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Abstract. In our ongoing work, we use high resolution cluster simulations
to study gravitational lensing. These simulations have a softening length of
0.7 h-1kpc and a particle mass of 4.68 x l07M0 (SpringeI1999). Questions that
can be addressed include the accuracy with which substructure on various scales
can be recovered using the information from lensing. This is very important in
determining the power of lensing in studying the evolution of cluster substructure
as a function of redshift. We briefly consider how a weak lensing non-parametric
reconstruction technique and the Map-statistic can be applied to the simulations.

1. Introduction

Here, our cluster lens was obtained by projecting a 4 Mpc cube from a simulation
onto the x-y plane, giving a 1024 x 1024 pixel map of the dimensionless surface
mass density, K (see lhs panel of Fig.1). The shear field (,) and reduced shear
(g = ,/(1- K)) which govern how lensed images are distorted, can be obtained
using Fourier transform techniques (we thank Nick Kaiser for kindly providing
his imcat software). Catalogues of randomly distributed galaxies with number
density n, (30 arcmin-2 for ground-based, 80 arcminv' for current space-based
and 200 arcmin-2 for future space-based observations), and a random ellipticity
assigned from a Gaussian probability distribution with (J€ = 0.3 were "lensed".
With these synthetic catalogues in hand, the projected mass distribution respon-
sible for the lensing can be recovered and compared with the true distribution.

2. Mass reconstruction

The mass distribution of the cluster was recovered on a 206 x 206 grid, by
applying a reconstruction algorithm (Seitz & Schneider 1998) to the synthetic
catalogues, assuming different n,. Comparison of the reconstructed maps shows
that the main features are picked up but at higher signal-to-noise as n, is in-
creased. The rhs panel of Fig.1 shows a resultant mass map obtained whenn, = 200 arcmin-2 .
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Figure 1. The left-hand panel shows K for the cluster. The right-hand
panel shows a mass reconstruction using a synthetic lensed catalogue wheren, = 200 arcminT'.
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3. Map-statistic

This statistic (Kaiser 1994; Schneider 1996) measures the locol n field, convolved
with a compensated filter function U which can be chosen to maximise the
contrast for a particular scale of mass distribution. Equivalently, Map(6) can be
expressed in terms of the tangential shear "Yt, derived from the observed distorted
images of background galaxies:

Q(cjJ) = -; (lP dcjJ' cjJ'U(cjJ') - U(cjJ). (1)
ljJ io

In practice this integral is a summation over the synthetic lensed galaxies, since
the shear field is sampled at discrete points. The significance of a Map detection
can easily be assessed by multiple randomisations of the background galaxies,
recalculation of the statistic, and comparison with the "lensed" value.

For instance, we calculated Map over a 40 x 40 pixel grid and performed 1000
randomisations. Increasing n'Y between 30 and 200 arcmin-2 greatly enhances
the detection significance of the feature to the SW. The lower signal-to noise mass
concentration to the SE is undetected at 30- confidence when n'Y == 30 arcmin-2,

whereas when n--y == 200 arcmin-2, it is detected over 5 contiguous pixels at
greater than 3.80- confidence.
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