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stabilized in power and frequency

LIGO

« Designed and contributed by Max

Planck Albert Einstein Institute
Uses a monalithic master oscillator

followed by injection-locked rod amplifier
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Lico Using Squeezed Light to Improve
LIGO Sensitivity

LSC, "Enhancing the astrophysical reach of the LIGO gravitational
wave detector by using squeezed states of light”, in preparation
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Sensitivity improvement with cryogenic operation
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3rd-generation detector : ET (Einstein Telescope)
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- Established in August 2009 to coordinate
the Indian GW community to participate in GW resear
- Funding received for a 3m prototype interferometer
at the Tata Institute for Fundamental Research.
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gavy ¢ 306 Mpc 243 Mpc 273 Mpc (2 3 Gpc
FEAR RSEIL#iEY RSE¥RH1EY RSEFJZEHsE RSE Xylophone

PRy, AKE—LE, (BERmMIERE

BME DR L X R OB TE {E:R1L {EiR1E
P iR REEPA iR SEPiRR SEhIRR SEPiIRR

(*1) EE2PFHEFHESHFRRICH TSR CTEEERM, REIFE, RiEMRE, SNR>8.
_(*2) EE a-‘l'@E%ﬁl’ﬁ%iJ‘x_bbth:bU EE(Daulih‘&% =
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LIGO TAMA/CLIO VIRGO
Enhanced @ ' @EO —
=LIGO E =]

2010
RA Ad\{ ced
Virgo
| === &
2015 oy
ET
2020
EinsteinTeMpe
5':"/\ : __- !
2025

. 1st Generation detector

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

> EBLAAS, LIRME

| *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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- 1O TEMEOENRESORKHIBMETES.
> BEARXNFOREM, AR RmORE.

- ERRSRARICE TAER LS
B, RREEDHBER > KAERFDIER.
RBDALEDIFE > BHEHRNESHLERBEOIER.

- SCERN LTS ET Bl DXL
- KAGRADSFH : (KR TS5, th THIMIRE.
> 3RS (Einstein Telescope) b A DR

) KAGRAICI:, $82.5tH{ENERBEL TDREILHS.
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KDEFHE - THCHITRRIEMLHE

- BAIEEEF (Shot Noise) P
AR RN FUE B BsictOc L/ v ES
- BHEME (Radiation Pressure Noise) o o /P
|TCORFIFOXFRELMS

P Fist AR 7—

IZEEEFMR5E (Standard Quantum Limit)
1

M:HORE RUOVFSHERRE
hsqL VM L2 L :E&E ) AEEHR

KAGRA : KB - XX ETHE
BiRR 3km, HAE 22kg, FHETAK/INT— ~800kw
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‘FUME - THHORENME |
FHHOBAAF—2 MM BRIRX > B8 (EHHEEE)
- IROEHE : J{EBM, AT VELETOIRXK.
- R FORME  HOBRIVIVTETOEK.

— BEZTFITS
Thermal /1 {T B ] o ROMHEERS
noise Q Q : EiBIEE DX BRTATSHER

KAGRA : (ERTH5t > BMEEERIIVI7EFIE.
- §8 ~20K, #Rv)F ~16K
- MM EHR . BRIEXOER, Bl AMROER,
INFGAN)Y YA REMDER.
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- EIRED --- i E A OERRBAFEERERZHIIR

- ERE O ERENCED. TSHOBNSEHEHR.
- FERED : R, [SREE, ATHERELLE.
FTHHOREE, RMNDT1—T1H17IVICEE.

107 |
ﬂﬂﬁjﬁﬂl}/\ )l, g; 10°° TAMA site (Mitaka, Tokyo)
- M FHONTI2- M MEN E
= E’ﬁi&&?'ﬁﬁ' ‘E’ 10_10 ]
10—° E 10-12:LCGT site (Kamioka, Gifu)
0Zseis ~ 72 [m/sartHz] e
0 107" :
(HEYIhTOME, [ Rk, ) 10~ 10° 10 107 10°
Frequency [Hz]

KAGRA : ith FHrMMIEER > 2-3§T/MNSVVENE, RIIRELIRER
mEEERTIRICE SAS : BE:- ﬁlzl.&wlfﬁilia%%
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ESRKMOERTBH |
2017 EREHAL AN > EHREIFOME.

- ‘t - . «RAMER] :

" ERAY PHEMER
N-Hud-\zmal

. EIXXE

Y BIRNE-ME a&aﬁm&ﬁ
- EA SO EFZE RS

RRK, KERTX, RITK,
ABRK, FEWK, ERERE
SRz, [FHEEHRERE,
BEREEX, IIRENX L.
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Facility of the Institute of Cosmic-Ray Research (ICRR), Univ. of Tokyo.

N

Neutrino

Super Kamiokande, Kamland
Dark matter

XMASS

Gravitational wave

CLIO, KAGRA

Geophysics

lderrand  Strain meter
IHH

«220km away from Tokyo
«1000m underground from
the top of the mountain.
(Near Super Kamiokande)
«360m altitude
A *Hard rock of Hida gneiss
Landsat photgc

NASA altitude tata | Y3 = ' (5 [km/sec] sound speed)
Cashmir 3D : ’ . .
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KAGRAM ZIIVERET

Excavation methods
New Australian Tunneling Method (NATM).

End
rooms

Slope tunnel
PN o \ : -
HHPHRRFARES ‘ ETM for bKAGRA

ETM for iKAGRA_— TR

Gate valve

bz,

7 600m(NATM pait)

(LS i
o, LT i 67 |
s [N : Do ¥ | (Tannel

ITM for bKAGRA = aby
X 5 =2 Cross

Center enter front room “ A Center parkin . ﬁ-’ ,% \ . ;
room - Q\;;,;,/,él’/—,*:z;;,p\_k ’ Prjs Ehx ﬁ%ﬁﬁsu : “section

——— ~ 4 - Y E)\N A%&E% ce
9 470m
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RO : -lz/a V—L

[RPA.06 14 62 3 4 s Beas R TR R 14 62 P d

xEO:
YBRIN RV

X end
1F Rail method
2F Tire method

A e— ) : £ Sakonishi
- . %_ Tire method

New Ktotsu

FUMI

Mozumi tunjel

Tire method

New Atotsu tunnel |

Mozumi tunnel 3 Tire method

(Already exixti . arm (Mozumi side) 00
Tiremethod Y arm (New Atotsu) (anter area

Tire method Tire method Tire method

Red shows the excavated area.

Mozumi entrance 6
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Presentation
By Y.Saito (KEK)

Baking at MIRAPRO Co. Test at MIRAPRO Co. Noda
Noda/MESCO, Kamioka



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

TN
227 UE- KB
7 % v s o 18 DR 047 o ot b o 28 TRLpn 40 4.7 pn doimp

KAG
RAR
iﬁh
v2ve-E—L
vk V4
5% I
i =
270a- !ﬂ!iIia-.)ﬁjai |

|""v
'“

\

\\ :?,. - ;
. .
o F
ﬂ’ T TFE TFY
T

Y T
ﬁ* g A b VAN
I) Y
/71 }
25 28 - ‘
E E
Lrad 50 ps dvme
) oo o T lpa b ag g
53


http://gwcenter.icrr.u-tokyo.ac.jp/
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» 4 : . pa : 3 / > \
Room-temp. f_\ _ 2nd floor ,
Vacuum tank

Type-A .l Vacuum
System ll Tube
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=
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Room-temp_.
Filter chain

Cryogenic
Payload

Pre Isolatorvii-/-.}m"l

) (

>N .\.v S é

|

Room-temp.
i Vacuum tank
]

2nd floor

Height 13m

Sapphire
mirror

payload'@
d

-

Vacuum tank

Room-temp. <"

Height 13m
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Cryostat
Stainless steel t20mm
Diameter 2.4m
Height ~3.8m
M ~ 10 ton
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774 #Z?‘JFHEEW (48) 5ehk

> SFLI—=-avy—=IVKO1 A=) Inside the Rad. s__hie_ld

b Iﬁ#ﬁl—‘ybﬁﬁ 9 ill.iﬁﬁ

.“ o .
—_E 3 - o : N
~ g ey 5
e e e e m RS |

“»Cryostat #1 in preparation for

“installation of radiation shield. \F#
Cryostat #2-under leak test.

Toshiba Keihin Factory (Oct 31, 2012) B
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Storage at—
ICRR (Akeno)-

Cooling Test :
(2013.2.5 Toshiba Kehin Factory)
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2 Sapphire substrates were delivered
(CDZZOmm, t 150mm, c-axis)
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KAGRAARY S a—) R

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

rRsell  Gryorse M

| T
-bKAGRA (2016.1 — 2018.3) e
Recycling / X/ \

Operation with full config. mirrors

® »
- Final IFO+VIS configuration \O\I *
L 2
U
e

- Cryogenic operation.
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http://www.redorbit.com/news/space/134318
0/gravity_wave_big_bang_theory_fizzles/

b RS "

Big Bang
Inflation
Expansion
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FHEDREEROER.
- HERICERE T BHEH L.
M RE), EHDREME.

- JURVERER.
(RAREIRIT)oc 1/ (KDRERE) o< 1/ (B#RR)

ZUHBTOREZMAHMICHAZIEHNTES.
(EARKE) ~ (BUMT) / (BRR)

FHENREEHFHIEMLES.
- JAb, FHAFERRM.
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LISA (Laser Interferometer Space Antenna) DECIGO

. (Deci-hertz Interferometer
Obe. _band around_ 1mHz Gravitational Wave Observatory)
~Million km baseline length Obs. Band around 0.1Hz

1000km baseline length

Drag-free S/C

| EUERTA-BAMRAERAE ATUL IR~ (201343025280, HIKTE) 65




LISA +5H pecieo

L0000 13 52 45 4P Gt 1R DALINS 00 62 10 4t St 14 DALHS 14 62 10 et o 15 DR 1 67 0 et b PR TR 14 62 P 4Pt ol 18 FILCRS 14 52 10 4 P00 et 18 000 01 52 10 4P et 10 PALORS 0162 10 4 s St 4 DALORS 14 62 10 4 et (s JH PALRS 14 62 10 et e PR TR 20 62 10 4

KT AR B
Long baseline (~1 million km) = power loss by diffraction
Each S/C has laser source =>Phase-lock to incoming beam

LISA web page : http://sci.esa.int/lisa

EEEEEEEE

EADS

BstFium

i
WWWMMMMBOOK ’..I.ESA/SRE 2..(.)11 M&é{:
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LISA Pathfinder

- Technical test for LISA

Obtain the best geodesic motion possible

Differential acceleration of the two TMs
3x10ms2atlmHz
Determine best configuration by experiments

Develop a noise model of the system

Allows the projection of the performance of
technologies to LISA

- Status
Most of the hardware is there.
Awaiting thrusters and launch lock.
Most of the experiments
are already defined.
- Launch in 2014/15

M Hewitson for the LPF team, AMALDI, July 15th 2011
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(DECI-hertz interferometer
D ECIG O Gravitational wave Observatory)

FHEOREER (~2027) |
> TREBSKEVWEELYIIVA

FHORYISEICETAHR
127Lb—=2aDEES R
=0TV F—-014E
H=P22—NDIFE

SRR REICRI I 2R
75v9F—IViEEDEH R

FHOERENICETIHR

1000km
Arm cavity

Drag-free S/C .

HU\Z1000kmBEEh A 38 DS/C —
SESMRIS S h - BRI ARAENE
L~y FBHICLOTRENE  BX41=/MTHREES
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Background:
original figure by
NASA/WMAP Science Team
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Figure: S.Kawamura
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A . m . K5v927')—
YL MBRES 1 ~200kg O—H Y TR EEIRH
Sy a MBRZER : 95 cmilh > RFARRNZT1—KIvy Y

Drag-free control Gravitational-wave detector
Stabilized laser (Fabry-Perot interferometer)

: /\
Freq. Reference  Fjper sensor
EOM 1

coupler

Frequency [ .
Stabilization D Frequency

Doubler

Proof mass
(Mirror) Actuator

Optical GW signal
souples Isolator fiber

Laser source
Osc. Demod. Interferometer control

BREEL—Y—XRE 777)— - AO—HiREE
Yb:YAGL—H— 712X 100
A 25mw BEifR : 30cm
SURIEIRINICES HEReR . HE kg
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SDS' :H:E ﬁd)SWIM (Space wire demonstration module)
20095 1A¥I65L\F, 201089A:EHFEIE

D HRTRIO FTHENRIRNE

TLSE EBNASICLD
(200941 A238) SUAXA

SpaceCubeZ:.Space-qualified Computer SWIMuv : User Module

CPU: HR5000
(64bit, 33MHz)
System Memory:
2MB Flash Memory
4MB Burst SRAM
4MB Asynch. SRAM
Data Recorder:

Processor test board
GW+Acc. sensor
FPGA board
DAC 16bit x 8 ch
ADC 16bit x 4 ch
- 32 ch by MPX
Torsion Antenna x2

1GB SDRAM
1GB Flash Memory ~47g test mass
SpW: 3ch
Data Rate : 380kbps
Size: 71 x 221 x 171 1 Size: 124 x 224 x 174
Weight: 1.9 kg e Weight: 3.5 kg
Power: 7W Power: ~7W
Power +28V Power 15V, +5V
Bus SyStem RS422 for CMD/TLM SpW x2 for CMD/TLM

GPS signal

T
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B EF Eﬁmﬁﬂﬂi
E>ﬂﬁ1i=§*ﬂa) %H-'Eij]i&mllflﬁ Photo:

TAM: Torsion Antenna Module with free-falling test mass
(Size : 80mm cube, Weight : ~5009g)

Test mass

~47g Aluminum, Surface polished
Small magnets for position control

Photo senso\

\\ P

Reflective-type optical T
. displacement sensor
Separation to mass ~1mm
Sensitivity ~ 10-2 m/Hz1/2

6 PSs to monitor mass motion
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