
  

 Analysis of Dark Matter Simulations



  

“Friends-of-friends” algorithm for identifying halos at fixed over-
density compared to the mean inter-particle separation.



  

The Density Profiles of 
Dark Matter Halos Exhibit 
a “Universal” form

 Navarro, Frenk & White 1996



  

The same form fits for 
different cosmological 
parameters and power 
spectra of initial density 
perturbations.



  

 Less massive halos 
are more 

concentrated



  

Correlation between the 
characteristic density of 
the halo and the redshift 
at which a given fraction 
of its mass “collapsed” 
into a virialized structure.



  

Shapes of dark 
matter halos



  

 s=c/a (ratio of the shortest-to-longest axes) decreases at high 
halo masses and high redshifts



  



  

Halos are rounder on the 
outside than on the inside



  

 ANGULAR MOMENTUM OF HALOS AS 
CHARACTERIZED BY SPIN



  



  



  



  

 Substructure in Dark Matter Halos

Early halos in simulations exhibited very little substructure 
– this was known as the “overnerging problem”, because 
bound , virialized systems of multiple galaxies do exist 
(galaxy groups and clusters).



  

As computers became more 
powerful, simulations of every 
increasing particle number 
could be carried out. The 
higher resolution simulations 
revealed a rich hierarchy of 
substructure in dark matter 
halos.

Aquarius simulations 
contains six examples of an 
isolated halo similar in mass 
to that of the Milky Way. 
These are simulated in their 
full cosmological context 
(assuming the concordance 
LCDM cosmology) and at 
various resolutions up to 
about 200 million particles 
(counted within the radius 
where the enclosed density is 
200 times the cosmic mean). 
One halo is also simulated at 
even higher resolution, 
resulting in almost 1.5 billion 
particles within this radius.



  

In the highest 
resolution 

simulation, one 
even finds 

“substructures 
within 

substructures”



  

Sub-halo identification 
algorithms, eg. 
SUBFIND (Springel et 
al 2001) employ a 
variable link-
length/density 
threshold to identify 
local density maxima 
on top of the global 
one.



  

Subhalo mass 
function is a power 
law with slope -1.9



  

 Substructure mass function extrapolated using -1.9 
power law: less than 0.2 with the half-mass radius



  



  

  Merger histories of dark matter halos



  

Number of mergers undergone by halos in the 
Millennium I and II simulations over  history as a function 
of mass ratio Mi/M1

Scaled by the number of halos in 
the simulation at the the present 
day.

Results arranged in bins of halo 
mass



  

Halo mass dependence of the merging rate 
is very weak.



  

 Mass and redshift dependence of the merging rate



  

 Mass growth of the largest progenitor as a function of z



  

Cumulative number of 
mergers between redshift z 
and now

Probability of the last major 
merger having occurred 
between redshift z and now.

Massive halos are red, low mass halos are blue/purple.



  

Observational Tests: Satellites of the Milky Way



  

The NFW profile can be turned into a  velocity profile  using
 V= (GM(r)/r2)1/2

Where x=r/r200 is the radius in units of the virial radius.  Circular 
velocities rise near the center, reach a maximum (Vmax) at xmax ~ 2/c, 
and decline near the virial radius. More centrally concentrated halos  
are characterized by higher values of Vmax/V200.



  



  

Same 
problem for 
M31



  



  

But can this work in practice?
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