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3.4 LCGTUO0OO parameter

LCGTOODODO parameter 10000000

e Laser

— wavelength : A =1.064 x 1076 [m] 0O

— 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 /me = 7.96 [msec]

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

6wy =3 [cm]

— beam radius at mirrors
e Recycling and RSE O

— power recycling gain : Gpower = 10

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

cut-off frequency of interferometer : fouy = Gwidtn feavity = 200 [Hz]
e Suspension

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

— diameter of wire : dyire=1.8 [mm]

— number of wires : n =4

— Young’s modulus of wire : Eyie = 4.0 x 10! [Pa]

— resonant frequency of pendulum : fpen = 1/g/lsus/27 = 0.705 [Hz]
— temperature of suspension : T, = 10 [K]

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

Q-value of final stage of suspension : Qpen = 1.2 x 108
e Mirror

— density : p = 4.0 [g/cm?

— radius : r =15 [cm)]

S000000000 300W o000
0000000000000000000 200 200000000000000000 " '00000000000DOO
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 : Ey = 4.0 x 10! [Pa]

Poisson’s ratio : ¢ =0.29

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

thermal expansion coefficient at 20 K : @ = 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 = 5 [um)]

loss angle of coating [19] : Peoating = 4 X 1074
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000000000000 0000000000000000000000000000000
00000000000000000000000000000003Hz2010730000000000%0
000000000000000000000000000000000000003x10~°m/vHz (3Hz)
000000000000 0000000000000000000000000000000000000
001/1000000000000000000000000000%0000003H20 6x107%m/vHz
0000000000000000000000000000

goooooooon

0000000000000 00000O0000oooooO (Final Suspension) 00000000
gooobooboooobobooooboooobobooooobboooooDoboobDoboooo
04%00000000000000000000000000000000O0O000O000O0O000000
goboooooboooboooboooooooooooooooooboooobooooooboooooboo
0((K)DODO00ooooooooi1woooooooooooooY¥0000000000oooon
00000000 QDO (10800)000000000000000000000000000000O50kg
boboooboobooooboboooboobooooboooooboobooooboOoboobooboooog
gboooooboooon

gobooooboooobobooobooooboooobbobooobooboooobo0obobooooooboOoobo
ooooobosoommO00 1.8mm 000000000 400010KOO000000 20KO000000
00000000OLCGTOOOODOO0OD 1WOODODODOOOD0O0O00Do0oo04¥000000000oan
gbbooobobooobooboooobobooboobooooob soembObOobOOoOoOoOoOODbDOO
gooooboobooooboboooobooooobobobooooboooooobooDoboooo
000000000000000%000000000000000000 QOOOO0O000O00020K
012x108000000000000000000000000000000000O000LCGTOOO

43Hz00000000000000000000000000000000000 /10000000000 (0DO0)ooOoOoO
gooooooOoOo0O0OD0OO000000000000000000000 0.7THz2O0O0O0DOOO0O0OOO0OOO0OOO0O0OO0OOO0OOOO
003Hz0OO (0.7/3)2:5XIO_QDDDDDDDDDDDD3HZD 5x107400000000000000

SO000000000000000000000000000000000000000000000000000000000
goooooooooOoOooboOOO0oOO00o0oOoOooooooooOooOoOOOCOOOOOO0O0OO0OoOoOooOoboOoObOOOObObOO0OnOO
0ooo0l1% 0000000000000 ooo0ooooooooooooo

4N0000000000000000000 300000000000000000000000 4000000LCGTOO
0000 20Kk00000000000000O0O0O0O0OOOO0OOO0OOO0OOOOOOOOCOOOOODOOODOOO0ObO0O00O
go0oooooOoOO0Ob00000ooooOooOob0b00o

Y0ooo00o00oooon 20ppm/cm0 0000000000000 100WOODODOODOODODOOOOOO (PRG)10000
LCGTOOO0DO0O0O0D00000O000O 28000000

#0000 s00um 0000000000000000000000000D000000000000000000000000
go0oo0ooooOoOO0O0000000D0O00000000000D 2mO000 200mm O000000000000CO

0000 (Surface Activate Bonding)0 0 0 00 (Hydroxide-catalysis Bonding) 0000 0000000000000000
go0o0ooooooooOoboOoO0o0oOoooooooooOoOoOo0oO0oOoO0oOoOoO0OOObOcO0OO000O00ooooooOooOooOooOoOObOO0ObOOO
oooooo
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040. LCGTOOOOOOOO

gooooobooooboobobooogooon
gbboobooboooobooooboooobooboobobolsmmboooobooooonDo
00000000000000 (00000000, Violinmode) 100000000 O0000O0O00ONOSD
gooooobooooobobogoooboooobobobooobooboooooobooDoboooo
OO000oooO0o0o0oooOo0ooooboo0D 10mm, 00 0.5mm, 00 10mmO0000 50kg0 00
ooooooooooooooooooooswWooOOOoOoooOoooooooooooooooooo
00000000 108000 QUO000D00D000D0ODOD000000000000000000O
goooogooboooobooooboooboboooooboobobooooobobbooobDoboooo
ocoooobooooooooboswoooOoogoooobooooooooo

oooooooooooono
LcGropooooooopooooooooooooooooooooooooooooo20KO0O00
00o00oo0o0oo0ooo0oboooo0oo0oooo0oooooooooOo0oooOoboOo0oooooon
00ooo0ooooooooooooo0ooooo0ooo0oooooooOoooooOo0o0o0oo0o0oon
O00000oLCGTUOUOOO0OUOD0D000oU0oooo0oooooO0oOn (Suspension
Point Interferometer, SP) 00 0000000000000
oooooO0ooobo0oooooooooooOo0oooooOo0o0o0oooo0ooo0ooo0ooo0o0oon
0000000000000 oo00ooo0o0oo0o0oooO0o0oOoOO00oOoO0o0oooOo00oo
O000oO0oo0o00oo0o0o0oO0o0oo0boo0o0oo0o0booOo0ooo0o0o00o00O00oOo000o0O00o
0000o0o00boo0o00oo0o0oooooooOo0o0ooooOo0o0ooOo000booO000000000O0
000000000000000000000000000000000000000000000°%0
ooooooooooooo0ooobooo0o000ooooooooooooooooooooooon
LCGTOO0O0000000D030Hz2000 1072 (-40dB)0000000000000000OOOOOO
cooooo0o0oooooooooooooOobOOOO0oO0OoO0oOoooooooOoObOOOOLCGTOOOO
ooO0Os0emO000-40dBO0O0O0O0O0OOOOCOCOOOOO0OO0 SmmO0000000O0O00O0O0O0OO
00000000000 000000000000000000D00D0001% 000000000000
OoO00o0oooo0O000000030Hz000 40dBO0O0O0O0OOO0O0O0OO0O000O00O1kHz00
000000000000 000o0oo0oooo
00o0ooooo0o0ooo0oo0ooOo0o0oooOo0o0ooooOo00booo0O00oboOo0o00oboO00oooOo
00oo000o0oo0oooooooooooooooooooo0oooo0ooooooooooooo
010000000000000 70000000000 (2x1072'1/yvHzOO 4.10 0 SPI sensing noise)
00000000000000S50000000000000000000000000O0DO3%20

00QpO0000000000000000000000N0O00N0O0NNN0NO0NNONO0NONONOooNoNon 111Hz000000
000 (nviewn) 00000000000000000000 QOO 6x10700000000000001.2x10-%7 xn ;%2 /v/Hz
oooo
5l00O0000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000
D00000000000000000000000000000000000000000000000000
520000000000000000000000000000000000000000000000000000000000
10mWOODDDD0DD0D00000000000000000000000000000002WO0000000000000000
00000000000000000000000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000000000000000000000
D00000000000000YAGOOOOOOOOOO0O0000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000
oooOoOoOO0O0O0OO0O0OoOo
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4.2. LCGTOOOOO0O0OOOOO

107 . " ' —
i S
3 N
PN SPI excitation tpper limit 0%
a0 107 F (Longitudinal direction) E
I i
= 3 16 &
v 102°F 1073
K% Z
S E Requirement for 18 ©
= oof SPI sensing noise 107 €
‘| 10°°F TAMA-noise-level ®
= E ©
U) E e
LeeT  H10? &
24l noise leve a
10 ; 11l i PR | " P | 11
10° 10* 10° 10° 10*

Frequency [Hz]

0 4.10: 00D0DDOOO0 (SPHOO0O0DOOOOOOODOOOOOODOLCGTOOOOOOODODOOOOODDOOOSPIOOOO
gooooooooooooOoO0oOoO0oOooooooooOooOoOoOOOOOOOO0O0O0OoOoOooOoOoOoOOOOObOOO0OOnOO
ooooooooooog

gooooo

gobooobooboooooboooboooooobooboooboooboooboooooooooog
0000000000 000000000000000000000000000000000000
0000000000000000000000000000000000 QOO0 1x102°0000000
0000000000 000000000000000000000000000000000000
gbbooboobooooboboooboobooboooboooooobooooboOobooboobooog
0000000000000000000000000000 (0D 410)0000000000000000O
gbobooboobooboobooboobobbobbobboboobooboobooboobo
gboooooboooobobobooboobobooobobooooboooonoog

gobogbooooobooboobooboboboboooboboboobobobobobobob
00000000000 B0HzO0O0ODOODOOOO-40dBO0O0O0)00000DO0O0ODOOOOOOOO
0000000%000002000000000000 1000000000000000000000
ooooooooooobo 410000000000 000O00O0O0DO3HZO 6><10*16m/\/EDEIEIEI
gbobooboobooboobooboobobbobbobboboobooboobooboobo
000000000000000000000000001/lo000000000000000000O0O
oooO0o0DbO00Hz2000D0O0O0000000O0O0O0ODOOOOOOOODODODOODOOODODDOOD
bobooboobooooboboooboboobooobooooooboooooboOobooboOobooog
000000000000 1%00000000003Hz0 3><10_17m/\/E(|]|]|]|] 10000000
gbooobgd

530 000000000000000000000000D000000000D000000000000000 (CaFe)d0000
gooooooooooooono

OopoDOo0oO00000000D00D00000000 3HZDD6><10718m/\/EDDDDDDDDDDDDDDDDDDD
oooQQUOeOOODOOOOODO

50 00000000000000-40dBO00O0O0H200000000000000000O000 41000000000
1kHzDDDf_3/2EIEIDDDDDEIEIEIEIDDDDEIEIEIEIEIDDDDDDDDDDDDDDD(O.7/f)2DDDDDDDDDD
000000000 10000000010HzO00ODOLCGTOOOO 20000000000000000
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040. LCGTOOOOOOOO

N N
= o

Noise level [1/Hzll2]
N

Frequency [HZz]

0411: 0000000000000 O0O0COOO0COOOO0OOOO0O0OOOOCOOOOCOOOO0OOOO0O0COOOGCOO00O0
gooooooOO0O0O00000oooOO0OOb000000o0on

goooooooooobooogoon

gobooooboooooooboobobooooboo400gbboooboobooobooooboooDbo
0000000000000 GASODOOOO (Mini-GASOODOOD)00000000%000000
Oo0orHzODODODOOODOOOOOOOOOOOOOOOOOOOOOoOoOoOoODOOoOoOooODDOO
0000000000000 oKooooooooooooooo (300K)OOo 1oo00uoo (oo
lmO00)0000000000000000O000000000000O00O0DO0O0O0OOOO0O
goooobooboooobobobooooboooobobooooobooooobooboobDobobooo
ooopooboooooooobobOoooooOoooM20520000000000000000D00O

000000000000 00Uuo0o0UD0oo0o0ooUng (Eddy current) 0000000
bbooboobooooobobooboobooooboboooooboooooboOoboobooboooog
gbooooboboooboobooooboboobooboboooooboobooboobOoooooboDbo

gboogoboooboobogod

gobobooboooboooboboobboobobooobooobboobboobboobo
00000000000000000000000000000000%000000000000 DC
boboooboobooooboboooboobooooboooooboobooooboOoboobooboooog
gboobooboobooboobooboobobbobbobboboobooboobooboobo
gboobooboobooboobooboobobbobbobboboobooboobooboobo
gbobooobooobooboboooboobooboooboooboooboooboooboboOoobooboooboOoon
gobooboooboooooboobbooboboooboooooboobooooooooooobooooDn
gboooboobgooboobobbooboboobooboobooboboboobo

gobooboboooooobboooboobooooooboooboooooobobooobobooobooon

60000 GASOOOOOO0OOOOOO0O00O00OON0OON0000N0ON000000000000000000000000
go0oo0oooooOo0O00b00000o

000000000000 D000D00000N00N00N00ND ACODODDNDDNDONDONDNOONOONDODO0DNOoNooog
gooooooooooooOoOOO0OOO0OO00O0O0oooooooOoOOOOCOOOO00OOOoOoOoOooOoOoOOOOOObOOO0OOO
gooooooooooooonoo
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4.2. LCGTOOOOO0O0OOOOO

00000 10000010H20 1x1072%1/VHz00 (00000 3x107*m/vVH200)000000
00 (0411)00000000000000000000000000000000 1wm30000000
00000000000 (00)0D000000D00000000000D0000000%® 0000000
000000000000 D00D0000000D0000D0000000DO000D000000D0D000
00000000000000000000000000000D00D0D0000000000D0000
000000000000000000000D00000D000000000000 1wmdOO0OD0O000O
ODO0O00OooDo®o

00000000000 00000D0000000000000000000000000D0000O0
000000000000 D000D00000000000000D0000000D00000000D000
0000000D00000000000000000000000000000000000D00000
000000000 3Hz0 6x107%m/vH200)000000000000000000000CO0
000000000 2x100000000000000000000000 (0 4110000000
00000000000 10V0000000 1nV/VHz0O0OOODOOO0OO00 100pmO000000

gooooooao

goboobobooooooboobbooobooboboooboooboooooboooboooboobooooo
bbooboobooooobobooboobooooboboooooboooooboOoboobooboooog
gooooboobooooobobobogooobooooobobooooobboooooOobooDboboooo
gboooboobobbobooboobobboboowobobbobooboboobboboo
booobooboobooboooooboobobooooobobooooboboboooboobooonog
000o00o0ooooooooo1%booo0ooo0o0oo0ooo0oooUooooooUooooo
0000000010 3rad000000000O0%00000000000000O0O0O0O0O0ODOOOO
00000010 3rad0000000O0OOO

goooooooooobooooooboooboooboogbooboooobooooobDoooooooDbo
bbooboobooooboooooboobooooooboboooobobobooooboOobooog
000000000000o0U00o0o0oooOoUooO0oU0o (0o 164nm) 00000000 OOOOOO
gooobooboooobobooobooboooooboboboooboobboooooobooDoboooo
O1lmO0000000D00DOOOOODOOO

4.2.2 000O0OO

LcGgrooooooooooooooooooooooooooooooooooooooggoo
0000000000000000000000000000000000000000003 x 1076
(-130dB) 0000000000000 0DO000OO0DO0UO0OO0O0O0DO0OOO RMSOO0OOOO
goboobooobooobooooooboboobobobobobooobobooboboboobooobooooboDboon
LCGTOOOOOO0DO0O0OO0O0O0O00000 1x10""mrys 0000000

80N0D00000000 1nV/vVHz OOOODOOO0O0O0OO0O000000003x1072/f/2m/VO000000000O0
00000 10VOoODODODODDODODD0D0 0.7HzO0O0O00OO06x1078 mO00000000000000O0DOOOOOO1um
0000000000000 00000000000000000000000000000000000000000000000
000000000000 00000000000000000000000000000000000000000000000
0000000000000 000000000000000000000000000000000
0000000000000 000000000000000000000000000000000

0N U000000000000000N000D000D000N0000NO00Noo0oooon

Slo0000000 (YawOODOPitchOD) 00000000 0.3Hz200000000 +£10VO00000 10000000000
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040. LCGTOOOOOOOO

Acc. sensor
Foleded pendulum
acitive transducer

Flex Joint - LVDT Disp. sensor

Induced current

position sensor
Coil-magnet
actuator
Inverted | |ﬁq’——-ﬁlter1
Pendulum GAS filter
Horz.: 10mHz
Horz.: 550mHz
Vert.: 200mHz
0.8 wire [ — Support Frame
}—Filterz
Flex Joint- »
Marvall8 Horz.: 500mHz
Maraging Vert.: 200mHz
Counter Weight - 1.L;[vij,—_ rofl

1% 77 Z|

Suspension
Plathome

0412 000000000000000000D00000D000000D00D0O00DO00ODO0O0O0DO000O GAS (Geometric
Anti-Spring) 00000 30 (0OD0O0OO0D0OOO0OO 0,1,200000)0000000000000000030000000
00o0o000oo00o00oo0o0oo0o0oo0O0D GASOUOOO (O0OO0D 0)0D0D0DO0D00O00D0OD0OD 1,20000000
O08em 00000000000 O0O0O0O0O0O0O0O0OOOOODOODOOOOOOOOOOOOO0O0O0O0O0O0DOOODODODODDOODBD
goooooooooooooooooooOoOoOOOO0OOOO0O00000O0000o0ooooo0ooo0 oobooboooooOoOoo
gooooooooo0ooooooooOoboOoOoOoooOoooOObOOO0O0OoOoOooOOOObOcOO0DOoooooOooObOObOOO

0000000000000 00000000000000 GAS (Geometric Anti-Spring) 00000
30 (boOoooUoooUoo, 1,200000)0000000000000O0OO0DOOOOOOOOOO
ImHz0000000000O0000O0DOOO0O0O0O0ODOOOODO30bOOObO00OOODOObOOOOO
gboboobobooooobooobooboboboooboobOoobooboboboobDo 2mubobobOODbDOO
00000000000000000000GASODODD00000D00000000oOoDODODO0D000n
oooooooOoooooobobooooDboOboOoob020mHz00000000000D 1200000
0008 emUIOUI0OO00O0OOUD (DOUODO 055H2) 000000000000 OOOODOUOOOOO
ooooobOobOoobooboooooDoboooboooboooobobUobOobobooboboOobOoDooD
0000000000000000000000000000000 (00000 o0000)00oOoUoo
ubobooboobooooboboooboobooooboooooobooooboOobooboOobooog
ooooooooo

goooboobooboobobooooboooboooboboobo sgz0booobooooboooooDbo
oo0d4000-160dBOOODOOODODOODO30O00O-140dBO0O0O0OOO0OOOOODODOODOOOOO
gooLCcGrooooooooooooonolH200000000 RMSOOOOIpymOOO0O0OOO
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4.2. LCGTOOOOO0O0OOOOO

000000000000000000 1/1000001x10"mrys 000000000000

ooooo

00000000000 000O (000000 oo0OO,FlexJoint)0OOODOOODOOOOOOO
bboobooboooooboboooboobobooobooooooboooooboOobooobooboooog
000000000000000100mHzO0O0O00O0000000000000OO00O0O0%0

LCcGToooooodo300goooooooooooddemd 00000000 DODOOO 1.5m
obooooooooobooooboboooboooboooooobooooooooboooobooboobbOoOoaoon
O0o0oooooooooboboooooooeoHzOOOOOoOoooOooODOOOOOoO0OoooooboboOoo
O0000000000000000000000000 (Marval 18 maraging steel) 000000000
gooooboobooooobobooooboooobobooooobboooooobooDboboooo
bboobooboooooboboobooboooobooooooboooooboOoboobooboooog
00000000%000000000000000000000000000000 (Counter Weight)
O00000000o000o0oo0ooUo0 30mHz200000 (D0000000, Plateau Level) O
oooooo-rodBOOODOOODOODODO 1Hz0000000000DOOCOO0OO0O0OOODODDOODO
OO0O003HzO-70dBOOOOOOOOOOOOOOO001HzO0O0D00000D000O00O0O0O RMSO
00 1/1000000000000

GASODOOOO

LCGTOOOOO0OO0OO0O0OD0OO0U0DOO0OOUOGAS (Geometric Anti-Spring) 000000000000
bbooboobooooobobooobooboboooboboooooboooooboOoboooboOoboooog
gooobooboooooboboboooboboooboobobooooobboooobooboobDoboooboo
gboooboooooobooboboooobooooobooooobobo

LCGTOOUOO GASOUOOUOO 30000000 (DUoo0oooo300uooooooooo
0000o0o0o0oooo0o0oo0 100000000000 (DoUoo0 HNoooo (ooooo 2o
000000100 GASOOOO0O000D000 0emd0000 15em000000000D0OODOOOOO
0000000000000 0000000o0o00000000U00O000o0D0o000Un (Marval
18 maraging steel) 0000 0000000000000 0O0O0O0O0OOO0OOOOOUOOOOOOOOO
0000000000000 00000000000000DO0O00000 GASODOODOOoODOOOoOO
oooobob200mBz00000000000000D00O0O0O0O00DOO0OOO0O0OOO0ODOO0OOO0
ooooooooooobooOoooooobobOoo-eodBO0O0O0O0OOO0OO0OODODO6H2O0000000
gbooobooooooobooog

3H00000000000100000-47dBO00O30000-141dBO00O0O0OOOO0O0OOO
oooooboooooooboboooboo soem0 000000000 0ODO0OODOOOODOO 0.55H200
Oo0o0o0oOooooooooooooD-295dB0000O000O0ODO0O0OO0 200000000000
OO000D0 1 mOOOO00DOOOO0ODOODOOOOODDOOOO0-31dBO0OOOO0OOOODOODOO
oooOooOfoooOoO0OoooOoOoooOooOoOooooOooDoOg3ooo-90dBOOOOOOOOOOO
3g00-140dBOOOO

gooooooboobooon

20p0D00000001OmHz00000000000000000000D00D00000000000000000000
goooooooOO0ooo0o0oooooOooOoboo0oOoooooooDOOObOb000booooODOobD

63000 000 Center of Percussion Effect 0100000000000 000000000000D00000DOO0OOODO0ONO
gdoooooooooooooooooOoOoOOODOO0OO0OOO0OO0OO0O0O0O0O0O0000000000000000000O00000d
gooooooooo0oooooooOoOoOoOoOo0OoooooOoOOOO0O0OoOoOooOooOOObOOOOo
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040. LCGTOOOOOOOO

LcGrToooooooooooooooooooooooooooooooooooooooooonoo
ocoooooooo0ooooooooooooOOOOOO0O000OoooOooOoOoOoODbOOOOOOLCGTO
0000o0o00boo00oo0o0ooo0ooooOo0oooooOo0o0ooOo000boO0000o00000O0
0000D0000%0

0000000000000 O0O0LVDT (Linear Variable Differential Transducer) D 000000
bcooooooooooooooooooUboOoObOOOOOOOOOOOOOODOOOOOODODBOO
(Beryllium-copper) D00 0000000000000 O000O0O0O000OO (Folded pendulum) 000
0000000000000 0000000 (Capacitive transducer) 000 0000000000000
000 500mHz000000000 10°m/s?/vHz00000000000000LVDTOOO0OOO0
ocooooboobooobooboooOoOOOODOOOOOOOOOOOOOOOO0O0O0O00O0O0O00000
0000000000000 oo0o0ooo0o0oo0o0oooO0o0ooO00oOoO0o0oooo0oo
oooooooooobooooooooooOoboooOoOoOoooOOobD 20mmObOO0OoOooOOOOOOn0
10°m/vH-0 0000000000000 00000000000000000D00D00000000
gcoooooooooOoOOOOOOOOOOOOOOOODCOOOOOO LVDTOOOODODOO

oooooooooooooooboOoOoOoOboboob0OObOOOOOOOOOOCOObOOOOOODODDOO
ocooooooO0ooo0oooooooooooOOO0ooooooooooooob20mMm 0000000
coooooooooOOOOODOOODOOOOOOODOOOOO3OO0OO0O0O0O0O0O00000 20
000000000000 3000000000000000GASOO0OOO0OOOOOO0O0C0O0O0O0
0000000000000 000O0000000000 1mm/KOODODODOOOOOOOO0O0000O0
oobCcOOO0O0000O0OoOooooooOOoOOoGASO0O0O0Oooooooooooooooooooo
000o0oooooo

00000oo0oo0ooo0oooo0ooooooo0oo0oooooooooo0ooooooo
000000000000000100000000000000000000 (YawODO)0OODOOOO
ooooooooooo

good
gboogooboooboo

gbooobooobooo

gbbogoboboobooboobooboobooboobooboobooboobooboobo
0o0o0oo0oooooo0oooooooUoo0oooooo0oooD (Dooooooooon)
boboooboobooooboboooboobooooboooooboobooooboOoboobooboooog
goooooooooooOopoOoOoOOOOOODOOODODOOLCGTOOOOOOOOO RMSOOOO
000.1HzO0O00ODOOOO 0.1pm,0000000%000 RMSOOODODOODODOO0OO0O0O0OOOOO
gbobooboobooboobooboobobbobbobboboobooboobooboobo

4000000000000 000000000000000000000000000000000000000000000
ORMSOOOOOOOOOOOOOODOO0OO0OOO0O00OO0000O00O00O000000000ODOO000ODO000DO0O00O0
gooooooooooooOOO0oOo0oOooooooooOoOOOOOOOOO0OO0O0OO0DOoOoOoOobOOoOOOOOCOOOOO0OOO
goooooooooooooooooo

S0pNU000000000000000000000000000000000000000000000000000000
000000000000M2F =43x107m000000000000000000002LF/7c=8x 1073sec0000
000000000000000000000000000000000000000000005 x1078m/secyms 100000
0000000000 RMSOO0DO0O0DO00000 (0.1Hz)0OO0OO00DO0000000000000 9X10 8myms 00000
gooooooao
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4.2. LCGTOOOOO0O0OOOOO

Heat Link
AL fiber 12 pcs
Diameter: 0.4mm Upper Mass
U-shaped U-shape radius: 20cm .
Heat Link Heaiélek
L. Al Plate Heat Li 8K N 16K amp
Thickness : 1mm Length :1.3m U
U-shape radius: 5cm TWhldii(h 10c]r-n
IcKness : 1mm
Al Plate Final
Heat Link 2 Suspension
10pcs Sapphihre f'i)ber 4pcs
Length :1.5m Length :50cm
G10 rod Width: 5cm Diameter: 1.8mm
Thickness : 1mm
A est Mass
4k Cold Head— S— 18|
5K =
7K | - oK Heat Anchor
L Vo a4

Isolatic;n Table

04.13: 0000000000000000D0O0DO000O0OO0 -(0DO00D0)-0000-(000000)-4KOOOOOO -(00O
0000)-0000000000000000OO0000000000O000O000DO00O000oLOU0O0ODOo0ODOOo0Oo
gooooooooog

oboooooooboobooobooooooooboboob somHzO0OO0OOO0ODODOODOOOOOOODOO
gbobOoooboooooboooooooooboooooboooboooboobobooobooboooboOoon

gboogoobooo

4.2.3 0O00O0OOO0O

0000000000000 000D0000D0000000D000D0D00000O00000D0D000
0000000000D00002KOOO000000000000000000000000DO00DOO
000001WOO0OO0ODOO00000O0OD0O0O00000000O000000D000000000ODOO
000000000000000000000000 -(0000)-0000 -(000000)-4KO0
0000 -(000000)-000000000000000000000000O0D0000O000000
00 6x107%m/vH04KOO00O00000000000000000000000 1x107m/vHz
000000 (0DDO03HzO0O0D)ODOD%O

0000000000000000000000000000000000000000000000
000000 200000000 (0000000000000, Radiation ShieldD0O0O0O00O0O0O00O
0000000000000 00000000000000D000D000000000D0 (0DOO000)0
000000000000 D000D00000000000000D0000000D0000000D000
000000000000 0000000000000D00000

gbooobooobooo

000000000000 000000D000000000000000000000000000000000000000
goo0oooo0o4KOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOCOOOOODOOO00O0
goooooooooooooooooobooOoooooo
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040. LCGTOOOOOOOO

004KOOOODO0OOOO16KOODOODOOO0OO0O0O0O00O00D0D00000000000O00DO0000
IWOOO00O0OO0O000O0O00006x1077(-124dB)0 0000000000000 OOOO0OOOO
0000000000000000000000000000000000000000000000
0.4mm 0000000 (00 99.9999%) 0000 20em 0000000000 120000000000
0790mWO00 (1600 1W??)000000003Hz000000-107dB (0000)0-111dB (O
000000000000)0-122dB(0000)0000000000000000000O0OOOO0O
0000000000000 000000000000000000000000000O0000000
000LCGTOOOOO00O0O0DOO00O0000D00000D000002000000000000000
0000000000000003H20-200dBO00000000000000000O00

1200000000000300040000000000000000000000000000
00000000 RKOOOOO)O0O0O0O0O0O0O0O0%0000000000000000000000
00 (08K)OOODDODODOOO 10emd00 1mmO00 1.3mO0000000000O00OOOOOO
0000000000000000 0.07KOOOOODOODOO

0000000000000 00000000000000000000000000000000
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4.4. 000000000

LCGT Optical Design

Main interferometer
Resonant Sideband Extraction

with Power recycling, Broad band configuration

Arm Cavity Length 3000 m
Power in Arm Cavities 800 kW
Signal Bandwidth 200 Hz
Arm Cavity Finesse 1250
Power Recycling Gain (PRG) 10
Signal Band Gain (SBG) 10

Laser Source
Double-Injection-Locked(?) Nd:YAG laser
Output Power 300 W
Wavelength 1064 nm

Input Optics
Power Transmittance 33.3%
Modulation Sidebands 15 MHz, 50 MHz
1st Mode Cleaner (MC1) : Triangle Ring Cavity

Cavity Length 10m
Cavity Finesse 1700
Cutoff Frequency 4.5kHz
Free Spectral Range (FSR) 15 MHz
2nd Mode Cleaner (MC2) : Triangle Ring Cavity
Cavity Length 180 m
Cavity Finesse 1200
Cutoff Frequency 350 Hz
Free Spectral Range (FSR) 833 kHz

Core Optics
Arm Cavity Mirrors : Sapphire Mirrors

Temperature 20K
Weight 50 kg
(Diameter: 30 cm, Height: 18 cm)
Mechanical Quality value ? x 108
Substrate Optical Loss 500 ppm/18 cm
Substrate Heat Absorption 20 ppm/cm
Surface Roughness 777
Surface Figure Error 77

PRM, SEM, BS, MC Mirrors : Fused Silica

Temperature 20K
Weight 50 kg
(Diameter: 30 cm, Height: 18 cm)
Mechanical Quality value ? x 108
Substrate Optical Loss 500 ppm/18 cm
Substrate Heat Absorption 20 ppm/cm
Surface Roughness 777
Surface Figure Error 77?
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Resonant Sideband Extraction
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0 50. RESONANT SIDEBAND EXTRACTION
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7.3.5 ExcessOUOOQOOOO

LCGTOO EOMOOOOOOOOO0OOOOOOOOOOO2ndMCOODOODO EOMOOOOODO
oo00oooOoO0ooooooooOoooOooooooD 2zndMCOOOOOOOOOODOLCGTOOO
00 TAMAsooOOOOOOODDDOODODDODODODODO L, 00000000000000O0ODOO 2nd
MCOOOOODOOOOODOOODOOOOOOOOODOOOO0ODOOO0DOOOoOODOOODDOD 2nd
MCOOOOODOOOOOOOOOOOOoOoooOoOoooooO 2ndMCOOOOOOOOOOOOO
00000000000 0000000O000000O00O000DO0O0O0ODO0OOD [Ypsooooo
000000000 2ndMCOOOOOD 01%000000000000000000O0O0OOOO0O
O0o00d00ms000 16Hz,,, 00000000000 DOO0O0DO0OO0DO0O0ODOOODOLL,O00000
bbooooboooobooboooobobooobooboboooooboooobooboobooooon

74 0000000 O0OO0OO0OO0O0O000

74.1 OU0U00O0OoOoOoOoOoooobobobon

0000000000000000000000000000000000000000000000
OD00O00OLCGTOOO0O0D00000D000000000000000000000000000000
000000000000000000 Laguerre-Gaussian 000 00000000000000000
00000200000000000000000000000000000 RSEOOOOOOOOOO
00000000000000 (mode healing effect) [25][26][27)[28)0 00 0000000000000
00000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000 LCGTOO
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
0Dooooooon

742 ODU0U000O0O0O0oOoOoOoOooobDbobobDbOO

LCGTOOD0D000 h=30x10"2*/yHz000 [7J000000000000000000000
000000000000000000000000000000

(1) 0O
000000000000000000000000000000000000000000 em0
000000000000000000000000000 (0 7.1000)00000000000
00000000000000000000000000000000000000

0000D0000000000000000000 PZTO000000000000000000
0D00D0000PZIOOOOOOO0DOO000O0O0O0DO0000O0O0O0O000000O0O000000O
00oooo [29)30]0

12000 Laguerre-Gaussian 0000 200 Hermite-Caussian 000 0000000000000000000 100 Hermite-
Gaussian 00 0000000000000000O00O0O00DOO0O030000000000000D0000000O0O0OO
goooooooooooooooo

90



74. 0000000000000000O0DOO

| | cavity linewidth I |

LSB Carrier USB Frequency LSB Carrier USB Frequency

0 710: (00) 000000000 OO0ODO0OOOO0ODO0OOOO0OOOO0OOOOOOOOOOODOOOODODOODOOOOOOO

ooo0oooo00 000000000000 0O00000000000000000O00000000000 FSRODOOOOO

goooooOoO0O0O00000oooOOO0O00000o0on

(2)

goooboobooogd

000000000 s/NOOUOoOOoooooo 1sMHzO000000000000O000O00OOO
000000099%000000000000000000000000O00O000O00O0OO 1%0
O0000O0O0O0Os0MHzOOOOOOODOOOOOOOOOOOOO 9O%0000000000
god

goooooobo
ggoboooboooobooooooboobooobooooboooobooooooobooooooooooag
oooooOoODooOOOOO0DOOOOO00000000000ooooOO0OD 200 Hermite-Gaussian
oooooObO020dBO0000O0O000OOOOODOOOO

oood
gooboooboooobobgoooooooooooooobobobobobooobooboooboo
goooboooboobooobobooobooobooooooooobooobooboboooooon
goboooooobooobboboooobooobooooooooobooboobboooooon
oooobooooooon

LcGroooogooooooooooon

2Fpp 21 h(f)
24 —
T A1+

L
— Erec B0 (7.29)
T

Su(f) = —

CO000Fp 00000000000 NO0O0DOOOODOLOOODOOOO0O0OO fse=f.xSBG
O0f 000000 cut-off OOOOSBGOOOOOOOO0ODDOODUOOOOE.OFE  OOO
oo

ty ts
1+rrgl 4+ rsre
t,t i Qo
Ero = I Q0 5 . Fo
1 —rpcos(22) + rgcos(22) —ryrg 2 ¢

c c

Erec

Eq

oooor-0¢tobobobogooooo,bbo.00b0booboobobbobooobooboo
oooooo0OOO0OOoOOOOOOOOOOO0OCOrOOO0O0O00O0ODDO0ODODQ =271y 0 vy
gooooOoo0O0é0OOOOO 2000000000 OOOOOOOOOOOODO
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O 7.5: Specification of output modecleaner for LCGT

Descriptions Values
round trip length 70 mm
finesse Vavte 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 um
on end mirror (vertical) 182.1 pm
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

oooooo0ooooooooooooooDOoOo d00OopoOODObObOO0Oo0ooooboDDDOoO

_2 471' 1—0 . Um Um 9
Sa(f) = Z;chTMMc(f)EreCEJFO — [Z(Ay) _ (E)

(7.30)

0000 2900000Fc 000000000000 ODDOOO0OODDOOOCOOOOUODOOOO
0000000000000 0000000DOAYO0000O0D0DOOODODOOODODOO0OO0
oo

Su(f)>Ss(f)00000000000

1 9
FFP 1-C Av h(f)L

gooooon

743 UU0U00OO0O0OoOoOoOoobDbbooboobooobooOg

ooo00ooooOO00ooooOOo0oooOooooooooOrFSROOOOOOODOODOO 4.28GHzO
304MHO0OODOOODOOO15MHz0 50MHz00000000000000000000O099 %090 %0
O0000000000000d round-trip00 70mm 0000000000000 00O0OCODOODOOO
oooooooooo pzZro0oooboOoooOoooOOoOobOOO0O0oDOOoOobObOOoOobOOooDbOOobODoobOO
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7.5. 00000000000000O0O0O000000O0O0DOO0DOO0

10mm

Ri=80% Ro=80%
Fused Silica o
Spacer P

3
3
PZT
Re>99.99
(R=230mm)

0711 LCGTOOOOOOODOODOOOOOOODO

00000000000 8% 00000000000 230mmO000 99.995% 0000000 7.50
bobooboooboooooboooboooooboobooobooobn r11gb v500000000
gbooooobooooobogo

LCcGToooooooooogoooooooooooo

h(f) = 3x107%*/VHz at100Hz
L = 3000m

1-C = 5x107°

vm = 15MHz

Frp = 1250

Oo00oo 7500000000 (731)00000000O0DO0OOO0OOOO0OOOOOOOOOOOO
good

61 < 6.6x10"*m/vVHz at 100 Hz. (7.32)

goboboobbooobod (5V<2.7HZ/\/I§DDDDDDDDDDDDDDDDDDDDDDDD
100HzO 53dBO0 00000000 YB0O00000000000000000000OOO000ODOO 1Hz
Ulgbooooooooooboooooooobooobooobobooooobooobooobooooon
gbobooboobooboobooboobobobobbobboboobooboobooboobo
gbooboboobooboobobooboobooobon

7S UUUbouoodoboodobnooddoouood

Ooon

goooogoo MC, 00 MC, Michelson OO0 00000000000 O0DOOOOO0OO0OOODOO
00000000o0o0o0o0oUoo0oUoO0O0UOo00U 3/40000000000000DOO0OOO

BJunk light 000000000000000000 passive 000000000000000000000D000OO00OO00
gooo0ooooOo0oooOo0O00O00000O0000C0O0000O0 HzOOOOOOOOOOOOOOOOOOOOOOOOOO
ooooo
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0O76:LCGTOOOOODOOOODOOOODOODOOOOOOOODODOODOOOOOODOOOOOODO ARODODOODOODOODO
oob0oo0boO0o0o0oO0o00o0o0boO0o0o0C0c0O000O00000b0 20K0000000000000000O0O0O000O0BG00 1.76 O
gooooooooboo0ooooooOo0Ob0 RMOOOOOOOOODOOODOOOO0O0O0OOODOOOOO0OO0O0OOOODOODDOO

oo oo FMARO OO | FMARO OOO0O
ooo
EMOOOO 0 4500.0m
EM-FM 0O 0O 3000.0 m
FMOOOO 00
FM-RM OO OO 15.0m
FM ARO OO0O0O 00 012m
ooo
EMODOOOO 46.43 mm
FMOOOOO 26.80 mm
RMOOOOO 26.80 mm 1.354 mm
RMOOOO 0 300.0 km 0 0.81m
EM-FM Gouy OO 0.955rad
FM-RM Gouy 00O 0.0071 rad 0.140rad

boboooboobooooboboooboobooooboooooboobooooboOoboobooboooog
goooobbbtoooooobbbboboooouoonobobo

000000000000 (front mirror, FM) 00 L=3000m 000000000 Rg=4500m O
000 (end mirror, EM) DO OOOFMOO0ODO0O0O00 wr O

mj\FQ = L(Rg - L) (7.33)

000 wp=26.8mm 00000000000 Rayleighrange 0102121m 0000000000000
000000000000 (recycling mirror, RM) 0 FM OO 15.0m 0000000000000 O0O
0000000000 (sigmnal extraction mirror, SEM) O FM 00 18.0m 000000000000
oo0oo0o0o0oo0oo0 FMOOOOOOOOOOOOO0OO0OOO0O0O0OO0OFMOO000O0 RM, SEM
0000000000000 000000000000000000 (Gouy phase) 00 OO0ODOOOODO
000000000 000000FMO AROOOOOOOOO0O0O0 FM-RMOOOOOODOOO Gouy
000000000000 000 23|00 76 00000000000000000O0O0Gouwy ODOODO
O0000000000000D0Gouwy UO0O0O0O0O0000000O0O0O0O0ODODODOOOOOCDODBDBDO
Ooo00O000OBSOOO RMHROOOOOOOOOOODOOOODOOOOOOOOOOOOODOOO0OO0
00o0o00o0oo0O0oo0bOo0ooORM-FMOOO0OO0O0O0O0O0O0O0O0OBS-FMOOOOOOOOOO
000000000000 000000000Gouwy 00000000000 000O0O0OO0O000OO
00oo0oo0o0o000o00oO0o0oO0ooO0oOO00O00O000O00000000000
o0ooo0oo0ooooO0o0oo0o0oOo0oo0o0ooO0oo0ooooOo00b00O0o0oOo000o0O00o
cooooooooOOoOOOOO00000000000000000000000O0MCOO0O0O0O00O0O
o0o0o0ooo0o0o0ooo00boo0oooo0o0o0ooo0oooo0o0o0ooooOo00o0o0oo000b0oo
0000o0o00o0o0o000b0o0000oo0o0oboOo0o0o0boOo0o0ooo000n
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7.6. LCGTOOOOOODOOOOOOO

R=15m — R=270m
C3J_w=2.6mm — w=8.5mm

1.1 MW/cm? 32 kW /cm?
[=10m [=180m
Modulator+F1 1150 jow 36 kW R=0.81m R=—50m R=4500m
300 W\240W 10W  120W 100W [1kw | 400kwW |
T Z1
i o
| | R
w=1.6 mm w=4.9mm w=1.35mm —96 8mmw:46.4 mm
3.0 MW/cm? 95 kW /cm? 35 kW /cm?2 =<2 12 kW /cm?

44 kW /cm?

0 712 00000000O0OO0OOOO0O0O0O0OOOOOOO0O00O0O0OwOODOOOODOOOOOODOODODOOOOOODODDOO
goooooooOO0obo0o00ooooOooOoboOo0o0oOoooooDOOObOb000oooooODOObD

goooooooooooooooooooooooo MCooooooooo o8, 0o0oooo
00 497,00 MCOOOOOOOOO 091,00000000 302000%000 MCOOOOOOO
Faraday 00000000000 0800000D00D0OO MCOOOOOOOFaradayOOOOOOOO
oooo o065, 00 MCOOOOOOD o8000O0OODOOOODODODODODOOODODOODO 100W OO
oboooboobooboooboboobooobooboobooooboooobooboboo 71200000
00000000000000000001MW/em? 00000000000 MCOOOOOOOOO
gbobooboobooboobooboobobobobbobboboobooboobooboobo
oood

0o00oooooooooooooOo00oooooOoTAMA3O DO OoOoooooooooo
gooobooboooobobooooboooooboboboooboobooooooboobDoboooo
OO0 AROOOOOOOO0OO0DOOoO0OoOOoO0DOoOoooOo0oooooo0ooooooooooooo
goooo0OoOoOoOooooooooooooooooLecGToOO0o0ooooooooooooDooOoQ
bobooboobobooobooboboobobooooboobobooooobbooooboOobooog
gooooobooooobobogoooboooobobobooobooboooooobooDoboooo
bboobobooooboooobooooooboobo40000b00b000bOO0ObOOOOODbDOOOO
0000000000000 0D [4]00LCcGToOO0U0OOOO00OOoOo0UoooOooooooUoo
OO0000 LCGTooooocCLio1ctom 0gooogooooooooooooon

7.6 LCGTUOOOOOOOOODOOO

000000000 RMSOOO apms =1x107¥m,, 000 00000000000000OOO
0000000000000 §P/P=18x10"8/VvHz(QI00Hz) OO OOODODOO00000O0O00O0OO
goooooo LCcGrooooooooooo Lbooooooooooooooooooog

40pQp0o00000 100ppm, 000000000 99.99% 0000
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7.6.1 OJUO0OOOO

gooooooooooooobo RMSOOOOODOOOOOOODOOOOOODOOOOOOO
goooooo

_ arms 0P
i, = T 20V, (7.34)

00000000006P/PODODOOODDOOOODOLODODOOODDODOOzrms 000 RMSODODO
ooo

LCGTOODOOO0 A=30x10"2¢/y/H,000 [7j000000000000000O000O0O00O0
0000000000D0000000000 §P/P=18x10"%/yH000000000000000O
0000000000000000000000000000000000D0D00000000 §P/P=
8.3x107Y /VHz(@100Hz) 000 0000000000000 00 RMSO O ALpys = 1x107 mype O
oooooo

1x107"%m Lo, = I
hint = ?)kT X 83 X 10 / HZ = 27 X 10 / HZ (735)

00000000 1000000000000000000000000000000O0 LCGTOOOO0
0000000 LDO0OOOODO0000000000000 [16][17)[18][19][20]0

762 U000 LDOOOOOOOOOO

goooLboooooooooooobooobooooooobobooboboooooooooboboobooOooo
gboooooboboo

A.0D0O0O0ooooo
B.0ODODOOOODODDOOOODOOOOOOOOOOO

C.000000000000000000000000000000000000000000000
0000000000 [2]0

D.O0O000O0b0O00O00ob0oobOobobooooboobooboobooboooobooooon
gooooobobooo
1. 0ob0oobooboobooboobobbobbobbobooboobonobo

2. 000ooooooooooLboboOOOO0OoOoOOOO0O0OoOoooObOOoOoOoLbOoObObOOOOn
gooooooo

boboobooboooooboboboobooboooobooooooboooooboOoboobooboooog
gboooooboooobooboooobobooon
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7.6. LCGTOOOOOODOOOOOOO

To Interferometer
1st Mode Cleaner 2nd Mode Cleaner

Istabilized PD?2

6;L>| | I Vmonitor
liaser

/> x
%s
ILD
Verror PD1

G LD < Vref

0713 LCcGTOOO0OOOOOOOOOOO.

Laser

763 UU0U00OUO0OOOOOOOODO

07130 LCGTOOOOOOOOOOO0ODOOODOOODOLCGTOOOOOOOODOODODOODODOO
gooooooboooooooobooobooboooooboboooooDobobbooooboooo
bboobooboooobobooobooboooboobooooooboooobOobooboobooonoog
gbbooboboooooboooobooboooooboooobooooooboobobo 200000000
goooboobooooobobogooobooooobobooooobbooooooboobDoboooo
goooboobooooobobogooobooooobobooooobbooooooboobDoboooo
gboooooboboooooboooooboobooo

Ur73gooob0obooooboooooboobobooooboobooboobobooboobooonoo
boboooboobooooboboooboobooooboooooobooooboOobooboOobooonoog
Lbooooobooooooobooboooooooboboooobooon

764 UOU00O0OOOOOOOO

gbobogoboooboooboobooboboboobo

-5

%1~%E/ﬂﬂ (7.36)
00002000000000000000000000000000000000000000000

000000000000000000000 7140000000000
0714000000000000000000000000000000000 715000000
000000000000000000 100kHzO0O100Hz01kH20000O0000O00 60dB0O 50dB
000000000000000000000000 6P/P=65x10"°/yHz00000000000
000000000000000000000000 7.14000000000000000000000
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1 \
\
\
. \
T 0.01 3
t A ¥
=
o \
& 0.0001 Y
8 \
> NN Free running after 2nd MC
@ 1.x107° =
c
9
£
1.x1078
1 10 100 1000 10000 100000.
Frequency Hz
0714 00000000000000000000000000000
10°
102”i’fii B i i B B PTINGIEITEE 3
E
101”i’fii B B i B B friiiiiniiin 3
100 | | | | |
10" 10° 10' 10° 10° 10* 10°
0
-50
&-100 r
-150 El ‘o ‘1 ‘2 ‘3 ‘4 5
10 10 10 10 10 10 10
Frequency

0715 000000000000000000O0
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7.7. 0000

00000000000000000000000000000000000000 100000000
19mW 0O 000

77 Ooon

LCGTOOOOO0O TAMA3o0OOOOOOOOOO RSEOOOOOOOOOOOOOOOOC0O0OO
RSEOOOOOO0COOOOO0O0OOO0OOO0OOO00OOO0OO00O0O00OO0O0000000G000
000 (acousto-optical modulator, AOM) 00 000000000000 O0O00OO Pound-Drever-Hall
O00000000000000O00o0O (electro-optical modulator, EOM) 000000000000
ooooLcGToOOoOoOOO0OO0OOO0OO0O0O0O00OO0000 5000000

00O000-000000 D000 EOM 0000000000000 O0O0OOOOO0OOOOOOn
00000000000000 EOMOOO0000000000000000000 MCOOOO
0000000 opooooooooooooooog

gooo-0o0 MCO OOOO EOM OO EOMO LCGTOOOOOOOOOOOOOOOOOOO
goboooboooooooboooooboooooobooobooooooooboobbooooo
oooooooooooo MMT1IOODODOOOOOOoOoOooooooOoDoOOOD fue0DDOOO
gooooooOoOo MCOODODOOOOOOOOOOOOOOOoOoOoOoOoOOd

OO0 MC-OO MCO OOOO EOM OO EOMOOOOOD fumce DOOODOODOOOOODODO MC
gbooobgooboood

gooo ooooo0 EOM OO0 MCOOO MCOOOOOODODODODOO frmn OO 1I5MHzOOO
gobooboooboboobooobooboooooboobooooooobooboosobooooaoon
goooooooooboogooooooooooo MCOOODOODOoOoOoODOoOoDO

gooo ooooooooOooooODO AOM OOOOD fe OO BOMHzOODOOOOOODOOOO
oooooooooooooooooooOoooOooooooooo00fe OO0 DODOOOOO
O000Mach-Zender 00000000 DOOOOO AOMODODOOODAOMOO0O0O0000OO0
goboobboooobooobooobboooooooboooobooobooobbooboooooobooo
OO0 AOO0O00O0OOOooooooooo

gbobooboooboobooooooboobooboooooobooboboboOobobooobooobOoon
gooooobooooobobobooogobobooobobobobooooboooboooDooboboooDoD
gooooooooooooogoooboooooooooooooLeGrooooooooooog
bboobooboooobobooobobooboooboboooooboooooboOobooobooboooog
bboobooboooobobooobobooboooboboooooboooooboOobooobooboooog
gooobooboooobobooooboooooboboboooobbooooooboobDoboooo
00000000000 (2000000000000 0OO0O00O000O0O00DUOOOOOOOoOo
gbboobooboooooboboooboobooooboooooobooooboOoboobooboooog

Popopooooooo0ooooo 0.8[A/W]DDO0000
16TAMA300 00 master-slave 00000000000 20MHz0OOO0O0000000000000000000000 10m
0o MCOOOOOOOOOOO
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gboogobooboobbobbobbobboobobbobboobooboobooboobobooboo
gooobooboobooboobooboobobbobbobooboobooboobon

pgooooooooOoOooooOoOoUUUUUU0U0UUUUUUUUUDODUUOLUOLOO PBS
0000000000000 0o0o0ooo0o0oUoO0o0oUo0oo0n 2200000000000
5000 EOMOO0O0OO0 3000oo0ogooooooooooogoo MCOooooo EOMOOO
ooooOoOooooooooooooooo MCcOOOoOoooooooooooooooDooooooo
gboooooobo

7.8 UUOO

gobooobobooooooooooboooboobooobbooooboooboooboooooboooDbo
gbooboobgoboboboobooboobobobobbooboobooboobooboobo
gbobooboobooboobooboobobbobbobboboobooboobooboobo
oboboobooooooobo 4000000

RFOUOO0OOO UOO0OO OOOOO (156~50MHz), OO0 0O0O0O0OOOOO0OOOOOOOOODOOO
gcoooooooooobcUoOfoooOoooOooooooOooooooDoOooDooooOooooo
goooogooobobobooboooobobobobobobooooooooOonD 100mW O
goooo

gooooooOo0O0O00 400 OOO0 ODOOODODOOOOODOOO GowyOOOOOoOOOOOO
ocoooooooooOooooDoO0ooDoOooooOoooo0n0 wodOOOODODODOOODOO
ooooooooooo0oO0oOoRrRFOOODOODOOOOODDODOOOOOOODODDOOOOOO
oono

OOo0ooo0 ooobo bcoOdO0 MHzOOOODOOOODODOOOOODOOODOODDOODDOO
gboobooboobobooboobooboobooooobo

gooo Ooo0o0 ocoooooOoOooDOoO DCOODOOOoOOOOOODOOOODOOOOoOoOoOoOO
OO0O0O0ORFOOOOOOOOODOOOOOOOOODOOOOOOODOODOOOODODOO

g0 300KOOOO SiooooDoOooogd 11levVOOoOoOOO 115pym 00000000 1.064 pm
oboooobooboooobooooboboooboooooboooobooobbooboboooooon
O00C0O0O0O0000000GaAsd InAsOOO0DO0ODOO0ODO 1426V, 0.36eV 00000 O0OInGaAs
googooboboobooooooobbobbboobbbboob b bbb b b o
000000 Blo0o0o0o0O 1.064pm DOO0DOOODOOODO0OOOODOOODOOOOOOOO
000000 InGaAsOOOOOOOOOOOOO [32JLCGTOOUOOOOOOOOOUOOOOOO
SNOOOOOOODOOOOO0OO0O000nGaAs DO0O0OOO0OD0OOOCOO0O0O0OODOOCOOTAMADDOO
Hamamatsu G3476-10 00000000 [33]0

pgooosiboooooooooooooOopoOopooOoOoOoOoOoOSioooooooooooooo
goooOo0oOoOoOoOoO00OO0oOoOoOooOoooOoUooooooOooOgonO sio, Dooooooo
googooobobooobobobtbdoooooobobobbooooob b bbb b Db o
000000000 Si0ooooooo0o0o00oU0oo0oo0000 (boOo0o0O0)oooOOoOOoDoUOOo
00000000 00oooooooood0dmmGaAsODO0ODODODODOOOOOOODOOOOODOOO
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7.9. 00000000

gboobooboobooboobooboobobbobbobboboobooboobooboobo
ooooooooooo0ogoooooooooooooooooooOoogo sigggooooooo
gbooooobobooo

goboooooboooboobooobobooobooboobooobooooobooobooOooboooonoo
gboboooobooboooboobobooboboooooboobobooooboboboooboOoboooog
goooboobooooobobooooboooooboboboooobooooooboobDoboooo
gooooobooooobobooooboooo

79 UUooogogg

goboobobooobooooooboooobooboboboobooooobooooboooboobooOoooo
oofoodooooooooo LeGroggooooooooggooooogoooooooooboog
OO00o00o0o00ooOo0ooooo0o0ooo0ooDo0o0oobo0dOdDFaraday OOOOODOO
0000000000 Faraday 000000000 DOOODODOOOOOODOODOOOOOODDOOO
bobooboobobooooobobooooboooooobobooooooboboboooboOoboooog
OO00000000DFaraday OO0 O0O00OOO0O00OOOOO0ODOOOOOOODOOOODOO

O0000Faraday OOO0O0O00000000OO00O 4500 Faraday 00O DOOOOODODOOOOOO
O00000FIODOOOOOFaraday 000 ODOO0O0OO0O0OOO0O0O0OODDOODOOODDODODOOOO
gboboooobobooobooboboooobooboooobooboboooooboboooobooooog
gboooooboooboobobobooooboooobooboooo

OO0 1064anm 00000000 TGGOOOODODOODODOOOODOOTAMA300 0000000 15mm
O TeGUOOOOOoOOOOooOOoOooooooooo TGoooooooooooobooooooog
O00000TGGOUOO 1pumO0 60~110rad/Tm O00000O Verdet 00000 (34000000
O Faraday 0000000000 O0OCCOOODOOTGGOOOOOOOOOOODODOOOOOOOOOO
000 1.5x1073 /em 00000000000000Verdet 000000000000000O0O0OOO
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0000000000000 0000000000 Faraday O00O00O00O0OO0O [34 00000000
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oooooooooooogooooo0ooooooooooooo0gooooooDogLeGTOOg
OO0000000000 Faraday 00 ODO0OCOO0O000DOOOCOO0OO0O0DODODOCODOOOFaraday 00O
goooooooOOoOoO0ooooooooooooooOO0o0ooOooD MCOOODOODODOO Kerr OO
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500 .
Thermal conduction

A
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Perpendicular
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Radius of U shape [cm]
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Diameter of aluminum wire [mm]
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- ) (10.20)

boboooboobooooboboooboobooooboooooboobooooboOoboobooboooog
gbooooobooboow2eb0b0boobobooogoooon
oooooobooooooobo

oobooobboooobooobo4KOOoooOooboOoooboooobooboboooooboooobooooo
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X1

-—

Isolation table i
Refrigerator cold head 4K shield

X0

-—

Keaio

0 1023: 00000000000 1:4KO00O0OO00O00002: UO00O00003: 00000000 Glo00400000000
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gooooOoooooo ATOO
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AT:O'lKX(m)X(lﬁm)X( ) x ( yi )x(l—o)x(

- ) (10.21)
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oo 78KODOOO
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gbooobgooogo

X k
L= i (10.22)
Xo —mw?+kgio+ kEL
000000000 kewtkur s (97 x 1Hz)?0 ko> kp, 0000000000000000
X, k
21 AL (10.23)
Xo kcio
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10.4. 00O
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10.5. APPENDIX
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10.5. APPENDIX
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10.5. APPENDIX
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0 130. SUSPENSION POINT INTERFEROMETER
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16.1. MAIN DAQ SYSTEM

16.1 Main DAQ system

gooooobobobbboooooobooboobobbbbbbbbbbbuboobobboboboobbbn
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00000000 10kHzO0OOOODOOOODOO Analog-to-Digital Converter Frame Formatted Data
File0OOOOOOOOOOOO

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

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

0 16.2: Main DAQ system: Frame Formatted Data File O O
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Operation System | UNIX
Hard Disk 14.4 GB / hour x 70 hours = 1 TB
Network Interface | Gigabit Ethernet with optical fiber link

0 16.3: Frame Maker: 00000000

16.3 Detector Diagnosis
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J0o00D000000o0ooU0o0odUoo0o0oDOoU0ooDO0ooO0oOoD ADCOoOODooog
0000000000 0000000000000000 Sampling Clock 00000000 OO0OO0O
oo ooobobooooo

Detector Diagnosys [0 Analog-to-Digital Converter 0 00000000000

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 16.4: Detector Diagnosis: Analog-to-Digital Converter (ADC) 0O
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16.4 Environment Monitor
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OO000000o00O0o00DOoO0000O00o0DbO0o0n0 10Hz2O00O0000 Bit Resolution O 12 bit O
gooooooo

Environment Monitor 00 Analog-to-Digital Converter 000000000000

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 16.5: Environment Monitor: Analog-to-Digital Converter (ADC) O O
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16.5. TIME KEEPER AND GLOBAL POSITIONING SYSTEM

16.5 Time Keeper and Global Positioning System
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0162: 0000000 GPSOOO0OODOO0O0OO0DODO0ODOOODOO0DODOO000O0000000O000D0000 Sampling
Clock 00000 ADC OO0 sampling clock OO0 000000

16.6 Raw Data Archive

0 DAQ station 00 00O Frame Formatted Data File 00 0 Raw Data Archive 000000000
OO00o0ooooooooooo 3o0o00oooooooooooooooooooooooooon
odoodooooOboooooooooooooooooo o TBOOOOoooooOoboooooooo
oo oo bbb oooobooboooo
O00000000000000000000000000000000000000000

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 16.6: 000000000 Raw Data Archive 000000000

243



0160. 00000

16.7 Pre Analysis Server

Raw Data 000000 Calibration 0000000000000 D0OO0000OOCODOOOOOOOO
000 preselection 00 0000000000000 O000000000000 Pre Analysis 0000
ocoooooooooooooboo

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
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16.8 Data Distribution
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16.9 Summary of ADC Specification

00000 Analog-to-Digital Converter 0 0 00 00000000000000O

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 16.7: O Analog-to-Digital Converter O 00 O O
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