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Gaia

• Astrometry (G<20): 
parallaxes, Proper 
motions 

• Photometry (BP/RP) 
(G<20) 

• Spectroscopy 
(G<16-17) (Teff, logg, 
Av, Vlos, [Fe/H]      
([a/Fe] G<12)





Parallaxe error over sky (galactic coordinates)



Luri & Turon, 2011



Expected errors on Vlos

To be revised with real data



GUMS: Gaia Universe Model Snapshot
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AR, X. Luri, C. Reylé et al, A&A 2012 (CDS)



Density of stars in the final Gaia catalogue



Stars in the MW     

• Variability:                                                                         (N. Mowlavi, L. 
(L. Eyer, CU7) 

21 x 106 variable stars 

!

!

!

!

!
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Stars in the Milky Way

• Multiplicity and exoplanets: (F. Arenou) 

410 x 106 binary systems 

67% of primary stars are main sequence 

62% of systems are a double main sequence system 

30 % of systems are subgiants and giants as primary with a main 
sequence star 

• Exoplanets: (A. Sozetti)  

34 x 106 exoplanets 

!

!
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Co lor sca le : 
log10 of number 
of objects per 
sq. deg.

11



References

!
Gaia Universe Model Snapshot : A statistical analysis of the 
expected contents of the Gaia catalogue. Robin et al, 2012, 
A&A 543, A100. 
!
Find it at CDS: Separated catalogues for stars, LMC/SMC, 
galaxies, QSOs. 
!
With errors : Luri et al, 2014, Overview and stellar statistics 
of the expected Gaia Catalogue using the Gaia Object 
Generator 

    => Catalogue with simulated errors (as expected before launch)	



!
12



Gaia / LSST

- Gaia irregular time, Variables : 
redefinition of standard candles, 
not all variables (~21 millions)!
!
!

- paral. err. 0.02-0.3 mas!
- Photometer (~25 bands)+ 

spectro (G<16)!
- 40 to 100 epochs!

!
- 1 billion stars!

!
- Whole sky!

!
!

- Follow-up spectra : 4m/8m

- LSST periodic observations. !
- More variables (short periods) ~50 

millions!
!
!

- paral. err.  0.2-1 mas!
- 5 mag fainter!
- 6 bands!
- 800 epochs!

!
!

- ~ a few100 million stars!
!

- Half sky (not 1st and 4th quadrants of 
the galactic plane)!

!
- Follow-up ? 



Gaia-LSST synergie
• Magnitude range : LSST, intrinsically fainter, further 

away than Gaia 

• LSST will provide complementary constraints, 
specially on remote populations (halo substructures), 
and on very faint stars (brown dwarfs) 

• LSST will provide proper motions (calibrated by 
Gaia) for very faint objects. Tool for kinematics and 
dynamics of the thick disc, outer galaxy (warp) and 
halo substructures  

• LSST misses spectroscopy



Stellar physics

• Distances => absolute luminosity 

• Masses in binaries 

• Rare objects 

• Variables 

• => Constraints on stellar interiors/
atmospheres

Hipparcos=> Gaia!
120 000 => 1 milliards!
precision  x 5 à 50



Région dense R136

• G

Green: Gaia detection!
Black: HST

De Bruijne & De Marchi (2011)!



« Complete census of all stars above the hydrogen-
burning limit that are closer than 500 pc, including 
thousands of L and T dwarfs ». Will improve the 
detection of very faint brown dwarfs!

LSST late type dwarfs / brown dwarfs

Parallaxes, kinematics => stellar physics, constraints 
on stellar interiors, masses, ages (binaries)!
• 50 000 brown dwarfs but in a restricted solar 

neighborhood!
! !

Gaia late type dwarfs / brown dwarfs



• [Fe/H] to magnitude 16-17 : 400 millions of stars 

• [alpha/Fe] to magnitude 12 : 13 millions of stars 

• Kinematics => chemo-dynamics of the MW 

Gaia abundances and galactic evolution

Mapping the structure and stellar metallicity content of the 
Milky Way's disc and halo

LSST abundances and galactic evolution
• 5 magnitude deeper => 100 times further 

• variability, proper motions => gyro-chronology, 
kinematics (calibrated by Gaia) 

• No elemental abundances



• Mapping the 3D distribution of dust throughout the MW's disc!
• Gaia : whole sky, including the plane, limited in high 

extinction regions (hardly reaches the bulge), Teff!
• LSST : part sky, parallaxes, 6 bands, bulge!

! ! ! !
• Understanding the smooth distribution of stars in the MW and other 

nearby galaxies!
• Gaia : Milky Way; LSST : nearby galaxies!

!

• Discovering lumps and streams in metallicity and phase-space!
• Gaia : for bright streams (whole sky), LSST : for faint 

streams (part sky)!
!

• Inferring the mass distribution in the MW!
• Gaia (bright tracers and radial velocities => 6D space) and 

LSST (to complement with more tracers => more tests on 
homogeneity, no spectra)!



Bulge star density in Gaia G<17





!
! Velocities of globular clusters and dwarf galaxies 
!
! Radial velocities in the halo : 10000 BHB d<15 kpc 
!
 A few 100 TRGB d<50 kpc          
!
 AGB d<60 kpc          
!
 1000 carbon stars d< 60 kpc          
!
=> Gaia: galaxy mass at 10% (Wilkinson, 2007) thanks to spectroscopy

Measuring the mass of the 
Galaxy with Gaia

– distances to 1% for ~10 million stars to 2.5 kpc 
– distances to 10% for ~100 million stars to 25 kpc



Conclusions

• Gaia 1st catalogue : end 2015 

• Gaia final catalogue : 2020 

!

• LSST commissioning : 2020, will benefit from Gaia calibrations 

• LSST will extend to fainter objects, to larger distances 

• LSST will extend Milky Way studies to the local group

23



Thanks for your 
attention



Gaia and the Local Group

• LMC-SMC : 7.5 millions and 1.5 millions of stars observable by 
Gaia 

• Mean parallaxe error : 0.5% - 1.5% (from the mean of all 
observable stars)

Cepheids and bright objects => 3D distribution of the MC


