
Simulations of  Formation of  the Milky Way 
   The Nature of the Stellar Halo	
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Two distinct halo populations: 

  inner halo (<10-15 kpc):  metal-

rich,  with flattened shape and  
prograde rotation.    

 outer halo: metal-poor, less 

flattened, retrograde (or no net) 
rotation. 

(Carollo et al. 2007, Carollo et al. 

2010).  Were ELS right after all?	




Carollo et al. 2007 

flattening increases 
with metallicity 



Carollo et al. 2010 

Metal-rich stars in 
the inner region 
rotate faster  
(in prograde motion) 



Two distinct [α/Fe] populations in the solar neighborhood (Nissen & Schuster 2010). 



The analysis of  the halo 
kinematics  rejects the 
single halo population 

hypothesis. 

(Carollo et al. 2010) 





 Hydrodynamical re-simulations of  5 spheres (r ~ 20 Mpc) 
inside the Millennium Simulation of  varying environments 
(void, cluster, and 3 in between). Mbar ~ 8x106 Msolar.  
Softening is 1 kpc. 

  SPH (Gadget-3).  Prescriptions for star formation (Schaye & 
Dalla Vecchia 2008), SN feedback (Dalla Vecchia & Schaye 
2003), metal-dependent radiative cooling with UV 
background (Wiersma et al. 2009), and chemodynamics 
(Type Ia, Type II, AGB stars; Wiersma et al. 2009). 

 A total sample of  ~400 Milky Way-mass disc galaxies. 



Realistic Disk Galaxies 



Crain et al. 2009 
Font et al. 2011 



(Font et al. 2011; Deason et al. 2011) 

Realistic satellites => realistic modelling of the accreted component of the halo 



Key Diagnostics: 

 Surface Brightness Profiles 

 Metallicity Gradients 

 Shapes &  Kinematics 



“bump” 



Bullock & Johnston 2005 Cooper et al. 2010 

M31 
no “bump” 

ρ ~ r -3 (- 4)  

Σ ~ r -2  



M31 data:  

- Inner halo fitted by a 
deVaucouleur profile (PvdB 
1994) 

- Outer halo fitted by a power-
law : ΣV ~ r-2       (ρ ~ r-3.5 )   

(e.g. Guhathakurta et al 
2005; Irwin et al 2005)   

     Font el al (2011)    



  The in situ component 
located mainly in the 
inner 20-30 kpc 

  The accreted component 
extends out to ~150kpc 

  The threshold between 
in situ and accreted 
dominated halo occurs 
between 20-30 kpc.  



The PAndAs Survey of M31 (McConnachie et al. 2009) 



(Gilbert et al, in prep; Courtesy of J. Kalirai) 

(see also Kalirai et al. 06, Koch et al 08) 



The Aquarius  
Simulation 

(Cooper et al. 2010) 



Cooper et al. 2010 Font et al. 2006 



M31 data: Kalirai et al.2006; Koch et al.2008; 
Richardson et al.2009; Gilbert et al. 2009  



    SDSS:  ~1000 stacked haloes                     GIMIC: ~ 400 stacked haloes 
          (Zibetti et al. 2004)                                             (McCarthy et al 2011)                                 

average b/a ≈ 0.6 





 Metal-rich! Metal-poor!



McCarthy et al (2011) 





Born at large distances and 
migrating inwards? (unlikely) 

Born in the disk and kicked out by 
tidal interactions or radial 

migration? (Purcell et al 2010) 

Born roughly where they are? 





The in situ halo stars had 
>80% rotation support 
when they were born.  



  Present-day cosmological simulations produce realistic discs, haloes and 
substructure.  

  Our simulations confirm the dual nature of  stellar haloes:   

 - the in situ halo dominates in < 20-30 kpc, is metal-rich, has intermediate age 
(7-8 Gyr), is more flattened shape and  rotates in prograde motion.    

 - the accreted component extends out to ~150 kpc, is more metal-poor and 
old (10-12 Gyr) and shows less signs of  flattening or rotation. 

  The in-situ halo originates from a stirred-up proto-disk at z~1-2. 

  The dual nature of   stellar haloes fits a wide range of  observational data  
better than the pure-accretion models. 


