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Galactic archaeology 
The Gaia & Gaia-ESO era 

Mathias Schultheis 

Gaia-ESO Survey 

Gaia-ESO Survey (2012-2017): 
 P.I.: G. Gilmore & S. Randich 

è High-res spectra 14<V<18 
è 300 nights @ VLT 
è N=105 targets (2017) 

Gaia:  
Photometry, astrometry: V<19 
è Distances, proper motions 

Spectroscopy: V<16 
è Radial velocity, abundances 

     V<14 
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Gaia-ESO Survey 
PIs: G. Gilmore & S. Randich 

•  14<V<18 
•  R~20 000 (& 40 000) 
•  300  nights @VLT (2012-2017) 
•  N=105 

•  Consortium: 400+ members (FR: ~50 members)  
•  Teff, log(g), [M/H], [α/Fe], [X/Fe] 

–  GIRAFFE WP: A. Recio-Blanco (Nice) (80% of the targets) 
–  UVES WP: R. Smiljanic (Torun, Poland) 
 

•  2 internal Data-Releases : 25 000 targets 

è Homogeneous overview of kinematics  
and abundances of young, mature  

and old stellar populations 

(Gilmore+12) 
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Milky Way: 
Inner/Outer Disc, Bulge Calibration: 

Gaia Benchmarks, CoRoT,  
Globular Clusters 

 

Observations: 
VLT 

GIRAFFE@CASU UVES@Arcetri 

Sp
ec

tr
al

 R
ed

uc
tio

n 
&

  
R

V 
D

et
er

m
in

at
io

n 

CASU Database: 
Spectra+Photometry 

WG10: 
GIRAFFE FGK 

WG11: 
UVES FGK WG12: 

Pre-Main Sequence 

WG13: 
Hot Stars 

WG14: 
Peculiar Stars 
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WG15: 

Homogenisation 
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Linelist Grid 

Keele 

Cambridge 

Potsdam 

Arcetri 

IAC, IACAIP 
MaxPlanck 



  Current Status   

"   3.5 of 5 years observations completed 

"   4 data analysis cycles over the first 2.5 years of data 

"   Data Release 1 available through ESO, DR2/3 on the way 

"   iDR4 parameter & abundance analysis almost complete 

"   Over 150 projects listed on the Gaia-ESO wiki 

 
 

Accepted Submitted Gaia-ESO 
Internal Review 

Milky Way 
Programme 10 3 1 

Open Cluster 
Programme 15 - 2 

Technical 6 - 2 

Publications thus far... 



Interstellar extinction 


    Interstellar extinction 

                      M. Schultheis   
     Observatoire de la Côte d'Azur, Nice 
 
 
 



 
 
 
 
 

MOTIVATION 

Interstellar extinction was and is still the major obstacle 
in studying detailed stellar populations in the Milky Way 
 
 
Often people neglect the importance of interstellar extinction 
in their work or even worse they just ignore it 
 





 
 
 
 
 

The Schlegel dust map 

l  Use of COBE/DIRBE maps and IRAS 100 µm maps 
l  Constructing dust temperature map based on DIRBE maps 
l  Dust temperature map varies between 17-21 K but affects the dust 
column density (factor 5) 
l  Schlegel map has IRAS resolution but is calibrated on COBE/DIRBE data 
 
 
 Schlegel maps are calibrated using standard reddening law and use 

colours of elliptical galaxies to measure reddening per unit flux density 
of the 100 µm emission   



 
 
 
 
 

The Schlegel dust map 



 
 
 
 
 

The Schlegel dust map 
Schlegel map is the commonly used map 
 
Easy to access : specify ra,dec → E(B-V) 
 
Works pretty well in high galactic latitudes 
 
 
 
Only 2D map 
 
BUT is not appropriate for |b| < 10 ! 



 
 
 
 
 

Improving the Schlegel map (Schlafly&Finkenbeiner 2011) 

Use of SDSS data  photometric and stellar parameters of SDSS 
(Teff,logg,Z) 
Comparison with intrinsic colours of MARCS model 
Much more precise map using individual stars 
 
 



The Galactic Bulge 

•  Closest spheroide 
•  The only galactic environment with  a large dispersion of  
    metallicity:      -1 < [Fe/H] < 1 
•  Old component: 8-12 Gyr 
•  Galactic Bar 
•  X-shaped Bulge with two densities 
 



 
 
 
 
 

… and Interstellar Extinction! 

Most of the interstellar extinction is concentrated 
towards the Bulge and especially towards the 
Galactic Center 



 
 
 
 
 

Spitzer composite image 3.6, 4.5,5.8 and 8 micron 

200 pc 



 
 
 
 
 

Visible light Infrared  

Low extinction windows: Baade’s window   



2D  maps 



 
 
 
 
 

Schultheis et al. (1999) "   2MASS observations in  J et KS 
"  Comparison with theoretical isochrones 
  of the stellar populations of RGB et AGB  
    (Bertelli et al. 1994) 
"    First detailed extinction map with a                     
spatial resolution of  2'  
"     ~ 2 million sources,  typical error AV~2m 

"     Resolution of high extincted regions 
     with AV< 35mag 

Use of M giants as tracer of extinction 



 
 
 
 
 

Schultheis et al. (1999) 

 First high-spatial resolution 2D extinction map 



 
 
 
 
 

Red clump stars  

Red clump of Baade 's window 

Advantage: homogeneous population, less affected by metallicity  

Gonzalez et al. (2012) : red clump stars 



 
 
 
 
 

Gonzalez et al. (2012) : red clump stars 



 
 
 
 
 

              Nidever et al. (2012)   
 
Rayleigh Jeans Colour Excess Methode  (RJCE) 

H –[4.5] = const. 



 
 
 
 
 

Nidever et al. (2012)  RJCE 



 
 
 
 
 

3D interstellar extinction 



 
 
 
 
 

Drimmel & Spergel 3D dust map 

Based on modeling the 240 micron emission of DIRBE data 
 
A complete 3D sky dust model 
 
Spatial resolution of 21’ x 21’ 



 
 
 
 
 

Drimmel & Spergel 3D dust map 

240 m data 

Model 

Obs-Model 



 
 
 
 
 

Drimmel & Spergel 3D dust map 

Simple 3D dust model. Does not include features related to 
the galactic bar nor nuclear disk but works on average not too bad  



 
 
 
 
 

Drimmel et al. (2003) 



 
 
 
 
 

3D maps in the galactic Bulge 

The Marshall et al. (2006) model 



Method	  

We	  compare	  2MASS	  &	  Besançon	  model	  of	  
the	  Galaxy	  -‐	  see	  Robin	  et	  al.	  (2003)	  

K	  &	  M	  Giants	  
Similar	  J-‐K	  colour	  -‐	  	  modified	  by	  exHncHon	  

–  Distance of model bins         observations      

•   J-K Histogram provides a check 

•   Both catalogues are sorted by 
    increasing J-K colour and binned 

•  Compare median J-K colour and adjust : 
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• Inner Galaxy, b=0, -90 < l < 90 

•  Extinction difference 
         column density NHtot 

• Assume  

•  Const RV ~ 3.1 

•  Const dust / gas ratio   

A	  GalacHc	  Bird’s	  Eye	  View	  

1225109.1 −−×= magmAN VHTOT
 

• Molecular Ring RGAL~ 4 kpc 
• Resolution : 

•  Spatial : 7,5’²      15’² 
•  Radial : ~ 1 kpc 



Marshall et al. (2006) 

BUT:  depend on input  parameters of  galactic model ! 
Use of 2MASS data problematic for Bulge analysis 
(confusion!) 



PI: D. Minniti 











A  high resolution 3D interstellar extinction map 

DATA SET 

GLIMPSE-II: [3.6],[4.5],[5.8],[8.0] 
VVV Data :ESO  VISTA Variables in Via Lactea 
 
Near-IR ESO  public survey (Minniti et al . 2010) 
 
 
  

 VVV covers 300 sq. deg of the Galactic Bulge covering 
 − 10◦ < l < + 10◦  and 
− 10◦ < b <  5◦  
 
Carried out with VIRCAM on ESO 4.1m VISTA telescope (Paranal 
Observatory) 
Pixel size 0.3 arcsec 
196 tiles each  1.48 x 1.18 sq degree 
 
Repeated Ks observations for variable stars (RR Lyrae, Cepheids, LPVs, 
etc.) 
Single epoch catalog already available (Gonzalez et al. 2011) 
 
 



Construction of 3D map with GLIMPSE-II data and VVV data 
 together with the Besancon model 

l   Similar methode as Marshall et al. (2006) BUT 
  
l  Use of new Bulge model (Robin et al. 2012) with two populations:bar/bulge   

l  New Teff-colour relation for K/M giants extending to cooler temperatures until 2500 K  

   including mass-loss (TP-AGB)              better agreement with colour-Teff relations from 

   angular diameter measurements of red giants and with Padua isochrones (Girardi et al.) 

l  Implementation of GLIMPSE colours in the Besancon model [3.6],[4.5],[5.8],[8.0].  

l  Mapping extinction simultaneously in J-K,H-K,K-[3.6],K-[4.5],K-[5.8],K-[8.0] 

l  Check the complete CMD to validate our extinction method! 

l  Advantage:  Mapping extinction at different depths and deriving in parallel    

  extinction coefficients 

 
 
 



GLIMPSE-II   Chen et al. (2013) 

K-[3.6], K-[4.5],K-[5.8],K-[8.0] 

Ak 



VVV data: Schultheis et al.   (2014): 330 sq degree 
Resolution: 6’, distance bins of 500 pc 

Ak 



Red clump position 
Gonzalez et al. (2012) 

Resolution 6' x 6' 

3D maps available in electronic form and beamer webpage   

Global use for stellar population synthesis models 

Chen et al. (2012) 



 
 
 
 
 

Correlation dust to gas 

12CO 

Aks 

Schultheis et al. (2014) 



BUT: how can we verify the 3D extinction maps? 
 
 
Until now: just based on stellar population synthesis models 
which have a lot of assumptions !! 
 
 
Can we get 3D extinction directly from observations? 

Large spectroscopic survey can reveal 3D extinction! 



Interstellar Extinction with the Gaia-ESO survey 

Use of  DR2 release of GES 
 
S/N > 10, sigma(RV) < 1.5 km/s  and reliable 
Stellar parameters (Teff, logg, Fe/H) -----> 5600 reliable stars 
 
Photometry of SDSS and VISTA (ugrizJHK) 



Take advantage of  high precison stellar parameters to derive extinction 
 
 

v Direct measure of interstellar reddening 
v Tracing extinction in 3D as we get distances 
v   No galactic model! 

Interstellar Extinction with the Gaia-ESO survey 

ü How does the extinction values compare with extinction maps ? 
ü How does extinction increase with distance ? 
ü  Is there any bias in the extinction using a certain population 
    (e.g. RGB stars, red clump stars, main sequence stars) ? 
ü How reliable are the 2D and 3D dust extinction models? 
 



The “Isochrone matching” methode: 

 
²     For each star we  take the closest point to the corresponding 
       isochrone with its corresponding metallicity (0.2 dex bins) 
²    Add errors in Teff, logg and Fe/H  
²    Stars which are too far off the grid  are skipped 
²    Distance between each star in the Teff and log g grid together  
      with the individual errors give realistic errors in E(J-K) and d 
²    Extinktion:  E(J-K) = (J-K)2MASS – (Mj-Mk)Padova 
²    d= 100.2(Ks -Mk)+5-Ak 

 
 
 Powerful method to get out of large spectroscopi survey  

directly extinction and distance 

Succesfully applied for APOGEE (SDSS-III): Schultheis et al. (2014) 



2D-Extinction: Comparison with Schlegel  

 
 
 
 
 

80 mmag of dispersion.. BUT 



 
 
 
 
 

2D-Extinction: Comparison with Schlegel  

As a function of Teff 



 
 
 
 
 

2D-Extinction: Comparison with Schlegel  

As a function of logg 



 
 
 
 
 

2D-Extinction: Comparison with Schlegel  

As a function of [Fe/H] 



 
 
 
 
 

3D-Extinction: Comparison with Drimmel 



 
 
 
 
 

3D extinction with APOGEE 



 
 
 
 
 

3D extinction with APOGEE 
COROT ANTICENTER 



 
 
 
 
 

None of the available 3D maps reproduce the global Ak vs. Distance 
relation along all lines of sight 

"   Confirmation of steep rise in A(Ks) with a flattening at 4-6 kpc 
"   Drimmel  et al. (2003)  underestimates Av  systematically for high 
    galactic latitudes 
"    For high extincted regions we don't have enough data points 
 

New GES data (DR4) available soon 



Diffuse interstellar bands  (DIBs)  







DIBs in the Infrared…… 

Verne Smith 



















GES and DIBS  (Puspiratani et al. 2014) 



GES and DIBS  (Puspiratani et al. 2014) 

Issues: Need of high S/N 
 
Very few stars to trace 3D extinction 



Apropos GAIA: 
5-9 December 2016: IAU symposium 
«  The first GAIA data »  in Nice 


