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Cosmological N-body simulations

e Used to make predictions about the distribution of dark matter in
the Universe

e Key results

e (Galaxies are arranged in cosmic web of voids/sheets/
filaments/halos

e Universal spherical Dark Matter density profile (NFW)
[not understood from analytical arguments]

e Primary tool to study possible observational consequences of

e jnitial conditions: warm vs cold DM, Gaussian vs non-
Gaussian

e sensitivity on global cosmological parameters such as the
total matter content and amount of dark energy, etc.




Cosmological N-body simulations
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All modern cosmological simulation codes just differ in how they
evaluate the sum over all particles to obtain the net force

End result are simply the positions and velocities of all particles

Softening of forces (add epsilon”2 in denominator) avoids
singularities.

Limit N goes to infinity must give correct answer
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Much more intricate web structure...

SRR e N TR AW e N T
rendering points for particles. rendering tetrahedral phase space cells.

Same simulation data!













From caustics to multistream...

Use the local number of foldings

works remarkably well to
understand dynamics of LSS
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So, what volume fraction is multi-stream??

or, how much volume is LSS?
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The density distributions

(mass weighted)
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Comparison with Voronoi densities

Much of the difference is at
modest overdensities!
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But they occupy
a lot of volume.
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Radial profiles
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A first glimpse: analyzing phase space

can probe
fine-grained
phase space

structure.
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What mass fraction is multi- stream’?

or, how much mass is collapsed? T 256
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New numerical methods?




Problems of the N-body method

Vlasov-Poisson system

of _ _p _ .
o= Vel = Va6V, f

Distribution function
(x,p,t Z5D (x —x;(t)) dp(p — pi(t))

= eg. of motion for N massive particles, not a continuum

Main Problem: two-body effects, can be reduced by force softening

Scattering Clumping/
Fragmentation

~

Q

Most problematic for non-CDM simulations!
(cf. Wang&White 2007, Mellott 1983-

Wang&White 2007




Use DM sheet to get space density

Renderings of same warm DM simulation data

Mass is spread out = fragmentation reduced
Adaptive kernel filtered Kaehler, Hahn, Abel 2012 full tet rendering
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