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Afterglow of Gamma-Ray Bursts
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Electron heating/acceleration
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Electron Acc. in the conventional model

Eichler & Waxman 2005
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GRB '90 ' |4C z = 0.42 Nearby
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Flux (erg cm™ s7)

Multiwavelenghth Lightcurves & Spectra
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1D time-dependent calculation

Electron energy distribution

l%B BI [G] Erez T.l:-,- (8;} [erg cm-}]
10 | 10°
_________ ~ 10’
™
10 O 1072
h)
:\'\\ 100
10" N\ 107
[ tr
: —3\\ 10
10° not ¢ A 10°°
' R
. \
o Dashed: radiative 1072 (08
€. = 0.9,€51=0.05
1072 : 1073 10°f

10 100 10° 107 10° 107 ¢[g)

E, = 10°2erg, T, = 100,n;5y = 1cm™3,p = 2.2,
€. =€ =0.1

Fukushima, KA+ 2017

Taking into account the theta-
dependence on observables,



Model Ep o no A P €e €B fe

ISM Model ferg] fem™3)

ISM (method I) 10°4 600 1.0 — 23 006 9.0x10~* 0.3
Wind (method T) 1054 300 — 0.1 235 008 1.2x103 0.3
ISM (method II) 4 x 10°% 0.3 — 23 01 10x1073 1.0

[ ] [ ]

Fermi-LAT photon index: ~-2
. . - + -2 - l I
EobsE (Egps)eTE CmM™ 87 | Flux [ergem™ s™']
LU R R UL B R IR T T T T T T T T TTTT L R T T TTTTH

—— () ptical
0.7-10keV
10keV-1MeV
0. 1-1GeV (x10)
0.3-1TeV (x300

80s

107 ¥

10°®

/|

10°

10°°

.-'I;lllllllll 1| IIIII| | IIIIIII| 1 IIIIILI,I—-JI IIIIIII| | RN

2

1(}-[(] |
I 1 1 IIIIII| 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 I
10" - sssal il sl s : . ' 10" 10" 10" 10° 10° 10*
10 10° 10° 10 10" 10" (T
Eubs[(:\]] “bh[E’J
r n = 1,10,100,
L 1/4 1/2
lacc ~N— 1000,3000,10000 - T 3e
¢ rmax A 2¢ BN 2nl'cor



Optical emission via thermal synchrotron
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Optical emission has been considered 1o originate from reverse shock,
But, thermal synchrotron can explain also.
Heating efficiency lower than PIC sim, suggested
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Shallow Decay Phase

X-ray LCs

10t GRB050315
N — light-curve
4
107°
\n 10710
i
&
o 10~
g + =
x
S
T w0 1
t
10
}
102 107 10t 108 10°
Time since Trigger (s)
GRBO50713B
— light-curve:
10
T 1071
o
b
§ o
o 4
2
i) f
e v
[
w0
107 107 10* 10% 10°
Time since Trigger (s)
GRB050822
107"
— light-curve:
10~
ERSURY
|
o
o
E 1w
b
2
@
=
x
=2
[
107
1074

107 107 10" 10°
Time since Trigger (s)

Time since Trigger (s)

GRBO050319
— light-curve
10-10
= 1,
)
T a0
g i
&
s f
107
3
[
10°F
10% 10* 10% 10¢
Time since Trigger (s)
GRBO050803
— light-curve.
w0
10-®
)
’T 101
3
Y
o
9w
x
32
[
101
107
10° 104 10% 10°
Time since Trigger (s)
GRBO509158
— light<curve
10
oo
f
0
T
E 10t +
5
= +
i:( 10-"
[
1074
10° 10 10" 10° 106

= 5 =

Flux (erg-cm=2-s71)

5

10-1

5

10~

Flux (erg-cm=2:571)
=

g

1010

10-18

GRBO50607

4

— light-curve

o

107 10? 10t 10°
Time since Trigger (s)

GRBO50814
— light-curve
t
kd
+ 444
t
4
10° 10° 10° 10%
Time since Trigger (s)
GRB050922B
— light-curve

10° 10* 10*
Time since Trigger (s)

Ding+ 22

Flux density [mJy]

100

10

0.1

0.01

10~

10~

1073

JREELREELLL | T

GRB 110731A (Ackerman+13)

[ 1 111 IV \%

LELRAELY | T T Trrm, LB AL | LB R RLLL | LRI R L | T

I 10
Time since burst trigger [s]

100 1000 10 109 106

Fermi-LAT GRBs tend 1o show
no shallow decay.

See Yamazaki+ 20



Model of Shallow Decay Phase
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Lightcurves
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TeV Lightcurves
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TeV Lightcurves
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Summary

e Particle Acceleration seems faster than that in
PIC simulations,

e All electrons are accelerated? No Thermal
Signature,

e Future: Gamma-ray detection constrains model
of shallow decay.,
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