GRB prompt emission: Fresh insights from internal shocks
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Single pulse of light

One collision

Two shock-fronts



One collision- Two shock fronts
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Equal-Arrival-Time surfaces (EATS)

Our model:

One collision

Two shock fronts

One pulse
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Light curve at a fixed frequency
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Light curve at different frequencies
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Instantaneous Spectrum



vF,
VoFo

(tonl; tots, ton4) = (1, 1, 1)

T

1.0 p

0.8 //

0.6t/
0.4

0.2 ?
i
|

log10 (V/Vo)

O.O0




(ton1, tofr, tona) = (1,1, 1)

0.87

0.6 i/

0.4

0.2

e ———

A

\-
, SN
N

I

&

\ l0g10 (V/vo)
\ ........... 2.0
\
S -1.0
% N 0.0
W
\,‘\
\.\\
\A\
%
\ i
N VFy
5 N
53\\\
2 VoFo

0.0

o

!
!
!
!
!
!
!
!
!
!
!
!
!
!
1
1

10—1_-

(tonlr tona, toff) =(1,1,1)

0.0

lOglo T

oy —
100:— ‘/‘/ \'\
] S N,
7 ~

Peak

~.
~.
=,
~

0/‘
7
7
7
7

i Is this a cooling break ?

N

103077193 162 10T 100 1ol 1oz~
10 10 10 10 10 10 10
V/Vg

"o’



(ton1, tofr, tona) = (1,1, 1)

|
1.0 "A]i.\\"\ log10 (V/Vo)
-
0.8} I\
1 | & (==
/ LN
I/ | b S—
0.6f |/ 1 %
o %
i !
0.4 !
i !
0.2h: !
i I
] !
| i
005 1 2 3
T

(tonlr tona, toff) = (1, 1, 1)

V/V,

logio T —= 00
100—_ ’-/.’..\.
: R " \'t'\,
R / NS
RGPV o
e ~ N
~/./ /7 ‘'~ \\\
’/’/ /' ~ g ~N
10°% .77 / Py
// R4 RS \'\
s ~.
0/ \
4
FS
-2 PRSP | PO | e S, | SN | S AP,
10 1074 103 102 107! 100 101 102 103



100

Rahaman et al. 2024b, MNRASL

LN o
— -
— =
I o
(@) -
T
=)
.1
T
o
—
(Tp]
Q o
i —~
oo o
: 1<
<t -
8 R
"
i
“ I~
| 3 o
[ |
i !
[ |
\
[ 4=
Qc (N
L 1 1 1 1 'l 1 L hO
o wn o (o] o< m o~ ~ o < e N
S N v N S5 5 o o o 2 o o
— o o o o 0 10 xa\_ V_Q — —
d



Tool for inferences
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Integrated Spectrum



fast cooling FS fon1 : Loft : tona
RS +FS —— 1:1:1
P - ’._/ /‘/R’SI—.\.\::-.\ : ~.<
100 r ‘/'/' '__":/'/ .\'\,.:.'\.~
Vv : 5 //'/‘/‘ FS o~ \\\\\ . .
< & S Fast - electrons cooling time faster
w1 ~~{  than shock crossing
< 10 — ‘.
s Wargmall IHetreelng & Marginally fast - electrons cooling
RS+FS time comparable to shock crossing
Lol Py S Daigne et al. 2011, Beniamini et al. 2018
/-"// +# FS TR
7 s
s
/‘/ /'/ /'/ T~ B
/C.‘/./ /,/' \-\,\.\.\
- / L
-1 /'/ ! ) . \.\'\. .
10743 162 161 10° 107



GRB 160625

: ton1 : tofr: L < Peak spectrum 2SBPL
fast cooling FS onl. - Soff - tond o eak spectrum
~ 4+ Nal9
RS+ FS ——= 1:1:1 i & Bove
. + BGO1
et -~ 7
- me———, ~. n
- — P //RS \\:\\ % .
109} P e ~.J~-, L1
e _ ":: e :., -
/ 7 /'/./ PR \.\. 2 :
7 g P 7 i
5 i 4 FS T~ 10?
o . Wiy A
l\ _/'/ =S - = 5
LLO /./ \.\'\ '—E:’,' 0
3 & g2
o % _,
= 10! ity 2 10° o
g . . E [keV]
Vi Marginally fast cooling FS
= —— SBPL+BB Peak spectrum SBPL+BB
RS+ FS &
------- 4
T T T =~ E10
- > 4 RS \.\.\ =
ol - ke \\\ ‘tn
10 R S :
/,/ - FS ~ NON S
4 P = g 1034
7 - =
VA —_ w
x g e i
P 57 ~.<
P Y ~— -
el 4 T 4
v /,/ \\ % 5
10-1 Va . . . e, 2 ol
=3 =2 -1 0 1 7 .
10 10 10 10 1o 3 Ravasio et al. 2018
V/v, R TR T o
E [keV]

Marginally-fast FS can mimic phostopheric behaviour



fast cooling FS Lon1  bort : ona
RS +FS —= 1:1:1
100 L ‘/,/'/‘ ./,/ RS '\.\::..:.\.\
i E—— ~.
./'/ o fa b
7 /‘/ /‘/ ~u.
e FS T~

o . . o
I\ /./‘/ \\\

o i e
L /'/ =-d
= 10-1
\ 10 . .
iy Marginally fast cooling FS
2

RS+FS . _
/_/./-:‘/./R’.S \\\\\\\\\
100+ /‘/~ ) e -\-.\\..\\.\.
/'/' /-/‘/ FS e
s
S Beware of t
/'//// ./'/ \'\'\.\
/’/' ” \\
= K4 =~
/ ~..
1073 b ' : e
1073 102 167 1168 10!
V/vg

GRB 160625

—— 2SBPL Peak spectrum 2SBPL
= + Nal6
oy +  Nal9
£1044 + BGOO
- + BGO1
7
(2]
T 10
~ 107
w
.
w
102_
» 4
g 2
= 0
é -2
-4
10! 10? 10 104
E [keV]
—— SBPL+BB Peak spectrum SBPL+BB
&
I
€
(9]
-
]
%]
>
(]
0

Residuals

10
E [keV]

10

10!

Marginally-fast FS can mimic phostopheric behaviour

Ravasio et al. 2018



Conclusions

Reverse shock is usually stronger than the forward shock

Observed emission is superposition of emission from both shocked regions

Diversity of pulse morphology can be reproduced

Predictive power to derive important physical parameters associated

with the outflow
Rahaman et al. 2024 a,b
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Two- shock fronts- Internal energy dissipation
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Suggestion: Gamma-ray production must fall very sharply in the Off-axis region
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Assumption: Dissipation efficiency is
constant across the profile



Suggestion: Gamma-ray production must fall very sharply in the Off-axis region
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Number of Events

Observations: Three different classes from the same underlying distribution
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Ballistic vs Hydrodynamic
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Two cold shell collision
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Can we not change radial widths arbitrarily ?

i R2

Rahaman et al.
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Gamma Ray Bursts

Brightest electromagnetic phenomenon in the Universe

What about the BOAT GRB221009A?
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Number of Bursts
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Time-integrated spectrum
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