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Predicting the future... 

 

 
 

 

 

 

 

 
It is always wise to look ahead, 

but difficult to look farther  
than you can see. 

 





       Astronomy 

         
         



The Milky Way Galaxy 

The Sun is a normal G2 V 
stars. 

 

Maybe, but it is unusually 
massive (most stars are M 
dwarfs) and it departs 
systematically from field 
solar twins in its chemical 
composition 

 (but cf. Önehag et al. 
(2011) for a solar twin    
in the open cluster M 67). 

Meléndez et al. (2009) 

Chemically, the Sun departs 
from most solar twin we know. 



The Milky Way Galaxy 

The Sun is a normal G2 V 
stars. (Maybe.) 

 

The Milky Way is a normal 
(barred) spiral. 

 

Probably, but its primary 
satellites are unusually 
luminous and star-forming: 
the Magellanic Clouds 

 (cf. Holmberg 1969) 



The Milky Way Galaxy 

The Sun is a normal G2 V 
stars. (Maybe.) 

 

The Milky Way is a normal 
(barred) spiral. (Probably). 

 

The Milky Way is a typical 
result of DM-driven 
hierarchical structure 
formation (?).   

Belokurov et al. (2006) 



Some milestones on the way 

Halo stars (chemically: Chamberlain & 
Aller 1951) 

 

The Thick disk (photometrically:  
Gilmore & Reid 1983) 

 

The Solar neighboorhood 
(chemically: Edvardsson et al. 1993) 

 

The Thick disk (chemically: Fuhrmann 
1998; Bensby et al.) 

 

Definition of the Bulge 
population 

 (Rich, McWilliam, Fulbright; Ryde; 
Bensby) 

 

Inner/outer halo (SDSS-SEGUE: Carollo 
et al. (2007), but see Schönrich et al. 2011) 

 

 
 

Lessons learnt? 
 
Discoveries often local/        

with poor statistics,  
 but a clear tendency 

towards a more statistically 
sound global view of 
Galactic populations.      



Thick disk Is there a Thick disk? 
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A unique population in terms of its chemistry, dynamics and age!  



Doing chemo-dynamics with Gaia 

Springel et al. (2005) 

(1989-1993) 

High Precision Parallax  
Collecting Satellite 

Where are the 100s of building blocks 
predicted by DM-driven structure 

formation in CDM cosmology? 



A prerequisite 

Are dynamical/chemical properties of stars conserved? 

 

Yes (or the most part). 

 

Dynamics: interactions with specific structures (e.g. the 
bar) can lead to changes in the orbits. 

 

Chemistry: Giant stars dregde up processed material from 
the interior; stars can receive matter from a companion; 
atomic diffusion can change the surface composition. 
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                MV    d [kpc]       

V=15 

  = 22 as  @ V=15 

temperature 

metallicity 

reddening 

luminosity 

K0 IV     +3.2        2 

K0 III     +1.2         6 

K0 II       –2.0        25 

Moletai 

courtesy of U. Munari 

Stellar Physics & Galactic evolution 

astrometry for 1 billion  stars   

photometry for 109  stars (V < 20)  

radial velocities for 108 stars 

stellar parameters for 107  stars  

Gaia in a nutshell (2013 – 2018)    

 π, α, , α, , vrad, Teff, AV, log g, [M/H], [α/Fe] 



How does it work? 

   π[arcsec] = 1/d[pc] 

       (1 pc = 3.26 ly) 

 
Parallax of nearest star:    π = 0.7687 arcsec 

         = 768700 as 

  

Parallax of Galactic centre: π = 118 as 

 

Parallax of nearest satellite (LMC): π = 20 as 

 

Gaia best accuracy: ~10 as      
 (“resolving a coin on the Moon”) 



as astrometry from space 

Same principle as HIPPARCOS (1989-1993), 
but two orders-of-magnitude more precise. 
 
Two telescopes with LOSs separated by a 
106.5 basic angle. 
 
Observe the whole sky by having the 
satellite’s spin axis precess around the Sun. 
 
The ideal place for this: L2 outside of Earth’s 
orbit, 1.5 million km away. 
Lissajous orbit around L2 avoiding Earth 
eclipses during 6 years. 
Transfer to L2: 4 month (eclipse-free) 

NSLmovie-BH_GaiaForAll08.mp4


Gaia’s telescopes 

• 2 off-axis telescopes 
• 1.45 x 0.5 m2 aperture 
• 35 m focal length 

• single focal plane 
• 106 CCDs totalling 938 Mpixels 
• 0.93 x 0.42 m2 



Gaia’s focal plane 

BP/RP (330–1050 nm) 

 

RVS (847–874 nm) 

80 pixels in two 
arms (blue and red) 
with dispersions 
between 50 Å and 
300 Å. 

R=11500 down to 11th 
magnitude,   
5500 below.  
 

 
Typically 80 observations 
over 5 years (binarity, 
variability!). 



Gaia’s CCDs 



What Gaia will not provide 

Radial velocities below V ≈ 15 
 

Chemical abundances below       
V ≈ 14 

 

Good Teff / AV decoupling 

 

 

 
noise 
added 

Brown et al. (2005) BP 
RP 



Astrophysical parameter degeneracies 

Bailer-Jones (2009:  

GAIA-C8-TN-MPIA-CBJ-048) 

σ = ([M/H] residual) ≈ 0.5 



Known science highlights 

Reference frame  

Stellar physics 
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PPN  and  

10s of 
1000s 
(with 
different 
biases) 

accurate orbits                
for  300000 asteroids,         

incl. perihelion precession 

500 000 
quasars 
(RF!) 

Stellar populations, 
moving groups,  
the bar, DM, ... 

60 million binaries, 
(eclipsing ones!); 
the Sun’s cradle 

Best ever optical ICRF 



Expect the unexpected! 



Knowledge beyond astrometry 

Need to collect complementary information only 
photometry/spectroscopy can provide to 

 

• reach the desired astrometric accuracy, 
 

• complete the 6D phase-space information with vrad, 
 

• reach Gaia’s Galactic-evolution science goals. 

 E.g., the identification of Galactic building blocks in the 
outer halo cannot be achieved on kinematics alone 
(Brown et al. 2005). 



Ground-based follow-up 

The Gaia-ESO Survey (2011-2016) 

 

300 nights at the Very Large Telescope 
to obtain observations of 105 stars 
of all mature Galactic populations 
in-situ. 

value of observing time: 30 M€ 

 

 

 

Korn 2004 



Gaia, Gaia-ESO and... 

5000 thin- and thick-disk stars 
at high spectral resolution 

100 000 stars of all populations 
at medium spectral resolution 

Major upcoming/future efforts include APOGEE, HERMES and 4MOST. 

Homogeneous re-analyses  
of the ESO archive 



Gaia and Gaia research... 

... a Galactic revolution in the making! 


