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Abstract In order to study the weak gravitational lensing effect under different
cosmological models, the 2-dimensional κ-field samples are generated by using the
ray-tracing method with high-resolution N-body simulation data. These samples
correspond to three models with different parameters of dark-energy equation of
state, i.e., ω =-0.8, ω =-1.0 and ω =-1.2, and have the same field of view of
3◦×3◦. It is assumed that all galaxies, as background sources, are distributed on
the plane of z =1. The statistics of peak count and scale-scale correlation are
performed on these samples. The statistical result of peak counts indicates that
in the noisy κ field, some differences of peak distributions exist among various
models. The noise has changed the distributions of the peaks with medium and
low amplitudes, but has nearly no effect on high-amplitude peaks. However, af-
ter denoising the differences of high-amplitude peak distributions among various
models become very clear. For the statistics of scale-scale correlation, the cu-
mulative probability distribution functions of scale-scale correlation coefficients
of different models are analyzed. It is found that the differences between the
model of ω =-1.2 and the models of ω =-1.0 and ω =-0.8 can reach 20% and
30%, respectively. Hence the statistics of scale-scale correlation combining with
the statistics of peak count can be taken as a new method to determine the dark
energy equation-of-state parameter.

Key words: cosmology: large-scale structure of universe—gravitational
lensing: weak —methods: numerical

† Supported by National Science Foundation and National Basic Research Project
Received 2010–05–12; revised version 2010–05–19
� A translation of Acta Astron. Sin. Vol. 52, No. 2, pp. 93–104, 2011
� disiheng@gmail.com

0275-1062/01/$-see front matter c© 2011 Elsevier Science B. V. All rights reserved.
PII:

0275-1062/11/$-see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.chinastron.2011.10.002



350 LI Ming / Chinese Astronomy and Astrophysics 35 (2011) 349–361 LI Ming et al. / Chinese Astronomy and Astrophysics 35 (2011) 349–361 351

statistic, and gives the results obtained by us; and Sec.4 makes a discussion and summary
of the obtained results.

2. RAY-TRACING SIMULATION

2.1 Multi-plane Approximation of Large-scale Structures
The principle of the ray-tracing algorithm is based on the weak gravitational lensing

effect of multiple lens planes[15−16]. We set multiple lens planes, which are perpendicular
to the line of sight between the observer and the source, then we have the matter in the
past light cone of the observer projected onto the lens planes. In order to select a bundle
of light rays which converge at the place of the observer, we trace its position backward. In
this process the angular position of the light bundle will change only when it intersects a
lens plane, and the amount of variation is determined by the mass distribution on the lens
plane. Such a process terminates when we trace back to the place with the redshift of the
source that we are interested in. Thus, the process that the light propagates to the observer
from a remote source is simulated.

The lens planes separate the space between the observer and the source into multiple
regions, we have the mass in each region projected onto the lens plane belonging to this
region. For example, the mass distribution projected onto the l -th lens plane is defined
as[12]
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in which H0 is the Hubble constant, Ωm is the mass density parameter, c is the velocity of
light, a is the scale factor, fK(ωl) is the co-moving angular radial distance of the l -th lens
plane, δ(fK(ωl)β, ω) is the 3-dimensional density fluctuation, β(l) is the angular position
on this plane, and ωF

l & ωB
l define the range of the projection. After the surface densities

projected on every plane are defined, the 2-dimensional Poisson equation can be written as

∇2
βψ(l)(β(l)) = 2σ(l)(β(l)) , (2)

in which ψ is the deflection potential and σ is the surface density. With a method similar
with that of References [12-13], the angular position β(l) can be expressed by the angular
positions β(l−1) and β(l−2) on the former two planes as
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in which α is the deflection angle, the Jacobi matrix A
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1. INTRODUCTION

In the past ten and more years, the phenomenon of gravitational lensing has become a
powerful measure for understanding the mass distribution in the universe. The action range
of gravitational lensing may have the scales from a single galaxy or galaxy cluster to the
cosmic large-scale structure. As the galaxy cluster is the maximum virial celestial body
in the universe, the spatial distribution of galaxy clusters as well as their formation and
evolution depend on the cosmological parameters[1−2].

As the weak gravitational lensing is insensitive to the specific states of matter, in the
past it was believed that the samples of clusters can be precisely reconstructed by using
the high-SNR peaks in the shearing field or κ field of weak gravitational lensing. But
the observed effect of gravitational lensing has undergone a projection along the line of
sight, hence the signal of weak gravitational lensing represents in fact the intensity of the
mass density projected along the line of sight, or in other words, it is determined by the
strength of the shearing field produced by the mass density projected along the line of sight.
Therefore, the sample of clusters selected from the weak gravitational lensing signals has
certain difference from the real sample. Besides, as a kind of noise, the intrinsic ellipticity of
background sources affects also the efficiency to select the cluster sample by using the weak
gravitational lensing signals[3−4]. The background noise can be described with a smoothed
2-dimensional Gaussian random field[5]. The introduction of noises makes the number of
peaks in the κ field increase, and makes the form of their distribution change[4,6], but it has
not changed the differences among various models[2]. For the noisy shearing field, the cluster
sample can be reconstructed through an analysis of aperture mass with corresponding filter
windows[7−9]. Reference [10] compares the effects of 3 kinds of filter windows, and indicates
that the optimized filter window proposed by Maturi et al.[9] can suppress very well the
spurious peaks caused by the projection effects of large-scale structures. But the background
noise is still the major factor affecting the reconstruction of the cluster sample.

In order to study the properties of the peaks in the κ field under the different ω-
parameters of dark energy equation of state and by using N-body simulations, the dark
matter distributions in different models are obtained at first, then with the ray-tracing
method[6,11−13], the sample of κ fields is simulated. As the κ field is pixelized, we define
the local maxima as the peaks, including the positive and negative ones. Because in the
simulations with different models, the identical initial power spectrum is used, so at the time
of z =0, the normalization parameter σ8 is model-dependent. Hence the peak statistics in
this paper embodies the dependence on both parameters ω and σ8.

Besides, in the wavelet space, the correlations at different scales are studied for the κ

field. In the 3-dimensional matter distribution, the nonlinear evolution of matter makes the
matter structures on different scales strongly correlated, reflecting the effect of the graded
clustering process. Under various models, the evolution of matter structures will affect
the correlations on the scales in a small range, therefore it causes a difference between the
shearing field and the κ field. By using the scale-scale correlation statistics[14], we have
tested the difference and similarity among the κ fields under different models.

The remaining part of this paper is organized as follows: Sec.2 introduces briefly the
ray-tracing method that is used for simulating the weak gravitational lensing effect of a large-
scale structure; Sec.3 describes the methods of the peak statistics and scale-scale correlation
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