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TABLE 1

ESTIMATES FOR GALACTIC IN-SPIRAL RATES AND PREDICTED LIGO DETECTION RATES (AT 95%
CONFIDENCE) FOR DIFFERENT POPULATION MODELS

R, of LIGO"

R Tmtial Advanced
MobEL? (Myr™) IRF (yr™) @
| AU 23725588 64 972 S22EE
6 e 83.0255% 6.3 348155 186.814%53
9 T9LEF 6.6 33832 177555
10 233754 58 R 524505
12 9052 6.0 3833 2025923
4. 3852 58 16233 85135
15 i, 2237458 7.1 937153%° 50324355
7. 516113 6.9 216387 1161+
190, 146733 70 6.173%° 3287588
20 89.0:5% 62 3735353 2003553

* Model numbers correspond to KKL.. Model 1 was used as a reference model in KKL.. Model 6 is our
reference model in this study.
® Increase rate factor compared to previous rates reported in KKL. IRF = R, .o/ R peai xxr -
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00D000000000D0OO

LCGTOODDO0000D0D00D00000000ROO0D0O0OORXLE/Lex(4n/3)xD?/(1+2)%xe
0000000MO0O00D0OD00O0000D000000D0000 0000000000 V(2)= (47/3)x
D3/(1+2)}0000)0000e00000000000ODOO0OODOOOODOOOOODOOOOO
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OO0 shotnoise 000 O000O000DO0ODOOO0ODDOOOODODOO0ODOOOOO0ODOOODOOODO
000000000000 000000000000000 radiation pressure noise 100000000
0000000 shot noise0 0000 OODOOODO Oradiation pressure noise 1 00000000000
00000O0D0d0O000O0bO0bOO0bD0bO00ob00DOObDOobOOOOODOn standard quantum limit
O00000000000000000 detune 000 Resonant Sideband Extraction(RSE) (Appendix A
00)00O00DO0O00000oO000oo0o00o0oo0o0ooooooooon

000000000 LCGTOOOODOO optical readout noise 00000000000 O0OODOO
000 S/NODOUUOOODOUODOOODUOO0OO0OO0OOOO00OOO optical readout noise D 00000000
LCGTOOOUOOUOD 14M, 000000000 0UODOOOUODOOUOOODOOUODO (0D 4000)O

0000000000 0DO000O00D0O00 shot noise 0 radiation pressure noise 1 0000000000
000doooooooooooooooooo LCGTOoOOoo0oDOoooDoooDooooooLecGTOoO
0000000 (06,7000)000000000000O0OOOMSBWOO0O0O0O0OO0O0OOOOO0N
00000000000000000000000U (0 4000)0000000000 power recycling
Oo0oooooooooooooooooooDooooooDooooooDooooLCcGTooOoooon
0000000000000000000 Resonant Sideband Extraction(RSE)OD OO0 00 (O 5000)
O00000000000000D0OD0D optical readout noise 0 power recycling0 000000000
goooooobooobooboobooobooog

Shot noise

00O optical readout noise 0 D00 00000 OOLCGT O parameter(3.4000)0000000
OO00000OOshotnoise0 0000000000000 O0O0ODOODO darkfringe0 00000000
0000000000 00000 power recycled Fabry-Perot Michelson interferometer O shot noise [
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O000000000000000O0 shotnoise0 00000000 DO0O 10000 [2,3,4,5]0

hA 1
_ 2 1
hshot \/47T0Gp0werp[) <T2 + w > (3 )
1 c
fcavity - onr = ALF (32)

O0000A, A ¢, Gpower, Fo, feavity, 7, L, F OO OO0 Planck 00 00 00 00O OO Opower recycling gain,
0000000000 powerdmain cavity 0 cut-of 00 0000000000000 OcavityD QOO
finesse 00000 (3.2) 0000 feavity 0 FLOOODOOODOOOODODOOOODO (3.1)00 feaviey 00
000000000 shotnoised FLODOOODODOODOODOOO FLOODOOODOO

0 (3.1)0(3.2) O power recycling 0 0000000000 0OORSEDOOOODODOOOOOODOOOO
000000 cavity 000 powerl Peyyiry 0000 000000f,,0000000 (RSEOOODDOO
feur 00 (3.2) O foaviey 0 0 00 O)DO optical readout noise 00000 (0 4000)000 (3.1)0
Peavity, fere 0000000 RSEOODOOOOODOOOOOOOOOOOOOO

2F
Pcavity = 7GpowerP0 (33)
fcut = Gyidth fcavity (34)

O 000 Ggiaen 0 signal bandwidth gainO0 0000000000000

h>‘fcut f2
sho = — |1
Pt ' \/QLPC?Wity ( - fcut2

0.597TMWN\ % [ foue \'/?
= 25x 10 2[/VH o
5 x 10-7/ Z]< Pravity ) (200Hz>

A \"? /3km F\?
x(1064nm> <T> ”(fcut) (3:5)

0000 /fewt/Peavity 000000 /1] feut Peavity 00000

Radiation pressure noise
radiation pressure noise 0 power recycling O 0 O 00 Fabry-Perot Michelson 00000000000
O000000000oo0oooooooo 4,50

2 1 2.7: 16mhGpower P
hradiation = po - (36)

Lmw? 7 ,/1_{_ (wT)?

O0mO00000 700 (32)00000000 (32)0000 faay D FLOOODOOODOODOOOO
00000 (3.6) 00 feavity 10000000000 radiation pressure noise 0 F/LOOOO00OOO
000000 2000000

000 shot noise 00 RSEOODOOOOOOOOOOOOOOOO

2 2 2hP, cavity

hradiation = meQ )\Lfcut \/m
cavit; / QOOHZ 1/2 30k
1.6 x 10~ 2[/v/Hz] <m> < feut ) < mg>
1064nm\*/* /3km\ [10Hz > 1
(5 () CF) 7w v
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3.3. LCGTOOOOOOOOOOOO0O

00000000 v/Peavity/fers 000000 /FeatPeaviy 00000

Standard quantum limit
shot noise 0 radiation pressure noise 0 0 0 0 0O O O standard quantum limit 0 O O [2, 3, 4, 5, 6]0
do000oDoOoooOooDoOoo SQLOoonoooooood

1 /8h
hSQL = vV 2hsh0thradiation = m E

2.8 x 107/ V] (3?71?)1/2 (31{Lm> <10?CHZ> (3.8)

hsqr 0O000000000000000000O0O00O0O0O0O0O0O0O00O000

3.3.2 Thermal noise

oo

odod0doooUopDoOooooooo00oooooDoooooooOoooooooDoooDoOooDoOoO
00000000 thermal noise d 0O Othermalnoise 000 2000000001 000000 thermal
noise 0000000000000 0ODOO0ODOOODOOO0ODOOODOOODODOOODOOODOODOODO
00000000000 0O0D0O00D000 thermal noise 000000 10000 thermal noise 0O OO
0000000000000 000000000000000000000d0dthermal noise 0 00O
000000000000 0000000000 LCGTOO thermal noise0 00000000 20K00
0000000000000 000000000000000U00000UOO sapphire0000O0O (O
8,9,10,12000)[7, 8,9, 1000 0000000000000 0OO0O0O0 thermal noise 10000000
oood

Thermal noise of suspension

thermal noise 00000000000 DOOOOOOO thermal noise 00 OOOOOO structural
damping[11] (00000 OO0O0O0OO00DOO0O0OO0DODOOOOOOOODD QUUUOOODOOUOOO
0000)000000000 (0 1Hz2) 000000000000 OeavityODOOOO0O 400000

000000 (1]
b2 [4kRT O fpen)?
sus  — I meenws

94x107\'/? /T, \'/?
1.9 x 107 2°[/V/Hz] | =———— il
o 10V (P0) (k)

30kg\ /% [ foen \ (3km\ /100Hz\"/?
() (o) () (577) @9

0000 ks, Ty, foen, @pen 0 Boltzmann 00 00000000000000QO0O0000QO0 wireD
loss 000000000000 0wireO loss000 [100000000000000000 QOO wireO
000 QOO000000000000000000000000000000000000000000
O00wire000O0OO0O00000000000000O00QOO0O0O000O000OOO [11]0

VT Eyire] o
Qpen - <n7¢wire> (310)

2mglsus
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00 n, Eyires lsus, wire J wire D OO O Young OO O O Oloss angle 00007 0O wirelOOOOOOOO
mg

T="9 (3.11)
n
000070 wiredOO 20000000
I Tire (3.12)
64 '

O000dwire D wireOODOOODOOOOODO
-1

V 7rnEwir dwir 2
Qpen = Yo W ¢Wire (313)
16\/mglsus
AN 4.0 x 101'Pa\ /? /1.8mm 2
= 94x107 (= - - ° 3.14
X <n> < Eyire > ( dire ) ( )

1/2 -7
y m lsus 2 x 10 (3.15)
30kg 0.5m brire

goog

Thermal noise of mirror

0000 thermalnoise 0000 0000000000000 000O00O000O (000000 10kHz
0)00000000000000 thermal noise 00 O (sapphire) 000000000 coatingd OO0
00000000000 (12000000000 structure damping O thermoelastic damping O 0 00O
00000000000 Ostructure damping 0 O O thermal noise 00 00 00O [13]0

> [ 4kpTo(1 - 0?)
hmirror(structure) = Z ﬁEOWOQmirrorw

. 25[/\/_]< >1/2 (T—m>1/2
leI'I'OI‘ 20K

. (35em 12 740 x 10" Pa\ /% /3km\ /100Hz\ /> (3.16)
wo EO L f -

000 T, 0, Eo, wo, Quireor 0 0 0 00 0 Poisson 00 Young 0 000000000 QUOOODDQOD
000 [ o000

thermoelastic damping 00 0000000000000 0DO0O0OO0OOODO0OOOOOOODOOO
O00000000000000 [14,15\000000000000000 thermoelastic damping 0 00O
thermal noise 0 00000000 [15]40

(np0)1/2 wl/2

= 9.4x107%[/VHz] (TQ/K> (%)

y (1.57 x 104W/m/K> (4.0g/cm3>1/4 <0.69J/kg/K>1/4
K p c

((22) (2m)”

3000000000000 000200 e 200000000000000000 e 000000000000 DOO0OO
ooo

{0D0D0D00000000000000000000LCGTOOO00 300Hz0OOOOOO0OO0OO00O0OO0000000
000000000 300HzOOOO thermal noise 0O shot noise 1000000000000 O0O0O0O0O0O0OO

1 1
hmirror(thermo) = \/_042 + U 2]47]3T
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3.4. LCGTOOO PARAMETER

00 a,k,p,CO000000OOO0O0O0OOCOOOCOOOOOOOOOOOOOOOOOOOOOOODOO
00oo00oo0o0ooO0o0oo0ooOooo0oooO0oooOo0o0oooOooooooD 10000000000

000 coating 00O D0O0O0O0ODO thermal noise 00000000000 [16, 17, 18]0 00O coating
0000 structure damping 0 000000

B t. -
mirror(coating) I 7T’1U02E0w

1/2 1/2 1/2
1.0 x 10724[/ /H_Z] < Dcoating > / (M) / <Tm> /

2\/8kBTm(1 + U)(l - 20’)dcoating¢c0ating

4 x 10— dpum 20K

L (35em) (4.0x10''Pa Y2 /3km\ /100Hz\ /> (318)
Wo E[) L f -

00 Pcoating, deoating I coating O loss angle 0000 0O Oloss angle 000D (19000
00 thermal noise 00 (3.16)(3.17)(3.18) 0 20000000000

3.3.3 Seismic noise

0000000000000 00000000000000000O00O000000O0O0O0OO0OOO0O0OO
000000 seismicnoise JO00Oseismicnoise 000000000000 OOOO0ODOOO0OO0O0O
0200000000000000000000000O0DO000000C0O0O0OODDOOOLCGTOOOOO
0000002000000000000000000 (0 19000) 000000000 OUOOOUOOO
00 [20]

10~9
Gseismic:?[m/VHZ] (319)

O00000000000000000Seismic Attenuation System (SAS)(O 13000 )[21] O Suspension
Point Interferometer (SPI)(0 14 D0 0)[22]000 00 00 seismic noise 0 00 OO0 OSASTOOO

Hisolation O

10—3
Hisolation = W (320)

000 2100000000 seismicnoise 1 000000000
2

hsesimic = ZHisolationGseismic
k 1Hz\ "
= 6.7 x 107'9]/v/z] <3Tm> <TZ> (3.21)

3.34 UU0OOOO0OO

O000000000000000000000000A0 thermal noise 0 seismic noise D 00O OO0
Joo0ooboOoOoOo0oo000oooooboOobobObOobOo0bOO0000000OoLCGTOOOO TAMA3000O 10
00000000 3kmO0O00O000O00O00O00OOODOOO

3.4 LCGTUOOO parameter

LCGTOODODO parameter 10000000
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e Laser

— wavelength : A = 1.064 x 10~ [m]

— power into interferometer : Py = 75 [W]®

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]

6wy =3.5 [cm]

— beam radius at mirrors
e Recycling and RSE

— power recycling gain : Gpower = 10

— signal bandwidth gain : Gyiqtn = 10

storage power in both cavities : Peavity = (2F /7)GpowerPo = 0.597 [MW]

— cut-off frequency of interferometer : fou, = Gwidth 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 : Eyire = 4.0 x 10! [Pa]

— resonant frequency of pendulum : fyen = 1/g/lsus/27 = 0.705 [H7]
— temperature of suspension : T, = 20 [K]”

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

— Q-value of final stage of suspension : Qpen = 9.4 x 107
e Mirror

— density : p = 4.0 [g/cm?]

— radius : r = 12.5 [cm]

width : H =15 [cm]

— mass : m = 30 [kg]

S000000000 150W o000

S00D0000D0000000000200 e 200000000000000000 "' 000000000000 DOOOO
ooo

000 sapphire wire 0 0000000000000 000000O 16KO00O00
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— temperature of mirror : T, = 20 [K]

— Young’s modulus : Ep = 4.0 x 10! [Pa]

— Poisson’s ratio : 0 =0.29

— Q-value of mirror [9] : Qmirror = 10®

— 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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4.1 LCGTUUOOOOOOOOOO

LCGTOODOOOO0DOD0O00O00O00000410000000000%20000000000000
B0WO NYAGODOOOOOODOODOO0OO0O0O0O00o000O0 20000000000 (Mode Cleaner,
MC)OOOUOO0OO0DOO0O0O0000000oo0oooooooMCOOOO0O000000O00000000
ocooooogooooowmswiooogd

000 MC (MC1H)OO300O0OOUOOOOOUO0O0O0O 1omO0O0O0OO0O0OO0OooOoooooooMC1IOO
0000000000000 b000DD00O0ORFOODDODOOOODDOO0ODDDO0OODOODOOO
0000000000000000000000000000 MC(MC2)DO0OO0O0 180mOOO0O00O0O
ooo0o0oopooooooooooooOo0oooooooUoooooooooooMCcIoooOoOog
gooOoooooOoOoooooooOoOoooooooDoooooMC2i0fpooooOOooOooooooDO
O000000OMC2000000000000000 (Free Spectral Range, FSR) 00000000000
MC2O0000O0O0O0OO0OOOOODOOO

oboooooboosoombbOoooooOooooobobooooobobooooooooooDbn
gooooooooboobobObObObOO00o02KO0000000ODODDOOOOOOoOoDOOOOObOOOOODDO
goboboooobooobboobobooobooobobbobooobboobbooobboobD
0000000 (Power Recycling, PRY OO DOODDO00O000000D00000O0OO0O0OOO (Resonant
Sideband Extraction, RSE) 00 0000000000000 0O0O0O0O0OOOOOOO 12500000PR
0000000 (Power Recyling gain, PRG) 0 RSEO OO OO OOOOO (Signal Band Gain, SBG) 0 O
001000000000000000000 800kW (D DDOOOO 400kW) DO OO OOOO 200Hz
ooooooo

ooo
200000000000 Appendix 2?2000000000000000000O0OOOODOOOO
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040. LCGToOOOOoOoOoOO

EM2
Rf=0.99995
Sapphire
q Temp.: 20K
Input Optics 2nd MC Perpen. o
Two Mode Cleaners arm cavity Main interferometer
and Modulation Unit 400kW Resonant Sideband
1st MC Extraction config.
Length: 180m . .
Length: 10m Finegsse: 500 with Power Recycling
Finesse: 1700
FM2
High- o s Rf=0.9_95
Power L@ Sapphire . .
- Temp.: 20K Inline arm cavity
Laser EOM F1 MMT1 MMT2 MMT3 Fused Silica Length: 3000m
0 FI & % Temp.: 300k | BS Finesse: 1250
150w N R “ﬂ“ i 1kW Ch 400kW {
II 920w PRM FM1 EM1
Rr=0.76 SEM
fin1 fac2
PRG: 1 -
fac1 Mod.Unit HEO | 1 R=0-68  signal Band: 200Hz
MC1 MC2 Demod.
signal signal dl_CE ¥ Gravitational
> N Wave signals
PD
I_FO I_FO Output Optics
signals signals

041: LCGTOOOO0OO0OO0DO0OO0DDOOO0ODDOOO0ODO0 150WO Nd:YAGOOOOOOOOOODOOoOooooo
00 20000000000 (MC)0OOUOOOD0OOOD0OOOD0OOOODOO200 MCOOOOOO30000000O0O0O0O0O0OO
10m (MC1) 0 180m (MC2) 0000000000 D0O0O0O00DOOOOOOO0O 3000mOI000D00000000OO0DOOO
00000 (PR)DDODOO0OOOODOOODODDOOOOOO (RSE)D0O0DDOOOOOODOODark Port000000O0
00o0o00o00ooooooooOoo (oMCe)DooOooUoooooOo(PD)000O0OOOOOOOOOOODOOOOUOOOOOOO
goooooo200 MCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO0OOOOO0OOOO0C0OOCOOOO0
(MMT)OOO0OO0OODOO0OOO0OO0OO0ODOOOO0OOODOOOO0OOODOOO0O0OO0ODOO0OO0ODOOO0O0OOOD (F)ODOOOODOO
goooooo

oooooooooo2000000000000000000000000O0O0O0O0O0O00G0OO
000 (Beam Splitter, BS) D0 D 0000000000 1000 (000000, DarkPort)00 000
O00ODark Port 00 0000000000000 0000O0O0OO (Output Mode Cleaner, OMC) O O
O0000000000000000 (Photo Detector, PD) 00000000000 OD0OOOOOOOOO
0000ooo0o0o0o pDOOOOOOOOOOOOOOOPDOOOOOOOOOOOOOOOOOO
O0oooooooooOopPDOOOOOOOODOOOODOOOOODOOOOODOOO

200MCOOOOOOOOOOOOOOOOOOOOOOOODOOOODODOOOOOOOOBOBOBO
000000 (Mode Matching Telescope, MMT) 0O OO O0OODOOUOOO0OOOOOO20000000
0000000000000 000000000000000000000000000000 (Faraday
Isolator, FI) D00 0000000000000 O0000OO0O00OOOO0O0OOOOMC20000 FIO
ocoooMC20000000O0OOOOODOODOODOODODODO

4.1.1 0000

LCGTOOOUOO0OOOO0OO0O 3000mO000O00000O00000O0O0O00O0O0O0O (Power
Recycling, PR) 000000000000 00000O0O0000O00 (Resonant Sideband Extraction,
RSE)UU0U0OOOOOOOOOOOOOUOUOOO0UOUOO0D0ODOOPROOOOOOO (Power Recyling
gain, PRG)DRSEO OO OOOOOOO (Signal Band Gain, SBG)0014M, 00000000000
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18 i LCGT noise budget p,,,=800kw fy;=200 Hz
107°F E
Ql_|
HE ]
= -20 [ TAMA
= 10 noise level
©
> 3
9 of
o 107F
R C
o :
pd E
1024
10

Frequency [HZz]

042: LCGTOOOOOO0O0O0OODOODOOOOOOO (100HzO0O0)OO3x 10724 Hz~/2 0000000003Hz0000
000000000 (Seismicnoise) JJ0000O000OD000D000000O003Hz200 70Hz000D0O 00O (Radiation
pressure noise)J70Hz 0O OO D000 D (shot noise) 00000000 DOO (Optical readout noise) 00000000000

gboogboooboobuoobuooboobooboobooboob

pgoogd

LCGTOOOOOOOOOOOOODODODODODODODODOODOOOOODDODODODDODDDDODDODDO
00odoooDodoooooooooooooooooooooLecGTooOooOoooooooooon
000000000000 (0000, Optical Readout Noise) 00000000000 (0 4.2)00000
gbooooobooboooboboooobooboooobooboooobooboooo

0000000000 (Shot Noise) 000000 (Radiation Pressure Noise) 0 20000000020
00000000000 (00000)000000000000000000000000 (0 43)000
0000000000000000000000000000000000000000O0D0O0000*0
oboooooboboooooooobooboobooobooboooooboboooooboboboOobooonoog
gooooobobboooooobbobbbooooub b bbb bobdooUobboboboo
goooooboboboooooooobobbboodoogob bbb oUbL b o
gbooooobooboooooboobooobooboooooboboooooobooboooboooooooboon
obocoooboooooobooboobooboooboboooooboboboooooboOobonoooo
gooooboobooogd

goboobooo

3000000000000 0000000DN000D000D (2000000000000000)000000002000
000000000000o00oo00oo0o0oo00oo0oo0oo0ooooO (Standard Quantum Limit, SQL) 0000000
goooooooooOooooooobobo0oooooooooooboobooOooooooOoboOo0oOooooooooobobobOo0o
goooo0ooooOo0oOoOooooOoOo0OooOOO0O0OOOOO0OODOOO0OOOOO 200000000000OSQELODO
gooooooooOoooooobooooo

i0D0DO000000000000000000

29



040. LCGToOOOOoOoOoOO

fcu'[off

i
o
)
N
T
i
o.
%
N
T

f

cutoff

f

(N
cutoff /+7 fcuroff
o

Noise level [1/Hz1/2]
"
Noise level [1/Hz'?]
T

10" 10° 10° 10* 10" 10° 10°
Frequency [Hz] Frequency [Hz]

043 000000000000000 (0)000000 (0)000000000000000000 (cavity power) 0000
00 (fowog) 000000000000000000000

3 Observable distance for 1.4M, inspiral

=
(@]

Signal bandwidth [Hz]
|_\
o

2488

10

Power on end mirrors [W]

044: 14Ms —14Mo 0000000 OCOOODODODOOOOOO0OO0O0O0O0O0OOOOOODODOOOOOOOOOOOO0OOODO
0000000000000000000000000000000 1/4/5000000000000000 (0000000000
0)000000000000000000000000 800kW, 00000 200HzO0ODO LCGTUOOOOOUUOOOOLCGT
gooSNRIOOOOOOOOOOOOISMpecOOOOODOOOOOOODOOODOOODOOOOODOOOO

LCcGTooooooooooooodooooooooooooooo0o0gooooDooDol4aMe
cooooogoooooooooOoooooooobooooobooooooDbOO0OoDoOOD18Mpedd
0000000000000 (Signal-to-Noise Ratio, SNR) 10000000000 LCGTOOOOOOOO
gooooobooooobobooooobobooooooboooboobooooDoDobobbooooD
gboooooobooboooobooboooobobooooobooboboobooboobooboooooboOobooonn
goooooooo

oooooooooboooooooooooooboooboooooooooobboooboooDboog
oobooboooooooobooboobooobooooooooooooooboobboobooOooon
ooooooooooo0ooobooooDbboooD 440014M, 00000000000 DODOOOOO
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DRMI DRFPMI PRFPMI | RSE | ExRSE
DOF: 3 DOF: 5 DOF:4 | DOF:5 DOF: 4
High ~E— Power on BS — Low
Low <@ Arm cavity Finesse - High

0 45 00000000 O0OODOOOOODual-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)
gooooooooooooooboooooooooobooooboOOO0bOO0o0O0o0o0oooboOooOOODOOObOOOOOOO0O00OB0D
0000000000000 000000000O000OBSOOU00O0ODO0OO0OUO0O0O0OOOUO0ODDOUOO0OOO0 (Degree
of Freedom, DOF) 0000000000000 OOO

oooobiloobboooooooooobooooogbboobbooooooooooobbooboooooo
000000000000000000000000%00000000000000000000000
gboooooboobooooobooboooboobooobobooooboobooooboobooooooboon
goboobooboooooooboooboboobooooooobooooboooobooobobooooboOooboOoOoonn

gooooooo

goooobobbobboboooooooobobbbbboboooooooooobbbobo
000000000000000000000000000000000000000000000 (O
45 00000000000000000 100%0000000000000000000DOOO0OOO0
000000000000000000000000000000000000%00000000000
gooooobooboodoooobooodbbbooob b bbb b o
goooobooooog

00000000000000000000000000 (Finesse)DOOODOOOO0O0OOOOOOOO
(Power recycling Gain, PRG)00000000000O0O (Signal Band Gain, SBG)’ 0 30000000
0000000 (BS)ODOOOODOUOOOO (EM)0D0UOOD (DODODUOOOO,FM)000O0OOOOOO
goodobbbodooooobobbbboooubooooobD b bbbooobbbo
00000000000000000000000000000000000 BSOOOODO (000000
0000000 Udo,PRM) 000000000 O0O0O0OU0OO0OOUOOOPRMOOOOOPRGOO
0000000000000000000000DarkPort 00 (00000000 OD0OOOOOOOOO,
SEMOOO0O0000000000000000000,SRM)00000SBGOOOO00OOOOOOOO
(0000 SRGUOOUOOO)0UODODUODODUODOUOOOOUOOO,PRG,SBGUOOOOOOOOO

S00000000000000(@MWOO)000000000000000000000000000000000000
000000000000010Mg O 100Me 0000000000000000000000000000000MWOO00
00000000000000

6000000000000 (SR)O0DD000 RSEDOODONONODONONDNOON0ON00000000000000000 (Detuning)
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Acc. sensor

e —] Disp. |sensor
Coil

aftuator

Vibration
Isolation System
(Room temp.)

I” GAS filter

I

| _Suspension
Upper [T Platform

Recoil Mass

——Damping magnets

Cryogenic
Suspension
(4K-20K)

Coil-magnet.
Actuators

Upper Mass
l’(pspr) Test Mass

Cooling System
—Heat Link

Pump
TestMass . ' .
(Main IFO) Vibration

" Isolation | Heat-pump
"~ a2K shield \77K shield

Recoil
Mass

048 00000000000000O0O0O0O00O0OCOOO0O0COOOO0OO0OOO 2000000000000000O0O000O
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im Wire//”'/:l”l\/ Suspension

1im Rod Plathome

Low Heat-conductivity
I“ |
IMMEwani

Material
Mini-GAS filter

Damping magnets

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

Recoil Mass Damping magnet

for Recoil Mass

Coil-magnet Heat Link

Actuator
Range: 100 um

(10 um/V) Horz.: Final Suspension

50cm

Heat cond.: 1W

Coil-magnet
Actuator !
Range: 1 um Recoil _—" \

Mass

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

BLCGTOOUD00D000D0000000000U3Hz20 1x107°m/vVHz0DODODO000O00D0O0LCGT 0003 Hz
0003x107¥m/vHzOOODODODODOODOOOOOO0OOO0O0OOO0D0OO03x10"°00000000000
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Acc. sensor
- Foleded pendulum
Filter0 + acitive transducer

Flex Joint —LVDT Disp. sensor
Induced current
position sensor
Horz.: 550m Coil-magnet
Vert.: 200m actuator
0.8m wire
] -
Inverted =< Filterl
Pendulum GAS filter
Horz.: 10mHz
Horz.: 550m
Vert.: 200m
0.8m wire — Support Frame
ilter2
Flex Joint-
Marval18
Maraging steel
Counter Weight -
% 7!
Suspension
Plathome
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Resonant Sideband Extraction
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0 7.5: Specification of output modecleaner for LCGT

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

end (R = 230mm) >0.99995
mirror spacing flat-flat O O O 10mm O
flat-concave 30 mm
incident angle on end mirror 0.167rad
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 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. 000000000000O00O0000000DO0O0O0DOO0000

10mm

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

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

0711 LCcGTOOO0O0O0OOOO0OO0O0OCOOOO0O0O0
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h(f) = 3x107>*/VHz at100Hz
L = 3000m

1-C = 5x107°

Vm = 10MHz

Frp = 1250
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R=270m — I~ _w=11.4mm [ Silica
w=2.7mm 14 kW /cm? [ Sapphire
R=15m — 5_603kW/cm?
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1.8 MW /cm? 41.4kW/cm? 376 W/cm?  21kW/cm? 21 kW/cm?
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7.6. LCGTOOOOOOOOOOOOO
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7.7. 0000
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Item Value
Diameter of the mirror 250
Thickness 150
Laser absorption ratio 20 ppm/cm
Laser absorption in the coating 0.1ppm
Laser power before the power recycling mirror 75W
Power recycling gain 11
Finesse 1550
Absorption in the substrate 250 mW
Absorption in the coating 40mW
Heat in the near mirror 290 mW
Heat in the end mirror 40mW
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Total obs. time: 726:27:59 (Long obs. time: 720:29:43, 374 long locks), Duty cycle: 86.598%
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2. Frame Maker

3. Detector Diagnosis

4. Environment Monitor

5. Time Keeper and Global Positioning System

6. Raw Data Archive

7. Pre Analysis Server

8. Data Distribution

oooooooooooo 1r1gooooooo0ogoooooooooooggoooooooogoo
cooooogoooooooooooooooooobo0o skmOogooOOO0OoOObOOoOobODODO
000000000000 000OO0O0O0000ODOO0000DD DAQstation OO ODOOOOOODO
0000000000000 00 Raw Data Archive 000 0000000000000 OOOOOOO
O Diagnosis Server 000 0000000000000 OO0DOOO0OODODOO0ODOOOOODOOOOODO

O000000ooooo00ooooooDoOoo0o0OdOMainsystem 00000000000
OO0O0O0O0OQOPreanalysisserver 000000000000 OOQOOOOOOOOOODOOODOODOOO
000000 Preanalysis server 0 0000000000 Datadistributer 00000000000 00OO
gooooooooooo

0000000000000 DODOODDO Datadistributer 100 O0O0O0O0O0OO0OOOOOOOOO

207



0170. 00000

~——— station| DAQ Station
™ Environment

rame Maker == -
Diagnosis

ADC

— Laser Beam

- Network \

= Sampling Clock / Time Info.

| Station

| Station | | | Station |
Station I ! I !

Light
Source Main System
(F i i Data
Station Frame Maker) —»(Pre Analy5|s> Distributer -

Station Main ADC )
( Raw Data ) > Diagnosis Time 2
Archive Server Keeper

From Another
DAQ system

0171: 0000000000000 00D0000000O00O0000000D00000D0000000000 Raw Data Archivel

Diagnosis Server(] Time Keeper and Global Positioning System 00 O O

208



g000000000O0000ooO0O0O0Od Time Keeper and Global Positioning System [0 O O
goooooOoOoOoOoOoOooOoOOoOOoODOOoOO

gooo0oOooopooOoOOo0OoUooOo0OO0o0ODOboOoOoUUoooOoOoUoUoooOoooooOooLo
gooooooooooooooooooooOooooOooOoOOOOObOOODOUOOOOOOOOO
ooo0o0o0o0O0O0O0O00000000000000000

Doooo

209



0170. 00000

17.1 Main DAQ system
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Sampling Clock 32768 Hz = 2'5

Number of Channels | 32 CH

Bit Resolution 24 bit = 4 byte integer
Anti-alias Filter Digital Filter with 10 kHz cutoff
Data Rate 4 MB / sec

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

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

0 17.2: Main DAQ system: Frame Formatted Data File OO
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17.3. DETECTOR DIAGNOSIS

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: OO0 OO0 O0OO0O0

17.3 Detector Diagnosis

Detector Diagnosys 0 0 00000000000 DOOOOO0ODOOODOODOODOOOOODOODOODO
0000000000o00o0U0o0o0boo0oo0oo0oo0o0ooUooOon AbDCOooooooo
0000000000000 ooooooooooOn Sampling Clock 000000000 OOOO
Jooooooobooboooooobooboboooooogoooo

Detector Diagnosys [ Analog-to-Digital Converter 0000000000000

Sampling Clock 16384 Hz = 2!

Number of Channels | 512 CH = 64 CH x 8 stations
Bit Resolution 16 bit = 2 byte integer
Anti-alias Filter Digital Filter with 5 kHz cutoff
Data Rate 2 MB / sec x 8 stations

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

0000000000000 0000000000 Frame Maker 000000000000 DAQ
station 0 0000000000000 OOODOOODOOODOOOOOO0O0OO0O0OOO0OO0O0O0O0DAO
00000000000 (Diagnosys Server) 000000000000 O0OO0OOOOOOOOOOOOO
googoooboobooboobobobobbobobooboobobobooboboobobooboboobo
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17.4 Environment Monitor
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coooooooooooooooogoooooooD 10HzOOOO
Environment Monitor [0 Analog-to-Digital Converter 0 00000000000

Sampling Clock 32 Hz = 2°

Number of Channels | 512 CH = 64 CH x 8 stations
Bit Resolution 16 bit = 2 byte integer
Anti-alias Filter Analog Filter with 10 Hz cutoff
Data Rate 2 kB / sec x 8 stations

0 17.5: Environment Monitor: Analog-to-Digital Converter (ADC) O O
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17.5 Time Keeper and Global Positioning System
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17.6. RAW DATA ARCHIVE

17.6 Raw Data Archive

0 DAQ station 000 0O O Frame Formatted Data File 0 00 Raw Data Archive 000000000
odoooooooooooooOo 30o0ooooo00oooooooooooooooooooooooan
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From Each Station | On Data Archive
Main DAQ system 4 MB / sec 14.1 GB / hour
Detector Diagnosys 2 MB / sec x 8 56.3 GB / hour
Environment Monitor | 2 kB / sec x 8 0.05 GB / hour
Total | 20 MB / sec 70.4 GB / hour |

0 17.6: 000000000 Raw Data Archive 00000000

17.7 Pre Analysis Server
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000 preselection 000000000000 D0D0OO00OOOODODOOOO Pre Analysis 0O OO
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1. Detector Calibration

2. Averaging of Noise Spectrum

3. Phase-space mesh specification for compact binary objects inspiral search
4. Data compression for continuoius signal search

5. Burst Noise Selection

00000 Pre Analysis Server 0 000 Raw Data Archive 00 0000000000000 OOOO
oo oo bbb ooooon

17.8 Data Distribution
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17.9 Summary of ADC Specification

0 0 000 Analog-to-Digital Converter 1 0000000000000 000O0O

Sampling Number of Bit Effective

Clock (Hz) Channels Resolution | Band-width (Hz)
Main DAQ system 32768 = 215 32 24 10 k
Detector Diagnosys 16384 = 2'* | 512 =64 x 8 16 5k
Environment Monitor 32 =2° 512 =64 x 8 16 10

0 17.7: O Analog-to-Digital Converter 000 O O
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