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- Whatis a gamma ray burst...
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 What is agammaray burst...
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_How can we produce aLGRB? _
What is a collapsar?
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GRBOX : Gamma-Ray Burst Online Index

F%fé]y e[azr:o17] [2016] [2015] [2014] [2013] [2012] [2011] [2010] [2009] [2008] [2007] [2006] [2005] [2004]
[2003] [2002] [2001] [2000] [1999] [1998] [1997] [older] [all]

Greiner

GRB T90 comments RA Dec X O R refs

Very luminous, reddened afterglow with 2175-A dust bump. Optical
180325A 94.1 observations during main burst peak.

180324A 7.2 Possible very weak afterglow 05:06:06.37 +56:42:51.5
180316A 87 Bright early afterglow. 17:41:42.94 +00:44:54.0
180314B 73 Some follow-up, no deep limits. 19:51:32.80 +23:37:26.6
180314A 51.2 Bright UV/optical afterglow; well-observed. 06:37:03.7 -24:29:45.8
180311A 23 No ground follow-up. 00:13:33.05 -54:29:29.2
180305A 12.5 LAT burst with X-ray/optical afterglov 03:18:28.33 +32:06:36.2
180224A 10.9 Bright early OT but little further follow-up. 13:30:44.057 +38:04:44.55
180210A 40 Fermi/LAT burst with afterglow. 00:07:22.02 +18:33:09.9

10:29:42.7 +24:27:49.3

https://sites.astro.caltech.edu/grbox/grbox.

php?starttime=700101&endtime=181231 Rafia Sarwar
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n 1.0 TR T B Observatlonal J GRBOX : Gamma-Ray Burst Online Index

g § 7 filter by year:

G) - LG RB S D ata . 1 [2018] [2017] [2016] [2015] [2014] [2013] [2012] [2011] [2010] [2009] [2008] [2007] [2006]

—1 0.8+ - — [2003] [2002] [2001] [2000] [1999] [1998] [1997] [older] [all]

S ]

g F 447 LG RBS E comments RA

E 0.6 i i _/ 180325A 94.1 :)/ggyex;r;ilgrc::sd,ur:gg?;i i;l)fltﬁg?lsxrflth 2175-A dust bump. Optical 10:29:42.7

T F g 180324A 7.2 Possible very weak afterglow 05:06:06.37

"G)’ B 1 180316A 87 Bright early afterglow. 17:41:42.94

5 0.4 n 180314B 73 Some follow-up, no deep limits. 19:51:32.80

© :- : 180314A 51.2 Bright UV/optical afterglow; well-observed. 06:37:03.7

8 L i 180311A 23 No ground follow-up. 00:13:33.05

T 0.2H — 1 LAT burst with X-ray/optical afterglo 03:18:28.33

E i 1 180224A 10.9 Bright early OT but little further follow-up. 13:30:44.057

S i 7 180210A 40 Fermi/LAT burst with afterglow. 00:07:22.02

= 0.0 i AL 2l el T|_||_d_|—| ) I BT T 1 180205A 15.5 Bright burst; very bright afterglow. Extensive observations. 08:27:16.74
0 2 4 6 8 10 12 14

Redshift (2)

22

https://sites.astro.caltech.edu/grbox/grbox.ph
p?starttime=700101&endtime=181231 Lty 2025
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Initial masses 10M- | 20M- | 30M- | 40M- 50M-. | 60M- | 70M- | 80M- | 90Mo 100M-
Metallicities 0.017 0.01 0.004 0.002 0.001 0.0001 0.00001
(solar) (LMC) (SMC)
Initial velocity 0.1vk | 0.2vk | 0.3vk | 0.4vk | 0.5vk | 0.6vk | 0.7vk [ 0.8vk
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Updated theoretical models fit the
observations better than Yoon’s 2006

e Wind mass loss prescriptions

e Extended initial mass range to
100M- (instead of 60M.)

e Updated star formation rates

e Cosmic metallicity distribution
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Updated theoretical models fit the
observations better than Yoon’s 2006

Wind mass loss prescriptions

e Extended initial mass range to
100M- (instead of 60M.)
e Updated star formation rates

e Cosmic metallicity distribution
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ABSTRACT

Stars more massive than 8M,, are ignited by nuclear-burning processes of chemical elements in their interiors until the formation of
the carbon-oxygen core that marks the end of their life cycle. The final fate of evolved massive stars is classically linked to energetic
and luminous transient sources: long-duration gamma-ray bursts (LGRBs). In this work, I present the revised and expanded single-
star models using MESA and new obser\’alional comparisons. My study demonstrates the impact of rotation during the evolulion of
these stars, leading to chemically homogeneous evolution followed by various types of supernova explosions. I also compare these
theoretical models with the observed number of LGRBs with known redshifts. The comparison reveals that the updated massive-star
physics can explain the observed distribution more fairly than previous studies, primarily due to how mass loss from stellar winds is

treated during evolution.

Key words. Stars: Massive stars - chemically homogeneous evolution - long-duration gamma-ray bursts

1. Introduction

In the electromagnetic spectrum, gamma-ray bursts (GRBs) are
amidst the most bright and luminous explosive events across the
cosmic ages (Atteia et al. 2017). Prompt emissions of GRBs typ-
ically cover a spectrum from gamma-rays to X-rays and even op-
tical wavelengths (Gorbovskoy et al. 2016; Vestrand et al. 2014).
Observed redshifts (z) of GRBs range from a low of 0.0085

supernovae and LGRBs (Ensman & Woosley 1988; Galama et al.
1998; Bloom et al. 1999, 2002; Hjorth et al. 2003; Heger et al.
2003; Stanek et al. 2003; Woosley & Bloom 2006; Cano et al.
2017). Primarily, the collapsar model by Woosley et al. (1993) is
the leading theoretical scenario for explaining LGRBs.

The collapse of massive, core of a fast-spinning massive star
collapses due to gravity to form a proto-neutron star (PNS) sur-
ronnded hv an intenselv hot accretion disk. The fast-rotatino
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- Further Stéps

e Use different SFR distributions and see which one matches the
best with observations

e Excluding PPISNe from stellar models (simulating PPISNe phase
— not part of models)

e Look into observational biases (collaboration Dr. Christina
Thone)

e Binary models ( ?)

e Reproducing the duration histogram ( — next slide) - .- -
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Mass Loss by stellar winds

The choice of wind mass loss recipe depends on the temper-
ature T and surface hydrogen mass fraction X;. For hot stars
(Teg > 25 kK) that are hydrogen rich (Xs > 0.7) we adopted the
prescription of [Vink et al.| (2001). For hot hydrogen-poor stars
(Xs < 0.4) we used the wind of [Hamann et al.|(1995) divided by
ten. We linearly interpolated between the predicted log M given
by both prescriptions in case 0.4 < X; < 0.7. For cold stars
(Ter < 25kK) we used the prescription from Nieuwenhuijzen
& de Jager (1990) in case it predicts a mass loss rate higher
than Vink et al.|(2001). Due to its high opacity, iron is the main
driver of stellar winds. We scaled all winds to the iron abun-
dance rather than the metallicity Z. The stellar winds thus scale
as M o (Xpe/Xre,0)"%, where the factor 0.85 is the metallicity
dependence found by [Vink et al.|(2001). Here, Xge o = 0.00124
(Grevesse et al.[|1996).
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Figure 1.3: Main reactions involved in the proton-proton chain and the CNO cycle. The PP-chain is the main
source of energy for low mass stars (M < 1.5M,,), while hydrogen burning in more massive stars is dominated by
the CNO cycle.
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- Fate of rapidly rotating massive star
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Standard scenario for massive star evolution

Mass Loss by Winds:

Standard Scenario for Massive Star Evolution

) o M3 Mwind o Ll.SZO.7 e M4.5z0.7

Stellar wind
WR star

1]

WR stars are near the Eddington limit:

* large convective core size

* strong mass loss to remove helium from the
envelope.

- quasi-chemically homogeneous evolution!
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Specific angular t
L. . . . . Jcorec Fraction of shell ‘
Initial spin of a collapsing star is written as  Gcore = GW collapsing directly
core

By Bardeen et al. (1972), radius at ISCO, scaled by GMsw/c.c is
1/2

Fisco = 3 + 22 £ [(3 — 21)(3 + 21 + 220)]"
where z1 and z2 are determined by the spin according to:

z1=1+ (1 — a2)1/3 [(1 -+ a)l/3 +(1— a)l/3]

25 = (3a® + zf)l/2 .

Fraction of shell
forming a disk

X
The specific angular momentum at ISCO, scaled by GMsw/c, can be written ROTATION ALONG Z AXIS
as: 9
3 1/2
Jisco = 33T [1 5 2(3"'isco - 2) / ]
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Why do homogeneous stars evolve bluew

R X M2/3MO'81 with homology relation and CNO cycle

u7.5M5.5

L X with homology relation and Kramer’s opacity law

RO-5

Teff x M1.5M0.75
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