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Abstract Using galaxy data from the Sloan Digital Sky Survey Data Re#eB, | ex-
plore whether the concentration index is a good morphofdgiassification tool and
find that a reasonable sample of pure late-type galaxies eawoistructed with the
choice of ther-band concentration index ci=2.85. The opposite is not, thoavever,
due to the fairly high contamination of an early-type sanipldate-type galaxies. In
such an analysis, the influence of selection effects is lag®itant. To disentangle
correlations of the morphology and concentration indexwitllar mass, star forma-
tion rate (SFR), specific star formation rate (SSFR) andagalactic nucleus (AGN)
activity, | investigate correlations of the concentratindex with these properties at
a fixed morphology and correlations of the morphology withsen properties at a
fixed concentration index. It is found that at a fixed morplggldiigh-concentration
galaxies are preferentially more massive and have a lowBr&fe SSFR than low-
concentration galaxies, whereas at a fixed concentrataexirelliptical galaxies are
preferentially more massive and have a lower SFR and SSFRshieal galaxies. This
result shows that the stellar mass, SFR and SSFR of a galexgoarelated with its
concentration index as well as its morphology. In additiargte that AGNs are pref-
erentially found in more concentrated galaxies only in ta@gle of spiral galaxies.
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1 INTRODUCTION

The study of galaxy morphologies has long been an importldt fN\umerous authors have explored
the environmental dependence of galaxy morphologies (@ogtman & Geller 1984; Dressler et al.
1997; Hashimoto & Oemler 1999; Fasano et al. 2000; Tran éXC4l1; Goto et al. 2003; Helsdon
& Ponman 2003; Treu et al. 2003; Deng et al. 2007a,b,c, 2608a809a), and it is widely believed
that early-type galaxies tend to reside in the densestmegibthe universe, but late-type galaxies
tend to reside in low density regions. There have also beeremus works that focus on correla-
tions between galaxy morphology and other parameters.aongle, some studies have shown that
high-luminosity galaxies are preferentially “early tyge”g., Blanton et al. 2003; Baldry et al. 2004;
Balogh et al. 2004; Kelm et al. 2005). Another typical caatigin between galaxy morphologies
and other parameters is the correlation between galaxymbygy and color (e.g., Holmberg 1958;
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Roberts & Haynes 1994, Strateva et al. 2001). Strateva £2@01) indicated that blue galaxies are
dominated by late types, but red galaxies are dominatedthy tgpes. Many works also shed light
on galaxies with a given morphological type, especialljyepe galaxies. Thomas et al. (2002)
found that thex/Feo relation (and its scatter) of early-type galaxies is indwj@nt of the environ-
mental density. Moss & Whittle (2005) concluded that theyfrency of emission-line galaxies is
similar for field and cluster early-type galaxies. Deng et(2009b) and Deng (2010) studied the
environmental dependence of luminosity; r color, star formation rate (SFR) and specific star for-
mation rate (SSFR) at a fixed morphology. Tempel et al. (20d/Estigated the galaxy luminosity
function of different morphological types at different manmental density levels.

Undoubtedly, the key question in the above-mentioned wizrk®w to morphologically clas-
sify galaxies. The traditional method of morphologicalssification is to visually inspect images
of the galaxy according to Hubble’s classification schenanffage 1961). Because it is highly la-
bor intensive, however, the visual inspection procedunétdi the size of galaxy samples. Thus, it
is desirable to find automated morphological classificationemes to classify large numbers of
galaxies into early or late types. There are a number of petensy such as concentration index,
color, spectral features, surface brightness profilectiral parameters or some combination of
these, which exhibit a strong correlation with morpholadigpe and can be used to classify galax-
ies (e.g., Shimasaku et al. 2001; Strateva et al. 2001; Aonadt al. 2003; Nakamura et al. 2003;
Kauffmann et al. 2004; Park & Choi 2005; Yamauchi et al. 2008nselice 2006; Sorrentino et al.
2006; Scarlata et al. 2007).

The concentration index is known to correlate with morpalal type (Morgan 1958; Doi
et al. 1993; Abraham et al. 1994; Shimasaku et al. 2001; Nakawgt al. 2003; Park & Choi 2005).
Shimasaku et al. (2001) showed that the (inverse) cond@ntimdex C=5,/ Roo, defined as the
ratio of the half-light Petrosian radius to the 90% lightrBstan radius, is closely correlated with
morphological type. This index is useful for the automatébsification of early- and late-type
galaxies if one is satisfied with a completeness-010%—-90%, allowing for a contamination of
~15%-20%. Shimasaku et al. (2001) also examined the cameadf visual morphology with a
number of parameters measured by PHOTO. They found thataheeatration index shows the
strongest correlation with visual morphology and that a lsimation of the concentration index with
other parameters, such as surface brightness, color anthaslyy, does not appreciably enhance
the correlation. They therefore concluded that the comagah index is perhaps the best parameter
for classifying galaxy morphology, which is consistenttwilhe conclusion of Doi et al. (1993) and
Abraham et al. (1994). Nakamura et al. (2003) separatedigalanto early and late types according
to C < 0.35 and C> 0.35, which corresponds to a division at SO/a. When the visudigsified
sample is taken as the reference, the early-type and Iptegiglaxy samples classified by Nakamura
et al. (2003) show an 82% completeness and an 18% contaarirfadim the opposite sample.

Park & Choi (2005) used the color versus color gradient sacéhe major morphological
classification tool and the concentration index as an aryilparameter. They found early-type
galaxies to be strongly concentrated within a spot centar&d82, —0.04) in theu —r andA(g — 1)
planes, with the center a2.82, 0.3) in thewu — r color-concentration index space. The upper panel
of figure 1 in Park & Choi (2005) shows that the concentratitdek is still a relatively good and
simple parameter for classifying the morphology of galaxand most early-type galaxies have a
concentration index C &5,/ Rgo < 0.35.

Galaxy Zoo is a web-based projetitp://mww.galaxyzoo.org) that uses the collective efforts
of hundreds of thousands of volunteers to produce morpledbgassifications of galaxies (Lintott
et al. 2008, 2011). Lintott et al. (2008) found that there ismarkable degree of agreement (better
than 90% in most cases) between this data set and those edrbgiprofessional astronomers, thus
demonstrating that the data from volunteers provide a tomaesphological catalog. Each object
in this project is classified as belonging to one of six catiego spiral (clockwise rotation), spiral
(anticlockwise rotation), spiral (edge-on/rotation waa)), elliptical, merger, or star/don’t know. All
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three possible spiral classifications are often combingwlansingle classification, which is useful
for studies that only require a simple split into elliptiGaid spiral samples. Full details on the
classification process, including the operation of the site given in Lintott et al. (2008). Table 2,
compiled by Lintott et al. (2011), has recently been maddipubhe table contains the data for all
main galaxies (Strauss et al. 2002) in the Sloan Digital Skyw&y Data Release 7 (SDSS DRY7)
(Abazajian et al. 2009). This table includes the raw votes,weighted votes in elliptical (E) and
combined spiral (CS=clockwise + anticlockwise+edge-dra$pcategories and flags indicating the
inclusion of the galaxy in a clean, debiased catalog.

When exploring whether the concentration index is a goodpmaogical classification tool,
previous authors only used the samples from visual inspeatbmpiled by professional as-
tronomers. Because the visual inspection procedure islaboyr intensive, such samples are fairly
small, making it difficult to make statistically sound comigans. In Lintott et al. (2011), table 2
contains visual morphological classifications of 667 94%mgalaxies (Strauss et al. 2002), which
is much larger than the samples used in previous studiesidrstudy, | attempt to use the data
set from volunteers to further investigate whether the eatration index is a good morphological
classification tool.

This paper is organized as follows. In Section 2, | desctileedata used. In Sections 3 and 4, |
examine whether the concentration index is a good morpleabglassification tool, and | discuss
the statistical results. My main results and conclusioessammarized in Section 5.

2 DATA

A new program called SDSS-III began operation in 2008 Augunst will continue through 2014
July. Using the SDSS facilities at Apache Point ObservataBO), SDSS-III will carry out four sur-
veys: SEGUE-2, the Baryon Oscillation Spectroscopic SufB©SS), the Multi-object APO Radial
Velocity Exoplanet Large-area Survey (MARVELS) and the éipa Point Observatory Galactic
Evolution Experiment (APOGEE). Eisenstein et al. (201 Mehdescribed this program in detail.

As with SDSS-I/1l, SDSS-III data will be periodically releed to the public. The first of these
releases, referred to as the eighth data release (DR8)réAdtal. 2011), is already available. As
with previous data releases, DR8 is cumulative and incledsentially all data from the previous
releases. Aihara et al. (2011) claimed that DR8 is not jusipgat of previous data releases but is
also an enhancement. SDSS-II has reprocessed all SDIS®&dfing data and all stellar spectra.

Fortunately, the data from the initial Galaxy Zoo classifmas are included in DR8. DR8
also contains a number of physical parameters of galaxiggedeby the MPA-JHU group, such
as Baldwin-Phillips-Terlevich (BPT) classification, $&lmass, nebular oxygen abundance, SFR,
and the specific SFR (SSFR). In future works, | will downlolaelse important parameters from the
Catalog Archive Server of SDSS DR8 (Aihara et al. 2011).

In this work, | downloaded the initial Galaxy Zoo classificais and other parameters from the
main galaxy sample (Strauss et al. 2002) using the SDSS S@iclSéwith SDSS flag: bestPrim-
target & 64 > 0) with a redshift range of 0.02 z <0.25. In this catalog, those galaxies whose
debiased votes give an unambiguous answe$(%) about their morphology are explicitly labeled
as elliptical or spiral, and all other galaxies are flaggedrasertain. My sample contains 617 672
main galaxies: 55112 elliptical, 178 557 spiral and 384 00Geutain.

Figure 1 shows the Galaxy Zoo type fractions as a functioredéhift. Bamford et al. (2009)
indicated that assuming that there is negligible evolutiotihe galaxy population over the redshift
interval considered and that the survey contains a simifdriloution of environments at each red-
shift, then the true type fractions should be constant vetishift. Any trends in the observed Galaxy
Zoo type fractions with redshift may be attributed to a comaltion of two biases: selection and clas-
sification. The selection bias is due to variation in the simd luminosity distribution of galaxies
in the magnitude-limited sample. In the classification pfasotherwise morphologically identical
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Fig. 1 Galaxy Zoo type fractions as a function of Fig.2 Ci distributions of elliptical and spiral
redshift: red, blue and black dots represent ellip- galaxies for a full samplesglid line) and a sam-
tical, spiral and uncertain galaxies, respectively. ple with a redshift range of < 0.15 (dashed

The error bars of the blue lines are Poissonian  |ing): the red line represents elliptical galaxies
errors. Selection effects can be removed below and the blue line represents spiral galaxies. The
z = 0.15 (green vertical dashed line). green vertical dashed line indicates ci=2.85.

galaxies, objects that are apparently fainter and smakemare likely to be classified as early-type
due to the diminished spatial resolution and the signaldise ratio. Bamford et al. (2009) statisti-
cally corrected for this classification bias. In this worlaske flags indicating the inclusion of a galaxy
in a clean, debiased catalog. As seen in Figure 1, in a redahife ofz <0.15, the de-biased type

fractions are approximately flat. | believe that this reftshinge, in which there are 31 202 elliptical
galaxies and 160577 spiral galaxies, is free from seledffatts.

3 CORRELATION OF THE CONCENTRATION INDEX WITH THE GALAXY ZO0O
TYPES

Rs0 and Ry, are the radii enclosing 50% and 90% of the Petrosian fluxaesly. In this study, |
calculate the concentration index of thdand ci FRgg / R5s0.

Figure 2 shows the ci distributions of elliptical and spgalaxies for a full sample and a sample
with a redshift range of < 0.15 in which selection effects are not present. Indeed, the batity of
the ci distribution can be observed: the majority of spirbgies correspond to low-concentration
galaxies, while the majority of elliptical galaxies copesd to high-concentration galaxies.

Like Shimasaku et al. (2001), | study the completeness anthndnation of the morphologi-
cally classified sample with the use of ci. The left panel @iufé 3 shows the completeness as a
function of ci: the red curve represents the completenetsecgdample of early-type galaxies with a
concentration index larger than a given ci; the blue curpeasents the completeness of the sample
of late-type galaxies with a concentration index smallanth given ci. The completeness of the two
samples is equal with a value of ci=2.85285%.

In this work, | select ci=2.85 as the separator point betwesaty-types and late-types, which
is the same as that obtained by Nakamura et al. (2003). The p@nel of Figure 3 indicates the
contamination from the opposite type: the red curve is th&amination from late-type galaxies
in the early-type galaxy sample; the blue curve is the comtation by early-type galaxies in the
late-type sample.

Table 1 lists the completeness and contamination of eanly{ate-type galaxies at ci=2.85. As
seen from Table 1 and the right panel of Figure 3, the contatioin of an early-type sample by late-
type galaxies is much larger than that obtained by Shimasakili (2001), but the contamination



A Morphology Classification Tool of Galaxies 655

Table 1 Correlation between visual morphology and that classifigl the concentration index of
ther-band ci=2.85.

Sample Parameter Elliptical Spiral Sum Contamination (%)
Full sample Early-type galaxies 46768 26674 73442 36.32
Late-type galaxies 8344 151883 160227 5.21
Sum 55112 178557
Completeness (%) 84.86 85.06
Sample withz < 0.15 Early-type galaxies 26582 23980 50562 47.43
Late-type galaxies 4620 136597 141217 3.27
Sum 31202 160577
Completeness (%) 85.19 85.07

of the late-type sample by early-type galaxies is much smaline possible explanation for these
differences is that the spiral:elliptical ratio (178 55%138.2=3.2 in the full sample) in this work
is much larger than th& > 1.5 galaxiesT < 1.5 galaxies ratio (290:136=2.1) in the study of
Shimasaku et al. (2001). The above statistical results shata reasonably pure late type galaxy
sample can be constructed with the choice of ci=2.85; howyéve opposite is not true due to the
fairly high contamination of an early-type sample by latpe galaxies, which is consistent with the
conclusion by Shimasaku et al. (2001). Thus, when clasgjfgialaxies into morphological classes
using the concentration index, one must treat the stailstesults of the early-type sample with
caution.

| also show results of the sample with a redshift range af0.15, which is free from selection
effects. As seen from Figures 2, 3 and Table 1, in such an sisdhe influence of selection effects
is less important.

Galaxy morphology and concentration index are stronglystated with many other properties
(e.g., Holmberg 1958; Kennicutt 1992; Roberts & Haynes 1®¢ateva et al. 2001; Blanton et al.
2003; Kauffmann et al. 2003a,b; Baldry et al. 2004; Balogal€2004; Kelm et al. 2005; Bamford
et al. 2009; Deng 2010; Deng et al. 2010). For example, itéelyiaccepted that early-type galaxies
are redder and more luminous. Kennicutt (1992) found thapimalogical type is strongly correlated
with the SFR. Bamford et al. (2009) also showed that galaxspimalogy is sensitive to stellar mass.
Kauffmann et al. (2003a) demonstrated a sharp transitidinerphysical properties of galaxies at a
stellar mass of 3 x 10'° M, and that low-mass galaxies have low concentration indigasal of
disks, but high-mass galaxies have high concentratiomé@sdiypical of bulges. Deng et al. (2010)
noted the correlation between star formation activities e concentration index: passive galaxies
are more luminous, redder, highly concentrated and prefietly “early-type.” As can be seen from
figures 3—6 of Deng (2010), highly concentrated or “earlyetygalaxies preferentially have a lower
SFR and SSFR.

Due to the correlation between morphology and the concimtrindex, strong correlations
between a parameter and other galaxy properties will résulte correlations between the other
parameter and these galaxy properties. To disentanglelatons of morphology and the concen-
tration index with stellar mass, SFR and SSFR, | attempt pdoe& correlations of the concentration
index with these properties at a fixed morphology and caicgia of morphology with these prop-
erties at a fixed concentration index. Because the influefiselection effects is less important in
this work, | only analyze the full sample. The full ellipticand spiral galaxy samples are divided
into two subsamples, each at ci=2.85. The low-concentragitiptical subsample (€i2.85) con-
tains 8344 galaxies, while the high-concentration elt@tisubsample contains (€i2.85) 46 768
galaxies. The low-concentration spiral subsample cost&iiR<2.85) 151 883 galaxies, while the
high-concentration spiral subsample containg (2i85) 26 674 galaxies.
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Completeness
Contamination

Fig. 3 Completenesdéft panel) and contaminationr{ght panel) of early- and late-type galaxies as
a function of ci for a full samplesplid line) and a sample with a redshift rangezo& 0.15 (dashed
line): the red line represents early-type galaxies, and thellilaeepresents late-type galaxies. The
green vertical dashed line indicates ci=2.85.
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Fig.4 Stellar mass distributions for low- and high-concentratadliptical galaxies left panel)
and low- and high-concentration spiral galaxieglit panel): the red solid line represents high-
concentration galaxies, and the blue dashed line repes@mtconcentration galaxies. The error
bars of the blue lines arker Poissonian errors.

The SSFR is defined as the SFR per unit stellar mass. | dowedithe total masses, total SFR
and total SSFR from the Catalog Archive Server of the SDSS.O0R8se parameters are derived by
the technique discussed in Brinchmann et al. (2004). Instiidy, the MEDIAN estimate is used.

Figures 4, 6 and 8 show stellar mass, SFR and SSFR distmisufar the low- and high-
concentration elliptical galaxies (left panel) and the 4amd high-concentration spiral galaxies
(right panel). As seen from these figures, at a fixed morphptbg high-concentration galaxies are
preferentially more massive and have a lower SFR and SSKRitedow-concentration galaxies.

Figures 5, 7 and 9 also illustrate stellar mass, SFR and S&ffibdtions for low-concentration
elliptical and spiral galaxies (left panel) and high-camtcation elliptical and spiral galaxies (right
panel). In these figures, | note that at a fixed concentratidex, elliptical galaxies are preferentially
more massive and have a lower SFR and SSFR than spiral galaXi¢hese results show that the
stellar mass, SFR and SSFR of a galaxy are correlated wittoitsentration index as well as its

morphology.
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Fig.5 Stellar mass distributions for low-concentration elliaiiand spiral galaxiesdft panel) and
high-concentration elliptical and spiral galaxiegfit panel): the red solid line represents elliptical
galaxies, and the blue dashed line represents spiral galakine error bars of the blue lines dre

Poissonian errors.

0.2 0.2
0.16 0.16
.S .S 012 4
5 B 1
© s
i i 0.08 | ]
4 -
0.04 -
—-—""‘ =]
1 [
0 T I I
-15 11 -07 -0.3 01 05 -15 -11 -07 -03 01 05
log SFR [Mgyr] log SFR [Mgyr]

Fig.6 SFR distributions for low- and high-concentration ellgati galaxies Igft panel) and low-
and high-concentration spiral galaxiegft panel): the red solid line represents high-concentration
galaxies, and the blue dashed line represents low-comtimirgalaxies. The error bars of the blue

lines arelo Poissonian errors.
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Fig. 7 SFR distributions for low-concentration elliptical andrap galaxies [eft panel) and high-
concentration elliptical and spiral galaxiegght panel): the red solid line represents elliptical galax-
ies, and the blue dashed line represents spiral galaxies.efor bars of the blue lines ailer

Poissonian errors.
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Fig.8 SSFR distributions for low- and high-concentration eitipt galaxies Igft panel) and low-
and high-concentration spiral galaxiegft panel): the red solid line represents high-concentration
galaxies, and the blue dashed line represents low-comtimirgalaxies. The error bars of the blue

lines arelo Poissonian errors.
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Fig. 9 SSFR distributions for low-concentration elliptical angiral galaxies left panel) and high-
concentration elliptical and spiral galaxiegght panel): the red solid line represents elliptical galax-
ies, and the blue dashed line represents spiral galaxies.efor bars of the blue lines afler

Poissonian errors.

To reach a statistically sound conclusion, | also perforthed<olmogorov-Smirnov (KS) test,
which checks whether two independent distributions ardl@iror different by calculating a prob-
ability value. The lower the probability value is, the lefeely the two distributions are similar.
Conversely, the higher or closer to 1 the value is, the monéagi the two distributions are. The prob-
ability of the two distributions in Figures 4—9 coming frohetsame parent distribution is nearly 0,
which shows that two independent distributions complediéfgr in these figures. Thus, the above-
mentioned statistical conclusion is robust.

| also downloaded BPT classification from the Catalog Aret®erver of the SDSS DR8, then
calculated the fraction of active galactic nuclei (AGNske#ch subsamplég.99 + 0.22% for low-
concentration elliptical galaxies, 3.56 0.09% for high-concentration elliptical galaxies, 343
0.05% for low-concentration spiral galaxies, and 6410.15% for high-concentration spiral galax-
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ies. Kauffmann et al. (2003b) indicated that AGNs are peafeally found in more concentrated
galaxies. In this work, however, this trend is only obserivesbiral galaxies.

4 DISCUSSION

Galaxy Zoo is a morphological classification project thdtags visual classifications made by vol-
unteers. Here, | note that when exploring whether the cdration index is a good morphological
classification tool, there is indeed a remarkable degregreleament between the statistical results of
this data set and those compiled by professional astrorsf@ey., Shimasaku et al. 2001; Nakamura
et al. 2003). This result shows that such a visually claskff@nple can be taken as a good reference
in some works. The most important merit of such a sample isitli@ much larger than the sam-
ples from visual inspection compiled by professional astroers, and thus, it can foster statistically
sound conclusions.

The concentration index is a widely used parameter in metifimdautomated morphological
classification. The statistical results of this work furtebow that a reasonably pure sample of late-
type galaxies can be constructed with the choice of ci=h8@ever the opposite is not true due to
the fairly high contamination of an early-type sample bgigtpe galaxies. Thus, when classifying
galaxies using the concentration index, a sample of lgie-talaxies is ideal; with a sample of
early-types, one must remove late-type galaxies using @tingliary morphological classification
tools.

The stellar mass, SFR and SSFR of a galaxy are correlatedtsvithncentration index as well
as its morphology, which shows that the correlation betweerphology and other galaxy properties
and that between the concentration index and other galapepties are independent of each other.

Kauffmann et al. (2003b) showed that the fraction of all gida classified as AGNs is only
a relatively weak function of the concentration index cit the fraction of emission-line galaxies
classified as AGNs rises considerably with increasing @ (&g 5 of Kauffmann et al. 2003b). In
the work of Deng et al. (2012), all galaxies with an AGN cléisation are emission-line galaxies
with four lines having S/ 3. Deng et al. (2012) argued that AGN host galaxies have mefially
higher concentration indices than the whole galaxy saneglgecially in a faint volume-limited sam-
ple. In this work, the correlation between AGN activity arahcentration index ci is only observed
in spiral galaxies.

5 SUMMARY

Using the first data releases of SDSS-III, referred to as ipletle data release (DR8), | explore
whether the concentration index is a good morphologicasifigation tool. The statistical results
show that a reasonably pure late type galaxy sample can tstraoted with the choice of ci=2.85;
the opposite is not true, however, due to the fairly high aonbation of an early-type sample by
late-type galaxies. Such a conclusion suggests that wlessifyling galaxies into morphological
classes using the concentration index, one must treastatatiresults of the early-type sample with
caution. | also analyze a sample with a redshift range ef 0.15, which is free from selection

effects, and find that in such an analysis, the influence etteh effects is less important.

To disentangle correlations of morphology and the conegintr index with stellar mass, SFR,
SSFR and AGN activity, | investigate correlations of corication index with these properties at
a fixed morphology and correlations of morphology with thpegperties at a fixed concentration
index. As seen from Figures 4-9, at a fixed morphology, higiheentration galaxies are preferen-
tially more massive and have a lower SFR and SSFR than lowertiration galaxies, but at a fixed
concentration index, elliptical galaxies are preferdiytimore massive and have a lower SFR and
SSFR than spiral galaxies. All these results show that #iastass, SFR and SSFR of a galaxy are
correlated with its concentration index as well as its motpgy. Kauffmann et al. (2003b) indicated
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that AGNs are preferentially found in more concentratedxjab. In this work, such a trend is only
observed in spiral galaxies.

Acknowledgements Funding for SDSS-III has been provided by the Alfred P. SlBanndation,
the Participating Institutions, the National Science Faation, and the U.S. Department of Energy.
The SDSS-1ll web site ishttp://mwww.sdss3.org/. SDSS-III is managed by the Astrophysical
Research Consortium for the Participating Institutionghef SDSS-III Collaboration including
the University of Arizona, the Brazilian Participation Gim Brookhaven National Laboratory,
University of Cambridge, University of Florida, the Frenéfarticipation Group, the German
Participation Group, the Instituto de Astrofisica de Caamgrthe Michigan State/Notre Dame/JINA
Participation Group, Johns Hopkins University, Lawrencerk®ley National Laboratory, Max
Planck Institute for Astrophysics, New Mexico State Unsig, New York University, Ohio
State University, Pennsylvania State University, Uniitgref Portsmouth, Princeton University,
the Spanish Participation Group, University of Tokyo, Umsity of Utah, Vanderbilt University,
University of Virginia, University of Washington, and Yaléniversity. This study was supported by
the National Natural Science Foundation of China (GrantN@63005).

References

Abazajian, K. N., Adelman-McCarthy, J. K., Agueros, M. At,al. 2009, ApJS, 182, 543

Abraham, R. G., Valdes, F., Yee, H. K. C., & van den Bergh, 941%pJ, 432, 75

Abraham, R. G., van den Bergh, S., & Nair, P. 2003, ApJ, 588, 21

Aihara, H., Allende Prieto, C., An, D., etal. 2011, ApJS, 1238

Baldry, I. K., Glazebrook, K., Brinkmann, J., et al. 2004,JAp00, 681

Balogh, M. L., Baldry, I. K., Nichol, R., et al. 2004, ApJ, 615101

Bamford, S. P., Nichol, R. C., Baldry, I. K., et al. 2009, MNBA393, 1324

Blanton, M. R., Hogg, D. W., Bahcall, N. A., et al. 2003, Ap945 186

Brinchmann, J., Charlot, S., White, S. D. M., et al. 2004, MA8R 351, 1151

Conselice, C. J. 2006, MNRAS, 373, 1389

Deng, X.-F., He, J.-Z., Zhang, Q., et al. 2007a, ChJAA (Chistron. Astrophys.), 7, 639

Deng, X.-F., He, J.-Z., Jiang, P., Luo, C.-H., & Wu, P. 200R8A, 474, 783

Deng, X.-F., He, J.-Z., Jiang, P., Tang, X.-X., & Luo, C.-H0Zc, International Journal of Modern Physics D,
16, 885

Deng, X.-F., He, J.-Z., Jun, S., Ping, W., & Liao, Q.-H. 200BASP, 120, 487

Deng, X.-F., He, J.-Z., & Wu, P. 2008b, A&A, 484, 355

Deng, X.-F., He, J.-Z., Wen, X.-Q., & Tang, X.-X. 2009a, MNBA395, L90

Deng, X.-F., He, J.-Z., & Wen, X.-Q. 2009b, ApJ, 693, L71

Deng, X.-F. 2010, ApJ, 721, 809

Deng, X.-F., Bei, Y., He, J.-Z., & Tang, X.-X. 2010, ApJ, 7081

Deng, X.-F., Xin, Y., Wu, P., et al. 2012, ApJ, 754, 82

Doi, M., Fukugita, M., & Okamura, S. 1993, MNRAS, 264, 832

Dressler, A., Oemler, A., Jr., Couch, W. J., et al. 1997, 48D, 577

Eisenstein, D. J., Weinberg, D. H., Agol, E., et al. 2011, MR, 72

Fasano, G., Poggianti, B. M., Couch, W. J., et al. 2000, A$2, 673

Goto, T., Yamauchi, C., Fujita, Y., et al. 2003, MNRAS, 34616

Hashimoto, Y., & Oemler, A., Jr. 1999, ApJ, 510, 609

Helsdon, S. F., & Ponman, T. J. 2003, MNRAS, 339, L29

Holmberg, E. 1958, Meddelanden fran Lunds Astronomiskae®fasorium Serie 11, 136, 1

Kauffmann, G., Heckman, T. M., White, S. D. M., et al. 2003a\RAS, 341, 54

Kauffmann, G., Heckman, T. M., Tremonti, C., et al. 2003b, RIAS, 346, 1055



A Morphology Classification Tool of Galaxies 661

Kauffmann, G., White, S. D. M., Heckman, T. M., et al. 2004, RIAS, 353, 713
Kelm, B., Focardi, P., & Sorrentino, G. 2005, A&A, 442, 117

Kennicutt, R. C., Jr. 1992, ApJ, 388, 310

Lintott, C. J., Schawinski, K., Slosar, A., et al. 2008, MN&/A389, 1179
Lintott, C., Schawinski, K., Bamford, S., et al. 2011, MNRARDO, 166

Morgan, W. W. 1958, PASP, 70, 364

Moss, C., & Whittle, M. 2005, MNRAS, 357, 1337

Nakamura, O., Fukugita, M., Yasuda, N., et al. 2003, AJ, 1882

Park, C., & Choi, Y.-Y. 2005, ApJ, 635, L29

Postman, M., & Geller, M. J. 1984, ApJ, 281, 95

Roberts, M. S., & Haynes, M. P. 1994, ARA&A, 32, 115

Sandage, A. 1961, The Hubble Atlas of Galaxies (WashindEannegie Institution)
Scarlata, C., Carollo, C. M., Lilly, S., et al. 2007, ApJS21%06

Shimasaku, K., Fukugita, M., Doi, M., et al. 2001, AJ, 122382

Sorrentino, G., Antonuccio-Delogu, V., & Rifatto, A. 2008&A, 460, 673
Strateva, |., lvezitZ., Knapp, G. R., et al. 2001, AJ, 122, 1861

Strauss, M. A., Weinberg, D. H., Lupton, R. H., et al. 2002, A4, 1810
Tempel, E., Saar, E., Liivamagi, L. J., et al. 2011, A&A, 52%3

Thomas, D., Maraston, C., & Bender, R. 2002, Ap&SS, 281, 371

Tran, K.-V. H., Simard, L., Zabludoff, A. |., & Mulchaey, J. 8001, ApJ, 549, 172
Treu, T., Ellis, R. S., Kneib, J.-P., et al. 2003, ApJ, 591, 53

Yamauchi, C., Ichikawa, S.-i., Doi, M., et al. 2005, AJ, 13645



