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ABSTRACT

We present a detailed morphology and spectroscopic study of a merging dwarf galaxy PGC
030133. Using the publicly available fiber spectroscopic data from the Sloan Digital Sky Survey
(SDSS), we analyzed nine-strong emission lines of wavelength range 4336 A to 6739 A. We find
that the strongest emission line is Olllsy7, with an intensity of 146.32 x 10 erg/sicm?/A. The
observed emission lines are well fitted with a Gaussian profile with a coefficient of regression
greater than 96%, and the derived full-width half maximum (FWHM) is less than 4.2 A. The
Balmer decrement, characterized by the line ratio between H, and H; is 3.07, suggesting a
presence of dust at the center of PGC 030133. Using extinction corrected emission line fluxes, we
derived the star-formation rate and emission line metallicity of PGC 030133. SFR derived from
H, emission line flux is 0.0033 M,year™ and emission line metallicity derived from flux ratio
between NII and H, is 8.13 dex. We derived morphological parameters using the SDSS, g, and z-
band imaging data. PGC 030133 has a half-light radius of 3.38 arc second and 3.05 arc second in
g-band and z-band respectively and observed one-dimensional light profile is well fitted with a
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Sersic function with near exponential Sersic index ~ 0.9.

Keywords: Compact dwarf galaxy, Galaxy merger, Half-light radius, H, line, Star Formation Rate.

1. INTRODUCTION

In a galaxy merger, the interacting galaxies
combine into a single galaxy that contains stars,
planets, dust, and gas. In the gas clouds, formed
after the merger, stars will be formed at higher
rates. From the observational studies in the last ten
years, it has been established that the rate of the
merger of galaxies increases steadily with redshift
up to z ~ 2-3 [1]. Galaxy merger in the local
universe is not common to those in the early
universe. Therefore, the galaxy merger in the local
universe gives an in-depth examination of the role
of the merger in the evolution of the galaxy. Due to
the limited existing surveys of the merger between
dwarf galaxies (M«<10° M,), most of the study of
galaxy mergers so far has been concentrated on
massive galaxies. It is because, the difficulty in
examining the dwarf galaxies is partly due to their
low luminosity, low brightness, and swallow
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potential. The galaxy merger enhances the
morphological transformations as well as the star
formation and enhances far infra-red emission [2].
The extreme enhancement of star formation can
produce a starburst ~1000 M, yr* [3, 4]. In the
starburst regime, the total gas budget is dominated
by H, gas. Star formation is one of the most
important processes in the formation and evolution
of the galaxy. In low redshift galaxies, star
formation in spiral galaxies occurs mainly in
molecular clouds. Starbursts occur in a special class
of galaxies called blue compact dwarf galaxies
(BCDs). Starburst galaxies are gas-rich and use
their gas much faster to form stars. It is anticipated
that the gas component in interacting systems is
frequently predicted to be more turbulent than an
isolated system.

A compact group of galaxies is a dense group of
galaxies that undergo into merger after the



interaction. Zwicky [5] reported that the collision of
the stars increases frequently when the compactness
of a galaxy increases and the matter is ejected in
different forms. When two galaxies with compact
nuclei collide, an isolated compact galaxy will be
formed [6]. Observationally, it is found that the
compact galaxies are related to normal galaxies,
compact galaxies, or even with both of them. Some
galaxies are highly compact, called Ultra Compact
Dwarf galaxies (UCDs) [7], the sizes, velocity
dispersion, and luminosities of which are similar to
the dwarf galaxy cores but they have a higher mass-
to-light ratio than even the largest globular clusters
[8]. The blue compact dwarf galaxies (BCDs) are
the blue colored galaxies having enormous starburst
activities and normally higher central surface
brightness in comparison to ordinary dwarf
irregular galaxies [9], which is explained to be
formed by the gas-rich dwarf-dwarf mergers [10,
11]. The BCDs may also be formed by the central
starburst supported by the natural gas accretion
from the local environment [12, 13].

In this work, the spectroscopic and photometric
analysis of a star-forming interacting dwarf galaxy
PGC 030133 is performed. The star formation rate
(SFR) and line metallicity are calculated by using
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H, line flux in spectroscopy while the structural
parameters like effective radius, half-light radius,
and ellipticity are calculated in photometry.

2. MATERIALS AND METHODS
2.1 Sample Selection

A star-forming class of interacting dwarf galaxies,
PGC 030133 is selected from the catalog prepared
by Paudel et al. [14] based on low redshift (z =
0.0036) and compactness. The galaxy PGC 030133
is located in the sky position R. A. (J2000 =
10:19:01.49) and Dec. (J2000 = +21:17:00.96) at an
adopted distance of 24.80 Mpc with a line-of-sight
radial velocity of 1080 km/s. Its g and r-band
magnitudes are 14.56 mag. and 14.34 mag.
respectively, and the total absolute B-band
magnitude is -17.11 mag. The logarithmic value of
the stellar mass of the galaxy is 8.86 M,. The g-r-i
combined tri-color image of the galaxy PGC
030133 obtained from the Legacy survey is shown
in Fig. 1(a). The galaxy has compact morphology
with its bright center as compared to the outer part.
A reddish, extended tail-like structure can be seen
towards the north direction emanated from the
galaxy.
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Fig. 1: (a) Optical image of PGC 030133. The image is obtained from the SDSS sky-server. (b) The optical spectrum
of the galaxy PGC 030133. Position of the emission lines H,, Hg, H, H; doublet Olll, OI, SlI, and doublet NI are
identified and are shown in the spectrum. The X-axis is rest-frame wavelength and Y -axis is flux.

In Fig. 1(b), the SDSS optical spectrum of the
galaxy PGC 030133 obtained from the SDSS
archival data is shown in the wavelength range of
3800 A to 7000 A. Several prominent emission
lines such as H,, Hg H, H; doublet Olll, OI, S,
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and doublet NIl in the spectrum can be seen along
with some small absorption lines and highlighted
some of the prominent emission lines, mainly
Balmer lines. The strongest emission line is
Olllseq7, and the second strong line is H,.
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2.2 Data Analysis

(a) Spectroscopic Analysis

In this work, we tend to largely use the Sloan
Digital Sky Survey (SDSS) archival data to
measure the  morphological and chemical
parameters of the galaxies. The SDSS Data Archive
Server (DAS) is used to get the SDSS g and r-band
images and fiber-spectrum which are already well-
calibrated. Both images and spectrum data are in
fits file format. The SDSS fiber has a diameter of
three arc seconds. Therefore, only a tiny fraction of
the galaxy area of the central region is covered by
the spectroscopic data. The spectral line profile is
considered to be gaussian in nature and the
Gaussian distribution function is defined by Squires
et al. [15] as

1 —(x—p)2
fG(x)zme 202 (1)

Where, x is a normal random variable, p is the
mean deviation and o is the standard deviation of
the distribution.

Some strongest emission lines will be presented in
this paper, along with their Gaussian parameters
enlisted in a separate table. Then the corresponding
elements will be identified. A median of the flux of
the spectrum range +100 from the center of the
emission line was taken and subtracted the
continuum flux before fitting each of the emission
lines. Furthermore, the star formation rate (SFR),
the hydrogen line ratio, metallicity, dust extinction
will be calculated. The Gaussian area of the H,
emission line will be used to calculate the star
formation rate of the galaxy. The SFR will be
calculated by adopting the empirical formula
proposed by Kennicutt [16] as follows:

SFR (M,year™) =7.9 x 10% Y L (H,) (ergss™) (2)

Where Y L (H,) is the total luminosity of the H,
line which will be calculated by using the area of
the Gaussian fits. The calibration provided by
Marino et al. [17] will be used to calculate the
emission line metallicity by using a line ratio
between H, and NII which is given by

12 + log (O/H) = 8.743 + 0.462 x log (NII/ H,) (3)

The line ratio between H, and Hg fluxes is called
Blamer decrement c. The theoretical value of ¢y =
2.86 for an electron temperature of 10°K and
electron density of 10> cm® [18, 19]. Now
extinction coefficient E(B — V) = 1.97x log (c/cy).
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Total extinction A(H,) = 2.45 E(B-V) in H, band.
Also, the emitted and observed fluxes of H, can be
related as A(H,) = -2.5 log [F(H,)oos/F(Ho)em]. Then
the emitted flux, F(H,)em can be calculated which
will be used to calculate the SFR after extinction
correction.

(b) Photometric Analysis

For photometric analysis, we do surface photometry
on the r-band optical image of the galaxy because
of its higher signal-to-noise ratio as compared to
other bands. The major axis light profile of the
galaxy is extracted by using the Image Reduction
and Analysis Facility (IRAF) task ellipse and the
best fitted elliptical isophotes are drawn on the
image as described by Jedrzejewski [20], thereby
producing several structural parameters of the
galaxy such as ellipticity, position angle, effective
radius, intensity and so on which are important
tools to know the morphology and evolution of the
galaxy.

To find the size of a galaxy, we use either a
parametric approach or a non-parametric approach.
In the former approach, the observed light profile of
the galaxy is approximated into parametric
functions such as exponential or de Vaucouleur
functions which are the special cases of Sersic
function [21] defined as

@ o[[8)" ]

Here, R, is the effective radius of the galaxy at
which the intensity is l.. n is called Sersic index
which defines the ‘shape’ of the profile. b, is a
function of n which is selected to make sure that the
radius R, encloses half of the profile’s total
luminosity. The observed light profile is modeled
with the Sersic function and the best fitted effective
radius R, and surface brightness . of the galaxy are
obtained as free parameters.

Out of many methods in the non-parametric
approach, the Petrosian method is used to find
the half-light radius Ry,. At first, Petrosian radius
ap, [22, 23] is defined, which is the distance from
the center of the galaxy at which the surface
brightness at a radial distance R is 20 percent of
the average surface brightness within that radius.
It is assumed that the total flux of the galaxy is
covered within the distance of 2a,. Once we
know the total flux of the galaxy, the
galactocentric distance at which total flux is half
can be calculated, which is called half-light
radius hr.

(4)



3. RESULTS AND DISCUSSION

3.1 Spectroscopy

Nine main emission lines: H;, Hg Olllsgeo,
Olllsoo7, Ha NHgsga, Nllgssi, Sllgzi7, and Sllgras
are determined from the spectrum of the galaxy
PGC 030133 [Fig. 1(b)] and only six prominent
lines of them are shown in Fig. 2 along with their
Gaussian fits. The solid line represents the
Gaussian distribution and the dots represent the
observed data. The error bars are also shown in
the Gaussian curves. We can see that there is an
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excellent agreement of the observed data with the
normal distribution. The doublets OIIl, NII, and
SIl have two different emission lines of each.
The Balmer lines, H,, H; and H; are sensitive to
the galaxies' gas-mass and star-formation rate.
The H,, principally, is a well-known tracer of
star-formation and is widely used to calculate the
star-formation rate of the gas-rich galaxies.
Heavier elements OIlll and NII emission fluxes
are used to calculate the star-forming galaxies'
emission line metallicity.
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Fig. 2: Six main emission lines (Hs, Hp, Olll4g60, Olllsg07, Hy, and Nllgsgs) 0f Gaussian fitting procedure for the galaxy
PGC 030133 are shown. We show a conservative estimate of the flux error in the plot, i.e., 10 % of the observed flux
provided by the SDSS webpage (https://www.sdss.org/dr15/spectro/caveats/). The major cause of the broadening of the
characteristic line is the Doppler broadening. The wavelengths given in the X-axis are redshift corrected.

The Gaussian parameters of the nine strongest
emission lines of the galaxy PGC 030133 are
enlisted in Table 1. The wavelength (&) in
angstrom corresponding to the peak intensity, the
value of peak intensity (10 erg/sicm?/A), area
of the Gaussian curve (10 erg/s/cm?/A), the
height of the Gaussian fits (10" erg/s/cm?/A), the
positional difference between Gaussian peak and
the observed peak (offset) and coefficient of
regression R* are recorded corresponding to
different elements: H,, Hﬁ, Olllsgs9, Olllsgg7,
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Nllgssa, Hyo Nllgssi, Sllg7e7 and Sllgzas responSible
for the characteristic lines of the galaxy. We can
see from Table 1 that, Olllsgp; has a maximum
intensity of 146.32 x 10" erg/sicm?/A,
corresponding to the central wavelength 5007 A.
The second strongest intensity is 116.84 x 10"
erg/s/cm?/A corresponding to wavelength 6565
A, which is due to H, emission. The value of the
coefficient of regression is more than 96%
suggesting that the fitted curves almost agree
with the Gaussian distribution.
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Table 1: Preferred Gaussian parameters of the Gaussian fits are listed in this Table.

Elements Hs Hp Olllsgeo | Olllsge7 | Nllesgsa | H, Nlgss: | Sllezaz | Slleras
Wavelength | 4341 | 4862 4960 5007 6584 6565 6551 6717 6733

Intensity 2391 | 56.13 47.29 146.32 | 12.93 116.84 | 4.18 22.43 15.17
Area 68.18 | 163.25 | 153.58 | 457.05 | 62.57 501.81 | 19.28 101.20 | 68.00
Height 25.72 | 60.32 52.65 158.58 | 14.11 121.10 | 4.69 23.49 16.82
Offset +0.14 | -0.29 +0.44 -0.43 -0.70 +0.36 +1.32 | -0.47 +0.66
R? 0.97 0.99 0.99 9.99 0.96 0.99 0.96 0.99 0.97

The negative value of the offset of the Gaussian
distribution of Hp, Olllsge7, Nllgsgs, and Sllgzsy
shows that the curves have negative skewness and
they have a long left-hand tail as compared to right-
hand tail. In the same way, the positive value of the
offset of the Gaussian distribution of Hgs, Olllsggo,
H,, Nllgsss, and Sllgz33 shows that the curves have
positive skewness and they have a long right-hand
tail as compared to left-hand tail.

Star Formation Rate

Star Formation Rate (SFR) of the galaxy PGC
030133 calculated by using equation (2) is found to
be 0.0029 M, year™ before extinction correction and
0.0033 M, year after extinction correction. We can
see that the SFR of the galaxy calculated after
extinction correction is more than that before
correction indicating that the observed flux of the
galaxy is more than the actual flux. The calculated
value of SFR of the galaxy is remarkably low
(0.0033 M, year™) as compared to its catalog value
derived by using FUV flux. This is because of the
large area coverage of FUV as compared to the
SDSS 3” central region. It indicates that just a

fraction of star formation occurs in the central part
of the galaxy.

The line ratio (c) = 3.07. This shows that the line
ratio of the galaxies is slightly greater than its
theoretical value (2.8). The higher value of ¢
suggests the presence of dust at the center and the
dust absorbs lower wavelength light more
efficiently than higher wavelength light. The line
ratio Nllgsgs/ H, = 62.57/501.81 = 0.125. Line
metallicity calculated by using this line ratio from
equation (3) is 12 + log (O/H) = 8.13 dex which
suggests that the PGC 030133 overall has metal
content nearly three times lower than the sun.

3.2 Photometry

From the photometric calculations, several
structural parameters of the galaxy PGC 030133 are
obtained which are listed in Table 2. The first,
second, third, fourth, fifth, and sixth columns
represent the band of filter, mean surface
brightness, effective radius, Sersic index,
magnitude, and half-light radius respectively of g
and z bands.

Table 2: Global structural parameters of PGC 030133.

Band M. S. B.Mag/arc sec? R, (arcsec) n mg (mag.) hr (arcsec)
g 21.89 9.05 0.98 15.55 3.38
z 21.13 8.00 0.89 14.92 3.05

The angle made by the semi-major axis of the
galaxy with the north celestial pole is called
position angle and it gives the orientation of the
galaxy. The radial profiles of position angle (PA)
and ellipticity are shown in Fig. 3. From the figure,
it seems that the position angle and ellipticity vary
randomly as free parameters around the central
region and it is almost constant in outer regions
from the center of the galaxy both in g-band [Fig.
3(a)] and z-band [Fig. 3(b)].
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From the Sersic modeling of the observed light profile
in the parametric method, the effective radius of the
galaxy is obtained to be 21.89 arcsec and 21.13 arcsec
in g and z-bands respectively. The modeled major
axis light profiles at g-band [Fig. 4(a)] and z-band
[Fig. (b)] are shown in Fig. 4. It is found that the
modeled best-fitted line perfectly coincides with the
observed data and hence, the observed light profile
can be well modeled with a simple Sersic function
with a Sersic index of ~0.9 (near exponential).




The half-life radius (hr) is obtained from the non-
parametric approach that better represents the overall
size of the galaxy. At first, a Petrosian radius a, is
calculated at n = 0.2; as shown in Fig. 5(a) for g-band.
It is assumed that radius 2a, covers most of the
galactic light and calculates a half-light radius for that
total light as shown in Fig. 5(b). The same is done for
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the z-band as shown in Fig. 5. The derived Petrosian
radius for this galaxy is 17.34 arcsec in g-band and
16.14 arcsec in z-band. Using the Petrosian method in
the parametric approach, the half-light radii obtained
are 3.38 arcsec and 3.05 arcsec respectively in g and
z-bands. Thus, we do not need to know the endpoint
of the galaxy to find its size.
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Fig. 3: Radial profiles of position angle (PA) and ellipticity

SFB (mag/arcsec?)

20
22 A
24
26
(]
28 1
100 10!
SMA (arcsec)
(b) z-band.
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Comparison with previous work

We studied spectroscopic and morphological
properties of a merging dwarf galaxy PGC 030133.
It is a blue compact dwarf galaxy (BCD). Merging
features in BCD-type galaxies are rare. Recent
literature shows VCC 848 and UM 448 are the two
well-studied BCD galaxies. An optical color of
both VCC 848 and UM 448 is shown in Fig. 6.
Zhang et al. have identified a shell feature BCD
(VCC 848) in the Virgo cluster [24, 25]. Compare
to VCC 848, PGC 030133 is one magnitude fainter
and 0.2 dex bluer in g-r color. The color difference

can be well explained by comparing their
surrounding environment and gas mass fraction.
VCC 848 has 5 times lower gas-mass fraction
compared to PGC 030133. Both, VCC 848 and
PGC 030133 have a similar half-light radius of ~9”.
Another study of interacting BCD type galaxy is
UM 448, located in a field environment [26]. A
resolved spectroscopic study revealed that UM 448
is producing new stars at a staggering pace, i.e., 0.8
M,year™ and has overall emission line metallicity
12 + log(O/H) = 8.15 dex.

Fig. 6: Example of previously studied merging dwarf galaxies: VCC 848 and UM 448.
The images are obtained from the SDSS sky server.

4. CONCLUSION

From the spectroscopic and photometric analysis of
the compact dwarf galaxy, PGC 030133 which is
formed just after the merger, different conclusions
are drawn based on the observations and
calculations. The selected emission lines from the
optical spectrum of galaxy PGC 030133 have a
coefficient of regression, of more than 96% which
indicates almost perfect agreement with Gaussian
fits. The star formation rate and line metallicity are
calculated by using H, flux. The derived SFR after
extinction correction is 0.0033 M@year'l and its
metallicity is 8.13 dex. This shows that the galaxy
is a normal star-forming galaxy with total metal
content three times lower than the Sun. A detailed
morphological study of a compact dwarf galaxy,
PGC 030133 is performed by using photometry and
found that the major axis light profile can be well
modeled with a simple Sersic function with near
exponential Sersic index. The effective radius is
calculated by modeling the observed light profile in
the Sersic function and the half-light radius is
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calculated by the Petrosian method. The derived
values of half-light radius are 3.38 arcsec and 3.05
arcsec in g-band and z-band respectively.
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