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allowing sources at all gridpoints and explicit tracing of recombined photons.

SimpleX 1s a general method for solving transport problems. Our version 1s specialized

for the problem of radiative transfer by considering this as a photon

sources because of its use of unstructured grids. These are Delaunay tessellations based
on a point sampling n,, of the underlying density field . In d dimensions we have for the

length L in the grid and the mean free path A:

(L) xn;® and A ocn™*

[f we sample the dth power of the density field, n,, o n? we have (L) o< A. In this
way we can couple all physics to the grid and the movement of photons reduces to
jumps between neighbouring gridpoints. The basic principle has been shown to work!

transport problem.

Here we present results on the detailed properties of the method. -~ .
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Lo The background picture shows a nice example of this. It consists of a grid based on three seperate Poisson point A
SN processes. One process fills the whole simulation box with 10000 points. Along each diagonal another
5000 points were placed in a narrow box. Then the Delaunay tessellation after two Lloyd-iterations /£ 15t

sport of photons through a background den81t
hotons from gridpoint to gridpoint. Therefore the{met

Let's do a Very simple test. X
We start with a uniform N2

Lol . was set up and 40 sources wit

diagonals. We simulate on]
included. Effectivel

y the diffusion of photons over the grid. No physws 1S

'y we are simulating a case with no absorption.

1 varying source strength were randomly placed along the
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The flrst version of
SimpleX only knows

(Poissonian) background, put

a single source in the center and let

the photons diffuse. One would expect

the wavefront to travel on average a
distance(L). Unfortunately the dlstrlbutlon

of edgelengths has a very long tail. The result is
that the wavefront travels outward faster. Worse 1s

and the wavefront will travel even faster.

that the effect depends on the number of grldpomts If

there are more gridpoints the tail becomes better 'f111ed'-5-~,.;f.:."'.f_f;,_-__:_,_._.; ftfrom true abso; g0 ten Y

~ In this situation photons should distribute 1sotropically and the 4 "

~wavetront should have the same velocity everywhere
Clearly this 1s not the case. There are large gaps in the
| wavefronts at the filaments. The presence of
_more pomts causes photons to take longer
to pass It 18 not elear yet how to
seperate thls 1nherent ef_feet
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about Hydrogen 1onization
” and recombination at the
1onization frequency. We are
" trying to add in more physics by
P allowing more frequencies and more
" particles (eg Helium). Adding more
¥ frequencies is very difficult, because the
“mean free paths are very different. By now
“a dynamical tessellation code is available,
¥ which will help tremendously in dealing with
¥ more frequency bands.
”An attempt to deal with cooling- and heatingprocesses|
" was also undertaken. For this we try to refine the case 0

expehment of the Code Comparison Project?
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The results of the experiment with 2000 Poissonian points after 18 iterations. The top left flgure shqws _

the wavefront. The top right figure shows the radius of the wavefront in units of ( L). The radlus 1s /g
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The results for SimpleX for the case 0 experiment of the Code Comparison project after
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determined as the mean of the maximum and minimum radius of the wavefront. The slope b

is 1.14 £ 0.01 . The errorbars show the maximum and minimum radius at each iteration. =~ |
The bottom figure shows the dependency of the slope on the number of grldpomts N ___'.'::;;.2,
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has a large tail. The effect of this is ‘that photons are
1n many cases not distributed isotropically when they

should We found that we can improve on this by using soealled
Lloyd iterations. These iterations will transform a given Delaunay grld
1nt0 a Centroidal tessellation. In such a tessellation the gridpoints are preelsely
at the mass centers of the cells. We show the results of a photon diffusion expenment
“with four sources after 28 iterations for zero, two and ten Lloyd-iterations and the resulting
~ angular distribution functions. The results show that the grid becomes much better behaved.
-. ""However the process also smeers out details and we loose some of the resolution that we got from the D v K

oy adding a simple estimate for the heating. The method overestimates the temperature

\ 7 ‘slightly. The left figure shows the neutral fraction. The right figure shows the
_temperature.
T he cooling 1s given by standard results also used
by other radiative transter codes. The heating
_per photon is approximated by the average
y energy above the 1onization threshold for
_a given source spectrum (sotar only
Blackbody spectra of a given
_temperature). This approach
\ overestimates the heating, causing
an 1onization fraction that 1s too |
al . low. Finding a better way
= el ' to deal with heating and
eoohng processes 1s an
1mportant topic of
ongomg researeh
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unstruetured orids. We need to flnd a erlterlum that tells us what the opt1mum 1S.
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