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I. Velocity functions



The maximum of the halo circular velocity profile

V2
max=max[GM(<r)/r]

is a measure of the depth of the dark matter halo potential well and it is expected to
correlate well with the baryonic component of galaxies such as the luminosity or 
stellar mass as followed from the Tully-Fisher relation. The maximum circular velocity 
at present, for dominant halos, and at the time of accretion, in the case of subhalos, 
gives a better match to model the observed luminosity dependence and evolution of 
galaxy clustering from high-z to the present (e.g. Conroy et al. 2006). Another example 
is the recent work by  Trujillo-Gomez et al. 2010 where they provide LCDM predictions 
for basic statistics of galaxies: Luminosity-- and Baryonic Mass--Velocity Relations, and 
Velocity Functions.



Trujillo-Gomez et al. 2010



Comparison between spherical overdensity masses and 
friends-of-friends masses for the same sample of halos
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Motivation Prada et al. 2006, Cuesta et al. 2008
Mvir= 2.9 × 1011 h-1 M⊙

Mvir= 1.4 × 1012 h−1 M⊙

Mvir= 1.3 × 1015 h−1 M⊙

Phase space diagram for the particles 
in dark matter halos.



Klypin et al. 2010



90% of the halos have
their Vmax within 8% 
the median value. 

Dependence of maximum circular velocity on halo mass for distinct halos at z=0.

MS-II & MS



Cumulative velocity function for distinct halos

Bottom: Cumulative velocity function at z=0 for distinct halos in the Bolshoi (filled squares) and 
Millennium simulations, MS (filled circles) and MS-II (open circles), in units of h3 Mpc-3. 
Top: Product Vmax

-2.9 n(>Vmax) of the maximum circular velocity and the cumulative vel. function. 



Cumulative velocity function for distinct halos in the Bolshoi (filled squares) and 
Millennium, MS (filled circle) and MS-II (open circle) simulations at several redshifts



Halo velocity function in the LCDM cosmology

Prada et al. 2011, in prep.

Parameters of the LCDM velocity 
function for distinct halos as a function 
of s8(z).  Filled circles show the 
parameters found by fitting Eq. 1 to the 
cumulative velocity function from the 
Millennium simulations at different 
redshifts. Open circles correspond to 
the Bolshoi velocity function fits. 
The bottom right panel shows the 
evolution of s8 with redshift, as 
predicted by the linear perturbation 
theory of structure growth

(Eq. 1)



II. Concentration functions



c=Rvir/rs

Two ways of measuring concentration:

• Fits to density profiles, e.g. NFW

• Vmax/V200 is directly related to halo concentration; assuming NFW density profile:

Data

NFW





Bolshoi

For NFW density profile

There is a tight relation
between the two estimates
of concentration. On average
there is a small 5-10% offset
between Cvratio and CNFW fit

cvratio



Neto et al.

MS-II & MS



Evolution with redshift of the halo concentrations

The ratio Vmax/V200 of the maximum circular velocity to the virial velocity as a function of
mass M200 for distinct halos at different redshifts. 
Left: MS-II and MS simulations. Right: Bolshoi and the new MultiDark simulation 



Bolshoi

Klypin et al. 2010

Concentration – Mass relation



Klypin et al. 2010



Zhao et al. 2009



s=s(M200,a)=

Vmax/V200 velocity ratio as a function of log s-1

Halo concentration, when expressed in 
terms of the variable log s-1, is a well
behave function with an U-shaped trend
which decreases with log s-1 up to a well
defined scale, in which it begin to increase  



Similar to the mass function, we find that concentration is not universal and has 
some dependence on redshift. We attribute this residual redshift dependence of
c(s,a) mostly to the change in the growth rate of fluctuation D(a) related to the
change of Wm(a). D(a) depends only on one parameter:

Because all our approximations use only s and x, we *expect* that they are applicable
for different redshifts and different cosmological parameters. Fitting all the available
data from Bolshoi and MultiDark simulations gives the following approximation for
halo concentration:

The c – s relation: a new empirical model for the halo mass -- concentration relation

B0(x) and B1(x) are defined in such a way that they are equal to unity at z=0 for the WMAP-5
parameters of the Bolshoi and MultiDark simulations. 



Bolshoi & MultiDark

Concentration – s(M200) median relation for distinct halos in the Bolshoi (open symbols) and
MultiDark (filled symbols) simulations for different redshifts. Solid lines are fits from
our empirical model.





Concentration as a function of log s-1, but now c-s data at each epoch have
been scaled by its corresponding value of smin(a) and cmin(a). Solid line is our
parameterization. 

Prada et al. 2011



At large redshifts, the halos that show the upturn are very rare: their mass is much larger
than the characteristic mass M* of halos existing at that time. Most of them likely 
experience a very fast growth. The also represent very high-s peaks of the density field.



II. Halo mass-concentration relation in the LCDM cosmology

Prada et al. 2011, in prep.

Halo mass-concentration of distinct halos in the Bolshoi (open symbols) and 
MultiDark (filled symbols) simulations. Sold lines correspond to our empirical
model.  



Prada et al. 2011



MULTIDARK suite of simulations for BOSS studies
F. Prada, A. Klypin, & S. Gotlloeber

1Gpc/h

1.5 1015 h-1Msun

Lbox= 1000 h-1 Mpc

Npart= 20483

Force res.= 4kpc comov.

Mpart=8.77 109 h-1 Msun

MultiDark Run

Run with ART code by A. Klypin



MultiDark Database
• collaboration with Astrophysical Institute Potsdam (AIP), supported by 

GAVO

• Database for MULTIDARK simulations will include:

– halo + galaxy catalogues 
(positions, velocities, properties)

– kinematic and density profiles 

– snapshots of simulations (particle selection)

• design similar to Millennium 
Simulation DB

• compliant to international VO 
(virtual observatory) standards

• Web interface:
direct access via SQL queries

store results of queries in own 

database (registered users) 

history of previous queries

on-line documentation

www.multidark.org



www.multidark.org



www.multidark.org



www.multidark.org



Thank you!
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