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Line-driven winds mechanism from hot massive stars

■ O/B-type stars

■ Wolf-Rayet 
(discussed later)

Metallicity dependence of line driven winds! Weak winds at low-Z,                                x~0.6-1.2



Mass loss prescriptions in stellar tracks

Zapartas+ 2025

line-driven continuum-
driven



Observational constraints:
Line-driven winds (in hot stars) à P Cygni line profile

■ Absorption vs Emission lines: Contrast



Observational constraints:
Line-driven winds (in hot stars) à P Cygni line profile

■ Blue shifted Absorption Component

■ Red shifted Emission Component
– emission because no star behind: no contrast

Credit: Stellar 
Atmosphesres and 
Radiative Tansfer 
(Alex de Koter)



Observational constraints:
Line-driven winds (in hot stars) à P Cygni line profile

■ Blue shifted Absorption Component

■ Red shifted Emission Component
– emission because no star behind: no contrast

■ Assumptions commonly needed: 
– Velocity structure:                               with β~1
■ small beta, steeper acceleration (in space)

– Chemical composition and ionization fraction 
– Spherical symmetry
– Steadiness and (often) homogeneity

Credit: Stellar 
Atmosphesres and 
Radiative Tansfer 
(Alex de Koter)



Continuum / (dust?)-driven mass loss from cold stars 
(red supergiatns, red giants, asympotic giant branch)

What is the driver of 



Mass loss prescriptions in stellar tracks

Zapartas+ 2025

line-driven

continuum-
driven



Possible geometry of cool winds

Image credit: MAESTRO Project



Observational constraints:
Continuum/dust(?)-driven winds (in cold stars) 
à IR excess from dust
■ Dust absorbtion of visual light and re-emission in IF

■ Dust is solid particles. Only in temperature ~< 1200 K

■ A dust-to-gas ratio needs to be assumed

■ Not clear if dust is the driver of the mass loss or just by-product

Antoniadis+2024, Yang+2023, Liberatori+2026,  Davies+, Beasor+2021, van Loon+2005 , de Jager+1988 
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Mass loss of Red Supergiants and AGB stars
■ Mass loss always dependent on Luminosity

Antoniadis+2024 Liberatori+2026



Observational constraints:
Continuum/dust(?)-driven winds (in cold stars) 
à CO molecules
■ CO molecules, following the lost mass 

– vibrational or rotational band (milimiters and sub-militers; ALMA)

■ No dust-to-gas ratio assumption

Decin+2020



Wind mass loss rates in stellar models

■ (semi–)Empirical parametric models:

Smith 2014 review



Mass loss of Red Supergiants (or Red Giants 
or Asymptotic giant branch)

Yang+2023

■ Uncertainty of orders of magnitudes

■ Uncertainty of the metallicity dependence
– probably weak or no dependence 

for RSG winds



Mass loss importance

■ Evolution of stars how they look like, in which part of the HRD they are found

■ Feedback and chemical enrichement to their environement

■ For massive stars:
– How the supernova will look like (and actually whether it will explode!)
– what kind of compact object (and its mass)
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Zapartas+2025

Example uncertainties of RSG winds



Affecting stellar track at the HRD
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Extreme mass loss at high luminosity?

■ Wolf-Rayet stars
– Hydrogen-poor (i.e., “helium”) stars

of high luminosity and very strong, 
optically-thick winds

Zapartas+ 2025



Extreme mass loss at high luminosity?
■ Humphreys-Davidson limit

■ Potentially related to Eddington Factor



Episodic/Eruptive mass loss, 
Luminous Blue Variables

Jiang+2018



Final position of stars, how their supernova will look like!

Kee+2021
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Uncertain final mass

Renzo+2017



Uncertain initial-final mass relation and 
compact object mass!

Spera+2022

■ Uncertain Black Hole masses!
– Massive black holes mostly at low-Z?

Beasor+2021



To be discussed later…

■ Rotationally-enhanced winds (extra mass loss from highly spinning stars)

■ Magnetic braking (winds at low-mass magnetic stars spin down the star)



Questions?



Backup slides



Regimes that (default) models are not valid
1000 Msun

• extreme mass loss rate etc. So strong 
Luminosity that not really in 
hydrostatic equilibrium. optically thick 
winds. 

• Still accreting, still at “formation”: 
Burning of H during accretion. Photon 
tiring

• Equation of State (EOS)  
extrapolation? extreme photon 
momentum?

1 Earth mass
• Rocky planet, very very different EOS

• Solid, liquid, not gas. 
• coulomb forces, not just thermal 

pressure. solids, crystals, phase 
transitions (liquids to solids)

• solid resist to deformation

• Energy transport.
• Processes like conduction
• no radiation going outward
• maybe movement in the liquid

• Not a “self-gravitating plasma”


