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Credit: Jonathan Quirola

Gamma-Ray Bursts (GRBs)

Too Extreme: We need a jet!



Collapsar Scenario

Credit: Nakar 15

Key point: We need a stripped/compact Wolf-Rayet Star!

Γ =
1

1 − β2

β = v/c

GRB: 
Γ ∼ 100

See  
Fujibayashi-san’s 

Talk



Credit: EP

Einstein Probe 2024-

See Arimoto-san’s 
Talk
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X-ray

-rayγ

Energy

H
ar

dn
es

s



Typical 
GRBs

Low luminosity 
GRBs

Updated [with EP]

X-ray

-rayγ

Energy

H
ar

dn
es

s

Low Luminosity GRB: 
∼ 102 − 103 Gpc−3 yr−1

Typical GRB: 
∼ 1 Gpc−3 yr−1



Obs. Driven Motivation: 
More obs. of weak/LL GRBs 

We need to revisit LLGRBs→



Model: Star + “CSM”
Credit: Nakar 15

GRB: 
Γ ∼ 100

LLGRB: 
Γ ∼ 1

Wolf-Rayet + “CSM” Wolf-Rayet

see Maeda-san’s Talk



Important Point:  
Understand (quantify) how the CSM affects the jet

i.e. Quantify the effect of  
e.g., CSM mass, radius, on the jet dynamics

Nick’s Talk 
Kuze-san’s Poster



Ultimate Goal:  
What makes LLGRBs so weak?



Method: 
Numerical Simulations?



tb − t0 = 8.310sWide Jet case
In massive Stars (long GRBs)



Method: 
 Analytic Modeling→



Jet Dynamics
Jump conditions:


  hjρjc2(Γβ)2
jh + Pj = haρac2(Γβ)2

ha + Pa



Pc = η
Ec

3Vc
,

Σj(t) =
Ljθ2

0

4cPc
,

rc(t) = cβ⊥(t − t0),

β⊥ =
Pc

ρa(rh/2)c2
,

Cocoon & Collimation

βh

β⊥

β⊥

PcPc



Following Bromberg et al. (2011):





with: 


No analytic solution!


 Numerically??

β3
h × (1 − βh)−5 = C

C =
26ηN4

s

c3

Eeng

tengθ2
0

RCSM

MCSM
∝

RCSM

MCSM

⇒

Jet head velocity βh



Universal Solution

CSM presence: C ∝
Eeng

tengθ2
0

RCSM

MCSM

βh ≈
[C1/3 + (1 − C−1/5)(C/C0)b]

1 + (C/Ct)b

Jet head  
velocity 

( )βh

Credit: HH+25



Jet head velocity quantified

Credit: HH+25



Credit: HH+25

Old

New

Jet head velocity quantified



New Generalised Expression 
for the breakout time

Hamidani+25:




Bromberg+12:


tb ≈ 430 s ( θ0

10∘ )
2
3

(
Eeng/teng

1050 erg )
− 1

3

( RCSM

1013 cm )
2
3

( MCSM

0.1M⊙ )
1
3

( 1 − βh

0.23 )
− 5

3

tb ≃ 15 s ( θ
10∘ )

2/3

( Liso

1051 erg s−1 )
−1/3

( R*

5 R⊙ )
2/3

( M*

15 M⊙ )
1/3

Important  
for β ≲ 1



Diversity of transients

Credit: HH+25

Observed 
CSMs in 
SN Ibcn



CREDIT: EP

Interpretation of Recent  
EP Events
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Credit: Sun+24

Phase 1: 
thermal?

Phase 2: 
non-thermal?

Phase 3: 
Ic-BL SN (Ni56)

EP240414a [Unique transient]

Too red!



Radio [EP240414a]

Credit: Bright+24

LGRBs

LLGRBs

EP240414



Scenario for EP240414a

Credit: HH+25



Results 
[EP240414a]

Credit: HH+25

CSM: 

  

 cm


Jet: 

Conventional

∼ 0.03 M⊙
3 × 1013



Updated [with EP]
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Credit: Srinivasaragavan+25

Phase 1: 
Thermal

Phase 2: 
Thermal (SN / Ni56)

EP250108a [LLGRB+FBOT]



Credit: Srinivasaragavan+25

EP250108a [No afterglow]



Our scenario for EP250108a

Credit: HH+25



Credit: Srinivasaragavan+25

Phase 1: 
FBOT (thermal)

Phase 2: 
Ic-BL SN (Ni56)

EP250108a [LLGRB+FBOT]
CSM: 


  

 cm

∼ 0.07 M⊙
3 × 1013



EP240414a & EP250108a

Credit: HH+25

EP250108a



Summary
We quantified the effect of the CSM on GRB jets


Early follow-up observations of nearby LLGRBs show that 
we need extended CSM


We see similarity in LLGRB CSM parameters  
and  cm

∼ 0.03M⊙
∼ 3 × 1013


