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Optical Configuration

-Locked Fabry-Perot Configuration- (Easiest as an IFO)
One arm is used for frequency stabilization.
The other arm is used for GW detection.

FB

Input Optics - Main Interferometer
Two Mode Cleaners Graviational Locked Fabry-Perot
Mod Transmission Control FB Sicnil

Perpend
2nd MC ® Arm Cavity
: Length:9.5m
Optlon Finesse:1700
Feed
Back FM2
Innolight * Feed MMTFP Sapphire
Laser Back MMTMC \ Temp:20K Inline Ann Cavity
1064nm L_ength.100m
_ i_ _ Fl Finesse:3100
FI & Y Y Fused BS FM1 EM1
2 ‘ ‘ ‘ Silica ,
fm1 fm2 fme3 Temp:SOOK
Mod.Unit ~ MC2 S KRR
Signal

MCA1
Signal i

PD  FeedAround
and MC End
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http://gw.icrr.u—tokyo.ac.jp/clio_bloglZB X DIEEAMNEINMMNTHAID T, HEKDH L HIEXED

Z . R ADLERLET , (D : clio, Pass : clio2lcgt)

@ Local Suspension Point Interferometer® B % (373
¥ BH 8 KR-F/REDICHEET DIRY FDHEIRDHNFH
HFIOUR: ﬁﬂd)?f&#’l,d):E:’Sl—

BEOREDRBIZKS. OVITIT7AY—DFHE

SAS{E R & 0D i i

SPIIZfX#>%Heat link R DB #R

@Digital systemDEA (BIIEDFHRK)
LIGODY AT L%EE AL, Digital ¥ AT LZEFERFEMOUZE
LCGTA~Digital SystemDEANDE—5

EADHER)
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@ &4\ : Macroscopic Quantum MechanicsEEkt.HY 25
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CLIO n0|se budget at 300K

‘13 L] | B L] L] LI | l l L} L} L] l LI T LI L] I LI .
- —— 2008/11/05 Sensitivity i — -
i _ HEEEE 1 | —— 2008/10/29 Sensitivity : : 1 Whltenlng Filter®
—— Seismic noise So
10'14 B ; — : | === Suspension thermal noise - ———r --—5 ’1’& =] 75\ ﬁ'l:\

E ' ' | = i ' - | == Mirror thermal noise i

u «=== Shot noise (mass lock)
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— T —— Freq noise E.-rr gnline ;rm err) ' [ ] M1 20Hz~100Hz
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R ~ Coil Driver noise ] [ —
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é = 100HZz~250Hz
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3 = #EMDThermoelastic
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-E-O.. " ) \
Q = ' ' s
‘ i : .
et D50HZE
T LA | ___| Shot Noise&kL—4

1 —ODRF Intensity #&
HYELY,

Frequency [Hz]
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BB E7IVE
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OERILTHLER. FFTIVHE
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- #Ea8 -
®2009/1 ~TEAFITEREL (1.5FUA) EB{LDIRY FODIERL
IckY ., BiRTRASBMED. BRI SHLEHEDRIT S, (EE
i > 1=0DI5£2009F58)

(1) 090517 - 090528 - 090610: Inline near. o AVAZ,

(2) 090619 - 090630 - 090701: Inline near. EfL~ST L,

(3) 090706 - 090724 - 090906: Inline near. 27K.

(4) 090731 - 090812 - 090906: Per arm near. fF1MD28z A, 17K.a 4=,

(5) 090911 - 090922 - 091121: Inline near. No coil actuator.

(6) 090911 - 090922 - 091121: Per arm near. No coil actuator.a> %=,

(7) 091127 - 091208 - 100117: Inline near. New coil actuator.

(8) 091129 - 091210 - 091223: Per arm near. New coil actuator.a> 4=,

(9) 091228 - 100108 - 100117: Per arm near. it~ )L,

(10) 100122 - 100203 - . Inline near. New magnet damping. 17K. {E;R#HFH4,
(11) 100122 - 100202 - - Per arm near. New magnet damping. 16K. {&;B## .
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- =M% R DEddy Current Damping @) Over Damping [578 -
(FFELI \)

Cryo-BaseZB (fA%) I3RS TENTLSH. EEFOESERDELWMETT.
Magnet Base & Cryo Baseh\s&#E SIKREIC/E Y . Over Dampinglca > TLM 5,

(FERR)ILSPUC KB A EV T, Bao>ERBICELED DT - -
(ERBFDFERR)EBTIE, FEV IO SHEWIEHEAZ5EHS,

2{El X @3 X4mmi<3Hz,

ol —_ o -« I T I Tt
"5- 'o~ : / b 10* | =— 100205 ber am b7t EER lﬁ 1146K)K}
Magnet Base -‘\1.~ 105 N

= N
:I% 109 2E=a =
£ AA
= 107 invi
5 10 tf
g |
g 10°
=
= 10° ! .
lO-IU
lOfIl ]
0.01 0.1 1 10

Frequency [Hz]
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- CoilZHMDLine #E DIERE-

(MER) MEOFERTCELERFARELELED - - -
Heat LinkD 2 WMMZH D H 5T, LineFH S,

(% #8)

Cryo Base®Eddy Current Damping @ Over Damping f5RE & [Bl#RIC. $RAS
DI IVEED THE) LRICOVWTLSHEALDEICE. ERfbicksa4C
IVERR (—REG#AREAR) EXERDEZELWMETICESHY TV I DIEX
hHBDTIE?

zhlckY, 1 7F—— IV FICERELfOMIVOIRBIDERFEZEIH LT
W5 ?

(7 &%)
HAKXFODFHFERED E Z 5 THIRFFRDRRRIEZ
AE>200 5L, THDEE, FREREEICT S,

>3 /)
A1 IVDEE%E., EBIEICE >THIBIRDE(L LIS W
') AEER) (S35HE,
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- CoilZHMDLine #E DIERE-

107" S — .
in Y Mirror thermal noise (300K) - s d : = VKN
i — 081105_5 (Current best) ﬁ"“‘IO,OHZL'(-FT‘ Lme%ﬁ = b *
| ——— 090905_1 (Both mirrors are cooled.)| F & 1&;}& L7,
10718 = —— 091210 _1 (new coil installed.)
10'14 il '.I
_ LiE= &
N |
£ 10"
5
=
v}
g 10'16 ;
5
A |
1077 bl :
107" - '“"'"'-_i-..-.- :::::E - | Ee el st R mam g |
101 e,
5678 2 3 4 5678 2 3 4 5678 2 3
10 100 1000

Frequency [Hz]
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(FIRER)
PerNM®D . SEIIC K W) HIRFERRIFEDELT B,
%hc‘:l'lﬂi’fk‘ SRABDOREHLAS HICE(L,

R &)
12F==IVRDI %7y FDSDERFRTV
FARZEE, HABIRRETHRDHAE,

PerEM, Per 100m arm, PerNM® 33E15tDPer 100m
Arm|[ZQ-mass%Z:&E LBIE LT4ER. PerNMEES
BF0Ddr, N=14,28h\t8K, 2%V, EEHBEZITL
%5, 2FY)—ILTWB ! ]

(B8 R
OPerNM®DO-ringHh 4 A —I&ZFTW e, 3,
@QLEIH 5. Per NM®DZ —RDGVFHEDS ) —2
hHof-DZEBWVHYT., GVORE.

U ElCcEK YFinesse 3000L NV CHEELEETLIL.
HIEBRRHAFOZEBXEDE(LLEWVWSHETIEHFS5 N
Kokt o o,

(Q-massBIELER)
Per 100m arm + Per NMODBF

21.22.2324.2526.2728.29,30,31.32 33,34 35 36.37,38.39. 40
Sensitivity
107-9 i N

JEENERN | INRRRRRRENND
T
16,17,18,19,20
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- AR NI EZ DM -

inline arm near:

Heat link clamp point, 10.97K.

1 X ®0.5%x315mm, RRR2300, high purity
Aluminum wire.

heat from cryo-base, 32.00mW.

cryo-base, 14.42K.

1 X ®0.5%x115mm, RRR2300, high purity
Aluminum wire.

heat from upper mass, 24.92mW.

upper mass, 15.48K.

4 x ®0.5%x400mm, RRR2300, high purity
Aluminum wire.

heat from mirror, 24.92mW.

Mirror, 16.45K <- estimation.

per arm near:

Heat link clamp point, 11.15K.

1 X ®0.5%x315mm, RRR2300, high purity
Aluminum wire.

heat from cryo-base, 28,78mW.

cryo-base, 14.25K.

1 X ®0.5%x115mm, RRR2300, high purity
Aluminum wire.

heat from upper mass, 20.94mW.

upper mass, 15.13K.

4 x ®0.5%x400mm, RRR2300, high purity
Aluminum wire.

heat from mirror, 20.94mW.

Mirror, 15.92K <- estimation.

mEREE, XIE. YT 7477 74N—8BODR—F =542 2mMWEBE TTFH>TW3,
CDABETELY 7747 7 74/1\—(d=125um) TAEE RIS, BOBREIZHZ5KICES,
35K CDEEDHMEIZT100HZ T4 X 10A-20m/rtHZIA F CAEREBRODBEIER -7,
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- Noise Hunting: &5 [H]

HIHERROANLTMET - - - AEGL

Secondary Servo Circuit Primary Servo Circuit
In-Noise in Sensitivity In-noise in the Sensitivity

10 T T 1t
FE Siznal
Masslock Circuit Innoise [w/rHz]l e e
- i with MazzLock Error Noize [1.50%/rHz] .|
........... A
|‘ = I
I| “]—4
- I ! — :
== T:iflf =|IlI ! 1|=||. ::::. """ .I.||” |. _ “]_5 EEEEEEEEEH ' [ LEFEERLEEE e S | CFFEETbes 6] JREte. ' [ | i
2 L i L DL g '
E‘ii': 107+ L& . oI LR (L ] 1 -E:l: 1=
: o e
P i i
¥ I g ltn’ J* . 10
10 IERI A
E .
: f i : 10
10~ g it tie e
| b - "':Zibii - 107% L Primary Circuit In noize Level
'| fa# with Primary Error Noise [1.50¥/rHz] |
= ll 1n-e i :
1] 100 1000 ! ik 10?
Frequency [Hz] Frequency [Hz]
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- Noise Hunting : #IRZSGIAAM S -

Agilent 33220A Function GeneratorD{i{B3S - * FEL L

Phase Noise of
Agilent 33220A Function Generator

FB Siznal Original [Y/rHz]
] I:I_2 | R R 1 | _|

FE Signal Original [V/rHz]

1 1aa 1aoo

Frequency [Hz]

@Agilent33220A Function
GeneratorD{iitB3EEH (3. &V (itHi
ED/NE L Anritsu MG3690B% £E8
iCL. ERIERETEHAL

ONLFEZER — BEE. (A% — i
RS OmERNZE E > T, uthi
BoREZRD S,

& fthict. 100HzICERHIDLIEZER
Ehr. ZOMBEMEICSIFEE—
gEMEME7O7— LAV, BRE
lKHIFBE—7 DRERD 5. RREIC
gwéﬁmﬁﬁ7n7—b&WE%
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- Noise Hunting: 100mE& % -
100MIGERTHBZR>TLWEWLHL? « « < BELEL

(setup)

Inline End T AOY 7 LTWADT. ¥AOY 7ERKODETI(Center Room)Z% Pre-
Emphasisici@ L. 100mizix L. Inline EndTDe-Emphasisici@L. AMIVFES A
N—ICANT 3

100m BNC cable
Mass 50Hz | 50Hz Coil
Lock :
Circuit:>_14... G 1/G }-Iz_:> Driver
Pre-Emphasis De-Emphasis
(fa5R)

@eh8rEOy IbhbhEVELL, 3fcEXEICIVTA Y VI HIEE,
@O FRRE (ZhIGEWKEE) DB LTch, BREICE(EDELD, BEHEE
[
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- Thermo-elastic NoiseDIEF TR A F=H 2 -

10

Ean s o PR Mirror thermal noise (300K)
W J.I Current Mirror thermal noise
1o L | —— 081105_5 (300K best.)
e 100320_2 (BEST: Both near mirrors under 20K.)
| n

1o B W
_ y 38208 (+8EH)
T il
= 10 I“ H 90Hz~200HzDRET. FEN
E 'li “F. Z I‘@F%%*ﬁo
3
= _
S 107 h BAT~1.5(8%E
= 1
77 Fins
5 | M | Zhis, BIEREND S5IE

10 A et ThAMBDREEEZERET S

e Tk EIFEFRITEHEE
1 0-18 Y, . T = |“ — Skt
19 RS ki
10 : | Il |
567 2 3 4567 2 3 4567
10 100 1000

Frequency [Hz]
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- Thermo-elastic NoiseDIEF TR A F=H 2 -

-15
R e e e p— Mirror thermal noise (300K)
Current Mirror thermal noise
— 081105 _5 (300K best.)
100320 2 (BEST: Both near mirrors under 20K.)
10716
BB CDThermoelasticiE D
= I FRIEZ TESBADH S !
— |
E
- |
5 lD-l?
=
QL
O
: f
o, .
2 I |l
L -JH Wl ‘
108 4 YR UL
- L | Ity Ll
i ] WA B ; i i
AL L i ::?_k_it'“ ' L “'l Ioa | L] h_
- III* - B r' #
lllllllllllllllllllllllllllllllllllll L e
o9 L T, B
] 9 2 3

Frequency [Hz]
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- Thermo-elastic NoiseDIEFIZRZ-H 7 -
_ 1 1+G
BREDFE L=T V V_. :FeedbackE&E
sus FB FB

T : EndiRY FERBGEBMBETIV | 1+G | pm _ ps oo :
Us (R BINTEFIVAE) g MEmTTARIE (RR
2.1x107" x (1 O) [m/V] REHANR FTEUVLIADAIERE, 3820
f BDOAZR FEEREOE TR L,

- INETR G -7 74 —[32.09 ':I:"L‘ﬁﬁo)_%(iﬁﬁtib
;gﬁ%ﬂﬁégégﬁ Lie7 73—l 71y FREI5%IEE,

71 FEAEIX5%

\o i_i :l!l:f_
T : Whitening Filter®{nZRE£K ﬁzm’%{’:gb\ R (BERC) OF
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- WRLT=L -
o/ ayv /AR BREETERELTEL,
EITBE, KYIE>oFEYThermoelastic NoiseDIEEHDR X 3.

FoEES
- L—Y—DREHENDT. TNE(ELE,
-Pre-MCZEAT B,

®40Hz~90HzDREEDH, BRDEFLFELEDIZEE ?
()
-E=LEVA—UVTHILDTELLOT, HbTERLSICT 3.
-7 IV Z OIRY FOREEHFEEY TH > TLBDBRIET 5.

o3, 3A7TARADBETIX. FESAHESIC3EB RO
H. 3820BIcHEI N,




ot 7 7 A 7 EENAENC K BThermoelastic Noise DK g IEERE. NM—{E
HERITAHETIT>TEL,

OFERR. VIV PR, (ERDUE. KU. Noise HuntingD#ER. 2009
FEMDFEEDEFICE S NIENMZSFSENEFCH ST HE 4 KLine i F DER.
RU. NLOERDITENT.

0201038208 Ic. 90Hz~200HzfHiEDEED., BEINEETH SH#1.5(E
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O Seismic Noise

y 4+ ¢« O Thermal noise of mirrors -@-
and mirror suspensions P

¥ 0O Laser intensity, frequency,
scattering, beam jitter.

-
®*®  DOResidual gas
&
_i@ O Shot noise, etc

FP cavityas a
pond of light
Beam
¥ ( Splitter

Photo
Detector

Noise or GW?

animals: Irasuto Wanpagu
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