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Figure 1. Localization of the gravitational-wave, gamma-ray, and optical signals. The left panel shows an orthographic projection of the 90% credible regions from
LIGO (190 deg?; light green), the initial LIGO-Virgo localization (31 deg?; dark green), IPN triangulation from the time delay between Fermi and INTEGRAL (light
blue), and Fermi-GBM (dark blue). The inset shows the location of the apparent host galaxy NGC 4993 in the Swope optical discovery image at 10.9 hr after the
merger (top right) and the DLT40 pre-discovery image from 20.5 days prior to merger (bottom right). The reticle marks the position of the transient in both images.

21



Multi-messenger Observation in GW170817

ﬁggg LIGO - Virgo

Fermi/GBM

o

v

©

|9

wv

o

.

f_U,
INTEGRAL/SPI-ACS|L
4]

=

S

o

o

"1M2H Swope DLT40 VISTA
- 4 - -
10.86h i11.08n h|11.24h
MASTER DECam Las Cumbres
’ : 3 ‘ . 1 t F
. .
11.31h, wit40h  i[1157h

GW

LIGO, Virgo

y-ray

Fermi, INTEGRAL, Astrosal, IPN, Insight-HXMT, Swift, AGILE, CALET, H.E.S.S., HAWC, Konus-Wind

Chandra ,

X-ra

Swift, MAXI/GSC, NuSTAR; Chandra, INTEGRAL

uv

Swift, HST

X-ray

Optical

BOOTES-5, Zadko, iTelescope.Net, AAT, Pi of the Sky, AST3-2, ATLAS, Danish Tel, DFN, T80S, EABA

IR i

REM-ROS2, VISTA, Gemini-South, 2MASS, Spitzer, NTT, GROND, SOAR, NOT, ESO-VLFKanata Telescope, HST

Swope, DECam, DLT40, REM-ROS2, HST, Las Cumbres, SkyMapper, VISTA, MASTER, Magellan, Subaru, Pan-SM
HCT, TZAC, LSGT, T17, Gemini-South, NTT, GROND, SOAR, ESO-VLT, KMTNet, ESO-VST, VIRT, SALT, CHILESC . TOROS, I

l\ll |||||n‘n||||| il ol

Radio

ATCA, VLA, ASKAP, VLBA, GMRT, MWA, LOFAR, LW, MA, OVRO, EVN, e-MERLIN, MeerKAT, Parkes, SRT, Effelsberg

Cuw .

I\ R oA momn woan

YIK,

102 10"

-100 -50 50
2 (s)

Merger

-
tt, (days) /]

1 day after merger

\
|
|
|
|
|

\ 16.4d Radio

101

|

Many follow-up observations have been done.

#% < DEHAITKI,

43

Multi-messenger Observations of a Binary Neutron Star Merger”
THE ASTROPHYSICAL JOURNAL LETTERS, 848:L12 (59pp), 2017 October 20

22



EEPEFESAESADOMER

P REMMT SREEENEOME

il

« BHLUKICKAHEH
« BT /AN—RNED RIRFER A

o A[RFTFRNE(FA//N, 7oA/ IN)

=> BEILXR S RDIRIGEH?

Ik 70{E 5 D E!!

SE DR (/1 \w T L) OHLUEIE

* BENRICKDHEEREDIRE

hml

« CNLZABEIZCLI=DIL,
HIf=ZEMNRKE=LN

= NIRERITAHREZRY A :

3



H O TEIN—R k

HUOTEEN—RA b = - AU ASEEGREIEY HEKIZEY F CHR.
i:kJ:d)*%/z&?:‘r“rc 1 B#ERAE L TLS.

19675, 7 A WDZREERERE EVeralZE > THER SN,

AIM/IN—R FEFRESIETULNEDDER.

2HLUTOEWVWAN—R MEIX, BEEREHFESARTHIREENEHON TLV:.

GW1708171%, EEHFUFEESENH U TEHN—RA FEREI L= ENERINT-
MOTDHI&E % - 1=

24




J-GEM

2017.08.18-19 2017.08.24-25

—
16 Visible g

B e -
Near Infrared

17 ]

18+ ® -

Brightness

’ -~
, .
g
20 o\ / 3
/

" L L L 1 1 L L L 1 " " " M
0 5 10 15
Days after the merger

1: HARDEDREHERIF— A J-GEM H&EEZUICENKIRE GW170817, S K3: ENHE GW170817 TERICHAISnIBZ S0
: e . s : ~ 1= 2 (@) & YIal—ray (FR-BR) OB, &

HNCEDTFE I 35 D IR NGC\ 49913%%32’1\ tlﬁﬁh‘b@ﬂé?ﬁ(iﬂ‘-’] 1‘{5- pelsftsSo Wbty Wit M ope Dt

3000 B¥E. I\DAICHDTIEBLIRIIED HSC (CKBDBIFRAREA (2 /N> carczizs. mEd r 7OEIARISHENES(C

KRR 0.9 ¥/o0OX— ML) & E7IUAHICHSD IRSF LimgED SIRIUS ?fﬂuinéﬂ%éwftﬁ;;;;i;gﬁ z'?ﬁjﬁb“f@

) g " e B e IBBEDYIaL—a vk AENL—HLT

(CR DTN (H /N>R R 1.6 YA OOA=ML Ks AR UBER 2.2 o - inpmnzd, LYy b Eusrss)

NA20X— ML) Z3BEHRULIEED (F:z/IOR &:HIJOR, 7R :Ks

I\ R). 201748H248-25HDEAITIE. RENENT D L EEICHRVEZR

LT3 (AFRIMR TS <HD) CEMDINDFRT ., XFPORENZAECEEE

55, (FL2v b BiIXXE/AHEAF)

https://www.subarutelescope.org/Pressrelease/2017/10/16/j_index.html 25



EDEHITH L=

https://www.natureasia.com/ja-jp/nature/highlights/89854

~

& R -
-';ZN?‘&" 3
s T s =T

-
—

s

TEFEDERDRIC, FEHLINLIPEFARUEENSIHMET,

rBfETRERMAEE, BREIYEBBLTENERINT-.
ZTDBETELHAIBMHAUTEDRIEICE > TRET HMGHETHED
mOBNT, AIRIEREFRIMETH 2 I-EFBZoNTLS.

26



e

TR DBERER

\\ “ 7\\ \\

BBy B B Dying Exploding . Human synthesis

: iiisd ;
Bang low-mass = massive No stable isotopes
i fusmn R stars stars I
T J— Cosmic  Merging Exploding im fit .::
L ray neutron ~ white
"""" 7] Eaaleklas: faCiLiza: pasdriasa: sa2iCRuass askiadass fodkatE
ESU) AT
...K ..... G a Sc B AL Cr Mn sBa 0 N| sl & Zn_Ga Ge As Se
g 7507 R 75577 7/337) 78K 77867, 7867 V87 V88, /88 V/dn g5 g B ki
Rb ﬁ ““ R iﬂﬂhﬂdﬁmﬁmﬂh&ﬂm ;;‘z_, mm&- iﬂhﬂ ﬂuaﬂu:&‘fm

Nl & J'I‘E%Eé‘ﬁk
TERENT=-0O"E Ly

27



Masses in the Stellar Graveyard
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The Nobel Prize in Physics
2002

Masatoshi Koshiba
Prize share: 1/4

Raymond Davis Jr.

Prize share: 1/4 Prize share: 1/2

The Nobel Prize in Physics 2002 was divided, one half jointly to
Raymond Davis Jr. and Masatoshi Koshiba "for pioneering
contributions to astrophysics, in particular for the detection of
cosmic neutrinos" and the other half to Riccardo Giacconi “for
pioneering contributions to astrophysics, which have led to the
discovery of cosmic X-ray sources".

Photos: Copyright ® The Nobel Foundation

Riccardo Giacconi
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The Nobel Prize in Physics
2015

A. Mahmoud nouc
Takaakl Kajnta Arthur B McDonaId
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physics 2015 was awarded jointly to Takaaki Kajita
and Arthur B. McDonald “for the discovery of neutrino oscillations,
which shows that neutrinos have mass"

hotos: Copyright © The Nobel Foundation
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