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Studying Galaxy Formation and 
Evolution with High Resolution 

Stellar Spectroscopy

Let’s look in detail at 
the stellar populations 
of the Milky Way and 
it’s satellites



Light Elements – e.g., O Na Mg Al  
tracers of deep mixing abundances patterns 
(globular clusters versus field stars)

α- Elements – e.g., O Mg Si Ca Ti  
dominated by products of Supernovae II 

Iron-peak Elements e.g., V Cr Mn Co Ni Cu Zn 
explosive nucleosynthesis (supernovae I)  

Heavy Elements ( Z > 30 ) 
mix of r- and s- process elements

e.g.,  s-process  e.g., Ba, La (stellar winds)
r-process  e.g., Eu 

e.g., McWilliam 1997

Chemical Tagging





compilation by Venn et al. 2004

Comparing the 
Milky Way to 

dSph

Hill et al. 2007

Sculptor dSph

Letarte et al. 2007

Fornax dSph

Hill et al. 2007

Sculptor dSph



Basic requirements:

V~20 R~40000 S/N>100
λ as blue as possible  Δλ>1000Å
No specific spatial resolution 



EMPS

UMPS



15,25,35 M

Constraining early chemical enrichement: EMPS



[Mg/H]=-2.57

[Fe/H]=-2.99

[O/H]=-2.47



r-process enhanced EMPS

Constraining the origin of the r-process



How universal is the r- process ?



Radioactive dating



R-process

Stell param

[Fe/H]<-5.



HR spectroscopy

MOS - 100 stars per local galaxy (min); 500-800nm; 
R~20000 (min); 

fov: 2 arcmin (?), MI > -3
SOS - 10s stars per local galaxy (min); 300-500nm; 
R~40000 (min); 

MI > -3



Low Resolution Stellar 
Spectroscopy: the Ca II 

Triplet



Kinematic Classification

Venn et al. 2004T = (U2 + W2)1/2



Metallicty of different 
components

Venn et al. 2004



Johnston 2003

(Johnston et al. 1996; Helmi & White 1999 etc...)

Is the outer halo filled with tidal streams from disrupted dwarf 
galaxies that remain coherent in phase space?

Looking for Evidence on 
small scales...

The image depicts a model halo formed by the accretion of 50 
dwarf galaxies at various times during the last 10 Gyr, and makes 
predictions for the kinematic properties of stars we see today.

Paul Harding



Belokurov, Zucker, Irwin et al.



Tolstoy et al. 2004; 
Battaglia et al. 2007

Battaglia et al. 
2006

Koch et al. 
2006

Battaglia et 
al. 2007

VLT/FLAMES results



Tolstoy et al. 2004

Kinematics & Metallicity



LR spectroscopy

MOS - 1000 stars per local galaxy (min); 800-900nm; 
R~6000 (min); 

fov: 2 arcmin (?), MI > -3



Cole et al. 2007Leo A
Deepest ever CMD (in 
absolute mag) for an 
isolated dwarf irregular.

M814 ≈
 

+3.4 
M475 ≈

 
+4.2



Results for 2 age binnings, with 1σ

 

random errors on SFR

Cole et al. 2007, ApJL, in press (astro-ph/0702646)
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