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Strong Lensing Simulation in a Light Cone

GAO Gang-jie 12

(1. Key Lab for Research in Galaxies and Cosmology, Shanghai Astronomical Observatory, Chinese Academy of
Sciences, Shanghai 200030, China; 2. Graduate School of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Mock clusters from a high-resolution N-body simulation have been used to investigate
the mean lensing efficiency in a light cone. The empirical relation between X-ray luminosity and
cluster mass, i.e., L — M, is converted to the adopted ACDM cosmology to obtain the mean
X-ray luminosity of the simulated clusters. Given a log-normal conditional probability distribu-
tion p(L|M, z), the observational X-ray luminosity of the massive cluster can be well mimicked.
According to the cluster redshift and the cosmology, the observed X-ray flux can be measured
after the so-called K-correction. Chosen a certain flux limit, e.g., 3 x 107'J - s ! . cm™2 as in
Local Cluster Substructure Survey(LoCuSS), a simulated flux-limited cluster sample which con-
tains 150 clusters in total can be constructed from the simulation outputs in the redshift range
of (0.14~0.3).

Clusters in this flux-limited sample are taken as foreground lenses to look at 100 randomly
selected tiles of the background Cosmological Evolution Survey (COSMOS) galaxies, whose prop-
erties (i.e., redshift, size and ellipticity) have been well investigated in Gao et al. (2009). All these
real source properties are included in the lensing simulation to pin down the uncertainties. Three
representative lines of sight are explored for the strong lensing probability, which are aligned with
the directions of the simulation box sides. For each of the three orthogonal projections of the
clusters, 10 random regions among each source tile are lensed by foreground gravitational field.
Since there are 150 clusters in the parent sample, 4.5 x 10° mock observations in total are carried
out in the lensing simulation. The lensed images of L/W larger than 10 are considered as the
giant arcs, which are counted to get the mean lensing efficiency for each projection.

Based on the scale of our simulation box, one can construct a 41° light cone, which is divided
into regions in three redshift bins following the simulation output redshifts. The number of clus-
ters needed to fill the light cone at different redshifts is calculated according to the volume ratios
of the three regions to the simulation box. One thousand random selections of sample lenses
are implemented to realize different observational light cones and the mean lensing efficiency
averaged from all the simulated light cones is found to be e = 3.227273 x 1072, which can be
compared with the result in a real lensing observation, such as LoCuSS, once the number density
of background galaxies is properly normalized. A mass-limited cluster sample is also generated
for comparison. The difference of mass function and light-cone lensing efficiency distribution from

these two samples has been clearly shown.
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