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 The past decade is one of the most exciting period in the history of physics and
astronomy. The discovery of cosmic acceleration dramatically changed our
understanding about the evolution and constituents of the Universe. To
accommodate the new acceleration phase into our well established Big Bang
cosmological scenario under the frame work of General Relativity, there must exist a
very special substance that has negative pressure and make up about 73% of the
total energy density in our Universe. It is called Dark Energy. For the first time people
realized that the vast majority of our Universe is made of things that are totally
different from the things we are made of. Therefore, one of the major endeavors in
physics and astronomy in the coming years is trying to understand, if we can, the
nature of dark energy. Understanding dark energy cannot be achieved from pure
logic. We need empirical evidence to finally determine about what is dark energy.
The better we can constrain the energy density and evolution of the dark energy, the
closer we will get to the answer. There are many ways to constrain the energy
density and evolution of dark energy, each of which leads to degeneracy in certain
directions in the parameter space. Therefore, a combination of complimentary
methods will help to reduce the degeneracies and give tighter constraints. Dark
energy became dominate over matter in the Universe only very recently (at about z
(almost equal to) 1.5) and will affect both the cosmological geometry and large scale
structure formation. Among the various experiments, some of them constrain the dark
energy mainly via geometry (such as CMB, Supernovae) while some others provides
constraints from both structures and geometry (such as BAO, Galaxy Clusters)
Galaxy clusters can be used as a sensitive probe for cosmology. A large cluster
catalog that extends to high redshift with well measured masses is indispensable for
precisely constraining cosmological parameters. Detecting clusters in optical bands is
very efficient. Multi-color CCD photometry allows combined detection and redshift
estimation for clusters across broad redshift ranges. However, the lack of precise
information about galaxy positions along the line of sight leads to contamination by
projection, which plagues both cluster detection and the measurement of their
properties. The dominance of red sequence galaxies, tightly clustered along the E/S0
ridgeline, provides a powerful method for de-projecting field galaxies. We developed
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an Error Corrected Gaussian Mixture Model to fit the galaxies color distribution
around clusters by taking into account the measurement errors. By this technique, we
can detect the red sequence color clustering and extract unbiased information about
the evolution of the red sequence ridgeline and its width. Precision measurements of
ridgelines yields better estimates of cluster richness and possibly their dynamical
state, leading to better estimates of cluster mass. By using the red sequence
clustering in color space identified from the Error Corrected Gaussian Mixture Model,
together with the projected NFW filter in the projected RA/DEC plane, we developed
a new and efficient cluster finding algorithm that can reliably detect galaxy clusters
across the redshift range from 0.1 to 1.4. We have also run the cluster finder on
legacy SDSS DR7 data and assembled an approximately volume limited cluster
catalog across redshifts from 0.1 to 0.5. The algorithm has been tested against a
Monte Carlo mock catalog, showing the identified clusters are highly complete and
pure. With the completion of this thesis, we build the first and essential step towards
precision cluster cosmology. Meanwhile, the large optical cluster catalog across a
wide redshift range makes possible the systematic and detailed investigation of
cluster formation and evolution. 
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