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A Novel Approach to Visualizing Dark Matter Simulations

Ralf Kaehler, Oliver Hahn and Tom Abel
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Fig. 9. A direct comparison between our tetrahedral cell-projection approach (left) and a standard SPH adaptive kernel smoothing method. Artifacts
due to the poor density estimates in low-density regions are obvious for the SPH method, whereas the tetrahedral approach achieves an overall
high image quality, on small and large structures.

/ﬂ:l’m/lan r4 Som /%41/ %A

/%0 afpmaLLl 3"“ lJacL vﬁs)\liu 74‘,)74& %mff ,CMOO@_Q
Sows o nmber o/ wvo/y;mf
@cams d msﬁz; gnvps

(4

AgEL, Hagw € Zswen 201
Kacamwe, feitr  ARE.  zon



Cosﬁcz@&mé; /[/Eczb/ SIH VLAV 104/C
DiscerrE  THHE _SPUE T/ 57€/ BT 707 TBY aVrses
SSTAVDAPD Gaevrcwe VEse :
Fvelve 5<>, =-\-/—,?, -\/T = '7¢ v/oo—al( Boiss
"DERIVE § ¢ - ASSUNE FarvicLes APE LURBES
o - DEFosia V7Ai—“ oA &RID —> K
- FF7T 8 =%
i | - WULTIPLY bREEN sTUNEON —b 6
- TYL—L—‘ SoLVING, v‘¢= 4mr&=<
e - FFV BAR —v>§zf
~ DIFFeRennlI > Vv
~ TAMTER PecaVE Yo TRevizLe “lasirrons

—‘—_;D SGRI’EJED laeaﬁ&mcws Q ~2px

B




fﬂ : TetoasEneon (ewrrom!Tesa

— Mew My Bro MBoy Spuavions $¢ /

T ita;f/r T (HM/;»athm/%% vaqM({frlf‘L'LS
—QW;{ Sy 7[ev4/a4pﬂﬁa.

R | | , |
= N ; 7
TS _Lepierzoverio }%@@.&%@%ﬂ‘m

— s erTev DoracED s (B Isviae (@), eniRoD Losay/on/

NS

2 TYPes OF
Fxtev i £¢

— OWER USE TDEATI L Y& 4 (Ees/we tew GPE

Pamm————s ..
| /= Tkoree ] I )
TIE ssEcATIoN !{r/?,dg;éf;;\" =
D> 2 Al pee O ®AL RS e
CHRATERIST/CS T
-~ CENMTIOIOs
1l < Smmemelc bove mass
VE@S/E;’A/ \h 4
2 :
11? . g 4$ ;::: % 7;55?4-40111 gem/\A:/ OHNJIWVL

v TEV To



4 45 5 55 6 4 45 5 55 6 4 45 5 55 6 4 45 5 55 6
x[h" Mpc] x[h" Mpc) x[h" Mpc) x[h" Mpc]

Figure 7. Central region of the axis-parallel plane wave at an expansion factor of 7.7 after shell crossing. Shown are the results for the
standard PM method with 643 particles (top row) and for the TCM method with 643 tracers (bottom row). The left panels show results for a
128% mesh to compute forces, the middle panels for 2567 cells and the right for 512%, respectively. The thin grey line is the solution obtained
with standard PM with 512% particles and 512% mesh cells. Two body collisions destroy the spiral in the standard PM case for higher force
resolutions.
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Figure 8. Velocity (left column) and position (right column) as a function of the Lagrangian coordinate in the axis parallel plane wave
problem at the same time shown in Figure 7. The top row shows the effect of resolution increase in the standard PM case, the bottom row
the respective results for the TCM case, In both cases the particle number is fixed at 64* and the resolution of the mesh is varied. The black
line is from the high resolution result obtained with 512% particles and a 512 mesh to compute forces.
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Figure 14. Maximum intensity projections of the magnitude of the gravitational force, log,, [[V¢||, in a region 10 x 10 x 40 h~*Mpc® for
simulations with fixed mass and varying force resolution. The image resolution directly corresponds to the resolution of the mesh used to
compute the gravitational force in each simulation. The force resolution decreases from 1024 cells (left column) to 512% cells (center) to 256%
(right column). (Top row:) results for the TCM method, using 128" tracer particles. (Bottom row:) results for the standard PM method with
1287 particles. The artificial frag ion of the fil ts is clearly visible for the standard PM method at high force resolution. No such
fragmentation is visible for TCM.
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Figure 15. Density fields at fixed force resolution with increasing mass resolution for the two methods. Shown is the maximum density
projection of a 13 x 13 x 40h~!Mpec region in the 1283, 256% and 512 particle simulations for TCM (top row) and standard PM (bottom
row). In all cases a 512 mesh was used to compute the forces. CIC density estimates were obtained on a mesh with two times the number
of cells compared to the number of particles per linear dimension, i.e. 256 for the 128% particle runs for example. Compared to the PM
simulations, all the beads-on-a-string artificial fragments are gone in TCM,
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Conclugions:

- thinking of the dark matter distribution ag a fluid being traced by markers
yielde a wonderful new way to study the resulte of N-body simulations.

- visualization techniques much superior to previoug approaches:
no artificial clumping
much better contragt
truthful to caugtics

Powerful new techniques to golve the continuum limit.

Refinement in phage gpace effectively yields a multi resolution technique able
to track fine grain phage gpace structure for dark matter.

New approaches aleo ugeful for studying collision-lees plagmag.

Serious drawback: TCM has to resolve the sheet which however can

grow exponentially in halos.... Refinement will help but not overcome
this limitation.



