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Rich observational context 

Formation and Evolution of stellar populations

Transport processes and their impacts on : 

✓ the stellar structure:  
    => Effects on chemical profiles  
    => Effects on asteroseismic quantities 


         => Stellar ages, radius and mass of field stars 

✓ the surface properties:   
     => Surface chemical abundances   
     => Position in the HRD diagram  
     => Age determination of (open and globular) clusters

✓ To investigate the properties of the stellar populations of the Milky Way 
(e.g., thin/thick discs)  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=> IMF ; SFR of stellar populations ?  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Lagarde et al. (2017, 2019)

BGM acts as a fi
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Crucial to deal with large amount of 
observations.  

Essential to prepare future surveys/
missions.
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Forward modeling using the Besançon Galaxy Model 

The Besançon Galaxy Model is a stellar populations synthesis model of the Milky Way 
 
Simulates the properties of stars in our Galaxy by accurately reproducing the selection biases on observables 
(selection functions and observed errors).
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Forward modeling using the Besançon Galaxy Model 

The Besançon Galaxy Model is a stellar populations synthesis model of the Milky Way 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Gaia-Kepler giant stars 
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Accurate ages and masses deduced 
from the asteroseismic 
measurements 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Luminosity  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Kinematics  

Gaia data

Sub-sample of 
giants with better 

observational 
constraints

Golden sample
Lagarde et al. 2024
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Gaia-Kepler giant stars 

Asteroseismology

Accurate ages and masses deduced 
from the asteroseismic 
measurements 
 
Evolutionary stages with 𝝙𝝥l=1 

Luminosity  
Spectroscopy 

Kinematics  

Gaia data

Sub-sample of 
giants with better 

observational 
constraints

Golden sample

Spectroscopic atmospheric 
parameters  

Abundances 12C/13C  
C, N, O  

Teff,  logg

Spectroscopy

2 obs. runs using the high-resolution 
FIES Spectrograph on the Nordic 
Optical Telescope (NOT). 

Lagarde et al. 2024
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Observational context 

Evolutionary stages (RGB/He-burning stars) are 
determined from asteroseismology

First ascent RGB

Core He-burning stars

Other spectroscopic studies  
(Tautvaisiene et al 2010,2013 ; Gratton 
2000 ; Morel et al 2024 ; Takeda et al 2019 ; 
Aguilera-Gomez et al 2023)

Lagarde et al. 2024
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An increase of 12C/13C with [Fe/H] and Mass
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Thermohaline instability

Surface

Core

Charbonnel & Zahn(2007a)  
Charbonnel & Lagarde (2010)
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Thermohaline instability

Charbonnel & Zahn(2007a)  
Charbonnel & Lagarde (2010)

★ At the top of the HBS by an inversion of mean molecular weight  

       3He+3He             4He+2p 

★ After the star has reached the luminosity bump on the RGB

★ Changes the surface abundances of chemical elements such as Li, 3He, 
12C, 13C, 14N 

★ Thermohaline instability is more efficient for lower-mass and metal-
poor giants (e.g., Lagarde et al 2019)
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Surface
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Thermohaline instability

Charbonnel & Zahn(2007a)  
Charbonnel & Lagarde (2010)

★ At the top of the HBS by an inversion of mean molecular weight  

       3He+3He             4He+2p 

★ After the star has reached the luminosity bump on the RGB

★ Changes the surface abundances of chemical elements such as Li, 3He, 
12C, 13C, 14N 

★ Thermohaline instability is more efficient for lower-mass and metal-
poor giants (e.g., Lagarde et al 2019)
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★ At the top of the HBS by an inversion of mean molecular weight  
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Thermohaline instability

Charbonnel & Zahn(2007a)  
Charbonnel & Lagarde (2010)

★ At the top of the HBS by an inversion of mean molecular weight  

       3He+3He             4He+2p 

★ After the star has reached the luminosity bump on the RGB

★ Changes the surface abundances of chemical elements such as Li, 3He, 
12C, 13C, 14N 

★ Thermohaline instability is more efficient for lower-mass and metal-
poor giants (e.g., Lagarde et al 2019)

Stellar population synthesis model  
(e.g., Lagarde et al. 2017, 2019)
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Gaia-Kepler giant stars 

Classical model Classical model

Stellar population synthesis model  
(e.g., Lagarde et al. 2017, 2019)

Lagarde et al. 2024
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Gaia-Kepler giant stars 

Lagarde et al. 2024
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Gaia-Kepler giant stars 

Lagarde et al. 2024
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Thin and thick disc stars have been separated using kinematics coming from Gaia 

N abundances for thick disc stars not very explain  
=> Need a larger sample of thick disc stars with strong chemical constraints   
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To test the efficiency of transport processes with stellar 
parameters (Mass, Age, [Fe/H])

(1) 12C/13C measured at the surface of core He-burning stars increases with [Fe/H] and M while it decreases with stellar age.  
Simulations done with the BGM and including the effects of thermohaline mixing explain these trends in an exceptional way  

(2) Spectroscopic analysis shows that low 12 C/13 C values are correlated with low C/O and N/O ratios 
We note a mismatch between the N abundances derived from the spectra and those simulated for stars belonging to the 
thick disc 
Need more thick disc stars with all observational constraints…  

Conclusions



Laboratoire d’Astrophysique de Bordeaux  - N. Lagarde   

Stellar physics 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To better understand hydrodynamical transport processes 

Lagarde et al 2017

Lagarde et al 2019

Lagarde et al 2024

Perspectives 

• To highlight selection biases in 
the observed sample


• To allow the statistical 
interpretation of large surveys 
data and the combination of 
different kind of observations 

Next steps :  
Observables linked to rotation and magnetic fields  
Pre-main sequence models (young objects) ; Massive stars ; 
Very-low mass stars ; Brown dwarfs ; White dwarfs 
=> Collab: Louis Amard 
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Galactic Evolution
To highlight mechanisms (radial migration, mergers… etc) reveal by 
observations and not included in the model 
To better understand the IMF and SFR of stellar populations 

To better understand hydrodynamical transport processes 

Next steps :  
Galactic chemical evolution 
Galactic dynamic 

high-𝛂 metal-rich  
thick disc

high-𝛂 metal-poor 

thick disc

Thin disc

Lagarde et al 2021
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the observed sample
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interpretation of large surveys 
data and the combination of 
different kind of observations 
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=> Collab: Louis Amard 
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Galactic Evolution
To highlight mechanisms (radial migration, mergers… etc) reveal by 
observations and not included in the model 
To better understand the IMF and SFR of stellar populations 

To better understand hydrodynamical transport processes 

Next steps :  
Galactic chemical evolution 
Galactic dynamic 

Planetary science
To understand the chemical composition of Planets in different Galactic regions

To bring some clues for the planetary formation and evolution.

high-𝛂 metal-rich  
thick disc

high-𝛂 metal-poor 

thick disc

Thin disc

Lagarde et al 2021

Lagarde et al 2017

Lagarde et al 2019

Lagarde et al 2024

Cabral et al 2019

Cabral et al 2023

Perspectives 

• To highlight selection biases in 
the observed sample


• To allow the statistical 
interpretation of large surveys 
data and the combination of 
different kind of observations 

Next steps :  
Observables linked to rotation and magnetic fields  
Pre-main sequence models (young objects) ; Massive stars ; 
Very-low mass stars ; Brown dwarfs ; White dwarfs 
=> Collab: Louis Amard 
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Galactic Evolution
To highlight mechanisms (radial migration, mergers… etc) reveal by 
observations and not included in the model 
To better understand the IMF and SFR of stellar populations 

Next steps :  
Galactic chemical evolution 
Galactic dynamic 

Planetary science
To understand the chemical composition of Planets in different Galactic regions

To bring some clues for the planetary formation and evolution.

high-𝛂 metal-rich  
thick disc

high-𝛂 metal-poor 

thick disc

Thin disc
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Perspectives 

• To highlight selection biases in 
the observed sample


• To allow the statistical 
interpretation of large surveys 
data and the combination of 
different kind of observations 

SNO-BGM  
https://model.obs-besancon.fr/ 


 

To run your own simulation !  

Stellar physics 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To better understand hydrodynamical transport processes 
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Next steps :  
Observables linked to rotation and magnetic fields  
Pre-main sequence models (young objects) ; Massive stars ; 
Very-low mass stars ; Brown dwarfs ; White dwarfs 
=> Collab: Louis Amard 


