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Collapsar Model

Question: How common are Long GRB jets?

Observer: 
Long GRB

Stripped 
Wolf-Rayet 

Star



Low Luminosity GRBs
• Rate of LGRBs: 


• Rate of low luminosity GRBs (LLGRBs): 

∼ 1 Gpc−3 yr−1

∼ 102 − 103 Gpc−3 yr−1

Question: What is the difference between LLGRBs & LGRB?
Credit: Amati+09; Li+07



One possibility: “CSM”

Credit: Nakar 15

Rate:                LLGRBs                          >>                               LGRBs

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

Cause: 
Intense 

pre-explosion 
mass-loss



Evidence of CSM in Stripped Envelope SNe 

…



Let’s Systematically investigate: 
GRB-Jet dynamics in CSM 

Credit: Nakar 15
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Framework [Bromberg+11]
Jet collimation:





Jump conditions:  Jet head velocity: 

rc(t) = cβ⊥(t − t0),

β⊥ =
Pc

ρa(rh/2)c2
,
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Ec

3Vc
,
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0
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Following Bromberg et al. (2011):





where: 


No analytic solution!


=> Numerically??
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Solution for non-relativistic jet head with  





Solution for relativistic jet head with  





Blended together to:





least squares fitting gives: ,  & 

C ≪ 1

βh ≈ C1/3

C ≫ 1

βh ≈ 1 − C−1/5 .

βh ≈
[C1/3 + (1 − C−1/5)(C/C0)b]

1 + (C/Ct)b
,

Ct ≈ 0.66 b ≈ 0.79.

Universal Solution
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βh ≈
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1 + (C/Ct)b

Jet head  
velocity

Universal Solution

Credit: HH+25



CSM parameters 
(for a conventional LGRB jet)

CSM radius RCSM

C
SM

 m
as

s 
M

C
SM

Small

Large



Jet head velocity

Credit: HH+25



New expression for the 
breakout time

Hamidani+25:




Bromberg+12:


tb ≈ 430 s ( θ0

10∘ )
2
3
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Breakout times

Credit: HH+25



Typical  of the systemΓβ ≡ Γβ




With


  

Γβ = 10⟨log(Γβ)⟩,

⟨log(Γβ)⟩ = ⟨log(Γβ)⟩j
Ej

Eeng
+ ⟨log(Γβ)⟩c

Ec

Eeng
Jet Cocoon

Energy weighted



Diversity of transients

Observed 
CSMs in 
SN Ibcn

Credit: HH+25



Summary I
• Fully analytic model for jet dynamics in CSM


• Jet/CSM parameters                                                              
=> , , …                                                                                    
=> Jet/Cocoon properties


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


• Constraints on the CSM in LGRBs/LLGRBs

βh tb

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


EP240414a [X-ray]

Credit: Sun+24

LLGRBs



EP240414a [X-ray]

Credit: Sun+24

LLGRBs

LLGRB??



Optical [EP240414a]

Credit: Sun+24

Phase 1: 
thermal?

Phase 2: 
non-thermal?

Phase 3: 
Ic-BL SN (Ni56)



Optical [EP240414a]

Credit: Sun+24

Phase 1: 
thermal?

Phase 2: 
non-thermal?

Phase 3: 
Ic-BL SN (Ni56)

Too red! 
Afterglow??



Radio [EP240414a]

Credit: Bright+24

LGRBs

LLGRBs

EP240414



Radio [EP240414a]

LGRBs

LLGRBs

EP240414

LLGRB 
Intermediate GRB??

Credit: Bright+24



Our scenario [EP240414a]

Credit: HH+25



Parameters [EP240414a]

• Jet: Conventional LGRB jet 


• CSM:   and  cm


• Outcome: Barely failed jet


• Mildly relativistic jet-cocoon  and  erg            
(Afterglow)


• Non-relativistic cocoon  erg                                               
(thermal cooling emission)

∼ 0.03 M⊙ 3 × 1013

Γ ∼ 5 − 20 ∼ 1050

∼ 1052



Results 
[EP240414a]

Credit: HH+25



Credit: Dalen+25; HH+25

SED of EP240414a
Observations (Absorbed)

Theory (Unabsorbed)
1st peak 
(cooling)

2nd peak 
(afterglow)



Intermediate GRB for EP240414a

Credit: HH+25



Summary II
• EP240414a: intermediate prompt & afterglow 

properties relative to LGRBs/LLGRBs


• LGRB jet weakened in an extended CSM?


• An intermediate-class jet/GRB?


• A conventional LGRB jet in a CSM of  and 
 cm can explain X-ray / Optical / Radio 

photometry / SED…


• May naturally explain the weak/soft prompt emission

∼ 0.03M⊙
∼ 3 × 1013


