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LCGT (Large-scale Cryogenic Gravitational-wave Telescope)

(Ad. LIGO

(

)

20487 =)
A

- Baseline length: 3km .
- High-power Interferometer

- Mirror temperature: 20K

- Kamioka mine,
1000m underground

-
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Facility of the Institute of Cosmic-Ray Research (ICRR), Univ. of Tokyo.

Neutrino :

Super Kamiokande, Kamland
Dark matter

XMASS

Gravitational wave

CLIO, LCGT
Geophysics

Strain meter

220km away from Tokyo
1000m underground from

the top of the mountain.
(Near Super Kamiokande)
360m altitude
) Hard rock of Hida gneiss
Landsat photo data

NASA altitude tata - ‘ (5 [km/sec] sound speed)
Cashmir 3D :

(2011 9 17 ) 3




o) Sai pb ok 15 DALpe 4 457 b @oin

2011 : (2011 9 17 ) .




-- 10Hz7T 1kHz

2011 : (2011 9 17 ) A5



TAMA300 CLIO

b pn 8 DACH0 4051 b it o ool 10 D041 51 s ook 18 D044 58 1 s ot ok 16 DAL 458 b s pon o 16 D01 051 b sl

TAMA300 (1995-)
300m

A 2000-2002 )~

PSP e SR UL
(3000 . ) | LEER

CLIO (2002-) T

6x10°3 Pa y
by a 800 litter TurbBs
- Cryostat - ==

100m — L L i;é?y:;siit itself




2000

P v s ok o8 e b2

2011 : (2011 9 17 ) 7




(10-4-102 event/yr)

Initial LIGO 1
~ Advanced LIGO 9

Enhanced LIGO -+ LIGO today

2000,

100 million
light years
A <—> 3

103

Advanced LIGO =~
~2014  EGEIL

~ 10 event/year
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~ (LCGT (3PN) .
.| baseline 3km |

GEO-HF (GER-UK)|
baseline 600m

Adv.VIRGO (ITA-FRA)
baseline 3km

500k 18 DACpnt 4 8 s vt pos o b 18 1
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3rd-generation detector : ET (Einstein Telescope)

- 2021
~LO0kmy, 5% : ,
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2010

2020

2025

inced
g

LIGO TAMA/ CLIO

Enhanced
_LIGO

=

=]
%T

VIRGO
: @EO €—  Obs.range: ~20Mpc
.

Advanced
Virgo
=

&/

1st Generation detector

Rate: 10471 102 event/yr

A

Obs. Range: ~200Mpc
Rate: ~10 event/yr

A ,

2nd Generation detectdr' \

3rd Generation detector
Obs. Range~3 Gpc

Dairy detection
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(Einstein Telescope)
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h=10:1
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1021m
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A 270 Mpc  (s\Rs, )

p=12x10"2 [Mpc™3]  SSGTams
R = 11817 %events/Myr]  ewns,
| E> LCGT 9.8 events/yr

G- 99.9% )
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- (Shot Noise) -

hshot o 1/\/§ :

=) (Radiation PressureNoise) hrpN < VP

~(Standard Quantum Limit)
Ll
M L? =

M
| I

’lSSCQl_ X

LCGT :
3km, 22kg, ~800KW
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0 Zgeis ~ 7 [m/sqrtHz]

1
=
(=]

L
N

Displacement [mIHz"zl
s o

TAMA site (Mitaka, Tokyo)

10’ 10°
Frequency [Hz]
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Input/Output Optics
- Beam Cleaning and stab.
- Modulator, Isolator
- Fixed pre-mode cleaner
- Suspendedmode cleaner
Length 26 m, Finesse 500

- Output MC
- Photo detector

Power °
~180 W

Laser

Laser Source
- Wavelength 1064 nm
- Output power 180 W
High-power MOPA
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-Power-recycling
Gain ~11

SH

Main Interferometer
- 3 km arm cavities
- RSE with power recycling
DC readout scheme
- Cryogenic test masses
Sapphire, 20K

ETM

OTyHd&® vibrati'on
Cryostat + Cryo-cooler

ey - Room-temp. Core optics :

) (CBS PRM, “SEEM,

Power ~400 kW

ITM ETM

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

RSE: (Resonant
sideband Extraction)
Signhatband Gain ~15
Detuned RSE
(Variable tuning)




rié b 2nd floor

Roomten’fp. :
b= Vacuum tank . 2
"m -

- Y uz2. 4n3,8m

Height 13m

Sapphire
mirror
] |04

-4 PT

1st stage 36 W at 50K
2"d stage 0.9 W at 4K

- (80K, 8K)
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LCGT

2011 2012 2013 2014 2015 2016 2017

20 i i <
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Cryogenic IFO ||
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ILCGT configuration
- Room-temp. test masses .
suspended by TypeC 6 i

- 2.94 km arm cavities
- Fabry-Perot Michelson
- Low laser power (~3W)

SHONEAA ETVS

Y-arm

IT™M

MC

o

Type-C’ system (No SEM)
- Test mass and
Core optics (BS, FM,..)
Silica, 10kg, 290K
@ - Seismic isolator

Stack + Type-B Payload

’ Cryogenic system test

- Cryogenic payload (optional)

- Cryostat + Rad. shield duct
- Cryo-cooler

Cryostat +
Type-C 6

Shorter arm
i s o lleagthdy 56m

X-arm

ETM

AX

IT™

~ Type-A isolator

full-system test-
- Room-temp. test
~ Sapphire (?), 30kg, 290K
- Tall seismic isolator

IP + GASF + Payload
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bLCGT configuration ‘ - Type-A system
- Cryogenic test masses
- 3 km arm cavities
- RSE with power recycling

- Cryogenic test mass
Sapphire, 30kg, 20K

- Tall seismic isolator
IP + GASF + Payload

Y-arm

MC

IT™ | ETM

Type-C system SEM Type-B system
-Core optics
Silica, 1kg, 290K Silica, 10kg, 290K

- IP + GASF + Payload
[ ] [ ] -
\H TR Ele e | - Stack for aux. optics

- Mode cleaner




LCGT

o) Sai pb ok 15 DALpe 4 457 b @oin

(2611 917

30



LCGT

®  Excavation methods

® New Australian Tunneling Method (NATM).
® Three access tunnels.
® Center, Xend,Yend experiment room.
e X arm tunnel of 600m.

®  Tunnel Bowling Machine (TBM).

N\ &) ® Almost all arm tunnels.
A PHRERFUIR S

Al ) \
| 41388, 7m ‘ (,_,\
®HhLSYE | (2 zr:ﬁﬂ

CcLI0 . @

B IR s Al / {room

$®‘:\0 . ~600m(NATM part)

> 4
5\

= it

n ]
village #

New Sakonishi entrance
{\840m(690m+ +440m)

=y %‘*ﬁz"é\
EITL

2011 (2011 9 17 ) 31




double chambers (2.4 and 1.5 m in dia.)

ETMY " /GASF + |-Pendulum + cryogenic//

chambers (2 m in dia.)
Ilstack + D-Pendulum//

hambers (1.5 m in dia./2 m forBS
(/IGASF + |-Pendulum//

Mozumi tunnel of Kamioka Mining Railway (not in service)

= -

PN AT
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RSE (ResonantSideband Extraction)

- IT™M : 3km Fabry-Perot
- PRM :
- SEM :
| ETM End >
RSE ¢ Test Mass ) 5
A
b %2 ETM

ITM
- ‘ (0‘
! ITM: Input BS N—?e
A Test Mass [ .(’3‘003\1\“

Laser

: - SEM Signal-
A . > PRM Power- . Extraction Mirror

Recycling Mirror

‘ Photo Detector

wph 38 T r S b a8 14 DACH0 5 64 s
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TAMASO00

TAMA300
- PRFPMI
- 1
400102024010
3000

- NAOJ 4m

> RSE
RSE

RSE
. Caltech 40m




LCGT ; 180W  Nd:YAG
MOPA (Master Oscillator Power Amplifier)

Solid-state laser modules

A
\
Output Power Amplifier BOW
Fiber laser amplifiers
5 40 W
Nd:YAG 500mW Vaster O . 50W
N P RO NPRO(500mW)
é- 40w




100W ( )

Innolight NPRO
Mephisto 2000NE

o
2
0
o
i
3
a
&
3
°

‘ 2 ‘ - Power drift -
Quartz rotator e/ SN, : \ 4 740 ’ = , ‘ ] --measurement e

Nd:YAG rod (Side-pumped)
$=4mm, L=70mm

HR,0.2mCX

Slave Laser time [hour]
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Qs v IY-'!%r 100m Arm
§ Dy

4. q 1064nm, 2W £s =
CLIO :.100-m cryogenic interferometer

Acheved Pressure
100m Arm -

6X10°° Pa

by a 800 litter Turb

- Cryostat -

2X10°%Pa

by Cryostat itself
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200

T.Uchiyama
GWADW?2010
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CLIO
A 2012

Cryostat
Stainlesssteel t20mm

Diameter 2.4m

Height ~3.8m

M ~ 10 ton

Drawn by S. Koike (KEK)

Remote valve

oL
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Room-temp.

= Vacuum tank
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' Plus tube type cryo-cooler
with anti-vibration stage

*, Vacuum duct for very high pure
alumlnum thermal conductor

(2011 * Sl Y

—— Cryo-cooler ON
—— Cryo-cooler OFF




)

(ICRR).

ate valve

Shield duct 800

Lu::'g.r vibration
cryacndler unit

Coannaction o SAS

= Shield duct 00 Gate valve

Lenw vibraticn
cryetooler unit




Room-temp.

k=33 Vacuum tank
Pre Isolator L’. gﬁfj 3
1 CLIO : : ’ o ,'1 b .Er. 2nd'f|oor
- TAMA300: : .é‘??l. - "
. ~o—": | Vaeuunﬁl

: ) \ o a ’ < Tube -
: [ (KEK, ICRR) ~ ofig=
. | (KEK, UTokyo) : ] .
. (ICRR, KEK |

S 18

"

>
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w
L, (l\,
|13
/ .
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Cryo-
payload

d
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Room-temp.

= Vacuum tank
Ky
TAMA300 Zer
TAMASAS
A
- Pre-isolator (ICRR) %
- (NAOJ) &
2012 TAMA _‘J:, “::'"% Cryostat
Cryo- =
Type-B SAS (- ) p%'!oatlﬂ"'ef‘ﬂ*!ff(/’-‘
e & |
\Jlie%;(c?@ =

sk TA
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- aLIGO
ADC/DAC, : A LIGO CLIO

Fast loop : 16 kHz, 64channel

e —— Real time system mounted in 19inch rack: PC, 10 chassis
" , - (ADC/DAC/BO), timing, AA/AI

=

m' L — Front room: length(1), WFS(1-2), auxiliary(1), network(1-2)
- 4 - — Laser room: Laser(1)

P
\l | I Shhtttaue

| T

l, II e ,‘,“l ; — Main suspensions: ITMX(1-2), ITMY(1-2), ETMX(1-2), ETMY
5y = ' (1-2)
I e [ Raw data storage at site for Imonth long: 100TB

Data storage for iLCGT (analysis, commissioning): 500TB
Data storage for bLCGT: 1PB/year?, not funded

' Needs to make a channel list from all subgroups

Needs whole network design

Needs network wiring diagram, rack position, rack
equipment list
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70 GBytehour
TFlops
. 30 PByte

| client
pre-proces /

calibration »  Main Server client

IF digital SETYET (4
Main client
control data Storage (disk or tape)

underground Kamioka facility Kashiwa I

Data Sharing

Computing platform and Network
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LEGT o o A5 km
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aLIGO

~ 2016

Hanford 2
Livingstone 1

4 km
) 306 Mpc

RSE

2nd-generation detectors 3" generation

Ad. VIRGO LCGT ET
= 2016 ~ 2017 ~ 2021
Pisa 1 . Kamioka 1 3

3 km 3 km 10 km
243 Mpc 273 Mpc (2 3 Gpc

- RSE RSE RSEXylophone




LCGT :

TAMA CLIO

2010 -

2011
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