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Abstract We selected a sample of nearby galaxies from the Sloan Digital Sky Survey Data Release 7 (SDSS
DR7) to investigate the variation of physical properties from the blue cloud to green valley to red sequence.
The sample is limited to a narrow range in the color-stellar mass diagram. After splitting green valley galax-
ies into two parts—a bluer green valley (green 1) and a redder one (green 2) and three stellar mass bins,
we investigate the variation of physical properties across the green valley region. Our main results are as
follows: (i) The percentages of pure bulge and bulge-dominated/elliptical galaxies increase gradually from
blue cloud to red sequence while the percentages of pure disk and disk-dominated/spiral galaxies decrease
gradually in all stellar mass bins and different environments. (ii) With the analysis of morphological and
structural parameters (e.g., concentration (C') and the stellar mass surface density within the central 1 kpc
(21)), red galaxies show more luminous and compact cores than both green valley and blue galaxies, while
blue galaxies show the opposite behavior in all stellar mass bins. (iii) A strong negative (positive) relation-
ship between bulge-to-total light ratio (B/T') and specific star formation rate (SSFR) (D4oo0) is found from
blue to red galaxies. Our results indicate that the growth in bulge plays an important role when the galaxies

change from the blue cloud, to the green valley and to the red sequence.
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1 INTRODUCTION

A bimodal distribution of optical color (Strateva et al.
2001; Blanton et al. 2003), ultraviolet (UV)-optical color
(Salim et al. 2007), morphology (Driver et al. 2006) or star
formation rate (SFR) (Kauffmann et al. 2003a,b) of galax-
ies has been unambiguously observed. In color-magnitude
diagrams (CMDs), the galaxies are divided into “red se-
quence” and “blue cloud.” Generally speaking, red se-
quence contains old and quiescent galaxies (Kauffmann
et al. 2003a), while blue cloud mainly contains blue star-
forming disk galaxies (Kaviraj 2014a,b). The galaxies be-
tween red sequence and blue cloud are called “green val-
ley” cases, which are considered as a transition population.
Wyder et al. (2007) and Jin et al. (2014) found that a two-
Gaussian fitting to the galaxies in the CMD is not suffi-
cient which suggests that the green valley is not a simple
mixture of red sequence and blue cloud. Therefore, green
valley galaxies can provide us with crucial clues to connect

the red sequence and blue cloud in terms of star formation
quenching and evolution of galaxies.

Previous studies have shown that since z ~ 1 the num-
ber and stellar mass of blue galaxies are almost constant
while the stellar mass of red galaxies has increased by a
factor of 2 ~ 4 (Bell et al. 2004; Faber et al. 2007). This
scenario supports that the existence of red galaxies requires
certain quenching mechanisms to stop or weaken the star
formation in blue galaxies (Bell et al. 2004). Different
quenching mechanisms have been proposed to explain the
transition from blue to red galaxies, such as major merg-
ers (Springel et al. 2005; Di Matteo et al. 2005), AGN
and supernova feedback (Di Matteo et al. 2005; Nandra
et al. 2007; Marasco et al. 2012), morphological quench-
ing (Martig et al. 2009, 2013) and environmental quench-
ing (Peng et al. 2010).

The quenching mechanisms mentioned above impose
restrictions on galaxy structure. These restrictions provide
us with an additional approach to understand the connec-
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tion between the changes of galaxy structure and the lo-
cation in which a galaxy resides. For example, elliptical
galaxies are more concentrated due to internal or exter-
nal processes than spiral galaxies. This provides a motiva-
tion for us to explore the connection between the morphol-
ogy/structure and star formation activity. Pan et al. (2013)
have shown that green valley galaxies have a lower (higher)
Gini coefficient (G) (second order moment (A/20)) than
red galaxies but higher (lower) G (M 20) than blue galax-
ies. The average value of asymmetry parameter (A) for
green valley galaxies is also between that of both red and
blue galaxies. Moreover, the strong connection between
morphological/structural parameters and star formation ac-
tivity has been demonstrated in the studies utilizing local
galaxy surveys (Kauffmann et al. 2003b; Mendez et al.
2011; Fang et al. 2013). Some structural thresholds, such
as critical stellar mass, stellar surface mass density and
Sérsic index, reflect the transformation from blue galaxies
to red galaxies. Galaxies above these thresholds tend to be
old or quiescent while galaxies tend to be young or active
below these thresholds (Kauffmann et al. 2003b; Driver
et al. 2006; Schiminovich et al. 2007; Bell 2008). Cheung
etal. (2012) and Fang et al. (2013) used a structural param-
eter, X1 (the stellar mass surface density within the central
1 kpe), to investigate whether there is a difference between
different galaxy colors, and found X; is a better indicator
for the sequence of galaxies than other parameters. Bait
et al. (2017) employed multiwavelength data to study the
dependence of star formation on morphology and environ-
ment in the local universe. Their results suggested that the
morphology of galaxies correlates with star formation al-
though environmental effects on morphology are weak.

This work will focus on the variation of physical prop-
erties from blue cloud to green valley to red sequence in
a narrow range of optical color and different stellar mass
bins. In particular, we attempt to investigate whether there
is a monotonic variation in morphology/structure and star
formation, so we split green valley galaxies into two popu-
lations (i.e., green 1 and green 2). We also expect to have a
further understanding of the environmental effects on star
formation activity in the local universe.

The outline of the paper is as follows. In Section 2,
we introduce our sample selection and data. The results
and discussions are presented in Sections 3 and 4 respec-
tively. Finally, we present our conclusions in Section 5.
The cosmological constants adopted in this work are €2,,, =
0.3, = 0.7and Hy = 70 km~'s~! Mpc~!.
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2 SAMPLE AND DATA

Meert et al. (2015) and Meert et al. (2016) presented
a catalog containing 670722 galaxies selected from the
Sloan Digital Sky Survey Data Release 7 (SDSS DR7)
(York et al. 2000; Abazajian et al. 2009). These galax-
ies were chosen based on three criteria: (1) 14 < r
band Petrosian magnitude <17.7 after the Galaxy ex-
tinction correction; (2) the object should be a galaxy
as identified by the photo pipeline; (3) the spectrum
of the object is recognized as a galaxy. Each galaxy
was fitted by using four models (de Vacouleurs (Dev),
Sérsic (Ser), de Vacouleurs+Exponential (DevExp) and
Sérsic+Exponential (SerExp) profiles) with the point
spread function being corrected in g, r and ¢ bands. The
routine Galfit (Peng et al. 2002) and analysis pipeline
PyMorph (Vikram et al. 2010) were used for the fitting. We
choose the SerExp model where a galaxy was fitted with
two components (bulge and disk). We select the galaxies
with n < 8 (the Sérsic index of bulge), b/a > 0.63 (the
ratio of minor axis to major axis) in g, r and ¢ bands and
flag bits 1-13 in the ~ band (Meert et al. 2015, 2016). In or-
der to acquire k-corrected Petrosian magnitudes, we cross
match the catalog with the New York University Value-
Added Catalog (Blanton et al. 2005) and derive a prelimi-
nary sample containing 155 388 galaxies.

Figure 1 shows the preliminary sample selected ac-
cording to the above criteria. To ensure a broader span
of luminosity and completeness of color in each magni-
tude bin, we divide galaxies into 12 bins from M, g1 =
—18.50 ~ —21.5mag and 0.02 < z < 0.18 with bin size
of 0.25mag, as shown in Figure 1 (M, .1 is the absolute
magnitude in r band k-corrected to z = 0.1). The sources
with quite high or low 7 band absolute magnitudes are ex-
cluded and we use only the sources in red boxes to produce
the final sample.

Figure 2 shows the distribution of color-stellar mass
for galaxies selected in Figure 1. (u —1)g.1 is the color that
is k-corrected to z = 0.1 and stellar masses are obtained
from MPA/JHU'! (Kauffmann et al. 2003a). We select the
sources with (u — 7)g.1 color from 1.75 to 2.25 and stel-
lar mass from 10.2 to 11.1 (in logarithm scale) as our fi-
nal sample. We define the galaxies with (u — )1 color
between 1.75 and 1.85, between 1.85 and 2.0, between
2.0 and 2.15 and between 2.15 and 2.25 as blue galaxies,
green | galaxies, green 2 galaxies and red galaxies respec-
tively. Further, the stellar mass is split into three ranges
(i.e.,[10.2,10.5],[10.5,10.8],[10.8,11.1]) to investigate the
role stellar mass plays when the blue galaxies go through

U http:/fwww.mpa-garching.mpg.de/SDSS/DR7/
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Fig.1 The preliminary sample distribution (black points) in the
r band absolute magnitude and z space. M, o.1 is the absolute
magnitude which is k-corrected to z = 0.1 in r band. We only
select objects in red boxes to produce the final sample analyzed
in this paper.
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Fig.2 The distribution of color-stellar mass for galaxies in red
boxes in Fig. 1. (u — r)o.1 is the color that is k-corrected to
z = 0.1. The galaxies with (u — 7)o.1 color between 1.75 and
1.85 (blue points), 1.85 and 2.0 (cyan points), 2.0 and 2.15 (green
points) and 2.15 and 2.25 (red points) are defined as blue galaxies,
green 1 galaxies, green 2 galaxies and red galaxies respectively.
The vertical lines represent different stellar mass bins.

the green valley into the red sequence. Table 1 provides in-
formation on the final sample. Considering the contamina-
tion of dusty star-forming galaxies to green valley galax-
ies, we estimate the fraction of dusty green valley galax-
ies in our sample based on WISE mid-infrared (Cutri & et
al. 2014) and GALEX near-UV (Martin et al. 2005) cata-
logs. The dusty star-forming galaxies are defined as galax-
ies with f12 um/ fauv > 200 and fa.6pum/f3.4um > 0.85
(Yesuf et al. 2014). We find only 2 percent of dusty star-
forming galaxies is in the green valley, which is negligible
and will not affect our results significantly.

Physical parameters include: morphological parame-
ters (concentration (C'), M 20 and G) and structural param-
eters (n and bulge-to-total light ratio (B/7')) obtained from
Meert et al. (2015), specific star formation rate (sSFR) and
D 4000 obtained from the MPA/JHU catalog.
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Table 1 The Galaxies in Our Final Sample
Galaxy type log M, (u —7)o.1 Number
) (2 3) “
[10.2 - 10.5] [1.75 - 1.85] 1110
Blue [10.5-10.8] [1.75 - 1.85] 1263
[10.8 - 11.1] [1.75 - 1.85] 692
[10.2 - 10.5] [1.85-2.0] 1273
Green 1 [10.5-10.8] [1.85-2.0] 1668
[10.8 —11.1] [1.85-2.0] 1328
[10.2 - 10.5] [2.0-2.15] 938
Green 2 [10.5-10.8] [2.0-2.15] 1625
[10.8 - 11.1] [20-2.15] 1682
[10.2 - 10.5] [2.15 - 2.25] 689
Red [10.5-10.8] [2.15 - 2.25] 1160
[10.8 - 11.1] [2.15 - 2.25] 1491

Notes: Col. (1) Galaxy type; Col. (2) Stellar mass range; Col. (3)
(u — 7r)o.1 color which is k-corrected to z = 0.1; Col. (4) Galaxy
number.

3 RESULTS
3.1 Morphological Distribution

We separate galaxies into five morphologies based on the
flagged system in Meert et al. (2015). In the flagged sys-
tem, bulge galaxies and disk galaxies have flag bits 1 and
4 set respectively. Two-component galaxies have flag bits
set to 10. For bulge galaxies, we define galaxies with flag
bits set to 2 as pure bulge while those with flag bits set to 3
as bulge-dominated. For disk galaxies, pure disk and disk-
dominated galaxies have flag bits set to 5 and set to 6, 7, 8
and 9 respectively. The remaining galaxies are defined as
two-component galaxies.

Figure 3 shows the distributions of different morpholo-
gies in different stellar mass bins. We can see clearly that
the fractions of pure bulge and bulge-dominated galaxies
increase gradually while the fractions of pure disk and
disk-dominated galaxies decrease gradually from blue to
green to red galaxies in all stellar mass bins. What is more,
it is found that the percentage of bulge galaxies appears
to have an increasing tendency from low to high stellar
mass bins which is independent of the galaxy colors. In
contrast, the percentage of disk galaxies shows a decreas-
ing tendency as we move from low to high stellar mass
ranges. Obviously, these variations will lead to the build-up
of massive bulge galaxies and the insufficiency of massive
disk galaxies.

Many previous studies involving the multi-component
decomposition of a large sample of galaxies (Simard et al.
2011; Lackner & Gunn 2012; Meert et al. 2015, 2016) are
model-dependent. So, we cross match our sample with the
catalog of Galaxy Zoo 1 (Lintott et al. 2011), in which the
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Fig.3 The fractions of different morphologies (from top to bottom: pure bulge, bulge-dominated, disk-dominated and pure disk re-
spectively) for blue, green 1, green 2 and red galaxies in 10.2 < log M, < 10.5 (left), 10.5 < log M. < 10.8 (middle) and
10.8 < log M. < 11.1 (right). The identification of different morphologies is from the bulge and disk decomposition. The black
vertical lines are the binomial error of fraction (Cameron 2011). The number of galaxy types in each stellar mass bin is marked on the

top (see also Table 1).

morphological classifications of all galaxies with 0.001 <
z < 0.25 from SDSS DR7 are listed. Six morphologies
(Elliptical galaxy, Clockwise/Z-wise spiral galaxy, Anti-
clockwise/S-wise spiral galaxy, Spiral galaxy other, Star
or Unknown and Merger) based on visual classifications
were derived and each object was classified as a possible
morphology 38 times on average by thousands of volun-
teers. We combine Clockwise/Z-wise spiral galaxy, Anti-
clockwise/S-wise spiral galaxy and Spiral galaxy other as
spiral classification. Moreover, Yang et al. (2007) provided
a catalog of environments where the masses of dark mat-
ter halos for SDSS DR4 galaxies have been estimated. We
follow the way described by van den Bosch (2002) and de-

fine the environment of galaxies based on dark matter halo
masses. A galaxy is defined as a field galaxy, group galaxy
or cluster galaxy if its dark matter halo mass is less than
10'3 M, between 10'3 M, and 10'* M, or higher than
10' M, respectively. We do not choose a threshold to
classify a galaxy as an elliptical or spiral considering that a
conservative threshold can significantly reduce the number
of samples. Actually, the medians of votes that have been
corrected for classification bias (Bamford et al. 2009) can
also reflect the morphologies of galaxies.

Figure 4 displays the relationship between the medians
of votes and environments for different galaxy sequences.
We conclude that blue galaxies have a higher probability
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of being classified as spiral galaxies while red galaxies
have a higher probability of being classified as elliptical
galaxies. The median probabilities of being spiral or ellip-
tical for green 1 and green 2 galaxies are between blue and
red galaxies. This result is consistent with Figure 3. It can
be noted that we have demonstrated that the variation of
morphological distribution is independent of stellar mass
(Fig. 3). So in Figure 4, we do not split galaxies into differ-
ent stellar mass bins. We do not find that the environment
can strongly change the probability of being a morpholog-
ical classification. For different environments, it is found
that the fraction of green valley galaxies is approximately
constant at 57-61 percent although we select only a part of
the blue and red galaxies. In addition, the ratio of blue to
green valley galaxies decreases significantly with environ-
mental richness (from 38 percent in a field case to 20 per-
centin a cluster case). These results support the notion that
while environment does not affect significantly the mor-
phological distribution of galaxies and the timescale for
crossing the green valley, it can aid the process by which
galaxies start to evolve from blue cloud to red sequence
(Bremer et al. 2018).

It is widely accepted that blue galaxies are active star-
forming galaxies and that most of them are dominated by
disks. On the other hand, red galaxies are quiescent el-
liptical galaxies with compact cores. Green valley galax-
ies have morphological properties intermediate between
blue and red galaxies. The conclusions above are consis-
tent with Coenda et al. (2018) and the variation of mor-
phology is monotonic from blue to green 1 to green 2 to
red galaxies.

3.2 Morphological and Structural Parameters

Many previous works claimed that early type galaxies
(ETGs) and late type galaxies (LTGs) have different dis-
tributions in G and A diagrams (Abraham et al. 1996; Lotz
et al. 2004; Kong et al. 2009). These results argued that
ETGs have higher G and lower A than LTGs. In order to
further confirm the tendency of variation for these parame-
ters, we investigate the variation of morphological param-
eters including C, M 20 and G (Fig. 5). Parameter C' quan-
tifies the concentration of starlight in a galaxy. M 20 and
G represent the second order moment of the brightness
for 20 percent of pixels and the light distribution of pix-
els in a galaxy (see the detailed definition in Lotz et al.
2004) respectively. We find a graded variation tendency
from blue to green 1 to green 2 to red galaxies in all stellar
mass bins. For example, the median of C' changes from
2.41 to 2.59, from 2.50 to 2.67, and from 2.59 to 2.80
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in three stellar mass bins respectively. In the entire blue,
green valley and red galaxies, the median is from 2.48 to
2.72. This tendency of variation is found not only in C' but
also in M 20 and G. The Kolmogorov-Smirnov (K-S) test
shows these distributions have a significant difference with
p < 0.0001. We can conclude that the variation of these
morphological parameters results from the prominence of
galactic nuclei.

The NASA-Sloan Atlas? provides the surface bright-
ness profiles of SDSS local galaxies in w, g, 7,7,z bands
in a series of angular sizes. In this work, we compute stel-
lar mass surface density profiles, >, utilizing this catalog.
The computational process is listed in the following steps.
First, the cumulative light profile in the ¢ band is fitted
through spline algorithms which allows us to obtain the in-
terpolated light profile at 1 kpc. Second, the light within the
central 1 kpc is corrected by using SDSS Galactic extinc-
tion and the k-correction calculator of Chilingarian et al.
(2010). Finally, the surface brightness within the central
1kpc is converted into mass density through the mass-
to-light ratio (M/L) in the ¢ band. The stellar masses in
M /L are obtained from the MPA/JHU catalog (Kauffmann
et al. 2003a). Population properties, such as metallicity and
initial mass function, may affect the accuracy of M/L.
However, Fang et al. (2013) suggested that metallicity has
nearly no effect on the measurement of M /L. The initial
mass function would lead to an underestimate of >; for
massive red galaxies, which would be in line with our ex-
pectations.

In addition to X1, we also investigate the variation of
other structural parameters including n and B/T. Figure 6
shows the distributions of these parameters in different
stellar mass bins. We find blue galaxies have the lowest
medians of these parameters while red galaxies have the
highest values and this phenomenon is independent of stel-
lar mass. The K-S test with p < 0.0001 shows these pa-
rameters have different distributions. The continuous vari-
ation tendency from blue to green 1 to green 2 to red galax-
ies reflects a criterion in which the bulge component is
more and more distinct, which indicates that bulge plays an
important role during the transformation from blue cloud
to red sequence.

3.3 B/T and sSFR

In order to investigate the relationship between bulge and
star formation activity from blue to red galaxies, we select
two groups of additional blue galaxies and two groups of
additional red galaxies.

2 http:/fwww.sdss.org/dr14/manga/manga-target-selection/nsa/
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Fig.4 Median probabilities of elliptical (left) and spiral (right) vs. different environments. Blue galaxies, green 1 galaxies, green 2
galaxies and red galaxies are marked with blue, cyan, green and red solid circles respectively. In each panel, the standard deviations are
expressed as the errors of median probabilities. Green and cyan points are shifted by 0.03 along the x-axis.
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Fig.5 The distributions of different morphological parameters including C, M20 and G (from top to bottom respectively) in 10.2 <
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deviations are labeled on the top-right corners.

Figure 7 displays the reconstructed sample where pur-
ple, blue, yellow and red points are the additional sources
used next. It can be noted that the stellar mass range for
purple and blue points is from 9.9 to 10.8 in logarithm scale
because of the lack of massive blue galaxies.

In Figure 8 (left), we show the relationship between
median B/T and sSFR. The solid black line in the panel is
the best fit. The formula for the best fit is

B/T = —1.65(£0.08) — 0.20(+0.01) logsSFR . (1)

We can see from the picture that B/T increases as sSSFR
decreases from blue to red galaxies. Moreover, massive
galaxies have a lower sSFR and higher B/T in the same
u — r color in general. We find that the extremely blue
galaxies (blue and purple) do not follow this tendency. We
contribute the deviation to the scatter of bulge-disk decom-
position due to the inapparent bulges in extremely blue
galaxies. sSFR used in this paper is computed by differ-
ent methods (Brinchmann et al. 2004), which can generate
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some biases. As a substitute for SSFR, we show the rela-
tionship between median B/T and Dyooo (Fig. 8, right).
Daooo is defined as the ratio of continuum 3850-3950A to
4000-4100A (Balogh et al. 1999) and is a good indicator
for galaxy age, so it reflects recent star formation activity
in galaxies. A strong positive correlation is found between
them. The formula for the best fitting is

B/T = —0.55(£0.05) 4+ 0.64(£0.03) D4ooo - (2)
sSFR or Do can be considered as a proxy for recent
star-forming. Lower sSFR or higher D4po9 suggests an
older stellar population. As we can see from Figure 8, a
galaxy with redder color and higher stellar mass has lower
sSFR, which coincides with the build-up of bulge compo-
nent. Our result is consistent with Salim et al. (2009) who
found that sSFR exhibits a continuous and smooth change
in sSFR and rest-frame UV-optical color space in local
galaxies.

4 DISCUSSION

Various studies have suggested that the morphology of
galaxies (e.g., prominent bulge) correlates with star forma-
tion history.

Simulations have shown that major mergers can lead
to a starburst in the centers of galaxies by sweeping gas
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into the center (Di Matteo et al. 2005). The starburst con-
sumes gas rapidly, which leads to growth of the bulge
and ultimately changes the morphology (Springel et al.
2005; Hopkins et al. 2010; Cheung et al. 2012). Red galax-
ies have a higher proportion of bulge/elliptical galaxies
in our study, which suggests that the prominent bulge in
red galaxies may play an important role during the pro-
cess of preventing star formation. For example, the exis-
tence of a stellar spheroid is responsible for the stability of
disks, thus opposing gravitational instability to form stars
(Martig et al. 2009, 2013). Cheung et al. (2012) and Fang
et al. (2013) investigated the relationship between quench-
ing mechanisms and galaxy structural parameters. They
found that red galaxies have the highest >2; and blue galax-
ies have the lowest value on average. Green valley galax-
ies are between blue and red galaxies. The suggestion they
proposed was that 3J; may be more physically connected
with the quenching process. However, the threshold is only
a necessary condition in the quenching process. The con-
nection between bulge growth and star formation quench-
ing remains an unanswered question. Combining low-z
with high-z galaxies drawn from GAMA and CANDELS
respectively, Brennan et al. (2017) studied the connection
between the location relative to the star formation main
sequence (SFMS) and structural parameters. Based on a
semi-analytic model in which formation of a bulge oc-
curred not only due do merger events but also disk insta-
bilities, they found that star formation activity was strongly
associated with build-up of a bulge component.

Our analysis based on the decomposition of bulge and
disk and morphological/structural parameters shows that
the bulge component is more and more prominent when
we go from blue to green 1 to green 2 to red galaxies. The
monotonic variation is reflected through the largest ¥1, n
and B/T in red galaxies and smallest ones in blue galax-
ies. In addition, when we expand the sample, strong cor-
relations between B /T and sSFR/Dygpo demonstrate that
the recession of star formation is strongly correlative with
the build-up of a bulge. Although not all red galaxies have
a prominent bulge component, we can conclude that the
recession of star formation is accompanied by the build-up
of a bulge, as described in Bell et al. (2012) and Lang et al.
(2014), who argued that a prominent bulge is a better indi-
cator for the quenching of star formation. Our results in this
work are consistent with those in Brennan et al. (2017) who
also found a tendency for monotonic variation in galaxy
structural parameters with changes in the location relative
to SEMS.

We combine the morphological classification of
Galaxy Zoo (Lintott et al. 2011) with the environment cat-
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alog (Yang et al. 2007) and investigate the effects of envi-
ronment on morphologies. Our result shows that the mor-
phology is almost independent of the environment, which
is consistent with Coenda et al. (2018). Furthermore, the
stellar mass of our sample is > 10 M. It is not strange
that the quenching mode is more dependent on internal
processes rather than external processes (Peng et al. 2010).
We find the ratio between green valley galaxies and total
galaxies is approximately constant at 58 percent in differ-
ent environments, although we do not include all blue and
red galaxies in our sample. It can be noted that the result
is consistent with Bremer et al. (2018) who used u — r
color and stellar mass to define green valley galaxies. They
found the ratio of green valley galaxies to the whole sam-
ple is approximately 18 percent at a given environmental
richness. Bait et al. (2017) concluded that the fraction of
green valley galaxies is almost constant (20 percent) in all
environments based on the selection of sSFR. The invari-
able fraction indicates that the environment cannot change
the timescale for crossing the green valley. Many previous
studies have indicated the transition timescale is ~1 Gyr,
otherwise we cannot see a bimodal distribution in the CMD
diagram (Faber et al. 2007; Balogh et al. 2011).

It has been known that stellar mass is strongly re-
lated to SFR in the local and high-z universe (Brinchmann
et al. 2004; Salim et al. 2007; Elbaz et al. 2007; Peng
et al. 2010). In this paper, the galaxies are divided into
three stellar mass bins (i.e., 10.2 < log M, < 10.5,
10.5 < log M, < 10.8,10.8 < log M, < 11.1). We find
the fractions of pure bulge and bulge-dominated galaxies
are slightly higher in cases with larger stellar mass than
those in smaller stellar mass. Simultaneously, pure disk
and disk-dominated galaxies more easily exhibit low stel-
lar mass (see Fig. 3). The reduction of blue pure disk and
disk-dominated galaxies coincides with the build-up of red
pure bulge and bulge-dominated galaxies. This provides us
with insight into the evolution of a galaxy from blue to red.
Faber et al. (2007) proposed a “mixed” model for the for-
mation of spheroidal galaxies. In the model, the quench-
ing process can occur very early or late. In short, blue
star-formation galaxies can quench to red massive galax-
ies in two ways. The first is very early quenching at low
stellar mass such that fewer galaxies remain blue when
reaching the high stellar mass region. The second is very
late quenching which occurs shortly after reaching a suffi-
ciently high stellar mass.

In Figures 5 and 6, the medians of morphological and
structural parameters have a slight rise or decline from
low to high stellar mass. It indicates that for galaxies with
the same color, massive galaxies have a more prominent
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bulge component (see also Fig. 8). Red galaxies have more
prominent bulge properties in regions with higher stellar
mass. It seems that galaxies within the high stellar mass
range quench preferentially which will lead to increas-
ing the number of massive red galaxies. Furthermore, less
massive star forming galaxies will shut down their star-
forming in a later epoch and shift to the end of massive
quenching galaxies. This is consistent with the criterion of
“Downsizing” (Cowie et al. 1996).

5 CONCLUSIONS

Using a sample drawn from SDSS DR7, together with the
data from other public catalogs, we have investigated the
variation of physical parameters for blue, green 1, green 2
and red galaxies. In addition, we have also discussed the
importance of a bulge in quenching star formation. Our
main conclusions are as follows:

(1) Blue have the
bulge/elliptical galaxies and the highest fraction

galaxies lowest fraction of
of disk/spiral galaxies. However, the fraction is
opposite in red galaxies. Green valley galaxies have
an intermediate fraction. The morphologies show
continuous change from blue cloud to green valley to
red sequence. It is found that the monotonic variation
is independent of the stellar mass and environments.

(2) The fraction of green valley galaxies is almost constant
while the ratio between blue and green valley galaxies
decreases as we move from low to high environmen-
tal richness, which indicates that the effects of envi-
ronment are not on the timescale of crossing the green
valley but on the timescale when the blue galaxies start
to transform their morphologies.

(3) The medians of morphological parameters (C, M20
and G) and structural parameters (n, B/T and ;)
show a monotonic decreasing or increasing tendency
from blue to green 1 to green 2 to red galaxies, sug-
gesting that the build-up of a bulge component plays
an important role during the morphological transfor-
mation.

(4) For galaxies with the same color, massive galaxies
have a more prominent bulge property. The quenching
rate is higher in high environmental richness than that
of low environmental richness if we consider the per-
centage of red galaxies as an indicator for quenching
rate in different environments.

(5) Combining additional blue and red galaxies, we find
there is a strong negative (positive) relationship be-
tween B/T and sSFR (Dy4gq0). In the same range of
u — r color, massive galaxies have higher B/T when
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given the sSFR or Dypo9. The monotonic variation
suggests that the physical processes associated with
strengthening the bulge are also the ones associated
with weakening star formation.
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