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Abstract

Early type galaxies (ETG), have regular impression of being “Red and Dead” with no ongoing star formation activity in it. But recent
multiwavelength study of considerable fraction of ETGs suggests the active star formation in it. In the present work, we studied a lenticular
galaxy NGC 3413. We performed optical spectroscopy and Spectral Energy Distribution study of target galaxy. It is found that, NGC 3413 holds
an ongoing star formation activity and most of the stellar population of the galaxy is having age less than 2.5 Gyr. The star formation rate for
target galaxy is found to be 0.64 Mo/year. SED predicts the presence of moderate amount of dust in NGC 3413 with dust mass 9.842 x 10° Me.
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1. Introduction

Early Early-type galaxies (ETGs) that include both ellipticals,
as well as lenticular galaxies, have a regular impression of
being featureless bulges that are devoid of dust and ISM with
a lack of recent star formation activity. This class of galaxies
occupies the red sequence on the Color-Magnitude plot. A
general scenario is that in a CMD plane, a galaxy moves from
the” blue-cloud” region, a region occupied by the star-
forming, young, morphologically late-type galaxies to the
non-star forming, passive red morphologically ETGs. The
suppression of the star formation in ETGs is likely either due
to the removal or heating of the cold gas supply essential for
the star formation. However, this is not the whole and sole
fate of the ETGs. The recent multiwavelength study suggests
the presence of a considerable amount of star formation in so-
called “Red & Dead “class of Early Type Galaxies (ETGs).

It has been realized that a countable fraction of ETGs show
the offset to this red sequence on the CMD plane and possess
relatively bluer colors [l The blue ETGs not only differ in
color from rest of the ETGs but several other factors confirm
their distinction. The blue ETGs normally are seen more
abundantly in the low-density environment with low-velocity
dispersions ™. Additionally, such systems were found to
possess nonsymmetric color distribution [*! with a positive

color gradient i.e. bluer centers unlike the common red ETGs
[6]
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In the present work, we carried out the multiwavelength study
of star formation activity in NGC 3413. NGC 3413 is a
nearby SO edge-on galaxy with redshift 0.002151 and the T-
parameter-1.1 + 2.4. This galaxy has been observed by
GALEX, SDSS, CHANDRA, IRAS and many more missions,
suggesting the presence of multiphase ISM in it. NGC 3413,
as observed by SDSS, shows the presence of strong emission
lines with a bluer continuum suggesting the presence of star
formation activity in the target galaxy. Also, Sonbas et. al.
(2018) studied NGC 3413 using X-ray Multi-Mirror Mission-
Newton observation and observed that NGC 3413 holds a
collection of many X-ray point-like sources with a diffuse X-
ray emission. A bright ultraluminous X-ray source at its
optical center is observed in the energy range of 0.3-10 KeV.
Also, it is detected that a strong diffused Ho emission is
present in the target galaxy. All these multiwavelength
findings suggest the presence of strong star formation in this
galaxy. IRAS detection of the target galaxy strongly suggests
the presence of moderate amount of dust in it. The present
study is carried out to study the star formation activity and the
nature of the Spectral Energy Distribution of NGC 3413. The
global parameters of galaxy NGC 3413 are listed in Table 1.
This paper is organized as follows: Section 2 presents the data
acquisition and analysis. Section 3 presents the main results
and discussion. The main findings and the conclusion of the
present work are discussed in Section 4. Throughout the
work,
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Table 1: Global parameters of NGC 3413

UGC 05960; KUG 1048+330;
Alternate Names 2MASS J10512070+3245598;
GALEXASC J105120.75+324600.2;
IRAS 10485+3301
RA; DEC 10h51m20.7s; 32h45m59s
Morphology S0 edge-on
Mag Bt 13.2
D2s 1.71x0.86
Redshift 0.002151
Luminosity Distance 12.8 Mpc

we adopt a flat cosmological model with Qu = 0.3, Qp =0.7
and Hy = 70 km s —1 and use the initial mass function of["!.

2. Data Acquisition and Data Analysis

To cover the optical region of the electromagnetic spectrum
for the target galaxy NGC 3413, we have made use of the
imaging and spectroscopic data of Sloan Digital Sky Survey
(SDSS). The optical imaging and spectroscopic data were
obtained from the 7th data release of SDSS inu, g, r,
iand z passbands with effective wavelengths of 3543A,
4770A, 6231A, 7625A, and 9134 A [ °1. The angular
resolution of the SDSS instrument is about 1.5 arcseconds.
Here, we considered the Petrosian magnitudes [10]. Further to
study the star formation process, we have made use of the
Near-UV (175-275nm) and Far-UV (135-175nm) passband
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data from Galaxy Evolution Explorer (GALEX) space
mission. The GALEX data archive is controlled by the Multi-
Mission Archive at the Space Telescope Science Institute
(MAST). The angular resolution of GALEX imaging in FUV
and NUV passbands is 4”.2 and 5”.3 respectively. The
GALEX magnitudes are already calibrated to the AB
magnitude system of 'l using the GALEX pipeline.

To cover the Infrared (IR) part of the spectral energy
distribution of galaxies, we have made use of the data from
the Two Micron All Sky Survey (2MASS) Extended Source
Catalog (EXC) ' for near-IR (J, H, Ks) passbands, the Wide-
field Infrared Survey (WISE) I3 for mid-IR passbands and
Infrared Astronomical Satellite (IRAS) faint source catalog
data for the far-IR observations on the target galaxies.
2MASS covers the sky in three filters J, H and Ks with the
central wavelengths of 1.232, 1.644, and 2.519 um,
respectively. The WISE satellite has also observed the entire
sky in four mid-IR bands: W1 (3.4 um), W2 (4.6 um), W3 (12
pm) and W4 (22 pum). WISE data provides valuable
information regarding the stellar population, circumstellar
dust and PAHs. To cover the far IR region of the
electromagnetic spectrum, we used IRAS data. The Infrared
Astronomical Satellite (IRAS) observatory 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.
IRAS covers the infrared sky at 12, 25, 60 and 100 pm
wavelengths.
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Fig 1: The rest frame optical spectrum of NGC 3413 fitted with the STARLIGHT code. The green line spectrum is observed spectrum. Red line
spectrum is the model fitted by STARLIGHT. The bottom panel in figure indicates the residual spectrum.

2.1. Optical Spectroscopy and Stellar Population Synthesis
The optical spectrum of a galaxy is an excellent tool to
determine the nature of the gas distribution and activity that
may be present in the galaxy. Along with it, the optical
spectrum is useful to determine the stellar population present
in a galaxy. In the present study of the target galaxies, UGC
9519 and NGC 3699, the primary data reduction of SDSS
spectrum is done with onedspec package in NOAO. The
optical spectra of target galaxies were converted into the rest
frame spectra using dopcor task. Spectra were also corrected
for the Galactic extinction using deredden task. The stellar
population synthesis is performed using STARLIGHT version
04 stellar population synthesis code [% '3 and

REMOVEYOUNG spectral synthesis code of ['¢]. The linear
combination of 45 SSP models was used from 7! libraries.
This corresponds to a metallicity (Z) of 0.2, 1, 2.5 in unit of
solar metallicity that comprises fifteen types of stellar age
combinations as 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. The
multiwavelength continuum flux which is free from the
nebular emission contribution is used as an input to the
REMOVEYOUNG code for further stellar population
synthesis. This code takes care of removing the contribution
from the stellar population younger than the adjustable cutoff
age from the observed galaxy population. For this purpose, it
uses the population vector information generated by the
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STARLIGHT SPS model as an input. The population vector
represents the mass fraction of the optimum stellar population
mixture obtained by the SPS model, which depends on the
age, metallicity and initial mass function (IMF) of the stellar
population. We set teuwosr to 0.1 Gyr. The deblending task is
used to obtain the stellar absorption corrected fluxes of
prominent emission lines in NGC 3413. The age wise
distribution of stellar population in target galaxy NGC 3413 is
as shown in figure 2.
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dust model developed by [19] is used. The resultant SED fit to
the target galaxies is shown in Figure 3. The quality of the fit
was checked from the x2 values. It is an indicator of the
goodness of the model fit compared to the data points. The
closer the ¥2 to 1, the better will be the fit. The physical
parameters of a galaxy interpreted by MAGPHYS such as
stellar mass, dust mass, star formation rate etc are given in
Table 2.

Table 2: The star formation rate

20 T
| NGC3413 : ‘ : I Parameter Description Value
| | - .
| Intermediate | Old Fract.lon of total dust lu.mmos1'ty Ldust
Young Stellar POPUM“O!} Stellar population : Stellar populatior contributed by the dESt in ambient ISM
| | f, fu= 0.8475
151 | | L. _.1sM
~ | | dust Ll"o teal
® 0 | | /™ dust
I I
22’ : : . Total optical depth seen by the young 1,728
- | | [ v stars in stellar birth cloud '
S 10k : : Fraction of the tv contributed by the dust
o | . " in ISM 0.45
o ! | pISM L ISM  _BC ‘
L] = '] ] i
“ | | p=Tr v 4T
g | : : Mstar Stellar mass in Mo 1.48 x 108 Mo
o . . .
K ! I toral | Total Luminosity in Lo absorbed by the s
: : L dust 2.11x 10° Lo
: : T ISM Temperature of cold grains in thermal 17.9
: I c equilibrium in ISM in kelvin :
I
I I T.BC Temperature of warm grains in thermal 284
0" , T ! g W equilibrium in birth clouds in kelvin ‘
5 6 7 8 9 10 11 -
log (stellar age[yr]) My Dust mass in Mo 9.842 x 10°
b4 Star formation rate in Mo/year 0.16
Fig 2: The age wise distribution of stellar population in target galaxy Specific star formation rate in unit per
NGC 3413. Stars with age less than 25 Myr are treated as young s year, ys = y/Msar 1.54x 10"

stars whereas stars with age greated than 2.5 Gyr are treated as older
stars.

2.2. SED Fitting

Fitting of the galaxy light over the full range of
electromagnetic spectrum is essential to better constrain the
properties of a galaxy. There are number of publicly available
codes that are capable to fit the observed photometric data of
a galaxy and provides a good estimate of various physical
parameters of a galaxy. For the present galaxies, we used”
Multi-wavelength Analysis of Galaxy Physical Properties”
(MAGPHYS) ¥ code to fit the observed SED of target
galaxy. MAGPHYS is applicable for low as well as high
redshift galaxies versions and are widely used by a large
range of research community to study various physical
properties of galaxies using broad band fluxes.

An empirical but physically motivated SED fitting code
MAGPHYS makes use of the optical library of 50,000 models
with varying star formation histories adopted from the 2007
version of ['"! stellar population model and IR library of
50,000 models developed by ['® such that each IR model
represents an optically thin modified black body emission
from different grain sizes, temperature and emissivity indices.
MAGPHYS take into account four types of dust components;
the Polycyclic Aromatic Hydrocarbons (PAH) molecules, hot
dust with a temperature range of 130-250 K, warm dust
component in thermal equilibrium with a temperature range of
30-60K and cool dust with a temperature range of 15-25 K.
Galactic-disk ! initial mass function is employed while
modeling the stellar emission SED. To rule out the effect of
attenuation of star light by interstellar dust, a two-component

3. Results and Discussion
In the present study, we performed optical spectroscopy and
SED fitting or early type galaxy NGC 3413. The main results
of the study are as follows:

i). Nature of central source in NGC 3413

The SDSS spectrum of target galaxy NGC 3413 shows the
presence of prominent emission lines in the optical region of
the galaxy. It suggests the presence of certain kind of activity.
It may arise due to the presence of active galactic nucleus or
due to the intense ongoing star formation. “Baldwin, Phillips
& Terlevich" (BPT) diagrams [20] provides a tool to identify
the nature of activity going on inside the galaxy. BPT diagram
separates AGN from that of the star forming galaxies using
the optical emission line ratios [OIII]JA5007/Hg A4861 and [N
11A6583/HA6563. O[III]AS007/Hp 14861 is a good tracer of
the degree of ionization and hence the temperature of emitting
gas whereas, the line ratio [N IIJA6583/H.A6563 is sensitive to
the lines originating from the ionized gas due to a high energy
sources like the association of OB stars. As the emission lines
used for deriving the BPT diagram are closely spaced,
therefore, the corresponding integrated flux is independent of
the internal galactic extinction and the aperture correction.
Thus BPT diagram provides a reliable tool to classify Star
forming galaxies from that of the AGNs. The position of
NGC 3413 in BPT diagram is as shown in Figure 3. It clearly
indicates the presence of intense star formation in the target
galaxy. We used the ' relation modified for the [V IMF, to
calculate the star formation rate as
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L{Hea)

SFR= R 1

Mg/yr
SFR = 8r-
Where, L(H,) is the luminocity of Ha line in erg/s. It is
corrected for internal dust extinction and the aperture

correction. Using above relationship, the star formation rate in
NGC 3413 is found to be 0.6435 Mo/year.

ii). Stellar Population Synthesis of NGC 3413

The stellar population Synthesis performed for the target
galaxy  NGC 3413 using STARLIGHT and
REMOVEYOUNG code shows that most of the stellar
population captured by the SDSS spectrum of NGC 3413 is of
young to intermediate age. But the SDSS spectrum can cover
only the central region of a galaxy. For NGC 3413, SDSS
spectrum capture only 13% of the total galaxy light. Thus, as
predicted by stellar population synthesis, the spellar
population in the central region of NGC 3413 is of young to
intermediate age. This result supports the star forming nature
of central source in the target galaxy as discussed in section
3.1.

iii). SED Fitting Results

The spectral energy distribution study of target galaxy NGC
3413 using the UV-optical-IR data and the MAGPHYS code
is as shown in figure 4. It interpreted various physical
parameters of the target galaxy as shown in table 2. The star
formation rate predicted by SED fitting is in good agreement
to that of the H, emission line based star formation rates. The
dust mass is NGC 3413 is predicted to be 9.842 x 10° Mg, thus
indicating the presence of moderate amount of dust in this
dwarf elliptical galaxy. A careful look into the SDSS images
of NGC 3413 shows the presence of patchy dust in NGC
3413. One need the optical observations of NGC 3413 with a
powerful high resolution telescopes to predict the special
distribution of dust in the target galaxy. In many galaxies,
dust and the star forming regions are found to be specially
coaligned, suggesting the commnen origin of both of the
components.

10 T ——— -

NGC3413
X= 2.52

log (L, [L@])

i 1
1000

0.1 1 10 100
A (pm)

Fig 3: SED fitting on photometric data of the target galaxy NGC
3413. Attenuated and unattenuated spectra are shown in green and
blue color respectively. Red points show photometric data points
used for SED fitting.

4. Conclusion

In the present work, we performed the optical spectroscopy
and SED fitting of target galaxy with the aim to study the
nature of activity taking place inside it. The BPT digram
clearly suggest the star formation activity present on the target
galaxy. The stellar population synthesis performed using the
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STARLIGHT and REMOVEYOUNG code also supports the
presence of young stellar population in NGC 3413. The SFR
predicted by SED fitting is found to be 0.16 Me/year which is
in good agreement with the SFR calculated using H, emission
line flux. SED fitting also suggests the presence of moderate
amount of dust in NGC 3413. The dust mass is found to be
9.842 x 10° Mo,
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