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MASSIVE STARS:
Better together

From Marchant & Bodensteiner 2024

From Sana et al. 2012
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CHEMICALLY HOMOGENEOUS EVOLUTION
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• Nearly equal-mass stars
• Short orbital period
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• Stellar population

CHEMICALLY HOMOGENEOUS 

EVOLUTION Effects on

WR RSG

BH-BH BH-NS NS-NS

Iorio+2023

&

Massive stars

10^8 binary – 10^7 single 

simulations with

CHE: Accretion spin up as in Eldridge+2011
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Bressan+2012; Chen+2015; 
Costa+2019,2021• Compact binary systems

if

• Low metallicity 

(Z≤0.004)

• Large accreated mass 

(>5% of initial mass)

• Massive star       

(M>15 M⊙)
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CHE produces almost 3 times more wr stars 
than standard binary evolution at low metallicity
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w/o CHE With CHE
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WR & progenitor star (At Z=0.001)
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WR & progenitor star (At Z=0.001)
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WR produced by a 6-15𝑴⊙ star through CHE has 
the same Luminosity of a WR produced by a 15-40 
𝑴⊙ star through standard binary evolution 
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WR & progenitor star (At Z=0.001)
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WR produced by a 6-15𝑴⊙ star through CHE has 
the same Luminosity of a WR produced by a 15-40 
𝑴⊙ star through standard binary evolution 

Hyperluminous WR stars 
are produced only through

CHE or stellar mergers  
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BBH mergers
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BBH mergers
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Orbital separation evolution (At Z=0.004)
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BBH formed through 

che born with larger 

orbital separations
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SUMMARY

+ chemically homogeneous evolution

+ binary evolution

1.More numerous wr

2.More Massive WR

3.Less bbh & BHNS mergers

4.ASYMMETRIC BBH

=
More massive BHs

More luminous WRs from less massive progenitors

CHE quenches BBH & BHNS merger formation

14

BBH with Mass ratio 0.4-0.6
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Z=0.001

WR RSG

WR & RSG
Langer1989
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pre-computed stellar tracks interpolationSse:

analytic and semi-analytic prescriptionsBse:

Stellar

tracks:

PARSEC stellar evolution code 
(Bressan et al. 2012; Chen et al. 2015; 
Costa et al. 2019,2021)

Iorio et al. 2023

binary – single 

Pop synth simulations with

CHE: Accretion spin up as in Eldridge+2011
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Bbh Mass ratio
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Compact object binaries
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WR & RSG stats



M. Dall’Amico

WR & progenitor star (At Z=0.004)
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