGTOOoOoOoOooooooono

e 200Mpc 000 14M, 0000000000 0DOOO0ODOO S/N>1000000O

0000000000000000 100HzO0O00O h=3x10"%*m/vVHzO0OOOOOODOOODOOOO
O00o0OO0OOODOOODODO TAMASOODODDODOOD 20000

3.2 LCGTOOOOOOO

oooooooooooooOoLcGroooooooo si0o0oo0oooooo0oboooooooo
0000000000000 000000000000000000000000 optical readout noise
(00O shot noise O radiation pressure noise 1 )00 0000000000000O0O thermal noised O
OOoOOOOOOOOO0ODDODOD seismicnoise000O0LCGTOOOOOOOO

lggoooo

11



030. LCGTOOOO0O0O00O0

-20

10 1 -
:“\‘\\ \ Noise budget of LCGT
\\\\ \ Shot noise
\\ —— Radiation pressue noise
-21 . .
10 NN Thermal noise (suspension)
\ Thermal noise (mirror)
. N\ Seismic noise
N 102 N \ —— Total
L > o\ \ |= = Standard quantum limit 57
N\ 7
2 ~ -
= N \ 7~
D 102 \ ‘\\‘ /
o NN\
n ~ N
N \:\
10% \ N
\ ‘\\ ~——
\ N
\ ~ ——
.
; ~N
0% 4 \
10° 10! 10° 10° 10"
Frequency [Hz]

031: LCGTOOOO0OO0O0D0D0O0O0DODO0DO0DODO optical readout noise(shot noise 0 radiation pressure noise [
000) O thermal noise 0 seismic noise 00000000000 (total) 0 LCGTOOODOOOOOODODOODOOOOODOO
optical readout noise 0 0000000000 D O optical readout noise 000000000 DDOO standard quantum limit [
0000000000 o0ooLCGTOODOOO0OO0DO0 standard quantum limit 0000000

e OO0 TAMA300DOD 10000 3km
e JUIDOUODODODODODDODDODLO

oooobooooo

goooboooboooobg

O000000D0 seismic noise J thermal noise 00000000 O0OO0OO 3.100000LCGTOOOO
000000000000 optical readout noise 1 00D 0D ODOODOOOOODOODOOOOODOODOOO
OO0 optical readout noise 1 D 0000 LCGTOOOOOOOOOCOOOOOO14M, 000000
0000000000 S/NOUOOOODOUOOOO0oO0oO0OUooooooo 3.100000000 240Mpe O
O0000event 0000000 S/N>10000000000002000000000 optical readout
noise OO OOOODOO 1ooWOOOODODODOOOODODOOOOOO

e JO0OOO0OOOODOODODODODOOOOODOO
obooooboooo 310 1oooboobooooobooooog

e 2000000003

20000000000000000000000000000000000000000000 1/4/500000
3000000000000 00000000000000D00000000000000000000

12



3.3. LCGTOOOOO0O0O0O000000

000000O00o0oooon fakeevent 000000
LCGTUOOUODODODO0D0DO000o0oUoDUooooooDooDooDooooooooooooon
0000 optical readout noise 0 0000000 OOODO standard quantum limit 000000000
0000000 3100000000 LCGTOODOOO0ODOODO standard quantum limit 0000000
standard quantum limit 0 00 0000000000000 0OOCO0O0O0OOODOO0OODOOOOODOOOO
0000000000000 00D000000000 standard quantum limit 00000000000
Odetuned RSEEOOOOODOOOOOOOO0O0ODDOOOOOOOOODOOODODODOOOOOOO
LCGTUOOOO0OO0ODOObOOUOooOOobOouobooooboooboo

3.3 LCGTUOOOOODODOOOOOgn

0000000000000 0D00D00ODODO optical readout noisel] thermal noised seismic noisel]
2,3,4,5|0 LCGTUOOOUOUODOODOODOOOOOOD LCGTOOODODOODOODOOOOOOOO
0000000000000 00b0o0obo0obOoobOonOn parameterd 340000000

3.3.1 Optical readout noise

oo

optical readout noise D 0 0 OO0 OO0 OD0OO0DOODOODOOODOODOODOOOshot noise 0 radiation
pressure noise 0 0 00000000 200000000000000000DO00O00DOOOODOODOO
O00O shotnoise 000 O0OD0OOO0OO0ODO0ODOOODOODOOOOODOODOOODOODOODOODODOOO
000000000000 00D0O0000D000000DO0O00 radiation pressure noise 00000 OO
000000000 shot noise 10000000 ONO OO radiation pressure noise 0 000000000
0000000000000 0000000000000000000000000 standard quantum
limit 00000000000000000 detuned 00O Resonant Sideband Extractiond RSEO O 0 0O
O000000OAppendix ADDDOOOODOOOODOOOODOOOOOO

000000000 LCGTOOODOOO optical readout noise 1 0000000000 OOOO0O
000 S/NOOOOOOOOUODOOOOUOOO0OO0OOO0DOO00O0O optical readout noise 000000000
LCGTOODOOO0OO0 14M 0D0000DODOOODOODOOO0OODOOOO0ODOODODOODOOD 4000

0000000000000 O00D0000 shot noise O radiation pressure noise 100000000
godoo0oooo0ogoooooooooooDo LCGTOOoOooooooooooooooOoLeGTO
oooooobodboboer00dbOOdbOO0OOODOODOODOODOD lIODOWDOODOOODOODODOO
0obododoOOooOooDOooOOooOoooDOooO0o00oD0o0O0oDO0400000000000000 power
recycling0 0000000000000 0000O0O0O0O0O0O0OODO0OODOOODOOO0OOOLCGTOOO
0000000000D0000000000000 Resonant Sideband Extraction(RSE) 0000000
50000000000000D0O00D0O0O0O0O0OQO optical readout noise 0 power recycling 0 00 00O
0oooooobooooobOooooboobooooood

Shot noise

000 optical readout noise 0 00000000 OOLCGT O parameter03.40000000000
00000000O0shotnoise 1000000000000 0OO0OOO0OONO dark fringe0000000O00O0
000000000000 0000 power recycled Fabry-Perot Michelson interferometer O shot noise O

13



030. LCGTOOOO0O0O00O0

0000000000000 000O0 shotnoiseJ0000O00O0OO0OOOOOOO [2,3,4,5]0

hA 1
bot = 4] ———— [ = + w2 1
hshot \/47TCGpowerPO <7_2 +w ) (3 )
1 c
fcavity = T = ALF (32)

O0000A, A, ¢, Gpowers Fo, feavity, 7, L, F OO OO0 Planck 000000 00O OO O power recycling gain,
0000000000 powerd main cavity J cut-of 000 000000000000 OcavityODODOO
finesse 00000 (3.2) 0000 feaviey 0 FLOOOOOODOOOODOODOODO (3.1)00 feaviey D0
OO00000000 shotnoise FLOOOOOOOOOOOOOOD FLOOODDOO

0 (3.1)0(3.2) O power recycling 0 0000000000 0O0ORSEODOOOOOOOOOOOOOOO
000000 cavity 000 powerd Peaiey 1000000000 f, 010000O00O0RSEOOOOODO
feus 00 (3.2) O foavity 0 O 0 O 000 optical readout noise 00000000 40000000 (3.1)0
Pevity, fert 0000000 RSEOOOOODOOOOOOOOOOOOOODOO

2F
Pcavity = 7GpowerP0 (33)

fcut = Gwidth fcavity (34)

000 O Gwiatn O signal bandwidth gain0 00000000 0OOCO0OO

A feut f?
ot = 4] —=deut [y
hbh ' \/QLPCEWity ( - fcut2

0.796MW\ /2 /7§, 1/2
2.2 x 10724[/VH cut
% / Z]< Pravity ) <200Hz

A\ "2 /3km £\?
x(—mm) (T) ”(fcu) (35)

0000 v/feu/Peaviy 000000 /1/ feut Peaviey 100000

Radiation pressure noise
radiation pressure noise O power recycling 0 0 O O Fabry-Perot Michelson 000000000000

00000000000000000Do00oO 4,50
2 1 2F [16mhFP, 1

Pradiation = + - 3.6
diat Lmw? w cA 1+ (wr)? (30

O0mO00000 700 (32)00000000 (32)0000 faay D FLOOOOODODODDOOO
00000 (3.6) 00 feavity 0000000 D0DOO0O radiation pressure noise 0 F/LOOODOO0O0O00O0
000000 L~2000000

00O shotnoise 00 RSEO OO DOOOOODOOOOODOOOOO

2 2 27N Preavity

1
hra iation —
diat L\ M few [ () o)

Py /2 (2000272 (50K
—929 _fcavity £
1.1 x 107**[/v/Hy] <o.796MW> ( feut ) < m )

x (106§nm)1/2 (31211) <1O;I ) T+ &/fm)? o

14




3.3. LCGTOOOOO0O0O0O000000

00000000 /Peavity/feus 000000 /fousPeaviey 100000

Standard quantum limit
shot noise 0 radiation pressure noise J 00 0 O 0 O standard quantum limit 000 [2, 3, 4, 5, 6]0
do0oo0ooooooooono sQLoonoooooood

1 /8h
hSQL - 2hshothradiation = m E

2.2 x 10~2[/v/Tiz] (52’?)1/2 <3kLm) (103H2> (3.8)

hsqr 0O O000000000000000000000000000000O

3.3.2 Thermal noise

oo

doooo0oooOooooooooooOooooooobobOoooooooboOobDooooooon
00000000 thermal noise 0 0 O Othermal noise 000 2000000001 000000 thermal
noise 100000000000 O0O0OODODOODOOOOODOODOODOOOODOODOOOODOODOONn
0000000000000 00D0000 thermal noise 0000000 10000 thermal noise 0000
00000000 oO000oDDOO000oDO000ooD00o0oDD0O0O0OnO0ddthermal noise 0000
0000000000000 000000000 LCGTOO thermal noise 000000000 20K00
0000000000000 D000000000000D00000000000 sapphire0 000000
8,9,10,12000017,8,9,10)00000000000000000O00ODO thermal noise 0000000
ooooo

Thermal noise of suspension

thermal noise 0000000000 OO0OOOONO thermal noise 00O OOOO structural
damping[l11] (0000000000000 0DOOO0O0O0OO0OODOOO0O QUUODODOOOOOOO
0000)000000000 (0 1Hz)0OOOO0OO0O0O0O0OO0OeavityDOOOOOODO 400000

oooooo (1]
b, 2 [T (2n fen)?
L MQpenw®

1.2x 108\ %/ 1, \'/?
. —26 1%
= 8.9 x 1072%[/vHz] <pen > <10 >

. (B0ke V2 foen ) (3km\ /100Hz\ >/ (39)

m 070z ) \ 'L [ '

0000 ks, Ty, foens @pen 0 Boltzmann 0000 000000000000QONO00DQON wirel
loss 000000000000 wired loss 000 [10]000000000000000 QOO wireO

oooQobOoOoo0Oooooooooooooooooooooooo0ooooooogooDooobog
O0O0OwireJOOO0OODO0OOO0O0OODO0O0O0OO0O0O0DDO0OO0O0OQUOUOOOODOOOOO [11]0

/T Ewiel -t
Qpen =\ Y7 ¢wire

2mnguS

(3.10)

15



030. LCGTOOOO0O0O00O0

00 n, Eyire, lsus; Pwire 0 wire D000 Young OO OO Oloss angle 000 OT O wirel DD OO0OO0O0O
mg

T="49 3.11
£ (3.11)
000070 wieDODO 20000000
I Tdyire (3.12)
T 64 '

O000dwire D wireOOOOOOODOOODO
—1

Vv Ewir dwir2
Qpen = m 2 c ¢wire (313)
161/mglsus
A2 720 x 101Pa"? [ 1.8mm
= 12x10%( = _ .14
8 O <n> < Ewire ) (dwire > (3 )

1/2 —7
m Lsus 2 x 10
3.15
8 (50kg) (05111) < (rbwire ) ( )

good

Thermal noise of mirror

0000 thermalnoise 000 0000000000000 0OO0OOO0OO0OOOO (DO0OOOO 10kHz
0)00000000000000 thermal noise 00 O Osapphire0 000000000 coating 000
000000000000 (12000000000 structure damping O thermoelastic damping 0 0 0
0000000000000 structure damping O 0 0 thermal noise 0 00000 [13]0

) 2 | 4kpTn(1-0?)
mirror(structure) - L ﬁEOwOQmirrorw
108 1/2 T 1/2
= 5.8x107*°[/VH —=
o810 [/ Z} <Qrﬂirror > <2OK >

. (3em 2 /4.0 x 10"Pa\ 2 /3km\ /100Hz\ /> (316)
wo Ey L f .

0007, 0, Ey, wo, Qmirror 00000 0Poisson 00 Young DO OO OOO4000 QUOODOOQOO
ooOo Qooo

thermoelastic damping 0 0 0000000000000 0OOO0OODO0ODOOOODODOOOOOO
O00o0oooooooooo (14, 15]DDDDDDDDDEIEIDEIDEI thermoelastic damping 0 O 0
thermal noise 000000000 |

(an)l/Q wl/2

= 9.4x107%°[/VHy (1709/K> (%)

1/4
y (1.57 x 104W/m/K>1/4 (4.Og/cm3> / (0.69J/kg/K>1/4
K p C

X (?’kTm> (103}12)1/4 (3.17)

i0000000000000000000 200 ¢ ?200000000000000000 e~'0000000O00000O0
pgooooo

S0000000D00000000D0000000DOLCGTOOOOO 300Hz0OOOODODODO0O0O00OODODODOO0000OO
JO00000000O 300HzOODOO thermal noise 00 shot noise 0000000000 OOOOOOOOOOO

1 1
hmirror(thermo) = \/_OZ2 1+ U 2]iZBT’ 2

16



3.3. LCGTOOOOO0O0O0O000000

Oo0d ok, p,CO000000D0OO0DODOOODOOODOOOOOOOOODOODOOOOOODDDODOOO
goooooooooooobooOoogoooooooo0gooooooooobooboogoooDon

000 coating0 O 0OO0OO0DDOO thermal noise 00000000000 [16, 17, 18]0 0 O coating
0000 structure damping 00000003

L . 2 SkBTm(l + U)(l - 2U)dcoating¢coating
mirror(coating) Z 7T1U()2E()w

= 12x 10—24[/ /_Hz] M 1/2 M 1/2 T_m 1/2
. 4 <10~ 5pum 20K

. (3emY (4.0 x 10"Pa V2 r3km /100Hz\ /2 (318)
wo EO L f .

00 ¢coating: deoating L coating 0 loss angle D00 OO0 O Oloss angle 0000 [19]000
00 thermal noise 00 (3.16)(3.17)(3.18) 0 20000000000

3.3.3 Seismic noise

goooobooobooooooooooobooobooooobobooooooooooooooo
000000 seismic noise O O Oseismicnoise 100 O000O0OOOOOOOODOOOOOOOOOO
02000000000000000000000D00000D0O00DOO00O00OD0O0OLCGTOOOOO
goooboo 2000000000000 00ooDoboo0 Yoo ooDooboooooooooog
000 [20]

1077
Geismic = ?[m/@] (319)

000000000000 00000OSeismic Attenuation System (SAS)D O 1300 0 0[21] O Suspension
Point Interferometer (SPI)O O 1400002200000 00 seismic noise 0000 O0O0SASOOOD
Hisolation O

1073
Hisolation = W (320)

000 2100000000 seismicnoise 0000000000

2

hsesimic = _Hiso a ionGseismic
T lat
k 1Hz\
= 6.7x 10715/ <3Tm> (TZ> (3.21)

3.34 0O0O0OOOOOO

000000000000 00DO0D00D00O000D00O0 thermal noise O seismic noise 0000000
0000000000000 oU0oU0o0o0D0OD000D0000LCGTOOOO TAMA3000O 10
oooooooo3kmO0O0O000O0O00OO0O0DOODOO

000 LCGTOOOO020000000000000000000D0 2000000000000£0
0000 fakeevent 000000000 OD0ODO 18000

17



030. LCGTOOOO0O0O00O0

3.4 LCGTUOUOO parameter

LCGTOOOD parameter 00000000

e Laser

— wavelength : A =1.064 x 1076 [m] OO

— power into interferometer : Py = 100 [W]°0

e Main cavity

length of cavity : L =3 [km]
— finesse : F = 1250

storage time of cavity : 7 = 2LF /mc = 7.96 [msec]

— cut-off frequency of cavity : feavity = 1/277 = 20 [Hz|

7

— beam radius at mirrors’ : wy = 3 [cm)]

e Recycling and RSE O

power recycling gain : Gpower = 10

signal bandwidth gain : Gyiqen = 10
— storage power in both cavities : Poavity = (2F/7)GpowerPo = 0.796 [MW] O O

cut-off frequency of interferometer : fouy = Gwidth feavity = 200 [Hz]

e Suspension

length of wire of final stage : lsys = 0.5 [m)]

— diameter of wire : dyie=1.8 [mm]

number of wires : n =4

Young’s modulus of wire : Eyie = 4.0 x 101! [Pa]

resonant frequency of pendulum : fhen = v/g/lsus/2m = 0.705 [Hz]

temperature of suspension : T}, = 10 [K]

— loss angle of wire [10] : ¢wire = 2 x 1077

Q-value of final stage of suspension : Qpen = 1.2 x 10%
e Mirror

— density : p=4.0 [g/cm?)

— radius : r =15 [cm]

‘000000000 300W 0000
"D000000000000000000 200 ¢ ?200000000000000000 ¢ '0000000000000
oooooo
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3.4. LCGTOOO PARAMETER

width : H = 18 [cm]

mass : m = 50.9 [kg]

temperature of mirror : Ty, = 20 [K]

Young’s modulus : Ep = 4.0 x 10! [Pa]

Poisson’s ratio : o = 0.29

Q-value of mirror [9] : Qmirror = 108

thermal expansion coefficient at 20 K : o = 5.6 x 1079 [/K]
specific heat at 20 K : C' = 0.69 [J/kg/K]

thermal conductivity at 20 K : k = 1.57 x 10 [W/m/K]
thickness of coating : deoating = b [um)]

loss angle of coating [19] : ¢eoating = 4 x 107*
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looo
200000000000 Appendix DODDDDO0OOO00O0ODODOODDODOOOOOOOODOO
3200500 75sWOOOOOODO
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040. LCGTOOOOOOOO

EM2

Rf=0.99995
Sapphire

) Temp.: 20K
Input Optics 2nd MC Perpen. L
Two Mode Cleaners arm cavity Main interferometer
and Modulation Unit 400kW Resonant Sideband
1st MC Extraction config.
Length: 180 i ;
Length: 10m F?negsse: 120’3 with Power Recycling
Finesse: 1700
FM2
High- aom fia Sepphire.
Power O=® . a
- Temp.: 20K Inline arm cavity
Laser EOM fr MMT1 MMT2 MmT3  Fused Silica Length: 3000m
0 iy /vl:l Temp.: 300k | BS Finesse.: 1250
¥ TR a0 F
300W 180W 100w 1kW 400kW
PRM FM1 EM1
Rr=0.76
fn1 fac2 SEM
faca ) PRG:10 [ ] Rs=0.68 . .
Mod.Unit SBG: 10 Signal Band: 200Hz
MC1 MC2 Demod.
signal signal o oc ] Gravitational
>\ Wave signals
PD
I_FO I!:O Output Optics
signals signals

041 LCGTOO0OOOO0OOOOOO0ODOO0OOOOODOO0OOOO 300WO Nd:YAGUODODOOOOOOooooooo
0000 20000000000 (MC)O0OOD0OOODO0OOODO0OOOOOOOO200 MCOO0OOOOO300000O00000D0
00 10m (MC1) 0 180m (MC2) 0000000000000 D0O00O0O0OOOOO 3000mO000000000000OO0O
0000000 (PR)ODD0O0OO0ODO0ODO0OODOODOOOOOD (RSE)DD0DO0DDOODOOODark Port 0000
00000000000000D00000 (OMC)DODOD0O0O0O0D0O0O0O (PD)OODODOOOOOOOOOOOODOODOOO
oooooobooo200 MCOO00O0O0O0O0O0O0OO0OO0OO0OO0OO0OO0OOOO0OO0DOOOOO0ODOOOOOOO0OOO0
000 (MMT)OOOO0OO0O0D0OOOD0OO0OO0O0OO0OD0OO0OO0OO0OODO0OO0ODO0OO0ODO0O0OD0O0OO0O00O000O000O0OO0 (FHOOOO
oooooooooo

00 1000000000000000000 800kW (DDO0O0DDOD 400kW)DOD OO OODO 200Hz
ooooooo

0000000000 2000000000000000000000000O000O0O00O0O0ODODO
000 (Beam Splitter, BS) D0 D 0000000000 1000 (0O0O0OO0OO, DarkPort) 00000
O00Dark Port 00 000000000000 O00O00O0O0O00O (Output Mode Cleaner, OMC) O O
O0000000000000000 (Photo Detector, PD) 0000000000000 0OOOOODOOO
oboboooooopbboo0oo0oooobOOobDOobOOOPDOOOOODOODODODODOOOOO
oboooooooooopbOO0b00obO0oO0OObDO0bOOOOODOODOODOOO

200MCOO00OOO0O0COOOOOODOOOOOOOOOOOO0OOOO0OOOOCOO0O0O0O
000000 (Mode Matching Telescope, MMT) D00 000000000000 0020000000
0000000000000000000000000000000000000000000 (Faraday
Isolator, FI) 00 0000000000000 0O0O00DODOO0O0OOOO0OOOOOOMC20000 FIO
ooooMCc20000000000000000O0O0O0O00OO

4.1.1 0O0O0OO

LCGTUOODOOD0O0OO3000mI000000000000O0OD0O0O0O0O0O0O0OO0OO (Power
Recycling, PR) 0 0000000000000 O0O0O0O0O0O0O0O0OO (Resonant Sideband Extraction,
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4.1. LCGTOOOOO0OO0O0O0O0O0O

108 LCGT noise budget r,,=800kw f,=200 Hz ]
g ]
—

T
= -20 TAMA
= 10 noise level
©
>
L 2
5 10
L
(@)
pd

10

10

Frequency [HZ]

042 LCGTUOOO0OOOOOOOOOOOOOOO (1OOHZDD)DDSX107241/\/HzDDDDDDDDD3HZDDDD
000000000 (Seismic noise) 0000000000000 0O0D0O0OO0O3Hz00 70Hz200000000O (Radiation
pressure noise)J70Hz 000000000 (shot noise) 000000000 DO (Optical readout noise) 00000000000

RSE) 0000000000000 000000O00000O00O0PROOOOODOD (Power Recyling
gain, PRG)ORSEO O O0O0O0O0O0O0O0O (Signal Band Gain, SBG)0014M, 00000000000
00000000000000000000000000000000

goog

LCGTUOOUDOD0OD0ODO0Dooo0ouUoDooooooDoDoDoooooooooDoooon
gooooooOoOoOoOoOoOoooOooooooOooOOOooooLCGTooooooOooooooooog
000000000000 (DoOg, Optical Readout Noise) 00000000000 (0 42)00000
ggodobobobotodooooobooboobbooooobboobbboooonbbobooo

0000000000 (Shot Noise) 10000 0O (Radiation Pressure Noise) 0 20000000040
00000000000 (D0000)0000000000000000o0oUoUooO (O 4.3)000
0000000000000000000000000000000000000000000000°0
gboobouobooobooboboooobobooobooboooobobooboOoboooboobobooog
obooboobooooboboooooboboooobooboOoooobobooboOoboooboobOoooo
gogogoobobobouoooooobobbooooob bbb bbb bbooooub LD
gboobouoboooboobobooooboooobooboooboobobooboOobooobooboobooog
obooooooboboobooobOoobobooooboobooboooooboobobobooooboboonoo
ggoobobobooooon

{0000000000000000000000000000 (2000000000000000)000000002000
0000000000000 0000000000000000000000 (Standard Quantum Limit, SQL) 0000000
gooooooooooOooobooOoooooooooooooooOoOOOOOOOOO0OO0OO0OoOoOooOoooobOOOOOObObOOOO
gooo0o0oo0oooO0O00o0ooo0O000oOoo0O0O00000O0O000000000000 200000000000SQLOO
gobooooooooooooooooboog

S0000000000000000000000
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040. LCGTOOOOOOOO

fcumff

=

S,
N
N

1/2

Noise level [1/Hz™7]

.
o-
T

=
(=}
[N
I
N
bN

Noise level [1/Hzll2]

.
o-
T

Frequency [Hz] Frequency [Hz]

043 000000000000000 (0)000000 (0)000000000000000000 (cavity power) 0000
00 (fewog) 100000000000000000000

3 Detectable distance [Mpc] (1.4M, inspiral, SNR=10)

=
o

N R

Signal bandwidth [Hz]
|_\
o

2488

10

Power on end mirrors [W]

0 44: 14Ms —14M, 000000000000 SNR=1O0OOOOOOOOOOOOOOOOOOOOOOODOOOOOOO
ooooooooO0obOOoO000ooooobooooooOooOoOob0cbOO0o0oOoOogo 1/\/5DDDDDDDDDDDDDDD (oooo

0000000)000000000000000o00ooD0ooO 80kW, 00000 200Hz000 LCGTOOOOOOO
goooooo024a0Mpc 000000000 ODODOOOO

gobgooobooboo

LcGrToopoooooooooooopooooooooooooooooooooooOooOoOl4M,
ooooooOoooooooobobooopoooooooOoo0oooOooooooODOoOoooboD200Mpedd
0000000000000 (Signal-to-Noise Ratio, SNR) 1000000000 LCGTOOOOOOOO
obooooooboooboobobooboobooboooobooboobUobboobDobooboobobooOoo
gboobouobooooboboooboobobooobooboooboobobooboOobooooboobooog
oboooooooo

goooooooobooooooooooooobooobobooboobooooobDoobbobooOoog
gobooooboooobooobooooobooooboooobooboooooboooobooooboooooooo
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4.1. LCGTOOOOO0OO0O0O0O0O0O

DRMI DRFPMI PRFPMI | RSE ExRSE

| O {

DOF: 3 DOF: 5 DOF:4 | DOF: 5 DOF: 4
High ~E— Power on BS — Low
Low @ Arm cavity Finesse - High

0 45: 00000000 DOOOOOODual-Recycled Michelson Intereferometer (DRMI), Dual-Recycled Fabry-Perot
Michelson Intereferometer (DRFPMI), Power-Recycled Fabry-Perot Michelson Intereferometer (PRFPMI), Power-Recycled
Resonant-Sideband-Extraction Intereferometer (RSE), Extreme Resonant-Sideband-Extraction Intereferometer (ExRSE)
goooooooooooooooOooOoOOOOOOOOOOODOOOOODODOOOOOOOOOOOOOOOOO0OO0O0000
00000000000 0000oo000o0oo0OBSO000000O0O00O00D0000DDOO0O00D0O00000 (Degree
of Freedom, DOF) 0000000000000 OODO

oooooooooooOob0oOoooobooooooboobD440014M,0000000ODOOOODODDOOO
ooooboiooboooboooobooboboobbooboobooboooboboobbobooboobooobooon
000000000000000000000000%00000000000000000000000
gbooboobooobooboboooboobooooboobooooboboooboOoboooobobooog
gbooobooobooboooboooboooboobooobooobooobooboobooboooooooooon

goooooon

oo oo oo oooooooog
000000o0oOo000o0oOo0000o0oO0o00U0O0oO0O0D0DOoOOoOoOoOUoOooDoOoOO (o
45 00000000000000000 100%00000000000000O0000OOODOOUOOO
000000000000 00000000000000000000000070000000000O0
oo oo b boooooooooao
goooooooboood

000000000000 0000000D000000O0 (Finesse)DOOODOOOOOOOOOOOO
(Power recycling Gain, PRG)0 00000000000 (Signal Band Gain, SBG)®* 0 30000000
0000000 (BS)ODODODOODUOODOODUOO (EM)00O0O (DOODUDODOO,FM)0000000O0O
oo oo oo bbooooooooao
0000000000000 o0oU0oOo0oOo0D0Oo0oDoDU0oOOOoUOoOoOBSOOOO (OOOOO
000000000, PRM) 0000000000 COOO0OO0OOUOOOPRMOOOOOPRGOO
0000000000000000000000DarkPort 00 (DOO0OODODO0OOOOOOOOOOO,
SEMOOO0OO0O00000000000000D000O,SRM)0000O0SBGUO0O00oooooon

S0poO0O0O0O0O00oooooo (OCMWOO)OOOODOOOODOOOD0OO0ODO0O0O0O0O000OD00O0000O000O0ODO0O0O0O
goooooooOooooOloMe O 100Me O0OO0O0OOOO0OOOOOOOOO0OOOOOOCOOOOOOOOOOMWOOOO
gooooooooooooo

000000000000 (SR)YODOOOO RSEOCDOODOODODODODODOOOOOOOOOOODDDODOOO0O0O0OOO (Detuning)
00000ooooooooLecGToOoOoOoOooODOoOOoOoOOoO0O0O0000000000DO000O0000UU0UDDOOD Detuning
goooooooooobooboobooboboboooooDooboobooboobOooDboooboog

S000D000000000000000000 (Signal Recycling Gain, SRG)
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040. LCGTOOOOOOOO

(0000 SRGUOOUOO)ODUDOOUODODOOUOUOOOOUOOOO,PRG,SBGOOOOOOOOO
goboboobogboobuoobobbobooboobooooboon
045000000000000PRGOOOOOOOOOOOOOO0O0000O0O0O0OOOO0O0OOOO
oo0oooooooo0ooooooooo0oooO0ooooooooooDOoUooDO DRMIDOO OO PRG
oooOoOo0O0O00O00000OoO0O0ODOOD ExRSEO0OOOOOOOOOOOOOOOOOOOOO
oooooooooogooopPrRGOOOOOOOODODODODOOOOOOOODOOOODODODOODOOO
000000000000000000SBGUUOO SRG)O0U0O0O0Do0ooooooooooooon

gbooooboooobooooo

goooooooooooooooboo04400000000000PRMO SEMOODOOODODOO
oboooboobooooboobooobooboboobooobooboooobobooobooboooboobOobooo
oloownoDoooooogoobogoooooooobobobooooobooooboooboboooooo
gooOopRMOOOOOOOOOOOOOOOOOOPRGOOOOOOOOOOOOOOOOODOODOO
00000000000000000000D000000000000D0D000°0000000 PRGO
oooooooooo 4400000000000 O00O000O00OODDDO PRGOODODODODOOOOOO
oooo0oOo SEMOOOOCOOOOOOOOOOOODOOOOOOODOOOOOCOODOOOOOOOO
obooooboooobobooooboboooboobOooboobobooboOoboooboobOoooo
ooooooooo

4400000000000 000000O0DOO0O0DOO0O0OOODOODOOOOODOODOOOOO
O0O0O0OO0OO0O0RSE(DDDOD ExRSE)00000000OO0O0O0OO0OOOOOOOOOOOOOO®00O0O
ooooooooooooooooogo 1250, PRG=10, SBG=10 0 RSEO OO LCGTOOOOO
00000000Y000000000000000 800kW (0 O0O0DD0ODO 400kW)0OO0O0ODOOO0O
200HzO0OOOOO (0 44000)000000000000000O0O0OOOOOFM OO0 99.5%0 EM
000 99.995%0PRM U000 76%0SEM OO0 68%0 000

obooogo

oboooooboobobooooboooboooobooboooobooobooboobooooboooboOoboboDbo
oodooogoooooooooo0oooooooooooooooooLCGToOO3kmbOOOOd
000000000000 0000000000O00000O00D0000O00 (Free Spectral Range, FSR)
O00SK0kH2O0O0O0OOO0O000O0O000D0DOOCODOO000000 8msecOODOOOOOPRMDO FMO
0000 (0000000000 0)OSEMO FMOOOOO (D0ODO0D0O0O0OO0OO0OO0OO0OOOOOOOO)
ooooooooooooooooooooooopoooO0oooOoOooooLCGTOOd fr =15MHz
O f,=50MHz0 20 0000000000000 O0O0000O00O00O00 AO0PRCOOOOOOOO
00000000000OPRCO (I,)00 15mO00%000000000 £,000000000000

SU0000EM OO0 99.999%0000000 10ppm0 00000000 1000ppm0 000000000000 99.5% O
gooooooooo

VOopooooDOo0D0000000000000000 FMODOOODOO0O0000000000 (1W)0O0000000LCGTOOO
0000000000000 20ppm/ecm 0000000000FMOO0O0O0O0 18emI000000OFMOOO0OOOOO 1400 W
goooooooOo0ooooO0o0oooOo0O0oOoOo0OooOoOoO0oOoOoOO0 oW OooOoOooooooooooooooooon
PRGO 280000000000000

HRSEONOODDOOODOODOODOOOOODONOOODONDONOODONOOONONDNOOONDDONONONODON0N0N00No000Noonoonoooo
ooooooooo

REFM-BSOOOODDOOOODOFMOODODOOODOOOD (00000)0000000000000000000000
Do0oooDo0oooDo 20m 0000000000000 O0O0OOOOBS-FMOODOOOO0OOOOOOOOODOOOOOO
goooooooboobooo s-1lomO00000O00OCOOOOOCOOOOOO
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4.1. LCGTOOOOO0OO0O0O0O0O0O

LCGT noise level

H

o,
N
=

Noise level [1/HzY?]

=
o.
N
(=2}

Frequency [HZz]

046: 00000000 (BS)DODODOBSOOOO 1/8000000000000000DODO0DOODOOODOOBSO0OO
0000000 (300K)OoDooooooooooo

oooboooooooooo SEMOOOOODOOOOOPRC-SECOOO0OOOOODOOOODOOOOOO
O00O0D0D0OPRCOO SEMU () 00000000000 D0D0OOUOOSECOOO 1I8mOO00O0O0O0O0O
00o0o0o0ooo0oU0oo0oo (o)booooUooooo SNOOOof,00000O00ODOO0OO
gobobooboodob 1smOnOgn

ooog

gbgboogboobobobobooboobuobuooboobobobobooboboboooobon
goboboobooboobuooboobooboooboobobboboobooboobOooDbo
ogood

uboooobooobooboooboooooboooboooooooooobooooboooboboobooooo
00000000000¥0000000000000000000O0000O0O000O0O0O00DO0OO00
ooooobboooooooooooooooooooooooooOOU0OTEMgeUOODOOooooooo
gooooooOoOoOoOoOoOoOooooooOoOOOoOOoOoOoooLCGTOoOoOOOODOOOoOoOoOOO
0000 1.5004500m000¥00000020000000000000000000000000
00000%000000000000000000000000000000O0O0000O0O000000
00000000000000000000000000000FMO0O0 (ARO)OOO0OO0OOOOPRM
00000000mO00000O0O0O0D0000DODO1%0

gbooooboooobooog

BOoooo0D00D0000000000000000000000000000000 ¢00000 (Geomatric factor) 10000
000000000000 LOO0000000000000ooo0o00 Rj, R, 00000g0000O0OOO0OOOO g1 =1-1/Ry,
91zlfl/RlDDDDDDDDDDDDDDDDOSgngS1DDDDDDDDDDDDDl/ﬂXcos_l\/mXVFSR[I[ID
O0000000wesg 0000000000000 D00000000O00Owesg =¢/2L 0000000

MOopooDoOo0D000D0000000000000000000 1.500000000TAMACOOODOOOOOOOOOOO
oooooooooo

0000000000 12500000000000000000000000 FSRO 1%00000000000000000
gooooooo

0oo00000000000000000000000000000000PRMOO0O 100km 000000000000
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040. LCGTOOOOOOOO

1st Slave Laser 2nd Slave Laser

Fiber coupled LD S

Master o J—
2 ower Amplifier
Laser ;1 gom EOM YAG YAG M2 100W P

find 300W

Intensity
Control

Control
047 LCGTO 300WOOOOOOOODODOO 2WOOOOOOO0O0OO (Master Laser) 0000000 10WOOOOO
0000 (Slave Laser) 000 0000000000000 0000O000O00O0DOO0O (Injection Locking) 00 DOO0OOOO
gooooooo0o0oOoooooooO0o00 lIowWoOooooooOoooooooooooooooooooOoOo 1IooWoooo
goooooooO0oboOoooooboOooooooobooooOo soWgooOoOo4000000s300WOOODODOODOODOO

oooboobooooooooobooboobooogoooboboooooobDobDobOob20KOO
O00000O000o0oO00o0ooooOoo (BS,PRM,SEM)00000O00O0OOOOOOOOO

04600BSO0000000O0OOUO0OOOOOUOOUOOOOBSOOOOOOOOOO 1/80(0
0000000000)0000000000000000BSOUO000D0DOO0OOOUOBSOOOO
0000000000000QD 10°0300KO000000 50kgd 000000000 1HzO0O000OOO
ooooooooBSOOOoOoOoOoOOoOoOoUOOOoooooooOoooOOoOoooooooooooOooo
gbooobooboooooboooobobooooboooooboobooog

OOOPRMO SEMOOODOODOOOOOOOODOOOOO20000000000000000O
obooooooboobooboboooobooboooobooboobUoboooDoboobooDbobooOoo
gooooooo BSOooooooooOoOoOoOoOoOOOOOOOOOOODODOO

4.1.2 0O00O0O0OOO

0ooooooOoooOooo3cow000000®¥0000000000000000000000
gbogbgboooobobooboobuoboboboobobobooboboobobooboobon
gobobooobooboobuooboobooboooboobobboboobooboobOooDbo
O000LCGTOOOOOOOODO (Laser Diode, LD)OO O Nd:YAGOOOO (OO 1064nm)0000O
000000000000 000 47000000000000 2WOOOO0OO0OO00OO (Master Laser)
0000000 10WOOoOooooooo (Slave Laser) 00 0000000000000 OOOOOOO
0000000 (Injection Locking) 00 0000000000000 0O0O0O0ODO0O0OOOOOOO 10W
oooooooooDo TEMODOOOOODODDOOOoooOoOoOooooDoooD ooWoOooooooog
obooobooboobooboboobooboooboooosowoooo40b000oboo3cowooooono
gobobooboooboobuooboobooboooboobobboboobooboobOoobo

YO eOODODDODODOOODOODOOO 150WOOO0O0O00000000000d
BOoooo0o00000 33%0000000000000000000000000000 100WOO0OO00
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4.1. LCGTOOOOO0OO0O0O0O0O0O

obooboobooooboboooooboboooboobooooboboooOobooboobOoooo
obooooooboooooboboo

gpoooooog

0000000000000 00000000o0ooo020000000 (Injection Locking) D0 OO0
loowdOoOoOoOoOoOoOoOoOoO0OO0OO0OO0O00O00U0U0UUU0D0D0DODO0O0O0OD (oOooooogg, Slave
Laser) 0000000000000 000O0OO (D0UD0OO0OO, Master Laser) 0000000000
obooooooboooboobobooboobooboooobooboobUoboobDoboobooboboOoo
0000oO0000oO0o00oOo00ooO0o0oOo0o0 (D0oooOoO0)0DU020000000000000
00000000000000000000000D0000Y0000 LCGTOO 2000000000
ooooooo

goo0ooopooooUooOdLZHOOO 2W NPROOOODOOODOOO 1O0D0OO0OO00O0OODOOO
200 YAGODDOOOOODDOOO 10WOO00DOOOO000%00 20000000000 400
Nd:YAGOOOOUO (DD0)000o00ooooloowoooooooouooooooooooo 2.7MHzO
obooooboobobobooooboboooobobobooooooobooDoboboobooDon
gbooooboooboobooboooooboooboooooboooboOooboobooboooooo
0000000000000 PZT?'00000000000O0O0OOO0O0O0

ooog

obooooooboboowbooooboboooooobooscowooooooooooooobo
2000000000000000DO0ODO000DODOOO0O0O0DOO0O00 N&:YAGODOODODOOOO
gooooQoOoO0O0O00O0O00O0OO0O0U00UOOOOODIOODODOoODOoOoOoO200 Nd:YAGOOOO
oooooooooooboooooooobooboooooboooOo CIDEROODDOODODODOOOOOOOO
oboboooooooooobooboobobobooobooboooboooboooboooboo2000000b00bDO0O0
oboooooo HIPEROOOODODODODOOOOOOODODODODOOOOOOOOODODbOO
gbooboobooobooboboooobobooobooboooobobooboOobooobooboobooog
000000000000%0000000000000000000000O0O000DOO0O0O0DOOO0
goobogooboooog

LcGrToooooooooooooooooooooo oowoooooooooo soowoooo
ooooooooooooooooooooOooORFOOOOOOOOOOODODODODOOOOOOOOO
oboboooooooooooooboobobobooooob200000000O0b0O0DO0bObOOn
goboboobooboobuoobooboobooboobobboboobooboobOooDbo
gboooobooooboboooobobooooboobobooooobooooboOobooooono

Oo0ooooooon
000000000000000000000000000D000 (00000, Free Run) 000
3x10*/fHz/vHzO0OOOODOOOODOO?0000000000000000000000000OO0

YO0oOoO00O000000 Prastee 000000000000 Paayve 0000000000 voek = Veav/ Pmaster/ Pslave U 0
000000Owa 000 2000000000000000085MHz2000000

2000000 TAMAOOOOOODOOODOOOOOOO0OO000O000000000000000000000000000
ooooooooooooog

2l000000000000000000 (Voice Coil Motor, VCM)O

220000000 IMCOO0O000000000000000000000000000 RFOOOO0O00000000000
000000000000000000000000000000000
200000000000000000000000000000000
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040. LCGTOOOOOOOO

000000000000 000000D0000D0000000D000D0O000D00000000D000
00000000000000000000000000000000000000000000000
0000 LDO0ODODODOOO0O000D0DODODODOO00000D0OD 300000000%0000000
000000 1MHzO00O00O0O (4.1.30)00000000000000000000000D0D0O00
000000000000000000000000000 lmmO00000000000000000
000000 100MHzO0O0O000O0ODODODOO

00000000000001x107%/fY/5/yHz00000000000000%®00000000
0000000000000 00000000000D000 LDODO0O0ODODOO0OD0OO00D00000O
0 100kHzO0OOOD (4.1.30)0000000 LDO0O0OOOODOOOOODOOOODOOODOO
00000000000000000LDO000O00DO000DO0OD0D00000O0DD

0000000000000000000000000000000000000000000000
0000000000000 0D00000000000D0000000D0000D0000000D000
0000000000000 000000000D0000000D000D0O000D00000000000
00 (10MHzOO)O 1x107°/y/H,000000000000000%00000000000000
00000000000000000000000000000000000000000000000
oDooo

gbooooooobooo

gbooboooooobooooooboooooooboooooobooboboobooobooboboooooboOoooo
oooooooboooboobobooooboobooooboobooboboooDobooboobobooOoog
gbooboobooooboboooboobooooboobooooboboooboOoboooboobOobooog
oboooobooooobooboboooboobooooobooooobooboooooon

4.1.3 0O0OOOOO

oboooobobooobooboobboobooooooooboooboobooboboobbooobooboo
gboobooboooboobobooobooboboooboobooooboboooboOobooooboobooog
00000000o0000000o0U000o0U0O00 (DU0oO00o0oUoO)ooUoOoUooDoUoo
obooobooboooobooboooobobooobooboooobobboooboobooboobOoooo
000000000000000000000000000%LCGTOO0O0000000000ONOOan
0000000300000 000000000000 (COoODOoooO,MC1,MC2)20000000
000U0oo0o0oooooooooo (MMT)OOUOODOOOOO (FH)ODOOUDODOOOOOO

000 10om0O MC1(OOUOD 1700) 0000000000000 0OOOOO0OOOOOOUOOOO
000000 (0ODMHzOOOOMHzO0OO)OOODODOOODOOOOOOODOODODOOOOOOoooOooOO

240p000LCGT 0000000 200000000000000000000000 200000000000000000
00000000000000000000000000000000000000000000000000000000000
0ooooo

»0000000000000000000000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000

26000000000000000000000000 25WOOD00000000000000000000000003.6x
10-1°/y/Hz 0O DOODO0O00000000000MCL (00000 45kHz200000 1700)0 3.2x10-6000000 (MC1
0000000000)00000000 10000000000000000000000 1x107%/vHzO0000

200000000000 700000000000000000 7000000000 700000000
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4.1. LCGTOOOOO0OO0O0O0O0O0O

000U0o0o0oU0ooO0ooooOoooooMClOOOOUOOO0OO0O (OoU0o)0oooUooooooo
O (Pound-Drever ) 0000000000 IMHzO0OOO0O0OO0DOO0O0O0OO0OO0O0O0OO0OOOOOO
oooooooooooogoooooMclopoooooogooooooooooooooooboogog
000000000 (I5MHz) OOOOOOO0OOOO0OO (SSB,50MHz) 0 20000000000000
gboobooodoboboobobooboboobobuoboobobuooobooboboonoooobon
000000000000 000 MC2 (000 18OmMOOO0OO 10000 00000000000000O2
ooMCOOOOOOOOOOOODOOOOUOOOOOOODO (MMT)OOODODOOODOOOOOOOO
obooooboooooboboooobooon

gooboboooobodgbobobobobobobobooobobooobobobobobon
gboboboooboooooobobobobobobobooobuobobobobobobooo
gboobooboooboobobooobooboobooobobooooboboobooboooboobobooog
oboooobooooboboooobobooobooboOoooobobooooboobooboOoooo
ooopoooooooooooLeGrTo OO0 mmOO0O0O0O0OOO00OO0ODOOOOODOOOOODODOO
gobobooobooboobuooboobooboooboobobboboobooboobOoobo
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00000MCIO 10mOMC20 18S0mO000000 3000mO000000000000000O0O0O00OO
0000000000000000%0

0000000000000000000000000000 (Pound-Drever0)000000000
000000000000 00000000000000000000000000000O000O0O00
00000000000000000000000000000O0MC100000 MC1OOOMC200
00000000 MC200000000000000000000000000DO0000O00O00O0O0OO0
0000000000000000000000MC1O0000000000000000000000
O001x107%Hz/vHz OOOOODOOOOODOOOOOMCIOOODOOOODOO MC20000000
MCIOODOOOOOODOOOO0OOOO0OOMCIOOODO0OO00000000002x10-%Hz/vHz
0000000000000000000000000000000O00O0 MC200000000000
O00000OMC2000000000000000000001x10"%Hz/vHzOODODOOODOOODOO

MClOODOOOOOOOOIMHz20O00000000O00O000O0DCOO0.1Hz20O000000O
00 YAGOOOOOOOODODODODOODOODOD0.1H200 50kHz000000000000O00 LDOOOO
50kH-O0O 1MHzOOOOO EOMOOOO0OO0O00O00O0O0OMC2000000000 100kHzOO
000000000kHzOOOMC1OOODOODOO0OOO0OO0O0O00O00O00O00O00000OMC1O0000
0000000000003 00000000000L, 00000000 10kHzO000O0O000O00OO
O001kHzO0ODOODOODOOMC200000000000001kHz000000000 MC200

2BLO0GT 00000 3x10724Hz/vHzOOODOOOO (CMRR) 40dB00D0000000 3000m 00000000000
000 1000000000000

20000000200 MCOOOOOOOO0OO0000000000000000000000000000000000000
000000000000000000000000 (Rigid Cavity) 000000000000

30000000000000000 PZTO0000000000000000000000000

31MC2 00000000000 (Ly)0000000000000000 (Feed Around) 10 00000000000000
MC10 MC20000000000000000000000000000000 1kHz000000000000000000
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MMTOOOOOOOOOO0O0O 20mW(6><10*91/\/EDDDDDDDDDDDDDDDDDD)D
000000000000000o000d (Photo Detector, PD) D00 0O0OPDOOOOODOOOOOOO
000000 (AirJitter) 00D 000000000000 0O0D0O0DO0O0OOOPDOOOOODOOOODO
oooooooooooopbOOO0OO0OO0OO0O0OO0OOOOODOODDOOODODOOOODODOODOOOO
oboooooooboobooboooooboobobooooboboooooobobooobooooobooon
goooOoLCcGTOOOOO AOMOOO0O0O000D0O0DO00O0O00O0OO0D0DODODODOOODOODLDOO
obooooooboooboobobooboobooboooobooboobobooboDobooboobobooOoo
gboobooboooboobobooobooboboooboobooooboboooboOobooooboobooog
oooooooooooooo LbooogoooooooobooooooooooobooooooLbdg
oboooobooooooobooboo

DDDDEIDDDDDDDDDDDDD10_5—1O_61/\/I§(DDDDDEID)DDDDDDDDDDD
000 100kHz0 000000 10°000000000000000000200MCO00000000
oboooobooooboobobooobooboooooboooon

gooooOMHzOOOOOOOOOOOODOOOOOOODODOOOOOOOoOoDOoODOOoMCOO
oo0oooooooooooooooMCOODODODOO 45kH2000000000D00C0000O0DDOO
0000000000D0%¥0000000000 170000000000000000000000000
00000000032x10°°0000000
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goooooooooooooboooooooooooboboooooogooooLeGroooog
OOORSEOOOOO0OOO0O0OO0ODODODOOOOLBLMHEHzZO0D0DO0O0000MMEzODODOOOODOOO
obooo2000b0bob0ooboobooooobooooboobooboobooooboboboooDobooOoog
0000000000000000000000*000200000000000000000000
0000000000000 0000000000000o0ouoooOg (Electro-Optical Modulator,
EOM)D000000000000O00 (Acousto-Optical Modulator, AOM) D 0OO0OOAOMOOOO
00 (000)0000000000U00OU000D0000o00U000o0D0oU0oOU0O0o0oDooooUooUo
000 (00oo00LD)0o0oO0o0ooOo0ooOooooooUDAOMOOOOODOOOOOOOOOO
gbooooood

0000000000000000000000000000000000000000000D0000000000000000
000000000000 00000000000000000000000000000000000000000000000
0000000000000 0000000000

3200000000000006L_gus =107¥mO0000000000000D0000000000O0OOOODOO0 100
ooooooo

33000 10mO0FSRISMHz OODOOO000000O0O0 MCOOOOOOOOOODDOO0O00000O0OOOODO
3200000000000000 MC20000000000000MC20 FSR (833kHz)0OODOO0O00O00O00000O
00200000000000000000000000000000000000000015MHz0 50MHzO0OOODOOOOO
50MHz O 300000 150MHz0OOOOODODO0O0O00O0OODO0OO00000O0O0D00000000O0D0D0O000000O0OO0
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obooooooboooboobobooboobooboooobooboobUobbooboDobooboobobooOoo
gooooooooooOoOOoOoOOOOOOOOOOOOOOOOOoOoOoOoOoOoOoOoOoo oMCcOOd
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gogoooooooooooMC20000ODOOO00O00ODOODODO00O0ODODOOOoDODOODOdg
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oo0oo (L4 000)0000000000000O000OO0UOOoOoUOoOoMMTOOODOOOOOOO

oMcOoooOoooooooooooooooooooooooooboOoboOoooooobbooboooo
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00000000000000000000 25WH000%0LCGTOOO0O00000000000
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gboobouoboooobobooobooboobooobooboooobobooboOobooooboobooog
ooooMcOODOMCOOOODDOOOOOOOOOOOODOOOOODODODOOOODDODOO
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obooooooboobooobooobooooobooOoooOoooboooobooooobooobooOooonooo
oboooboobooooobobooooboboooobooboooobobooobooboooboobobooo
goooooOoooopoogoooo0ooooO0UooooO0OoooDooOooOoOOoO0 AROODODOOO
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3’00000 BSODODODOO0O 1000WOOOOOOO0O0000 99.5%0000000000000000000000000
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0000000000000000000000000000000000 CSI Hemex White J000000000000000
0000000000000
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00000000000000000000000000000000000000000000000000000000000
00000D000000000000000000000000000000000D000000000000000000000
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B0pO00000 100WOPRG 10000000 18em 000 LCGTOOD0D0O00D0O0D0O0O000BSO0000000
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0000000000000000000000000000000000000000000000000000000000

“00p000 18em00000 A=1064nm 000000000000000000000 (CSI Hemex) 000000000
000 2x107"ms 000000000000000000000
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000000o0oUuooo 1% 000000000000 U0000U00DDL000Uo00Dn (eO
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goboboobooboobooboobooboooboobobboboobooboobOooDbo
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099.995%00)00000000000000em000000O0OO00OOO 1ppmO0000000O0O
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gbbooooooooobooooboboooboobooboobooboosppmbooooooon
obooooboooobobooooboboooboobooooobobooobooboooboobOoooo
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obooooobooooobobooooboboooobooboooobobooooboooboobobooo
oooooooboooboobobooboobooboooobooboobUobbooboDobooboobobooOoo
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4.2. LCGTOOOOOO0O0OO0O0OO

m

I_l/—\./——- 5) Disp.|sensor
== W = . D Coil
aftuator
Vibration | T GAS filter
Isolation System
(Room temp.)
Inverted
L o
Flex Joint ‘
‘ | 1
| _Suspension
Upper Il Platform
Recoil Mass | TT—Damping magnets
Cryogenic ‘ Upper Mass
Suspension (SPI) Test Mass
(4K-20K) Cooling System
—Heat Link
Coil-magnet
Actuators Test Mass c:le:tion
Recoil | \ (Main IFO) Isolation | Heat-pump
Mass —_—
4.2K shield ‘77K shield

048 000000000000O0O0OOOOOOOOOOOODOOCOOOOOOO 200000000000000000000O
goooooo0oooooOoo0o0 3ooboo00ooooo0oooooob0ooooooOooooobooOO0OoO0ooDO 10000000
oob0o0o0oo0ooooooOo0O0o0oO0ooooooooooboOo0o0o0ooooooooo0obo0o00ooooooooooobonoO
goo0o0o04KOOOOOOOOOOOOOOOOO0OOOO0OOOOO0OOOO0OOO0O0O0O0O000O00O0O0O0O00O00O000O0
gooooooooooOooobooOooo0oooooooooooooOoOOObOOOOOOO0OoOoOooooooooOoOOObObObOOOO
gooooooooooboooboboboOoboOooooooooooooooooOoOOObO0oO0bOO0o0oooooooooDOoDOODboD
ooooo

01x10"00)0000000000000BSO000O0O0O0OOLCGTOOOOOOOOOOOOO
000000BSOO0OO0O0O0O0O0O0O0O0O00O00O00D00D0000O00O00O00O00O00O00O0O0BSOOO
1000WOOO000D0O0O0O00000000000000000000005ppm/emO00000000O00O
0O0o00ooOoooeo

4.2 LCGTUOUOOOOOOOOOO

00o000ooo0o0o0ooO0O0U0oO0oOo0oU000OO0O00OO0OO0 (CooUL)DUbooooUobooo
obooooboooobobooooboboooboobOooooboboobooboooboobOoooo
oboooooobooooobooboooboobobooooboobooooboboooobooobooboboo
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boobouobooooboboooobobooobooboooboobobooboOobooooboobooog
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040. LCGTOOOOOOOO

im Wire////j

1im Rod
Low Heat-conductivity
Material

Mini-GAS filter

Suspension
Plathome

Damping magnets

Vert.: 0.7Hz Upper Mass (SPI)
Horz Sapphire
Upper 10K, 50kg

Recoil Mass Damping magnet

Coil-magnet
Actuator
Range: 100 um
(10 um/V) Horz.:

Heat Link

Final Suspension
50cm

) Heat cond.: 1W
Coil-magnet
Actuator i
Range: 1 um Recoil__—"

Mass

Test Mass (Main IFO)
Sapphire
20K, 50kg

049 000000000000200000000000000000000000000000000O0O3Hz0 107300
gooooooooooOooooOoO0oO0O0OOoOO0OO0OO0O0OOO0OO0OO0OOO0O00O0O04KOOOOOOOOOOGOOO

ooooooooooooboooooooooOooooDoobooooooLeGrooooooooooboOoO
20KO00OOO0DOOoO0ooO0oooOoobooobobooooooooooooboobooooooobooobooon
00o00000o0o0oo0o0oooUoU0o0o0o0 (DOoDoOUoOU00oD0OD)00D0ooDoOooUo
gbooboobooooboooobobooog

LcGroogoooooooooooooogooooooooD4800000D0DOO0OO0D0O0LCGET
oboboooboobooboboobobooboo 2b0b0o0ob0ooobDobobobob0O 2b0b0b0O 4K
gboboooboooboooooooobooobooooooboooooooooobobooobobooooooooon
oboooobooooboboooooboboooboobOooooboboooOoboooboobOoooo
00000000 1000000000000000000000030000000000 (GAS filter,
Goemetric Anti-Spring filter) 00 0000000000000 0OD0OO00OOD0O0O0OOO00O0O0OO0OO0O0O
000000000D0D00003Hz0-190dBO00O0O0O0O000040000000000000000
oboobooboooobobooooboboooboobOoooobobooooboooobOoooo
obooobooobooooboboboooboboooobooboooobobbooboobooboobobooo
oooooooboooooboooobooobooobooooobooooboooooboboboooobooog
gbooboobooboobobooboobooooboooooooboooboobooooonoog

000000000 (4210) 000000000 (4220) 000000000 OOO0OOOOO (?7?
0)00oo0ooooooooo

4.2.1 0O0O0OOOOOOO

O0020KOO00O0O000O00000 (Test Mass) 0 10KOODOOOOOOOOOO (Upper Mass)
00000000000000 (D0000OFinal Suspension) 00 0000000000000 0OO0O0O

YLCGT 0000000000000 000000003Hz20 1x107%m/vHz200OOOOODOOO0OOLCGT 0003 Hz
0003x107¥m/vH-O0OOOODO0O0000000D0000000003x10"°00000000000
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00000000000000000000000000000D000000000000%® 000000
000000000000D00000 (Suspension Plathome) 00000000000 GASOOODOO
00000000000000000000000000000000000000000000000
0000000000000 00000000000D00000000000000 (Heat Link) 000
004KDOOOOOODOODODO (Radiation Shield) 0 0000000000000 O0DO0OODOOO
00000000000000000000000000000000000000000000000
0000000000000 00D0000000D0000000000000000000000000
000000000000 0000000000D0000000D000D0O000D00000000D000
00000000000000000000000000000000D00000000000
0000000000000 0000000000000000003Hz010720000000000%0
000000000000000000000000000000000000003x10™%m/vHz (3Hz)
000000000000000000000000000000000000000D0000000000
001/1000000000000000000000000000%0000003Hz20 6x107'%m/vHz
0000000000000000000000000000

gbooooboooon

0000000000000 000000000000000 (Final Suspension) 00000000
ooooooobooobooboboooobooboooobooboobUobbooDobooboobobooOoo
03 00000000000000000000000000000000D0DOO0O00000000000
ooboooooooobooooooobooooobooooboooooooooboooooobooooooo
0(20K)DO000D0DO0000001WOOOOOOoO00O0000%000000000000000
00000000 QO (10300)000000000000000D0000D0000000000050kg
gboobouobooobooboboooboobooooboobooooboboooboOobooobooboobooog
obooooobooooon

gboooobooooboooboboooboooobooooboooboobobooooobooooboobooobooOoooo
Oo00o0o00s00mmb00 1.8mmO00000000400010KO0000000 20KO000000
00000000LCGTOOOOOOD 1WOOOOOOOOOODODO0O0OO0O%®oo0ooooooooa
obooooooboooooboooooboobobooboooboboobo soemDoooboboOoOobOODbDOO
oboooooobooooobobooooboboboooobooboobobboooDobooboobooog
000000000000000000000000000000000 QUOO0OO0O0O0O0O00020K

800000000 10000 1200000

Y3H 0000000000000 0000000000000000000000 1/l0000000000 (0O0)00O0O0o
000oooooooooDOODOO0O00000000000000o000 0.7H20 000000000000 OODODODOOODOOO
003Hz00O (0.7/3)2=5x10"20000000000003Hz0 5x107400000000000000
0000000000000 00D00DN000DN0ND000N000DN00D000NN000DO00N0o00NO000Doooooong
gooobooboooboOoooobooboOooobooobooobboobboOoobo0oooOo0obooOo0oobOOoobOoobobo0oooOoooooon
000001%000000000000000000000000000000

S5l00D000000000D00000000 300000000000000000000000 4000000LCGT OO
0000 20K0000000000000O0O00OOOOOOOOOOOOOODOODOODOOOOOCOOCOOO0O0O0O0OO0OOOOg
gooooooboobooboobobooboooobooon

S20gooDoOooooog 20ppm/cmO0 0000000000000 1l00WODODOOODOOOOOOOOO (PRG)10000
LCGTOOOO0OO00000D0oDoooo0O0 28000000

0000 s500pm 0000000000000 00000O0O0D00000O0ODO00000O0D0O00000O0O0O0D000000
gooooooooboOoobO0ooo0oboooDooooooooD 2mmO0O00 200mm O000O0D0OODOOOOOO
540000 (Surface Activate Bonding)J 0 00 O (Hydroxide-catalysis Bonding) 0 00 0000000000000000
gooobooboooboobooboooboobooobooboobooobboobooooboOoboboobooobbo0ooo0ooooon
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012x1030000000000000000000000000000000O00OOLCGTOOO
oboooooboooooobooboooooboon
ubooooboooobooooboooobooboboooobolsmmboooooooooonoo
00000000000000 (00000000, Vielinmode) 000 00000000O0OOODOO"®O
gbooboobooooboboooboobooooboobooooboboooboOoboooboobOobooog
ooooooOoO0ooooo0oooDOo0D 100mm, 00 0.5mm, 00 10mmO0000 50kg0 00
oboboooooooooobooboboobosWwWOoOooOoooboboboooooooooboboo
0000000010000 QDO00000000000000000000000000000000
gbooooboooobooboboooboobobooooobobooooboboooboboooog
ooooooOooooooooswOoooOoooooboobooooooobogooo

000000o0oooooobs

LCGTOOO0DOO00O0DO0000D000000NON0NN0NONoNONNnONono0oooonoon20K0000
000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000
0000000LCGTOOOO0DOO0O00000000000000000000000000 (Suspension
Point Interferometer, SP) 0 0 0000000000000

0000000000000 00000000000000000000O0000000O00000
000000000000 00000000000000000000000000000000000
000000000000000000000000000000000000000000000000
000000000000 00000000000000000000000000000O000000
0000000000000 0000000000000000000000000000O0000%0

0000000000000 00000000000000000000000000000000
LCGTOOOO0OO0O00D0O0O030Hz2000 1072 (-40dB) 0000000000000 OOOOOOOO
0000000000000000000000000000000000000000LCGTOOO0
000 50em0000-40dBO0000O00O00O00O0O00000SmmO00000000O00O0000OO
0000000000000 0000000000000000000001% 000000000000
0000000000000000030H200040dBO0000D000000O000O00O1kHzO0
0000000000000o000ooooo

0000000000000 000000000000000000000000O000000O000
000000000000000000000000000000000000000000000000
010000000000000700000000000 (2x10721/vHzODO 4.10 O SPI sensing noise)
0000000000000050000000000000000000000000073%%0

oooooo
500000000000 0000000000000000N00N0N0DN0DN0ND00O0D0N0OONODd 111Hz000000
DDDUMwQDDDDDDDDDDDDDDDDDDDDQDD6x1WDDDDDDDDDDDDDLQXN*NXM£ﬁ/ﬁE
oooo

0pD0o0000 1400000

00000000000 0000000000000000000000000N000O00ND00000ooooooog
000000000000 00000000000000000000000000000000000000000000000
0000000000000 00000000000000000000000000000000000000

S UD0000000000000000000000000000000000000000000000000000000
10mWOOO0O0D000000000000000000000000000000002WO000000000000000
000000000000 00000000000000000000000000000000000000000000000
000000000000 00000000000000000000000000000000000000000000000

42
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10 3 TIITITINIIIT AR e TIITEITICIIIT —
i S
3 N
AN SPI excitation tpper limit 100"
a0 107 F (Longitudinal direction) £
I i
= 3 16 &
v 102°F 1073
K% Z
S e Requirement for 18 &
c  of SPI sensing noise 107 €
T 10°°F TAMA:-noise-level o
= E o]
[9)] o -
24f noise leve a
10 ; P | 1 P | " PR | 11
10° 10! 10 10° 10*

Frequency [HZz]

0 4.10: 00O0ODO0O (SPHODOO0OOOOODODOOOODOOOODOLCGTOOOODODOODOOOOODOODOOODOSPIOOOD
gooooooooooooboOoboboOoO0o0o0o0oooooooooooooooOoOOObO0oO00ooooooooooooDoooDooOboD
oooooooooogd

gboooog

googobooboboboboooobobobobobobobobobobobbobobobon
0000000000 000000000000000000000000000000000000
000000000000000000000000000D0000000 QOO 1x1020000000
0000000000 000000000000000000000000O0O000O0O0O000O0OO00
goboboooboooboobuooboobooboooboobobboboobooboobOooDbo
00000o000oo0o0ooO0o00o0o0o0oO0O0ooO0O0 (D 410)00000O0OO0OODOOOOO
obooooboooobobooooboboooboobooooobobooobooboooboobOoooo
gobobobooboobuoobuoobobobobboobooboooboobooboo

goooooboboboboboboboboobooboboooobobobobooobobob
00000000000 (30HzOOODODOOOOD-40dBO0O0OO0)00O0O0OO0OOOOOOODOOOOO
0000000%00000 2000000000000 100000000000000000O00000
oooobooboooogob 41000000000 0DDO0ODO0ODO3HZzO 6><10_16m/\/EDDDEI
booboobooobooboboooboobooboooboobooooboboooboOobooooboooog
0000000o0o0U0ooo00UooOo0oOUooOoOUl/lco0cO00DUoO0oO00DUoOoOOooUooon
oo0ooboo0 HzO000OO0O0DOOODODOOOODOOODOOOOOOOOO0OOOOoOOOO0OOooOOn
goboboooboobooboobobbobboboobooboobobboboboobooboo

000000000000000YAGOOOOOOOOOOO0000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000
0oo0o0oooooooo
0000000000000000000000000000000000000000000000000 (CaF)0000
0ooo00ooO0oOooooooo

0000000000000 00000000000 3Hz006x10~%¥m/VHz0000000000000000000
000 QOO 60000000000
Sl000000000000000-40dBO0O0O00OHz000000000000000OODOD 41000000000
1kHz 00D f~3/2000000000000000000000000000000000O00O(0.7/f/)20000000000
000000000 10000000010HzOOOLCGTOOOD 20000000000000000
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N N
= o

Noise level [1/Hz"4]
S

Frequency [Hz]

0411:00000000000O0O0000O0OCOOOOOOODOOOOOOODOOOOOOODOODOOOOOOOOOOOOOOO
goooooooOoooooooooOoooooooooo

000000000000 1%00000000003Hz20 3x107Y"m/vHz (DDODODO 10000000
gooooao

gboooooboooooooooon

oboooooboboooooooobobooboobobOoo400b000b00O00bOO0O0obObOOOobOboOooonoo
0000000000000 GASOOOOO (Mini-GASOODODOO)00000000%000000
o0 orTHz00D00000DOOO0OOOODODOOOOOOODOOOOODbDbOODODOoOODOoDbDOOOOO
0000000000000 10Kooooooooooooooo (300K)OoOo 1oooodoo (moo
lmOI0)0000000000C0C0O0O00O0CO0O0O0OO0OUO0O0ODOOUO0O0ODOOO0OOOUOOoO
obooobooboooobooboboooboboooboobooooboboobooboooboobobooo
oboooboobooboobobooooboobooobo M20200000000000D0ODOOODOO

0000000000000 000000000000000000 (Eddy current) 0000000
gbooboobooobooboboooobobooobooboooobobooboOobooobooboobooog
obooobooboooooboboooboobooooboboooobO0ooooboobOoobooooooDn

oboooooobooooooo

obooobobooboobooooooooobooboboboboooooooooooobooboOoDbo
00000000000000000000000000000000% 000000000000 DC
oooooooboooobobooooboobooooboooboobUoboobDobooboobobooOoo
gboobouobooobooboboooboobooooboobooooboboooboOobooobooboobooog
obooooboooobobooooobobooobooboooobobooboOobooboobOoooo
oboooboooboooobooboobooobooooooooooooooboOobooobooobooOooon

20000 GASOOOODOOODODODOO0O0DDO00D0000000000000000000000000000000000
gooooooooooooonoo

30 0000000000000000000000000000 ACODDOO0O0OO000000000000000000000
gooooooooooooobooobooboOoooooooooooooDOOOCOCbOOOOOODODOoOoOoOooOoOoOoOoOObOODOObOO
ooooooooooOoooonoo
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0000000000000 000000000O000000000000D0000000000000O0
00000000000000000000000000000000D00000

000000000000000000000000000000000000D0O000000D0O00
00000 10000010H20 1x107221/VHz00 (00000 3x107*m/vHz00)000000
00 (0 411)00000000000000000000000000000000 1wmO000000
00000000000 (00)D0000000000D0000D0O000D0O00000%D 000000
00000000000000D0000000000000000000000000000D00000
00000000000000000000000000000000000000000000000
000000000000 00000000000000000000000000 1pmO0000000
0Do0oooooo%o

00000000000 00D00000000D00000D000000D00000000O00000O0
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
000000000 (3HzO0 6x107°m/vH200)00000000000000000000O0COO
000000000 2x10°0000000000000000000000 (0 411)%0000000
00000000000 10V0000000 1nV/VHz000O00000000 100pm000000

gobgooobooboo

gbobooooogboboboboboobobobooooboobooboooooooboboban
gobobooboooboobuoobooboboboooboobobboboobooboobOooDbo
gboobouoboooboobobooooboooobooboooboobobooboOobooobooboobooog
obooooobooooobooooboboooboooo wwoobboboboobooboboobooboo
gooboobgoobooboobuoobooboobuoobooboobuooboobooboobo
0000000000000 0D1%0000000000000000000000000D0O0O0O
00000000 103rad0000000000%0000000000000000O0O0O0O0O0O0O0
00000010 3rad0000000OOOODO

uboooOoobooboooboooboooooboooobooooboooboobooooboooboooooooonoo
gobgbboobbobbouoobuooboobuoobuoobuoobuoobuoobooboobooobg
O000000000o0o0o0o0o0o0oUoUo0D (00 164nm) 00000000 0OODOOOO
obooooboooobobooooboboooboobooooobobooobooboooboobOoooo
O1lmO0000000C0OO0O0O0OODOODOO

4.2.2 00O0O0OO

LcGrooooooooooooooooooooooooooooooooooooooogooo
0000000000000000000000000000000000000000003 x 107

6400000000000 1nV/vHz 0OOOO0DO000000000000003x107%/f2m/VOOODO0O0O000000O
00000 10VOOOODOOOOO00000 0.7Hz000006x10"® mO0O0O00000000000000000001um
000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000

6500 00000000000000000000000000000000000000000000

6600 00000000000000000000000000000000000000000

6700000000 (Yaw DOOOPitch00)00000000 0.3Hz00000000 4£10VO0DO000 10000000000
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Acc. sensor
Foleded pendulum
acitive transducer

Flex Joint - LVDT Disp. sensor
Induced current
position sensor
Coil-magnet
actuator
Inverted — [ Filterl
Pendulum r
Horz.: 10mHz
Hz
OmHz
_ — Support Frame
Filter2
Flex Joint-
Marvall8
Maraging §
Counter Weight -
7 A
Suspension
Plathome

0412 000000000000000O0000O0O0DO0O000D0OO0DO00O0000DO000O0DO0O00 GAS (Geometric
Anti-Spring) 00000 30 (0000000000 O,1,200000)0000000000000000030000000
0000000000 0000000000D GASOOOOO (DOD0OO0D 0)0000000D0D000DOD 1,20000000
O8cmOO0O0D0O0O0DOODDOODODOOOOOO OOOOOOOOOOOO0O0OOOODOOOOOOOO0O0O0O0O0O0O00O000O0
goooooooooooooooooooooOoOoOOObOObO00000b0000ooooooo0D o0 OoOoo
gob0o0oo0ooooOooooooooooOo0o0ooOoooooooooOooooooooOoOoOobO0oOoooooooOobooOoOn

(-130dB) 00000000000 0COO00UOOO00OOO0OOOOOO0OOOOOO RMSOOOOOO
oboobooobooobooobooooooboooboOooobooobooboobooOobooobooobooon
LCGTOOODDDDODO00O00O0O0O0O 1x107"mrys 0000000

0000000000000 00000000000000 GAS (Geometric Anti-Spring) 00000
30 (0000000000 0,1,200000)00000000000000000%00000000
3omHzOOOODOOOOODOOOOOOOOOooOOoOoobDoooooo3sgoooooooooobooooooo
gbboooobooooboooobobobooboobOooboobobooboo 2mboboOOobDOOn
oo0O0oO0oO0O0oUoooopoooooOoOoooGASOooOOooooooooooooooooooooooo
oboooooboooboboobooboooboboboobD 20mHz000000000000 1200000
O0008emO0I0D0D0D0OD (DU0ODO 05 H-A00D0D0DODONDONOONOOOOODOOD
oooooobOoboOoOoOooboooooboOobOoboOooboooobOobOobOobOobobOboOoboOoboooboon
00000000o0U0000U00o00o00o0oU0o00000DU0o00 (DooOoUobOOoO)UoOoUOoO
oboooobooboooobooboboooboboooboobooooboboooboobooobooboboo

0000000000000 1300000
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oboooooooo

oboooobooobooboobooooboboobobob sHzO00000O0D0OODOOOOODOO
oobD4000-160dBO0O0OOOOOODOOO30O00-140dBOODODOODOO0OODOOODOOOODOO
gooLCcGrToooopooooooootbolHz00000000RMSOOOOIpmOO0O0O0OOO
000000000000000000 1/1000001x107"mpys 000000000000

ggogn

00000000000000 (D00000UoooO,FlexJoint)0ODOODODOODOOOOOOO
gobobooboooboobuooboobooboooboobobboboobooboobOoobo
000000000000000100mHzO000000000000000O0O0O00O00%0

LcGrToooooooo3pouooooooooooood0em0bOO0O0OoODOO0OO 1.5m
gboboboobobobobobdobooouoboboboooboboboboobooobooono
oobooobboooooobooobbooobe0oHzOODOODOOOODODOODOOODOOOOOOoDOOO
0000000000000 000000000000 (Marval 18 maraging steel) 0000000000
obooooboooobobooooboboooobooboooobobooooboooboobOoooo
gbobobbooboobodobuodgbuoobuoobooboobobboboobooboooboona
000000007000000000000000000000000000000 (Counter Weight)
000000000000 000000000 30mHzZO0OOODO (DO0OO0OOOOO, Plateau Level) O
ooooob-rodBOODODOOOOOD 1HzO0DO0OOO0O00O0O0O0ODOOOOOODOOODDODOOOO
O0O0O03HzO-7odBOOOOOOOOOOOOOO0ODO01Hz2O00000000D0O0O0000O RMSO
00 1/ijco0000000000

GASODOOOO

LCGTOOODOOOOOOD0OOU0DDOOOOGAS (Geometric Anti-Spring) 000000000000
goboboboobooboobuogbuoobuoobooboobobboboobooboooboono
gobgoboobooboobuooboobooboooboobobboboobooboobOooDbo
gbooooboooobobooboobooooboobooooobo

LCGTOOOUOOO GASOOOUOOO 30000000 (obooooo300ooooooooo
0000o0o00U0oo0o0UOo0 100000000000 (bO0D00 NODooOo (boooo 2o
000000100 GASOOOOO0OooooO 0emdd0d0 15emd00000000DODOODOOOOO
0000000000000 000000000000000000000000D000000 (Marval
18 maraging steel) 0000 0000000000000 O0O0O0OO0OO0OOOOOOOOOOOOOO
oo00oooOoO0O0oOoO0o000ooOoOOoUoUUooOOoOoOoOOD GAsoboooooooooo
oboooob20mHz00000000000O000C0O0DO0O0O0O0ODOOOOOO0ODOOOOODOOO
oboooooobobooooooooobooobboo-e0dBOOODOOODDOOOOD 6HzO0DOODDOO
oboooooboooooboobono

3H00000000000100000-47rdBO00CDO30000-141dBO0O0OOOOOOOODO0O
0oooobooobobooobobooboboosoem 00000000000 DOO0OODOOODOO 0.55Hz2080
obooooobooobooboooobooobo-295dBO000000OO00oOooboO20b00b0oooboOon

00000000000 10mHz 0000000000000 00000000000000000000000000000
gooooooooooooooooOoOoOOOoO0oOoOooOooooOoOoboOoOoOoOooooooOObboo

70000000 Center of Percussion Effect 0000000000000 000000000000000000O0D0OODOO
gobooooooooooooooooooobooobooooDoOoDOOODOOODOOOOOOOOOOOOOOOOO0OO0O0000
goboo0ooo0ooo0oodooooooobo0o0oOoOoooooooboOo0oOoOooooooOobo0oOoOoon
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ooo0ooo0 1m0O0O00O0O0OO0O0O0OOODODODOOOODODOOO-31dBOODOOO0OOODOOOOO
oooOoOoOooOoOoO0DOOoO0oO0DO00ObOOoODOoOoooboOoOo3ooo-9dBODOODOODOODOODDO
3000-140dBOODOO

gbooooooboooon

LCcGToooooDOoooooooboooooboooobooooodoooboD0booobOOoooDoOooDoo
00o0dooooooooobo0oooo0oDooooooDo0ooDo0Do0o0oD0o0oOooDOoOoLCGTO
gboobooboooboobobooobooboboooboboooobobooboobooobooboobooog
oooooooo™o

0000000000000 00LVDT (Linear Variable Differential Transducer) 00 00000
gooboooodogooobbooogo oo bbooobobbbooog
(Beryllium-copper) OO0 0000000000000 O0O00O0O0O0C0O0OO (Folded pendulum) 000
0000000000 0000000000 (Capacitive transducer) 000000000000 0OOO
000 s00mHzO0O0000000O0O 10_9m/32/\/E|:||:||:||:||:|DDDDDDDDDLVDTDDDDDDD
oo oobbbbooodoobbbbooobpbbbooobbbbooooUb b D
gbooboobooobooboboooboobooooboobooooboboooboOoboooobobooog
oboooobooboobobooboboboobooobobooobob0 20mm 000000000000
10_8m/\/m[||:||:||]|]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
0oodooooooooobooooooDoooooooobCOb0DoUoOo LVDTOOOOOOO

oboooooobobooboboboobobooobOobOoboboooobooOoooooooboDbo
oooobobooobooboobooboboooobobooobobobobooo20mmoboooon
gogooobobobodooouobbobbooogbbbbooo 3guubbbbobbobooo 20
oooOooooooooo3oooooooooooo0ooGASooooooooooooooooo
0000000000000 00000000U0o00U0 lmm/KOOODOOOOOOOOODOOOOO
OO0bCODODOO0O00O0ODOO0O00DDOO0GASODODOODODODODDO0OOOoDODoODO0OoOooOoOoOO
goooobooboood

gbooooooooboooobooooboooooooboOoobOooobooboobobooobooboooobooooo
0000000000000U00 1000000000000 0000Uo0U (YawOQO)oooooo
ggoooboboboood

opood
gboooooao

gboooooooon

gbooooooboboooboobobooooboobobooboooboobooboooDobooooo
00o0oU0o0oU0o0oo0o0o0oO0DoO0oO0OO0O0000O0OOUOO0n (boooooooooo)
obooboobooooboboooooboboooboobooooboboooOobooboobOoooo
ooooooooooooooooooooooooooooLecGrooooogooo RMSODOOd
0001HzO0O0DODDOOO 0.1pm,, 00000007000 RMSOODDOODODOO0O0O0OOOOOOO
gboobouobooooboboooboobooooboobooooboboobooboooobOoobooog

Q000000000000 00000000000000000000000000000000000000000000
ORMSOOOOODOOOOOOOOOOOO0O0O0O0O000O0O0000000000000000000000O000000000
goooooooooooobooOoOoooOoOoooooooooooOOOOOOOOOOO0OODOoOooOoOoooOoOoOobOODOODOObODOO
go0o0oooooooooooooooo

2000000000000000000000000000000000000000000000000000000000
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4.3. 00000

ooooooooooooooooooobo0oooboOo somHzODOOODOOOOOOOOODDOO
gboogoodgbobooodobobobobooobobobooobobooboobobooboobon

4.3 0O0O0O0OO

4.3.1 0O0O0OOOOOOO

LCGTOOOODOOOODORSEODOODOOODOOODOOOODOOOODODOOODOOOODOoOOoOon
()Do0oo0ooOU00oO0DOU00000000000@)UUDD0O0D0D0D0OU000O0OUOO (Dark
fringe) 0000B)00000000000000000D00O00O00O (Power Recycling Cavity, PRC) 0 O
0000000000000 000000000000000000000 (Signal Extraction Cavity,
SEC)DDDDDDDDDDDDDDDDDDDDD73DDDDDDDDDDDDDDDDDDDDDDD
boobouoboooboobobooooboobooobooboooboobobooboOobooooboobooog
oboboobooboobooooooocooobos0oboooobooon0 —bobooooooooooooo
(6L_,5L,),PRMO0 2000000000000000000 (8l_,6l4), 000200000000
SEMOOODO0O0O0O0000O (0ly) —0000o0ooooo

goboobobobosbooboo2000b00bo0bo0boobOooDbOUOoboDOoO1sMHZO
O00o0o0O0sMHzOOODODOOODODOOODOOODOODOOOOOo0oooooooooDDOobODbOoo
ooooooooooooooooooooobooboopPRCODODOODOO IBMEz2OO0O000O0DODOO
OOOSECOO0OO0OOAMMMHzOODOODOO PRC-SECOOODOOOOODOOOOODOOOOODOD

00000000
000000000000000000000D00000000000000000D0O0000000
000000000000000000000000000000000000000000D00000
000000000000 D000000D0000D0000000D000D0O000D00000000000
00000000000000000000000000000000000000000000000
0oooo
00000000000000000000000000000000000000000000D000
00000 10000010H20 1x107221/VHz00 (00000 3x107*m/vH200)000000
00 (0 411)00000000000000000D0000000D0000D0000 1pmO00000
00000000000 O0™D0O00000000000D000000000DO00™00000000
000000000000000000000000000000000000000000000000

000000000000M/2F =43x1079m000000000000000000002LF/7c=28x 10"3sec0000
000000000000000000000000000000000000000000005 x10~8m/secyms 100000
0000000000 RMSOOOODODOO00O0 (0.1Hz) 000000000000000000 9% 10 8myy,s 00000
oooooooon

0000000 PRCO SECOOO0OOOOODOOODOOOOOODOPRCODOOOOSECOOOOOOOOOODOO
ooo

“0pD00000D00000 1.064pm D0D0D00D00D00D0000D0000000O00O0000OO0OOOOD0OOOONOOoo
00000000000000000000000

00000000000 1nV/vVHz 0OOOOOOOOOOO0OOO0O000O03x1079//2m/VOO0O0O0O00O00000O
00000 10VOOOOO000000000 0.7HzO0OO0OO06x 1078 mO000000000000000000001 um
000000000000 0000000000000000
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I I EM2
Rf=0.99999
Sapphire
, Temp.: 10K
Input Optics 2nd MC (SPI) Perpen. Susr._!ension Point
Mode Cleaner arm cavity interferometer
and Modulation Unit 1kW Resonant Sideband
Extraction config.
Length: 180m with Power Recycling
Finesse: 1200
i j FM2
¢§ Rf=0.99
| AOM fn2 Sapphire
® Temp.: 10K i i
Laser \ Fused Silica ? e micavity
Length: 3000m
Source WEHREEL | 35 Finesse: 625
o 1 ” {
L sw L 1kw
2w PRM FM1 EM1

Rr=0.46 SEM

PRG: 5 Rs=0.26 - "
SBG: 3 Signal Band: 120Hz

fn1 fac2
Mod.Unit

Demod.

MC2(SPI)

signal Oie

Gravitational

Wave signals
PD

IFO .
signals Output Optics

0413: 000000000000000000O0O000DO0O00 2WO Nd:YAGOOOOOOODOOOOOOOOOODO
00000000o00o00oooO0oo0ooo0oooooooMCOOD0OO0DO0OOO0O MCOOOOOO (OO0 18Om) 000000
000000000000000000 3000mO0000000D0000ODODOO0OOOOOOOD (PR)ODDOOODOODOOODODO
000000000000 (RSE)DDDOO0OOODODOOO

00000000000000000000000000000000000000000000000
000000000000000000000000000000000000 1xpm000000000
ooooooo

0000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
000000000000 07H2000000000000-40dBO3Hz00000000000000
00000000000000000000000000000000000000000000 2x 108
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000 2x10200000
000000000000 (O 4.11)70

4.3.2 0O0O0O0OOOOOO

LCGTOOO00O00O00000O000000000o00ooo00o0oUooooUooD (booo)ooo
goooobobobouoooooobbbboooob bbb b bbb b D
0000 (Suspension Point Interferometer, SPI) 00000 (O 4.13)0000000000000000
obooooboooobobooooobooooboobOoooobobooboOobooboobOoooo
gogoooobobobooooooobobbooooobboobbooooobbbbbbooooob LD
gooooobbbbbtooooooobbobobbbooooooob bbb ooUL
gboobouobooooboboooboobooboooboobooooboboooboobooobooboobooog
gogogoobooboodooooobobbooooob bbb bbb ooob LD
gooooboobooooooobobbooodbobbbooooooubbbbooooob o

000000000000 10VO00D00000 1nV/vVHzO0ODODOOOOOO 10pm 000000
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4.3. 00000

000000000000000000000000000000 (2wO0)00000077 000
000000000000 0000000000000007®0000000000000000000
ogooooooboooooooboobobobooobooooooobobobobobpDooooooboo
goooooooOoOoOoOoOoooooooooOoOooOoOoOoOoo MCOOOOODOOOODODODOOOOOO
0000000000000000000 (MMT)O0O0O0DDO0ODO0000000007™00000000
oooooMCOOOO0OODOUOODOUOODOOOOOOOO0DO0ODOOUDOUOO (PR, RSEDDOODO
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ooo0oOoOU0U0O0OoUoOoOoOoOoOoOoOoOooooogoggg él-,dly, o, 00 000000000000
obooboobooooboobooboooobooboobooobobooooooboooooobobooo
oO0o0doogoooooooo0gooooooooDoooDO PRG,SBGOOOOOOOooOoooOod
gboooobooobooboboooobooo

obooobooooooobooobobooooooboobbooooooboooboOoooboOoooo
oooooooboooboobobooboobooboooobooboobUobbooboDobooboobobooOoo
gboobouobooobooboboooboobooboooboobooooboboooboOobooobooboobooog
oboooobooooboboooooboboooobooboooobobooboOoboooobOoooOoo
oboooooooooooboobo

gbooooboooboog

ggbboooobodooboboobbooboboooboobobbooobboobbooboboon
goboboobooboobuoobooboobooobooobobboboobooboobOooDbo
ooo

gbobooooobOooboobobooobooooboooboboooboooboobOooboOoonoonoo
LcGrToogooooobblooHz000 40dBOO0OODODODOOOOOOOOODDOODOOOOOOO
gooo0o0ooo0o00ooooooooooooooooooooLCGTODOOO000 s0emOOdn
40dBO0O0O0OO00OOOODOOOO0DODOO00 S mmO0000000O000O0O0O0O0DOOODOOODOO
0000000000000 000000Uo0oU0oO01% 00000000000 o0oUoUooooo
obooooobdlooHzODOO 40dBOO0O0ODOOOOODOODOOOOODIkHzOODOOODOODOO
gbooooboooonbo

gboooooooooog
gbooboooooboooboobobooobobooboobooboooboooboooboobooon
000 (0 4.10)0000000000000000C00O0UOU0OOOOUOODOOOOOUOOOOUOOOn

0000000000000 00000000000000000000000000000000000D000000000
goooobooooooo0oboooooooooO0oO0oO0oO0obooOo0o0O0b0b00000o0oooo0oO0000000000oooo0Oo0g
goooooOoooooOo0obooOoO0O00OOO0OO00bO 200000000000000000C0O0O0O0OO0OCOOOGODOOOOO
gooooooooooooooooooobooboooooooobOo0oooooOoboo0oooooOOOo0O0oooOooObObO0oBooDDbD
gooooooooooooooooOoOoOoOoOoOoOoooOoOOobOOoOoOoOoOoOooooOObObOOoOoono
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0 7.5: Specification of output modecleaner for LCGT

Descriptions Values
round trip length 70 mm
finesse VaVie 14
FSR 4282 MHz
Cavity bandwidth Awv 304 MHz
reflectivity input and output (flat) 0.80

end (R = 230 mm) >0.99995
mirror spacing flat-flat 0 O O 10mm O
flat-concave 30 mm
incident angle on end mirror 0.167 rad
beam size waist (horizontal) 166.5 pm
waist (vertical) 167.9 pm
on end mirror (horizontal) | 181.1 ym
on end mirror (vertical) 182.1 ym
geometric factor horizontal 0.691
vertical 0.699
mode interval horizontal 0.1285
vertical 0.1266
Suppression ratio  first-order modes > 16dB
second-order modes > 19dB
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7.5. 00000000000000000000000000000
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h(f) = 3x107*/VHz at100Hz
L = 3000m

1-C = 5x107°

vm = 10MHz

Fep = 1250
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R=15m — R=270m
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Suspension Point Interferometer
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17.1. MAIN DAQ SYSTEM

17.1 Main DAQ system

0000000000000 00O0O0000000O0O00000000O0000ODO0O000000OO
oooooooooooooobooboooooooooooo s5kHz000000000000DDOOO
gooooooooooooooooooOoOoOOoOOOOOOOOOODOOODOOODOOOOOOOO
o00000o0ooooOO00o00D0ooOoO00o0D0D0oOo0o0DUooOOoODOO0o0DUObOOOODOOOO
00000000 10kHzO0O0OODOOOOODODO Analog-to-Digital Converterd Frame Formatted Data
FileOOOOOOOOOOOOO

Sampling Clock 32768 Hz = 215

Number of Channels | 32 CH = 16 CH x 2 detector
Bit Resolution 24 bit = 4 byte integer
Anti-alias Filter Digital Filter with 10 kHz cutoff
Data Rate 2 MB / sec

0 17.1: Main DAQ system: Analog-to-Digital Converter (ADC) 00O

Frame Length | 1 second = 32768 samples
File 64 frames / file

0 17.2: Main DAQ system: Frame Formatted Data File 0 O

17.2 Frame Maker

Main DAQ system 0O 0O 00O O Detector Diagnosis [0 Environment Monitor 000000000
0000000000 0DO0b0O0O00D0o00o0oO0bO00o0DOoDOoooOoO0d Frame Maker O Detector
Diagnosis ADCO Environment Monitor ADC O OO00O00O DAQstation 000000000 O0O0O0OO
oooooooooooooo

Frame Maker 0 0O 0O

1.0 AbCODO0OO0OOoooogo

2. 0000 Frame Formatted Data File 00000000

3. 00000000 Raw Data Archive 0O OO0

4. 000000000000 0DODOOO0O0ODOOOO0ODOO

gbooooobooobooboboooobooobooog
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0170. 00000

Operation System | UNIX
Hard Disk 14.4 GB / hour x 70 hours = 1 TB
Network Interface | Gigabit Ethernet with optical fiber link

0 17.3: Frame Maker: 00000000

17.3 Detector Diagnosis

Detector Diagnosys U 0 0000000 ODO0ODOO0OODOOODOO0OO0OOODOO0OOOOODO
00000 o00oo0oooDooooOooDo0ooooooooooOooDoOono ADCOODOoOoooo
0000000000000 0000000ooO0onDn Sampling Clock DOO0OO0OOO0OODODOO
g0o0o0oOoOoOoOoOoOoOoOOOOO0OO0O0OO0OO0O0OOOOOOO0

Detector Diagnosys [0 Analog-to-Digital Converter 0000000000 OO

Sampling Clock 16384 Hz = 2%

Number of Channels | 1024 CH = 64 CH x 8 station x 2 detector
Bit Resolution 16 bit = 2 byte integer

Anti-alias Filter Digital Filter with 5 kHz cutoff

Data Rate 2 MB / sec

0 17.4: Detector Diagnosis: Analog-to-Digital Converter (ADC) OO

O000O0000D0O0O00b0O0O0Frame Maker 0000000000 DOOCOOOOOOODODOOO
000000000000000000000000000000000 (Diagnosys Server) 00000
gooobooboboobooooobooobboobbooboboobbooobboobbooobobo
oo0O0000ooooOOoO000ooooO0000ooooOoOO0Oo0oooOODoO0Ond DAQ station OO
goboboboobogbogoobuoooboooobao

17.4 Environment Monitor

Environment Monitor 00 0000000000000 O00DOOCO0O0OOO0DOOO0ODOOO0ODOO
O000O0o00oO0o00DOo000DOo00D0O000nD 10H2000000D0 Bit Resolution O 12 bit O
oooooooo

Environment Monitor 0 Analog-to-Digital Converter 0 00000000000

Sampling Clock 32 Hz = 2°

Number of Channels | 512 CH = 32 CH x 8 station x 2 detector
Bit Resolution 12 bit = 2 byte integer

Anti-alias Filter Analog Filter with 10 Hz cutoff

Data Rate 2 kB / sec

0 17.5: Environment Monitor: Analog-to-Digital Converter (ADC) OO
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17.5. TIME KEEPER AND GLOBAL POSITIONING SYSTEM

17.5 Time Keeper and Global Positioning System

00000000000 00000000000000000 Global Positioning System (GPS) OO
O0000oDooO0 1wsec 000000000 DDODOOOOOOODODODODOOOOOOODDOOOOO
goooGpSO00O0ODO0OOOOO0OOODOOOOOOODOODOOOOOOODOODOOODOOOOOnO
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000000000 Sampling Clock 000000 ADC 00O sampling clock 00000000
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GPS Antenna = 10 MHz Clock
:: 1PPS
= |RIG
Vo Sampling Clock (32768 Hz)

GPS Receiver

Optical
Signal
Driver

A (Optical Sampling Main System
( Signal Clock &
v @eceiver Generator 8 stations

Optical Fiber Optical Fiber

\_ Outof Mine ) IRIG Decorder

v

Trigger ASCII data

0 172: 0000000 GPSOOO0OODOO0OOOO0O0OO0DOO0O0ODOO0ODO0O0DOO00O000DO00D000 Sampling
Clock 00000 ADC OO0 sampling clock 00000000

17.6 Raw Data Archive

0 DAQ station 0 00 00O Frame Formatted Data File 0 [0 Raw Data Archive 000000000
oooooooooOoboooOdobD sooobobO0bOobUooboUooOUoOOobDObDOobDOobOobobooo
0oo0doobooooDOooooooooooobooooOo 1o TBOODODODODOOOODOODOOODOOO
Oo000oooooooouoDooouooo0oooooooooo0ooooooooooooooo
odooooooooooooooooooo0oooooooDooooooooooooag

From Each Station | On Data Archive
Main DAQ system 2 MB / sec x 2 14.0 GB / hour
Detector Diagnosys 2 MB / sec x 16 | 112.5 GB / hour
Environment Monitor 2 kB / sec x 16 0.1 GB / hour

0 17.6: 000000000 Raw Data Archive 000000000
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17.7 Pre Analysis Server

Raw Data 000000 Calibration DO000O0O000O0O0OO0QCOOOOOO0OOOOOOOOOO
000 preselection 0000000000000 000000000O0O0O0OO Pre Analysis 1000
obooooooooooooDbo

1. Detector Calibration

2. Averaging of Noise Spectrum

3. Phase space specification for Inspiral Search

4. Data Compression for Continuoius Signal Search
5. Burst Noise Selection

00000 Pre Analysis Server 0000 Raw Data Archive 00 000000000000 O0OODOO
00000o000oo0ooo00ooooooooo00ooDoo00o0DoDo0o0oDoODo0oooDoOo0Ooo0oDo

17.8 Data Distribution

gboobooooooboboooboogoboobboobooboooboooboobooooboooobooon
0000000000000 00000 Super-SINETOOOUOOOOOOOOOO 100 MB/sec OO0
oboooooboooobobooooboooobooboooboon

goooooobooobboooboooboooboobboobobooobooobbooboooboooDoo
goooog

17.9 Summary of ADC Specification

0 00 00 Analog-to-Digital Converter 0 0 0000000000000 OOO

Sampling Number of Bit Effective

Clock (Hz) Channels Resolution | Frequency (Hz)
Main DAQ system 32768 = 215 32=16 x 2 24 10 k
Detector Diagnosys 16384 = 214 | 1024 = 32 x 32 16 5k
Environment Monitor 32 =2° 512 =16 x 32 12 10

0 17.7: O Analog-to-Digital Converter 0 00 O O
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18.1.1 OO0 O0O
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000000000000 00000000000”calibration” 00 OO O”pre-process”d 0 00O Oraw
data O calibration 0000000 A(f) 0000000000000 0O0O0O0OOOOOOOOOOOOO
000000000000000000%00000000000000000000000000000
000000000000000D000000000”processed data”00 000 O ”processed data”0 [0
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loooooo
2TAMA 00 VIRGO,LIGOODDDOO frame 0000000000000

227



0i180. 00000

detector

raw data

pre-process
(spectrum, frame reform)

calibration ||
|

—_—
i processed data :
event selection 2 event selection 4
burst continuous
event selection 3 event selection #
ringdown

i search result 1}

quality evaluation
detector diagnosis

event selectioon 1
Inspiral

0 18.1: 00000oooooooooooonoo

18.1.2 UO0O0O0OOOOUO

goopoooooooooooooooogooooDooogg 0O K O000DODOOOOODDOOO
obobooooooobooooooooooooooooooooooooooDg Py, 00000

O0000000000 heps(t) O
Bops(t) = Fhy 4+ Fyhy (18.1)
0000000000000 s() 000 »(¢)0000000000
s(t) = hobs(t) + n(t) (18.2)

good

18.1.3 0 0O0OOOOOOO Event Significance

00000 AO00000U0DOODDOODOOOOOOO0O0OO0OUO0ODOODDOOOOOOOO A
O0000O0O0000o000O0U00O0o0U0OoOO00oOOA(f)DODOO0DODOOODODOOOOODOOO
0000000000000 00000000000O00U00O00U0 (SNR)UODDODOOooooooo

" h(t) - h(t)

SNR = @ dt (18.3)
gooooooooo
_ [T bR
SNR = /m TGO df (18.4)



18.2. 000000000000
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N2 = <(n ~h(t))2> (18.5)
S%=1s - h(t)] (18.6)
ooo
_ |5
SNR =1/ %5 (18.7)

00000 RII00000SNROOOOOOOD0OODOUOOOOOOOOODO0ODO0OODOUOOOOD
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0000000000000 00000000030

gboboooooboboooooobobooobleObOobOobOobObOODODODOODOO
O000000000SNROODDOOOOOO0ODO0OOOO (statistical confidence) 000000000
gooooao
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