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Gaia Universe Model

Generate sources visible by Gaia or which will perturbe measurements and 
observable characteristics

Provide realistic distribution on the sky of these sources in order to test 
detection/classification/reduction/analysis algorithms => provide fake 
data as realistic as possible 

“Realism” : depends on the present knowledge, and on the computation 
capability (Mare Nostrum, web access). Evolving.



Stellar content of the Milky Way

• Besançon Galaxy model : 4 populations
Disc : SFR constant, IMF 3 pentes (Haywood et al 1997)

Thick Disc  : 700 pc, 4.6%, 10 Gyr, -0.7 dex (Reylé & Robin, 2002)

Spheroid :  12 Gyr, -1.5 dex (Robin et al 2000)

Bulge :  10 Gyr, 0 dex (Picaud & Robin 2005)

Simple stars.
Density laws => Star Generation (Mv, Tsp, Age, Masse, Teff, log g, [Fe/

H], [α/H])

• Binaries ( F. Arenou) : Generation of multiple components as a function of 
primary characteristics. Random drawing following a m2/m1 distribution  
and separations. Photometric, astrometric, spectroscopic corrections, eclipses, 
from orbites  of components (up to 3)

• Exoplanetes (A. Sozzetti)

• Variabilities (12 types of variables)



New improvements on BGM

New thick disc local density and scale height, from SEGUE data

Warp and flare (from 2MASS)

Bulge/bar region (from 2MASS)



l=50° b=14°

Model thick disc hz=800 pc normalisation 4.6%

Model thick disc hz=1200 pc normalisation 2%

SEGUE Data



Bulge/bar region 
New fit to 2MASS
(Work in progress)

Attempt to fit the bulge region

200 fields
-20<l<20°
-10<b<10°

K/J-K star counts
K<12 (or completeness limit)

 New BGM model: new bulge region 
fit with 2 structures (Robin et al in 
prep)

No good fit with 1 simple function (Freudenreich) :

Carte des résidus
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1 structure
2 ellipsoids for

same structure, cut at 3 kpc
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Data =>

2 structures

Φ 5.9° 18.1 / 1.8° (G + G) 12°

x0 3.17 kpc 2.9 kpc / 4.19 kpc 1.43/4.09

y0 0.62 kpc 0.87 kpc / 0.46 kpc 0.47/1.37

z0 0.38 kpc 0.42 / 0.28 0.39 / 1.41
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L=17
B=-4.25

L=0
B=-8

Data New model
2 ellipsoids

model
1 ellipsoid

__ Data
-- 2 ellipsoids
.... 1 ellipsoid
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B=4.5

L=0
B=-4

Data New model
2 ellipsoids

model
1 ellipsoid

__ Data
-- 2 ellipsoids
.... 1 ellipsoid



On going improvements

Flexible evolutionary model (Czekaj et al 2011) 

Spiral structure (Amores et al 2011)

M dwarfs and brown dwarfs (Reylé et al)



Tests
Tests unitaires

Tests d’intégration

Tests de validation

Comparaison comptages GSC2 / BGM

D=(Nmod -Nobs)/Nobs
log(D-min(D)+1)  
D entre -2 (blanc) et 1 (noir)

14.4< G <15

 G < 20



Tests
Tests unitaires

Tests d’intégration

Tests de validation

At G=17.         Deviation ~ 15% off the plane



GUMS : whole sky simulation



GUMS statistics summary (O. Mar tınez, 
Y. Isasi, X. Luri, et al.)

Over 1/8 sky

Statistics to validate the simulations

Distribution of source wrt observables



Update of stellar densities in Gaia

test

Over 1/8 of sky :



Spectral types

 At Grvs limit (17)At G<20



White dwarfs

By populations







Other uses of Gaia simulations

PLATO simulations

Cu9 : validation tests



Et après le lancement... Future uses

Maintenance du modèle

Utilisation pour l’analyse : 

simuler des données et des analyses à l’avance. 

Utilisation pour une classification bayesienne

Assimilation de données



Bayesian classification
- To classify an objects when the number of observables is limited (no RVS for 
example)

- In simulations :  correspondance between regions in the observed parameter space 
and regions of  intrinsec parameter space (spectral type, population/age, Teff, 
distance, etc…)

=> most probable class/type in the simulation (with confidence interval)

Take into account :
Systematic and random errors
Recalibration of the model with neighbouring data (assimilation)



Example : star with magnitude V=18±1 and 

B-V=0.6±0.15, towards l=200° b=59°



I-J,I,µ-> population : Determination of the photometric distancefrom theoretical relations 
magnitude-colour of differentes metallicities

Reylé et al., 2002

disc
Thick disc

halo



Other application : Alerts during Gaia 
mission !



Gaia will encompass any kind 
of models

But still, modelling is useful 
to identify problems in our 
current knowledge/scenarios

BGM needs improvements : 
kinematics, spiral structure,...

Uses of existing surveys 
(SDSS, UCAC, ACS data,...)

Conclusions
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