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Collapsar Model

Observer:
Long GRB
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Question: How common are Long GRB jets?




Low Luminosity GRBs

e Rate of LGRBs: ~ 1 Gpc™ yr-!

e Rate of low luminosity GRBs (LLGRBs): ~ 107 — 10° Gpc™> yr-!
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Question: What is the difference between LLGRBs & LGRB?

Credit: Amati+09; Li+07




One possibility: “CSM”

Low-Luminosity GRB Long GRB

Gamma-rays/Hard X-rays Gamma-rays
(low-luminosity, un-collimated, soft, non-variable) (luminous, collimated, hard, variable)
A mi .. H\ é ((‘ Shock
mildly relativistic + breakout
Cause: shock .. ,
Intense
pre-explosion
mass-loss
Extended
mass
An Ultra-Relativistic jet An Ultra-Relativistic jet
Penetrates the core — choked in the extended material Penetrates the core
Rate: LLGRBs >> LGRBs

Key Point: Even a low-mass CSM can significantly affect the jet

Credit: Nakar 15



Evidence of CSM in Stripped Envelope SNe
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But only one really shows it
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Let’s Systematically investigate:

GRB-Jet dynamics in CSM

Low-Luminosity GRB

Gamma-rays/Hard X-rays
(low-luminosity, un-collimated, soft, non-variable)

A mildly relativisti(‘:\L § (f/ Shock

shock | breakout

Extended
mass

An Ultra-Relativistic jet
Penetrates the core — choked in the extended material

Credit: Nakar 15



Parameters Values

Jet Conventional LGRBs

Lepot Jet energy ~ 1032 erg

leng- J€t timescale ~ 102

0,: Opening angle ~ 10°

CSM CSM

Reqy s Radius GR? lf,)l';"glf,ﬂ‘f,‘:f\ 9
M, ~20 M Collapsar Jet

Moy Mass

. . —nNn
n: Power-law index (p x 7 ) ~ 2: Constant mass loss



Framework [Bromberg+11]

Jet collimation: Jet head: e
R v~ 101 —10% ¢cm
P Mgy~ 103 - 10" M, V000
PL= —,
-\ pdn/2)e?
)
P.=pn - .
3V, : Jet’s timescale:
Progenitor . .
Ljé’g & central engine jet But = Bt~ teng)
2.:(1) = , off aftert>1¢, .~100s '
: 4cP eng :
c Jet’s tail: g, ~1

J
Zj(t)pac31—%

Jump conditions: L~

, Jet head velocity: ), =

1+ L-172



Jet head velocity /),

Following Bromberg et al. (2011):

B
;=G
(1 —=pp)
e 26'7Ns4 Eeng Rosm Reswm
where: C = X

c> teng(g(% MCSM MCSM
No analytic solution!

=> Numerically??



Universal Solution

Solution for non-relativistic jet head with C < 1
:Bh ~ C1/3

Solution for relativistic jet head with C > 1

B, ~1—-C1P~,

Blended together to:

€18+ (1= c75)(Crcy”

Pn 1 + (C/C)b

least squares fitting gives: C, =~ 0.66, & b =~ 0.79.



Universal Solution

18+ (1= CB) (I

P =~

1+ (C/C)P
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mmmm Numerical Solutions

—— Blended Analytic Approximation
---- Bp=C'? (Cx1)

-=== Bh=1-C > (C>1)

C Eeng RCSM

tengg(% MCSM

Credit: HH+25



CSM mass Mg\

CSM parameters

(for a conventional LGRB jet)

Large

CSM radius R-qp\



Jet head velocity

6o =10°, Eeng = 10°? erg, & teng =100 s

T 100
RCSM [cm] Credit: HH+25




New expression for the
breakout time

Hamidani+25: 1 1

2 —3 2 3 _5
t, ~ 430 s i [ Eeng/leng \ " [ Resm \Tf Mesm \ ((1=Fn)
° 10° 1050 erg 103cm ) \ 0.1M, 0.23
Bromberg+12:
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Breakout times

6o =10°, Eeng = 10°% erg, & teng =100 s

Alternative form:

( Rcsm >~< Eeng )%(
1013 cm 10°?2 erg
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Typical I'# = I'S of the system

[p = 1040edh)

With Energy weighted

o Y
(log(T)) = (log(T));—— + (log(I'P))——
eng cng

Jet Cocoon




Diversity of transients

6o =10°, Eeng = 10°° erg, & teng =100 s
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Summary |

e Fully analytic model for jet dynamics in CSM

e Jet/CSM parameters

= ﬁh’ tb,
=> Jet/Cocoon properties

 Implemtented in Python: https://github.com/
hamidhamidani/cocoon-cooling-model

e Constraints on the CSM in LGRBs/LLGRBs


https://github.com/hamidhamidani/cocoon-cooling-model
https://github.com/hamidhamidani/cocoon-cooling-model
https://github.com/hamidhamidani/cocoon-cooling-model

EP240414a [x-ray]
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EP240414a [x-ray]
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Optical [ep2404144]
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Optical [ep2404144]
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Radio [EP240414a]
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Radio [EP240414a]
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Our scenario [EP240414a]

(A) t ~0—10s: Collapsar jet inside the progenitor (B) t ~ 10" — 10%s: Jet-cocoon inside the CSM

Extended CSM
Rigv~ 103 -10' ¢m
Mg~ 107 — 102 M,

\

GRB Progenitor
R, ~10""-10" cm \
M* e 20 MO

(C) t ~ 10°s: Breakout

Outer/Inner Relativistic
Cocoon Jet

Collapsar Jet

Early Afterglow:
(~1 day; X-ray — IR)

g § Late Afterglow:
(~1 — 10 days; X-ray — IR)

Weak Prompt Emission
(soft X-ray)

Cooling emission:
(=1 days; UV - 1IR)

! Weakened Jet

)
t ~ days:
The FBOT

Credit: HH+25



Parameters [ep240414aj

e Jet: Conventional LGRB jet
e CSM: ~ 0.03 M and 3 X 101 em
e Qutcome: Barely failed jet

o Mildly relativistic jet-cocoon ' ~ 5 — 20 and ~ 10°Y erg
(Afterglow)

e Non-relativistic cocoon ~ 10°? erg
(thermal cooling emission)



Rest-frame Time [days]

Results
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SED of EP240414a

Observations (Absorbed)

0.62 days (GTC) x 50 19.57 days GTC NOT 15 days x 3
3.84 days MUSE x 5 MUSE 81 days HIPERCAM 18 days x 3
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Intermediate GRB for EP240414a

6o =10°, Eeng = 10°% erg, & teng =100s
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Summary I

e EP240414a: intermediate prompt & afterglow
properties relative to LGRBs/LLGRBs

e | GRB jet weakened in an extended CSM?

 An intermediate-class jet/GRB?

o A conventional LGRB jet in a CSM of ~ 0.03M and

~ 3% 10" cm can explain X-ray / Optical / Radio
photometry / SED...

e May naturally explain the weak/soft prompt emission



