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Abstract We combine the results of optical spectroscopy and photometry of a sample of
local early type galaxies by Sloan Digital Sky Survey(SDSS) with spectral energy distribution
fitting using the Ultraviolet to midIR photometric data. Among the 50 galaxies from present
sample, 39 were found to occupy the position of ”Blue-cloud” and ”Green valley” region in
the CMD plane. We compute the parameters such as stellar mass, dust mass, dust luminosity,
specific star formation rate and it’s correlation with central black hole mass. This could depict
a scenario suggesting ba two way migration of ”Green valley” galaxies, either from SF phase
to red sequence or from red sequence to the SF. Specific star formation rate is found to have
a strong dependence on the gas content of galaxy over the average stellar age of galaxy popu-
lation such that younger the stellar population of a galaxy, larger is the gas fraction and hence
show high specific star formation rate. This suggests that the star formation in these ETGs may
purely of intrinsic origin.
Keywords Keywords: galaxies: early type, galaxies: evolution, galaxies: star formation,
optical spectroscopy, SED fitting.

I Introduction
Early-type galaxies (ellipticals and lenticulars together) were broadly characterized by their

roundish shapes, featureless morphologies, red colours, total absence or very little content of
the inter stellar medium (ISM), and very smooth distribution of stellar light and mass over the
effective radius confined in a plane (Djorgovski and Davis, 1987). They were believed to be
passively evolving stellar systems following a tight red sequence of the galaxy colour magni-
tude relation (Baldry et al., 2004). Due to the lack of the gas and dust, later acting as a catalyst
for the star formation, these systems were devoid of star formation activities and hence were
regarded as the fossils of galaxy evolutions. However, this scenario has changed drastically over
the years. Particularly, multi-frequency photometric and spectroscopic observations and deep
surveys of ETGs in recent years employing high-sensitivity instruments have revealed that sev-
eral of the elliptical and even more lenticular galaxies host a substantial fraction of dust and gas
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in all the known phases e.g., Goudfrooij et al. (1994); Marino et al. (2011); Patil et al. (2007);
Kulkarni et al. (2014), sufficient enough to generate appreciable amount of star formation (Temi
et al., 2009; Huang and Gu, 2009). Evidence regarding the existence of cold gas in this class of
galaxies was provided by the thermal dust emission in IR regions. Polycyclic aromatic hydro-
carbon (PAH) emission, characterizing starburst phase, is detected in a large fraction of ETGs
spectra e.g. Panuzzo et al. (2011). Presence of ionized gas has been revealed through the Hα

nebular line emission measurements (Phillips et al., 1986; Capetti and Baldi, 2011; Ge and Gu,
2012), where as presence of X-ray emitting extremely hot gas in nearly all the ETGs has been
confirmed through the systematic imaging analysis employing high resolution data from Chan-
dra X-ray observatory (Canizares et al., 1987; Kim and Fabbiano, 2010; Summers et al., 2004;
Pinto et al., 2014; Vagshette et al., 2013; Patil et al., 2007). X-ray study of these systems has
revealed that the hot gas is mostly associated with the cooling flow mechanism in cluster domi-
nant galaxies, nuclear activity or shock waves created during the galaxy merger process. Thus,
the past studies have confirmed that hot, warm and cold phases of the ISM in these galaxies
are spatially associated with one another (Vagshette et al., 2012; Deshmukh et al., 2013), sug-
gesting that all these components support the same physical processes related to the galaxian
evolutions.

Another important activity, the ongoing star formation, in this class of galaxies make these
quiescent ETGs as active candidates. Recent studies of these galaxies strongly support the
rejuvenated stellar episodes in ETGs. (Kannappan et al., 2009; Yi et al., 2005; George and
Zingade, 2015; Schawinski et al., 2014; Deshmukh et al., 2022) found ETGs to reside along
the blue cloud sequence in the color-magnitude diagram with (u − r) < 2.22, a contradictory
magnitude for ETGs (Strateva et al., 2001) supporting the star formation process in ETGs. This
introduces the idea of regrowth of spirals from ETGs as a product of galaxy evolution (Wei
et al., 2010). The color - magnitude diagram exhibits a bimodality providing an important way
to separate the passively evolving red galaxies from the actively star-forming blue galaxies.

Past studies have demonstrated that the stellar mass in these red sequence galaxies is in-
creasing over the last eight billion years (Bell et al., 2004; Faber et al., 2007; Brown et al.,
2007; George and Zingade, 2015). This is probably due to the growth of the stellar mass of
the galaxies. Several mechanisms have been introduced to address for the star formation pro-
cesses in ETGs. Among them, gravitational interaction or merging of gas rich components is
believed to be the most significant mechanism that can start star formation and even starburst
activity in this class of galaxies (Barton et al., 2000; Kaviraj et al., 2009; George, 2017). Some
internal processes within galaxy may cause starburst phase such as instabilities produced by
bars and jets and the energy injection from winds and supernovae can produce star formation
in ETGs (Dressel, 1988; Gaibler et al., 2012; McDonald et al., 2015). These processes result in
the increase in stellar mass of ETGs by accreting more stars and gas and hence triggering star
formation through out the galaxy. As a result, the blue spectral energy distribution of the host
systems gets elevated and hence yield into the change in their position from red sequence to the
blue cloud in the colour-magnitude diagram of the galaxies.

Knowing the star formation histories (SFHs) of galaxies is key to understand the formation
and evolution scenario of a galaxy. One can easily determine the SFH of a galaxy by performing
spectro-photometric study of individual stars in it and by obtaining colour-magnitude diagram
(Tosi et al., 1991). However, in the case of distant galaxies it is quite impossible to resolve
individual star and hence to trace the SFHs of their host. In such cases, photometric spectral
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energy distribution (SED) modelling based on parametrized SFHs may provide a potential way
to constrain the full SFH of a galaxy (Conroy, 2013). Due to the advantage of requiring shorter
integration time relative to the spectroscopic method, broad-band photometric data available
in the archives of survey telescopes can greatly help to carryout the SED fitting. As a result,
several researchers have employed the multi-frequency data sets for performing the best-fit SED
model and to recover the current star formation rate (SFR) of galaxies.

This paper reports the SED and star formation activities in a sample of 50 blue ETGs within
local universe exhibiting optical emission line spectra. All these systems have redshifts in the
range between 0 < z < 0.05 with the median equal to 0.0274. The early-type morphology
of these galaxies has been confirmed through the visual inspection. In addition to the visual
inspection, several other methods are proposed to classify galaxies morphologically as early
and late types, which includes the Hubble T parameter, ratio of Pexp to Pdev, u-r color, etc. This
paper uses the criteria of concentration index Cr for their identification. Here, Cr is defined as
the ratio of Petrosian radii (Cr = r90/r50) containing 90% and 50% of the total galaxian light,
respectively, in the SDSS r band1. It is reported that the ETGs including E, S0 and Sa have Cr >
2.63, while spirals and irregulars have 2.0 < Cr > 2.63 (Strateva et al., 2001). All the galaxies
from our present sample have Cr greater than 2.63, classifying them as the ETGs. This paper
is arranged in the following way. Section refsection 2 describes data collection and detailed
data analysis strategies. Results from the study are reported in Section III whereas Section IV
summaries our work.Through out the paper we adopt a flat universe cosmology with ΩM = 0.3,
ΩΛ=0.7 and H0 = 70 km s−1.

II Data acquisition and analysis
As discussed above we have selected a sample of 50 ETGs for the present study based on the

criteria that they show optical emission line spectra from within the local universe with redshift
in the range 0 < z < 0.05. Basic data of the sample galaxies is summarized in Table 1. In
order to compute a reliable SEDs fitting and investigate the star formation processes in each
of the galaxy we have made use of the archival data with wavelength coverage spanning from
the ultraviolet to the far-infrared. For this purpose we concentrate on the instruments that span
these wavelengths and have extensive sky coverage, These include: GALEX for the UV part,
SDSS for the optical, 2MASS for the near-IR, WISE for the mid-IR and IRAS for the far-IR
coverage. Details of the data sets with their acquisition are discussed below.

I Imaging data
I.1 Ultraviolet data

To cover the ultraviolet (UV) part of the SED of ETGs we use GR6 data release of the
Galaxy Evolution Explorer (GALEX), which covers about 25,000 deg2 (∼ 63%) of the sky
region to a depth of about mAB=20 mag when is used for the All Sky Imaging Survey (AIS)
and of mAB=25 for the Deep Imaging Survey (DIS) (Morrissey et al., 2007). The UV emission
images are good tracers for the investigation of dust content and hence the star forming regions
in the host galaxies and are useful to measure the shape of the radiation field that is modified

1www.sdss.org
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Table 1. Basic data for sample galaxies.

Sr.No. SDSS Id RA(J2000) DEC(J2000) redshift D rfibre/r50 Cr Mr classification
hh:mm:ss dd:mm:ss Mpc

a b c d e f g h i
1 J003009.05-095711.7 00:30:09.00 -09:57:12 0.017 73.8 0.48 2.81 -19.66 SF
2 J003823.71+150222.4 00:38:23.70 15:02:22 0.018 78.2 0.20 3.57 -20.57 SF
3 J010358.74+151450.1 01:03:58.70 15:14:50 0.042 185.6 0.40 3.05 -21.29 SF
4 J012729.23-083315.4 01:27:29.20 -08:33:15 0.049 217.7 0.69 3.03 -22.00 SF
5 J022628.28+010937.7 02:26:28.30 01:09:38 0.005 21.5 0.13 2.63 -17.28 SF
6 J023247.42+004041.1 02:32:47.40 00:40:41 0.023 100.2 0.74 2.80 -19.26 SF
7 J030349.10-010613.4 03:03:49.10 -01:06:13 0.014 60.6 0.13 2.78 -20.89 AGN
8 J075912.37+533325.9 07:59:12.40 53:33:26 0.035 153.9 0.68 3.33 -20.88 SF
9 J080740.99+390015.2 08:07:41.00 39:00:15 0.023 100.2 0.43 3.77 -21.11 AGN
10 J081616.93+255827.9 08:16:16.90 25:58:28 0.042 185.6 0.96 3.04 -20.80 COMP
11 J082938.74+520434.8 08:29:38.70 52:04:35 0.006 25.8 0.46 3.03 -17.48 SF
12 J085139.06+570626.6 08:51:39.00 57:06:27 0.026 113.6 0.39 3.07 -20.07 SF
13 J085311.41+370806.5 08:53:11.40 37:08:06 0.05 222.3 0.55 2.89 -21.56 SF
14 J094150.95+121101.5 09:41:50.90 12:11:02 0.023 100.2 0.40 3.61 -20.18 SF
15 J094403.20+293634.0 09:44:03.20 29:36:34 0.017 73.8 0.52 2.93 -20.15 COMP
16 J094941.20+321315.9 09:49:41.20 32:13:16 0.005 21.5 0.32 2.99 -18.46 AGN
17 J095700.62+595808.0 09:57:00.60 59:58:08 0.031 135.9 0.77 3.32 -20.92 SF
18 J100351.88+592610.3 10:03:51.90 59:26:10 0.01 43.2 0.45 3.28 -19.32 SF
19 J100604.28+534253.4 10:06:04.30 53:42:53 0.044 194.8 0.94 3.12 -20.98 COMP
20 J101720.02+152920.9 10:17:20.00 15:29:21 0.033 144.9 0.63 2.89 -21.03 SF
21 J101912.56+635802.6 10:19:12.50 63:58:03 0.041 181.1 0.42 2.86 -21.91 AGN
22 J102158.91+645847.9 10:21:58.90 64:58:48 0.040 176.5 0.42 3.18 -21.16 SF
23 J103106.76+284747.9 10:31:06.80 28:47:48 0.005 21.5 0.26 2.70 -18.62 SF
24 J104549.80+273711.2 10:45:49.80 27:37:11 0.044 194.8 0.31 2.79 -22.37 SF
25 J105437.89+553945.7 10:54:37.90 55:39:46 0.048 213.1 0.48 2.82 -20.82 SF
26 J111349.74+093510.7 11:13:49.70 09:35:11 0.029 127 0.26 3.04 -22.15 AGN
27 J111632.33+284635.3 11:16:32.30 28:46:35 0.024 104.7 0.54 2.61 -19.46 SF
28 J111732.39+512553.8 11:17:32.30 51:25:53 0.009 38.8 0.41 3.04 -17.37 SF
29 J114556.60+501159.0 11:45:56.60 50:11:59 0.002 8.6 0.38 2.87 -17.57 SF
30 J114700.72-001739.2 11:47:00.70 -00:17:39 0.005 21.5 0.24 2.74 -17.44 SF
31 J115147.62+484059.2 11:51:47.60 48:40:59 0.003 12.9 0.20 3.03 -18.76 COMP
32 J120617.05+633819.0 12:06:17.00 63:38:19 0.040 176.5 0.48 2.70 -21.18 SF
33 J120823.52+000636.9 12:08:23.50 00:06:37 0.041 181.1 0.46 3.31 -21.48 SF
34 J121035.68+114538.9 12:10:35.70 11:45:39 0.004 17.4 9.47 2.68 -16.83 SF
35 J123502.64+662233.4 12:35:02.60 66:22:33 0.047 208.5 0.86 3.27 -21.64 SF
36 J124813.65-031958.2 12:48:13.60 -03:19:58 0.004 17.2 0.11 2.82 -20.06 SF
37 J125651.17+265355.9 12:56:51.10 26:53:56 0.021 91.4 0.27 2.65 -20.40 AGN
38 J125725.24+272416.4 12:57:25.20 27:24:17 0.016 69.4 0.53 2.66 -19.01 AGN
39 J125835.33+271552.8 12:58:35.30 27:15:53 0.025 09.1 0.33 2.81 -19.88 SF
40 J134747.70+111626.9 13:47:47.70 11:16:27 0.039 172.0 0.46 2.99 -21.19 SF
41 J140747.19+523809.7 14:07:47.20 52:38:10 0.044 194.8 0.50 2.98 -20.74 SF
42 J141433.22+404522.9 14:14:33.20 40:45:23 0.042 185.6 0.75 3.17 -20.84 SF
43 J143222.70+565108.3 14:32:22.70 56:51:08 0.043 190.2 0.45 3.11 -21.71 SF
44 J151809.64+254211.5 15:18:09.60 25:42:12 0.033 144.9 0.38 2.63 -20.66 SF
45 J155000.46+415811.1 15:50:00.50 41:58:11 0.034 149.4 0.43 2.75 -20.74 SF
46 J155335.56+321820.5 15:53:35.50 32:18:21 0.05 222.3 0.61 3.15 -21.02 SF
47 J160753.98+200303.7 16:07:54.00 20:03:04 0.032 140.4 0.54 3.77 -20.66 SF
48 J164430.75+195626.7 16:44:30.70 19:56:27 0.023 100.2 0.37 3.02 -20.64 SF
49 J172324.87+274846.3 17:23:24.90 27:48:46 0.048 213.1 0.65 2.99 -21.38 SF
50 J221516.18-091547.6 22:15:16.20 -09:15:48 0.038 167.5 0.35 3.00 -21.48 SF

due to the presence of PAHs. GALEX is a NASA’s Small explorer mission equipped with
two microchannel plate imaging detectors working in the near-UV (NUV) at 2267 Å and far-
UV (FUV) at 1516 Å and a grism to perform low resolution slit less spectroscopy (Morrissey
et al., 2007). Angular resolutions of FUV and NUV are 4.25 and 5.25 arcseconds, respectively,
with the source position accuracy of 0.34 arcseconds. As GALEX imaging surveys include
different modes i.e., AIS, MIS, DIS and NGS, therefore exposure time and sensitivity limits
are different for different surveys. Mission survey data sets are available to public via the
Multi-mission Archive at Space Telescope Science Institute (MAST)2. Out of the sample of 50
galaxies we find GALEX AIS data for 37 in FUV and NUV bands. FUV and NUV apparent
magnitudes were calibrated through the GALEX pipeline using SExtractor code in the AB
magnitude system defined by Oke and Gunn (1983). These apparent UV magnitudes were
corrected for the galactic dust extinction E(B-V) obtained using Schlegel et al. (1998) reddening
maps and assuming the extinction law of Cardelli et al. (1989). We assume the Milky Way dust
with RV = 3.1 and apply the dust extinction corrections to the GALEX data using relations
AFUV /E(B-V) = 8.376 and ANUV /E(B-V) = 8.741 (Marino et al., 2011).

2https://archive.stsci.edu/
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I.2 Optical observations

We have used seventh data release (DR7) of the Sloan Digital Sky Survey (SDSS, Abazajian
et al. (2009)), which is an ambitious astronomical survey release in the imaging and spectro-
scopic mode acquired using a 2.5m optical telescope at Apachi Point Observatory at New Mex-
ico, to cover the optical region of the SED of our program galaxies. Te SDSS covers a large
region of the sky (about 14,555 deg2) with an angular resolution of about 1.5 arcseconds. The
SDSS photometric data is measured almost simultaneously in five different bands namely, u, g r,
i and z with respective effective wavelengths of 3543, 4770, 6231, 7625, and 9134 Å. The tele-
scope is also equipped with a double 3 arcsec diameter Fiber-fed pair spectrograph that covers
wavelength range of 3800Å to 9200Å at a resolution of 2000. SDSS provides wavelength and
flux calibrated spectra of a fairly large number of astronomical objects including stars AGNs,
Quasars, SF galaxies covering a wide range of redshift enabling us to determine various phys-
ical properties such as redshift, velocity dispersion, star formation rate, metallicity and several
other. All the 50 galaxies in our sample have SDSS photometric and spectroscopic data. We
considered the Petrosian magnitudes for the sample galaxies that consider galaxy fluxes within a
circular aperture whose radius is defined by the shape of the azimuthally averaged light profile
and hence approximately represent the total galaxy flux. SDSS magnitudes are Vega magni-
tudes. SDSS g, r and i band magnitudes are close to AB magnitudes and that of the u and z
band were converted to their equivalent AB magnitudes following relations uAB = uSDSS−0.04
and zAB=zSDSS+0.02. The SDSS r band imagery of the program galaxies is shown in Figure 1.

I.3 Infrared data

To cover the IR part of the spectral energy distribution, we have made use of the Two Micron
All Sky Survey (2MASS) Extended source catalog (EXC) (Skrutskie et al., 2006) for near IR
(JHKs) data, The wide-field Infrared Survey (WISE) (Wright et al., 2010) for mid-IR data and
Infrared Astronomical Satellite (IRAS) faint source catalog data for the far-IR observations of
the sample galaxies. We considered Ks fiducial elliptical aperture JHKs band magnitude of
sample galaxies from 2MASS survey. WISE satellite has observed the entire sky in four mid-
IR bands: W1 (3.4µm), W2 (4.6µm), W3(12µm), and W4 (22µm). The first two bands W1 and
W2 are identical to the Spitzer IR Array Camera bands, while W4 is identical to the Multiband
Imaging Photometer 24µm band of Spitzer. For the case of galaxies W1 and W2 will help us to
trace the evolved stellar population, while W3 and W4 help us to understand the PAH emission
characteristics and continuum emission from the dust grains, respectively (Jarrett et al., 2013).
This all-sky survey capability of WISE has enabled us to get sufficient quality data on nearly
all the bright ETGs and hence provided us with a valuable demographic information regarding
the stellar populations, circumstellar dust, and PAHs. For the present study we have made use
of the Allwise catalog of WISE survey data considering w − g magnitudes extracted from the
apertures scaled from 2MASS EXC shape values and hence represent total integrated flux of
galaxy. The IRAS datasets on our sample enabled us to better constrain the peak of the SED in
the IR and also to derive the temperature of the dust content of the sources. We obtain the IRAS
fluxes and errors in the 2 IRAS bands namely 60 and 100 µm taking into account that for most
of our program galaxies, the quality flag for IRAS 12 and 25µm filter was not considerable.The
IRAS datasets on sample galaxies are useful to better constrain the peak of the SEDs in the IR
and also to derive the temperature of the dust grains in the galaxies.
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GALEX and SDSS magnitudes were k corrected using k-correction calculator of Chilin-
garian and Zolotukhin (2012). As 2MASS, WISE and IRAS employ the wide band filters,
therefore, the k-correction for sample galaxies with redshift 0 ≤ z ≤ 0.05 is not required.
Further, GALEX magnitudes resulting from the code SEXtractor, SDSS petrosian magnitudes,
2MASS Ks isophotal fiducial elliptical aperture magnitudes and corresponding AllWISE mag-
nitudes represent the total galaxian fluxes, therefore, we have not applied aperture correction.
The flux values derived in this way are used for further analysis and are as listed in Table 2 and
Table 3.

Table 2. MAGPHYS input flux values from GALEX and SDSS. Fluxes are retrieved as discussed in section 2.

SDSS Id FUV NUV u g r i z

Jy Jy mJy mJy mJy mJy mJy
J003009.05-095711.7 287.38±7.86 500.00 ±13.68 1.33±0.03 3.64 ±0.05 5.54 ±0.07 7.83 ±0.10 9.31 ±0.13
J003823.71+150222.4 - - 1.95±0.06 6.88±0.07 12.20 ±0.16 18.30± 0.18 18.60± 0.36
J010358.74+151450.1 - - 0.60± 0.02 2.25± 0.02 4.00± 0.04 6.12± 0.06 7.36± 0.09
J012729.23-083315.4 68.46± 9.92 199.35± 10.73 0.95± 0.02 3.28± 0.03 5.37± 0.05 8.31± 0.07 10.38± 0.11
J022628.28+010937.7 506.69± 23.00 781.96± 21.87 1.52± 0.05 5.82± 0.06 8.80± 0.08 12.14± 0.11 12.13± 0.17
J023247.42+004041.1 946.34± 12.80 1147.98± 11.95 1.36± 0.02 1.95± 0.02 2.06± 0.02 2.24± 0.03 2.35± 0.04
J030349.10-010613.4 44.11± 4.62 224.70± 14.07 1.73± 0.06 12.72± 0.11 28.10± 0.26 43.03± 0.39 52.82± 0.51
J075912.37+533325.9 - - 0.80± 0.02 2.35± 0.02 3.47± 0.04 5.20± 0.05 6.05± 0.07
J080740.99+390015.2 142.60± 12.57 388.51± 14.26 1.76± 0.03 6.01± 0.06 9.59± 0.09 14.14± 0.13 16.60± 0.18
J081616.93+255827.9 71.10± 6.85 223.33± 8.09 0.65± 0.01 1.49± 0.01 2.00± 0.02 3.24± 0.03 3.82± 0.05
J082938.74+520434.8 706.90± 20.14 954.81± 19.32 1.76± 0.03 3.84± 0.04 5.19± 0.06 6.11± 0.07 6.66± 0.09
J085139.06+570626.6 101.11± 12.31 183.74± 11.78 0.65± 0.03 1.94± 0.02 3.13± 0.03 4.57± 0.05 5.45± 0.10
J085311.41+370806.5 - - 0.57± 0.02 1.86± 0.03 3.29± 0.06 4.94± 0.08 5.98± 0.11
J094150.95+121101.5 247.37± 17.70 484.11± 18.09 1.11± 0.02 2.80± 0.03 4.09± 0.05 5.67± 0.06 6.38± 0.08
J094403.20+293634.0 - - 1.50± 0.03 4.45± 0.04 7.48± 0.06 10.50± 0.09 12.74± 0.13
J094941.20+321315.9 777.78± 21.40 1040.21± 19.43 2.71± 0.04 8.50± 0.08 14.08± 0.13 19.53± 0.18 22.59± 0.22
J095700.62+595808.0 180.24± 14.34 381.92± 13.82 1.03± 0.02 2.89± 0.04 4.67± 0.06 6.81± 0.09 8.25± 0.11
J100351.88+592610.3 850.12± 30.81 1340.70± 24.68 2.77± 0.04 6.31± 0.06 9.45± 0.09 13.44± 0.14 15.59± 0.17
J100604.28+534253.4 130.83± 11.53 221.64± 10.03 0.57± 0.01 1.50± 0.01 2.28± 0.02 3.50± 0.03 4.29± 0.05
J101720.02+152920.9 331.84± 15.14 628.91± 12.52 1.49± 0.02 3.29± 0.03 4.46± 0.05 6.03± 0.06 7.05± 0.09
J101912.56+635802.6 464.97± 20.93 795.87± 21.70 1.83± 0.03 4.13± 0.04 5.97± 0.05 9.42± 0.08 11.01± 0.12
J102158.91+645847.9 - - 0.83± 0.02 2.26± 0.02 3.43± 0.03 4.98± 0.05 5.75± 0.09
J103106.76+284747.9 521.59± 14.26 1088.29± 20.03 3.53± 0.05 11.30± 0.10 18.86± 0.51 29.42± 0.49 32.97± 0.31
J104549.80+273711.2 536.67± 24.36 949.48± 18.35 1.87± 0.03 5.54± 0.05 7.99± 0.08 11.06± 0.10 10.98± 0.13
J105437.89+553945.7 - - 0.33± 0.01 1.09± 0.01 1.80± 0.02 2.68± 0.03 3.17± 0.06
J111349.74+093510.7 440.18± 23.70 892.89± 24.50 2.96± 0.05 9.66± 0.08 15.11± 0.13 22.72± 0.19 26.04± 0.27
J111632.33+284635.3 15.07± 5.56 88.84± 5.56 0.39± 0.01 1.33± 0.01 1.98± 0.02 2.79± 0.03 3.16± 0.05
J111732.39+512553.8 163.39± 13.01 288.25± 13.00 0.61± 0.02 1.28± 0.02 1.65± 0.03 2.09± 0.04 2.15± 0.06
J114556.60+501159.0 3063.30± 55.96 4172.76± 38.40 7.25± 0.10 15.93± 0.14 21.58± 0.21 27.79± 0.28 29.72± 0.29
J114700.72-001739.2 422.77± 8.77 617.19± 8.54 1.41± 0.04 3.50± 0.03 5.17± 0.05 7.02± 0.07 7.29± 0.11
J115147.62+484059.2 2279.90± 42.51 3703.91± 37.04 7.48± 0.11 24.48± 0.21 42.32± 0.36 58.39± 0.49 66.50± 0.63
J120617.05+633819.0 76.08± 8.58 185.86± 5.07 0.72± 0.02 2.20± 0.02 3.46± 0.03 5.53± 0.05 6.64± 0.07
J120823.52+000636.9 85.24± 10.33 191.32± 10.37 0.81± 0.02 2.71± 0.02 4.45± 0.04 6.45± 0.06 7.84± 0.09
J121035.68+114538.9 205.71± 11.07 335.10± 12.15 1.01± 0.02 2.62± 0.02 3.86± 0.04 4.98± 0.05 5.47± 0.08
J123502.64+662233.4 74.00± 10.74 172.66± 9.38 0.71± 0.02 2.42± 0.05 3.99± 0.08 5.82± 0.12 7.09± 0.15
J124813.65-031958.2 11642.84± 44.82 19862.34± 79.79 22.40± 0.50 63.16± 0.93 92.81± 1.44 127.23± 2.27 132.81± 1.46
J125651.17+265355.9 - - 1.08± 0.02 3.75± 0.03 6.28± 0.05 9.16± 0.08 10.24± 0.12
J125725.24+272416.4 - - 0.70± 0.02 1.77± 0.02 2.70± 0.04 3.78± 0.06 4.50± 0.07
J125835.33+271552.8 326.9±5 2.51 483.48± 3.88 0.95± 0.02 2.18± 0.02 2.63± 0.02 3.27± 0.03 3.58± 0.08
J134747.70+111626.9 - - 0.71± 0.02 2.28± 0.02 3.67± 0.04 5.12± 0.06 6.10± 0.08
J140747.19+523809.7 - - 0.41± 0.01 1.29± 0.01 2.00± 0.02 2.84± 0.03 3.35± 0.05
J141433.22+404522.9 - - 0.56± 0.01 1.47± 0.02 2.32± 0.04 3.47± 0.05 4.33± 0.07
J143222.70+565108.3 116.21± 11.20 233.98± 10.53 0.90± 0.02 3.02± 0.03 5.11± 0.04 7.56± 0.06 8.83± 0.09
J151809.64+254211.5 49.35± 5.16 92.30± 4.15 0.50± 0.02 1.93± 0.02 3.31± 0.03 5.16± 0.05 6.06± 0.08
J155000.46+415811.1 81.89± 9.24 144.94± 7.79 0.65± 0.02 2.03± 0.02 3.43± 0.03 5.03± 0.04 6.14± 0.07
J155335.56+321820.5 75.38± 8.51 87.33± 3.93 0.42± 0.01 1.30± 0.01 1.96± 0.02 2.85± 0.03 3.37± 0.05
J160753.98+200303.7 116.21± 8.25 215.37± 5.87 0.90± 0.02 2.38± 0.02 3.54± 0.03 5.17± 0.05 6.04± 0.08
J164430.75+195626.7 57.71± 5.56 167.95± 7.56 1.22± 0.02 4.15± 0.04 6.76± 0.06 10.12± 0.09 12.19± 0.13
J172324.87+274846.3 46.69± 5.27 101.20± 6.32 0.61± 0.01 1.93± 0.02 3.00± 0.03 4.42± 0.04 5.27± 0.06
J221516.18-091547.6 - - 1.04± 0.03 3.32± 0.03 5.29± 0.05 8.22± 0.08 9.75± 0.12

II Spectroscopic data
We have also made use of the SDSS DR7 spectral data of the sample galaxies for fitting the

SED. The acquired spectra on these galaxies were reduced using the software package IRAF
(Image Reduction and Analysis Facility). All the spectra were converted to the rest frame using
the task dopcor and were also corrected for the Galactic extinction using task deredden follow-
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Table 3. MAGPHYS input flux values from 2MASS,WISE AND IRAS. Fluxes are retrieved as discussed in
section 2.

SDSS Id J H Ks w1 w2 w3 w4 60m 100 m

mJy mJy mJy mJy mJy mJy mJy Jy Jy
J003009.05-095711.7 10.50 ±0.29 12.40 ±0.48 9.74 ±0.57 5.14 ±0.03 3.12 ±0.02 12.94 ±0.12 36.97±0.84 0.67±0.06 0.93±0.17
J003823.71+150222.4 22.90±0.58 27.70 ±1.10 23.30 ± 1.19 11.75 ± 0.06 7.07±0.05 27.03 ± 0.20 37.17 ±1.18 0.73 ± 0.07 1.27±0.23
J010358.74+151450.1 8.78± 0.34 11.20± 0.45 10.40± 0.77 5.29± 0.03 3.29± 0.03 11.60± 0.11 11.67± 0.70 - -
J012729.23-083315.4 15.70± 0.31 19.90± 0.56 19.80± 0.73 11.28± 0.06 8.74± 0.05 61.53± 0.34 139.51± 1.15 3.60± 0.25 6.82± 0.41
J022628.28+010937.7 9.83± 0.43 9.33± 0.66 7.03± 0.68 4.87± 0.03 2.73± 0.03 5.28± 0.14 10.96± 0.71 - -
J023247.42+004041.1 1.95± 0.11 1.84± 0.14 1.82± 0.18 0.88± 0.02 0.53± 0.02 1.90± 0.12 12.39± 0.78 - -
J030349.10-010613.4 73.00± 1.27 83.10± 2.12 75.60± 2.20 55.76± 0.26 81.32± 0.45 195.12± 1.08 400.87± 2.58 0.77± x 0.93± y
J075912.37+533325.9 6.91± 0.23 8.31± 0.37 7.38± 0.38 - - - - 0.81± 0.06 1.01± 0.16
J080740.99+390015.2 19.20± 0.57 23.00± 0.89 19.60± 0.90 13.11± 0.07 11.72± 0.06 60.35± 0.33 214.88± 1.38 1.28± x 1.43± y
J081616.93+255827.9 5.13± 0.15 6.17± 0.21 5.76± 0.26 3.14± 0.03 2.45± 0.02 25.37± 0.19 126.65± 0.93 1.18± 0.07 1.27± 0.15
J082938.74+520434.8 6.40± 0.21 6.97± 0.28 5.88± 0.36 2.78± 0.02 1.64± 0.02 3.97± 0.12 12.72± 0.90 0.26± 0.04 0.67± z
J085139.06+570626.6 5.23± 0.21 6.33± 0.33 5.37± 0.32 2.78± 0.02 1.66± 0.02 4.76± 0.10 8.57± 0.69 - -
J085311.41+370806.5 7.84± 0.22 9.63± 0.37 8.82± 0.40 4.42± 0.03 2.76± 0.03 9.52± 0.12 12.45± 0.81 0.35± 0.04 0.78± 0.15
J094150.95+121101.5 5.68± 0.24 6.60± 0.35 5.54± 0.40 3.07± 0.02 1.89± 0.02 8.66± 0.10 21.08± 0.65 0.37± 0.05 0.62± 0.16
J094403.20+293634.0 14.80± 0.39 17.10± 0.57 14.20± 0.73 6.28± 0.03 3.49± 0.03 6.29± 0.10 6.82± 0.66 0.24± 0.04
J094941.20+321315.9 23.20± 0.38 25.50± 0.58 20.50± 0.67 10.30± 0.06 5.71± 0.04 9.73± 0.17 11.70± 0.88 0.23± 0.04 0.61± 0.12
J095700.62+595808.0 12.20± 0.44 14.60± 0.73 13.40± 0.79 6.43± 0.04 4.00± 0.03 16.62± 0.11 31.84± 0.58 0.57± 0.05 0.69± 0.15
J100351.88+592610.3 18.50± 0.37 21.80± 0.52 18.50± 0.73 9.75± 0.05 6.00± 0.04 35.38± 0.23 126.42± 0.93 1.25± 0.07 1.59± 0.16
J100604.28+534253.4 5.07± 0.19 6.31± 0.30 5.75± 0.32 - - - - - -
J101720.02+152920.9 7.97± 0.22 9.60± 0.38 8.71± 0.38 5.05± 0.03 3.53± 0.03 23.74± 0.15 44.90± 1.06 0.94± 0.08 1.58± 0.17
J101912.56+635802.6 13.80± 0.44 17.30± 0.76 18.40± 0.86 11.75± 0.06 13.07± 0.07 41.52± 0.23 87.54± 0.96 - -
J102158.91+645847.9 6.38± 0.32 7.38± 0.52 7.19± 0.54 3.21± 0.02 1.95± 0.02 7.63± 0.10 8.94± 0.50 - -
J103106.76+284747.9 41.50± 0.64 50.00± 0.78 41.40± 0.76 21.93± 0.12 13.57± 0.09 71.50± 0.39 182.90± 1.51 2.18± 0.17 3.39± 0.20
J104549.80+273711.2 15.80± 0.50 18.00± 0.78 18.20± 1.09 9.57± 0.05 7.03± 0.05 48.65± 0.31 145.82± 1.20 1.81± 0.11 2.86± 0.20
J105437.89+553945.7 3.83± 0.17 4.47± 0.28 4.10± 0.26 - - - - - -
J111349.74+093510.7 33.90± 0.89 42.20± 1.30 38.20± 1.85 25.28± 0.14 19.20± 0.11 94.17± 0.52 121.06± 1.22 - -
J111632.33+284635.3 3.55± 0.15 4.11± 0.20 3.88± 0.25 - - - - - -
J111732.39+512553.8 1.16± 0.10 1.39± 0.15 0.85± 0.14 - - - - - -
J114556.60+501159.0 32.00± 0.64 35.90± 1.27 27.30± 1.23 15.88± 0.09 9.55± 0.06 32.89± 0.24 67.33± 1.23 1.09± 0.07 2.52± 0.18
J114700.72-001739.2 4.74± 0.23 5.51± 0.31 3.75± 0.41 2.16± 0.02 1.20± 0.02 1.44± 0.10 4.11± 0.75 - -
J115147.62+484059.2 83.90± 1.30 98.30± 2.24 80.60± 1.98 44.41± 0.24 26.98± 0.15 141.09± 0.78 266.81± 1.96 2.80± 0.11 5.07± 0.25
J120617.05+633819.0 8.70± 0.25 10.40± 0.40 10.10± 0.53 5.44± 0.03 3.71± 0.02 22.24± 0.14 52.02± 0.57 - -
J120823.52+000636.9 8.42± 0.33 10.70± 0.45 8.64± 0.61 4.10± 0.02 2.35± 0.02 5.84± 0.11 5.45± 0.76 - -
J121035.68+114538.9 5.13± 0.33 6.13± 0.47 5.32± 0.58 2.00± 0.01 1.11± 0.02 1.00± 0.09 0.92± 0.52 - -
J123502.64+662233.4 9.57± 0.24 11.80± 0.36 10.40± 0.44 5.32± 0.03 3.31± 0.02 10.00± 0.08 17.74± 0.67 - -
J124813.65-031958.2 254.00± 3.25 288.00± 4.47 231.00± 5.88 - - - - 14.73± 0.88 20.59± 2.06
J125651.17+265355.9 12.10± 0.32 14.70± 0.52 12.40± 0.60 5.94± 0.03 3.87± 0.03 13.76± 0.13 17.97± 1.18 - -
J125725.24+272416.4 4.64± 0.18 5.43± 0.28 4.71± 0.28 - - - - - -
J125835.33+271552.8 2.52± 0.12 2.27± 0.17 2.21± 0.17 - - - - - -
J134747.70+111626.9 7.11± 0.30 8.56± 0.42 6.94± 0.55 3.80± 0.02 2.38± 0.02 10.77± 0.11 11.46± 0.64 0.26± 0.07 0.87± 0.17
J140747.19+523809.7 3.52± 0.22 4.32± 0.29 4.50± 0.43 2.28± 0.02 1.48± 0.02 7.36± 0.12 8.04± 0.55 0.20± 0.03 0.61± 0.12
J141433.22+404522.9 4.99± 0.18 6.19± 0.27 5.56± 0.34 2.39± 0.02 1.39± 0.01 3.01± 0.06 8.95± 0.48 0.36± 0.08 -
J143222.70+565108.3 11.00± 0.34 14.40± 0.58 11.20± 0.59 5.70± 0.03 3.36± 0.02 8.48± 0.08 11.46± 0.50 0.26± 0.03 0.61± 0.12
J151809.64+254211.5 7.74± 0.26 10.00± 0.44 8.41± 0.42 4.16± 0.02 2.60± 0.03 9.58± 0.08 25.18± 0.62 0.36± 0.04 -
J155000.46+415811.1 7.49± 0.28 9.21± 0.47 8.11± 0.44 3.87± 0.02 2.37± 0.02 9.88± 0.08 10.82± 0.41 0.23± 0.03 0.58± 0.16
J155335.56+321820.5 3.34± 0.17 3.91± 0.26 3.35± 0.27 1.60± 0.01 0.94± 0.02 2.38± 0.05 4.32± 0.37 - -
J160753.98+200303.7 6.18± 0.26 7.19± 0.46 6.14± 0.43 2.96± 0.02 1.75± 0.02 5.21± 0.09 11.48± 0.69 0.24± 0.04 -
J164430.75+195626.7 13.30± 0.37 17.50± 0.60 14.80± 0.63 7.12± 0.04 4.40± 0.03 20.04± 0.15 25.74± 0.77 0.26± 0.07 0.87± 0.17
J172324.87+274846.3 6.25± 0.23 7.40± 0.37 6.38± 0.35 3.22± 0.02 1.95± 0.02 6.69± 0.06 6.95± 0.39 0.19± 0.03 -
J221516.18-091547.6 11.00± 0.37 13.30± 0.62 12.00± 0.77 5.80± 0.04 3.68± 0.03 12.82 0.18 39.07 1.03 0.53 0.05 -

ing the same process as discussed above. In order to calculate equivalent widths and integrated
flux values of emission lines we used deblending program provided in SPLOT package of IRAF,
which allows an interactive approach to fit Gaussian profiles to the observed asymmetric emis-
sion lines. Computed integrated flux values were then required to be calibrated by applying few
corrections onto them.

II.1 Stellar absorption correction

Emission line fluxes calculated above normally provide underestimated values due to the
effect of underlying stellar absorption and is significantly large in the case of Hβ , Hγ and Hδ

emission lines. To remove effect of the underlying stellar absorption we first fit a Gaussian
profile to the emission line, quantified the corresponding flux values and then subtracted the
modeled emission line from the original spectrum. The resulting absorption line was fitted with
respect to the continuum. Then following the procedure outlined by (Kong et al., 2002) we
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measured the stellar absorption corrected flux value for each of the line using relation

Fint = Fobs

(
1 +

EWabs

EWobs

)
(1)

where, Fint and Fobs represent the intrinsic, stellar absorption corrected galactic extinction cor-
rected emission line flux and the observed emission line flux values, respectively, while EWabs

and EWobs represent the equivalent widths of the underlying stellar absorption and observed
emission lines, respectively.

II.2 Internal extinction correction

The interstellar dust present within the program galaxy also modifies the observed spectra
by causing their extinction. As a result, it is required to correct the observed emission line flux
values to overcome the internal reddening effect. Widely used method for correcting the emis-
sion line flux values due to the presence of internal dust relies on the measurement of relative
strengths of low order Balmer emission line ratios e.g. Hα/Hβ , Hγ/Hβ , Hδ/Hβ . The intrinsic
Balmer line ratio Hα/Hβ for the star forming galaxy is 2.86 (Osterbrock and Ferland, 2006)
and assume case B recombination process with electron density and temperature values equal
to 100 cm−3 and 10,000 K, respectively. We used the same value of the ratio of Balmer lines to
compensate for the internal dust modification. The intrinsic flux density fint at wavelength λ is
obtained from the observed flux density fobs(λ) though the equation (Calzetti et al., 2000)

fint(λ) = fobs(λ)100.4Aλ (2)

where, attenuation Aλ is related with the total to selective extinction through the relation RV =
Aλ

E(B−V )
. The intrinsic color excess due to the internal dust attenuation can be expressed as

A(Hβ) − A(Hα) = E(Hβ −Hα) = −2.5 log10

[
(Hα/Hβ)int
(Hα/Hβ)obs

]
(3)

here,
(
Hα
Hβ

)
int

and
(
Hα
Hβ

)
obs

, respectively, represent the intrinsic and observed emission line flux
ratios. The intrinsic excess color thus derived can be related with the broadband color excess
E(B-V) through the attenuation curve as A(λ) = κ(λ)E(B − V ), where, κ(λ) specifies the
attenuation curve at wavelength λ . This equation is also expressed as

E(Hβ −Hα) = [κ(Hβ) − κ(Hα)]E(B − V ) (4)

For this purpose we adopt (Calzetti, 1997) attenuation curve in the form

κ(λ) = 2.659(−1.857 + 1.040x) +RV , for 0.63m < λ < 2.20m (5)

κ(λ) = 2.659(−2.156 + 1.509x− 0.198x2 + 0.011x3) +RV , for 0.12m < λ < 0.63m (6)

where, x(= λ−1) represents the wave number and RV the ratio of total to selective absorption
and is taken to be equal to 3.1 like that for the Milky Way. Following these equations we obtain
κ(Hβ) = 3.64 and κ(Hα) =2.376. These values were then used to obtain the broadband color
excess as

E(B − V ) =
E(Hβ −Hα)

κ(Hβ) − κ(Hα)
=

−2.5

κ(Hβ) − κ(Hα)
log

[
2.86

(Hα/Hβ)obs

]
(7)
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We use these color excess values to calculate corresponding dust attenuation and hence the
intrinsic flux density of Hα emission line for each of the galaxy. This flux density was then
employed for estimating star formation rates in the program galaxies.

II.3 Aperture correction

The SDSS spectra acquired using 3” diameter fiber detects a limited amount of emission
from a galaxy therefore, in addition to the internal extinction correction and the stellar absorp-
tion correction we have to apply an aperture correction to them so as to derive the true emission
line luminosities. This is particularly important for the case of nearby galaxies, while that for
the distant galaxies it may provide the integrated spectrum. The fraction of galaxy size that has
been covered by the SDSS fiber for each of the system from our sample is given in column f of
Table 1. To obtain the integrated emission line flux from the entire galaxy we have applied the
aperture correction to the measured emission line flux values following the method suggested
by Hopkins et al. (2003) using the ratio of the fluxes corresponding to the total galaxy mag-
nitude and the magnitude measured through the fiber. While adopting this aperture correction
method, we are used to suppose that star formation is uniform through out the galaxy. In case
of patchy distribution of star formation, this method may add uncertainty. The extent of the
aperture correction for Hα emission line flux was given by

A = 10−0.4(rpetro−rfiber)

where, rpetro and rfibre represent the r band Petrosian and fiber magnitudes, respectively. This
aperture-corrected Hα luminosity was thus obtained using relation

LHα = 4πD2
l SHα10−0.4(rPetro−rfiber) Watts (8)

where, SHα representing the stellar absorption-corrected flux of the Hα emission and Dl the
luminosity distance.The resultant flux densities of emission lines after correcting for various
effects discussed above are listed in Table 3.
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Figure 1. SDSS r band images of program galaxies.
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III Results and Discussion

I BPT diagram
Though the star forming galaxies from among the sample for the present study have been

identified above, in few of the analogy that the SFR is likely be influenced by the nuclear
activity at the core of the host, we separate AGNs from the normal star forming galaxies using
the classical BPT diagram. For this purpose we make use of the optical line flux ratios. For
e.g.,Ratio of the optical lines [OIII]λ5007/Hβλ4861 is a good tracer of the degree of ionization
and temperature of emitting gas compared to that of [NII]λ6583/Hαλ6563, where the latter
is sensitive to the lines originating from the partially ionized gas due to a high energy sources
like OB associations, while both these line flux ratios takes larger values for the case where the
emission is originating from AGNs.

Table 3. Spectroscopic data for program galaxies.

SDSS Id Observed emission line flux(10−17 egr/s/cm2)

Hβλ 4861Å3 [OII]λ 5007Å Hαλ 6563Å [NII]λ 6584Å EW(Hα) LHα(1041erg/s)4 SFRHαflux
a b c d e f g h
J003009.05-095711.7 1883 1021 6231 2223 58.69 2.624 1.25
J003823.71+150222.4 1511 0301 3509 1704 25.38 1.315 0.62
J010358.74+151450.1 0547 0031 1169 0516 13.59 1.418 0.67
J012729.23-083315.4 1210 0224 5564 2910 33.30 25.024 11.91
J022628.28+010937.7 1308 0988 4280 0911 87.67 0.491 0.23
J023247.42+004041.1 1748 7745 5563 0329 93.91 2.558 1.21
J075912.37+533325.9 2026 0383 7186 3048 67.92 10.383 4.94
J082938.74+520434.8 2059 4411 4766 0530 47.33 0.127 0.06
J085139.06+570626.6 1101 0201 3226 1467 44.75 2.380 1.13
J085311.41+370806.5 0433 0075 1486 0624 19.64 5.596 2.66
J094150.95+121101.5 1782 0460 5071 1716 61.56 2.731 1.30
J095700.62+595808.0 2209 0428 6491 3026 39.24 4.595 2.19
J100351.88+592610.3 6195 5561 21561 7257 107.90 3.151 1.50
J101720.02+152920.9 1903 0705 6794 2227 64.25 10.784 5.13
J102158.91+645847.9 0844 0294 2352 1090 37.64 4.844 2.30
J103106.76+284747.9 4535 1487 16871 6908 72.76 1.343 0.64
J104549.80+273711.2 2732 0676 9621 5133 69.52 37.822 18.01
J105437.89+553945.7 0254 0060 0939 0301 26.05 4.358 2.07
J111632.33+284635.3 0663 0436 2329 0695 54.05 2.086 0.99
J111732.39+512553.8 1476 5963 4660 0292 198.20 0.637 0.30
J114556.60+501159.0 4704 7137 12502 1765 68.93 0.109 0.05
J114700.72-001739.2 0674 1394 1965 0205 55.84 0.141 0.06
J120617.05+633819.0 1099 0181 4524 2033 65.67 18.349 8.73
J120823.52+000636.9 0668 0107 1108 0552 11.63 0.745 0.35
J121035.68+114538.9 0464 0510 0786 0096 16.62 0.008 0.004
J123502.64+662233.4 1219 0152 2596 1480 17.42 2.096 0.99
J124813.65-031958.2 4951 2313 15320 5698 58.36 2.061 0.98
J125835.33+271552.8 0757 0453 2544 0587 85.99 4.071 1.93
J134747.70+111626.9 0689 0106 1478 0658 19.75 1.540 0.73
J140747.19+523809.7 0414 0058 1132 0402 27.58 2.313 1.10
J141433.22+404522.9 1338 1430 3829 1119 48.22 4.990 2.37
J143222.70+565108.3 0657 0080 1783 0798 19.50 3.904 1.85
J151809.64+254211.5 0608 0108 2329 1204 33.22 5.602 2.66
J155000.46+415811.1 0481 0076 1318 0536 21.86 1.931 0.92
J155335.56+321820.5 0503 0196 1208 0480 24.32 1.897 0.90
J160753.98+200303.7 1763 1002 5075 1751 51.65 4.516 2.15
J164430.75+195626.7 1510 0334 4195 1741 33.98 2.667 1.27
J172324.87+274846.3 0490 0068 0969 0465 12.13 1.0163 0.48
J221516.18-091547.6 2262 1267 8386 3452 81.85 24.941 11.87

Both of the ratios take higher values for the case of the active galactic nuclei (AGNs). Thus,
to separate out the star forming (SF) galaxies from AGNs, we make use of the BPT diagram
(Baldwin et al., 1981) after correcting the emission lines, particularly the Hβ line for the stellar
absorption. As the emission lines used for deriving the BPT diagram are closely spaced, there-
fore, the corresponding integrated flux is almost independent of the internal galactic extinction
and the aperture correction. Thus, the BPT diagram provides an accurate and reliable method
to separate star forming galaxies from AGNs. The resultant BPT diagram computed for our
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Figure 2. BPT diagram for sample galaxies. Green line is the separation between active galaxies and star forming
galaxies defined by Kewley et al. (2001). Red line represent Kauffmann et al. (2003) line that separates star forming
galaxies from composite ones.

sample galaxies is shown in Figure 2, which clearly separates out the AGNs from the sample.
A casual look at this figure reveals that out of 50 early type emission line galaxies, 39 are of star
forming type while the remaining 11 are AGNs. We used all these 39 systems for further study.

II SED fitting
The total light emanating out of a galaxy is very complex quantity and therefore the spec-

tral energy distribution (SED) fit to the observed light offers a potential tool to disentangle the
physical properties of a galaxy. Thus, the model SED provides a prediction regarding the true
emission properties of a galaxy that is constructed assuming several aspects of the galaxy. How-
ever, for successful fit it not only requires information on different sources that emit photons
but also requires the knowledge of the physical processes that affect the propagation of photons
as they travel out of the galaxy and through the space. There are several sources that absorb,
scatter and re-emit photons and hence affect greatly on the nature of the SED of their host. Fur-
ther, the telescopes and the back-end instruments also put limitations on the measured values
of the flux in a particular passband. As a result to fully understand the physical properties of
the galaxy a proper combination of telescope and instruments is required. In addition to this,
proper selection of a program to fit the modeled SED of the measured values of the galaxy flux
is equally important to constrain the stellar mass, age and star formation history of the host.

A large number of codes are available for fitting SED of a galaxy light, however, majority
of them suffer from limitations of the wavelength range over which they fit the measured flux
values. For the present study we have made use of the publicly available spectral energy distri-
bution (SED) fitting code MAGPHYS (Multi-wavelength Analysis of Galaxy Physical Proper-
ties) version 2 developed by (da Cunha et al., 2008) to fit the observed multi-band photometric
data over the wavelength range from 912Åto 1 mm. This code used compiled libraries of model
spectra of galaxies and then compares the observed flux values for a galaxy with the library
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values to find the best match and is based on the Bayesian approach of fitting the UV, Optical
and IR galaxy spectra and assumes an energy balance criteria so that the dust grains absorbs the
intrinsic starlight energy, which is then re-emitted by it at the far-IR wavelengths. This code not
only produce the realistic best-fit SEDs of a wide range of galaxies of varying characteristics
but also interprets the physical properties of galaxies related with its star formation activity and
dust content (Smith et al., 2012; Smith and Hayward, 2015). MAGPHYS fits the data in two
steps: i. it assembles a library of model SEDs at the same redshift and in the same photometric
bands as that of the detected source, and ii. determines the likelihood distribution of each of the
free physical parameter of the galaxy by comparing the observed SEDs with the above created
model library. The star formation histories of the program galaxies are computed by comparing
the observed SEDs and the created model libraries through which it determines the likelihood
distribution of the free parameters listed in Table 3.

Table 3. MAGPHYS SED fitting free parameters.

parameter Discription
f Fraction of Ldust contributed by dust in ISM
τv Total effective V- band absorption depth
ψS Specific star formation rate in unit per year
Mstar Stellar mass in M�
Ldusttotal Total luminosity absorbed by dust
T ISMC Temperature of cold grains in thermal equilibrium in ISM
TBCW Temperature of warm grains in thermal equilibrium in birth clouds
ξtotalc Relative ratio of cold dust in ISM
ξBCPAH Relative ratio of PAH in birth cloud
ξBCMIR Relative ratio of Mid-IR in birth cloud
ξBCW Relative ratio of Warm dust in birth cloud

fraction of τV contributed by dust in ISM
= τ ISMV /(τ ISMV +τBCV )

Md Dust mass in M�
ψ star formation rate

MAGPHYS combines two different sets of libraries, one due to the optical starlight and the
other due to the dust re-emission at IR wavelengths. The optical libraries are constructed using
the (Bruzual and Charlot, 2003) simple stellar population synthesis code producing light of stars
of varying metallicites in galaxies and uses the (Chabrier, 2003) initial mass function (IMF). It
also compensates the data for the dust extinction of (Charlot and Fall, 2000) following that stars
are formed in the dense molecular clouds, whose light is greatly attenuated by the ambient ISM.

The IR libraries are computed following (da Cunha et al., 2008) model and taking into ac-
count an assumption that the total IR luminosity of a galaxy is due to the sum of the emission
from dust in the ambient ISM and that of star forming clouds (Charlot and Fall, 2000). The
main components that are believed to be contributers to dust luminosity are namely, a fixed
Polycyclic Aromatic Hydrocarbons (PAHs) template spectrum, mid-infrared continuum emis-
sion from hot grains heated to temperatures 130 and 250 K, emission from warm dust with
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Figure 3. SPS fitting on galaxy MRK951 of our sample. Top panel: Observed, rest frame, dereddened spectra Oλ
(yellow line) and STARLIGHT model spectra Mλ(Green line). Black line show Galaxy spectra after removal of
0.1 Gyr younger population obtained by REMOVEYOUNG code.Bottom panel:Residual spectrum (Oλ −Mλ)

adjustable temperature of 30-60K and that from the cold grains with temperature in the range
of 15-25 K (da Cunha et al., 2010).

For fitting SED to the measured flux values from starburst and star forming galaxies, we
need to remove the extra contribution due to the nebular emission lines in the optical (ugr)
photometric bands. This nebular emission contribution from the stellar light was removed by
employing the code REMOVEYOUNG developed by (Gomes and Papaderos, 2016), which takes
care of removing the contribution from stellar population younger than the adjustable age cutoff
from the observed galaxy population. For this purpose it uses the population vector informa-
tion generated by the spectral population synthesis (SPS) model as an input. Population vector
represents the mass fraction of the best stellar population mixture obtained by SPS model that
depends on the age, metallicity and initial mass function (IMF) of stellar population. We further
use the STARLIGHT SPS model (Cid Fernandes et al., 2005) that combines a linear combination
of 45 simple stellar populations from evolutionary synthesis model (Bruzual and Charlot, 2003)
with metallicity values Z = 0.2, 1, 2.5Z� for stellar ages 0.001, 0.00316, 0.005, 0.01, 0.025,
0.04, 0.102, 0.286, 0.640, 0.905, 1.434, 2.5, 5, 11 and 13 Gyr considering Chabrier (2003) IMF
to fit the observed redshift corrected, galactic extinction corrected re-binned spectrum. Here
we adopt Calzetti (1997) extinction law with RV = 3.1 for extinction correction. We masked
strong emission lines during the fit. The population vectors obtained in this way contain infor-
mation about the star formation history of galaxy and include imformation such as stellar mass,
extinction, velocity dispersion, mean stellar ages and mean stellar metalicities.Poupulation vec-
tor obtained so were then used as input to REMOVEYOUNG code with the cut off age of 0.1
Gyr and hence obtain the contribution of nebular emission lines to optical photometric bands,
which was then removed from the respective filter flux value. The best fitted results of the
STARLIGHT and the REMOVEYOUNG fit after removing contribution from stellar population
younger than 0.1Gyr is shown in Figure 3. Residual plot represent (Oλ −Mλ). After removing
this contribution of nebular emission lines in the optical photometric (ugr) filters we fitted the
resultant flux values with the SED using MAGPHYS. The best fit SED representative for SDSS
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Figure 4. Left panel-SED fitting on photometric data of first galaxy of our sample MRK951.Attenuated and
unattenuated spectra are shown in red and cyan color respectively.Blue cross points show photometric data points
used for fitting.Bottom panel represent the fit residual [(Lobsλ −Lmodelλ )/Lobsλ ].Right panel-p-value for MAGPHYS
fit for all sample galaxies.

J003009.05-095711.7 is shown in Figure 4. We repeated this exercise of fitting SEDs to the
resultant flux values of all the galaxies from our sample. The best fit SED yielded several phys-
ical parameters of the sample galaxies, which includes SFR (ψMAGPHY S), stellar mass(Mstar)
and dust mass(Mdust), specific star formation rate(ψs) and are listed in Table 3 . We found that
SEDs for majority of the galaxies from our sample are well constrained. In few cases the SED
fits were not constrained well. The quality of the fit was checked from the χ2 values, which is
an indicator of the goodness of the model fit compared to the data points. As the χ2 value is
highly sensitive to the quality of the data and the number of data points, therefore, there is not
a general limit for its value that can be considered as an unreliable fit. However, the quality of
the fit can be judged only on the basis of comparing the fitted SED with that of the observed
one. Further, the Degrees of freedom (dof) is not equal to the number of photometric data points
used to fit the SED as each of the data point is affected by the neighboring data points. There-
fore, we calculated the dof for each of the system following the procedure outlined in Smith
et al. (2012). We tried to express the quality of the SED fit to the data points on each of the
galaxy by deriving the p-value, which depends on the measured χ2 values and the dof (Clauset
et al., 2009). Here, the p-value for the goodness-of-fit evaluation is defined as the probability
the chi-square test statistics could take higher value if the null hypothesis were true.It represent
the significance value of the fit and depends on measured χ2 values and the dof. Histogram of
the resultant p-value of the best fit SEDs for significance level 0.05 is shown in right panel of
Figure 4, which shows a peak near 1 confirming that the quality of the SED fit was appreciable.
Also, we have calculated stellar masses of sample galaxies from SDSS photometric data (Taylor
et al., 2011) and are compared with stellar masses of galaxies estimated using MAGPHYS as
shown in left panel of Figure 5. Code STARLIGHT also gives Stellar mass of galaxies but is
only associated with the galaxy stellar mass covered by SDSS fiber.
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III Color-Magnitude diagram
Multi-wavelength photometric data on galaxies are the key to understand the physical pro-

cesses that are operative within the galaxies. Due to its vast spectroscopic and accurate multi-
band photometric surveys in the local universe the SDSS surveys have played a significant role
in robust statistical analysis of galaxy populations. Particularly, the color - magnitude or color
- mass diagram (CMD) (e.g., u− r vs. r band absolute magnitude) constructed with the SDSS
photometric observations for the field galaxies have exhibited two different peaks, one narrower
red peak and the other wider blue peak, in their optical color distribution (Strateva et al., 2001;
Baldry et al., 2004). The former was like that seen for the cluster galaxies and was referred to
as the red sequence, while the later were referred to as the blue cloud (Kauffmann et al., 2003).
Interestingly, it was noticed that the galaxies belonging to the red sequence on average hosts
older stellar population, higher surface stellar mass densities with the total stellar content larger
than 1010.5M� (Salim et al., 2015) while those in the blue cloud exhibit current star formation.
This bimodality in color distribution of the galaxies acted as an important tool not only for the
studies of local galaxies but also for those at higher redshifts. Faber et al. (2007) observed that
the luminosity-function for the red-sequence galaxies increases by a factor of two or even large
at the redshift of z ∼ 1. This increase in the luminosity function imply that the build-up of the
red-sequence galaxies is an ongoing process until the present epoch. This observation is against
the traditional picture of the ETGs, where we believe that the stars in ETGs have formed in early
epochs through the monolithic collapse and have stopped star formation at later epochs making
them to appear redder. However, the optical bimodality identifies the star-forming ETGs even
in the present epoch, probably pointing towards the late-epoch formations of the ETGs through
the merger like processes and hence possibly explain the observed growth of the red-sequence
members. If this model of ETG formation is valid then we can expect a group of galaxies in
the transition phase, whose properties lie in between the red-sequence and the blue-cloud mem-
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Table 3. MAGPHYS output parameter values.

SDSS Id χ2 log(ψ[M�]) log(Mstar [M�]) log(ψs[yr
−1]) log(Mdust[M�])

SDSS J003009.05-095711.7 2.51 -0.31300 9.7900 -10.1200 6.4100
SDSS J003823.71+150222.4 1.52 -0.9110.050.78 10.390.060.08 -10.4700.9 7.810.670.14
SDSS J010358.74+151450.1 0.49 0.0410.060.16 10.660.060.05 -10.620.10.2 7.730.490.40
SDSS J012729.23-083315.4 3.08 0.63100.01 10.7300.01 -10.1200 8.130.310.16
SDSS J022628.28+010937.7 5.70 −1.50100 8.5900 −10.0700 5.100.490.3
SDSS J023247.42+004041.1 2.13 0.58300 8.5100 −7.9300 7.4300.34
SDSS J030349.10-010613.4 12.71 0.30700.12 10.9400.14 −10.620.050 8.650.320.52
SDSS J075912.37+533325.9 0.91 0.70200 10.4500 −9.7800 7.350.530.37
SDSS J080740.99+390015.2 7.20 −0.01800 10.2200 −10.2200 6.820.080
SDSS J081616.93+255827.9 2.35 0.16700 10.0500.01 −9.8800 6.710.370.13
SDSS J082938.74+520434.8 5.75 −0.58400 8.2300 −8.8300 5.680.090
SDSS J085139.06+570626.6 0.37 −0.6780.140.08 10.010.010.10 −10.570.10.05 6.120.470.45
SDSS J085311.41+370806.5 1.06 0.51660.050.04 10.680.10.07 −10.120.10.15 7.230.250.16
SDSS J094150.95+121101.5 2.25 −0.18600 9.7000 −9.8800 6.450.280.02
SDSS J094403.20+293634.0 1.98 −0.6830.210.05 10.050.060.07 −10.720.30.05 6.220.360.28
SDSS J094941.20+321315.9 1.19 −1.32300.04 9.2700.05 −10.5700 5.500.420.42
SDSS J095700.62+595808.0 3.19 0.2850.030.02 10.290.020.07 −10.020.090 7.320.210.21
SDSS J100351.88+592610.3 2.56 −0.2990.020 9.4300.07 −9.730.10 6.1700
SDSS J100604.28+534253.4 1.16 0.3970.120.28 10.150.180.08 −9.830.20.19 7.570.510.43
SDSS J101720.02+152920.9 3.57 0.7960.010.13 9.7700 −8.9800.15 8.430.350.74
SDSS J101912.56+635802.6 4.07 1.27200 10.280.150 −9.0300.1 8.370.060.02
SDSS J102158.91+645847.9 1.32 0.0900.090.03 10.350.010 −10.2200 7.030.480.39
SDSS J103106.76+284747.9 2.41 −0.82200 9.420.090.12 −10.270.250.2 6.120.060.02
SDSS J104549.80+273711.2 2.36 1.24400 10.370.140 −9.1300.1 7.870.020
SDSS J105437.89+553945.7 0.41 −0.2440.210.18 10.2600.14 −10.420.10 6.620.580.61
SDSS J111349.74+093510.7 1.24 0.56201.45 10.4400.27 −9.8801.2 7.910.691.36
SDSS J111632.33+284635.3 0.99 0.64000.03 9.5300.2 −11.870.150 6.580.490.42
SDSS J111732.39+512553.8 16.26 0.17501.45 8.460.090 −8.2800.1 6.880.691.36
SDSS J114556.60+501159.0 3.73 −1.5040.010 8.2900 −9.7800 5.780.430.16
SDSS J114700.72-001739.2 13.78 −1.44900.03 8.220.010 −9.6800 5.060.920.12
SDSS J115147.62+484059.2 2.02 −0.8780.100.02 9.190.050.06 −10.0700.15 6.530.480.44
SDSS J120617.05+633819.0 2.39 0.46800 10.4000.08 −9.930.150 7.500.420.19
SDSS J120823.52+000636.9 1.51 −0.1740.100.02 10.560.010.09 −10.7700.1 7.010.480.44
SDSS J121035.68+114538.9 5.01 −2.1760.080 8.270.120 −10.520.340 5.190.410.37
SDSS J123502.64+662233.4 1.89 0.2960.060.09 10.770.060.01 −10.470.150.05 7.370.510.39
SDSS J124813.65-031958.2 3.58 −0.2620.410 9.800.090.15 −10.070.240.1 6.350.300.14
SDSS J125651.17+265355.9 0.94 −0.4400 10.1200 −10.5700 6.740.440.37
SDSS J125725.24+272416.4 0.18 −0.76300.01 9.340.010 −10.1200 5.880.320.22
SDSS J125835.33+271552.8 11.06 −0.16100 9.310.090.05 −9.480.050.14 6.830.440.37
SDSS J134747.70+111626.9 0.80 0.24600.01 10.430.010.15 −10.1700.24 7.330.320.22
SDSS J140747.19+523809.7 0.79 0.2190.060.06 10.110.160 −9.8800.2 7.080.320.2
SDSS J141433.22+404522.9 2.38 0.54300.4 10.4600.02 −9.930.150 7.470.260.51
SDSS J143222.70+565108.3 1.83 0.13200.04 10.740.050.11 −10.620.050.15 7.070.150.19
SDSS J151809.64+254211.5 2.64 −0.1880.10.01 10.440.010 −10.6200 7.150.30.02
SDSS J155000.46+415811.1 1.77 −0.2910.060.05 10.4700.01 −10.6700 6.820.20.17
SDSS J155335.56+321820.5 2.07 −0.3800.020 10.310.020.01 −10.6700.1 6.370.50.32
SDSS J160753.98+200303.7 2.49 −0.26200 10.160.070.06 −10.420.050 6.720.190.09
SDSS J164430.75+195626.7 1.81 −0.53800.18 10.4800.01 −11.0200 7.510.310.41
SDSS J172324.87+274846.3 2.22 −0.3210.080.02 10.6300 −10.9200 6.640.330.24
SDSS J221516.18-091547.6 0.76 0.41500 10.6000 −10.1700 7.740.570.20

bers. Salim (2014) could identify the systems in transition class as the green valley objects.The
green-valley represent the class of galaxies having mixed population of stars and contain low-
est massive black holes at their centers that are ignited through a steady supply of mass from
blue cloud progenitor (Schawinski et al., 2010). Green-valley galaxies represent the sites where
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Figure 6. left panel-Color (u-r) vs Stellar mass(converted to Kroupa (2001) IMF) of SF sample galaxies.color (u-
r) is galactic extinction corrected, intrinsic dust corrected and k corrected.Region within two solid lines represent
Green Valley region (Schawinski et al., 2014)right panel-Color(NUV-R) vs Absolute R band magnitude for SF
sample galaxies.Region within two solid lines represent Green Valley region (Guo et al., 2016).

star formation shuts down and The duty cycle of the AGN hosted by the present day early-type
galaxy population is maximally observed. Thus, the use of the CMD for this class of galaxies
confirm the fact that the photometric multi-band data on these systems is useful to trace their
evolutionary stages. As a result, we have made use of the multi-band photomteric data on the
sample galaxies to plot the (u − r) color against their stellar mass content and the resultant
graph is shown in left panel of Figure 6. The measured values of colours were corrected for the
internal dust extinction using Hα and Hβ line flux ratios derived above. Here, the color excess
E(B − V ) for stellar continuum were estimated using relation given by Calzetti (2001) and
the attenuation law of Calzetti (1997). This color-mass plot clearly reveal that majority of the
galaxies from our sample fall in the class of star forming galaxies.

Another promising way of delineating the SF activity in the ETGs was to use the ultraviolet
(UV) photometric observations of the galaxies. As UV bands cover the peak of the black-
body emission originating from young and hot stars relative to the optical passbands that cover
emission dominated by older population, therefore, reflect the current star formation (Kenni-
cutt, 1998). The space telescope Galaxy Evolution Explorer (GALEX) has observed several
thousand square degrees of the sky in two UV passbands namely, far-UR (FUV) and near-UV
(NUV). These observations largely overlap with the SDSS data and, therefore, if both these
observations are coupled together provide a more suitable way of investigating the SF in this
class of galaxies. In fact, the combined data sets from the GALEX and SDSS has led to the
discovery of the green valley objects, that are in between the active SF and the passive red-
sequence galaxies with star formation rates lower than the actively SF class of galaxies (Salim,
2014). The green valley becomes even more important when the rest-frame NUV magnitude
is coupled with that of the r-band magnitude. Owing to this advantage we have also made an
attempt to plot the CMD between the NUV − r colour versus absolute r band magnitude (Mr)
of the star forming galaxies from our sample and the resultant plot is shown in right panel of
Figure 6. Before that the NUV magnitudes have been corrected for the internal galactic dust
extinction following (Cardelli et al., 1989). A casual inspection of the NUV − r colour versus
Mr color-magnitude plot for our sample revealed that majority of them fall either in the green
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valley or the blue cloud class, implying that they are star formation galaxies.

IV Star formation rates
There are a number of monochromatic as well as hybrid star formation rate (SFR) esti-

mators of galaxies employing measured values of emission flux values over the wide range of
electromagnetic spectrum. In the present case we have used the traditional Hα emission line
flux values as a SFR estimator. After modifying the Kennicutt (1998) relation employing the
Chabrier (2003) IMF, the revised expression of SFR (ψK98 hereafter) becomes

SFR =
L(Hα)

2.1 × 1041
M�/yr (9)

where, L(Hα) represents the internal extinction and aperture corrected Hα nebular line lumi-
nosity. Independently, we have also estimated the luminosity of the H emission line for the
sample of SF galaxies and corresponding star formation rates (ψH03 hereafter)using equivalent
widths of the H emission lines and employing the relation given by Hopkins et al. (2003) as

LHα,int = (EWHα +EWc)× 10−0.4(Mr−34.10) × 3 × 1018

[6564.61(1 + z)]2
×
(
FHα
FHβ

)2.36

ergs−1 (10)

where,Mr is galactic extinction corrected, k corrected absolute r band magnitude, FHα and FHβ
are the aperture, intrinsic dust absorption and stellar absorption corrected Hα and Hβ emission
line flux values, respectively. We consider a constant stellar absorption correction factor EWc

= 2.6 Åfor the Hα emission line for the case of SF galaxies. Star formation rates estimated by
direct measurement of Hα luminosity through deblending task and measurement of Hα lumi-
nosity using Hα equivalent widths are in good agreement with one another and are as shown
in left panel of Figure 7.Star formation rates derived spectroscopically and that obtained by
MAGPHYS SEDs are also in very good agreement with each other and as shown in right panel
of Figure 4.

It is established that the interstellar dust plays an important role in the star formation in
host galaxies acting as a catalyst (Patil et al., 2007). As total dust content of a galaxy is a
reliable output of the SED fitting, therefore, we also quantify the SFR in the program galaxies
employing MAGPHYS delivered dust masses.The variation of galaxy dust mass Mdust with
Star formation rate ψMAGPHY S for sample galaxies is as shown in right panel of Figure 7.The
solid line represent the best fit with expression

log(ψ[M�yr
−1]) = (7.0149 ± 0.070) + (0.9807 ± 0.098) × log(Mdust[

M�])] whichisingoodagreementwiththerelationgivenbydaCunhaet al. (2010).
Gas(in atomic or molecular form) present in galaxy plays a vital role in star formation as

well as black hole growth since both these phenomena start growing by gas fuel present in the
host galaxy.Thus the fate of the galaxy will be decided by the abundance of the gas present
in host galaxy. With an objective to examine the dependence of the SF activity in the host
with its gas content we have made use of the estimates of dust mass for calculating total gas
content (both atomic as well as molecular gas) of the galaxies using the MDust -Mgas relation
proposed by Corbelli et al. (2012). Here, the gas fraction fgas is defined as fgas=Mgas/(Mgas +
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Figure 9. Stellar mass vs SFR for Star forming galaxies.Solid line represent main Sequence relation defined by
(Renzini and Peng, 2015).A starburst elliptical NGC1705 and a normal red and dead elliptical NGC1389 are also
plotted for reference (Vaddi et al., 2016).Right panel-Dependence of specific star formation rate on stellar mass of
galaxy.dotted lines confine Green valley region(Salim, 2014)

Mstar).Sample SF galaxies show average fraction of gas over a total baryonic mass of host
galaxy fgas = 17.68%(withfgas[min] = 1.74%andfgas[max] = 90.11%),showing the availability
of little gas to sustain further star formation in the galaxy.We tried to find dependence of specific
star formation rate (ψs) on the estimated gas fraction (Fgas). The resultant correlation is shown
in left panel of Figure 7. This plot reveals that SFR is more in gas rich systems and yields a
best fit equation log(sSFR) = (1.24 ± 0.19) × log(fgas) − (8.87 ± 0.21) with the correlation
coefficient of 0.71. In order to study the gas content of galaxy over the average stellar age, we
have determined the average light weighted stellar age using the population vector for sample
galaxies obtained using equation < log(t) >L=

∑
xjlog(tj) where j is ranging from 1 to

45.The gas fraction of galaxy is found to be decreasing with increasing stellar age, the result is
supporting the findings of (Kokusho et al., 2017).The result confirm a very strong dependence
of specific star formation rate on the gas content of galaxy over the average stellar age of galaxy
population and implies that the star formation in these ETG is purely of intrinsic origin.

V Correlation between the Stellar mass content and the SFR
Several of the physical properties of a galaxy including, star formation history, AGN activity,

etc. are greatly influenced by the stellar mass content of the host. Recent studies have confirmed
a strong correlation between the star formation rate (SFR) of galaxies versus their stellar mass
content (Mstar), exhibiting the main-sequence (MS) of the star-forming galaxies (Brinchmann
et al., 2004; Salim et al., 2007). This MS plane provides a powerful tool to investigate the
evolutionary stages of the star forming galaxies. As a result we have also made an attempt to
investigate the correlation between the stellar content of the program galaxies (Mstar) versus
their SFRs derived above and the resultant correlation is shown in the left panel of Figure 9.
As all the galaxies from our sample are nearby with redshifts less than 0.05, therefore, the
mass-incompleteness is not an issue (Bait et al., 2017). For comparison we also highlight the
positions of a starburst galaxy NGC 1705 and a normal read and dead elliptical galaxy NGC
1389 in this figure, data points retrieved from (Vaddi et al., 2016). A casual inspection of this
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plot reveals that majority of the galaxies from our sample follow the main sequence plane,
known as the Star-Forming pattern of Renzini and Peng (2015). This in turn confirms that
nearly all the systems from our sample are undergoing a continuous star formation. A couple
of systems from our sample are found to occupy positions above the main sequence suggesting
that they are passing through the starburst phase, while those which are lying below the main
sequence belong to the group of the green valley region (Wyder et al., 2007). The green valley
systems are believed to represent the transition zone between the actively star forming galaxies
(the blue cloud and the passively evolving red-sequence quiescent galaxies (Wyder et al., 2007;
Schiminovich et al., 2007) and hence exhibit a two way flow of the galaxy evolution. This
means, the star formation in the green valley systems is either triggered one (making them to
move from the red-sequence to the blue-cloud) or quenched one (moving from blue-cloud to
the red-sequence) due to some internal or external influence like, merging of galaxies or AGN
outburst, respectively (Pandge et al., 2012; Sonkamble et al., 2015). A relatively clear picture
for the evolutionary track of galaxies was provided by the improved version of the correlation
between the specific star formation rate (sSFR) i.e., the rate of young star formation versus the
existing stellar mass (Mstar) and is shown in the right panel of Figure 9. The dotted green line
labeled as the transition zone in this plot represents the green valley systems (Salim, 2014).
From this plot it is clear that nearly all the 39 systems from our present sample that were
identified as the star forming galaxies in the BPT diagram (Figure 5) turns out to be systems
with the intense star formation activity.

IV Conclusion
This paper presents a spectro-photometric study of a sample of 50 early-type galaxies from

within local universe with redshift in the range between 0 < z < 0.05 with an objective to
investigate their star formation processes. We have performed SED fitting over UV to far-IR
spectro-photometric data on each of the galaxy from our sample by employing MAGPHYS
code. This fitting yielded several physical properties including dust content, stellar content of
the galaxy, star formation rate, etc. Main results from this study are summarized below:

• We fit SED to the measured values flux densities over the wavelength range from be-
tween UV to far-IR acquired using various instruments after applying various corrections
including stellar population synthesis using code MAGPHYS. SEDs fits to the observed
data were well constrained for majority of the galaxies from present sample. This fitting
yielded several physical parameters for each of the program galaxy including, the dust
mass, stellar content, star formation rate, quality of fit, etc.

• SED fit revealed that nearly all the systems from our sample exhibit star formation, how-
ever, it is believed that the SFR in a galaxy is also influenced by the nuclear activity at
the core of the host. Therefore, it was required to isolate such systems with AGN activ-
ity. This was done computing the BPT diagram based on the strengths of the optical line
flux ratios. The BPT diagram for the present sample enabled us to isolate 11 galaxies as
AGNs, while 39 remaining as the star forming galaxies.

• The colour-magnitude diagram derived after employing attenuation correction for the
sample galaxies revealed a bimodality like that seen in the optically selected galaxies. A
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transition class, the green valley, exhibiting characteristics in between the red-sequence
and blue-cloud galaxies has also been observed in the CMD implying that these galaxies
show star-formation activity. Though most of the galaxies are of red sequence type, but
few were found to occupy position in the blue cloud region.

• The galaxies in green valley show a good fractions of SFRs with members younger than
expected normal ETGs. Thus, the sample of ETGs in present study therefore represent
a different formation scenario, like that formed through the interaction or merger like
events and therefore are far from being red and dead systems.

• We use different independent SFR estimators: SED-based, dust mass based, measured
Hα emission line flux densities and that estimated using the equivalent widths of the Hα

Balmer line, and find the closest agreements among all the SFR estimates.

• Strong correlations have been evidenced in the SFR and the dust as well as the stellar con-
tent of a galaxy. A similar correlations has been evidenced in the specific star formation
and the gas fraction of a galaxy.

• Nearly all the SF galaxies from our sample are low mass galaxies with the average mass
less than 8.1× 109M� and hence support the investigation by Kanappan et al. that star
formation is seen normally in low mass galaxies irrespective of their morphological clas-
sification.

• The detailed analysis of specific star formation rates, dust corrected UV-r colours and
other properties of the star forming galaxies revealed evolution of the ETGs through the
green valley.

• As far as origin of the SF in these galaxies is concerned, it is likely that SF activity in
ETGs in local universe is mainly triggered by the minor mergers of gas-rich systems, in
turn suggest the external origin of the gas for SF.
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