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Metallicity effects on stellar evolution

Ekstrém+ 2008
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Metallicity effects on stellar evolution

More compact stars
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Winds of massive stars

precise mechanism not at
reach in 1D codes 6

implemented through pre-

. . —~
scriptions of rates ®
de Jager+ 1988; Nieuwenhuijzen & de Jager 1990; Kudritzki+ ~

1987; Kudritzki & Puls 2000; Vink+ 2000 2001 2011; Bestenlehner
2020; Bjérklund+ 2021; Reimers 1975; van Loon+ 2005; Beasor+ \56
2020; Kee+ 2021; Nugis & Lamers 2000; Gréfener & Hamann 2
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often narrow validity domain:

— switch from one to another OF

wind clumping? How much? 30 A3 4.0 33

steady state vs outbursts:
in models, always averaged
rates
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Winds of massive stars

key ingredient for massive
stars evolution

even a slight change during a
limited time modifies the out-
come and the endpoint

comparisons between obs
and models for massive star
is rather a check for M than
anything else!
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Mass loss
o

o lower radiative winds

scaling ~ 798

(uncertain at low Z or

advanced stages)

o different position in HRD

o difficult to form WR stars
with single star scenario

Low-Z mass loss

models from Ekstrém+ 2012; Georgy+ 2013;

Groh+ 2019
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Rotating massive stars

Two competing processes for : .

. . annk . RS I
the surface velocity evolution: 500 Z=001 T R
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— core-envelope coupling E L .

The net result is a complex combination of the two
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Metallicity effects on internal transport

e H : models from Ekstrém+ 2012; Georgy+ 2013;
weaker meridional circulation 775000
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Metallicity effect on internal transport

less winds

less transport

compact star:

- same angular momentum
content leads to more rapid
surface rotation

models from Ekstrém+ 2012; Georgy+ 2013;
Groh+ 2019; Murphy+ 2021
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Metallicity effect on internal transport

comparison Szécsi+ 2015; Choi+ 2016; Groh+ 2019
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homogeneous evolution: solution to produce WR stars?



Nucleosynthesis
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Metallicity effect on nucleosynthesis

Choplin+ 2016 (see also Limongi & Chieffi 2012; Clarkson & Herwig 2021)

convective zone radiative zone
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Diffusion of C from core to shell
CNO flash in the shell = N production

N back in the He-b core — 22Ne — s-process (Frischknecht+ 2012)
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14N production in Pop I

Tsiatsiou+ in prep.
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14N production in Pop I

Tsiatsiou+ in prep.
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Massive binary stars

70% of O-stars could be binaries sana+ 2012

mergers:
19%

‘?C‘}/ .
%

companions
after mass
transfer:
23%

fbinary ;.
.

cts O
odV
o

pre mass transfer
binaries:10%

(a) Apparently single
(K.<10kms™)

single:
48%

companions after
mass transfer: 11%

de Mink+ 2014

semi-detached systems:
7%

pre mass transfer
binaries: 82%

(b) Detectable as binary
(K.>10kms™")
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Metallicity effects on binarity

Song+ 2016

compactness, rotation

RLOF less probable

less efficient RLOF mass
transfer at low Z Gstberg+ 2018
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Binarity contribution to reionisation

stripped stars emit ionising Gétberg+ 2020
photons 10

a) Hi-ionizing photons

non negligible contribution at
later times than massive stars

Relative contribution

beware: the effect of rotation

not taken into account
4

rotation: homogeneous evo-
lution during MS
— long duration for ionising
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real Pop lll: stay blue from 02 -
ZAMS to end of core He-b e —
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Wrap-up

@ big gap between low-Z and Pop |l

@ rotation effects very strong

@ binary effects only for extremely close systems

o islow-Z (< Zizwits onologs) pOSSible?



References |

Beasor, Davies, Smith et al. 2020, MNRAS, 492, 5994 [ADS]
Bestenlehner 2020, MNRAS, 493, 3938 [ADS]

Bjérklund, Sundqvist, Puls, & Najarro 2021, A&A, 648, A36 [ADS]
Choi, Dotter, Conroy et al. 2016, ApJ, 823, 102 [ADS]

Choplin, Maeder, Meynet, & Chiappini 2016, A&A, 593, A3é6 [ADS]
Clarkson & Herwig 2021, MNRAS, 500, 2685 [ADS]

de Jager, Nieuwenhuijzen, & van der Hucht 1988, A&AS, 72, 259 [ADS]
de Mink, Sanaq, Langer, Izzard, & Schneider 2014, ApJ, 782, 7 [ADS]
Ekstrém, Georgy, Eggenberger et al. 2012, A&A, 537, A146 [ADS]
Ekstrém, Meynet, Maeder, & Barblan 2008, A&A, 478, 467 [ADS]
Frischknecht, Hirschi, & Thielemann 2012, A&A, 538, L2 [ADS]
Georgy, Ekstrém, Eggenberger et al. 2013, A&A, 558, A103 [ADS]
Gotberg, de Mink, Groh et al. 2018, A&A, 615, A78 [ADS]

Gotberg, de Mink, McQuinn et al. 2020, A&A, 634, A134 [ADS]
Grdéfener & Hamann 2007, Highlights of Astronomy, 14, 199 [ADS]
Groh, Ekstrém, Georgy et al. 2019, A&A, 627, A24 [ADS]

Kee, Sundqvist, Decin, de Koter, & Sana 2021, A&A, 646, A180 [ADS]
Kudritzki, Pauldrach, & Puls 1987, A&A, 173, 293 [ADS]

Kudritzki & Puls 2000, ARA&A, 38, 613 [ADS]

Limongi & Chieffi 2012, ApJS, 199, 38 [ADS]

Murphy, Groh, Ekstrém et al. 2021, MNRAS, 501, 2745 [ADS]


https://ui.adsabs.harvard.edu/abs/2020MNRAS.492.5994B
https://ui.adsabs.harvard.edu/abs/2020MNRAS.493.3938B
https://ui.adsabs.harvard.edu/abs/2021A&A...648A..36B
https://ui.adsabs.harvard.edu/abs/2016ApJ...823..102C
https://ui.adsabs.harvard.edu/abs/2016A%26A...593A..36C
https://ui.adsabs.harvard.edu/abs/2021MNRAS.500.2685C
https://ui.adsabs.harvard.edu/abs/1988A&AS...72..259D
https://ui.adsabs.harvard.edu/abs/2014ApJ...782....7D
https://ui.adsabs.harvard.edu/abs/2012A%26A...537A.146E
https://ui.adsabs.harvard.edu/abs/2008A&A...478..467E
https://ui.adsabs.harvard.edu/abs/2012A%26A...538L...2F
https://ui.adsabs.harvard.edu/abs/2013A%26A...558A.103G
https://ui.adsabs.harvard.edu/#abs/2018A&A...615A..78G
https://ui.adsabs.harvard.edu/abs/2020A&A...634A.134G
https://ui.adsabs.harvard.edu/abs/2007HiA....14..199G
https://ui.adsabs.harvard.edu/abs/2019A&A...627A..24G
https://ui.adsabs.harvard.edu/abs/2021A&A...646A.180K
https://ui.adsabs.harvard.edu/abs/1987A&A...173..293K
https://ui.adsabs.harvard.edu/abs/2000ARA&A..38..613K
https://ui.adsabs.harvard.edu/abs/2012ApJS..199...38L
https://ui.adsabs.harvard.edu/abs/2021MNRAS.501.2745M

References Il

Nieuwenhuijzen & de Jager 1990, A&A, 231, 134 [ADS]

Nugis & Lamers 2000, A&A, 360, 227 [ADS]

Reimers 1975, Memoires of the Société Royale des Sciences de Liege, 8, 369 [ADS]
Sana, de Mink, de Koter et al. 2012, Science, 337, 444 [ADS]

Song, Meynet, Maeder, Ekstrém, & Eggenberger 2016, A&A, 585, A120 [ADS]
Szécsi, Langer, Yoon et al. 2015, A&A, 581, A15 [ADS]

van Loon, Cioni, Zijlstra, & Loup 2005, A&A, 438, 273 [ADS]

Vink, de Koter, & Lamers 2000, A&A, 362, 295 [ADS]

Vink, de Koter, & Lamers 2001, A&A, 369, 574 [ADS]

Vink, Muijres, Anthonisse et al. 2011, A&A, 531, A132 [ADS]


https://ui.adsabs.harvard.edu/abs/1990A%26A...231..134N
https://ui.adsabs.harvard.edu/abs/2000A&A...360..227N
https://ui.adsabs.harvard.edu/abs/1975MSRSL...8..369R
https://ui.adsabs.harvard.edu/abs/2012Sci...337..444S
https://ui.adsabs.harvard.edu/abs/2016A%26A...585A.120S
https://ui.adsabs.harvard.edu/abs/2015A%26A...581A..15S
https://ui.adsabs.harvard.edu/abs/2005A&A...438..273V
https://ui.adsabs.harvard.edu/abs/2000A&A...362..295V
https://ui.adsabs.harvard.edu/abs/2001A&A...369..574V
https://ui.adsabs.harvard.edu/abs/2011A%26A...531A.132V

	Evolution
	Radii
	HRD

	Mass loss
	Recipes
	Changes
	Low-Z

	Rotation
	Mdot vs transport
	Diffusion, meridional circulation
	Vsurf
	WR at low Z

	Nucleosynthesis
	N14 production
	in PopIII
	comp Z

	binarity
	all binaries!
	Z=0 binaries
	reionisation

	Wrap-up
	

