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Figure 1 (Color online) Clusters of galaxies discovered from SDSS data by Wen and Han'**.. (a) The sky coverage and radial distribution of the clus-

ters identified by Wen et al™”’. (b) The redshift distribution of the clusters: The clusters
clusters at higher redshift in dashed line, and the solid line is for all clusters
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Figure 2 (Color online) New discovered clusters of galaxies by Wen et al®®. (a) Sky coverage of 47600 clusters identified from survey data of the

2MASS, WISE and SuperCOSMOS. Among them 21475 known clusters are indicated by x, and 26125 new clusters are indicated by +. (b) The redshift
distribution of the clusters with the dashed line for the known clusters. The figures are from Ref. [39]
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Figure 3 (Color online) SDSS color (a—d) and negative (e~h) images of four samples of strong lensing systems. The field of view of the each image is

1.2'x1.2". The figures are from Ref. [48]
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Figure 5 (Color online) The correlation functions of 79091 clusters.
The squares and circles (shifted to right by 2 A~'Mpc for clarity) present
the results with and without taking richness weights during the calcula-
tions, respectively. The solid lines and dashed lines indicate the best-fit

ACDM curves with and without considering acoustic feature. The figure
is from Ref. [63]
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Figure 6 (Color online) The parameters calculated from the photometric data in optical band. (a) The space distribution of the parameters (¢, £, J)
calculated for the test sample of clusters: Relaxed clusters are shown by dots, and unrelaxed by open circles. The dashed triangle represents the best
plane to separate the relaxed and unrelated clusters. The relaxation parameter is defined as the distance to this inclined plane. (b) The histogram of the
relaxation parameter for 2092 rich clusters. The figures are from Ref. [37]
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Figure 8 The distribution of 24 galaxy clusters with radio halos in the
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relaxation factor 7" and power of radio halos P; 4. The best fitted plane is
shown as the gray plane. Data are projected onto the three projected

planes and are shown as open circles, triangles and squares, respectively.
The figure is from Ref. [88]
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Figure 9 (Color online) Composite luminosity functions depending on different dynamical state clusters, for non-BCG member galaxies in (a) and

BCGs in (b). The figures are from Ref.[97]
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Figure 10 (Color online)The properties of radio emission of BCGs. (a) The fraction of radio-loud BCGs, fx1, varies with the r-band absolute magni-
tude of BCG and cluster richness. The thin contours stand for the distribution of 7138 BCGs with radio fluxes larger than 5 mJy, while thick contours
present the distribution for the parent sample with 62686 galaxies. Above the dash line is a complete BCG sample of massive clusters of z<<0.45. A

pixel is shown only if there are more than 10 radio BCGs. (b) Radio luminosity functions of BCGs derived for sub-samples in three redshift ranges,
compared with radio luminosity functions of star formation galaxies (SF) and AGNs obtained">'*!. The solid line is the best fitting to radio luminosity
functions of all BCGs, and dash and dotted lines stand for the fitting to the function for AGNs and SF'"?. (c) An enlarged part for radio luminosity
functions of BCGs
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Clusters of galaxies are the largest gravitationally bound systems in the Universe and are located at the knots of cosmic
web. They provide powerful constraints on galaxy evolution, the formation of large scale structure of the Universe and
many astrophysical processes. This paper summarizes the results we obtained in the last decade on identification of gal-
axy clusters, studies of the properties of clusters and cluster member galaxies.

We developed a method to identify galaxy clusters by using photometric redshifts of galaxies. The method was ap-
plied to the survey data of Sloan Digital Sky Survey (SDSS), and we identified 39668 clusters from the sixth data release
of SDSS, and later identified 158103 clusters from the twelfth data release of SDSS, which doubles the number of known
clusters and extends the redshift range of clusters from 0.3 to 0.8. Recently, we identified 47600 clusters from all sky data
of Two Micron All-Sky Survey (2MASS), Wide-field Infrared Survey Explorer (WISE) and SuperCOSMOS, which sig-
nificantly enlarge the number of clusters outside of the SDSS sky region. More high-redshift clusters were also recently
identified from SDSSxWISE and the deep survey data, which significantly enlarge the number of cluster at high redshift.
By inspecting the SDSS color images, we found many clusters showing giant arcs, acting as the lensed system for back-
ground galaxies.

Many following-up studies have been done to understand the properties of galaxy clusters, including their spatial dis-
tribution in the Universe, the dynamical state and diffuse radio emission. The two point correlation function of 79091
clusters was calculated to detect the Baryon Acoustic Oscillations (BAO) signal with 3.76 confidence, which is the first
significant detection of the BAO signal by using galaxy clusters as tracers. Based on optical photometric data, we devel-
oped a method to quantify the dynamical state of clusters and calculated the relaxation parameter for 2092 rich clusters.
We found that the cluster dynamical state is significantly correlated with the absolute magnitude of Brightest Cluster
Galaxy (BCG) and also depends on the magnitude difference between the first BCG and the second BCG. The diffuse
radio emission of galaxy clsuters detected in merging clusters is related to dynamical state, so that the radio power of
diffuse radio emission, cluster mass proxy and dynamical parameters form a fundamental plane.

The properties of cluster member galaxies have been investigated in several aspects. By using 2092 clusters with dy-
namical states, we calculated the composite luminosity function of member galaxies. We found that more relaxed clusters
have fewer bright member galaxies, but host a brighter BCG. By cross-matching the largest optical cluster sample with
radio data obtained by the Very Large Array (VLA) of National Radio Astronomy Observatory (NRAO) through the
NRAO VLA Sky Survey (NVSS) and Faint Images of the Radio Sky at Twenty-centimeters (FIRST), we got the largest
complete sample of radio loud BCG. We obtained the radio luminosity function of BCGs, and found that it is related to
the optical luminosity of BCG and dynamical state of clusters. BCGs with larger optical luminosity have higher fraction
of radio loud. BCGs in more relaxed clusters have higher radio power.

It is gareat era now as more deeper sky surveys on many bands are going on. We expect many breakthroughs in the
research areas related to galaxy clusters.

clusters of galaxies, catalog, large scale structure, dynamical state, radio emission
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