- Phase Space

- The Dark Matter sheet

+ Collisionless Boltzmann Equation

- Simulation results
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Formation of a Single Halo

-

;



Formation of a Single Halo
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From caustics to multistream...

Erlmordlal ﬁrst caustic
SRR W 0 T SN W " T T W

Use the local number of foldings

easy tool to help the
understand the dynamics of LSS




So, what volume fraction is multi-stream??

or, how much volume is LSS?

approaches power-law

Continues to change with resolution

In particular:
The volume fraction of voids cannot
even be determined.

This is CDM : clumps on all
scales, maybe down to earth
masses.

Voids, Sheets, Filaments can be
sensibly defined only for a given
spatial scale.
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The density distributions

(mass weighted) Voronok
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Comparison with Voronoi densities

they occupy a lot of volume.

Much of the difference is at
modest overdensities!
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All microphysical phase space information available

can probe
fine-grained
phase space

structure.

h'Mpc
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bulk velocity estimate
— phase space interpolation
—— only position information
position >
T L .
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Hahn, Angulo, Abel 2014
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Radial profiles reveal slight density bias
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Solution to 30 yr old artificial fragmentation problem in warm and hot DM models
[T 2 !-_L'_A{ u’b u u'-‘"’!‘r!"
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arXiv:1304.2406
The Warm DM halo mass function below the cut-off scale

Raul £. Angulo (1), Oliver Hahn (1 and 2), Tom Abel (1) ((1) KIPAC, Stanford University, (2) ETH, Zurich)

Submeted cn 8 Apr 2013
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' Stefane Raw, Simone Vegelli, Stmon While

0,20

Particle Noise In
Gravitational Lensing Predictions
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Noiseless but biased estimator
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Angulo, Chen, Hilbert & Abel,
MNRAS (2013)
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Also applicable to Collisionless Plasmas -> Neutrinos?
Example: Landau Damping in1D
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Numerical Hydrodynamics & Mixing

* In comparison of 12 cosmological
hydrodynamics codes on simple
non-radiative simulations of
galaxy clusters, the only grid
based result looked significantly
divergent in the entropy profile

« Over many years detailed follow
up studies concluded that the
inability of traditional Smoothed
Particle Hydrodynamics
techniques was the culprit

« Discretized mass elements which
cannot shear and mix with
surrounding fluid stay trapped in
cluster centers

enlropy [convenlional anils|

0

Jd

a bryas
ocn

vouch nan

gaed:in

enlans

g‘, Yoo e

-~
-

i

o‘u

+r

.I
rera e K A o
s

n.m

I owen Y 4
—~  pEn * .&]‘
o slheinmms v N /.
¢ wadzloy }gl
&  vepes . ’,\ F
A /Ag
A v .i.
- o
AMR et 5, /%
..... w
A X —75
/ { 1 p2/3
W
| | L
0.1 1 10
¢ [Mpe]

Frenk 1999, Santa Barbara
Galaxy Cluster Comparison Project



Pseudo-Phase Space Density perfect power law in

Dark Matter Simulations
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Limits of the sheet: need for refinement

nonlinear deformation

split if nonlir%A

deformation detected

>




Adaptive Refinement Il - work in progress

3 levels of
additional refinement

stay tuned...
Hahn, Angulo & Abel ongoing
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Lagrangian Tessellation: What'’s it good for?

+Analyzing N-body sims, including web

classification, velocity dispersion,
profiles, resolution study
(Abel, Hahn, Kaehler 2012)

- DM visualization

(Kaehler, Hahn, Abel 2012)

- Better Numerical Methods

(Hahn, Abel & Kaehler 2013, Hahn,
Angulo & Abel 2014-)

- Finally reliable WDM mass functions

below the cutoff scale
(Angulo, Hahn, Abel 2013)

+ Gravitational Lensing predictions

(Angulo, Chen, Hilbert & Abel 2014)

- Cosmic Velocity fields

(Hahn, Angulo, Abel 2014)

- Plasma simulations (Vlasov/Poisson

and relativistic Vlasov/Maxwell)
(Kates-Harbeck, Totorica, Zrake &
Abel 2014, in prep.)

+ Exact overlap integrals of Polyhedra

(Powell & Abel 2014 submitted.)

*your application here ...



