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Underground

In Kamioka mine.
Stable environment.
Low seismic noise
(by approximately
102 @ 0.5-50Hz
compared to TAMA
site)

Cryogenic mirror

Reduction of thermal
noise.
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Noise spectrum --aLIGO,aVIRGO,KAGRA--

0 : —LCGT(varBRSE)
; — LCGT(varDRSE) i
ool —aLIGO(ZERO_DET high_P) |
10 = advanced Virgo i

- KAGRA

Strain noise spectrum [1/Hz1/2]
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Data for the KAGRA noise spectrum :
http://gwcenter.icrr.u-tokyo.ac.jp/en/researcher/parameter
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NS-NS for KAGRA

NS-NS binary coalescence
Horizon distance (S/N=8, optimal direction, face-on)

IKAGRA 29Mpc w=» bKAGRA 280Mpc
(In LIGO's definition, 18Mpc) (173Mpc)

(LIGO's definition)=(KAGRA's definition)x(y/2 )x(0.44)
(Assuming phase is measured. Averaged over the sky and inclination angle.)

2018 2019

|| lpse | | [ ||

‘ | IEE!?;EIIIII bLCGT

ILCGT 1 rsEll cryorsE

Event rate for bKAGRA : 9.8%¢%yr~
(based on Kim ('08), Lorimer (‘08)) 13
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Basic value for the inspiral waveform

| mymiwol) || 019 | o) | 0o01e

frequency@ISCO[Hz] 1570 Hz 386 Hz 220 Hz 43 Hz

duration(10Hz-ISCO)[sec] 1002 sec 224 sec 38 sec 46 sec

cycle(10Hz-ISCO) 16038 3585 605 743

orb. radius@10Hz[Mt] 174 Mt 68 Mt 47 Mt 16 Mt
Mt=m,+m,

ISCO: Inner most stable circular orbit.
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GRB070201 SGRB, F#4 AR :M31D A q]
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ﬂ (FUROAF EE, 770kpc)

LIGOTHDT—2 R DR,
CORFZICITEESEARENRITIHEE TELL.

DFEY, M1 TR F-aV/\INEESFRER
TIXHL(EFEEI9%LLLET).  Astrophys. J. 681, 1419 (2008)

Konus-Wind, INTEGRAL,
and MESSENGER
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LIGOERAIFE R o~/ —x -

GRB051107 SGRB, F 4 A M : M81 (3.6Mpc) D ir{E
LIGO S5&R;RAIFAIE DRI H TT AMEEL
LIGO-L1, H2[ZAvH L TL V- oame

LML, LIGOT—ARERTDFEER,
ZDEFZIIZNS-NSEE 51K, |
NS-BHE 2 ST H TE4L.
E€-T, M81TREC»T=a>/\Jhk
HE ST

Astrophys. J. 755, 2 (2012)

Declination

56:00.0 52:00.0 48:90.0 9:44:00.0

Right ascension

Figure 1. Central region of the M81 group, showing the original error trapezium
(red dashed line) from the IPN and the refined 3o error ellipse (solid black).
The blue boxes are the regions studied in the optical. Figure from Hurley et al.
(2010) Copyright (c) 2010 RAS.
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Ref. Ott, CQG, 26, 063001 (2009), Fryer and New, LRR, 14, 1 (2011)

Various possible gravitational wave emission mechanism.

* Core collapse and bounce
* Rotational non-axisymmetric instabilities of proto-neutron star

* Post-bounce convection
* Non-radial pulsations of proto-neutron star

Related to the explosion
mechanism

* Anisotropic neutrino emission

etc.
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Collapse and bounce wave form from
Dimmelmeier et al. 2008 [PRD 78, 064056] 18
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*Triggered search
ENRLUNDES (BHE, —a2—K) /) DERANSEZ]. ARMN

aNhilE BEHRBEICEDTERILEVMEAT TSN 3).

(e.g., Kochanek,Piran (1993))

Bl HOEEN—RANM 2OFENREE oraV/NIMEZEK
—a—K)/ RN RIEFETHDREBIFEIER
IREF I F RN ERR: B EREFE, GRBEH

F[R, LIGO-Virgo 0)2009-2010TF —42 D T TI,

154E DGRBDEFZI, ARDIEHZEFE>T-F)H—EFEETIL,
FEHLGVERTEY2EREELSMEN T IFoNT-.

(EEBE C2{E = ETEAITET ) arXiv:1205.2216
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A RRTEFE.

Kt

NS-NS:EZ &K @180M pC L:LIGO-Livingston

H:LIGO-Hanford

V: Virgo
median of 6Q [Deg?] - LHVK |LHVI :(-;_::;AOG-:;:Iia
(1.4, 1.4) Msolar 30.25 (95%Cl)

Ref. J.Veitch et al., PRD85, 104045 (2012)
vial—y3ay

direction, inclination, polarization angle
are given randomly

AHREREREEELV=0Y 10 - 30 Deg? (@180Mpc).

see also Wen and Chen (2010)
Fairhurst (2011)
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(1.4,1.4)Msolar case
Time to coalescence and GW frequency, S/N loss rate

GW freq. 29Hz 37 Hz 56Hz 73Hz 133Hz

p/P, 0.15 0.21 0.37 0.50 0.76
Po: S/N when integrating to ISCO

(1.4,1.4)Msolar

Cutoff frequency : 56Hz (10 sec before ISCO)

v

S/N is less than 37% of total value

Further, source localization accuracy becomes worse.
Nevertheless, if the event occur near our Galaxy, we will have a chance
to detect such event before coalescence. 26



LIGO S6, Virgo VSR2 M2 D M EAfEIZ, B K ER R IZ &K Sfollow-up
#B1EL T, low-latency/ N TS5AIZKBE

=45l : LIGO — Virgo #7 8l

Ref. A&A 539, 124 (2012), A&A 541, 155 (2012)
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45 : LIGO — Virgo £Al-smmmcmas ~zgmees--

L—H—FF5H KA EREREIIZI0~100F A E
(initial LIGO,VirgoZi M TaLIGOL YL IZELY).
(FEAEDKER RIS DMREFA(FOV) LY KRZLN.

-

£R ;AI712 0% (The Gravitational Wave Galaxy Catalog (GWGC))
FRAWT, EEITARSEEZLITS (HERZ(E3-4deg?E T).

GWGC:
BEOEHOXEHISEDTEEDHT=LOD.

100Mpc AN D 53,225 D £R:A] . 150E DRI RANEIREFZE L.
SDSST—A LD HLERT. 40Mpc LN D ERAIIZDULNTIE
[X[Xcomplete&EBhHhinb.
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KAGRATY, BT —ARBITERXEBADRERMN TES LI
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EUHZT L, BENMEER D [F D TR OLOEDHIEABRE

J+A—=T7YIBRTNEFRAIE, ENREZITTEL, FRIIZERAS
AOUGEEERBELTRYAHHAIREE L B D (BRIRET).

LI E[ZKAGRAD ERE b,&ﬁﬁlﬂll%ﬁ«wﬁhuh\ﬁuh

LIGO Hanford GEO 600
° ° KAGRA
° Virgo
IGO Livings a; :
naia A /‘f\
) N
> N AN
@
4]
Analyze data, - Va Id te
identify triggers, 3 Trigger
aW reconstruct position database ta ken from
data Select event .

Estimate background > candidates arxiv:1206.6163
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KAGRA Data flow
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Primary Archive = Tier 1
) A NAOJ ?
or Multi-
messenger Astro.
Tier 1.5 Low

|

)

oW |Tier 8 partial ||
latency distribution| ~istribution .

Tier 3 partial

distribution
Osaka City U., Osaka U.
for GW searches ? V
i 8ot
, distribution
31 Oversea KAGRA collaborator sites:

Korea, India, China etc.
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