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The Galaxy model: recipe

Simulated catalogues
& star counts via the

equation of stellar statistics

A(m)=∫Φ(Mv)ρ(r)Ωr2dr
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SF2A 2010, Marseille, ASGaia/PNCG 
jeudi 24 juin 2010



The Galaxy model: recipe

Simulated catalogues
& star counts via the

equation of stellar statistics

A(m)=∫Φ(Mv)ρ(r)Ωr2dr

Observationnal errors
Extinction distribution (3D)

SF2A 2010, Marseille, ASGaia/PNCG 
jeudi 24 juin 2010



The Galaxy model: c’est cuit!

SF2A 2010, Marseille, ASGaia/PNCG 
jeudi 24 juin 2010



The Galaxy model: c’est cuit!

SF2A 2010, Marseille, ASGaia/PNCG 
jeudi 24 juin 2010



The Galaxy model: c’est cuit!

SF2A 2010, Marseille, ASGaia/PNCG 
jeudi 24 juin 2010



Simple dynamical principles

Stellar populations 
Interstellar matter           Mass model     ➲      Potential Φ
Dark matter

Boltzmann constraint (isothermal and relaxed thin disc population) ‏
ρ(z)/ρ(0) = exp(−ΔΦ/σ2)

Thin disc secular evolution: σ = f(age)      ➲     Scale height =f(age)‏

}
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Stellar population synthesis model
4 populations

Thin disc: 10 Gyr, with cst SFR, IMF renormalised to the solar 
neighbourhood (Hipparcos + CNS3)‏, kinematics and [Fe/H] function 
of age and Galactocentric radius 
Thick disc: single burst, 11 Gyr, power law IMF, density, IMF and 
kinematics constrainted by obs. 
Spheroid: single burst, 14 Gyr, power law IMF, density, IMF and 
kinematics constrainted by obs. 
Bulge/bar: single burst, 10 Gyr, 2 slope power law IMF, density 
constrained by NIR star counts

http://model.obs-besancon.fr, Robin et al 2003
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Stellar population synthesis approach

Are the a priori hypothesis realistic enough ?
Are the parameters sufficiently constrained a posteriori ?
Is the solution unique ?

Use of multi-wavelength data (Visible, IR, UV, X)
Use of multi-parameter data (photometry / spectroscopy / 
astrometry)

Step by step approach (less parameters to start with, adding 
parameters when required)
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In optical, many directions (beam surveys) to mag 22, Hipparcos 
catalogue, mostly at high latitudes (b>40°)
A few directions to mag 24-25 (NGP, Cosmos field, CFHT-LS)
All sky : GSC2
Near-infrared : DENIS, 2MASS : Galactic plane, central regions
X : Guillout et al (1996)
UV : Galex : Ojha et al., in prep
Kinematical tests: pencil beams (proper motions, radial velocities)

SF2A 2010, Marseille, ASGaia/PNCG 

Observational tests

jeudi 24 juin 2010



SF2A 2010, Marseille, ASGaia/PNCG 

Star counts towards the Galactic pole
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Kinematics

disc

thick disc 
spheroid
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GSC2 – Model at G=17
agrees at 10% outside plane

with Drimmel et al 2003 
extinction model

SF2A 2010, Marseille, ASGaia/PNCG 

Magellanic clouds

GSC2 versus BGM
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Galactic plane

NIR data
requires a good 
extinction map
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3D Extinction map

Correlation between J-K and 
distance for red clump giants

➲ determination of Av vs distance
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3D Extinction map

➊ 2MASS and simulated data 
sorted by increasing J-K and 
binned

➋ J-K colour of the simulated 
stars adjusted to the observed 
ones by adding extinction
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3D Extinction map
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Systematic differences in two regions:
outer bulge

external disc
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HI warp
 (Nakanishi & Sofue)

Dust warp
(Marshall et al.)

The Milky Way has a complexe, asymmetric warp. Different 
components follow slightly different warp shape (and/or amplitude). 
Different components react differently to the forces at the origin 
of the warp. Warp origin ?

SF2A 2010, Marseille, ASGaia/PNCG 

The external disc and warp
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HI warp
 (Nakanishi & Sofue)

Dust warp
(Marshall et al.)

The Milky Way has a complexe, asymmetric warp. Different 
components follow slightly different warp shape (and/or amplitude). 
Different components react differently to the forces at the origin 
of the warp. Warp origin ?

SF2A 2010, Marseille, ASGaia/PNCG 

The external disc and warp

Weinberg, 1995
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Bulge: fast and early star formation, and/or accretions of 
spheroidal structure in the center of disc galaxies

Bar: secular evolution in the disc by instability

What do we see in the center of the Milky Way ?

SF2A 2010, Marseille, ASGaia/PNCG 

The central region: bulge and bar
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Previous investigations: bar angle

Lopez-Corredoira et al. long bar 43°

Picaud et al. 10°

Babusiaux et al. 22±6°

Benjamin et al. 45°

Cabrera-Lavers et al. 2 bars 45° and 13°

Rattenbury et al. 25°
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200 windows selected in 2MASS

Wide region covered: -20°<l<20° 
and -10°<b<10°

BGM+3D Marshall extinction 
model 

Monte Carlo exploration of 
parameter space + maximum 
likelihood fit, 10-19 parameters

SF2A 2010, Marseille, ASGaia/PNCG 

Bulge/bar: new investigation
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Bulge/bar: new investigation

Best fit model: angle of 9°
y0/x0=0.3, z0/x0=0.1

2MASS

model

(mod-obs)/obs
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Selected regions : 

Low b or high l: angle 13-14°

High b or small l: angle 6-7°

➲ need to fit two structures
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Selected regions : 
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Bulge/bar: new investigation
2MASS

model

(mod-obs)/obs

triaxial boxy bulge with angle of 20°
+ structure oriented along the Sun-
center direction seen only in the in-
plane region (|l|<4°)
In agreement with Nishiyama et al. 
2005 (distance of the red clump), 
Babusiaux et al. 2009 and Hill et al. 
2010 (abundances)
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OGLE II data, Baade’s window

SF2A 2010, Marseille, ASGaia/PNCG 

Bulge/bar: new investigation

Ogle II SC45
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2 epochs: proper motion 1mas/yr (18km/s on the velocity at the 
distance of the bulge)
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Megabulge
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z vs i-z diagrams
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Megabulge
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BGM used in the Gaia simulator: results from GUMS (coll. with X. 
Luri, O. Martinez, Y. Isasi)

Disc: 873x106

Thick disc: 262x106

Spheroid: 15x106

Bulge: 108x106

Total 1.2x109

SF2A 2010, Marseille, ASGaia/PNCG 

Simulating the sky for Gaia
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Population synthesis models are useful tools for data  interpretation

Although imperfect they allow a better understanding 
of galactic structure and evolution, eases the interpretation,

make useful preparation for future surveys

Gaia: 
distance, proper motions of 1 billion stars (0.75-1% of the Galaxy)
astrophysical parameters, radial velocities for ~250 million stars

abundances for a few million stars

A challenge to fit Gaia data with (simplistic) models! 
Efforts have to been made to get self-consistent dynamical + stellar 

population models

SF2A 2010, Marseille, ASGaia/PNCG 

Conclusion
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