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high opacity in Kilonova ==> optically faint
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Kilonova emission@optical-NIR

AB magnitude

1 short GRBs

O GRB 130603B@z=0.356 (1400 Mpc, DM=41.4)
O NIR (H-band, 1.6um) emission excess w/ HST
O GRB 150101B@z=0.134 (560 Mpc, DM=39.0)
0 no detection w/ 8m-class telescopes
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free neutron decay? (Metgzer+2015)

[ a small fraction of ejected neutron (710~ Msun)
expands rapidly. (Bauswein+2013)
==> [ -decay: n-->p +e + V

==> hour-scale "precursor” emission to kilonova
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free neutron decay? + kilonova
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real vs bogus
~1 : 1000

subtraction done @IPMU
(& onsite-transient) PCs




Machine Learning for Transient

Mikio Morii, JST/CREST collaboration, et al. submitted to PASJ
(Kavli IPMU, Institute for Statistical Mathematics, NTT Communication
Science, and Tsukuba Univ.)
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July 2014 (reference)

Tominaga+2015, ATel, 7565



May 2015 (search)

Tominaga+2015, ATel, 7565



[May 2015] - [July 2014] (subtraction)

Tominaga+2015, ATel, 7565
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Preparation for GW-EM Follow-Up Observation

0 MoU w/ LIGO Scientific Collaboration (LSC) Virgo
Collaboration (LVC)
(0 7180 groups@?2016 August
(1 3 Japanese groups
0 J-GEM: optical, NIR, radio
O MAXI: X-ray Y
(Serino+2015, GCN)
(0 CALET: gamma-ray
(Sakamoto+2016)




Japanese collaboration for Gravitational wave
J-GEM = .
ElectroMagnetic follow-up

O LIGO, Virgo, KAGRAZ» b DEJIET 7 — b 2T TRFERED A F -
VAR, BIETDY — A 2179

0O LSC-Virgo Collaboration (LVC) & DMoU (20144F4H)
O PL: FHHEAK (J5EKF)
O 16w R, bR + MK
O JAHAREE + TGFRM Y —77 » FELH (GWGC, White+2011)
==> GLADE (http://aquarius.elte.hu/glade/)
O #HARERL: HINOTORI@F Xy I, [if][1110.91m WFC, 5{#l3.8m/KOOLS-

IFU, K% /Tomo-e Gozen

1L 2016/9/8 First light



http://aquarius.elte.hu/glade/

Galaxy List for the Advanced Detector Era (GLADE)

00 higher completeness required than GWGC (White+2011)
0 2MASS XSC + 2 MPZ + HyperLEDA

0 B mag + redshift + IR magnitudes aquarius.elte.hu/glade
GWGC [1] CLU [2] = GLADE
No. of galaxies | _ 53,255 ? 2,068,841
Completeness % at 60 Mpc 60 100 104 + 7
Completeness % at 120 Mpc 80 71+5
Completeness % at 180 Mpc 40 65 + 5
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http://aquarius.elte.hu/glade
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13 % HiwHi Hyper Suprime-Cam (HSC)
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September 14, 2015  October 12, 2015 * December 26, 2015
CONFIRMED - CANDIDATE ‘. | = CONFIRMED
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2(+1) GW Detections @ LIGO 01

GW150914

GWI151226

GW detection (UT)

Sep. 14, 2015, 09:50:45

Dec. 26, 2015, 03:38:53

alert date (UT)

Sep. 16, 2015, 03:12:12

Dec. 27, 2015, 16:28:13

alert GCN Notices, e-mail (Burst) GCN Notices (CBC)
frequency 35-250 Hz 35-450 Hz
strain 1.0 x 10-% 3.4 x 1072
S/N ratio 24 13
nature BH+BH merger BH+BH merger
luminosity distance [Mpc] 410+160-180 440+180-190
redshift 0.09+0.03-0.04 0.09+0.03-0.04
ml [Msun] 36+5-4 14.2+8.3-3.7
m2 [Msun] 29+4-4 7.5+42.3-2.3
BH [Msun] 62+4-4 20.8+6.1-1.7
GW enerqy [Msun c?] 3.0+0.5-0.5 1.040.1-0.2
GW observation paper Abbott+2016, PRL, 116, 061102 |Abbott+2016, PRL, 116, 240113
Livingston, Louisiana (L1)

-H — L1 observed —

H1 observed (shifted, inverted)
| |

0.30 0.35 0240 0.45

Livingston

-1.0 -0.8 -0.6 -04 -0.2 0.0
Time (s)
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J-GEMEN K EHI@LIGO Ol

GW GW150914 GW151226
localization ~ ~
600 deqg?2 1400 deqg?2
(90%) I I
area & prob. | ~g4 g4eq2, ~50% > 1000 deg2, ~90%??
by LV-EM
survey 24 deg2, 0.1% 986.5 deq2, 29%
by J-GEM
nearby galaxies 18 galaxies 238 galaxies
by J-GEM
#(telescope) 2 10
Subaru/HSC not available 1724.6, 2723.8@63.5 deg2
note - 1 transient observed with KOOLS-IFU
roference Morokuma+2016, Yoshida+201.6 i.n press (summary)
PAST, 68, L9 Utsumi+ in prep. (HSC)
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Abbott et al. 2016, ApJL, 826, L13
Others’ EM observations (GW150914)

Initial GW Initial Updated GCN Circular Final
Burst Recovery GCN Circular (identified as BBH candidate) sky map
| 1 | ol

Fermi GBM, LAT, MAXI, Swift Swift Fermi LAT,
IPN, INTEGRAL (archival) XRT XRT MAXI

Swift UVOT, SkyMapper, MIAS , ¥ VST, iPTF, Keck, Pan-STARRSI
BOOTES-3 MASTER " pan-STARRS1, KWEC, QUESTEDECam bhe Sky, PESSTO, UH vsT ~ TOROS
| : : ’ . | 111 1l [ ]|
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0.1 MWA LOFAR  MWA LOFAR LOFAR LA
] | | - | | | T | | | ) N | N ) | | I .ﬁ | I

100 10! 102

_— — 8h I — Imerger (days)

from detection/merger

- KWFC: 4.4 days
Les - Tripole5: 6.3-12 days
OGIOEMOOI’I N
O ~900 deg?

: 00 >750% of initial LIB skymap

300 O slightly less: final LALInference skymap
=~ 0O  iPTF (Kasliwal+2016)
00 5 SNe + 3 nuclear transients (w/ spec ID)
@ Pan-STARRSI (Smartt+2016)

N O 49 extragalactic transients (20 spec-ID SNe)

ol g GwW
: 5 Lac* 2 radio

.l optical/IR [

: 24h X-ray [
20h y-ray (all-sky)
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Others’ EM observations
___ Abbott et al. 2016, ApJL, 826, L13

Summary of Tiled Observations

Probabilit () -

Facility / Area : -
§IBSTR"  LALInf |

Instrument Band" Depth® Time® (deg®) | v

GCN

Optical®
DECam i, 2 i<225,z<215 3.9, 5,22 100 % £ 18344, 18350
iPTF R R < 20.4 3.1,3, 1 130 ¥ § 18337
KWFC i i< 18.8 34,1, 1 24 § & 18361
MASTER C < 19.9 —1.1,7,7 710 § § 18333, 18390, 18903, 19021
Pan-STARRSI i i <192 —20.8 3.2, 21, 42 430 2 2 & 18335, 18343, 18362, 18394
La Silla— g r <21 3.8,5,0.1 80 & 7§ 18347
QUEST g

SkyMapper i, v i<19.1,v < 17.1 24,2,3 30 ¥ £ 18349
Swift UVOT u u < 19.8 (gal.) 23,1, 1 3 ¥ 18331

u u < 18.8 (LMC) 34,1,1 i § 18346
TAROT C R <18 2.8, 5, 14 30 ¢ § 18332, 18348
TOROS C r <21 2.5,7,90 0.6 ¢ £ 18338
VST@ESO r r<224 2.9, 6, 50 90 & § 18336, 18397

Near Infrared

VISTA@ESO Y, J, Ks J < 20.7 48,1,7 70 § 15 64 y 10 8.0 § 18353

We reported only KWFC observations to GCN.

O 7900 deg®
0 >750% of initial LIB skymap
O slightly less: final LALInference skymap
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