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(Large Cryogenic Gravitational-wave Telescope)

[CEBMHDOEELE.
- H<S KAGRA

- —RABEINFZRBORHS
RAREICLIBEZTELSTRE
BEZER: (ExXR-MIFEFEZA)

- H<S (HFE) : MICTE TSR0,

- AcronymTId &0 Y,
KA (Kamioka) + GRA (Gravitational Wave Antenna)
DEXREVEHS.

?&i%i (2012$3HlZE R?B*ah)



ree o 14 [ " b pba k10 D0 5.8 s s ot o 16 DCB0 4 4 6.1 s dtiun s anh 14 DALH0 4 4 5.4 % ¢

iJ\("b (KAG RA)
(LCGT: Large-scale grngenic 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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3rd-generation detector : ET (Einstein Telescope)
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US 3rd generation
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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, KAGRA
Geophysics

Strain meter

«220km away from Tokyo
+1000m underground from

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

NASA altitude dat: | Vo3 o ' (5 [km/sec] sound speed)
Cashmir 3D - _
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®  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).

o &) ® Almost all arm tunnels.
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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

Input
Bench

Power -
~180 W

Laser

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

LR A " R e

ISILY; Po dvup psoph 18 Thlpa i oy .

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
s - Room-temp. Core optics
| (BS, PRM, SEM, ...)

ETM

Y-arm cavity

Power ~400 kW

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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payload ==k
| SR, o e
Sapphire S
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RS EX 5m
T8B B 8m

COSLARE YN BET
- Bz . ©2.4m, BZ 3.8m
- ZEOBRHA -V (80K, 8K)
- AR OB SPT. SR
1st stage 36 W at 50K
2nd stage 0.9 W at 4K
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KAGRA Vacuum duct

T T T T T T T R T T S S TR L S TR T,

RPN 14 62 0 4 an o PR TACHS 14 62 10 4 s Bebasd PR TR0 14 62 P 4

12-m ducts are being delivered: ~100 of 500 ducts
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LCGT Vacuum System
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Presentation
By Y.Saito (KEK)
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Ribs inside cryostat Welding on the connection port
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Connection port
to cryo-cooler unit
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Pipes

at Toshiba Keihin Factory
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Plus tube type cryo-cooler
with anti-vibration stage .

Vacuum o very high pure
¢ aluminum thermal conductor ’
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Tunnel and Facility Type-A+Cryo
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BLARE KR (TOBA: Torsion-Bar Antenna)
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Synghronous
interferometers|
This work

— - Phase-I
Doppler tracking
by Cassini

Bar detectors
= Phase-tt
CMB and BBN

Matter spectra Pulsar  Phasedll | LIGO
COBE timing

-18 -16 -14 -12 -10 -8 -6 -4 -

log(f)

ew Letters

A.Shoda GWPAW Poster Award (2010) LE
. Phys. Rev. Lett.5& Highlights8 & (April 2011)
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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)

| Cryogenic system test

- Cryostat + Rad. shield duct
- Cryo-cooler
- Cryogenic payload (optional)

ETM

Y-arm

™ Cryostat + Shorter arm

| Type-C' isolator ~ length by 56m
MC
X-arm

" ITM ETM

AX

o

Type-C’ system R <) Type-A isolator | 1
- Test mass and full-system test
Core optics (BS, FM;,..) - Room-temp. test
Silica, 10kg, 290K ~ Sapphire (?), 30kg, 290K
8 - Seismic isolator - Tall seismic isolator
Stack + Type-B Payload/, IP + GASF + Payload

#&i%i (2012$3HIZE Riﬂ*aL)



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

‘ IT™ ﬁ . v
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

#&i%i (2012$3HIZE R?B*QL)
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MY
MX o N
l y 3000 m \
- 00"~ 4y
i

/IGASF + |-Pendulum + cryogenic//

- B0 1208 2 R1EFA.
2aMATINTERETE.

- ERERERH
> BEHRICho=ghEr  RIVICIRE.

- ﬁbe Weldlng /
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EBERBICER BTN AL, g | L
- BEHEBBTIREEAMNICER. 0 o ‘\ g
> EBOAHICE>TUA. Test Mass ff LA
- 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 Power Amplifier ow .
719—l/_ﬂ._ Fiber laser amziﬂers E‘*b_ﬂ;_Tyj

Nd:YAG, 500mW ; Master @ on - hiRES 2—JV 50W

NPROHECEWI/_'U‘_ NPRO(500mW) ﬂﬂﬁlﬁﬂiﬂﬁiﬁ

T _é- @ 40W - —
/I—
o 7PAIN=T T
hIRE Y a—Jb 40W

BE-F, REERE
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Mephisto 2000NE

o
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o
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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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Acheved Pressure [T
- 100m Arm -

6X10°° Pa ¢

by a 800 litter Turb

- Cryostat - =,
2x10°°Pa JEAS
by Cryostat itself......

. { ]( ()‘]””] )\\ ',, & & % vtk - % 45678 2 3 456787 2 3 15 - Uchi
=gt ‘.~ Liﬁ} < 7 2, N T ! requency [Hz] gxggx%io
CLIO :.100-m cryogenic interferometer
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2" floor
¥ T
Cryostat Drawn by S. Koike (KEK) e “
S’Falnless steel t20mm L P,
Diameter 2.4m ~ Tube -
Height ~3.8m Cemote val SUBEAL S
M ~ 10 ton emote valve )

13
Height 13m =

dl ‘f*_-/

Sapphire " . o
mirror ~/."'
oo ll e e
%) (C? ~ 15t floor
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Plus tube type cryo-cooler
with anti-vibration stage .

Vacuum o very high pure
¢ aluminum thermal conductor ’

=TIV
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> N7 — VRN ERIB L EDFMIREHETT.
- P2ab—2a FICE BT (ICRR).
T 20125 &KV EHEER.

! Connaction ta 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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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)
o - - — Laser room: Laser(1)

.
< —-Dmam_mnu.(.

R

— Main suspensions: ITMX(1-2), ITMY(1-2), ETMX(1-2), ETMY
(1-2)

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

HERRES (2012538120, WK F)
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- T—HNOEERERE
- T2MER . THHEEATLERS.
- #HEBEER T, RIMIBERT V.
- 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)

underground Kamioka facility Kashiwa I

Data Sharing

Computing platform and Network
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Schedule

T T T T T e T T TR e T T S TR L S LT TR T e T R T T S TR T I S S TR T I T S TR e T

2011 2012 2013 2014 20015 2016 2017

LM L LD L

| [RSE2 | | | |
Cryogenic IFO | |
[ |
> _ —
iLCGT laser preparation Installation. DLCGT laser
and operation ~ operation & c -2 o
09 §&S 5.
. : o 2.9 8=
MC installation Qo g‘@’ B3
and operation G O -
P Room-temperature = 2 & 99 @2
- - - r_U — Q rU
IFO commissioning = = o

N N
7 7

iILCGT commissioning RSE implementation
—_—

v
Vv
Vv

Cryogenic full system

Cryostat + Cryo-payload installation and shakedown

Prototype test

T T T T T T T e T T TR e e T S TR e S LT TR T mmmmmmmmm

BERRE (2012434 12EI, RMKE)




Observatlon runs

-Step-by-step commissioning plan |
- Observation or engineering run is planed at each step.
- Test of full detector system including a data-processing.
- Detector characterization on long-term stability.
- Development of data-analysis pipelines.

Observable range for NS binary inspiral  Fundamental noise limit
iLCGT | 29 Mpc  FPM, Low power, 10kg Silica, Temp: 300K
Half cryogenic = 89 Mpc - RSE, Low power, 10kg Silica, Temp: 20K + ?;OOK‘
Final bLCGT 273 Mpc  RSE, High power, 30kg Sapphire, Temp: 20K
(Source at optimal direction, Threshold : SNR 8)

-Tight schedule
- First priority is to operate LCGT with the final configuration.
- Refrain from spending too much time for the intermediate runs.

ﬂi%i (2012$3HIZE R#B*ah)



Sensitivity
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— Half-cool (20W, RSE)
—— bLCGT

10"

10° 10° 10*
Frequency (Hz)

By K.Somiya
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Network of multiple GW detectors

Detection
Increase : Detection rate, Detection volume, Sky coverage.
Reduce : Fake events, Event-detection threshold.

* Astrophysics
Increase : Sky position precision of the source,
‘Waveform reconstruction.

Multi-messenger astrophysics

GW source can be central engines of high-energy phenomena
Stellar core collapse, compact binary merger, pulsar, ....
- Coordinated observation with other telescopes
Gamma-ray, X-ray, optical/IR, Radio, Neutrino, ....
- Triggered search: Other obs. >.GW search
- Follow-up search: GW detection - Other telescopes




Increase of detectlon rate

Increase detection probability

- Increase of sky and time coverage.
- Decrease of fakes by coincidence analysis.
- Increase the detection probability

3 LIGO + VIRGO 3 LIGO + VIRGO + LCGT

Sky-coverage pattern
(0.707 of max. range)

B.Schutz
arXiv:1102.5421

HERRES (20125634120, EBXE)



Network Observation

LCGT will be one of key stations
in the world-wide observation network

*Detection
Increase : Triple-detection rate, Detection volume..
Reduce : Fake events, Event-detection threshold.

*Astrophysics .
Increase : Sky coverage, Directional precision.
Waveform reconstruction.

3 LIGO + VIRGO 3 LIGO + VIRGO + LCGT

Sky-coverage pattern
(0.707 of max. range)

B.Schutz
arXiv:1102.5421

HERRES (20125634120, EBXE)



Parameter estimation

Angular resolution for the source
By H. Tagoshi

H: LIGO--Hanford
average of 8Q [Deg?] 34.4 726 420  2.78 7 blifg%"JL_'VL'E%STtO”

median of 6Q [Deg?] 10.8 3.54 2.20 1.46 A: LIGO--Australia

B ". - _-_ . . — — U
30° o ; . o e S e
e Verer ol : . VR b
: ‘ ; z / """""" \
[ ‘ﬁbﬁz%-go 5033 B ) gzo‘ns&
Ao %% ‘/, n : e ') '
, ‘ t O g O S.Fairhaurst
n NS S0 2 CQG 28(2011) 105021

Adding LCGT to (aLIGO + adv. VIRGO) network
- Factor ~3-4 improvement in sky area

-

aiﬁi (2012£E3E 12EI, Eilbt#)
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One of key observatories in global network

Increase detection rate and scientific outcomes

Advanced technologies

Advanced technologies used for 379-generation detectors.
Cryogenics, underground site

- LCGT is considered as a 2.5-generation detector.

aiﬁi (2012£E3E 12EI, Eilbt#)



Conclusion

LCGT project has started. But we have serious
problems in our country.

We will do our best for life of people and science.

We already receive kind supports.
We greatly appreciate them!

HERRES (20125634120, EBXE)
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Signal duration

Short (bursts)

Long (stationary)

-

Known

Pulsar, LMXB
- Continuous

- Chirp wave, .
Ringdown wave

Waveform

c

=

o

c

z

5’ Soft gamma-

| Stellar core ~ gre s Stochastic

collapse g background
? burst wave - Random wave
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Primary purpose of LCGT : Detection of GW
- First target : Neutron-star binary inspirals

C> Obs. Range 270Mpc

(SNR=8, Optimal sky pos. an pol.)

10 -

-
|
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=]
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|

ObservableRange

LCGT detection range 8] -
E Detection Range (with optimal direction, SHR=8) E '5‘
] for CEC for BH QONM =4 o]
c =mm VRSE-D mmm VRSE-D
£ == VRSE-E mmm VRSE-E
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F—HE ZEEPEFESHEISOENRORE
3 | P
Sensitivity curve 2> 120 Mpc  (SNR 8, ik LD (iIE - ik F19)
SR DEIZRE K :
p=12x10"2 [Mpc™3] STy
R BI=NDL R —D:
R — 83O+62g911 [eventS/Myl’] V. Kalogera et.al.,

ApJ, 601 L179 (2004)

= . LCGTO@HL—b 6.9 events/yr

2Ofh: ERERR, /NY—, BREAE

T v
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Neutron-star binary inspirals events

Observable range
sensitivity curve > 270 Mpc

Galaxy number density :

p=12x10"% [Mpc™3]  LEGEEEGS
Event rate :

R=1 18+174[events /Myr] " ap3, 601 1179 (2000

Kim et al. (2008)

C> . LCGT Detection rate 9.8 events/yr

BERRE (2012538120, HIMKE)
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TAMA300 (1995~)
GW detector with a baseline of 300m

Sensitivity to cover our galaxy
~ (World best in 2000-2002)
Earlier observation runs
(Obs. data over 3000hours)

CLIO (2002~)

Cryogenic interferometer (Kamioka)
with 100m baseline length

Stable operation taking
advantage pf underground site
Cryogenic operation below 20K

| Laser: '\J(I\ AG !

cheved Pressure P

- 100m Arm -
6X10° 5 Pa 1
by a 800 litter Turbils

sy - Cryostat -
Ll 2X10°%Pa

by Cryostat itself

Vo Improved sen5|t|V|ty & [1064nm, 2w R
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Detectlon probablhty
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Probability to detect IZ> Success probability

at least one event _ of the LCGT project
In one-year observation

-
o

90% probability
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e CLI@Qamioka, Gifu ~500km away from epicenter)

*Two people (Miyakawa, Saito)

T > ;
were working at CLIO site. ‘ e
- did not noticed the shake. 5 g Vg
*MC couldn’t be kept locked more B
than a few seconds. This
condition continues >1 hour. (Epicenter
ELIO & (¥ ' a0®
(Kamioka)' '
*No serious damages: e A
mirror, suspension, ' SR, ey
TAMA
cryostat system, vacuum system.| - - (Tokyo)

Small misalighment in
suspended optics.
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e TAMANAOJ, Tokyo ~400km away from epicenter)

Serious damages in

_Acceleromater

suspensions and mirrors. 77 -l

'g_}n__-A L Y LVDT
A T v -

Three TMs fell onto breadboard. A Y P,

> 1l 2 _-Vertical Filter
e . |-

e E— . Monolithic GAS

Inverted Pendulum Leg F e | —-—
e »‘—\!, —— |
f\t = | > =

- ~— _.'. - Platform
1T -:I —‘Il. < L Intermediate Stage
A e -
. - -
=X P

k i } _+-Raecoil-mass

S ~Payload

{ -

| 2/ o
Test-mass (mirror) — "y
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Main Concerns

WL

Personal point of view
*Tight schedule, under-estimated cost

Excavation takes ~2 years
Short commissioning period for iLCGT

-Vibration isolation tuning
14 isolators needed in early period

*Cryogenic suspension
Coupling from vertical DoF

*Sapphire substrate
with good optical properties

Thermal noise of mirror coating

BERRS (2012938120, HBAYE)
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Organization of LCGT during construction

LCGT Council Pl Program Advisory Board
(Directors of ICRR, (T.Kajita) (from LIGO, Virgo, GEO, NAQJ,
KEK, and NAOJ, and KEK, Universities)
LCGT collab.)

Executive Committee Executive support group

(K.Kuroda, |.Nakatani,
M. Ohashi, S.Kawamura,
M. Ando, N. Mio)

______________________

Sub working group 1 Sub working group 2 Fewnnn |

14 subsystems

Tunnel, Facility, Vacuum, Vibration Isolation, Cryogenics,
Main interferometer, Input/Output optics, Laser, Mirror,
Data analysis, Digital system, Analog electronics,
Detector coanguratlon, Geophysms mterferometer

ﬂiﬁﬂ (ZOIZEBE IZE, Eﬂ*#)



Design Reviews

Internal review

- Review design, schedule, etc. of each subsystém
by the subsystem leaders, Ando, and Kawamura
- We had 15 internal reviews for the last three months

*External review < 2/28 - 3/4, summary report 3/12

- Review design, schedule, etc. of each subsystem
by external experts in the GW field
- The most important review
for the technical aspects of LCGT
Special thanks to Reviewers:
M.Zucker (chair), S.Ballmer, A.Bertolini,
R.Flaminio, A.Freise, W.Johnson D.Ottaway, B.Willke

*Program advisory board

- Review management, progress, design, etc. of LCGT |
by senior (management) people in the GW and neighboring fields
- The first PAB will be held in June

?&i%i (2012$3HlZE R?B*ah)



Internatlonal CoIIaboratlons A

'Wlth LIGO Iaboratory
Attachment agreed under existing MOU between ICRR
(represents LCGT Collaboration) and LIGO laboratory.
> Manpower, software & technique exchanged, Mirror
with VIRGO
MOU with Attachment between VIRGO
(EGO + Virgo Collaboration) and ICRR was signhed.
with GEO
MOU between ICRR and GEO people is also conceived.
with ET
Collaboration with ET > Cooperative research
on cryogenics and vibration isolation.
with SUCA (China)
MOU between ICRR and Shanghai Normal Umver5|ty,
SUCA is on the process of agreement.
with Korea
CoIIaboratlon W|th Korean researchers Is concelved :

?&i%i (2012$3HIZE Rm*-})



- By the way...

LCGT will have a new Nickname soon...

-Invite candidates from the public
- => over 600 applications (already closed)
*Naming committee with 6 peoples :
Chair: Y. Ogawa (Novelist)
*Will be announced in a few month (?)

&iﬁ!& (2012£E3E 12EI, ﬁilbt#)



Start of LCGT pro;ect

LCGT project was selected by |
the ‘Facility for the advanced researches’
program of MEXT (June 2010).

Construction cost is partially approved:
9.8 BYen for first 3-year construction.
(Original request: 15.5 BYen for 7 years.)

In addition, request for excavation cost
was almost approved.

Baseline design is not changed:
Requesting the additional cost for
full construction of LCGT.

?&i%i% (2012£.=.3ﬁ iZE, ﬁalwc#)
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g LCGmterferometer o

High-power RSE interferometer with cryogenic mirrors

Resonant-Sideband Extraction
Input carrier power : >85W
DC readout
PRC, SEC :Folded for stability

Main IFO mirror
20K, 30kg (®250mm, t150mm)
Mech. Loss : 108
Opt. Absorption 20ppm/cm

Suspension
Sapphire fiber 16K
Mech. Loss : 2x107

R ETM2
Rf=0.99995
L Sapphire
Y-arm cavity =  Temp.: 20K
! ITM2
L | Sapphire )
PRM Temp.: 20K X-arm cavity
Fused Silica Length: 3000 m
Temp.: 300k BS Finesse: 1550
75W I | @. I |
soow |1 M1 ppvower  ETML
= ~400kW
I SEM
l IFO output

aiﬁi (2012£E3E 12EI, Eilbt#)



Mam parameters

Detector parameters

Laser
Nd:YAG laser (1064nm) Sapphire substrate
Master Laser + Power Amplifier + mirror coating
Power : 180 W Diameter : 25cm
Thickness : 15cm
Main Interferometer - Mass : 30 kg
Broad band RSE configuration Absorption Loss : 20ppm/cm
Baseline length : 3km Temperature : :
Beam Radius : 3-5cm Q=108
Arm cavity Finesse: 1550 Loss of coating: 104
Power Recycling Gain : 11
Signal Band Gain : 15
Stored Power : 771kW Suspension + heat link
Signal band : 230Hz with 4 Sapphire fibers
Suspension length : 30cm
Vacuum system Fiber diameter : 1.6mm
Beam duct diameter : 80cm ‘Temperature :
Pressure : 107 Pa Q of final suspension : 108

Hi%i (2012$3HIZE R#B*ah)



Mam Interferometer (1/2)
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LCGT Main interferometer

«Sufficient sensitivity and stability to detect GWs
Inspiral range >250Mpc (Optlmal direction and polarization, SNR>8)
Duty cycle > 90%

(.Optical design «Central interferometer >
Dual-recycled Fabry-Perot-Michelson Power recycling gain : ~11
interferometer in RSE mode Signal band gain - ~v15
Variable RSE between PRM, SEM ROC : 300m
Detuned and Broadband operation Folded cavities for stability
Inspiral range : 275Mpc Length : 66.62m '
Arm cavity ROC: -3.251m, 27.26m
Baseline length : 3000 m Gouy phase shift : 20deg
Sapphire test masses MI Asymmetry : 3.33 m
at cryogenic temperature of 20K RF sideband condition
Finesse : 1546 f1 (PM 16.875 MHz)
ITM reflectivity : 99.6% Resonant with PRC-SRC
Round-trip loss < 100ppm f2 (PM 45 MHz) -
Accumulated power: ~400kW/arm Resonant with PRC
ROC : Flat (ITM), 7km (ETM) " Full reflectivity by MI part
g-factor: g,=1,9g,=0.572 f3 (AM 56.25MHz)
- Beam size: 3.43cm (ITM), 4.53cm (ETM) Non-resonant to PRC »

HERRES (20125634120, EBXE)



I nterferometer (2 / 2)

*Length signal sensing and control
Frontal modulation
for 5 length DoF for MIF control

Signal port UGF

DARM ASDC 200 Hz
CARM REFL 11 10 kHz
MICH REFL 1Q 10 Hz
PRCL POP 21 50 Hz
SRCL POP 11 50 Hz
Feed forward gain : 100
Non-linear factor 10° m1

PD dynamic range : 160dB
Variable RSE by SRC tuning :
Offset addition to control signal

«Alignment signal sensing and control
Wave front sensing and optical lever
Details : TBD

*Lock acquisition
Pre-lock of arm cavities with
auxiliary green laser beams
Beam injection from
folding mirrors in PRC and SEC
Arm finesse to green beam : ~10

Third-harmonic demodulation
(Beat between 2*f1 and f1)

Non-resonant sideband

YIS pne
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LCGT underground site

Ikenoyama mountain . >200m from the ground level
Tunnel tilt: 1/300 for natural water drain
(Experimental rooms : leveled)

*Location
Latitude 36 deg N, Longitude 137 deg E
Height : 372 m above the sea level
Arm direction: X-arm 300 deg, Y-arm 30.deg (from North)
- height difference of 20m between X and Y end rooms
*3 access tunnels from the ground level
2 water drain points
*Arm tunnels Test mass area
Excavation by TBM 20mx 12 mroom
(Tunnel Bowling Machine) 2 layer structure
Tunnel Width 4m, Height 3.8m 1st floor height 8m
«Experimental rooms 2"d floor height 7m
Center and end rooms 5m bedrock between them
Excavation by NATM 130m approach tunnel for 2"d floor
(New Australian Tunneling Method)
Height: 4.2 m

Hiﬁ!& (2012£E3E 12EI, Eﬂk#)




Vacuum

LCGT vacuum system

Vacuum pressure : < 1x107 Pa € Ion pump lifetime (5 years)
< 2x107 Pa & Residual gas noise (safety margin 10)
Scattered light suppression

a8 Chamber (14 chambers) ' 3
*Beam tube for two 3km arms " 4 chambers with cryogenic system
Diameter : 0.8 m Diameter @ 2.4 m
Material : Stainless steel Type-A vibration isolation for test mass
Outgasrate: 103 Pa-m/s Aluminum-coated PET (polyethylene
Inner surface : Electro polishing terephtalate) for thermal insulation
Pre-baking and dry-air seal 7 chambers (BS, PRM, SEM, folding)
before installation Diameter : 1.5 m (2 m for BS)
Flange Connection of Type-B vibration isolation
500 tubes with 12-m length 3 chambers (MC, PD)
Diameter : 2m

*Optical baffle

500 optical baffles at every 12-m
inside the vacuum tube  -Pumping system

Diamond-like Carbon (DLC) coating Every 100m along the tube

Height : 40 mm Pumping unit with

(Saw-tooth edge, 45deg. tilted) dry-pump + TMP + ion-pump

Type-C vibration isolation

-

HERRES (20125634120, EBXE)
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Cryogemcs
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Cryogenic System for test-mass mirror

Temperature of test mass : 20 K
Avoid excess vibration and mirror contamination

4 ) B
TgitoP;?:r:r ii;etl:ise(:;al conduction shajsydtion cryocooler
Sapphire suspension from upper mass s DS Shyoeopler
Cooling power : 1 W _ Co!d head temperature : 4 K
4 sapphire fibers Vibration isolated cold _head
Diameter : $1.6 mm Separatefl valve unit
Length: 300 mm Flexible link to heat bath
P ¢ . Rigid frame for supporting stage
Heat link : pure Aluminum (6N) wires
(Upper Mass — CM — Cryo-shield) - ' coustic shield
Compressor placed in a separated
*Cryostat room with acoustic shield
Vacuum chamber with
cryo-shield (radiation shield) *Shield duct
Access to inside from both sides to avoid incoming residual gas
Mechanical resonance >30 Hz and thermal radiation
Inner shield : 10 K, 2W Length : 20 m (TBD)
Outer shield : 80 K, 90W Diameter: ¢500 mm,t 10 mm
Insulator: Low-outgas MLI (or SI) Baffle aperture: $250 mm
Size : 1990 x 1220 x 1500? mm Temperature : 65 - 77 K
o Mechanical resonance > 22 Hz Cryocooler: 50K, 150W 5

HERRES (20125634120, EBXE)



Vibration Isolatlon (1/ p))
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Vibration isolation system ;
*Reduce the seismic noise level below optical-readout noise at 10 Hz
Displacement noise < 4x10-2° m/Hz1/2 at 10Hz,
Residual RMS fluctuation < 0.1ym, < 0.1 um/s

/-Type-A system for cryogenic test mass
Low-frequency, multi-stage
vibration-isolation system
with cryogenic compatibility

Cryogenic Payload
3-stage suspension (PF-IM-TM)

Test mass (TM)
Sapphire mirror, Temp: 20K .

Room-temperature isolator part ‘Weight : 30kg
Pre-Isolator Recoil mass (RM) for actuation
Inverted Pendulum (IP) and GASF Intermediate mass (IM)

IP Length : 50 cm Suspend TM with sapphire fibers
Resonant frequency : 30mHz Damping from Magnet Box (MB)

Sensor : 4 Geophones (L4-C), 4 LvDTs Platform (PF)
Actuator : Magnet-coil Suspended from room-temp.
Stepping motor, Pico motor part by a single wire with
GAS (Geometric Anti-Spring) filter low-thermal conductivity
3-stage filters Actuated from CB (Control box)
suspended by a single wire Heat link .
Resonant frequency : ~ 350 mHz Pure Aluminum wire

Yaw-mode damping onto the first stage Link between
\_ : IM-PF and PF-Radiation shield )

HERRES (20125634120, EBXE)




Vibration Isolatlon (2/ p))
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*Type-B system for room-temp. optics -Type-C system
Low-frequency, multi-stage Double pendulum on
vibration-isolation system. Multi-layer stacks
Used for BS, PRM, SEM, Folding mirrors Used for MC, PD
Based on TAMA-SAS Based on original TAMA isolation

Suspended optics : 1kg
Pre-Isolator

Inverted Pendulum (IP) and GASF Multi-layer stack

IP Length : 50 cm

Resonant frequency : 30mHz Double pendulum

Sensor : 4 Geophones (L4-C), 4 LVDTs | —

Actuator : Magnet-coil
Stepping motor, Pico motor
GAS (Geometric Anti-Spring) filter
Vertical filter
suspended by a single wire
Resonant frequency : ~ 350 mHz
Yaw-mode damping
Payload
3-stage suspensmn (PF-IM-TM)

Test-mass weight : 10kg
O : \/

HERRES (20125634120, EBXE)




High-power and stable laser source

Wavelength : 1064nm
Output Power 180 W
Single mode, Linear polarization
Line width < a few kHz
Frequency noise
Freq: Control band ~ 1 MHz
Intensity noise
Int. control band > 100 kHz

< 100 Hz/Hz1/2 (100Hz)

< 104 Hz'1/2 (100H2)

Solid-state laser modules

200w N

Fiber laser amplifiers

(@)

40W

NPRO(500mW)

40W

O

High-power MOPA laser
- Easy assembly and maintenance

*Seed laser

NPRO (Nonplanar Ring Oscillators)
Power 500mW

*Fiber amplifier
Commercial fiber amp.
NUFERN Single Freq. PM amp.

Output power ~40W
Coherent addition with two units

*Solid-state laser module

Side pump + diffusive reflector
Laser module by Mitsubishi

*Frequency stabilization

PZT of the master laser
External wideband 'EOM
Stoichiometric LiNbO;

Intensity stabilization
Current shunt control

on power amplifier

YIS pne
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o CoreOptlcs —

Cryogenic test mass --- Sapphire

Temperature : 20 K
Absorption Loss < 20ppm/cm
Optical loss < 45ppm
Mechanical loss < 108

Room-temp. optics --- Fused Silica

Temperature: 290 K
Absorption Loss < 1lppm/cm
Homogeneity < 107

I Substrate

Diameter : 25cm
Thickness : 15cm
Mass : - 30 kg

ITM: c-axis, ETM: a-plane (TBD)
Heat Exchange Method (HEM)
by Crystal Systems Inc.

*Polish

ROC ITM: Flat, ETM: 7km

ROC Error: 100m (Error 1/40)

Scattering < 30ppm
*Coating

Absorption < 0.5ppm
Mechanical Loss < 104

~ Moderate reflectivity for green beamj

i L
*Main interferometer

(PRM, SEM, Folding Mirror)

- Diameter : 25cm
Thickness : 10cm
Mass : 10 kg

*also used for iLCGT test mass-
AGC or Heraeus (ITM)
LIGO TM substrates (other)

*Beam splitter

Diameter : 38cm
Thickness : 12cm
Mass : - .30 kg
*Input optics (MC, MMT)
Diameter: . 10 cm
Thickness : 3 cm
 EI 0.5kg

Hiﬁ!& (2012£E3E 12EI, Eﬂk#)



Input/ Output Optlcs (1/3)
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Input Opticé between the laser source and the main interferometer

Frequency stability < 3x10-8 Hz/Hz1/2

Intensity stability < 2x10-° Hz1/2

RF intensity noise

Beam jitter :

RF modulation :

< 1x10-° Hz'1/2 (>10MHz)

16.875 MHz 45 MHz (optional 56.25 MHz)
TEM,, power throughput >50 % (?)

p
*Mode Cleaner

Finesse :
FSR :

ROC :

Beam radius :
L X .

Mirror dimension :

Suspended triangle cavity
for spatial MC, reduction of beam jitter,
and freq. stabilization
Transmission of RF sidebands
for main interferometer control
Round-trip length :

53.333 m

~500

5.625 MHz
$100mm, t30mm
Flat (In and Out)
40 m (End)
~2.5mm at waist

Pre Mode Cleaner

Isolator for backward light

J
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Input/Output Optics (2/3)

Input Optics between the laser source and the main interferometer

" Pre Mode Cleaner (PMC)

2 or 3 PMCs in series for
RF noise reduction and spatial MC
Monolithic 4-mirror bow-tie cavity

Roundtrip length: 1.95m
Finesse : 155
Cutoff freq. : 154 MHz

Length control :

PZT (<1kHz) and heat expansion
Spacer material : Aluminum
Placed in air-enclosed case

*Reference cavity
Low-frequency reference at DC - 10Hz
Linear cavity in vacuum,
supported by a vibration isolator

Length : - 15cm
Finesse : . 10°
Cutoff freq. : 50kHz

Spacer material : ULE or Silica

Modulator
RF sidebands for MIF control
16.875 MHz (PM), 45 MHz (PM)
56.25 MHz (AM optional)
Mach-Zender IFO for 2 PMs
EOM: RTP or MgO-doped LINbO;
 4x4 (or 5x5) mm2 for PM '
2x2 mm?2 for ~1MHz control
4x4 mm? for >100kHz control
Crystal length : 20 — 40 mm

«Isolator
Suspended Faraday isolator
between MC and MIF
Details : TBD

*Mode-matching telescope.
Suspended folded telescope
, between MC and MIF
Length : ~5.6 m
Mirror size : $100mm, t30mm
ROC: ~20.6m, 26.1 m

4

I
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| Input/ Output Optlcs (3 / 3) :

Output Optics Othérs
between the main interferometer

and analog electronics R
*Green beam injection

OMC throughput : TBD for lock-acquisition of MIF
Photo detection power : ~100mW Phase-locked to the main beam
e *Output Mode Cleaner 2 Injected to MIF fron? 3
4-mirror bow-tie cavity for | PRC and SEC folding mirror
beam cleaning at dark port -
Round-trip length: 1.52 m (TBD) )
Fneste : 1000 (TBD) *Optical I_ever for test masses
Cutoff freq. : 98 kHz Details TBD
Spacer material : TBD
Actuator and control : TBD
*Output Telescope Laser room facility
for optical benches of laser
*Photo Detection source and input optics
Main PD in vacuum tank Cleanroom: Class TBD
DC/RF PD : Temp. control : +/- 1K
Wave Front Sensor Acoustic shield
.Beam Shutter .

&iﬁ!& (2012£E3E 12EI, ﬁilbt#)



Digital System

LCGT digital observation system

Data acquisition and control system

Observation bandwidth >5 kHz, Dynamicrange >120dB

Control bandwidth > 200 Hz, Signal number > 1024 channels
Observation system

Human interface , Observatory monitor, Detector diagnosis

(2 * «Timing system 2
*Control system _ GPS-based timing distribution system
Network of ~12 real-time systems Ground-level GPS antenna
_ and client workstations > Timing master in the center room
Sampling rate : 16,384 Hz Real-time modules are .
ADC resolution : 16 bit synchronized using 1 PPS signal
Input Recorded with data as IRIG-B format
ADC range : +/-15V Timing accuracy : ???
Signal number : 2048 ch <Environment monitor
Output RT system or
g_AC rlange :: ;{ ’ 1?1 v EPICS-based system (TBD)
i e y Data Storage
Binary Output : 2048 ch Recorded in frame format
DAC/DAC noise . <3 M,\’/HZ]'/2 300 TByte/yeaI‘
Delay < 100 psec (16kHz : 64ch, 2kHz : 512ch,
w e 64Hz : 1024ch, 16 Hz : 10000ch)
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Analog electromcs

Analog electronics

I
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(-DC power supply Photo detector 2
Low-voltage power supply Quantum efficiency > 0.9
Bipolar: 24V DC photo detector for MIF DC readout
Distributed by D-Sub 3W3 Input power : 100 mW
24-to-15 V series regulator PD diameter : 3 mm
High-voltage power supply " RF photo detector
Bias voltage for QPD : 180 V Input power : 100 mW
Power supply for PD diameter : ¢$3 mm
Coll driver, PZT actuator, Frequency : 16.875MHz, 45 MHz
LD driver, TEC driver RF-QPD for wave front sensors (WFS)
-Conditioning filter for digital system AF-QPD for beam position sensing’
Anti-aliasing and Whitening Optical lever sensors
filter for ADCs CCD imaging monitors
Anti-imaging and de-whitening *RF system
filter for DACs Low-noise oscillator
synchronized to 10MHz standard
*High-speed controls RF distributor
High-speed servo, Feedaround, Modulator resonant drlver
Threshold detector for digital I/F Demodulator
Noise level : 1nV/Hz1/2
Actuator drivers Range - 100 mV =

BERRE
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Data Analysis

Data analysis

*DAQ
Data acquisition, low-latency transfer
Data storage
Data characterization

«Analysis
Search for GW signals, and extract scientific outcomes
Cooperate with other GW experiments

/

*Data acquisition and storage
(by digital subsystem)
Raw-data rate : 70 GByte/hour
Data spool storage
at Kamioka > 500 TByte

«Computing platform
Main computing platform at Kashiwa
Computation power > a few TFlops
Software libraries in cooperation

with world-wide network
Distribution of

E ] o n data subset to collaborators
-Calibration and data characterization ,Network observation

Pre-processing for calibrated data Low-latency data processing
Data and detector characterization for follow-up observations
Recorded in frame format GW observatories
at the ICRR Kashiwa site Counterpart observations
Total storage : 30 PByte X-ray, Gamma-ray, Radio afterglow
(™ . Neutrino -

HERRES (20125634120, EBXE)
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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).

S &) Vo ® Almost all arm tunnels.
A PHRERFUIR S

bl
{ A’1 368. 7m

1o @ O hLSF
7 A—R—hEZFhT

NATM pait)

2

KV

Frie s ra T

~)
n ]
village #

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

Tunnel
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Map of LCGT

Center parking

Center front room

Center experiment room A
Center experiment room B
Center experiment room C

¥-front cryostat room

¥ -front V] room(2F)

Front machinery room
Frant V| preparation room (2F)
Y-front cryostat roam
Y-front V1 room(2F)
Approach for frontV| room
Geg-phys X-front

sakenishi front

Sakenishi frent parking
Geo-phys X-end

X-end cubicle room

Mew Sakonishi

X-end cryostat room

X-end V1 room(2F)

¥.-end machinery room
X-end V] preparation reom (21F)
Approach for X-end VI room
X-end experiment room
#-end staff room

Geo-phys Y-front

Geo-phys Y-end

T-end cryostat room

Y-endWl recm(2F)

Y-end machinery room

Y-end V| preparation roam (2F)
Approach for Y-end V| room
f-end experiment room
Cryogenic experiment room
Y-end staff room

Y-end parking

Xarm and Yarm cross perpendicularly
at the center of BS chamber.

3km.

X: (25+2m)from BS - Center of X end cryostat room

¥:{25-2m) fram BS - Center of ¥ end cryostat room
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Tunnel
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X end (2layer)

Test mass tank

)

m\\// NG

| st floor

SAS tank N =

-

/ -. \ N 5 . i service hole for
/ ] | excavation.
%u / \ : Compare with | layer (20x20xH15m)

Floor area : 400m? — 512m?
/ SO 2nd floor Volume : 5140m3 — 2860m?

approach tunnel (130m) Approach tunnel(130m) : 1860m?.

Vertical hole: about 2,500,000Yen.
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Vacuum system
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expected pump-down scheme
to 1 Pa >> few days by dry-pump
to 10-¢ Pa >> 50 hours by TMP
to 107 Pa >> 500 hours by IP
(based on the ougassing rate in test tube)

pumping speed of the unit
100 m3h >> dry-pump
2000 L/s >> TMP

=< 1000 L/s >> IP
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Vacuum system

T T T e T T T T T T e T T e T T e T T e T S e T Tl I T T T T T TR e T T S TR e e LT

110302 VAC (YS)
LCGT Vacuum System

** test product of the tube
*A4-m long tube was manufactured and a half of the inner surface was electro polished.

T

\__/g

o |

P THARIRRE
‘“':;Y‘.u

-
200050 42 62 1 & ¥ £t 15 ARG 44 64 P 4P St 15 FA.CF0 13 61 10 4Pt St o 15 FAEHS 40 42 10 4Pt ot 15 TALCHS 41 2 10 et ot 5 FALCHS 4152 10 et et JE PALCRS 11 52 10 et ot JR PALCRS 12 52 10 et b 8 PALORS 11 52 12 et bl 1 PALOH 11 62 b et et 1R PRG54 62 4 440
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Cryogenics
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Rod support
\

Heat link A

99‘9999@:/‘3 DWiTy cryostat shield Heat link B

Radius of U: 25cm «" 99.9999% purity

......... $3mm
Radius of U; 20cm

number: 5

¢ Tmm
number: 7

recod mass for the upper mass

ecoil mass for the mirror

Connection to SAS

m—==-711_ Cryostat

Gate valve

Shield duct 800 ' Shield duct $800 Gate valve

Low vibration = Low vibration
cryocooler unit ! - cryocooler unit
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Drawn by S. Koike (KEK)

Cryostat
Stainless steel t20mm

Diameter 2.4m

Height ~3.8m

M ~ 10 ton

to SAS

Remote valve




Vibration Isolation

a-
N
E,
€
o]
£
@
(&}
o
a
]
(a]

Displacement [m/Hz ')

Ground
Horizontal
-- Vertical

Frequency [Hz] Frequency [Hz]
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Vibration Isolation
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B 1.2m diameter 5m tall borehole

containing standard filter chain
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Core Optics

ETMY
$10cm Mirrors for Main cavities

Initial: Silica
Final: Sapphire

—

MCI MC3 M7y
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Input/Output Optics

[LRER.00 02 6210 4 P00 et 18 DAERS 01 52 10 4 P08 Lot 18 DALONS 012 10 4P (b 0 DALORS 41 62 10 4t (s 5 DALORS 14 62 10 et (o 5 DALRS 4 62 0 et et 18 TR 14 62 P 4Pt et 1R FLERS 14 62 10 4 P00 et 18 PALERS 01 62 40 4P et R FALORS 01 2 12 4 st 1A FALONS 11 2 2 490

Isolator for backward light

Mode Cleaner

Pre Mode Cleaner

Intensity stabilization

PRM PR2 L

M
[

D

N

Mode matching
Alignment

Modulator

Beam shutter
Variable attenuator

/”

Reference Cavity

Mode cleaning

Phase lock
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Output Optlcs

T T T T T TR T I T S TR T T S TR e T R T T T R T e T S TR T I O S TR T T

Pickoff light Optical lever Optical lever

(Green iable 1

Wavefront sensor i
table 2

>

MMT2 (SRM-OMC)
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Freq. and Int. stabilization

T TR T W I T S TR T T S TR,

I [RPA000 0062 b5 4t et 1R TGRS 12 62 b2 4o

. .

Intensity stabilization *Frequency stabilization

Frequenc
z) (10Hz —1kHz )  for BLCGT

La
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Digital System

* Provides a very flexible
human interface to the
Sensors Actuators complex DOFs of the

Hedd I interferometer.
whitening dewhitening

— |0 - * Functions as sensing, control,
e e monitor, su'fntch
* Good solution to treat huge

LSC/ASC | numbers of signals
- A Control signal ‘

Monitor/Data acquisition
EPICS Frame Builder
. setting gain, filter switch ‘ ‘ Real time data

oo g

| repyp | 16kHz

4/4-?7 = _— 16kHz full data

EEEEEEEEEEEEESR Trend data

G
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Digital System
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Real time system mounted in 19inch rack: PC, 10 chassis
(ADC/DAC/BO), timing, AA/AI
— Front room: length(1), WFS(1-2), auxiliary(1), network(1-2)
— Laser room: Laser(1)

- Ewai? suspensions: ITMX(1-2), ITMY(1-2), ETMX(1-2), ETMY
1-2
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

"
30 Q,

* Needs whole network design

* Needs network wiring diagram, rack position, rack
equipment list

HERRES (20125634120, EBXE)




Analog electromcs

e O TR L AT TR T, e T R T I T S TR R I C N S TR L s

Wideband
Rigid y-ﬂ
Master JOP! v

Actuator drivers

Mechanica
shutters

RF PDs

Demodulators

SRCL | MICH | DARM

Digital system
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Data Analysis

| client
pre-proces /
calibration » Main Server

IF digital server I
Main client
control data Storage (disk or tape)

underground Kamioka facility

Data Sharing

HERRES (20125634120, EBXE)



Organization

_OGT Counzil Froject Integ Yy O
Directors of ICRR, > 2 l¢—— 1 7
NAOJ, KEK and M-K Tfaiite Fg&% ':gdo;t::f —
Theory R&D Fujimoto, K. Tsubono, Geophysics
T.Nakamura S Kawamura PR Interferometer
(Kyotol) (ICRR) : Sam =

X o =X tive Committe Executive support Amya

umerica QND. i ; iy

sinultion) (| ek I Nakatanai, KKuroda, ¢ 1-Saito. TSuzuki,

Perturvation noise M.Ohashi, N.Mio, “N.Kande, SMiyoki,
cancellation

N.Kanda, S.Miyoki,
S.Kawamura, M.Ando T.Uchiyama, O Miyakawa Development
of geophysics
nterferometer

agrator Program Advisory Board

I | | I == T T T I I T |
Data Analysis Tunnel Facility Vacuum K:::;':: Cryogenics Mirror Co?:::ucr:o:zron In terr;A;r:eter Digital System Elir:::’i‘cs lnou;;gcitpm
Kanda Uchiyama Tatsumi Y. Saito Takahashi T. Suzuki Mio Somiya Aso Miyakawa Moriwaki Telada Mio

(ocu) (ICRR) (N (KEK) (NAOY) (KEK)  (UT, AMS) (WASEDA) (UTPhys) (ICRR)  (UT,AMS) (AIST)  (UT, AMS)
] ¢ . Development
Development of Development
of vacuum interferomete of digital
r sensing and  system to be Development

Laser

Data system; Fundamental
gathering, dr

drawing the Deve!oprrfent Development  Development noise control introduced to of analog EeVBInEy sl
; Development . of vibration i ; 5
analysis, SETimmel detailed of cryogenics of mirror analysis;

2 f i
the ja ! 3 + scheme: all subsystems electronic o nput.
Vi : isolation y . X S output optical
archiving and ) ) layout of R system system reguirement design of for controls,  circuits for the s
distribution Al components allocation optical monitors, subsystems )
and optical configuration  Switches and
instrument of main diagnoses
interferomete
r

Development
of laser
system
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LCGTEAd. LIGO

LCGT (JPN) : Advanced LIGO (USA)
3 detectors (4km)
1 detector (3km) .Scale (2 close, 1 separated)
Long baseline Seismic noise Long baseline
Better seismic reduction Better seismic
attenuation system attenuation system
Underground site Suburban site
Low-mechanical-loss Th I noi Low-mechanical-loss
mirrors and suspensions e L _|10|se mirrors and suspensions
Cryogenic (20k) reduction Large beam size
High-power laser source Quantum noise High-power laser source
Low-loss optics reduction Low-loss optics
Variable RSE config. Detuned RSE config.

HERRES (2012538120, WK F)



| Road map of detectors e

Ground based detectors
Improved sensitivities (10-1kHz)

LIGO TAMA CLIO® Virgo/
Enhanced @ @EO
==LIGO = =
2010 = :

- T Advanced
Advanced Virdo

2020

Detectlon Rate , \/
~10 event/yr *=

2025

Space-borne detectors

Low-frequency sources
(0.1mHz — 1Hz)

0.1mHz-10m

BBO

Cosmological GWs

around 0.1Hz

#&i%i (2012$3ﬁlZE Riﬂ*ah)

DECIGO '
: @DPF

Guaranteed source \/




Signal duration

Short (bursts)

Long (stationary)

-

Known

Pulsar, LMXB
- Continuous

- Chirp wave, .
Ringdown wave

Waveform

c

=

o

c

z

5’ Soft gamma-

| Stellar core ~ gre s Stochastic

collapse g background
? burst wave - Random wave

RERFS (2012638 120, RPAE)



DPF senS|t|V|ty A Vi S .

DPF senS|t|V|ty h ~ 2x10-15 Hz1/2
(x10 of quantum noises)

Foregrounh\g

Background GWs
from early universe

10‘24 = (Qgw=10"14) LCGT—
1072 ' | ‘2#211*!;3?2."5‘2222{3?5 g
107 1072 10° 10° 10*

Frequency [z]

#&i%i (2012$3HIZE RIBKE)



e e
ise level

1/2
]

L
)

TAMA
noise level

=
o

Displacement Noise [m/Hz
H
(@)
N

|
N
N

=
o

=

o

Frequency [HZz]
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LCGT (~2017) DECIGO (~2027)
Terrestrial Detector Space observatory
- High frequency events - - Low frequency sources

Target: GW detection Target: GW astronomy

=
()
g
{/
—
L = d’ :
S i1 1 T
P RS 7 o L [
e LYY oo
v - RN B
; Meactitd L4 0
T
BAIDE b fn
SHEE e am
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\
L

Cosmic-Ray [}
observation S

>

Neutrino
High-energy CR

EM wave

- Compact Inspiral
observation

Supernovae
" Pulsar

High-freq.
GWs
Low-freq.
GWs

Gamma
X-ray
Visible ray Ay
Background
Infrared GWe
Microwave ¢
Background:

NASA/WMAP Science Team




E d 0
v s ok 28 TR 047 o v s o 18 TR 047 b v s b 18 DA ire

Current GW detectors : <20Mpc obs. range

However... we can expect only rare events

C> Next generation detectors

i Better'sensitivity

to cover more galaxies

o+ Credits
3 Image by Beverly Berger
Cluster Map by Richard Pow

4150 15 4ol ok 16 DRG0 44 51 b5 sies s o 16 DAIH 4 1 b &

(10-5-10-3 event/yr)
e > - N
Wider observation band
for various sources .
107"° — 20
DPF limit h
— Y18
S 10 S binary g
E 20— -collapse
; 10_ rnovae
£ 1072 DECIGO
g o fBackgrmlmd (_:‘le _
B gl !
U R, o
107 1072 10° 10° 10"
L Frequency [HZz]




T.Uchiyama
March 29, 2009 JPS Meeting

Acheved Pressure

- 100m Arm -

6X10 ° Pa

by a 800 litter Turb@iss!
*4 - Cryostat - =
£ 2X10°°Pa

by Cryostat itself

| aser: NdYAG
1064nm, ZW

aiﬁa“ (2012£|E3E 12E|, gmc#)


Meeting.pdf

CLIO senS|t|V|ty
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Sensitiviw improvement with cwogenic operation

081 105_5 (All Mirrors 300K)
1003202 (Near mirrors: 18K & 17K)
— 300K

n 11
(_‘[-:..-“;_:‘_ [ = H{’%l lﬂ (Al Mirrors 300K)
] 100320 _2 (Ne 18K & 17K)
—_— 300K model
enic model

1/2

1/2

\
F\ .|'| |

Displacement [m/Hz

]—.
o
am
T
=)
—
=
]
—
=
L
<
1~
7=
E
-

“)ﬂ'-ll'nqlmlu‘yl ﬁ‘(l)ZI 200 220

T.Uchiyama
GWADW?2010
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Connectionto SAS

Gate valve

Shield duct 4800 . Shield duct $800 Gale valve

Lowyr vibration
eryococler unit

Loy wibraticn
erycccoler unit -

RERFS (2012638 120, RPAE)



" Plus tube type cryo-cooler
with anti-vibration stage

li

LY Vacuum duct for very high pure <

L

' aluminum thermal conductor
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