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LCGT (Large-scale Cryogenic Gravitational-wave Telescope)
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- Baseline length: 3km .
- High-power Interferometer
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- Mirror temperature: 20K
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- 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

N

«220km away from Tokyo
+1000m underground from

the top of the mountain.
(Near Super Kamiokande)
«360m altitude
A *Hard rock of Hida gneiss
Landsat phot

NASA altitude dat: | ! oo (5 [km/sec] sound speed)
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GEO-HF (GER-UK)| . . LCGT(JPN)

o | A | y baseline 600m
Adv.VIRGO (ITA-FRA) ‘
baseline 3km
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3rd-generation detector : ET (Einstein Telescope)

B : ESIC—HTOME, 20265 HBRIBLA.
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LIGO
Enhanced
=LIGO

2010
- Advanced
2015
2020
2025

TAMA/ CLIO

@

J;CGT

Advanced >
Virgo :
- S

ET

. 1st Generation detector

Obs. range: ~20Mpc
Rate: 10 — 102 event/yr

> EBLIAUb, LIRfE

-2nd Generation detector
Obs. Range: ~200Mpc
Rate: ~10 event/yr -

> ERGRE, XE9E

| *3rd Generation detector

Obs. Range ~3 Gpc
Dairy detection
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10—° g 10-12:LCGT site (Kamioka, Gifu)
0 Zgeis ~ 12 [m/sqrtHz] =
0 107
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Frequency [Hz]
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Input/Output Optics
- Beam Cleaning and stab.
- Modulator, Isolator
- Fixed pre-mode cleaner
- Suspended mode cleaner
Length 26 m, Finesse 500

- Output MC
- Photo detector

Power -
~180 W

Laser

Laser Source
- Wavelength 1064 nm
- Output power 180 W
ngh power MOPA

Main Interferometer
- 3 km arm cavities
- RSE with power recycling
DC readout scheme
- Cryogenic test masses
Sapphire, 20K
‘Type-A’ vibration isolator
Cryostat + Cryo-cooler
- Room-temp. Core optics
(BS, PRM, SEM, ...)

ETM

Y-arm cavity

IT™™

Power ~400 kW

N ITM ETM

‘Power-recycling X-arm cavity
Gain ~11 Lfe_ngth 3,000 m
Finesse 1,550 °
RSE: (Resonant
sideband Extraction)
Signal-band Gain ~15
SEM

Detuned RSE
(Variable tuning)
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-.—' \ Cryostat

Cryo-

payload -1k
d oSS
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mirror
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;oW 2BEIE

& BE 7m
RS EX 5m
T8B B 8m

COFLARE YN BEFR
- 545z - d>2.4m, m& 3.8m

- ZEDTmE—IVE (80K, 8K)

- AR OB SPT. SR
1st stage 36 W at 50K
2nd stage 0.9 W at 4K
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EBFBHELTORIE. ol
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2011 2012 2013 214 2015 2016 2017

3 D NDi1iz 3[di5i5;
iLCGT

0i0 2014 209
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llllllll ] ]
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ILCGT configuration
- Room-temp. test masses

suspended by Type-C’ isolators

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

MC

Type-C’ system
- Test mass and
Core optics (BS, FM;,..)
Silica, 10kg, 290K
m - Seismic isolator

o

Stack + Type-B Payload

ETM

Y-arm

IT™

(No SEM)

| Cryogenic system test
- Cryostat + Rad. shield duct

- Cryo-cooler

- Cryogenic payload (optional)

Cryostat + Shorter arm
Type-C' isolator  length by 56m

X-arm

™ ETM

AX

'/ Type-A isolator

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

IP + GASF + Payload




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

BS X-arm . :

IT™M ETM

Y-arm

MC

°

Type-C system

SEM Type-B system

- Core optics (BS, RM,...)
Silica, 1kg, 290K Silica, 10kg, 290K

- IP + GASF + Payload
u s plackApayload | - Stack for aux. optics

- Mode cleaner
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LCGTh/RIIVERET

®  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).
® Almost all arm tunnels.

Al ) \
| 41388, 7m ‘ (,_,\
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o R=—IR—hESFhoT _\f;‘)UIIJ

> 4
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ZEA4-17FF
=Sl L, [_%3 I‘_"D A D
"
village #

New Sakonishi entrance
| 840m(690m+ +440m)
2 \\\ ;

ﬁi)
ew AtetsteEentrance

9 470m
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-RSEF#HEtA (Resonant-Sideband Extraction)

RATIV) T BEICEREEMN
- BBl IT™M . B R 3kmo) Fabry-PerotiRZBE 1B AL
- AHEBIC PRM : FHEHADEXEZIBRKSES.
- HSTERIC SEM : S BLHSESHAEIYET.
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- RARRBEH EETE. & . I
- Eﬂiﬂ“ﬁ%l:ﬁﬁb'(ﬁﬁ{bb‘ﬂﬁﬁ " Recycling Mirror e~ ractior\Mirror

‘ Photo Detector
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LCGTRM®IE : A 180W @) Nd:YAG L—H—
MOPA (Master Oscillator Power Amplifier) 753%

Solid-state laser modules

~— »
- Output T 8OW |
VAR—L—H— ! Bl — 727
Nd:YAG, 500mW ; Master @ = - hiRES 2—JV 50W
NPROHECEWI/_'U‘_ NPRO(500mW) MEWHLTJ'T
e _é- @ 40W
/I—
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- ERMREHEERE, 11055 R iE.
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- MERELRE > BlHzE:S.
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Innolight NPRO
Mephisto 2000NE
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Ay : / i e _Powerdrift .
Quariz rotator LA\ LG by —-measurement------

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

Slave Laser

time [hour]
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Plus tube type cryo-cooler
with anti-vibration stage

Vacuum o very high pure
aIummum thermal conductor /

—— Cryo-cooler ON
—— Cryo-cooler OFF
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-CLIOZ WVl RESEICERET.
> N7 — VRN ERIB L EDFMIREHETT.
- P2ab—2a FICE BT (ICRR).
T 20125 &KV EHEER.

: Connactlon to SAS

ate valve
Shield duct §800

Shield duct 800 Gale valve

Leves wibralico

cryetooler unit

Lu::':l.r vibration
cryacndler unit
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- BT 74Y T 74 IN—BE (KEK, U-Tokyo)
- A—F4L I OBME (ICRR, KEK)

EZMME

2011$ﬂ$7¢

mﬁ $EME%§H//$/7A (2011£.=.9FJ 17E| aAgujc+)
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Room-temp.
= Vacuum tank
TR |

=l
1..’(._,'!

E; 2nd floor

".

*TAMA300IcE A Eh 7z
TAMA-SASE B & |82t
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Vacuum

-BREROTOMMITRBRETH.
- Pre-isolator (ICRR)

- BEALO—K (NAO))

I:Ieiqht 13m‘ |

20126 LUTAMAY AR T _
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THHEE 728 R

TRV AT L
- FHEHOREET—20OMB -8R - 5 [GOLAZEDOIRFL
ADC/DAC, 7FR770/PIVRER S | 1GOOI ADEECLIOTEEESHER.
AT MVRI#ERERINT -V EE. SEER|ICSEY M EEE.
Fast loop : 16 kHz, 64channel .

[ e

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

ML l-‘ ) — Front room: length(1), WFS(1-2), auxiliary(1), network(1-2)
E - 3 — Laser room: Laser(1)

o R,
ey

| )
lv ll = s | 1mwe — Main suspensions: ITMX(1-2), ITMY(1-2), ETMX(1-2), ETMY
—— l T (1-2)
I e —— L 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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- T—HNOEERERE
- T2MER . THHEEATLERS.
- HEHERR T, AIRIBERT ).
- FHEBHARRTT —2DORECHFIR.

F—%L—b : 70 GByte/hour
ESTEMIEEES) : ¥ TFlops.
AREE : 30 PByte

- ERIR A=V T, Biath.

| client

pre-proces /
calibration »  Main Server client

—~

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

Kamioka facility Kashiwa I

underground

Data Sharing

Computing platform and Network
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- LCGTORIC-THRIE, BHE 1.5 km

- R IVRBREEAVTRARRRELL.
- EHBE 107
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_LCGTOBEMA

FELMERCREIRARE @I%Eﬂzlllﬁ&ﬁ;ﬁﬁ
aLIGO ¥ Ad.VIRGOL FIZ ER¥EILI EDEARESIRE

10 TAMA limit| Xh3TREMAHYIET .

NEBERHIEE }

Noise level [1/Hz'?]




;ﬁﬂﬂaﬁtwﬂsﬂ :

2nd-generation detectors 3" generation

- alIGO - Ad.VIRGO LCGT ET
2RISR ~ 2016 SR ~ 2017 ~ 2026
TN ) Hanfotrﬂcle: 28 .*H-"J: #T %

Livingstone 14 P\ IE: S 38
HigR 4 km 3 km 3 km 10 km
gLy 306 Mpc 243 Mpc 273 Mpc (*2) 3 Gpc '
FiEstAR RSEIL 15k RSEFR 15k RSER] 25 T 1gk RSE Xylophone
BREEOER o comome E&t &
i 3 EEMER  EOBER  EOBER  BHNER

(*1) MEPE T AKRRICHT SWATHEER, BEAF, BEFRE, SNR>8.
(*2) s, REOEMERSEHSNTHY, EEOAREMAHS.
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LCGT : 7ayz/hhithEork

BRI mT sERRRE 200Mpckl.k > FRMEILI_ EOERIRE.
-BHAOERFELSIC B2 OB RINT—V %R

O EHRETEOFHEIUEL

LCGTTIE, 5 ICTEBRETTHEIH X DR REE.
EiRT ST, T Uh

iRt &R FE
*TAMA & CLIO BENEER - RFEEHML TERETL.
SBT/OR 7R 32l —a kB EEMERET - RETHET .
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