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LCGT (~2017) DECIGO (~2027)
Ground-based Detector Space observatory
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LIGO-Austreria
in proposal

GEO-HF (GER-UK)| . g (Leet (JPN)

baseline 600m baseline 3km

Adv.VIRGO (ITA-FRA) “
baseline 3km
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LCGT (Large-scale Cryogenic Gravitational-wave Telescope)
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- Baseline length: 3km .
- High-power Interferometer

ERTF %5t

- Mirror temperature: 20K

i FORE - FRBRIREE
- Kamioka mine,
1000m underground




Is; 2.1 - Wlﬂlﬂl DR THrMIEES
Facility of the Institute of Cosmic-Ray Research (ICRR), Univ. of Tokyo.

N
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
A *Hard rock of Hida gneiss
Landsat phot

NASA altitude dat: | ! oo (5 [km/sec] sound speed)
Cashmir 3D - ’ .
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Big News since we last met:
LIGO The start of Installation

* Advanced VIRGO
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"AstroWatch {7 |

Hartmut Grote
for the LSC

LIGO-Austreria, LIGO-India
-aLIGOMN 1828 > AENReEZ LTS,

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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2nd-generation detectors 3" generation

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

Livingstone 18 HETNIERES, | Kamioka 17 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 EEMEE  BOMEE  BOMER  EOWES

(*1) EEEF‘IE?Ii‘“ﬁiﬂ%t:ﬁ?‘%&ﬂiﬂl_laaﬂﬁﬁﬁ ﬁﬁﬁﬁ Bl Wik, SNR>8.
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3rd-generation detector : ET (Einstein Telescope)

B : ESIC—HTOME, 20265 HBRIBLA.
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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
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Adding LCGT to (aLIGO + adv. VIRGO) network
- Factor ~3-4 improvement in sky area
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GWIC O—K% “

2015( 2016| 2017| 2018 2019’ 2020 2021| 2022| 2f 2024| 2025

| o ! |
AdvLIGO | Second Enhanced Global

AdvVirgo | qgeneration Second

LCGT _ | network generation
| | |
GEO-HF Astrowatch |

AIGO l |‘ network

B Concept Fabrication
BN Design B 1nstallation

Funding Commissioning

Site Prep Upgrade

Gravitational Waves International Committee Roadmap
http://gwic.ligo.org/roadmap/
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THEHEEER
- LISA/LPF& DECIGO/DPF -

*Seto+ PRL (2001), Kawamura+ CQG (2011), Ando+ CQG (2010)
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Sources and detectors

Ground-based detectors : 10Hz - 1kHz > Neutron star, Supernova, ...
DECIGO/BBO e O T 7 - IMBH, Background GWs, ...
LISA : 1mHz — 0.1Hz -> SMBH, Compact binary,...

Foreground

Background GWs
from early universe

10VEE (Qew=10"14)

Strain [1/Hz']]
H
o
|

—26| . Gravity-gradient noise =
10 . | (Terrestrial detectors)

= 10° 10

Frequency [Hz]




LISA (NGO)

[ e

LISA
- ImHzfiEDE ik % &l
- 20115 F, ER R AEHIOEE
ESA/NASA - European-only mission http://lisa.nasa.gov/
-')bﬂil]\bf:z‘//a/tbfﬁad"ﬁ TH.

L

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

- LISAM /=8 D% tii L
B AN 1%k

Differential acceleration of the two TMs-
3x10¥ ms2atl mHz
Determine best configuration by experiments

HEETIVOFEHRIE
Allows the projection of the performance of
technologies to LISA

- BRAK
TISAINES1—- VDA AH 5.
Awaiting thrusters and launch lock.
Most of the experiments
are already defined.

- fIBLEITFFRE : 20145
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DECIGO (DECI-he&z interferometer

Gravitational wave Observatory)

FHEARERR (~2027) |
> TREEShEVWEELYIIVA

FEHORYIISICEATAHMR
17— ay OEERA

F—y T2 NF—DitE
9_779_0)i¥=§ 1000km
SR REICRET AR Arm cavity

T2 FR—IVEEDOERA
FHOBXEAICETIMR
Drag-free S/C.

B \Z1000kmBh A3 DS/C —
SESMRIS S h - BRI S ARAENE
L FBHICI-oTREME  BAALI-vNCHEEES
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IMBH blnary msplral Galaxy formation (Massive BH)
NS binary inspiral Cosmology (Inflation, Dark energy)
Stochastic background . Fundamental physics

10-16

10-18

10-20

DECIGO
(1 unit)

GW amplitude [Hz1/2]

1022
10-24 O

DECIGO

(Correlatio ‘
10°26 | NS inspiral (z~1)

10-4 10-2 100 102 104
Frequency [HZz]
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DECIGO

DECIGO/SR 77 45— (DPF)

DECIGOD 7= DR DRIHE £
DECIGO : E#}= 1000kmO#EEERTT

> DPF 18O EHE (BRR30cmTF#55t)
350kg#R NV E
ik EEEE (FE 500km) -

&

DECIGO®M E B+ 1l )5 H K EiE
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RS9IV RF L, T—2REBERIT
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+ Actuator

Ljser Local Sensor

Thruster
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SDS' 1*§ﬁ®SWIM (Space wire demonstration module)

20095E1 8415 EVF, 20104E9H:EMELE
[ HRATRNO FHENEKRLS

SpaceCUbeZ:.Space-qualified Computer SWIMuv : User Module
CPU: HR5000 ' — - Processor test board
(64bit, 33MHz) 4 ﬁ_ GW+Acc. sensor

S b 3 FPGA board

System Memory:

2MB Flash Memory * DAC 16bit x 8 ch
:::g ﬁ:l‘st ﬁR::AM ADC 16bit x 4 ch
ynch.
Data Recorder: 9 32 chvby MEX
1GB SDRAM Torsion Antenna x2
1GB Flash Memory o ~474g test mass
b i.‘",_ Data Rate : 380kbps
Size: 71 x 221 x 171 = Size: 124 x 224 x 174
Weight: 1.9 kg Weight: 3.5 kg
Power: 7W Power: ~7W
SDS-1
Power +28V Power 15V, +5V
Bus _SyStem RS422 for CMD/TLM SpW x2 for CMD/TLM

GPS S|gnal
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124 SPRINT-A/EXCEED (~2012£E) i
UVEBESRIC L DRRERA |
25 SPRINT-B/ERG (~2014/15%F) (MBS S SPRINT-A/EXCEED
Wb ¥k 830 0D i S B R

-

DPF: WRIEIFEHEEISE 28IEY
FHABICHEITZHLVIIIOZ0
AREEL TEME ST TS R stin

4 iah . . Next-geeratin Solid rocket booster
HEJ:H‘ E*’“ 1 2016/17$r§ (M-V Follow-on, Fig. by JAXA)
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http://jda.jaxa.jp/jda/p4_download_j.php?mode=level&f_id=14317&time=N&genre=1&category=9034

TOBA (Drsion-ﬁa.r Antenna)

*Ando+ PRL (2010), Ishidoshiro+ PRL (2011)
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Elnn et 20 bl

IRUNBEARSERIE (TOBA: mrsion-gér Antenna)

ODERRBTAERE . i THERENEN RS,
L—Y—FsetttoT | FHTH. A543
EREETHERE BEOR LA EETES.

Tidal forces by
gravitational waves

Test-mass bar Fabry-Perot
interferometer
X
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IRBHLINTGA—2%(RE
Eit.EﬁEE EE 7,600kg, Eé lom Bar.length : 10m, Mass : 7600kg

Laser source : 1064nm, 10W

l/_.lj-_%ﬂﬁ 1OW \ Cavity length : 1cm, Finesse : 100

1& ﬁf’ﬁ 4K ::Iraggnall_l;is- 320!10TemP' 4K
L1073

14|

§ 10
£ 107"%
[Ir TOBA
€10 | EEREY
® 59| 5x10°Hz HRE
= 10 7
3 102!

107

1078 107 10° 10° 10°

Frequency [HZz]

240 BEBL AL BEXYS TEMESOEH) (011511470, BIXYE)



7507 F—VEEDRBRENSDENR
I 10GpcETHMATEE (~ 105My, SNR=5)

EpEND = W,
£ ==
[ ENoG

101 0° 10* 10° 10°

Total Mass of Black holes [M /]

Calculation by K.Yagi
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-TOBAQ/MNB7OM 217 &R H
- RRAF-BERMAE ICRE
- R&~20cm, & ~160g
- B EZh, BEEEREL
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1932mm

BERENROFEESRN
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On-line calibration

10 Hz signal
Monitored GPS signal:
1pps signal
Temperature: ~70K
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(for monitoring the gain):

8.7 Hz 5|gnal
Monitored GPS signal:
1pps and serial signal
Temperature: ~40K

A DATE: 0:00 — 5:00, July 20, 2010
dl Sampling frequency: 1kHz
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TAM: Torsion Antenna Module with free-falling test mass
(Size : 80mm cube, Weight : ~5009g)
Test mass g

~47g Aluminum, Surface polished
Small magnets for position control
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Photo sen.sor\\

N -
Reflective-type optical vd
. displacement sensor
Separation to mass ~1mm
Sensitivity ~ 10-2 m/Hz1/2
6 PSs to monitor mass motion
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LIGO
Enhanced
=LIGO

2010
- Advanced
2015
2020
2025
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. 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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TOBA (2009~) LCGT (2017~)
2“ TOBA at Kyoto , Terrestrial Detector

. High freq. events

DECIGO (2027~)

Space observatory
- Low freq. so
Cosmology
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El#ETOBA First module in orbit > Earth environment
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