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Stellar evolutionary models
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Stellar evolutionary models
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Stellar evolutionary models
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!
!
     Isochrones 
     Example: Open cluster 
     M67 
!
     This one is for Z = 0.014    
      and log (τ/yr) = 9.6, 
      distance modulus of  
      V − MV = 9.75 and  
      colour excess  
      E(B − V) = 0.03  
      (Bressan et al. 2012) 
!
!

Credit: Liphopsian



Evolutionary models
!
• There are different active groups developing these 

models (Bressan et al. 2012; Chabrier et al. 2000; Dotter 
et al. 2008; Meynet & Maeder 2000; Pietrinferni et al. 
2004; Yi et al. 2001, etc.) 

!

• We use PARSEC (the PAdova and TRieste Stellar 
Evolution Code), which provides isochrones and stellar 
tracks that follow the evolution of a star from its 
formation to the asymptotic giant branch phase for 
low- and intermediate-mass stars, or the carbon 
ignition phase for massive stars
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Evolutionary models
!

• PARSEC models (v1.2S: Bressan et al. 2012; Chen et al. 
2014, 2015; Tang et al. 2014) yield, among other stellar 
parameters, the actual mass, luminosity, effective 
temperature, surface gravity, and magnitudes in a 
chosen photometric system (Johnson-Cousins for this 
research) as a function of age, initial metallicity, and 
initial mass. The radius can be trivially calculated from 
the mass and surface gravity, and the mean density 
from the mass and radius
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Evolutionary models
Pre-main-sequence 
(PMS), main-sequence 
(MS), sub-giant branch 
(SGB), red giant branch 
(RGB), different stages 
of the core helium 
burning (CHeB), early 
asymptotic giant 
branch (EAGB), and the 
thermally pulsing 
asymptotic giant 
branch (TP-AGB). 
!
It does not include 
white dwarfs. The 
lifetime of a star 
ranges from a few 
million years to ages 
significantly longer 
than that of the 
Universe for very low 
mass dwarfs. The 
maximum theoretical 
age of the models used 
here is 13.5 Gyr
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del Burgo & Allende Prieto 2018

[Fe/H]=-2.15 … -0.95 (0.05)  -0.65 (0.03)  0.42 (0.01) 
5% in age



Evolutionary models
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del Burgo & Allende Prieto 2018

[Fe/H]=-2.15 … -0.95 (0.05)  -0.65 (0.03)  0.42 (0.01) 
5% in age; effect of mass sampling (0.1%)
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Evolutionary models
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Methodology

del Burgo & Allende Prieto (2016, 2018)11

• For instance, for M:

Prior f0: initial mass function of Chabrier (2001) 
L: likelihood function



HD 209458: a solar-like star 
Grid of models 
!

• Zini: 0.0151 - 0.0211, in steps of 0.0005 
• Age: 4.1 - 5.3, in steps of 0.01 Gyr 
• Mini: 0.09 M☉ - highest mass established by the stellar 

lifetime, steps of 0.0001 M☉  
(for calibration purposes) 
!

• Zini: 0.0046 - 0.0246, in steps of 0.005 
• Age: 0.1 - 12.1, in steps of 0.3 Gyr 
• Mini: 0.09 M☉ - highest mass established by the stellar 

lifetime, steps of 0.002 M☉
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Methodology
• We used the aforementioned grid of stellar evolution 

models from PARSEC v1.2S to infer the stellar properties of 
HD 209458 from a procedure similar to that described by 
Jørgensen & Lindegren (2005), but using B − V instead of 
Teff, and with flat priors 
!

• These models assume solar-scaled metal abundances and 
for their choice of the solar mixture the metal mass 
fraction can be computed as Z=0.01524 10[Fe/H]

del Burgo & Allende Prieto (2016)13



Methodology
!

• Input parameters: MV = 4.18±0.09 mag, B − V = 
0.549±0.013 mag, which were calculated from the 
Hipparcos parallax (𝚷=20.15±0.80 mas) and the values of B 
and V we derived from the CALSPEC spectrum. Also, solar 
metallicity ([Fe/H]= 0.00±0.05 dex) 

!
• Note that HD 209458 and the Sun are very similar 
!
• We calibrated against the Sun, i.e., PARSEC (output) is 

forced to reproduce solar values 
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del Burgo & Allende Prieto (2016)

HD 209458: stellar properties

𝝆=1.024±0.014 gr cm-3, derived from the 
HST transit light curve (Torres 2008)

HST/STIS: HD 209458 
Data from Brown et al. 2001, ApJ, 552, 699

TRANSIT
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del Burgo & Allende Prieto (2016)

HD 209458: stellar properties

𝝆=1.024±0.014 gr cm-3, derived from the 
HST transit light curve (Torres 2008)

HST/STIS: HD 209458 
Data from Brown et al. 2001, ApJ, 552, 699

TRANSIT
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DEB

Detached eclipsing binaries

A detached eclipsing binary (DEB) system 
consists of two non-interacting stars that 

have evolved as if they were single and 
whose orbital plane is nearly or perfectly 
aligned towards the observer, so this can 

observe periodic eclipses
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DEB

Detached eclipsing binaries

DEBCat (Southworth 2015) is a catalogue of 195 DEB systems with 
measurements for M and R to 2 per cent precision for most of 

them. It has been regularly updated to date. It presents 84 binary 
systems in common with (Torres et al. 2010) 

!
DEBCat collects M, R, Teff, L, and [Fe/H] (when available). There 
are 77 systems with known metallicities, which were obtained 

from abundance analysis of high-resolution spectra or, for those 
belonging to a stellar cluster, may be from other cluster members 
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DEB

DEBCat vs Torres et al.
There is a commendable agreement between 

both catalogues 
!

Relative discrepancies (%): 
R (<>, 34th percentiles): -0.036, -0.11, 0.32 
M (<>, 34th percentiles): 0.12, -0.12, 0.38 

Teff (<>, 34th percentiles): -0.00029, -0.11, 0.09 
!

We employed DEBCat with additional inputs 
from Torres et al. (2010) and other sources as a 

proxy for the DEB stars to test PARSEC 1.2S 
models 

del Burgo & Allende Prieto 2018



20

DEB

Detached eclipsing binaries

del Burgo & Allende Prieto 2018

Sample I (182)

Sample II (136)



21

Detached eclipsing binaries

del Burgo & Allende Prieto 2018



DEB stars 

Grid of models 
!

• [Fe/H]=-2.15… -0.95 (0.05)… -0.65 (0.03)… 0.42 (0.01) 
• Age: 200 Myr - 13.5 Gyr, in steps of 5% 
• Mini: in steps of 0.1% and irregulars
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Mean values

Posterior probability function

del Burgo & Allende Prieto 2018
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Input parameters

del Burgo & Allende Prieto 2018

Dotted, dash–dotted, and dashed 
lines correspond to the ZAMS for 
[Fe/H]=−2.1, 0.0, and 0.4, 
respectively
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Examples: V501 Mon & IM Vir

del Burgo & Allende Prieto 2018
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Evolution effects
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Evolution effects

del Burgo & Allende Prieto 2018



28

RESULTS

del Burgo & Allende Prieto 2018
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RESULTS
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Mass

del Burgo & Allende Prieto 2018
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Mass
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Samples I and II

del Burgo & Allende Prieto 2018
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Mass

del Burgo & Allende Prieto 2018

Offset±dispersion  
Masses are systematically 

underestimated  
!

We have added 
quadratically the offset 
and the dispersion for 

every evolutionary phase

We have also applied our analysis to the full sample 
of giants stars (RGB, CHeB, and EAGB stars), in 
order to compare our results with those from 
Ghezzi & Johnson (2015), finding consistent results 
  
We emphasize the larger sample used in this work 
permits to look for differences for these stages
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Ages
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Ages
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Combined G(τ)

Jorgensen & Lindegren  (2005)
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Distances

del Burgo & Allende Prieto 2018

CM Dra  
!

13.7±2.8 pc (this work)  
vs  

6.7±0.7 pc (Torres 
2010)  

vs  
14.850+-0.011 pc (from 

Gaia DR2)



38

Bolometric correction

del Burgo & Allende Prieto 2018
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Conclusions
This work is an endeavour to properly infer stellar parameters from evolution 
models using a Bayesian approach for 318 well-known DEB stars, at distances 
between 1.3 pc and ~8 kpc for galactic objects and ~44–68 kpc for the 
extragalactic ones 
!
From the comparison with dynamical masses, we conclude that the inferred 
masses are precisely derived for stars on the main-sequence and in the core-
helium-burning phase, with uncertainties, on average, of 4 per cent and 7 per 
cent, respectively.  !
Masses for the subgiants and red giants are predicted within 14 per cent, and 
those for early asymptotic giant branch stars within 24 per cent 
!
Inferred distances agree with those from trigonometric parallaxes. 
Bolometric corrections must be carefully determined 
!
Age inference is challenging … 
Our values agree with those from the literature


