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How can we produce a LGRB?
What is a collapsar?
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Conditions for a collapsar

3 conditions for collapsars
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Conditions for a collapsar

● Iron core

● Fast rotation

● no or tiny 
envelope

3 conditions for collapsars
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Conditions for a collapsar

● Iron core

● Fast rotation

● no or tiny 
envelope

3 conditions for collapsars

➔ We need a spinning 
naked helium star!
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Spinning naked Helium star

Classic Wolf-Rayet star?
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Spinning naked Helium star
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Observational data
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Observational data

https://sites.astro.caltech.edu/grbox/grbox.
php?starttime=700101&endtime=181231 Rafia Sarwar

13th January 2025
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Motivation

https://sites.astro.caltech.edu/grbox/grbox.ph
p?starttime=700101&endtime=181231

Observational 

LGRBs Data:

447 LGRBs
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Motivation

https://sites.astro.caltech.edu/grbox/grbox.ph
p?starttime=700101&endtime=181231

Observational 

LGRBs Data:

447 LGRBs

Yoon et al. (2006)
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Market of stellar evolution codes
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Padova

GENeva stellar Evolution Code

Bonn code
Yale Rotation 
Evolution Code

FRANEC

Lyon Evolutonary code

BINSTAR

STERN

PARSEC GARching 
Stellar 
Evolution 
Code

Code Liègeois 
d'Evolution 
Stellaire

Darthmouth 
Stellar Evolution 
Code

STAREVOL

TWIN

Code de Montpellier-Montréal

MESA
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Model parameters

27

Initial masses 10M⊙ 20M⊙ 30M⊙ 40M⊙ 50M⊙ 60M⊙ 70M⊙ 80M⊙ 90M⊙ 100M⊙

Initial velocity 0.1vk 0.2vk 0.3vk 0.4vk 0.5vk 0.6vk 0.7vk 0.8vk

Metallicities 0.017
(solar)

0.01 0.004
(LMC)

0.002
(SMC)

0.001 0.0001 0.00001
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Results
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Evolution of massive stars

29R. Sarwar et al. (2025)
In preparation
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Evolution of massive stars

31R. Sarwar et al. (2025)
In preparation

Rapidly rotating massive stars:
● rapid rotationally-induced
chemical mixing
● quasi-chemical
homogeneity

Slowly rotating:
● classical
 core-envelope
● red-supergiant
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Evolution of massive stars
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Conditions for a collapsar:

3 conditions for collapsars
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Evolution of massive stars
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Evolution of massive stars

37R. Sarwar et al. (2025)
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Evolution of massive stars

38R. Sarwar et al. (2025)
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Conditions for a collapsar:

● Iron core

● Fast rotation

● no or tiny 
envelope

3 conditions for collapsars
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Population synthesis
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Initial mass function (IMF)
+

Rotational velocity distribution

Star formation rate (SFR)
+

Cosmic metallicity density 
distribution
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Cosmic star formation rate and metallicity distribution
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18th September 2024

L.A.C. van Son et al. (2023)
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Metallicity-dependent cosmic star formation

41R. Sarwar et al. (2025)
In preparation Rafia Sarwar

13th January 2025



Single star models vs observation

R. Sarwar et al. (2024)
In preparation

Rafia Sarwar
13th January 2025

https://sites.astro.caltech.edu/grbox/grbox.
php?starttime=700101&endtime=181231

R. Sarwar et al. (2025)
In preparation
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My last talk in 
Piwnice

Binarity?
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Single stars 
with 
up-to-date 
physics!
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Updated theoretical models fit the 
observations better than Yoon’s 2006

● Wind mass loss prescriptions

● Extended initial mass range to 

100M⊙ (instead of 60M⊙)

● Updated star formation rates

● Cosmic metallicity distribution
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Updated wind mass loss prescriptions
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Publication: in preparation
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Further steps
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● Use different SFR distributions and see which one matches the 
best with observations

● Excluding PPISNe from stellar models (simulating PPISNe phase 
– not part of models)

● Look into observational biases (collaboration Dr. Christina 
Thöne)

● Binary models ( ? )
● Reproducing the duration histogram ( → next slide)
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Reproducing the skewed duration distribution
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Mariusz Tarnopolski (2016)
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 tff ~ the duration
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Reproducing the skewed duration distribution
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  Duration (seconds)

tff ~ the duration

Mariusz Tarnopolski (2016)

Work in progress 



Take home message

R. Sarwar et al. (2024)
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Single star models with 
updated physics fits the 
observations well.
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Figure Credit: NASA  

Thank you …
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A. Schootemeijer et al. (2019)

Mass Loss by stellar winds
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Nuclear burning
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Evidence for CHE stars
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Fate of rapidly rotating massive stars
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Fate of rapidly rotating massive stars
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Mass Loss by Winds:
Standard scenario for massive star evolution 
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Figure Credit: Batta & Ramirez-Ruiz (2019) 

Specific angular momentum
Initial spin of a collapsing star is written as

By Bardeen et al. (1972), radius at ISCO, scaled by GMBH/c.c is

where z1 and z2 are determined by the spin according to:

The specific angular momentum at ISCO, scaled by GMBH/c, can be written 
as:
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Why do homogeneous stars evolve bluewards


