
  

FORMATION AND PROPERTIES OF THE STELLAR 
HALOS OF GALAXIES IN A LCDM UNIVERSE

Two main techniques

  Hybrid methods  Full Hydrodynamical simulations



  



  

Most 
gravitationally 

bound particles 
in halo



  

 Tidal disruption of multiple 
accreting satellites forms 
the halo. Brightest features 
are from larger, more 
recent accretion events.

MAJOR SIMPLIFICATION:
Idealized disk+bulge+halo 
potential (evolves with time)



  

1) Halo built at early 
epochs, lookback times 
of 9-10 Gyr

2) Most of halo mass 
comes from the 
disruption of a more 
massive satellite

3) Surviving satellites are 
accreted late (4-5 Gyr 
ago)

 When and how is the halo of the Milky Way built?



  

Sales et al 2007: Statistics of 
disrupted and surviving 
satellites in the halo



  

Outer halo built more recently
than inner halo

Predicted stellar density 
profiles well-fit by a Hernquist 
profile: slope -3 to -4.



  

 Complex phase-space structure, particularly in outer halo, where the 
signatures of more recent accretion events clearly visible as streams



  

 Metallicity and element abundance ratios studied in detail in two 
follow-on papers by Font et al 2006



  

        Models predict flat metallicity and element abundance ratio 
gradients for most systems



  

This is 
because most 
of the halo 
stars are 
predicted to 
have been 
accreted at 
early times.

(similar results 
obtained by
De Lucia & 
Helmi 2008;
Cooper at al 
2010 using self-
consistent N-
body+SAMS)



  

(2006)



  

Introduced the 
concept of the 
“in situ” stellar 
halo



  

 1. In situ stars dominate over accreted stars at R < 30 kpc
 2. Two mode halo leads to break in surface brightness profile
 3.  Fitted double Sersic laws to profile



  

 Accreted stars and 
dark matter halo have 
axis ratios consistent 
with PROLATE 
ellipsoids.

In situ stars in halo 
are OBLATE



  

Surprising degree 
of alignment of the 
angular 
momentum vector 
of the disk with 
that of even the 
outer halo



  

McCarthy et al 2012 study of halo structure and kinematics 
using GIMIC hydrodynamic simulations



  

 Clear rotation signatures are seen out to R> 50 kpc (McCarthy   
et al 2012)



  

Font et al 2011: GIMIC simulations show clear metallicity 
gradient in better agreement with M31 observations. Break 
occurs at transition between in situ and accreted component.



  

What is the origin of the “in situ” halo?

 Purcell & Bullock 2010 proposed that the disk was heated by 
accretion events based on idealized  N-body experiments.



  

 Recent careful study by 
Cooper et al 2015 divides “in 
situ” halo into 3 categories of 
origin:

 “Heated disk” stars in the 
minority



  

Beyond the Milky Way: Halo properties of galaxies 
across a wide mass range

Purcell et al 2007:

Fraction of mass in 
accreted component 
expected to increase 
strongly with halo 
mass.



  

Results from hybrid
 N-body +

SAMS modelling of 
Cooper et al 2013, 

applied to Millennium II 
simulations

Models are tied to the 
Guo et al 2011 SAMS, 

which produce excellent 
fits to z=0 stellar mass 

function, 
colour/luminosity relation, 

clustering properties.



  

 Cooper et al 2013

Qualitatively similar 
results to Purcell et al 
2007; quantitative 
differences in the 
predictions.



  

 Systematic change in predicted stellar density profiles as a
function of halo mass – caused by increasing dominance of accreted component.

Cooper et 
al 2013



  

Confirmed by Pillepich et al 2014 study using ILLUSTRIS simulations



  

 Slope of outer accreted component as a function of halo 
mass (Pillepich et al 2014)



  

What about dwarf galaxies?
Accreted component is tiny, but halos could be formed from heated 

stars....(Maxwell et al 2012)



  

HALO 
SUBSTRUCTURE

In 2001, Bullock et 
al made mock maps 
of RR Lyrae stars 
from the galactic 
halo for comparison 
with available SDSS 
data



  

Demonstrated 
model could 
reproduce star 
count density 
as a function 
of distance.



  

Predictions 
for rms 

fluctuation in 
counts as 
function of 
scale and 
distance



  

           FUTURE ROUTES FOR MODELS

 1) More systematic analysis of galaxy halos as a function 
of mass, galaxy type, environment using large simulations :
 Shapes, kinematics, stellar populations

 2) Quantification of substructure –methodology depends 
on type of data to be compared with.

 3) The effect of gas dynamics – what the key observational 
signatures of processes like dynamical  disk heating and 
supernovae feedback for the in situ halo?

 4) Growing evidence for AGN feedback in early Universe – 
is there a fossil record embedded in the stellar populations, 
structure, kinematics  of early-type galaxies?
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