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Chemical Enrichment
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Massive stars : Unresolved 
problem?
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• Poor constrained Internal Physics: overshooting, rotational 
mixing, convection, magnetic field, nuclear reaction rate?? …. 


• Mass loss : Uncertainty in mass loss, clumps in line driven winds


• Multiplicity : large binary fraction, poorly constrained  and 
complex physics (mass transfer, common envelope etc)


• Existence of massive stars : rare due to IMF and short lifetime


• Degeneracy of different internal process hard to break using 
surface properties



Single vs Binary?
Sana  et al (2012)
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Milky Way young clusters VFTS O stars



Stellar models with rotation I-VII
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Code comparison

Martins & Palacious (2013)



Code comparison

Agrawal+ 
(2022)



Z = 0.02 (supersolar)
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Yusof et al, MNRAS 2022



Isochrones (Z=0.02)
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Young Massive Stars Cluster - Westerlund 1



Westerlund -1

Beasor et al (2021) 

Young star cluster in inner Galatic disk

Age ~ 4-5 Myr (Crowther + 2006)

Age ~ 10 Myr (Beasor 2021)

Metallicity is not 
known???
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Change of mass loss impact the 
evolution of MS?

18 Gormaz-Matamala, 2023 

self-consistent m-CAK wind 

Vink (2001)



Fate of MS 
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Heger (2003)
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Frischknecht et al. 2015



GW190521 the merger of black holes 
from the first stellar generations? 

21

Pre-merger and final BH masses from LIGO/Virgo observations 
in O1/O2 with GW190521 and the predicted region of the mass 
gap due to pair-instability. 

Final masses (blue) and CO core masses (red) of selected 
85 M⊙ models

Farrell et al (2020)



22 Hirschi et al (in prep)



Very massive star winds as sources of 
the short-lived radioactive isotope 26Al
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Martinet et al (2022)
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Martinet et al (2022)

Rotational mixing is also very significant, as a population of rotating massive 
stars produces twice the amount of 26Al as a population of non-rotating stars

Initial mass increases the mass loss and the convective core size for VMS. This 
means that increasing the upper mass limit for VMS (e.g., 300–500 M  ) would 
also result in an even larger increase of the 26Al galactic production

⊙



3D Modelling 
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Rizutti et al, 2023



SUMMARY & 
OPEN QUESTIONS

• Many uncertainties in the evolution of massive stars


• More precise/updated physics inputs need from time to 
time - but does it agree with observations?


• Changes in mass loss prescription       change the fate of 
the MS 


• Is 3D modelling can be the answered to all the 
uncertainties?

26



Database

30

https://www.unige.ch/sciences/astro/evolution/en/database/


