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CGT is planed to be built underground at

Kamioka, where the prototype CLIO detector

is placed

Mozumi Are~

Kamioka
[kenoyama mt.

Gifu Pre.
Hida-city

-

.\ Kamland
o

S
CLIO

Underground

Altitude 358m

Super Kamiokande
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Resonant antenna
(Physics Dept, UT)

Cryogenic resonant e ol - %
Antenna (KEK) o ‘ S

TENKO-10 (ISAS, delay-line type interferometer)

Grant-in-Aid for Scientific Research 930 MYen
TENKO-100 (ISAS, delay-line )
NAO 20m (NAOQJ, Fabry-Perot) LISM(relocated in

Kamioka
Grant-in-Aid for Creative Basic Research 1.56BYen | underground)

" >
TAMA 300 (NAOQJ, Sensitive Interferometer)
Grant-in-Aid for Scientific Research 1.43BYen \
CLIO100 ——— 1
(Kamioka, Cryogenics) /4

LCGT partial funding
9.8BYen(planed)
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Supernova 1987A Rings

Higher priority

Hubble Space Telescope
%) Wide Field Planetary Camera 2
Y Iminscorn




Sensitivity of LCGT and future improvement

This figure will be revised

5Gpc S| soon by new design
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: MNote: The range is defined
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20Mpc at optimal direction.
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Gravitational wave sources (1)
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Binary inspiral:
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BH ringdown: Kerr param. a=0.95
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Stellar core collapse at Galactic Centre
DFM waveforms
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Gravitational wave sources(2)

I 1 1| Broadband RSE, with lyr integration
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since 2008)

LCGT, construction starts
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A network of detectors is indispens§ifiesto

position the source.




AdvLIGO
AdvVirgo

LCGT
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BN concept
BN Oesign

BN Fabrication
B nstallation

Key

Edited in November, 2009
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B HREARIZEITALCGTD R E]

1) Increase the large baseline length (20 ms time flight among North America,
Europe and Asia)
2) Widen the sensitivity pattern

Adding LCGT to L/H-L/L-Virgo, the whole sky coverage is realized

33% coverage 100% coverage

m—) L/H+L/L+V+LCGT
By global network

L/H+L/L+V 50%

ok 1
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LCGTHEEERR R January 15t, 2011
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Numerical QND. (UT, ERD
simulation, : - MRTE HAB— K
Newtonian PE—, REMY, «—— HiRE WMREXRS
Perturvation noise. AIRER, =RA%, HET, gﬁ*ﬁi:' 2
cancellation JIIFHBR, TRIEH W BE =Nl &
EREWHER
[ I I [ | I I [ | I | I
T—REEHT 2 Y|P e =g BZ 953 KR i BmHEREK FFiBEr TURNFR  FHOUBFER AHNAER L—H—
HHERT B E REXE WESE =SREA8  HRE— SRR REMAR B4EF— =) & FHEA FHE— ZSEHR
(ocu) (ICRR) (NAOJ) (KEK) (ICRR) (KEK) (UT, AMS)  (WASEDA)  (UT,Phys) (ICRR) (UT, AMS) (AIST) (UT, AMS)
Data Desi Clean Specify, E osin (;oor;] Interferomet [nterferomete Desi
analysis c imgr::,. environment, Ordering, Design, Design, ergp:ra. s er design, r control Design of Desi M e:lgrth D | t
£ ofs oo, Powerline, Procure, Ordering, Ordering, LSSEVIE: specification (length, digital system, L Sfeoriin a2 ORI,
method, Safety : 7 Procure, 3 : Manufacturing, Installation Manufacture,
i t Mechanical Assembliing, Procure, Procure, Substrate f s to sub— alignments, manufacturing, it + (Ww _ Installati
andyels; TiZZIglei;i‘segn' sound noise, Vacuum test, Installation Installation e on WGs, lock adjustment it F?I;eMr) e
intemet Installation SE hedul procedure)
mirror schedule

data control



LCGT:E X T E

| Japanese FY budget
tem 2010 2011 2012 2013 2014 2015 | (Unit=1000yen)

Excavation e ————— ———

vacuum system #

[}n.'tica| system *

|aser system ] ]

suspension / Cryogenic ]

Vibration isolation ———

2nd phase (Cryogenic system)

Geophysics interferometer  —————— —————

Digital system | [

control room (building) I

B Project for the promotion of advanced researches (Granted) (9.8BY)
I Budget request (MEXT to Ministry of Finance)
BN To be requested

2011FARBFIDFEN
SERICEEINDTE
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tem Japanease FY
2010 2011 2012 2013 2014 2015 2016 2017

Excavation —_—
vacuum system EEEEEEEEEE DN
Optical system IllIIllhlI‘_
Laser ssytem HEa =
SUSpens i on HEE N § N
Anti Vibration HEEEEEEEEE BN
2nd phase (Cryogenic system) HEH N EBE B N I
Geophysics interferometer mim m m m|m m l*
digital system A E N -II_
control room (building) I
system tuning I I |
observation N E EEE ﬁ

B m m construction (off-site)
Bmam  construction (on—site)
BN observation

The construction/observation plan is in 2 stages:
In 2014, non-cryogenic observation.
Full observation with the cryogenic system, at the beginning of 2017.
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Seam radius 3em ETM2 MER DRI RESINDS

Rf=0.99995
Peipen. Sapphire
arm cavity Temp.: 20K

ITM2
Sapphire . .

PRM Temp.: 20 Inline arm cavity
Fused Sllica Length: 3000m
Temp.: 300k BS Finesse: 690-1550 Beam radius 3cm

800 W ITML  Armpower ETML
~200-400kW

—

| SEM
l IFO output
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In order to attain the sensitivity to catch the event at ~250Mpc,
we need ~800kW optical power (~400 kW each cavity) to reduce
shot noise.

Thermal noise of the mirror, coating of the mirror, and
suspension need to be suppressed by cryogenic temperature,
20K. Mechanical losses of these parts are required to satisfy
this thermal noise limit; they are10-8, 4X104, 10®

Final sensitivity Is

LCGT noise budget ~r,,-s00kw f,,=230 Hz

limited by quantum noises U
In the observation frequency
band, 230Hz. Radiation
pressure noise is determined
both by the optical power
and by mass, 30kg.
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Sensitivity [1/RHz]

TAMA & CLIO [Z&AHFEER

TAMA in 2008 (improved after installation of SAS)

10-15 — / 300 m arm length
16 _|
10 CLIO at cryo temperature, 2010/3/7
1077 — 100 m arm length
10‘18 s
10‘19 s
10‘20 o
21
107 = LIGO
]0‘22 — 4 km
10—23 _ \_———_/—
5k S~ LCGT design, 3 km
10 —I 1 1 1 I 1 11 II 1 1 1 I 1T 1T 11 I 1 1
2 3 4 5 6789 2 3 4 5 6789 2 3
10 100 1000

-

requency [Hz]



LCGT Vacuum System

** for reducing noise due to a residual gas effect
** for maintenance minimizing

/ B TypeA /EM: End Mirror

FM: Front Mi
O Chamber hichironkhicd

% BS: Beam Splitter
MC: Mode Cleaner

@ Pumpingunit PRM: Power Recycling Mirror
SEM: Signal Extraction Mirror
MMT: Mode Matching Telescope
I DN1000 gate valve |PD: Photo Detector p
=
l DN800 gate valve 2z |8
5 |3
I DN400gatevalve -
\. J
TypeB
UHV (ultra high vacuum)
---------- Type A

----------------------------------



Schematic structure of Anti-vibration system

Accelerometer

Vertical Filter

Coil-magnet Actuator /E‘ /
| Ei LVDT

Vertical Filter

Monolithic GAS

Inverted Pendulum Leg

—+— Platform

- Intermediate Stage

| Lot Recoil-mass

/{Q\) g}. |4 Payload
Test-mass (mirror) ~——f":/”\ \T//"/ 1/
| @
»——"'-’_ﬁ‘—'r‘\
<= —
N //
\\




Three types of anti-vibration system

Type A) SAS(GASF 3stage)+cryo-sus: ITMX, ITMY, ETMX, ETMY
Type B) SAS(GASF 2stage)+non-cryo: BS, PR2, PR3, SR2, SR3, MC2F, MC2E
Type C) STACK+2stages: MC1F, MC1E, MMT, PD

Flex Joint Df——/—v:\—:,.sexﬁso;‘
= Disp. sensor
. \r_ \_.oil--mj:sgx‘nex 2m
actuat

PoR Sy | ‘GAS filter

Inverted

Pendulum 1% /
S
A LN
1 i, <
Flex Joint = T A
— K H .
AN
l[I]. ‘ - 1-2m
Damping mag“‘?tf __ Suspension :
Mini-GAS spring - Platform
Upper Recoil Mass _ 1_ - ,Upper Mass —
Damping magnets |/ )]
MY aiassensasssscsesssccesensss | F——— —

Coil-magnet
actuators -

; Test Mass
Recoil Mass ——

apphire, 30kg) A B C




T—3EEHT
It is difficult to detect burst wave events by a

single detector

Coherent observation gives more fruitful
result

It is natural to promote data-sharing in the
world-wide GW observation network

We have experienced data taking & analysis
by TAMA and CLIO

Need to find flexible way to satisfy
requirements of both program and science
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Attachment agreed under existing MOU between
ICRR (represents LCGT Collaboration) and LIGO
laboratory

— Manpower, software & technique exchanged

MOU between VIRGO (EGO + Virgo Collaboration)
and ICRR is to be signed

MOU between ICRR and GEO people is also
conceived

MOU between LCGT and Organization of China
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