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N-body simulation of Halo Formation
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Origin of Halo Density Profile?
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Phase-Space Density
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Vlasov eq.

Poisson eq.

Distribution function of f:
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V(f)df = volume of phase space occupied by f in
the range (f,f+df)
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Measuring f(x,v) using an adaptive “grid”
Delaunay Tesselation
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PDF of Phase-Space Density
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PDF of Phase-Space Density
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hard force

soft force

Not 2-body relaxation
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V(f) related to _(r)?
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Phase-Space DensityReal Density

Halo Phase-Space Density
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Profiles in Real Space and Phase Space











Is v(f)∝f-2.5 determined by substructure?

ΛCDM No short waves

Moore et al.
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Same power law v(f)?



Additive Contribution of Subhalos

v∝f-2.5

each subhalo is
not a power law



The Two Most Massive Subhalos
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Background Halo – Subhalos Removed
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Toy model: adding up small halos

2)( ≈∝ − γφ γmm

3/13/13 ./ mmrconstrm ∝∝=∝ σρ

2)4()( −−− ≈∝ fffV γ

Halo mass function:

Scaling of halos:

subhalos evolve !
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Adding up Sub-halos

Boylan-Kolchin, Ma,
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Tentative Conclusions
In hierarchical clustering, robust PDF: v(f)∝f-

2.5  doesn’t depend on power-spectrum slope,
or on method of simulation
The power-law v(f) is driven by substructure.
How exactly?  Yet to be understood !

Phase-space density is a unique tool for
studying substructure and its evolution

Adding up small CDM halos leads to v(f)∝f-2.5

?  How robust?    How dependent on subhalo
density profile and mass function?



Satellite merging into a halo
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Dekel, Devor & Hetzroni 2003




