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Chemically homogeneous evolution of
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Take home message

Theoretical understanding of the evolution of massive
stars and binaries, and their impact on their surrounding
environments may be the key to understand early
galaxies.

=

/4

Rafia Sarwar

30 January 2024
International Conference on Gravitation and Cosmology 2024, Lahore, 32

Pakistan



NICOLAUSCOPERNICUS 7 g : : g R R R A e s e bR S NICOLAUSCOPERNIGUS
UNIVERSITY : ‘ i G e R B S G e A UNIVERSITY

INTORUN = . 2 : CE e Ul D e e G R e (L ’ INTORUN

Faculty of Physics, Astronomy i 3 el i ¢ BT i ¥ Sy . A

and Informatlcs e

30 Jant
Internatlonal Conference on Gravita smology 2024, Lahore,
Pakista " ;




. ? 4
NICOLAUS COPERNICUS
UNIVERSITY
IN TORUN ;

Faculty of Physics, Astronomy
and Informatics .

g A g NATIONAL"
' NICOLAUS COPERNICUS QW SCIENCE"
UNIVERSITY i ANCEN

g TRE ¢
IN TORUN : i
University i T Opus
Centre of Excellence ‘ ] i

- Nuclear burning -

PP-T chain SRty

O, T 5
O e s e N
P /X\‘—).‘%x—»“ —>X\—> AN
» ve 21 SHe .4Hc @ — B —> - ¥ -
7N\ AN
» v -
e} */. e
\*/' 3¢ ‘\*_/’
¢\
o

p+p>’H+e" +v_ (twice)
p+ H—>’He + v (twice)

!
He+’He—>'He+p +p N

4He

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.
Rafia Sarwar

30 January 2024

SPC+po>PN+y
BPN->PC+e’ +v,

PC+po"N+y

“N+p-sPO+y

PO->PN+et +v,

PN+ po" (|3+4He

34



NICOLAUS COPERNICUS ! ; § i ; i : "NICOLAUS COPERNICUS
UNIVERSITY ] f ; il : f T ; 3 UNIVERSITY

IN TORUN ; ; X SRR ) { ) \ " IN TORUN

Faculty of Physics, Astronomy ;) ' { p R University

and Informatics 1 : ? Centre of Excellence

Ewdence for CHE stars

—~————T————T—
6._
5.8 -
-~ 5.6 -
* |
3 |
el |
O
54 =
52
L 550 km/s
I 300 km/s
5.—
4.8 4.6 4.4
log (T*)
Martins et al. 2013  RafiaSarwar 35

30 January 2024



" NICOLAUS COPERNICUS
UNIVERSITY s
IN TORUN

® University
Centre of Excellence
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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

H o

WR stars are near the Eddington limit:

* large convective core size

* strong mass loss to remove helium from the
envelope.

- quasi-chemically homogeneous evolution!

Rafia Sarwar
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Mass Loss by stellar winds
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Specific angular momentum

Figure Credit: Batta & Ramirez-Ruiz (2019)
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Initial spin of a collapsing star is written as

By Bardeen et al. (1972), radius at ISCO, scaled by GMsw/c.c is
1/2
Tisco = 3 + 22 & [(3 - zl)(3 + 21 + 22’2)] /

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

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

2 = (3a% + 22)1/2

- GM?2
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Fraction of shell

collapsing directly

Fraction of shell
forming a disk

X
The specific angular momentum at ISCO, scaled by GMs#/c, can be written ROTATION ALONG Z AXIS
as: 9
: 1/2
Jisco = W [1 =5 2(3"'isco - 2) / ]
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Why do homogeneous stars evolve bluew

R X ,LL2/3MO.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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