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GW170817 & GRB 170817A

LVC-GBM-INTEGRAL 17
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Jet Breakout from Ejecta
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Offt-Axis Jet
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Oft-Axis E.

Fio(0,) o const. for
Eiso(0,) o 6(6,)% for
Eiso(8,) o< 6(6,)° for
~ 1

0) = T Geos(@, — DY
5(9'0) — !

['(1 — Bcosby,)

AO: jet opening angle, 0,: viewing angle

%<A&
Af < 0, < 2A0,
2A0 < 0,.

equally contributing region



2018/3/16

Kunihito IOKA

12

V1ew1ng Angle Probablhty

0.02

0.018

0.016

0.014

0.012

0.01

probability

o
o
=)
@

&

¥

-
-—-—.—

h o 2(1+c:os z)

h, o cosi
10.8
On axis GW
loe .g is strong
4]
=
&
0.4 O

0.006 :
0.004 R : 0.2 i~3oo is
0.002 5 '
e v probable
0 10 20 30 40 50 60 70 80 90
Schutz || Inclination (degrees) GW 170817: i<~30°

Lamb & Kobayashi 17



2018/3/16 Kunihito IOKA 13

Time Scales
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Flux density (mdy)
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X—ray Afterglow
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Radio Afterglow
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Flux density (u)y)
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Turnovers in Afterglows
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centroid displacement after 75d [mas]
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Superluminal Motion
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Slowly Rising Afterglow
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Structured Jet?
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Flux density (mdJy)
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Margutti+ 18
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Power-Law Jet?
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Gausslian Jet?

Trojat+ |8
10° , .
= Gaussian
=== Tophat
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> 1077 3< 0/, <4
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Table 2. Constraints on the Gaussian jet and Cocoon model param
distribution with symmetric 68% uncertainties (ie. the 16% and 84% q
10}
Jet Jet+GW+Planck
Parameter Med. Best-fit Med. Best-fit 107 = 2 "'1 — Y 3
10 10 10 10
0.20 0.13
o, 0.51*0-29 0.79 0.32+0-13 0.51 ¢ (d)
log;o Eo 52.50%)5, 54.39  52.73%-30 56.93 525273 56.93 10810 Umin -2.2733 -2.9
O 0.091*0-0%7  0.146  0.057*0-03  0.079  0.07670-0%¢  0.079 1080 Einj 54.7418 52.4
O 0.5540-%3 0.63 0.62+0-% 0.44 0.53+0-79 0.44 k 5.62+0-73 5.3
logjo Me; -7.6%/, 9.5
log;o no -3.1+1-9 -3.8 -3.8419 6.4 -3.24109 -6.4 log;o no -5.2+22 -6.5
0.015 0.015 0.015 0.014
p 215550018 2159 2.15540013 2170 2.1555)-013 2,170 p 2.15610-018 2157
log; €e 1224085 -0.73  -1.51%0%  -1.37  —1.31709% -1.37 log € -1.3379-9  -0.36
logyo €B -3.38708L 350 -3.2070-%  -127  -333704  -1.27 logo € -2.5412 0.4
logio Eror 50267010 5272 50.16%0-L 5475 5019734l BATE logyo Ef,,  52.84%-7  51.00
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Spectrum
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Scattered sGRB
. 521
Thompson scattering by cocoon
Copy spectrum w/ ~MeV cutoff ©% -7 ows
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Surface Brightness

Surface brlghtness of a structured jet [erg/sr]
7 6X10 E. .. = / ds2 Ev(e)
PO | 4r T4(1 — Beosfa)3

5x1 O48

cosOa = sin b cos ¢psin b,

+ cos  cos 0,

4x10*8

3x10*  Most emission
comes from
the jet edge
outside the core
0 & not on the
viewing angle

2x10*®

1x10%8

-04 -0.3-02-01 0 0.1 0.2 0.3 04
Bcoso



High Energy y-Ray?

® Jet & Aftergiow
— Extended & plateau emission to ~10%*> sec
— Off-axis de-beaming

® Central remnant
— Magnetar

® Merger ejecta

— Energy injection from central engine!?
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Short GRBS are Not Short

Short GRB -
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Fak ﬁr%’\‘/ BUT central engine
52 | ' ~100s >>
%f : Extended emission | Chandra tvis ~ 0.1 s
; Ch3 2x Energy +++ E
oL 't :
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Plateau Emission

111121A
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Restframe time since BAT trigger (s)
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o/ —1
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Fallback? Magnetar?

10°
Gompertz+ |3, 14; Rowlinson+ 13;Li+ 15
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EM Counterparts
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FX~FHEy’
VERY EASY
to detect

CTA follow up
even no-detect.
IS Important
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No detection so far
CTA is more powerful

R Radio detection
Mooley et al. (2017)

retal. 2017a)

flimits (95% CL)
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HE y—ray from Afterglow
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High Energy y-Ray?

® Jet & Afterglow
— Extended & plateau emission to ~10%*> sec
— Off-axis de-beaming

® Central remnant
— Magnetar

® Merger ejecta

— Energy injection from central engine!?

36
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Magnetar

37
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Supernova Remnant

X-ray

15h04m 15h02m
RA (hours)

NS merger remnant ~ Supernova remnant
= High energy remnant for NS merger?
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NS Merger Remnant
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EM Counterparts to GWs by Kunihito

2015/06/30 IOKA

Merger Remnant Spectrum

E [eV]
1075 10° 10° 1010
—7T1 r r r 1 r r r — T T T
i =0.9
10° | @100Mpc B=0.9, 82:0.3 -------- i
— B=09,e,=03,1 =107 s
2 10 Fiducial
N 10" - i
- Fermi
O Astro-H
S A —
3 1072 F OPPRC PRRR J R
L ?.’. ---------
e
-14
S 107 -
(QV
LL h
10716 Chandra -
1010 107° 10%° 10%°

Takami, Kyutoku & Kl 13 v [HZ]



Masses in the Stellar Graveyard

in Solar Masses

EM Neutron Stars

LIGO-Virgo | Frank Elavsky | Northwestemn
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Luminosity Function
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BH jet is
~103¢ erg/s
in cold H,
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Jet Luminosity L; ~ Mc® [erg s™'] Kl+ 16, see also Tsuna+18



Magnetic field strength, B (G)
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Particle Acceleration
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X-ray Nova?

Hydrogen-ionization

R disk instability

ADAF + Standard disk
A H iomised Outer disk is cold
stow fall (viscous)  —— Hydrogen recombines

& fast rise H- iOﬂ OpaCity

(thermal)

m;

[ TS = S-shaped curve

fast fall
(thermal)

for thermal equilibrium

H neutral

slow rise (viscous) : X- ray nova = ’ike?

mass of the disc at radius R

Matsumoto+ |7
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Summary

® sGRBI170817 & GRB I170817A
— Off-axis jet
— Jet structure?, Spectrum?, Mechanism!?
® High energy y-ray for CTA
— Jet, Afterglow, Magnetar, Merger ejecta
— CTA follow-up is important
® BH remnant in our Galaxy

— Some TeV unIDs? X-ray novae!
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