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sGRB 170817A from an off-axis jet

— A top-hat jet is not perfect
— Spectral problem

Off-axis emission of a structured jet

— We are likely observing a jet side-profile

— Not an on-axis outflow, not a jet core, but middle
— Both off-axis emission & structure are essential

— The jet side has been observed for the first time
— No compactness problem

— Predict Yonetoku outliers
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Offt-Axis Jet
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Declination offset (mas)
o
L

sky position

VLBI

Day 75

.l‘l' NN .i
4 N
Day 230 D
8
3o0-120 S
- Beam
shape
-12 [ | | I I [ |
8 6 4 2 0 -2 -4 -6 -8

MOO|e)’+ 1806.09693 Right ascension offset (mas)

Vapp~4-1 £0.5 !

Unresolved
R<0.2pc(|mas),
<2pc(|0mas)

Not consistent

with a spherical
source

I~4 at t~t,



Flux Density (ujy)

2018/3/16

Kunihito IOKA

Turnovers in Afterglows
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A Top-hat Jet is Imperfect

* Rising afterglow
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Structured Jet

i — . Polar energy
=2 Injection

N
C

*““‘--~-9_____‘J et + C occon

/ Intrincially

10° 10

Time since GW detection (days) 1100 Stru Ctu red

Lazzati+ |7

w % Margutti+ 18
D’Avanzo+ |8
‘ Lyman+ |8
e e — ) Alexander+ |8
Angle from the jet axis (degrees) Xiet 18, ...

valent k nergy
QObserver
€«
| |
N
e




Flux density (mdJy)

2018/2/9 Kunihito IOKA (YITP) I5

Margutti+ 18

StruCtured J et Lazzati+ 17

D’Avanzo+ |8
6 GHZLyman+ 18

0.70E E
0.65E- . . = [ 1 i T ]
, 060F Simulations . = o s Alexander+ |8
Q’f 0.55 = i —= | (This work) . i
0.50 = | Xiet 18, ... |
0.45 E- =
0'4:()_IIIII T T 1 IIIIII T T 1 IIIIII T T 1 IIIIII L] T 1 IIIII_ —_
10% i .é’ 0.10 -
W 10% E’ i
1.000F @ st E ° I
C S 50 . 5 v ?
[ O 10 Q ] v
a 49 O § Fast Qphorlce\l Fn‘cball AN
T o 10 T = (Mooley et al., 2017) N
o 108 -1 001k T A/7 s Slow ﬂpher]cal Fireball b
F (Mooley et al., 2017) 3
[ 100 O T r 1
— 0 o — Structured Jet 1
0.100 - L (Lazzati et al., 2017) ]
C g Z - s . P | . o
[ - 10¢ ] 10 100 1000
5 4 X—rays 1 keV
L This work \\ 1078 ™ T T by
1 Lazlzatl et al., .2017 \_ * F— Fix(s)t l]()&lgg]lecyalethe 2%11 7)
i N r Slow Spherical Fireball
1 10 é \ - £=0.61 (Mooley et al., 2017)
0.010F 6 (deg) I ]
- - tructured Jet
r = Lazzati et al., 2017)
: £ ol == fichungt vete :
L 1 ¢,=0.02 »  F '3
1 e;=0.001 7 [ X
1 n=10"" cm é L ]
1 0,,s=20 deg N | 1
|- =]
0.001 | S
C €.=0.1 1077 E
- | €5=0.0005 g o :
- n=10"" cm™ + .
B Oops=17 deg r .
lllll 1 ] L1 11 lll 1 1 1 llllll 1 1 L1 1111 B “«‘J N
0.1 1.0 10.0 100.0 1000.0 o 100 1000

Time since Merger (days) Time since Merger (days)



2018/3/16 Kunihito IOKA 16

Power-Law Jet?
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Gausslian Jet?
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Afterglow vs. Prompt
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VLBI — Viewing Angle
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Afterglow vs. Prompt

0O 5

Troja+18
Margutti+18
Ghirlanda+18
Lyman+18
Lazzati+18

ey=10%

10 15 20 25 30 35 40 45 50 55
Anale 6 from the jet center

But generally
exponentially
decreasing
profile is
hecessary

|.Radiative
efficiency
is very low

2.Structure

60 is wrong



2018/2/9 Kunihito IOKA (YITP) 22

Reconstruction Concept

Synchrotron shock model
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Reconstruction Concept

Synchrotron shock model
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Reconstruction Concept

Synchrotron shock model
Loretnz factor /(t)
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Reconstruction Concept

Synchrotron shock model
Loretnz factor /(t)
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Afterglow vs. Prompt
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Offt-Axis Emission

Quasi-
—  [Troja+18]x10% ] Gaussian

e ragdaeny?y ] EMIssion IS
always

exceeded by
off-axis
emission
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The jet profile,

not jet core,
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Viewing angle 8, of the jet
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Surface Brightness

Surface brightness of a structured jet [erg/sr]
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Jet Structure + Beaming
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E _.-E (Amatl) Relation
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Future Prospects
Quasi-
= [Troja+18]x10% ] Gaussian
e ragdaeny?y ] EMIssion IS
always
exceeded by
off-axis
emission
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The jet profile,

not jet core,
10 15 20 25 30 35 40 45 50 55 60 js essential

Viewing angle 8, of the jet
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V1ew1ng Angle Probablhty
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sGRB 170817A from an off-axis jet

— A top-hat jet is not perfect
— Spectral problem

Off-axis emission of a structured jet

— We are likely observing a jet side-profile

— Not an on-axis outflow, not a jet core, but middle
— Both off-axis emission & structure are essential

— The jet side has been observed for the first time

— No compactness problem
— Predict Yonetoku outliers Almost tOP'hat






