B I B RS R s RAR D Bl
AR 7 AO—T T
KR PR A —
& M IEF)

2015/11/12 KM EEY — 7> g9 1



H P VAT A €2

o BEAFOWIKIIZERZ DD D, F DR
EEZTAHL. BVODNATTZEE N DO LA
5 €& IR

EQEV 2EARLTME FLUEFENL 7ENKEE
(Bl : EEPHTE)

B o E R | i
o —IRFEXIERODIREIE ENEDOAA—Y
SRV NER J13 COW

o HJPRILFDORIA

2015/11/12 KM Y — 7> g9 7




"1 h % DRI B2 FIE AL

o T+ EEPSR1913+16
DX R (19744,

o TOEEERPOIEVVE
TIE DR EL T NV=h,
ee@/ﬁéﬁﬁﬂﬂ;ﬁﬁ>?”<f£%>

139

+ PSR1913+160D/\ 5 JE i
DA Z L] D Hin)E

2
E

Wb NS

@@%ﬁ“

THHEEL TIRbD
iﬂii[] EYfJ;iiz_:j:7/L_ﬂ<%: ééﬁ[

<1979* )

2015/11/12

KEpfHE#E Y —

=
o
Cumulative shift of periastron time (s)

J

g ay

()]

o
I |

o
I

O_lllllllllllllllllllllllllllllll

PSR1913+16D /A iz & B D254

= R B
- (XA T

1975 1980 1985 1990 1995 2000 2005
Year

Hulse and Taylor (1979)
3



TSR D) 1% 5 35 55

o LY =G (A7 R

SAF 73

S

2015/11/12

21Tt

R

E—LRATV)ya—

KR TF

KFPMEEY — 7> g9 4




TR D e ¥ i b h I S 65

RENEDRBERN R v }~ =7

Rdvanced-L1G0 . REBEENREER
(PR, 650600 PR |

MGO
(Aus+ralla)

St

2015/11/12 PR Y — s gy




LIGO 7%

4km X 4km EHFELEES (20159 KH1E H B 4R)

e —— —

LIGO o 73—K T RAN)
LIGO VeV Z AR VAT FHM)

2015/11/12 KM Y — 7> g9 6



Vireo g—uwN

3km X 3km H JIKEESR
AZVT YRR (20164 D1E )




KAGRA KAUIE ) i 55 5%

HEfEGE L (B ) 83km X 3kmE i EiEsE (201740 HEM)

ABRRENRLERER

(i B R8T A 8T )

A—N—h=Ah>FT

WIEbS
L 1000A— kL




ﬁﬁﬂv)ﬁh&QMQ

1ﬂﬂﬂ?§3‘:5ﬁﬁﬁﬂ’bf"

NsLoEgam

TlEnEERAcEs
| mkett 10004 =1

1 10 100 1K 10K
~ Frequency [Hz].



T OLIGO.
Virgo, KAGRA
IeHHPE RS
(K> D E T
%200MpcE THl
H-4-AZ LN Tx

- AE

o : ... .' e ”_.:. JI.II-_|I:.. ¥ i ._I’H l_iI
el _..I-.:I__- S : L -.:’;..I .'Ii_‘1|. | M
| P Td LA ot g . f i e 4 B
Washington St. SRS
. IR )
el d
T

S 1210
EEEE ) atbz
HSIVAHIINTR
5!

2015/11/12

Pisa |
in Italy

St

= -
p— —
] = L i
an . s .J" P
o MR :
., 8 ¥ -




Searching for EM

counter part 1s crucial
for understanding the
nature of GW sources

The most promising GW
sources = NS-NS merger
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Optical, NIR and X-ray light curves of GRB130603B.

NR Tanvir et al. (2013)
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Observed magnitude

Kilonova
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Overview of the project

Coalescence of
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§ ) pE s eigEJ-GEM

¢ Japanese collaboration of
Gravitational wave Electro-Magnetic

follow-up observations
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LIGO /Virgo® |

Estimated | Fgw = 1072M;¢* Number | % BNS Localized
Run Burst Range (Mpe) | BNS Range (Mpc) of BNS within
Epoch Duration | LIGO Virgo LIGO Virgo | Detections | 5deg? | 20deg?
2015 3 months | 40 — 60 — 40 — 80 — 0.0004 — 3 — —
201617 6 months [ 60— 75 | 20 -40 | 80120 | 20 - 60 | 0.006 — 20 2 512
2017-18 9 months | 75-90 | 40-50 | 120-170 | 60—-85 | 0.04-100 | 1 -2 | 10-12
2019+ (per year) 105 40 — 80 200 65 - 130 | 0.2 - 200 3-8 8 — 28
2022+ (India) \ (per year) 105 80 200 130 0.4 — 400 17 48

Table 1: Summbry of a plausible observing schedule, expected sensitivities, and source localization
with the advancéd LIGO and Virgo detectors, which will be strongly dependent on the detectors’
commissioning ptogress. The burst ranges assume standard-candle emission of 10~?Mc? in GWs

at 150 Hz and schle as E(I:ﬁ The burst and binary neutron star (BNS) ranges and the BNS
localizations reflect the uncertainty in the detector noise spectra shown in Fig.|1| The BNS detection
numbers also accolint for the uncertainty in the BNS source rate density [28|, and are computed
assuming a false alarm rate of 1072 yr~—!. Burst localizations are expected to be broadly similar
to those for BNS gystems, but will vary depending on the signal bandwidth. Localization and
detection numbers gssume an 80% duty cycle for each instrument.

LIGO first run (O1) : 201549 H 18 H A¥—F 44 H [H] ‘

2015/11/12 KM EEY — 7> g9 19



MoU with LIGO /Vireo collaboration

LIGO-M1400069,VIR-0127-14 1

Memorandum of Understanding between
J-GEM and LIGO and VIRGO

regarding follow-up observations of
gravitational wave event candidates

April 5, 2014

This Memorandum of Understanding (MOU) establishes a collaborative effort among the Laser Inter-
ferometer Gravitational-Wave Observatory (LIGO) and LIGO Scientific Collaboration (LSC), the Euro-
pean Gravitational Observatory and Virgo Collaboration (EGO/Virgo), and Japanese Collaboration for
Gravitational-Wave Electro-Magnetic Follow-up (J-GEM) in order to participate in a program to perform
follow-up observations of gravitational wave (GW) candidate events with the sharing of proprietary infor-
mation (see LIGO-M1300550 and VIR-0494#-13 for an overview).

The purpose of this MOU is to reference the parties involved and their relevant policies; define the
appropriate data and information that is to be shared under this arrangement, and its permitted use; and
establish how any publications and presentations coming out of this work will be handled. By signing
this MOU, the parties agree that they understand the nature of the collaborative work, consider it to be
scientifically worthwhile, and will do their best to bring it to successful completion.

2015/11/12 KM EEY — 7> g9 20



1. LIGO/Virgo schedule

2015 3 months LIGO 40-60 Mpc 40-80 Mpc 100-500 deg?

2016-17 6 months LIGO 60-75 Mpc 80-120 Mpc 50-100 deg?
Virgo 20-40 Mpc 20-60 Mpc 50-100 deg?

2017-18 9 months LIGO 75-90 Mpc  120-170 Mpc  20-50 deg?
Virgo 40-50 Mpc 60-85 Mpc 20-50 deg?

o. Timeline of LIGO First Observing Run (O1):

Sep.14 — Dec.13 (tentative) + Virgo short run (Oct.12)
LIGO duty cycle: < 80 %

5. GW alert will be 1ssued as VOEvent through
GCN/TAN

2015/11/12 KM EEY — 7> g9 21



Expected brightness of “kilonova” Barnes & kasen 2013, ApJ, 775, 18

Mi ~ -14 mag@ peak, 1d

Tanaka & Hotokezaka, 2013, ApJ, 775, 113
Tanaka et al. 2014, ApJ, 780, 31

distance 80 MpC (1 =34.5mag) 180 MpC (n=36.3mag)
i-band mag@1d ~20 mag ~22 mag
i-band mag@1week ~22 mag ~24 mag
18 ————— 11— - —
9L 100 Mpc | oL 200 Mpc |
KWFC 5min i-band i-band
D0 pesssssssssssnnnnnnnnnnnns .(NS._NS.)..... 20 + (NS-NS) .
% 21 F - § 21 -
S ol soft EOS | 2l .
= (consistent with =
23 [ a e, GRB 130603B) | 23 soft EOS oy
3 (consistent with
24 1 24 - GRB 130603B) 1
25 25 oA
0 5 10 15 0 5 10 15

2015/11/12 _11Me (days) S EHE T — S o Time (days) 99



Follow-ubp observation strateov
(L0 % FLIGO O1%HE)
+ Blind survey

10 deg? — 100 deg? blind survey within GW error
area

Wide field facility: KWFC, OAO-WFC, HSC

1-2 colors with short exp-time (< 5 min) survey =

at least 2 times visit with an interval of a few days
¢ Targeted observation

Select target galaxies using nearby galaxy catalogs

Kyoto IFU-KOOLS, Kanata, Nayuta, MOA and
IRSF, and Subaru S-Cam, FOCAS, and MOIRCS

2 colors with short exp-time (~5 min) per one
galaxy

2015/11/12 KM EEY — 7> g9 23
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Skymap Viewer

A sky atlas for understanding LIGO-Virgo skymaps. Help here, and skymaps here. If you do not see the big dark Sﬁk(‘io
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