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We have provided the first measurement of the
triaxiality in the galaxy clusters mass range up to
4x1015 M⊙/h. We have also provided a simple recipe
for the triaxial shape of DM haloes for a mass interval
of almost 6 orders of magnitudes.

Conclusions
We compared our results with previous works (Fig. 7),
converted to the MXXL cosmology. The differences are
due mostly to different halo selection and shape
extimations. Our predictions agree quite well with Bett
et al. 2007 and MuñozCuartas 2011, both of which
used techniques comparable to our.

Figure 7: Comparison of results of this work for clusters (in blue) and
both simulations (in green) with previous authors (coloured dashed
lines). Data are shown by the red squares. Dotted lines represent the
regions where predictions have to be extrapolated.

Previous works

While clusters of galaxies are considered one of the most
important cosmological probes, their standard spherical
modelling is only a rough approximation. It is well
established, from both observations and theory, that they are
much better approximated as ellipsoidal objects.
For example, Morandi et al. 2011 was able to solve the long
lasting puzzle of Abell 1689 (Fig. 1) by adopting a triaxial
model (later expanded in Limousin et al 2013) that fit
complementary data sets (Xray, SZ, gravitational lensing).
This framework has been successfully applied also to MACS
1423, Abell 383 and Abell 1835. All these works have shown

that the spherical assumption
has a strong impact on the
inferred cluster's properties, key
ingredients of several important
cosmological tests.

Figure 1: mass profile (2D) of Abell 1689
from lensing data (points), Xray analysis
under spherical assumption (solid line)
and combined lensing and Xray fully
triaxial analysis (dashed lines). (Limousin,
Morandi et al 2013).

Why going triaxial?
We have derived triaxial shapes of haloes from the Millennium
XXL (Angulo et al. 2012) and the SBARBINE simulations
(Despali et al.  in prep.). The very large box size of the MXXL
is fundamental for a statistically significant study of galaxy
clusters (~780,000); while the vast range in box sizes of the
SBARBINEs enable the extension to low masses. The main
parameters of the simulations are shown in the table below.
The cosmologies are WMAP and Planck respectively.
For each halo we have computed the triaxial shape from the
eigenvalues of the mass tensor (Despali et al. 2013  see
Despali's talk on Friday), iterating until convergence (Fig. 2).
Finally, we have kept only relaxed halo by fixing a threshold in
the offset between the centre of mass and the minimum of
potential; we also discarded objects with less than 1000
particles.

Halo catalogue

Figure 2: Particle density distribution
(colour scale) and computed ellipsoids
(red) for a relaxed halo (top) and for
a multimodal object (below).

Ada
Bice
Dora

Emma

Flora
MXXL

box [Mpc/h]
62.5
125
500
1000
2000
3000

zstart

129
99
99
99
99
63

mparticle [M⊙/h]
1.94 x 107

1.55 x 108

9.92 x 109

7.94 x 1010

6.35 x 1011

6.17 x 109

soft [kpc/h]
1.5
3
12
24
48

18.8

Nhaloes

39445
49100
66300
46665
7754

937755

relaxed [%]
71
65
51
44
39
61

From the analysed data we have built a
simple model to obtain the probability
distribution function of axial ratios.
To get rid of the cosmology and redshift
dependence, we have used ν, the peak

height, instead of the mass.
This substitution is already known to
provide a universal description for the
mass function, but as shown by Despali
et al. 2013, this also works to describe
the 3D shape of haloes.

Moreover, the conditional distribution of
the second axial ratio does not depend
on mass (Rossi et al. 2011).

The result is a recipe that allows to
generate realistic threedimensional
haloes by picking from a distribution
that only depends on the mass.

Clusters: Choose s' from a
lognormal distribution

Figure 4: Distribution of rescaled minor to
major axis ratio s' for different masses
(M > 1014 M⊙/h).

Generate as many halo you want

Figure 6: Haloes generated using the recipe
described here and then projected in the plane
of the sky. Colours represent mass of haloes;
positions and orientations are random.

Rescale using
q = q'(1  s) + s

Rescale using
s = s'(ν)0.255

Figure 3: Probability distribution functions of s
at various ν from data (histograms) and beta
distributions from the model (lines).

Choose q', given s, from a beta
distribution B(α(s),β(s))

Figure 5: Probability distribution functions of
rescaled q' given s from data (histograms) and
beta distributions from the model (lines).

How to prepare delicious Triaxial Haloes

All masses: Pick s from a beta
distribution B(α(ν),β(ν))
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