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EM counterparts of GW sources

See also Tanaka-ǎŀƴΩǎ ǘŀƭƪ



Origins of GWs
Supernovae Pulsar Black hole Binary merger



EM counterparts 
of NS-NS/NS-BH mergers

Shorttimescale (<week)

ÅShort GRBs
Årelativistic beaming

ÅKilonova/Macronova
År-process nova/wind

Åneutron powered 
precursor

Longtimescale (~year)

ÅGRB afterglow

ÅISM interaction

g



Theoretical LCs of kilonova



IR excess of short GRB AG

Recent nearby short GRB 160821B at 
z=0.16 (Levan+16) will add constraints.



IR excess of short GRB AG



Follow-up observations of GWs



GW alerts are sent to 
observers having signed MoU 

via GCN Notice

Shawhan+12 (Swift image credit: NASA E/PO, Sonoma State University, Aurore Simonnet)

See also Nissanke-ǎŀƴΩǎ ǘŀƭƪ



84 teams in LV-EM follow-up (O2)
AAO GW Candidate Obs. 
AGILE 
Apertif-EVN 
ARAE 
Astrophys. Research Inst., Liverpool 
AROMA 
ATLAS 
AZTEC 
Berger Time-Domain Research Group
BlackGEM
CALET 
Caltech-NRAO Radio Transient Group 
COSI 
CRTS 
CTA 
CZTI-IUCAA 
DLT40 
DES 
DWF 
EWE follow-ups at Nanshan
Fast Spectroscopy with LBT 
FAST 
Fermi GBM and LAT 
FIGARO 
FLEAS 
FRBSG 
GOTO 
GROND 

GRA SAO RAS 
HAWC 
H.E.S.S. 
HETGS 
HXMT 
HTRU 
Huntsman 
INAF-GRAWITA 
IPN 
ISDC INTEGRAL Science Data Centre 
IUCAA 
J-GEM 
KU Korea-Uzbekistan Consortium 
LCOGT 
LGT Lulin
LOFAR-TKSP 
LSQ 
LV Swift MIT EM Follow-up 
MAGIC 
MASTER 
MAXI 
MeerKAT
MWA Murchison WidefieldArray 
NenuFAR
NTE 
OGWARTS 
OVRO 
Pan-STARRS 

PESSTO 
Pi of the Sky project 
PIRATE 
RAPTOR 
RATIR 
RIMAS 
RoboPol
SAAO 
SkyMapper
SRO7 
SVOM 
Swift Mission 
Terskol-GW follow-up 
TLC X-ray Imaging 
TLS 
TTU LSC group
TTU Observatory 
TOROS 
TZAC 
Leicester transient science team 
UNC-LFP 
USO 
VAST 
VERITAS 
Wise-GECO 
XMM-Newton Science Ops Centre team 
XMM ToO
ZTF 



Japanese collaboration for 
Gravitational wave ElectroMagnetic

follow-up (J-GEM)





Telescopes/Cameras in J-GEM

Morokuma+ 16

(1) Optical, (2) Optical wide-field(>1deg2), (3) NIR, and (4) Radio



Immediate & automated follow-up obs. 
w/ small telescopes after GCN Notice

TITLE: GCN CIRCULAR
NUMBER: 20039
SUBJECT: GRB 161014A: Kanata optical 
observation
DATE: 16/10/14 16:56:59 GMT
FROM: MichitoshiYoshida at HASC,Hiroshima
U <yoshidam@hiroshima-u.ac.jp>
(abbreviated)
# T0+ MID-UT T-EXP R mag. R err R limit
-------------------------------------------------------
86sec12:32:48 30 15.1 0.2 17.0
-------------------------------------------------------

TITLE: GCN CIRCULAR
NUMBER: 20036
SUBJECT: GRB 161014A: MITSuME-Akeno
optical observation
DATE: 16/10/14 13:14:41 GMT
FROM: Yoichi Yatsuat Tokyo Tech. 
<yatsu@hp.phys.titech.ac.jp>
(abbreviated)
T0+[sec] MID-UT T-EXP[sec] Rc Rc_err
-------------------------------------------------------
46sec 12:32:23 30 ~14.52 0.06
-------------------------------------------------------



3 wide-field cameras

ÅKiso/KWFC (North)
Å1.05m/4.3deg2

ÅMOA-II/MOA-Cam (South)
Å1.8m/2.2deg2

ÅSubaru/HSC (North)
Å8.2m/1.77deg2



Survey power in optical/NIR
[under construction]



Subaru/Hyper SuprimeCam
ÅHyper Suprime-Cam (HSC)
ÅDiameter: 8.2m, FoV: 1.77deg2, ~900M pixels

Åmlim (5s) w/ 1min: 24.5(i), 23.8(z)
(DECam1min: 23.3(i), 22.5(z))

HSC
1.5deg

Suprime -Cam

HST/WFC



Detection of GWs



First detection: GW150914

36+5
-4M8and 29+4

-4M8BHs merged at 410+160
-180Mpc



Unscheduled discovery of 
GW150914

ÅSignal detection 
ÅSep 14, 2015, 09:50:45 (UT)

Åduring engineering run (ER8)

ÅAlert announced
ÅSep 16, 2015 (+2days)

Å2days before scheduled O1 run

ÅFalse alarm rate (FAR)
Å<~ 1/month (alert)

Å< 1/100yrs (Jan 2016)

Å< 1/203,000yrs (Feb 2016)
LVC + 16

Skymapof GW150914

See also Nissanke-ǎŀƴΩǎ ǘŀƭƪ

O1



LV-EM follow-ups of GW150914

Å25 of 63 observing teams
ÅBroad band tiled observation

ÅObservation of nearby galaxies

ÅSpectroscopic follow-up 
observations

ÅOptical: ~900deg2 (50% of LIB)

ÅNIR: ~70deg2 (8% of final map)

LVC + 16

J-GEM

See also Nissanke-ǎŀƴΩǎ ǘŀƭƪ



Initial responses of J-GEM
ÅSat, 12 Sep 2015

ÅLIGO O1started

ÅMon, 14 Sep 2015 18:59:45

ÅDetection of GW150914 but no GCN Notice was sent.

ÅWed, 16 Sep 2015 14:39:44 (L. Singer)

ÅGCN circular was sent via e-mail.

ÅWed, 16 Sep 2015 15:07 (M. Yoshida)

ÅList of nearby galaxies prepared.

ÅObservations are asked to IRSF (South Africa) and MOA (NZ)

ÅThu, 17 Sep 2015 28:07:34 (T. Morokuma, M. Tanaka)

ÅObservation with KWFC(wide-field) started

ÅSun, 20 Sep 2015 (Y. Asakura+)

ÅObservation with B&C61cm(nearby galaxies) started



J-GEM follow-ups of GW150914
ÅKiso/KWFC (North) ÅB&C/Tripole5 (South)

MorokumaΣ ΧΣ b¢ Ҍ мс

tobs=4.4 days
Wide-field

(24deg2, i~19) 
survey

tobs=6.3-12 days
observation 
of targeted

nearby 18 gals.

No new transients were found.



Subaru/HSC was not available

HSC is only available at >+21days after GW150914.
The visibility of GW150914 from Mauna Kea was poor.

GW150914
Alert

HSC observing run



Second(2.5th) detection: GW151226

14.2+8.3
-3.7M8 and 7.5+2.3

-2.3M8BHs merged at 440+180
-190Mpc



2015-12-27 16:28:13 (UT) (+1.6days)
GCN/LVC_INITIAL_SKYMAP

TITLE:            GCN/LVC NOTICE

NOTICE_DATE:      Sun 27 Dec 15 16:28:13 UT

NOTICE_TYPE:      LVC Initial Skymap

TRIGGER_NUM:      G211117

TRIGGER_DATE:     17382 TJD;   360 DOY;   2015/12/26 (yy/mm/ dd)

TRIGGER_TIME:     13133.647758 SOD {03:38:53.647758} UT

GROUP_TYPE:       1 = CBC (= compact binary coalescence)

SEARCH_TYPE:      3 = HighMass(including BH)

PIPELINE_TYPE:    4 = GSTLAL

FAR:              6.340e-09 [Hz]  (one per 1825.5 days)

CHIRP_MASS:       -1.0000 [M_solar]

ETA:              -1.000

MAX_DIST:         -1.00 [Mpc]

TRIGGER_ID:       0x0

MISC:             0x2100003

error region: ~1300deg2 (90%)



Optical WF follow-ups of GW151226
ÅDECam28.8deg2 (Cowperthwaite + 16 ApJL)

Å3 AGNs and 1 SNIIP (i~21.7 and z~21.5)

ÅPS1290deg2 (Smartt+16 MNRAS)

Å20 SNefrom 49 OTs (i~20.5)

ÅiPTF952deg2 (Cenko+16 GCN)

Å2 SNefrom 20 OTs (R~20) 

ÅMASTER99% of North (Lipunov+16 GCN)

Å1 PSN from 7 OTs 

ÅVST72deg2 (Grado+16 GCN)

ÅSkymapper110deg2 (Yuan+16 GCN)

Å1 OT (i~18.6)

ÅJ-GEM collaboration (Yoshida, Utsumi, NT+ PASJ submitted)

No plausible 
optical counterparts



Initial responses of J-GEM
ÅSat, 26 Dec 2015 12:38:53.648 (JST)

ÅDetection of GW151226 but no GCN Notice was sent.

ÅMon, 28 Dec 2015 02:28:13(L. Singer)

ÅGCN circular was sent viaE-mail.

ÅMon, 28 Dec 2015 03:14:22(Y. Utsumi)

ÅList of nearby galaxy prepared

ÅMon, 28 Dec 2015 06:45:18(R. Itoh+)

Å18 galaxies are observed by Kanata/HOWPol

ÅMon, 28 Dec 2015 13:30:23 (M. Yoshida)

ÅNearby galaxies to be followed-up are assigned to telescopes. 

ÅFrom 28 Dec 2015

ÅObservations started with Nayuta/MINT, Kanata/HONIR,
OAO91cm/OAO-WFC, TITOAO50cm/MITSuME, Kiso/KWFC

ÅFrom 29 Dec 2015

ÅObservations started with MOA-II/MOA-Red, IRSF/SIRIUS,
OAO188cm/KOOLS-IFU (spec)



How about Subaru/HSC?

Original schedule of Subaru

GW151226

We have no access to HSC.



How about Subaru/HSC?

Updated schedule of Subaru

GW151226



How can we discover transients?
-Image subtraction-
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-Image subtraction-



How can we discover transients?
-Image subtraction-


