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Population synthesis modeling 
For the Galaxy

¥ Modeling helps the understanding

¥ Confronting a scenario with observations

¥ Confronting various observational constraints to a unique scheme: 

light distribution (various wavelengths), 

star count distributions, by types, gravities, metallicities, etc.

dynamical mass estimates from kinematics and star counts 

Gravitational microlensing

¥ Towards a unique scenario that explain most observational 
constraints



Population synthesis

!4

Start with a mass of gas 
=> Transform into stars as functions of IMF 

and SF History 

Stars evolve on evolutionary tracks  
and populate the HR diagram 

Proceed for each population according to its 
SFH 

=> !(Teff, log g, age) 

Important ingredients : SFH, IMF, stellar 
models, atmospheres 

3D extinction map
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Population synthesis

!5

Start with a mass of gas 
=> Transform into stars as functions of IMF 

and SF History 

Stars evolve on evolutionary tracks  
and populate the HR diagram 

Proceed for each population according to its 
SFH 

=> !(Teff, log g, age) Generate stars on the ßy and add 
secondary as appropriate

Merge binaries according to a resolution

New



Simulation 
of stars along a 

line of sight

Population synthesis

!6

Equation of stellar statistics

!(Teff, log g, age)



Simulation 
of stars along a 

line of sight

Population synthesis

!6

Equation of stellar statistics

!(Teff, log g, age)r (x,y,z) : density laws 
constrained by dynamics
(BienaymŽ et al, 1987)



Simulation 
of stars along a 

line of sight

Population synthesis

!6

Equation of stellar statistics

!(Teff, log g, age)r (x,y,z) : density laws 
constrained by dynamics
(BienaymŽ et al, 1987)



Simulation 
of stars along a 

line of sight

Population synthesis

r (x,y,z) : density laws 
constrained by dynamics
(BienaymŽ et al, 1987)

!7

Equation of stellar statistics

!(Teff, log g, age)



Simulation 
of stars along a 

line of sight

Population synthesis

r (x,y,z) : density laws 
constrained by dynamics
(BienaymŽ et al, 1987)

!7

Equation of stellar statistics

!(Teff, log g, age)



Simulation 
of stars along a 

line of sight

Population synthesis

r (x,y,z) : density laws 
constrained by dynamics
(BienaymŽ et al, 1987)

!7

Equation of stellar statistics

Draw stars from IMF and SFH



Simulation 
of stars along a 

line of sight

Population synthesis

r (x,y,z) : density laws 
constrained by dynamics
(BienaymŽ et al, 1987)

!7

Equation of stellar statistics

Draw stars from IMF and SFH

Catalogue



Simulation 
of stars along a 

line of sight

Population synthesis

r (x,y,z) : density laws 
constrained by dynamics
(BienaymŽ et al, 1987)

!7

3D extinction model

Equation of stellar statistics

Draw stars from IMF and SFH

Catalogue



Simulation 
of stars along a 

line of sight

Population synthesis

r (x,y,z) : density laws 
constrained by dynamics
(BienaymŽ et al, 1987)

Simulate 
observational errors

!7

3D extinction model

Equation of stellar statistics

Draw stars from IMF and SFH

Catalogue



Recent developments
¥ Czekaj et al 2014: new scheme for the thin disc, constraints on the star 

formation history and IMF from Tycho 2 data

¥ Mor et al, 2017, 2018: New scheme, constraints on IMF, SFH in the thin disc.

¥ Bienaymé et al 2015: Dynamical constraints, new Galactic potential to 
ensure dynamical consistency

¥ Lagarde et al, 2017, 2018: New scheme: Integration of new evolutionary 
tracks (STAREVOL). Extension to the thick disc, halo and bulge. Different 
[alpha/Fe abundances]. Production of asteroseismic parameters and 
abundances

¥ Nasello thesis: MCMC fitting of the thick disc and halo

¥ Amores et al 2017: old scheme: constraints on thin disc scale length, warp 
and flare from 2MASS data

¥ Robin et al, 2017: Kinematical constraints on the disc from RAVE and Gaia 
DR1
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ϕ(Teff, logg) for a  
thin disc decreasing SFR 

over 10 Gyr

New Besançon Galaxy model
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A few examples of model productions

¥ Star counts / Gaia DR1 Arenou et al, 2017



A few comparisons

¥ 2MASS vs BGM 

¥ Star counts as a function of magnitude : bulge region

Robin et al, 2012



Color magnitude diagrams

CFIS survey Model simulations (prov.)



Metallicity distributions

Red: GOG Gaia simu
Grey: APOGEE

Red: GOG Gaia simu
Green: RAVE

North Galactic pole South Galactic pole



G A I A - E S O  C O M PA R I S O N

Fields stars  (374 giants with C, N abundances) 
(open and globular) clusters

=> the turn-off mass + Age (isochrone fitting)

BGM simulation  
of GES survey 

with  
thermohaline 

stellar evolution 
models

vsLagarde et al 2018 



Kinematics

Robin + 2017



Microlensing event rate



On-going
¥ ABC and/or MCMC fitting for all populations, shape, IMF, 

SFH (Mor et al, Nasello et al., Lagarde et al.)

¥ New tracks with rotation, extended mass rangeÉ ( Lagarde et 
al.)

¥ Complete dynamical consistency with axisymmetric Stackel 
potential ( Bienaymé, Leca, et al)

¥ Dynamics with non-axisymmetric barred model ( Fernandez-
Trincado et al.)

¥ Microlensing simulations in the bulge and spiral arms 
(Awiphan, Kerins et al) and constraints on IMF, and bar mass

¥ New 3D extinction map, with Stylism and with redline 
(Montillaud, Marshall et al)



Extinction !
¥ Needed to be taken into account for understanding the 

inner Galaxy 

¥ Need distances to correct for extinction

¥ Several attempts to determine 3D extinction distribution

¥ Examples: 

¥ Drimmel & Spergel 2001

¥ Marshall et al 2006

¥ Lallement et al 2015

¥ Green et al 2015



 Interstellar Extinction 

3D extinction map of the Milky Way  
(Marshall et al., 2006)

- Correction for stellar model
- Galactic structure
- Used for large range of science in the literature

From Douglas Marshall



Lallement et al (2014): local 
map from individual E(B-V) 
inversion method

Capitanio et al (2017): 
New map up to 2 kpc



New 3D model

Marshall et al., 2006
Lallement et al, 2014
Capitanio et al (2017): New 
map up to 2 kpc => Lallement et al, 2018



New 3D model

Marshall et al., 2006
Lallement et al, 2014
Capitanio et al (2017): New 
map up to 2 kpc => Lallement et al, 2018



New 3D model

Marshall et al., 2006
Lallement et al, 2014
Capitanio et al (2017): New 
map up to 2 kpc => Lallement et al, 2018



Tests of the new extinction map with Tycho-2

Tycho-2 V<11 Drimmel & Spergel

Marshall+ 2006 Lallement+ 2018Mor 2018



ABC approach (Mor+ 2018)

¥ Compute bayesian probability of a model using 
approximate simulations (BGM-FAST) to infer Galactic 
fundamental functions 

¥ Adjust IMF, SFH, scale length etcÉ



Posterior proba for different model 
variants

Posterior probability for the 
SFH from Tycho-2

SFR(!) !  exp("#t) 



Test with 2 extinction maps

Drimmel & Spergel Lallement et al
=> effect on the SFH and IMF at high mass

SFH

IMF slope m>1.5



¥ Different model 
variants

¥ Compared with 
Tycho-2 color 
histogram

¥ Best model



Conclusions for ABC fitting of the thin disc

¥ A best model choice which differs depending on the 
assumed 3D extinction map (for 2 parameters)

¥ Some significant residuals (Obs-sim): other 
parameters have to be fitted

¥ Could be : atmosphere models, thick disc 
parameters (age, density law), binarity



MCMC fitting
¥ Guillaume Nasello thesis: fitting thick disc and halo 

parameters from photometry

¥ ABC-MCMC: Marchov chain Monte Carlo using ABC for 
the likelihood

¥ Uses 2MASS and SDSS data

¥ Model version: using Starevol evolutionary tracks and 
binarity

¥ Preliminary results on SFH of the thick disc, scale length 
and scale height

¥ Not too much sensitive to extinction (high and medium 
latitudes)



Fitting exemples

  

r : 16-17 r : 17-18 r : 18-19 r : 19-20

:Observations      : Total adjusted simulation    : Adjusted 1st thick disc        : Adjusted thin disc

 : Halo                  : Adjusted 2d thick disc
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MCMC fitting

¥ A lot of parameters : degeneracies unavoidable. 

¥ However if thick disc have 2 components :  a young 
and slightly metal rich, an old and more metal poor, 
with different shapes

¥ Still significant residuals remain. New impacting 
parameters to be identified.

¥ Comparing spectroscopy (metallicitiesÉ) would 
help to get rid off the degeneracies



Perspectives for model fitting

¥ Use Gaia DR2 parallaxes to fit densities

¥ Spectroscopic surveys: better identify populations, 
ages, metallicities, kinematics. But incomplete

¥ To combine spectroscopy, photometry, astrometry 
and asteroseismic data for better model fitting

 

http://model2016.obs-besancon.fr


Perspectives for extinction

¥ Improve 3D extinction model to improve BGM 
parameter correlations

¥ Gaia : DR2 still limited in good distances to a few 
kpc (for 3D extinction models)

¥ Redline / Machette : See Doug et Julien talks

¥ Important to compare dust emission with extinction

http://model2016.obs-besancon.fr

http://model2016.obs-besancon.fr


Thanks for your attention


