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Halo Mass and Velocity functions

rms density fluctuation:

P(k) = Power spectrum of fluctuations, k = wavenumber  

W2(k;M) = Fourier spectrum of top-hat filter with mass M and radius R  
b(z) = growth rate of fluctuations according to the linear theory normalized to b(z=0) = 1.  



Functional form for mass function:

Average matter density:

Numerical factor:

rms density fluctuation:



Warren et al 2006

dn/dM ~ M-2





Tinker etal 2008

Halo mass function at z=0

Note the vertical axis scaling: the main 
trend of the mass function - dn/dM∼M-2 - 

has been taken away. We are looking at 
the deviations from the power-law. 



Nearly universal shape of mass function when we plot 



Read et al 2007

Evolution of the mass 
function with redshift



Evolution of the mass 
function with redshift

Symbols are from N-body simulations for distinct halos 
defined using Spherical Overdensity algorithm

Full curves  are for the Sheth-Torman 
approximation



Halo Velocity 
function



Halo Profiles



NFW



Einasto

Navarro etal 2004



Dark matter profiles

Aquarius simulation. Springel et al 2008. WMAP-1

Central slope is very close to -1!
For normal galaxies it does not 
matter: baryons dominate

100pc

Stadel etal 2009

Aquarius simulation. Springel et Aquarius simulation. Springel et 
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!
• Halo Concentrations 
• Abundance of subhalos 
• Density and velocity around halos





!
• Halo Concentrations

!
• Main trend with redshift



!
• Main trend with mass:



z=0





Halo Concentration: need to know to get density profile

Klypin et al 2014:     Gadget + ART 
MultiDark suite of sims: 60G particles







Effects of selection: relaxed halos are more concentrated

z=0

Relaxed halos selected by Vmax

All halos selected by M200



Densities and velocities at large distances





Phase-space diagram for the particles in dark matter 
halos

Mvir =3 1011Msun

Mvir =1.5 1015Msun







Infall velocities on halos. 	

nu = peak height = 



Velocity anisotropy	




Mass at ~1 kpc radius. Overabundance problem

Kravtsov 2009



Subhalos



Number-density 
profile of satellites


