
Global Properties of Simulated Stellar Halos 
of Milky Way-mass galaxies!

M31’s stellar halo (PAndAs)!
!

Aquarius halo!



What do we want to know:!

•  what is the origin of stellar halos? accreted vs in situ stars 

•  what is the relative contribution of accreted and in situ stars versus radius 
(for a given stellar mass) 

•  what is the origin of in situ stars? 

•  what are the spatial, kinematic and chemical abundance properties of 
accreted and in situ stars? 

•  how lumpy is the stellar halo? how many satellites contribute, on average, 
and what are their properties?!



Accretion only models 
hybrid methods, i.e. “painting” stars on dark matter models using semi-analytical prescriptions 
(Bullock & Johnston 2005, Font et al 2005, 2006; Diemand et al 2010; Cooper et al 2010) !

Martinez-Delgado et al 2010; simulated halos from Johnston et al 2008.!



Accretion only models!

Successes: 

•  we see in falling satellites shredded in MW, M31 and neighbouring galaxies 

•  stellar halo is somewhat lumpy 

•  demographics of streams is (at least qualitatively) reproduced  

 

Problems: 

•  surface brightness profiles do not exhibit multiple components, as indicated by 
observations   

•  do not produce metallicity gradients in stellar halos, as observed (e.g. in M31) 

•  not obvious if produce enough rotation 

•  wrong shape for the halo (prolate like DM, not oblate as observed) 

•  cannot explain the faint diffuse component in the outskirts of halos (too lumpy)!



Accretion only models!

Bullock & Johnston (2005); Robertson et al 2006; Johnston et al 2008.  
 similar results in Cooper at al 2010.!

“chaotic” assembly; metallicity gradients cannot be produced or are very weak!



       hybrid model (Font et al 2008);          obs [Fe/H] gradient in M31 (Gilbert et al 2014) !



Dual nature of halos: accreted + in situ stars!

Abadi et al 2006! Zolotov et al 2009!

Font et al 2011 
(GIMIC) !

Cooper et al 2013 
SAM Guo et al 2011!

Pillepich et al 2015 (ERIS) !



Cooper et al 2015;  
high res Aquarius halos !

Tissera et al 2012 
(Aquarius halos) !

(dashed - accreted; full line - in situ) !









GIMIC: in situ stars were born in a disc  
at z~1.5-2 and later dispersed  

(disc destruction, flipping, heating)!



  !

Cooper et al 2015 !

In situ stars : from which gas? 
 

• Zolotov et al 2009, 2010: cold flows 
 
• Font et al 2011, McCarthy et al 2012: 
 ~50% from shock-heated gas 
 
• Tissera et al 2012, Cooper et al 2015 
investigate further the origin of the gas  
forming in situ stars :  
 
- some of it is brought in by satellites (stripped gas);  
- gas accreted in cold mode.  !



Tissera et al 2013!
disc-heated stars (green), endo-debris stars (magenta); debris stars (violet)!



recent M31 data from the SPLASH survey (Gilbert et al 2014); 
comparison with GIMIC sims.!

Tissera et al 2013!



EAGLE Simulations 
(Schaye et al 2015)!



EAGLE - Stellar mass function!

Schaye et al 2015 !



Star formation efficiency  
 

GIMIC                                                  EAGLE !

McCarthy et al 2012! Schaye et al 2015 !



EAGLE: stellar mass density profiles of   
Milky Way-type galaxy halos !

(GIMIC) !

Font et al , in prep ! Font et al 2011!



EAGLE - metallicities 
    ISM            Stars!

Schaye et al 2015 !



EAGLE vs GIMIC: 
 
- larger [Fe/H] scatter at large 
distances in EAGLE halos, as 
observed (in M31)  
 
- a trend to lower [Fe/H] beyond 
r ~100kpc in the EAGLE halos !

EAGLE: Metallicity gradients of stellar halos !

Font et al, in prep !



Conclusions!

•  dual nature of stellar halos : accreted + in situ!

•  in situ stars originate in proto-discs destroyed/ heated/ tilted + endo-debris (from gas stripped 
from satellites) + from gas accreted smoothly!

•  specific signatures of in situ stars: kinematics (rotation), chemical abundances (high [Fe/H] and 
low [alpha/Fe] -> gradients), shapes (flattened).!

•  gas-dynamical simulations agree qualitatively: in situ fractions ~30-40%, depending on merger/
formation history (also on physical prescriptions)!

•   gas-dynamical simulations disagree on the contribution of hot/cold mode gas accretion and the 
ages of in situ stars.  !

•  high resolution and accurate prescriptions of star formation and feedback are crucial for 
modelling stellar halo components (e.g. EAGLE high res)!

•  large galaxy surveys (Gaia, PAndAS, etc) will reveal more information about the properties of 
stellar halos and streams in Milky Way and M31.!



Streams in Andromeda (M31)!










