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Abstract Early-type galaxies (ETGS) are very important for undergiag the forma-
tion and evolution of galaxies. Recent observations sudgesETGs are not simply
old stellar spheroids as we previously thought. Widespreeent star formation, cool
gas and dust have been detected in a substantial fractiom@§B/Ne make use of
the radial profiles of; — » color and the concentration index from the Sloan Digital
Sky Survey database to pick out 31 peculiar ETGs with cehtua cores. By analyz-
ing the photometric and spectroscopic data, we suggestthdiue cores are caused
by star formation activities rather than the central weakragalactic nucleus. From
the results of stellar population synthesis, we find thatstedlar population of the
blue cores is relatively young, spreading from several Myless than one Gyr. In 14
galaxies with HI observations, we find that the average gas fraction of thalseigs

is about 0.55. The bluer galaxies show a higher gas fractiod the total star forma-
tion rate (SFR) correlates very well with theltlgas mass. The star formation history
of these ETGs is affected by the environment, e.g. in theatezrsvironment the H
gas is less and the total SFR is lower. We also discuss thenaighe central star
formation of these early-type galaxies.

Key words. galaxies: elliptical and lenticular, cD — galaxies: peaul— galaxies:
evolution

1 INTRODUCTION

Early-type galaxies (ETGs), which dominate the stellarsrdensity in the local universe, are very
important for understanding the formation and evolutiorgafaxies (Bernardi et al. 2003). Early
studies regarded ETGs as simple systems, with a smooth wlogyh an old stellar population, a
red optical color, free of cold gas and having ongoing stamfdion (Searle et al. 1973; Larson
1974). In particular, ETGs obey some optical scaling retetj such as the fundamental plane, e.g.
the tight relationship among half-light radius;(), half-light surface brightnesdy,) and velocity
dispersion §) (e.g. Djorgovski & Davis 1987; Faber et al. 1987; Jorgenseal. 1996); and the
color-magnitude relation (Sandage & Visvanathan 1978} Wwiighter galaxies being redder. The
small scatter in this relationship requires the stellartennof the ETGs to be fairly uniform and
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predominantly old (Bower et al. 1992). Traditionally, wevbaegarded ETGs as “red and passive”
galaxies, based on optical observations.

However, recent multi-wavelength observations point bat ETGs show a wide range of di-
versity in their stellar population, and they are not as $ngs we previously thought. Early results
from the Galaxy Evolution ExploreiGALEX) suggested that some optically red ETGs show strong
UV excess (Vi et al. 2005). Fukugita et al. (2004) reportad ftar-forming ETGs from the Sloan
Digital Sky Survey (SDSS) Data Release 2, where the stardtiomrates (SFRs) can be comparable
with those found in normal spiral galaxies. With a much laiggmple of 16 000 ETGs, Schawinski
et al. (2007a) found that about four percent of ETGs show sionidines characteristic of ongoing
star formation. However, the fraction of these active &tigd or ETGs actually highly depends on
the data and the galaxy’s stellar mass (see Schawinski 20@6; Schawinski et al. 2007b). More
recently, Huang & Gu (2009) reported 13 ETGs showing unamaig evidence of recent star forma-
tion activity portrayed by conspicuous nebular emissioadi and suggested that the star formation
history of ETGs can be well described by a recent minor and starburst superimposed on an old
stellar component. Moreover, Hgas, molecular gas and warm dust have also been detected in a
significant fraction of ETGs (e.g. Morganti et al. 2006; Caslet al. 2007; Oosterloo et al. 2010;
Smith et al. 2011; the SAURON project, Bacon et al. 2001; theAS?3P project, Cappellari et al.
2011). However, there still remain several important issgech as the time-scale and intensity of
the recent star formation, and their triggering mechaneoonstrain the ETG’s formation scenario.

Gu et al. (2006) discovered an elliptical galaxy, IC 225 jmdtpeculiar blue core. Lisker et al.
(2006) identified some early-type dwarfs with central blo#ocs caused by recent or ongoing star
formation in the Virgo Cluster. These peculiar ETGs stilifonew stars in the central region. In this
study, following Gu et al. (2006), we pick out more peculidr@&s with blue cores from the Third
Reference Catalog of Bright Galaxies (RC3, de Vaucouleuak £995), and mainly use SDSS Data
Release 7 data (Abazajian et al. 2009). There are two pessilys to cause these blue cores in
SDSS optical images: (1) a power-law continuum from the redmictive galactic nucleus (AGN);
and (2) star formation activities. With this large sampléediGs having blue cores, we investigate
their photometric and spectroscopic properties, steb@ugation, gas content and environment, and
we also discuss the formation scenario of the blue coresisetpeculiar galaxies.

2 SAMPLE

There are several methods to classify galaxies into diftereorphological types, such as the con-
centration index, the “fracDev” parametén SDSS, and the Sersic index. We first select ETGs with
a regular morphological shape and a blue inner region byavisispection of 23011 galaxies in
the RC3 catalog. Then we use other parameters to doubld-thesample galaxies further in the
following way.

(1) We use the concentration index,(@lefined as the ratio of the radii containing 90 percent and
50 percent of the Petrosiarband light) to clarify whether these galaxies are really BTThe
r-band Petrosian radiizg andrgg, are extracted from the SDSS database. The concentration
index is well correlated with galaxy type; for an ideal de dauleurs profile, € ~ 5.5, while
for an exponential disk, C~ 2.3. In this paper, we select the ETGs with €2.6 (Strateva
etal. 2001).

(2) We use the radial color profile to clarify whether theskagias contain a blue core. We take ad-
vantage of SDSg- andr-band images, and match the point spread function (PSFeséttwo

1 The SDSS outputs the exponential and de Vaucouleurs praéiléofiv—, g—, r—, i— and z—band images and asks
for the linear combination of the two that best fits the imalgee coefficient of the de Vaucouleurs term is stored as fr#cDe
fracDeV = 1 means a pure de Vaucouleurs profile; fracDeV = Onsi@gpure exponential profile.
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different band images; then we make use of the “ellipsdRAF? to get the surface brightness
distribution.

(3) In order to study the nature of the blue core in ETGs, weict®ur sample to cases having an
SDSS spectrum. Finally, we get a sample of 31 ETGs with blues;evhich will be abbreviated
as ETG(bc)s hereafter.

Figure 1 shows the—, g— andr—band multi-color images, and the radia} r color profiles
after matching the point spread function (PSF) of jheandr—band images with each of the three
ETG(bc)s in our sample. Table 1 presents the basic propetieur ETGs showing central blue
cores.

3 DATA ANALYSES
3.1 Stellar Population Synthesis

In order to explore the stellar population of ETG(bc)s, welgghe stellar population synthesis
code starLigHT® (Cid Fernandes et al. 2005; Mateus et al. 2006; Asari et 87 20id Fernandes
et al. 2007), which fits an observed spectrumy Y with a linear combination of 45 simple stellar
populations (SSPs) from the evolutionary synthesis motiBGD3 (Bruzual & Charlot 2003). The
model spectrum is given by

N,
My = Myg ijbj_’)\’l’)\ ®G(v*,cr*), (1)

J=1

wherelM, is the model spectruni/ ), is the synthesis flux at the normalization wavelengttis the
population vector, representing the fractional contitiudf thejth SSPp;  is jth SSP spectrum at
A,y = 100442 =A%) js the reddening term, ar@(v,, o) is the line-of-sight stellar motions mod-
eled by a Gaussian distribution centered at velagcityith velocity dispersiomr,.. N, =45 SSPs-15
ages{ = 0.001,0.00316, 0.00501, 0.01, 0.02512,0.04, 0.10152, 0.28562054, 0.90479, 1.434,
2.5,5, 11 and 13 Gyr) and three metallicities£ 0.2, 1 and 2.57,); their spectra were computed
with the Chabrier (2003) IMF, STELIB library (Le Borgne et 2003) and Padova-2004 models. The
intrinsic extinction is modeled due to foreground dust aathmeterized by th&-band extinction,
Ay, using the extinction law of Cardelli et al. (1989) with, = 3.1.

Before fitting, the spectra are corrected for the galacttmetion using the maps of Schlegel
et al. (1998) and applying the Cardelli et al. (1989) exioctaw, shifted to the rest frame; then they
are rebinned by A from 3800 to 86004; the spectral regions of strong emission lines, bad pixels
and sky residuals are masked out during the fitting. Thefitésg population is found by searching
for the minimumy? = 37, [(Ox — My)w,]?, wherew; " is the error inO,.

Figure 2 shows an example of the spectral fit for IC 692 in omrda. The top panel shows the
observed spectrum (black) and the fitting (red), and theoboftanel shows the residual spectrum
(Ox — My, black) and the masked spectral regions (red).

3.2 Mean Stellar Age and Metallicity

sTARLIGHT Shows the fractional contribution weighted by light and #tellar mass of each SSP.
Following Cid Fernandes et al. (2005), we choose the lighigited mean stellar age to characterize

2 The “ellipse” task fits elliptical isophotes to galaxy imaged calculates a mean intensity and error at differenit A
divide the mean intensities at the same radius of two bangésto derive the radial color profildRAF is distributed by the
National Optical Astronomy Observatories, which is opedaty the Association of Universities for Research in Astray,
Inc., under cooperative agreement with the National Seiéfaundation.

3 http://mww.starlight.usfc.br/
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Fig.1 SDSSu—, g— andr—band multi-color images and the radial r color profiles for three
ETG(bc)s in our sample. The color gradient is positive. Ebars are calculated by the “ellipse”
task inIRAF. From top to bottom are PGC 43121 (3.01), PGC 49927 (2.58)4p@G 5179 (2.63),
respectively. The number in brackets is the concentratidex (90 /750). These ETGs show a blue
core with a typical elliptical profileqolor online).



Peculiar ETGs with Central Star Formation 489

Tablel Early-Type Galaxies with Blue Cores

SDSS i NAME « (J2000.0) § (J2000.0) Dist. rgper 750 ratio C. M,y
(hms)y € 7 7) (Mpc) (pc) (pc)
1) 2 (3) @ 6B 6B O 6 v
SDSS J022628.28+010937IT 225 0226283 +010938 17.7 129 814 0.16 2.637.28
SDSS J082938.74+520434BGC 23834 082938.7 +520435 258 188 410 0.46 3-087.47
SDSS J091645.52+532634BGC 26188 0916455 +532635 32.8 239 544 0.44 2.717.92
SDSS J093922.38+363428RIGC 27539 0939224 +363429 853 621 1989 0.31 3.009.71
SDSS J094301.64+58582419GC 5179 0943016 +585825 205 149 1074 0.14 2:637.39

SDSS J094804.68+325257RGC 28169 094804.7 +325257 245 178 457 0.39 2:897.65
SDSS J095732.85+333711IC 2524 0957328 +333711 235 171 452 0.38 3.887.55
SDSS J095836.23+131518PGC 28817 095836.2 +131519 51.9 378 1281 0.29 2:989.34
SDSS J101628.22+451917BGC 30005 101628.2 +451918 257 187 460 0.41 2.757.41
SDSS J102949.28+161051RPGC 30932 102949.3 +161051 484 352 820 0.43 3:278.17

SDSS J103837.25+443123RGC 31639 103837.2 +443123 53.8 391 747 0.52 2:9859.06
SDSS J104214.22+474600RGC 31888 1042 14.2 +474600 239 174 550 0.32 2:8%6.93
SDSS J111836.34+63165@0RGC 34582 111836.3 +631650 46.0 335 907 0.37 3:079.17
SDSS J112553.46+0959141€ 692 1125535 +095915 20.7 151 598 0.25 2.717.78
SDSS J113028.60+480633BGC 35467 113028.6 +480639 116.4 847 1267 0.67 2.800.38

SDSS J113536.39+15583¢0AGC 35838 113536.4 +155830 76.6 557 849 0.66 3-088.69
SDSS J114332.72+312723RIGC 36418 1143327 +312728 288 210 510 0.41 2:607.36
SDSS J114556.60+501159NGC 3870 114556.6 +501159 13.1 95 401 0.24 273757
SDSS J114700.72001739.2PGC 36750 114700.7—-001739 252 183 821 0.22 2.60-17.44
SDSS J120515.83+30512¢RGC 38277 120515.8 +305120 11.84 86 342 0.25 2.856.00

SDSS J121035.68+1145338RGC 38747 121035.7 +114539 224 163 469 0.35 2:686.83
SDSS J122417.04+672623RGC 40349 122417.0 +672624 193 140 451 0.31 3-087.10
SDSS J123233.50+091023AGC 41587 1232335 +091025 204 148 424 0.35 2:917.14
SDSS J124655.40+263351BGC 43121 1246554 +263351 14.8 108 391 0.28 3:016.51
SDSS J124841.02+342839RGC 43281 124841.0 +342839 61.6 448 973 0.46 3:189.40

SDSS J130034.91+642649BGC 44782 130034.9 +642650 29.9 218 820 0.27 2:807.48
SDSS J130604.02+532943AGC 45337 1306 04.0 +532943 100.9 734 1413 0.52 2.91©.61
SDSS J132000.98+520303RGC 46505 132001.0 +520303 654 476 761 0.63 2:828.70
SDSS J132420.16+363543RGC 46854 132420.2 +363546 69.1 503 1220 0.41 2:80.81
SDSS J140124.02+36480Q0RGC 49927 140124.0 +364800 39.7 289 1239 0.23 2:589.03

SDSS J141842.39+245519BGC 214248 1418424 +245520 64.3 468 1155 0.40 2.718.33

Notes: List of ETG(bc)s and their parameters. Columns: @1y SDSS id and corresponding RC3 catalog name;
(2—3) right ascension and declination at epoch J2000; (4)rdistdrom NED in Mpc; (5) physical galaxy radius
covered by SDSS fiber in pc, calculated by multiplying the SDS'’ fiber radius by the galaxy’s distance in column
(4); (6) r-band half-light radius in pc; (7) the ratio betweeg, ., andrso; (8) the concentration index; (9)band
absolute magnitude.

the stellar population mixture of a galaxy, which is moresiére to the young stellar population
and the residual star formation activity.

N,
(logty)r, = ijlogtj, 2

J=1

wherexz; is the fraction of flux contributed by thgth SSP. The light-weighted mean metallicity
((Z,) 1) is calculated in the same way.
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Fig.2 Spectral synthesis of the galaxy (IC 692) in our samfp.panel: observedthick black line)
and model thin red line) spectra ¢olor online). Bottom panel: the residual spectrunbl@ck) and the
masked regiong¢d).

4 RESULTS
4.1 Spectroscopic Properties

The SDSS spectrum comes from a single fiber, which has a waytbleoverage of 3800-92G0
and a resolution of about 1800. The fiber radius correspanais angular size df.5”, and this fixed
aperture corresponds to a different physical size at diffedistances. So the spectrum is a nuclear
spectrum for the nearby galaxies and a global spectrum éodigtant galaxies.

Table 1 shows the corresponding physical size (Col.(5))anatio (Col.(7)) of this physical
size to the half-light radius (Col.(6)). From column (7) afble 1, we find that the ratio is small, so
our spectral properties are for the very central region es¢hgalaxies.

After removing the contribution from the old stellar poptida, we can derive the pure emission-
line spectrum, where we can measure the accurate emiss®fluxes, such as# [O 111]A5007,
Ha, [N 111A6583 and [S1]A6716, 6731.

Figure 3 shows the BPT diagram (Baldwin et al. 1981) of théB8(®c)s. Detailed photoioniza-
tion modeling (Osterbrock 1989) showed that the optica fetio, [O111]A5007/H3, is a good indi-
cator of the mean level of ionization and the temperaturé®gimitting gas, while [N 116583/Hx
is sensitive to the size of the partially ionized zone pradlicy high-energy photoionization, both
of which are higher in AGNs. According to the line ratio, thB Bdiagram can be roughly divided
into three regions (following Kauffmann et al. 2003b) to aegte star-forming galaxies from AGNSs.
From the BPT diagram, we find that all the ETG(bc)s belongdo-f&trming galaxies, which rules
out the possibility of AGN activity causing the blue core.fatt, the radiation area of the AGN
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Fig. 3 Emission-line flux ratio [Q11]A\5007/H versus [NI1]A6583/Ha for the ETG(bc)s; this dia-
gram is also called the BPT diagnostic diagram. Divisiomstased on Kauffmann et al. (2003a) to
distinguish star-forming galaxies, LINERs and Seyfertse Tashed line represents the demarcation
line of pure star formation. Seyfert galaxies havel[QA5007/H3 >3 and [N11]A6583/Ha >0.6.
LINERs have [O111]A5007/HB <3 and [N11]A6583/Ha >0.6. All our ETG(bc)s are star-forming
galaxies.

9.0[

8.8

o
o

12+log(O/H)
o
»

o
N
T
1

8.0 T
[ 1 1 1 1 1 ]

7.5 8.0 8.5 9.0 9.5
log[Stellar mass(Mo)]

Fig.4 The stellar mass and gas-phase metallicity relation of BTY3( The stellar mass is based on
Kauffmann et al. (2003a) and Salim et al. (2007); the gas@lmaetallicity is from Tremonti et al.
(2004). The diamonds are the median values of bayesiarnhidad estimates for the parameters,
and the error bars are the 2.5 and 97.5 percentile rangeg @irtibability distribution. The line is
the linear least squares fit, and the correlation coeffidggeatual to 0.47. More massive ETG(bc)s
tend to have a slightly higher metallicity.

is very small, and the AGN cannot affect the color to a radigeificantly larger than the seeing,
typically 1.4” in the SDSSr-band. From the radial color profile in Figure 1, we find that biue
core region is larger than4”, so the outer region of the blue core must be caused by staafam
activities. The result from the BPT digram confirms that tiweeir region of the blue core is caused
by star formation activities.
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Fig.5 Distribution of photometric properties of ETG(bc)s from S® andGALEX. Top l€ft:
CMR of u—r color withr-band absolute Petrosian magnitudé.(. Topright: CMR of NUV —
r color with M,.. Bottomleft: the concentration index va4... Bottomright: r50 (effective radius)
vs. M,; the solid line is the linear least squares fit, and the sgaktation isrso oc L40.

Figure 4 shows the stellar mass-metallicity relation festnETG(bc)s. The stellar mass is based
on fitting to the photometry following Kauffmann et al. (2@)3and Salim et al. (2007). The gas-
phase metallicity is represented by the oxygen abundargéyfollowing Tremonti et al. (2004).
The relatively high gas-phase metallicity of our samplenpared with the Sun{2+1og(O/H)) =
8.69), rules out the possibility of an external origin of gas thgb accretion processes from the low
metallicity intergalactic medium (IGM). The correlatioaefficient between the stellar mass and the
gas-phase metallicity is 0.47. There is a tendency that massive ETG(bc)s have slightly higher
metallicity, which is the same as star-forming spiral g@axTremonti et al. 2004). Moreover, the
masses of these ETG(bc)s are relatively low, which will lsedssed below.

4.2 Photometric Properties

Figure 5 shows the general photometric properties of ET}3(fsom the SDSS anGALEX data:
thewu — r color, theNUV — r color, the concentration index and the physical half-ligtatius ¢5o,
also called the effective radius) with the relation to thigand absolute Petrosian magnitudé.j.

The top left panel of Figure 5 shows the color-magnitudeti@ia(CMR) of u — r Petrosian
color versusV/,., where the colors have already been corrected for galadiitcgion (Schlegel et al.
1998). The most well-known feature in the CMR is a bimodadcdistribution of galaxies (Strateva
et al. 2001; Blanton et al. 2003; Baldry et al. 2004). Gemgrghlaxies can be divided into red
sequence (massive early-type passive galaxies) and tdud (dalaxies with active star formation)
cases. From the CMR, we find that all the ETG(bc)s belong tdthe cloud region according to
u—r < 2.22 (Strateva et al. 2001). However, normal ETGs tend to be éatat the red sequence
due to their predominantly old stellar content. These pac&TG(bc)s are located in the blue cloud
because they harbor star-forming activities, which makertiifferent from normal ETGs.

The top right panel of Figure 5 showsUV — r color with M,.. The NUV magnitude of our
sample is fromGALEX. Star formation activities will produce UV excess, so thE3&(bc)s will
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be bluer in UV. However, another UV excess could arise frodh extreme horizontal branch (HB)
stars, that leads to the “UV upturn” phenomenon around ¥50€g. Yi et al. 1999). Kaviraj et al.
(2007), using théVUV —r color, found that objects wittN UV —r < 5.4 are highly likely to harbor
recent star formation instead of the UV excess from the @ldssErom the CMR oNUV — r with
M,, allETG(bc)s haveVUV —r < 4, which supports the blue cores being caused by star formatio
activities.

From the bottom left of Figure 5, we find that the concentraimmex of ETG(bc)s lies between
2.6 and 3.3, closer to the concentration index of the expiadetisk profile (G. ~2.3) than the de
Vaucouleurs profile (€~5.5), so these ETG(bc)s are more likely to be exponentiéil giidaxies
whose stellar component is not completely relaxed yet.

The bottom right panel of Figure 5 shows the relation of éffeaadius withM,.. The solid line
is the linear least squares fit and the two parameters ctenelll, with the correlation coefficient
equal to —0.83. (The-axis is reversed, from left to right; the galaxy magnitus@iogressively
smaller, and the galaxy is progressively more luminousg fore luminous galaxies have larger
optically emitting regions, and the scaling relatiomis oc L°-4°.

4.3 Stellar Population

By analyzing the photometric and spectroscopic data ini@ecéd.1 and 4.2, we suggest that the
most probable origin of the blue cores in ETGs is caused byntestar-formation activities, rather
than AGN activities.

Figure 6 shows the distribution of light-weighted propestin the age-metallicity plane from the
results of stellar population synthesis. The light-wegghproperties are calculated by Equation (2),
and we use flux weighted mean stellar age to characterizédltar population mixture of a galaxy,
so they are more sensitive to the young stellar populatiotla@ residual star formation activities.
The dotted and dashed lines respectively represent thagevstellar population age and metallicity
of the sample. We find that the distribution of the stellarydafion in the blue cores of ETG(bc)s
is relatively young compared with normal ETGs but with qué#ege scatter. Some of the stellar
population is very young, around several Myr, but some iatredly old, perhaps slightly less than
one Gyr. This result confirms that ongoing or very recentfetanation takes place at the center of
these ETGs.

5 GASAND ENVIRONMENT
5.1 GasFraction

From the results of BPT, CMR and stellar population synthpsésented above, we find that these
ETG(bc)s embrace either ongoing or very recent star foomatio there must be a certain amount
of gas to fuel the star formation.

From the HyperLeda Databds¢Paturel et al. 2003), and the NASA/IPAC Extragalactic
Database (NED), we obtain 21 cm line flux data for 14 ETG(b@Js.convert them to H mass
using equatiom/y; = 2.356 x 10°D? fo1.m, WhereD is the distance in Mpc, angbic., is the
21-cm line flux in Jy km s! (eq. (9), Haynes & Giovanelli 1984). Then we investigate riigo
between the total gas mass and the total baryonic mass inTta€b)s. The gas fraction is de-
fined asfsas = Mgas/(Mgas + Mstar) following Geha et al. (2006), where the total gas mass is
Mygas = 1.4My1, mainly including the mass of the Hand helium gas. We present the distribution
of the gas fraction f;.s) with the stellar mass in Figure 7. Geha et al. (2006) foulad tiere was a
tendency for less massive galaxies to have higher gasdrectin Figure 7 this tendency is not obvi-
ously limited to the size of our sample. The average gasifraat our sample is around 0.55, which

4 http://leda.univ-lyond.fr/
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Fig.7 Gas fraction fgas = Mgas/(Mgas + Msiar), plotted vs. stellar mass, and total gas mass
Meas = 1.4Mwu1, mainly including the mass of the Hand helium gas. The average gas fraction
is 0.55.

is very high compared with normal ETGs. However, thesefldxes are from single-dish measure-
ments, e.g. Arecibo, GBT and Effelsberg radio telescopesilze Hi fluxes may be overestimated.
Interferometric observations will be needed to derive aueate H measurement.

We find that there is an anti-correlation betwgen- color and gas fraction as shown in Figure 8;
the correlation coefficient is equal t60.68. This result suggests that the ETG(bc) with a higher gas
fraction has a bluer color.

5.2 SFRsand H |

From the above investigation of gas fractions, we know thes¢ ETG(bc)s contain lots of gas, and
these ETG(bc)s also harbor star formation activities, savilldurther explore the relation between

the SFRs and the gas mass. We utilized the total SFRs aftéuspeorrection based on Brinchmann
et al. (2004). The SFR in SDSS fibers is calculated lyfldx, and the total SFR needs aperture
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Fig.8 Gas fraction vsg — r color. The solid line is the linear least squares fit, and the
correlation coefficient is equal t60.68. The ETG(bc) with a higher gas fraction has
a bluer color.
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Fig.9 Relation between the total SFRs and the idass for 14 ETG(bc)s, the total SFRs after
aperture correction are based on Brinchmann et al. (200w) stlid line is calculated by a linear

least squares fit, and the correlation coefficient is 0.745(B€)s with more gas harbor higher

SFRs.

correction according to the color of the galaxy. The resafesshown in Figure 9. The solid line is
the best fit by the linear least squares method. We find thabtheSFR correlates well with the H
mass in these ETG(bc)s, with the correlation coefficiemdpéi74. ETG(bc)s with more gas harbor
higher SFRs.

5.3 Environmental Dependence

It is well known that the environment of a galaxy plays an imtpot role in determining its proper-
ties, such as rest-frame color, star formation rate andgaent (Kauffmann et al. 2004; Baldry et al.
2006; Ellison et al. 2009). The most famous is the morpholdgysity relation found by Dressler
(1980), who found that the fraction of spiral galaxies dases with increasing local galaxy density
in 55 nearby galaxy clusters, but the fraction of elliptigalaxies shows the opposite behavior. So
we will explore the relationship between some of the prapef these ETG(bc)s with local galaxy
density.
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Fig.10 Distribution of galaxy properties with environmenhgft: the relationship between the H
mass and the galaxy density; the correlation coefficientd59.Right: the relationship between all
the SFRs and the galaxy density; the correlation coeffiéggent).69. The lines in these figures are
calculated by the linear least squares fit of the respectite. d

To study the local density around each ETG(bc), we define

N
EN - Wd?v7 (3)
wheredy is the projected distance to théth nearest neighbor that is a member of the density
defining population (DDP), within a reasonable redshifgenn this work, we choos® = 5 and
a redshift range of- 1000 km s!.

The left panel of Figure 10 shows the relation between thedss and the galaxy density of 14
ETG(bc)s with Hi observations. The Hgas mass decreases with increasing local galaxy density,
and the correlation coefficient is0.59.

From Figure 9 we know that the SFRs correlate well with the iHass. We plot the SFRs
of 31 ETG(bc)s with galaxy density in the right panel of Figu0. The SFRs also decrease with
increasing local galaxy density and the correlation caefficis —0.69. The trend is the same as
the H1 mass with the local galaxy density, as we expected, andrénislf where the star formation
rates of galaxies or the star formation fraction decreassimcreasing local galaxy density, is well
established by many other works (Gomez et al. 2003; Kauffnet al. 2004; Best 2004). Because
the random velocities of the galaxies in a denser enviroerengenerally larger, the time the two
galaxies are close together is correspondingly shorter tlae chance that dynamical friction will
leave them in a bound orbit is much reduced. So the star fasmedtes induced by interactions or
mergers are reduced in a denser environment (Binney & Tresri#87).

6 DISCUSSION

We found that the ETG(bc)s in our sample were not very massive stellar mass of an ETG(bc)
is around one billion solar masses. This result is condistéh a recent paper by Suh et al. (2011),
who studied nine early-type galaxies with type Il and |b supgae caused by recent star forma-
tion (RSF) activities, and found that SNe II/Ib prefereliaccur in relatively small host galaxies
(M, > —22). In fact, most ETG(bc)s are dwarf galaxies. Dwarf elliptigalaxies tend to have less
concentrated surface brightness profiles, which is caristith the result from the concentration
index. However, it is still not clear why blue cores tend teebebedded within low mass galaxies.

In the galaxy downsizing scenario (e.g. Fontanot et al. 20@8ssive galaxies form earlier and
then fade, so star formation starts at a lower redshift irelawass galaxies. Low-mass galaxies, such
as dwarf elliptical galaxies, are not effective in transfigrg cool gas into stars, which is probably
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due to their low surface densities (Kennicutt 1998; Martirk&nnicutt 2001; Verde et al. 2002;
Dalcanton et al. 2004). This is in accordance with the highfgaction found in the ETG(bc)s. In
lower mass galaxies, with a shallower halo potential wedl |bss of metals through stellar winds and
supernova (SN) ejecta becomes more important (Veilleuk @085), which leads to the tendency
we see in the mass-metallicity relation.

In the BPT diagram, we find that none of the ETG(bc)s in our darshow AGN activity,
because most ETG(bc)s are dwarf galaxies. This result isistemt with Kauffmann et al. (2003b),
who found that very few AGNs are found in galaxies with+ < 10!°M. From the relation
between the mass of the central black holes and the mass bbthelliptical galaxies (Gultekin
et al. 2009), we know that the central black holes in thesaxigd are less massive, and their AGN
activity should be very weak.

In addition to the mass dependence interpretation, ansttesrario is the environment depen-
dence, e.g. the star formation activities in ETG(bc)s adei@ed by interactions or minor mergers.
We have found a relation of decreasing SFRs in these ETG{tt)sncreasing local galaxy den-
sity. This is because, in a denser environment, the highivelaelocities between galaxies makes
the time the two galaxies are close together shorter, anetkaes the chance that dynamical friction
will leave them in a bound orbit. So, the interactions or neescare rarer in denser environments.
However, if the star formation activities in the ETG(bc)s @aused by tidal interactions or minor
mergers, the standard SDSS images may be too shallow toglifgh these faint tidal features.

7 CONCLUSION

We have presented a study of 31 early-type galaxies with ddues, which are selected from the
RC3 catalog based on the photometric and spectroscopiotitita SDSS. From the BPT diagram
and CMR of NUV — r with M,., we find that the blue cores are caused by central star fawmati
instead of AGN activity. From the results of stellar popidatsynthesis, we find that the stellar
population of the blue cores is relatively younger than redf&T Gs, spreading from several Myr to
less than one Gyr, and this is caused by ongoing or RSF aesivithese ongoing or RSF activities
also cause the ETG(bc)s shift to the blue cloud in the CMR efr color with M., and the stellar
component is not relaxed yet according to the concentratiex. We find that the scaling relation
between the effective radius and the luminositysis oc L0-40.

From the Hi observation, we find that the average gas fraction of the€&(Ed)s is 0.55, which
is higher than the normal ETGs, and the bluer galaxies havwgheehgas fraction. Their total SFRs
correlate with the H gas mass. The high gas-phase metallicity from the resuieafiass-metallicity
relation rules out the possibility of an external origin @fsghrough accretion processes. It is more
probable that the gas has an internal origin.

The environment is very important to the evolution of ETQ&hand we find a relation of
decreasing gas mass and star formation rates with increlasial density.
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