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Collapsar Scenario

An Ultra-Relativistic jet
Penetrates the core

Credit: Nakar 15

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

Credit: MacFadyen+99




Einstein Probe 2024-

Credit: EP



Updated [with EP]

104 | Type | GRBs

; Type Il GRBs

SN-associated LL-GRBs
103 ¢
102 |
10!
XRF 060218 = -
2 Low luminosity
EP250108a EP240414a
100 i EP250827b m G RBS
T T L T T T I I U T
Eiso (erg)

-Er|ergy Credit: Li+25



Updated [with EP]
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Obs. Driven Motivation:

More obs. of weak/LL GRBs
— We need to revisit LLGRBs



Model: Star + “CSM”

Credit: Nakar 15

Low-Luminosity GRB Long GRB

Gamma-rays/Hard X-rays Gamma-rays
(low-luminosity, un-collimated, soft, non-variable) (luminous, collimated, hard, variable)
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An Ultra-Relativistic jet An Ultra-Relativistic jet
Penetrates the core — choked in the extended material Penetrates the core

— Wolf-Rayet + “CSM” Wolf-Rayet




Consistent w/ Recent Obs. Trend:
Evidence of CSM in Stripped Envelope SNe
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Important Point:

Understand (quantify) how the CSM affects the jet

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



Ultimate Goal:
What makes LLGRBs so weak?

(D) Jet-driven SN (A) LLGRB?
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Method:
Numerical Simulations?
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Method:

— Simulations “difficult”

— Analytic Modeling ?
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https://ui.adsabs.harvard.edu/abs/2024PASJ...76..863S/abstract

Jet Dynamics

J Uum p COnd itions: (Begelman & Cioffi 1989)

hipic*(TP);, + P = h,p,c*(TP);, + P,




Jet Dynamics

Jump conditions:

hipic*(TP);, + P = h,p,c*(TP);, + P,

L

Jet head velocity: f;, = = . with L =~
1+ L-172 Zi(D)p,cT3

Bromberg et al. 2011




Cocoon & Collimation

r(f) = cB(t — 1), P.=n—,




Jet head velocity g,

Following Bromberg et al. (2011):

BEx(1-p)>=C

2677Nj Eeng Resm

3 2
¢ tengeO M, CSM

with: C =

No analytic solution!

= Numerically??



Universal Solution

For non-relativistic jet head with C < 1
ﬂh ~ C1/3
For relativistic jet head with C > 1
h A, 1 - C_1/5 .
Blended together to (C, =~ 0.66, & b ~ 0.79.):
18+ (1= CB)(CIGy)
1 + (C/C)>

S

%



. Universal Solution

velocity Credit: HH+25
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Jet head velocity quantified

90 — 100, Eeng — 1052 erg, & teng — 100 S
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Jet head velocity quantified
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Breakout & Success criteria

60 =10°, Eeng = 10°? erg, & teng =100 s

\ Alternative form:
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Theterm 1 — ),

Failed:
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New Generalised Expression
for the breakout time

Hamidani+25:
2 -3 2 5 _s
t ~430s ﬁ : Eeng/teng 3 Resm \° [ Mesm : 1=py\ °
b 10° 1050 erg 10B3cem ) \ 0.1M, 0.23
Important
forf < 1
Bromberg+12:
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Typical I'p = ﬁﬁ of the system

5 = 108eTh)
With Energy weighted
e Y
E E.

(log(T)) = (log(TA))—— + (log (1),

E
Jet "' Cocoon

eng

5 — > 1 (Jet dominated: LGRB)
~ | <« 1(Cocoon dominated: LLGRB)
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(d) No GRB
(Aspherical Explosion)
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Recap

Fully analytic model for jet dynamics in CSM

For Jet/CSM parameters, Gives:
= Je propagation (0, ;, ...)
= Shocked CSM cooling emission (L, 7y, Ty, --)

Code Publicly available in Python:
https://qithub.com/hamidhamidani/cocoon-cooling-model

Can be used to probe the CSM in LGRBs/LLGRBs

Caveat: We only consider hydrodynamical jets


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

A Look at Recent
EP Events

CREDIT: EP
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EP240414a [Unique transient]
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Radio [EP240414a]
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Scenario for EP240414a

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

Extended CSM

Rcgy~ 1013 -10' cm Outer/ Relativistic
M g~ 10*\{1 02 M, Cocoon Jet
GRB Progenitor
R, ~10""-10" cm \
M, ~20 M, Collapsar Jet
(C) t ~ 10%s: Breakout Early Afterglow: g ; |

.. ~1 day; X-ray — IR
Weak Prompt Emission (~1 day; X-ray - IR)

(soft X-ray)

! Weakened Jet [ C00ling emission:

(<1 days; UV - IR) '

(D)
t ~ days:
The FBOT

Credit: HH+25



Results
[EP240414a]
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Updated [with EP]
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EP250108a [LLerB+FBOT]
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EP250108a [No afterglow]
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Our scenario for EP250108a

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

Extended CSM
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EP250108a [LLerB+FBOT]
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EP240414a & EP250108a

00 =10°, Eeng = 10°% erg, & teng=100s

g (a) LGRBs

(d) No GRB
(Aspherical Explosion)

(c) LLGRBs
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EPs so far: “CSM peak”
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Early observations (& lack of bright optical afterglow)
consistently show ~ a few days long blue transient! Ubiquitous?

Credit: Srinivasaragavan+25a,b, Rastinejad+25



Summary

We quantified the effect of the CSM on GRB jets

Follow-up of EPs show that we need an early “CSM peak”

Similarity in inferred LLGRB CSMs ~ 107°M and ~ 10" cm

See Om’s Talk
LG RBS? [the Afterglow is too bright and hides the CSM peak anyways] Tomorrow
(BOAT GRB)

(D) Jet-driven SN (A) LLGRB?
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