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The abundance of clusters of galaxies and its evolution is supposed to be one of
the most powerful probes of dark energy. Weak lensing is expected to provide
the most straightforward way to collect cluster samples, although the practical
application used to be challenging, in particular, in reducing systematic errors.
So far, several results from the cluster survey using weak lensing have been
published. They have confirmed some of lensing peaks as true clusters by
comparing with other X-ray observations and optical observations, but there
might be a large amount of contamination by spurious peaks (20-50%). This
ambiguity is not allowed because the current goal of precision in measuring
cosmological parameters is a level of only a few percent. It is critical to

understand the origin of such failures and reduce them.

First of all, we develop a way to quantify the systematic error by using the
B-mode signal, since B-mode signal must not be generated by lensing, and it can
be used as a measure of the systematic error. Several recipes to reduce the
B-mode signal are worked out and evaluated. Then, we found the following two
procedures are efficient to suppress the B-mode: (1) refinement of the mosaic
CCD warping procedure and (2) the truncation of the outer edge of the
smoothing procedure. As a result, the original systematic error is reduced to one
fifth.

Because the systematic error on our lensing mass map comes down to a
reasonably low level, we can more reliably evaluate a probability to obtain a
spurious peak by assuming the statistical error alone. According to the
maximum peak signal-to-noise ratio (S/N) distribution on the smoothed noise
map, we find that it is possible to achieve a 99% spurious-free catalog when we
adopt 4.56 as a detection threshold of the peaks on the S/N map with a

smoothing length of 1.5 arcmin.

To verify our expectations, we examine two separated fields: GTO (2 deg2) and
DLS (1deg2). We identify 4 peaks and 3 peaks above the threshold as reliable
peaks on GTO and on DLS, respectively. To confirm whether these peaks have
corresponding structures, we compare them with two independent observational
probes of clusters: the red-sequence on color-magnitude diagram which is a well
known feature characteristic to galaxy clusters, and the velocity dispersion
obtained by intensive spectroscopic observations. We confirm that all of our
reliable lensing peaks have counter-parts of clusters, except for a superposition

of less massive groups along the line of sight.
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We conclude therefore that we are successful in constructing a reliable weak
lensing peak catalog from the imaging observation data alone by monitoring the
systematic errors. Based on this reliable catalog, we demonstrate and test the
currently favored cosmological paradigm. First, since a ray tracing calculation
on the halo catalogs generated by N-body simulation predicts how many peaks
will be detected on kappa map, we are able to compare the numbers of peaks as
a function of S/N. We find that the observation and the model are in good
agreement within error-bars on the peak number counts. Next, we inspect each
peak to see whether it is a cluster or not with the redshift distribution and/or
the color-magnitude relation. The resulting cluster catalog enables us to know
the redshift dependency of cluster abundances. Analytically, it is expected that
there is a large discrepancy at low redshift (z~0.2) in cluster abundance
depending on the adopted cosmology, A CDM or SCDM. We find that they are in
a reasonable agreement with the A CDM based N-body simulation and the
theoretical expectation, and also that the value of the distant bin (0.6<z<0.9)
maybe slightly exceeding but still within the cosmic variation in the redshift
dependency of cluster abundance. Finally, we try to construct the cluster mass
function which shows the number density of clusters as a function of cluster
mass. Due to serendipitously found high redshift clusters, our cumulative mass
function is enhanced at the entire mass range. But it is acceptable if the
cosmic variance is taken into consideration in the cluster mass function. As a
result, quantities derived from our weak lensing analysis do not violate any
predictions from the standard A CDM model.

Since our current data is limited, it is hard to constrain the cosmological
parameters tightly due to statistical erros. However, we are now building a new
wide-field camera, Hyper Suprime-Cam (HSC), on Subaru which will provide us
with sharp images over thousand square degrees of the sky in multi pass-bands.
By applying the new techniques in the image reduction procedure and the weak
lensing analysis procedure, which are developed in this thesis, we will be able to

make robust measurements of the cosmological parameters in the near future.
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