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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

Power-recycling
Gain ~11

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

ETM

Y-arm cavity

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

RSE: (Resonant
sideband Extraction)
Signal-band Gain ~15
Detuned RSE
(Variable tuning)

SEM

ngh power MOPA

/'7A (2014$9H 27EI Ert:dw)
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*Tunnel ~Facility |2
-Vacuum system |
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RTINS i

-Maln IFO
«In/Output Opts.
-A@( Optlcs

i

W“"ﬂ,‘é“

ea"&se\*
‘ Power-recycling ’stgna:;]e‘xrt;rachon

mirror

'v' v

QA

| «Data Management\

«Data Analysis
-Geophys IFO

.| *Analog Elec.
-Dlgltal Elec.
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KAGRAARY S a—)

(.iKAGRA (2010.10 — 2015.12) @
3-km FPM interferometer »
- Baseline 3km room temp. S, )
- Operation of total system > J
with simplified I'FO and VIS. . ]

)

rRsSEll Gryozsell

bKAGRA (2016.1 — 2018.3)

Operation with full config.
- Final IFO+VIS configuration
- Cryogenic operation.

\§

P Cryo-mirrors

Recycling
mirrors

Y

-
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e
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KAGRAM RIVERETL

Excavation methods
New Australian Tunneling Method (NATM).

End
rooms

Slope tunnel

ITM for IKAGRA
ITM for bKAGRA '~

—ﬂ&*ﬂﬁﬁi! =EH ‘t:‘/ 7]'/'7A (2014$9F]27E| Er*dcan)



http://gwcenter.icrr.u-tokyo.ac.jp/
http://gwcenter.icrr.u-tokyo.ac.jp/
20120120_1640_48.avi
20120120_1640_48.avi

WA T RORIK

T T T W T T T T T T T e T T T e T T T T e S I S S TR T O TR T e o

MiEO: 22— —L4L

[RPA.06 14 62 2 4t Seaas JA TR 4 62 P d

xEO:
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1 X end
w{ 1F Rail methed
2F Tire method

L5 Sakenishi
%, Tire method

New Afotsu

New Atotsu

MOZ UM I ~ - - \ entrance

Mozumi tunnal

Tire method

Wozumi tunnel 4 ) Tire method
(Already exixti . arm (Mozumlsme)
Y end Tire method Y arm (New Atotsu) pantar area

Tire method Tire method Tire method

Takashi Uchiyama, ICRR
Mozumi entrance

mmmmmmmmmmm
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New office building under construction.
To be completed in March 2014(340m?).

KAGRA office (since 2012, 140m?)
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3km x 2ADEZEZ I . |
12m, ®800mm %478A#ER. > &L AM—IVE.

Presentation
By Y.Saito (KEK)

Baking at MIRAPRO Co.
Noda/MESCO, Kamioka
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Room-temp.
- Vacuum tank
N
Isolator

Room-temp.
Filter chain

£

= Vacuum tube

I folg JJOJcJEJOJ’J

[ . * chain
GAS4 ,ﬁ‘??ﬁ.\
™ 1751 ‘Cryostat
Cryogenic
Payload
— 1st floor
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ECryqs“taf,#\i-jn preparation for
~installation of radiation shield.

3 Cryostat #2-under leak test.
“Toshiba Keihin Factory (Oct 31, 2012)

Cryo-cooler-uni
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2 Sapphire substrates were delivered
(CDZZOmm t 150mm, c- aX|s)
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KAGRAH®DFE : HH7A180W @) Nd:YAG b—H—
MOPA (Master Oscillator Power Amplifier) /A3

Solid-state laser modules

N
e ————
- Output - ow
T AS—L—Y— ! L~ 7
Nd:YAG, 500mwW Master @ on Tﬁﬂﬁf’):’.-)b 50w
NPROTJ-:-I:CEWI/_'&_ NPRO(500mW) ﬂ]ﬁmiﬁ_t
T ﬁ- @ 40w
p 4
miRES 21—V 40W
HE-F, REERTE

ll..u,-"-.... aphy ' P '-.-.. - by ' G oup o b b
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(.iKAGRA (2010.10 — 2015.12) @
3-km FPM interferometer »
- Baseline 3km room temp. S, )
- Operation of total system > J
with simplified I'FO and VIS. . ]

)

rRsSEll Gryozsell

bKAGRA (2016.1 — 2018.3)

Operation with full config.
- Final IFO+VIS configuration
- Cryogenic operation.
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P Cryo-mirrors
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ERBAARINI—IHEREIND  (RELS KISER)
> BARXNZE (ENROELE, (I8, MIEBIFR, ..

Austreria
L in proposal |

. KAGRA (JPN)
| baseline 3km |

Adv.VIRGO (ITA-FRA) |
baseline 3km
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RIX LOEE S B 6E |
NS-NS coalescence @180Mpc  (95%C) RSl

V: Virgo,

(1.4,1.4)Msun K: KAGRA
I: LIGO-Indea

median of 6Q [Degz] 3025 95 From presentation by H. Tagoshi

J.Veitch+, PRD85, 104045 (2012)
Tagoshi+ (2014)
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S.Fairhaurst
CQG 28(2011) 105021
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Adding KAGRA to (aLIGO + adv. VIRGO) network



http://gwcenter.icrr.u-tokyo.ac.jp/
http://gwcenter.icrr.u-tokyo.ac.jp/

KAGRA (~2017) DECIGO (~2030)
Ground-based Detector Space observatory
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LISA (Laser Interferometer Space Antenna) DECIGO

Obs. band around 1mHz : (Dem-hertz. InFerferometer
1th . Gravitational Wave Observatory)
~Million km baseline length OB Bard Sro0na ol

1000km baseline length

Drag-free S/C ;

(20144E9A27H, B AE)
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_ Platform (14 K)

. . Upper Mass (15 K)
80K PTC with 1~ Mirror (20 K)

Vibration reduction

PTC

PLATFORM e

T

M
Mirmo] Rl

/ 8K shield
300K

Radiation Duct Shield | 80K shield

Cryostat Cooling 8K shield

(LS008 13 52 15 4P s 0 DALONS 01 41 10 s Esh 5 PALORS 14 61 10 4t -t A DALHS 1 62 10 et (- PR DRG0 62 P 4 Pn et 18 FALCHS 14 62 10 4 P00 et 18 .00 01 52 10 4 P00 om0 DELERS 01 2 10 4 s Besh A DALONS 0162 10 4t (st A DALORS 1 42 10 4 s st PR AR 10 62 P2 4

— RN RERFLES oRIVL (201459278, BRKF)



http://gwcenter.icrr.u-tokyo.ac.jp/
http://gwcenter.icrr.u-tokyo.ac.jp/

IF1ARZYN AR L g

¥2:BREITREANTERIL%TER.
HI—N{O—Failstee=m o 2 BECHA (2013.7)

3
g
=]
2
]
S
]
a
£
]
|_

MIRROR (calculation)
MIRROR (experiment)
IM (calculation)

IM (experiment)

Platform (calculation)
Platform (experiment)
Inner Shield (experiment

8 10
Time [days]

Presentation by N.Kimura at Amaldi10 (2013.7) Photo by C.Tokoku
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Room-temp. 4
—d=3. Vacuum tank

= Pre Isolator'l;-.gf?“r’-lj-! Room-temp. ‘6
. ol 22 floor Vacuum tank
b | (K2

x - g s
o GAst S
T VO R x R T
S S | | R
7

_< »:' (", . )
Room-temp. ST ,Vaﬁ‘;ﬁf;.-

Filter chain

Height 13m

Cryogenic poyioad S
Payload el Y

Sapphire
mirror

-
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TAMA300 (1995~)
HER300mD ENRR L2
SRTRAZRELIKRE

(SRR R 2000-20024F)
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6X10° 3 Pa
by a 800 litter Turbiis
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Uchlyama+ PRL 108, 141101 (2012) ,. 1064nm, 2W g
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BEFHFESHIOOBNROBRE

gLy
EEHiE > SAAIvTsEERE 270 Mpc (HR)
(SNR 8, A M - fRiK)

R DERERE -

p=12x10"% [Mpc™] SOy
R b= )DL N N—b:

R = 11817 *events/Myr]  Ylosnea

E> KAGRAOEBIL—b 9.8 events/yr
(1¥FRENARBNTORLTEE 99.9%LIL)
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T ARAINZN - afF V989
Inspiral Merger Ringdown

Lk —known—— superoomputer]l%known

~1000 cycles | simulr?tions J
~1 min !
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KAGRA : BT
BRI HERERE ~200Mpc > FHEMEILI EOENRIRSE.
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D BAREXEORHEEREL.
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(BB T Hati, thFHrh
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pIanP (+100t/h) 450.0

Water dis osal
Plant (150t/h 3201/7384m
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)
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Distance: 43.4% (3201m/7384m) = ‘ . 2
Volume: 51.9% (72000m3/138700m?3) S Wal, i W T e
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O.Miyakawa , GWADW at Elba (May 2013)
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SYAN) (Seismic Attenuation System) [T;IIEEI fn_t?r
[tertd

Pre-isolator

*Multi-stage, low-freg.
isolator for silica
room-temp. optics
(BS, PRC, and SEC).

[rrverted Pendulum (1F)

Filter chain  Filter

Bottam Filter (BF)

*Full system test at .
TAMA3OO faC| I |ty [ntermediate Mass ([ 11_1| ) e .

[rtermediate Fecail Mas

. o Fandoadd
in this year.
Test Mass (Thi)
Recoil Mass (Rh)
R. Takahashi at Optical Bench

[Breadoozrd]

External Review (April 2012)
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%311!'1%21‘5&% . ET (Einstein Telescope)

ESIC—HIORER L, 20265 EERNFAE.
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TAMA/CLIO

Enhanced @

LIGO
=LIGO
2010
Advanced
2015
2020
2025

]

VIRGO

" +1st Generation detector

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

> EBLRAINUS, LIRE

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

> ERGRE, X2

: *3rd Generation detector
Obs. Range ~3 Gpc

Dairy detection
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4 . S
Wave-front correction

200 W €<
m (for solid-state laser amplifier)

Mitsubishi laser modules 80w

Fiber laser amplifiers
y 40 W

NPRO(500mW)

m “y
\

Strehl ratio 0.997 0.75-0.82 0.994

Deformable mirror:
\ 37 actuators

Ve

Bright port 78W Dark port 4W

High-power Coherent Addltlon
Fiber amplifier : ‘

78W power by coherent
addition of two 41-W beams.

_ From presentatlon by N M|o

/'7A (2014$9H 27EI Ert:dw)
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By H. Tagoshi

H: LIGO--Hanford
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Ground based detectors Space-borne detectors
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FOINYRATL
- FHEHOREET—2OMB -8R - 5 [GOLAZEDOIRAFL
ADC/DAC, 7FR77O/PIVRER S 1GOOI ADEECLIOTEEEHER.
AT VTR ERINT VR SEEREhcSty M ETE.
Fast loop : 16 kHz, 64channel

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

ﬁl n? - - 3 — Front room: length(1), WFS(1-2), auxiliary(1), network(1-2)
- 3 — Laser room: Laser(1)

"3,
\l .‘: mm.m?:‘f:vmu,{,

| S .
I |l S ; — 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
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T—RDEERERE
- T=2MER . THHEEATLERS.
- HFEEER T, AIIEERT -
- FHEBHMRARTT —20RE CHFR.

F—%L—b : 70 GByte/hour
STEMIEEES : ¥ TFlops.
SHREE : 30 PByte

- BB ARRICOVWTIE. R

| client
pre-proces /
calibration » Main Server

IF digital SETVET T
Main client
control data Storage (disk or tape)

underground Kamioka facility Kashiwa I

Computing platform and Network
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Room-temp.
W21 Vacuum tank

2" floor

*TAMA300lcBEA SN/
TAMA-SASZ&EICERET.
> YEalb—-vavic kiR
14 EE - (KR R B M 4 E 5T

I-'Ieiqht 13'm‘ |

-BRERO7OM A THBRETP.
- Pre-isolator (ICRR)
- BEACO—K (NAOJ)

Cryo-

payload 7
d

Sapphire | g

mirror
Rt |0

o405 s doip ps ok 18 Db Cpe
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Room-temp.

- CLIO : YI771VER, BIEERDEET. .

- TAMA300 : BiiRSSE, HI@RA7 7 F1I—2iR. et | lastt .
R ERAmRER. e |
- SISkt - HREREIab—ar (KEK, ICRR) | #e=i
- Y774V 771 1\—8E%R (KEK, U-Tokyo) 8 :

- A=T1 7 DEME (ICRR, KEK) o arg\
— e

Cryo-
payload

Sapphire
mirror
] |

e

b G
s
d
': i
d N ;
| f |
|

. Vacuum tank

Height 13m
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T T TR T T T S TR U T L S TR T,

RUNBIE IR RER (TOBA: Torsion-Bar Antenna)

-FLLWPATFPICEBDENREEHRG .
- (KRR - BIE R IR OB A Z T FEICT S.

wEiREHRE - 701 TRI%.

- INBSTOBAD RS & 81 E .

2> 0.2HZEDHEREARICHHTO LIR{E.
- RE-RI2ETOR KBS ESE.
- BINBRFHREIES1—-IISWIM

> HRONOFEHEARIREZF (2009%F)

MA+, PRL (2010), ¥i2Z£5E (2010)
K.Ishidoshiro MA+, PRL (2011) > N1 Sc1bhieEICRIENS.

A@BRE @LmX (2009) > MBFSEFRME (20115FK)

WIS LY > REAF BEHE (2008FEK)
A.Shoda GWPAW Poster Award (2010) LE

Synchronous
interferometers|

=
.j ‘L - % This work

T - Phase-I
Doppler tracking
by Cassini
CMB and | BBN
Matter spectra Pulsar  PhaseIIl | LIGO
COBE timing

Bar detectors
“Phase-H—

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

log(f)

ew Letters

Phys. Rev. Lett.5& Highlightz8 % (April 2011)
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Schedule and Budget AR
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Calendaryear | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 207 | 2018
Project start H

Tunnel excavation (~1 year delay...)

initial-KAGRA @@ ]

I KAGRA obs. i

baseline-KAGRA Adv. Optics systemn and tests | |
Cryogenic system [__J

Observation
Budget
. 1.5 year delay compared

Leading-edge ... with the criginal plan

Excavation

Additional budget ?
Budget for operation?
Grants-in-aid for Sci.?

T.Kajita at External Review (April 2012)
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KAGRAMRIVERET

®  Excavation methods

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

\\Eg SO ) ®  Tunnel Bowling Machine (TBM).
N e k! : ® Almostall arm tunnels.
= E RN ISR

20
[ A1388,7m

®HhALSVF
CLIO @ ek
AR—1IR—HhEFHh T
.—.I R 4

> 4
)

e e R
ST B AL
"
village #

New Sakonishi entrance

: MO 1 840m(690m+ +440m)

7:xﬁff\ 7 r—‘L bR ﬂ\jf"\\\

== T anANIIvES I,TL%Z -

AT :
*3)

ew Atoetsteentrance

9 470m
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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

IT™ ETM

AX

o

,// )

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

A DA """'P""" b ¥ P S oo ¥ r-n-. by P v sk y

—H*ﬂﬁﬁﬂ EI%.-E "//71'\/'7.& (20145E9HZ7E El‘fdcan)
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bLCGT configuration
- Cryogenic test masses
- 3 km arm cavities
- RSE with power recycling

MC

°

Type-C system

- Mode cleaner
Silica, 1kg, 290K
B 8 - Stack + Payload

—H#ﬂ'ﬁﬁi! EI%..E

247 P g e ) Tpn dvus e

....¢/:1</7A (2014$9HZ7E| Erfdcan)

‘ "™ Type-A system

- Cryogenic test mass
Sapphire, 30kg, 20K
- Tall seismic isolator

IP + GASF + Payload
‘ ITM Q
BS X-arm .

ETM

Y-arm

SEM Type-B system

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

- IP + GASF + Payload

- Stack for aux. optics
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‘RSEF#Et7 (Resonant-Sideband Extraction)

RITIV) T BEICERZEMN
- BBl IT™M . B R 3kmo) Fabry-PerotiIRZEE 1B A
- AHEBIC PRM : FHHADEXEZIBKSES.
- HSTERIC SEM : TS BVHSESH A EIUET.

-RSEA X OF X P i

- (FEDFr N EEITDOD, KAHAE :’\359_\ ETM
ERAIRBICEABTEHATHE. ;’ ®
HEHEEBTIRELANOICER. ., P - ‘\ e
> ﬁa);%im: o7 !Z\gﬁ Test Mass If < Ca\ml
 AMRRE S EE AR .0 e
> BAM&RICHUTRE{LH AT EE. " Recydling Mirror oo

‘ Photo Detector
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Cryostat Drawn by S. Koike (KEK)

Stainless steel t20mm
Diameter 2.4m
Height ~3.8m
M ~ 10 ton

Remote valve
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"Mass tells space-time how to curve,

and space-time tells mass how to move. "
' John Archibald Wheeler
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LCGTE&Ad. LIGO

YA

SR

LCGT (JPN)

1 detector (3km)

Long baseline

Better seismic
attenuation system

Underground site

Low-mechanical-loss
mirrors and suspensions
Cryogenic (20k)

High-power laser source
Low-loss optics
Variable RSE config.

Scale

Seismic noise
reduction

Thermal noise
reduction

Quantum noise
reduction

Advanced LIGO (USA)

3 detectors (4km)
(2 close, 1 separated)

Long baseline

Better seismic
attenuation system

Suburban site

Low-mechanical-loss
mirrors and suspensions
Large beam size

High-power laser source
Low-loss optics
Detuned RSE config.

— MR ARF RIS R IVA (20145F9A27H, BIinKEFE)
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Signal duration

Short (bursts)

Long (stationary)

‘Binary merger
- Chirp wave,
Ringdown wave

Pulsar, LMXB
- Continuous

Waveform

=

=

o

=

z

S | Soft gamma-

| Stellar core ~ gre aye Stochastic

collapse il background
? burst wave - Random wave
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DPF sensitivity /A~ 2x10-15 Hzt/2
(x10 of quantum noises)

Foregrounh\g

Background GWs
from early universe

10724+ (Quu=10"14) LCGT-
1072 | ‘2#111*!;3?2."51'222355 i
107 107 10° 10° 10*

Frequency [z]
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CLIO sensitivity

Sensitivity improvement with cryogenic operation

081105 5 (All Mirrors 300K)
100320 2 (Near mirrors: 18K & 17K)
—_— Jh0K " T
Cryog | nzﬂ m (All Mirrors 300K)
] 100320_2 (Nes : 1BK & 17K)
—_— 300K model
enic model

1/2

[,
ii' F

Displacement [m/Hz
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"Mass tells space-time how to curve,
and space-time tells mass how to move. "

From presentation
by Laura Cadonati
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(Mass) x (System size)?
(System transit time)?2
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~ (Quadrupole kinetic energy)
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