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LIGO(I) Hanford

Rt 5. : TAMA/CLIO L'\. (under construction
r‘ 4 Fj'\‘a::.u b LCGT, construction starts since 2008)
i Adv. Virgo (under constructlon) in 2010 E; f E‘%hh
i 'H.'I;r' = i e . I e

LIGO(I) Livingston

il
e

AIGO (budget request)
* PRl e A network of detectors is indispens§giesto

position the source.




LCGT7 AU T IMDEEE AR 1—)L

10 11 12 13 14 15 16 17 18 19
Construction commigsioning Obsédrvation
LCGT || E B EEEEN >
First phase |LCGT obs?
Baseline LCGT | upgrade observation

LIGO LIGO+
(Hanfrd)
(Livgstn)

Virgo Virgot |

GEO |
GEO BN @ E
AIGO Construction(planned)

| | | |
Site prep |

ET lllllllllé



JAaT O NEEDRE

A\

E

I
Hzi'i

EK. EIIRXE. FHEMOIEEMEE
ED+H LT, KEK,

VRN ENMDIIE

R KFEAREFD IR
LCGT B AZEE D Bl

etc.

$£%Eﬂ7b*ﬁﬂj] =

A

BADBET ZKE - BN DD IR



SNLE = /1
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E™MZ RSEERAD/NT—)H AT FE
Perpen. Sapphire J7)—RAO—< A7 ILYFiHE
arm cavity Temp.: 20K

;l;rmz _ Double floor isolation system

PRM 3::."::'%.( Inline arm cavity Mounted above cryostat
Fused Silica Length: 3000m |
Temp.: 300k Finesse: 690-1550

Isolation

Cryostat for main mirrors

Heat link
13 step §°’

Main mirror




LCGTHF R DEIE

Input/Output Optics
- Beam Cleaning and stab. Main Interferometer
- Modulator, Isolator M 3 km arm cavities
- Fixed pre-mode cleaner - RSE with power recycling
- Suspended mode cleaner - Cryogenic test masses
Length 26 m, Finesse 500 Sapphire, 20K
- Output MC ‘Type-A’ vibration isolator

- Photo detector Cryostat + Cryo-cooler

Y-arm cavity

- Room-temp. Core optics

(BS, PRM, SEM, ...)

BS Power ~400 kW

=
4
)

X-arm cavity
Length 3,000 m
Finesse 1,550

Power-recycling
Gain ~11

Laser Source RSE: (Resonant

sideband Extraction)
. Wavelength 1064 nm Signal-band Gain ~15

- Output power 180 W Detuned RSE

. Variable tunin
High-power MOPA : <!
LCGT Program Advisory Board (June 21
2011, Kashiwa, Chiba)
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LCGT ;X & 5P (BRETHF)
Location of Center (BS)
e atitude: 36 °, longitude: |37 °N.

® X arm direction: 300°,Y arm direction: 30 °.
® Height from the sea level : about 372.000m.
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AESHE
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® 3 entrances for the experiment room.

® Tunnel floor is tilted by /300 for natural
water drainage.

® Height of the Xend: 382.095m.

® Height of the Yend: 362.928m.

E@Du_ Sal(onlsh|)
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New Sakonlshl entrance
‘“ l84om 690m | 040m+440m
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Tilt: 1/300
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3

L
|

Jew Atotsqmm.-rance i



AR AKX

i -

@ ~

3 km 18.

RRTARES
PO EE=
RREREA
hREEREB
PREEREC

X770 MERRE
X700y hEFIREEE (2/8)
PARAN 7
70~ HiREREERE(2E)
YZOv MEBES
YZOv kiREEE (28)
70Oy h2ESE
HERX70OY FEBE
feh A=

L ERAEEES
ERRXTY RERE
XTIV REBERE

ﬁj\%ﬁ .

2011 28 218 BER

EEERO

1

20.
21.
22
23.
24.
254
26.
27.
28.
29.
30.
31
32
33.
34.
35.
36.

XTIy RERIFEE

XTIV RGIREEE (2/8)
XTI RIEE

XTI v RHIRREREEE 28)
XI > R2fE8

XTIV RERE
XIVREE
EgRYy7OY hEBRE
HiEsEYT v RERE
YIYREREE

YI» RBIRREE (2/8)
YI v RIEEHE

YIv RpIREEEEE 2E)
YI» R2ESEY
YIvRERE

BHERE

YIVREE

YIY RiTARES

XTP—LEYT—ALISHRERZFAICENNSFRE

XT_A BRE—LRTIYI—F Y IFR)ICTEITY %

3km:

X7 E): BSH 5 (25+2m)—X LY RIEEF R,
YA E:BSH 5(25-2m) =YLV REEEHR,



LCGT Vacuum System

** for reducing noise due to a residual gas effect

** for maintenance minimizing

/

A

O Chamber

Pumping unit
DMN1000 gate valve
DN800 gate valve

DMN400 gate valve

TypeB

~

30 unis

3000m

(EM: End Mirror
FM: Front Mirror
BS: Beam Splitter
MC: Mode Cleaner

PREM: Power Recycling Mirror
SEM: Signal Extraction Mirror
MMT: Mode Matching Telescope

kF"D: Photo Detector

A

30 undts

Typ= A

3000m

W
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** test product of the tube
* A 4-m long tube was manufactured and a half of the inner surface was elro polished.




AEBERE NIKERREICET AR

MRARE  FHRY REFMEA

BEEFHEIE IREDH 365K




HEMEEZE
FHRMFTFHERYE FEHUR - A —BF. £HIR- KIBIEER. AR IFTER. FHEBHE - SEEKREDR.
BE - =K. FEME - REXEH. FEME-REEETF. BB -AW &, HEBE-=E)I A, B E -
AERFE. FIAEE-FREL, D3-FElEE, M2-fE#HN. M2-BEO0ES. FHEMEM=2—r )/t
A— BIR-EHEE. REXILAEFRELV Y — BR-ZEH- R RAHEE . BIE-HZFRH#. D3-F E.M
2-SIUEE M2-EARTE, RRE R -TH AKX, B -REFE—. D3-FIUS, D2-HEH@EE. D1- K2,
M2-EFTHER, M2-IEEHEE/\EF. D3-FIR . M2-[& 22 RRMEW: AZR-HAEAN P& -SHEAE.
RXE BIR-HBAER. Bi#- EARE. B -RAEE R, IR - AESE. AREEM-SERBE. AR
E-inlUFIK. ARG -HE—1E. ST ZR- UK R BR-FUER. HIZ-BHEFH. EE0-HRE—. #
% - KFHE . B - #AELIT. JFBR AT LG T  EHUER - EEE—. M2-BIBEE . M2- KR £, &
KE.D3-HHEER MI-EERER. BXLRERZE HR-HE M. LR XK ARXE  EEh- 245505 . E
REIETRIEE . TEMRE - SdFflz. TEMEE-BHEF—. ARE-FHE— . KIR™MILK: B -HHEETT.
M2- R X, M1- LA A, M1-38R EE. M1- 5, BiR-PEEFE—. D3-WEREZ. D2-FFJIERK. D1- 7
JIUFES. D1-ZFKESB. M2-FFHFEtHh, EREAFHAL—F—AE L 2F— HZ-EHE—. ZF- KB{CHK. H
BB —, £ HE B, BRKRKIAN IR/ R— 3V B 2— FEBHC-IREENE, EXES
FW-BE-RERAE. FREEV: TEMRE-RHEX. RAE ZR- DM E L FEHABIR - THRIEH.
Bh# - P ER, D3-/\ K5 mREM B ELAKRE., BR-EH K. BIR-BPELE. ARE-ESLE.
MEESE-BEEE. RAXE B -HBUFT.BHEXXES K- 0EHRFE. AATKEI E£HIR- xHFEH., Bit
KIB:Bh3-REREN. 2R - ZRHEEE . A KB BUR - KRFH—. LHKHE B -AmiFEf 2. £HIR - [FEA
L. BEEAXEL HR-UWBHE—. BXEEL BE-EASTH. LEXRE ZER-/NERE. RERKE . £Hi%-
MERR., AEL:FAZE B - )IIR B F. Caltech : #EZ{#% - Yanbei Chen, A & - #F1FHFE . LIGO laboratory : FiZL & = if]
iZZE K. University of Western Australia: 242 - David Blair. 242 - M. E. Tober. i&Efi-Ju Li. HFZ & - Chunnong Zhao.
A 2042 - Linging Wen : Louisiana State University : ##% - Warren Johnson. Rochester Institute of Technology: ffZ% & -
h 7 & 2 . Glasgow University : if 3% & - Stuart Reid. Columbia University : 2145 * Szabolca Marka. Birmingham Univeri
sty WA E-BIUELF. dLFREMEE KR : FiF - Zong-Hong Zhu, IUCAA : ##%+S. Dhurandhar. S. Mitra, Moscow
University :##% - Vadim Milyukov, LATMOS : #t%% & - Lucio Baggio. FEFIF 7K : 2% - Yang Zhang. ILFFE
K :#4% - Junwei Cao., HEFHERF : ##% - Chao-Guang Huang, LiBETEE K= /EEBFE KX % Wei-Tou Ni, B
BEK HFR A -Hsien-Hao Mei, BEFTEM : BFF & - Sheau-Shi Pan, #f3E & - Sheng-Jui Chen,

Maryland University: 3L & - ;B H{E T



AN EEE

LCGT Collaboration) =i
SEA ]3] HEA IN— BifESEE
e.xecutive . B & B i T sk 7 executive committee 1/38
committee meeting members
exec.utlve executive committee mA>/ executive committee
committee + o . members E =
/\—&support group A2 . 1/18 5
support group N = D e
. A-@'hﬁﬁﬁt?ﬁ support group
meeting
s 0 fN % gﬁ Y= > ===
f2f meeting = éT””jjf;f;z’ ant LLCGT A/ N— 1/6h 8 RKiE
ThDEm
LCGT E W = HADELCGTAY =
L 75133 5 R 1/3 z
Tﬂ’n?‘]%%ﬁ% @WH’J&TJ:}JJ@& JN— / jjﬁ
- BHITRATLED B IRATLD)— . =z |LCGTAU/NILHTE
) AEE E3 = a
7‘ 72::1?1:‘, ,lgﬁg#&,ﬂ&ﬁ 9@_ 1/JE *nl:l %hu%%ﬁ]‘ﬁg




LCGTT—ARRBITDWHE KLU
ORTLE

ERERSE: RKRMIIK MERET

BEETE: REDHAL0AM




HBRETUCR), MHEBEXRK (KR X)
H#F51T (KRXK)
.%‘*%GA%‘(UJ*”%%D?()

KIS —, FBEKREFHRAHKR)
ﬁn”ﬁlJﬁuj:(NAOJ)

FEEFT (RIEX)

Wei-Tou Ni, Ping Xi (_E jBEREI KF)

Eﬁnm’é

1%( R ENRENSDEADREAANMZDNTD
ﬁﬂﬁ(*ﬁuﬁi TonNsSYE . EmHYILOITD
1’Eﬁtt5€*‘-‘)0)

(2&‘/17 I~r717&/ \—FOIT7REICDOVTHEFTIR

=
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BHIRITDF AR
Mk, [EH. ., 543
- “Cross-correlation search for a hot spot of gravitational waves”, Phys.Rev. D 84, 083007 (2011)
*9th Amaldi plenary session, arXiv:1112.3090

-MEFEFERK
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LCGT & Super-K Z LN =T IILF Ayt Ov—E8RIOKRE GEFT E2R®R)
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- I haam SCEE R P

BRHBHEE D7 ILZ2A LEE (Detector Characterization)
prf il
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http://xxx.yukawa.kyoto-u.ac.jp/abs/1112.3090
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LCGTD T—ARERE - BHER/N—FIOIT7 DR

(@)

" (atenc)
daa orage (disk or mpe)

underground Kamioka facility Kashiwa I

( Data Sharing ]

rawT —AERX &
J—243L —k ~ 70GByte/hour.
D b AL — > 500TByte
BRHEBOMREEMOHZT/ N\ TIVT ORMIZBLANSDT,

FREEEESE
MIZHE

LCGTE{A S DH T, FfE] ~1PB (raw + calibrated data )
LS EME. LGOFLDH BT —REE AT LHIHEE. 5T~ 30 PBHARLE
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 nise mode] Mimin |[Hal | MimeslMz] Niam | L 1T _1.-_""]|I'Il.||.1:-:] Momp | with _1,-_-E]||'||_||_1_-.]
Vs H 1 4 L4 = 1y 4w 1010 1.8 10"
VIEsk-H | Ll 7.0 1 1.1 % ul'_ H.H w10
VIESE-H (.2 4 1.5 % 11 4w ul"_ 2.7 = 10"
VIEsk-H 0.2 Ll 5.1 w1 ko 10 A6 = 10"
WIS E- L} 1 q 1.2 1¥ 1.8 = 10 1.5 = 10"
VISR LY | L0l 5.9 % 11F 1.0 10 A= 1ot
WIS E- L 0.2 4 L. % 11 400 10t 2.4 = 10"
WIS E- LY 0.2 Lil0 2.7 % 11 5.0 = 101 A0 10™
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LCGTD = DR B K AR 1E DS

SEEAER, REMBA, NILE, AR (FHRHRAR)

EAREEGEEWRRA) .. ABFE (EBiIXXE).
R. DeSalvo (=74 K%£) . E. Majorana(A—<K=) .

J. van den Brand. D. Rabeling, M. Beker (7 AR TILA LK)

THEt T ARNRIMERSIOLEZTEITH-DZE
RYFICE-TRRESN DD, FFITIRE K (<10HZ) DR HRZES
M HInverted Pendulum (IP)&Geometric Anti-Spring Filter (GASF)

) S AZERE SN D, TN OB BIK IR
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xEILE

LB Z 4 ZPre-isolatoré

N5 D
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Pre-isolator,

Top Filter Measurement

F 2T

—e—|nitial (10/26)
—e—~1 mm Compressed (11/10)

KS's Tilt is Compensated (11/15)
—r—~ 2 mm Compressed (11/17)

_-d""‘/

""U"-'—-—-——G—-—'—"""B-#dr

[/

_-"“MH
5 10 15 20 25
Height [mm]

Top filterMF1—=2% , 0.2HzLA T Z#EH,
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Figure 2. Sketch of the steps followed to realize a monolithic suspension, as detailed in the text.
CQG 27(2010)084021
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Candidate of bonding direction A-A

3-axis Sapphire mirror $250mm L150mm M=30 kg
—
®
c-axis
\\
[1,1,2,0] [1,1,?,0]

Shear strength A-A

[ 28[MPa] — A~ 10[mm?| biffusion Bond
Tbond =\ 7[MPa] — A~

2
40 [mm ] Hydroxy-catalysis, silicate

|OP JPCS32(2006)309 - 314



Cryogenic Test of Silicate Bonding

' Sapphire samples '

H,PO, bonding KOH bonding

Sapphire block:5 X 5 X 10 (mm?3) 5x5 A-plane, polished by CeO, roughness~20nm

BIFZERICKDEIS NEHER TN



& m S Surface Activation Bonding

FEICHEL-EEEIC. 7ILOVE—LZRHLTERLEFRILZTITo-E.
SEZERTEERET . Vz/N\—OEGRMELTREL TS EETIEEZER
T ERMEBEREORLETHRMESTADBEZHRFTES,
WEYI74770vIDEEEE R, <0.5nm THELT. BRESYVITILOD
RIEE R,

H. Takagi, R Maeda [ Journal of Crystal Growth 292 (2006) 429432

EERRENENEPNE Vacuum chamber —
PO OSSN S - -Gm -0 5-g
~9-0-0-G-0-0-0-0-0-0-0-0| -0 2 5 h-d T
ESe8as000ssst — LT SRR,
9-9-9-¢-90-¢-9-0-9-0-0 3-6-0-0-8-4-0-0-0-0-0-0 AERE
\ i
) [> Dangling bonds E
— e =SeB=Gm Crmm
000 @ -0-0-0-0-0-0-0-0-0-0-0-0 ) 0-0-0 0-0-0=0 B=0=
' SLER LIy IR IEL
B p— e - - R . S
£ ey o R s B R 8
Surface |aye rs of oxides ) . ) Fig. 6. Fracture surface of Si-sapphire bonding by SAB.
Ar beam etchin Activated surface Bondin
and adsorbed molecules 9 9
Fig. 1. Principle of the surface-activated bonding (SAB). 12 =
Si: SAB
10 - \
‘o .
15 o Sapphire:
s 8 SAB
e
) ) E’
£ 10k . s @ = Sapphire: c-WB
s : s ! s ° e~
= 2
s 3 @
c =
o 5 o o o ° g 4=
& 2 ] - -] g £
@ L E . L] g . L] g : g
= [&] (&) [&] &) 2=
c 1 L 1 L L 1 1 L | 1 1 1 1 1 1 1
0 RT 300C 400C RT 100C150C RT 150C200C RT 300C 400C
'—
c-WB S c-WB = c-WB AS c-WB s 0 1 | 1 | Lit | 1 1
SVAEOS Si.-‘LiNbOs Si.-‘LiTaOa SidegGaSOQ 0 200 400 700 200 1100
Annealing Temperature [C]
Fig. 5. Strength of the bonding between Si and various oxides by c-WB and SAB.

Fig. 4. Strength of Si-Si and sapphire-sapphire bonding by SAB and
conventional wafer bonding (c-WB).
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v IRENFFIE
XY Zeh AR EE <100 nm

Drawn by S. KOIKE (KEK)

mRRE N (BERIE)

v2.5 W/9 K at 2" stage
4 35 W/ 70 K at 15t stage
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Results of displacement at connection point 5 [

BAME < 200 nm X < WEHINKHE
FEEAMR<B0nm O
KEAMR <10 nm O




F&

DESEDTE

» BIERSEESREOERERARET
RDGERE™T=.
YRENTERE B 200 nm (fth[%< 100 nm)

AN

(EICEZERHGREALZEHRT 2RREAVED

RECKOFZE—EERNFDEEZREIC
I HCETH M AIEETHAO LT TEERA)
AERES:2Wat 8K / 25 W at 95 K
SIDETAFARBICKHERADIEM)
UEDFERMNS, BEXRINI-EHRIEZHRET H1=HIC
WNERNHLIEETEZRLT-

¢ 2012%

F1RPEIICIEIRBRLI-EE 151

AN

[tREZERIT D FETHD.

O ERER R E

IR REHER (ZCLIONIREZ A BT E



LCGTRHEmMBE Y 7747 fEedD
ST 318 D B &

MERTRE - EXRXRI ZEHR
BETEEEE: YWmEDH30AE




Absorption measurement@UT

Chopped light is

120Hz (v incident on a sample. Signal is lock-
in detected.
Laser -“" )—>| Lock-in Amplifier]<
A:1064nm
Power : 10W Chopper
Sample BS(R=98%)
>| BPF LPF
PD
Absorbed light power Dark fringe
: . @ 15kHz
Sample tempature change | | Mirror
@ — PZT
v )4
Refraction Index, length change : P\ : .
Optical path length change g AT I< U Al




Interferometer
. “ '

Laser light
FORMIBET T R




Sapphire sample

C-axis rod (diameter: 10mm, length: 40mm)

Jh’.._ CRYSTAL SYSTEMS
\ /] Z.conress st
S\ /4

Q78.745.0088 FX 978.744.5059
www . crystalsystems.com

PRICE QUOTATION
TO: University of Tokyo DATE: 11/25/09
ATTN: Norikatsu Mio QUOTE #: 11-10-107-1
RFQ #: LCGT
NO. PAGES: 1
QUANTITY DESCRIPTION UNIT PRICE
HEM CSI White Premium Optical Grade Sapphire Test Rods (0001)£1*
10.00 mm £ ,Imm @ x 4000 mm = .lmm Long US Dollars
10-5( polish ends, fine grind OD
Ends flat to 2/4 within an 80% C.A. v
Ends parallel to < 1 arc minute

HEIF BAHAEHEEK 42



Results of Sapphire

Measurement in last year Measurement in this year
100 T T T T T T T 120 T T T T T T T T
80 —lﬂ — 110 iv $ -:—A 4+
jrﬁﬁi B 100 L + - 4
60 - @Eiﬁ . . -
_ rgl:l % 5 _ a0 ///_/‘ —
H % na >4 & sof 3 i
X = = 5 >
70+ B3 4
b +//+/ + £
60 - i///’ % .
50 ~ $ 1
1 1 1 1 | 40 | | | | | | 1 |
3 4 5 6 7 8 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7
Power[W] Power[W]
80ppm/cm 87ppm/cm

The result was reproduced but the noise level of the
interferometer became worse; the origin of the noise has not been

identified. o _
Calibration for sapphire has not been done

-~
Absolute values may contain large uncertainty!
HREFRAATFKE 43



10 Samples

Name

Preliminary results

Absorption [ppm/cm]

ool

AA149

48

47

AC150

229

138

682

687

P401

65

67

\ Y
e AA x show better performance
r@ ith the last year sample.
Q 150 shows quite high absorption; why ?

P401 contains lower and high absorption pairs.
* Information has been fed back to CSI.

what is the difference?
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- T~ sensitivity
I1 (1/rtHz)
|
I
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(&
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: | ‘“‘; 1x 10743
{ Arm Cavity \ _74
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- —

53 10723

., Susa, f2f meeting 2011
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