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Abstract 

Mass loss is a very important phenomenon for the co-evolution of massive stars (M > 8Msun) and their 

environment, yet it is poorly understood. It plays an important role throughout the stellar evolution and it may 

have a deciding influence on the outcome of core collapse. Mass loss phenomena help in determining the final 

mass of the star as well as any changes to the angular momentum during its evolution processes, both of which are 

both key parameters that decide the outcome of the star's life. The physical phenomena that cause mass loss are 

complicated and are not yet completely understood. Thus most stellar evolution codes only use wind mass loss to 

calculate overall mass loss using parametric algorithms.  

 

We compare some wind mass loss algorithms and its effects on massive star evolution using the open-source 

stellar evolution code MESA. We use two hot phase (i.e. roughly the main sequence) algorithms and three cool 

phase (i.e. post-main-sequence) algorithms. 
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Introduction

Mass loss is a key phenomenon for the co-
evolution of massive stars (M > 8MSun
) and their environment, yet it is poorly 
understood. It plays an important role 
throughout the stellar evolution and it may 
have a deciding influence on the outcome of 
core collapse. They determine the amount of 
mass and angular momentum retained by the 
star, thus influencing its evolution and pre-
supernova structure. 

Because of the high complexity of the physical 
processes driving mass loss, stellar evolution 
calculations must employ parametric 
algorithms, and usually only include wind mass 
loss.

We compare some wind mass loss algorithms  
and its effects on massive star evolution using 
the open-source stellar evolution code MESA . 
We use two hot phase (i.e. roughly the main 
sequence) algorithms and three cool phase 
(i.e. post-main-sequence) algorithms .

Simulation Set-Up

Mass Loss Algorithms

Modelling and Results

We compare the models for 3 different η values and a 
combination of hot phase and cool phase mass loss 
algorithms (V, K for hot phase; dJ, vL, nL for cool 
phase). We find that the higher η values gives us 
higher mass loss, however most of the mass loss 
happens after the Main Sequence stage (i.e- after all 
the Hydrogen has burned off)

Figure 1

Discussion and Analysis

• We find that for a given MZAMS, the 
luminosity varies little between models that 
experience different mass loss rates and 
the effective temperature (and radius) 
varies much more.

• The wind efficiency η is the parameter that 
has the greatest impact on the evolution of 
initially identical models. However it is 
possible to choose a combination of 
algorithms whose end results are not 
severely impacted by our choice of  η

• In this study, we have only varied the mass 
loss algorithms used throughout the 
evolution and their efficiency parameter η. 
However, other uncertainties (with possible 
degeneracies) are known, for example in 
the treatment of rotation, magnetic fields 
convective mixing, and overshooting  and 
other similar stellar evolution parameters

Conclusion
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Massive star mass loss is a longstanding issue 
in stellar evolution. Even after so many 
decades of simulations and observations, it 
yetremains incompletely understood. Mass 
loss influences the lifetime and appearance of 
massive stars, their internal structure at the 
onset of core collapse, and their total 
nucleosynthetic yields. Through its effect on 
the pre-supernova (pre-SN) structure, wind 
mass loss can impact the outcome of core 
collapse and the nature of the supernova 
remnant. We studied the impact of a broad 
range of wind mass loss algorithm 
combinations on the evolution and pre-collapse 
structure of nonrotating, single, solar-metallicity 
stars with initial masses of 15, 20, 25, 30, and 
35 MSUN

We compared 6 different mass loss algorithm 
combinations, drawing from 2 algorithms for 
the hot phase of the evolution (corresponding 
roughly to the main sequence), 3 algorithms for 
cold phase (post-main sequence evolution.
The resulting differences in stellar structure 
and total mass at various stages of the 
evolution are caused by the different 
algorithmic representations of stellar winds. 
The different mass loss efficiencies and 
algorithm combinations have profound effects 
on the evolution and the pre-SN masses of 
massive stars. On the one hand, this can be 
expected given the inherent differences of the 
various mass loss algorithms and the various 
assumptions that enter them. On the other 
hand, these algorithms all attempt to describe 
the same physical process – steady wind mass 
loss – and less sensitivity to the 
theoretical/empirical treatment of mass loss 
would in general be desirable.

We vary the mass in range of 15-35 Solar 
Masses in steps of 5MSun

And we change rotation as 0.1 < Ω < 0.9, 
where Ω ≡ (ω/ωcrit)ZAMS

ω2crit = (1 − L/LEdd) GM/R3

Since mass loss rates have large 
uncertainties, it is common practice to employ 
a linear efficiency factor η
to rescale rates to account for various physical 
uncertainties. For example, η< 1 can be used 
to account for wind clumsiness.

Most wind mass loss algorithms are tailored to 
a specific evolutionary stage. To carry out a 
simulation of the entire evolution of the star, 
several mass loss algorithms are commonly 
combined using computational definitions of 
the evolutionary phases 

The wind mass loss of massive stars is 
usually divided into three separate phases, 
whose definition is somewhat arbitrary. When 
using the algorithm K for the hot phase, we 
adopt the following thresholds based on the 
effective temperature Teff and surface (i.e., 
outermost computational cell) hydrogen mass 
fraction Xs :

• Hot phase: Teff ≥ 15 000 K; 
• Cool phase: Teff < 15 000 K; 
• WR phase: Xs < 0.4 regardless of Teff.

Mass loss can be numerically described as

log10(M˙ ) ∝ α log10(L) + β log10(Teff)

The different algorithms studied here use 
different scaling relations based on their 
physical assumptions

Algorithm α β 
V 2.2 1.0
K 1.2 0.6
dJ 1.8 -1.7

NJ 1.6 -1.6
vL 1.0 -6.3

Mass loss rate during the hot evolutionary phase as a 
function of time for all computed Masses and wind 
efficiency η = 1. The solid and dashed curves are 
computed using the V (Vink et al. 2000, 2001) and K 
(Kudritzki et al. 1989) mass loss algorithm, respectively. 
The rapid rise of the solid curves is because of the 
bistability jump

Figure 2

This table shows the Maximum spread in total mass, 
core masses, and radius at the end of the mass loss 
phase for models differing in mass loss algorithm 
combination and efficiency η. We also list the 
maximum and minimum total mass for each MZAMS.

Figure 3

Finally we see the spread in pre-SN appearance 
due to the uncertainty in wind mass loss. Each color 
represents an initial mass MZAMS, each marker 
corresponds to a different efficiency factor η. The 
vertical dot-dashed lines indicate the BSG-YSG 
boundary, and YSG-RSG boundary according to 
Georgy et al. (2016).

Figure 4
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