SDSS J114818.18-013823.7: Forming Compact
Dwarf Galaxy through the Dwarf-Dwarf Merger

D. N. Chhatkuli, S. Paudel, A. K. Gautam and B. Aryal

Journal of Nepal Physical Society
Volume 7, Issue 2, June 2021
ISSN: 2392-473X (Print), 2738-9537 (Online)

Journal of
Nepal Physical
Editors:
Dr. Binod Adhikari

Dr. Bhawani Joshi

Dr. Manoj Kumar Yadav

Dr. Krishna Rai

Dr. Rajendra Prasad Adhikari

Mr. Kiran Pudasainee

I

0L
- gl

- —

ﬁ Nepal Physical Society

v Kathr

Tri-Chandra Campus
vandu, Nepal, Email: npseditor@gmail.com

JINPS, 7 (2), 49-57 (2021)
DOI: https://doi.org/10.3126/jnphyssoc.v7i2.38622

Published by:

Nepal Physical Society

P.O. Box: 2934

Tri-Chandra Campus
Kathmandu, Nepal

Email: nps.editor@gmail.com



INPS 7 (2): 49-57 (2021)
ISSN: 2392-473X (Print), 2738-9537 (Online)

Research Article © Nepal Physical Society
DOI: https://doi.org/10.3126/jnphyssoc.v7i2.38622

SDSS J114818.18-013823.7: Forming Compact Dwarf Galaxy
through the Dwarf-Dwarf Merger

D. N. Chhatkuli* ", S. Paudel?, A. K. Gautam® and B. Aryal*
'Central Department of Physics, Tribhuvan University, Nepal

“Centre for Galaxy Evolution Research, Department of Astronomy, Yonsei University,
Seoul, South Korea

*Bhaktapur Multiple Campus, Bhaktapur, Nepal
*Corresponding Email: chhatkulidn@gmail.com

Received: 18 April, 2021; Revised: 14 May, 2021; Accepted: 26 June, 2021

ABSTRACT
We studied the spectroscopic properties of the low redshift (z = 0.0130) interacting dwarf
galaxy SDSS J114818.18-013823.7. It is a compact galaxy of half-light radius 521 parsec. It’s
r-band absolute magnitude is -16.71 mag. Using a publicly available optical spectrum from the
Sloan Sky Survey data archive, we calculated star-formation rate, emission line metallicity, and
dust extinction of the galaxy. Star formation rate (SFR) due to H, is found to be 0.118 M_ year™
after extinction correction. The emission-line metallicity, 12+log(O/H), is 8.13 dex. Placing
these values in the scaling relation of normal galaxies, we find that SDSS J114818.18-013823.7
is a significant outlier from both size-magnitude relation and SFR-B-band absolute relation.
Although SDSS J114818.18-013823.7 possess enhance rate of star-formation, the current star-
formation activity can persist several Giga years in the future at the current place and it remains

compact.
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1. INTRODUCTION

Dwarf galaxies are expected to be dark matter
dominated objects. They are the most common
galaxies in the universe. They have low surface
brightness and metal poor stellar population. Their
stellar masses are of the order of 10°to 10° M, . One
of the important question in understanding of
formation and evolution of dwarf galaxies is how
these various morphology dwarf galaxies come to
exist and are they transformed from each other
during the course of evolution? Dwarf galaxies are
low mass objects and therefore, the capacity of
binding their contents gravitationally is low as
compared to their massive counterparts.

According to [ICDM model of cosmology [1], the
large-scale structures are formed hierarchically, and
the evolution and growth of galaxies are due to
merging of other galaxies [2]. Radio 21-cm
observation of nearby interacting dwarf galaxies as
they evolved through the merging history is yet to
be explored in detail, although major mergers of
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galaxies are known to play an important role,
particularly in the formation of the massive
elliptical galaxies. In last few years, the
observational evidence for mergers between dwarf
galaxies has been growing. In recent years, people
are working on the evolution of dwarf galaxies by
dwarf-dwarf merger along with observational
evidences [3, 4, 5, 6, 7, 8, 9]. Early study of dwarf-
dwarf interacting pairs established that the star
formation rate in gas-rich isolated dwarf-dwarf pair
is enhanced by a factor ~ 2 over isolated unpaired
dwarfs having similar gas fractions and similar
stellar masses alike that has been found in case of
huge galaxy pairs [10, 11]. This enhancement of
SFR decreases on increasing the separation
between two interacting pairs and the lack of
enhancement in the SFR in unpaired dwarfs
suggests that the star formation is driven by
interaction. The star forming activities of the
galaxies in the interstellar gas clouds depend up on
various factors such as gas, dust, temperature,
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gravity,
hydrodynamics,
processes [12].

The galaxies with a smaller half-light radius are
called compact galaxies. Many compact galaxies
are found to be connected to ordinary massive
galaxies [13]. It is, therefore, believed that compact
galaxies are formed during the tidal interaction
between a giant galaxy and a normal dwarf galaxy
where the small galaxy loses its extended outer halo
and survived remanent become compact dwarf
galaxies. However compact dwarf galaxies are also
observed in isolation, where no giant galaxies are
found in the vicinity [14]. It is argued that, those
isolated compact dwarfs may have formed through
the merger, but this hypothesis has not been
confirmed by statistically strong evidences.
Therefore, a compact galaxy is selected in this work
as its study gives the idea of galaxy interactions and
merger. Many compact galaxies are found to be
connected to ordinary galaxies, other compact
galaxies, or even both of them. It is observed that
the spectrum and color of the compact galaxies are
wider than that of regular galaxies

Metallicity is the abundance of the heavier elements
like nitrogen, oxygen, neon, silicon etc. found in a
terrestrial object. Metallicity is an important
parameter to know the formation and evolution of
stars and galaxies. The metallicity is also related
with the luminosity, decrease in luminosity of a
galaxy means increase in metallicity, at fixed mass
and starburst age of the galaxy [15]. In the process
of merging of galaxies, the metallicity of interior
zones is diluted because of the infill of metal-poor
gas driven by gravity from the outskirts of the
galactic disc to central region [16].

In this work, a spectroscopic study of a compact
interacting dwarf SDSS J114818.18-013823.7
located in an isolated environment will be done and
explore its stellar population properties to provide
another unequivocal evidence of forming compact
dwarf through the merger.

matter-radiation interaction,
thermodynamics and chemical

2. SAMPLE SELECTION

A low red shift (z = 0.0130) galaxy, SDSS
J114818.18-013823.7 is selected from the catalog
of interacting dwarf galaxies [17]. It is a starburst
dwarf galaxy located in the sky position R.A.
(J2000) = 177.0757°, Dec. (J2000) = -1.6399° with
a line-of-sight radial velocity 3902 km/s. It has g
and r band magnitude 15.88 mag and 15.66 mag
respectively, and total absolute B-band magnitude
is -17.21 mag. The g-r-i combined tri-color image

obtained from the Legacy survey is shown in
Figure 1. An extended tail like structure can be seen
along the major axis of the galaxy. The bluest star-
burst region is misplaced from the center of the
galaxy. Interestingly, it can be noticed that outer
extended low-surface brightness part is also blue
and asymmetric morphology.

The SDSS J114818.18-013823.7 is overall a
compact galaxy, the derived half-light radius is 2.1
arcsecond, that corresponds a sky-projected
physical radius 530 parsec (pc). It is located in an
isolated environment where we find no galaxy
within a 500 kpc sky-projected radius.

The SDSS has targeted the central region of SDSS
J114818.18-013823.7 to take an optical spectrum.
The SDSS fiber has an aperture of 3 arcsecond
diameter, which covers a half of the SDSS
J114818.18-013823.7 area.

Fig. 1: Optical view of SDSS J114818.18-013823.7. The
image is obtained from the SDSS sky-server.
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Fig. 2: Optical spectrum of SDSS J114818.18-013823.7
which is plotted by using SDSS archival data. Position of
the emission lines H,, Hg, H,, Hs, Olll doublet, NII
doublet, Hel, Ol and Sl are identified. The X-axis is rest-
frame wavelength and Y-axis is flux.



The SDSS optical spectrum of the galaxy SDSS
J114818.18-013823.7 in the wavelength range of
(3757-9090) A is shown in the Figure 2. Several
characteristic lines can be seen in the spectrum and
some of the prominent emission lines, H,, Hg, H,,
H;, Olll doublet, NII doublet, Hel, Ol and SlI are
highlighted. The strongest emission line is Olll, and
H, is the strongest among the Balmer lines. From
this spectrum, it is clear that the galaxy is emission

type galaxy.

3. MATERIALS AND METHODS

To measure morphological and chemical
parameters of the galaxy, the SDSS archival
database (www.sdss.org/collaboration/credits.html)
is used. The SDSS DR12 data was extracted from
the FITS file format by using software ALADIN.
The galaxy spectra were obtained by plotting the
data using another software ORIGIN. Then the
gaussian fits were performed on the prominent
emission lines by inspection. The continuum flux is
subtracted by taking a median of flux value of
spectrum range + 100 from the center of the
emission line and then each line is modelled. The
gaussian curves so obtained are explained by a
mathematical ~ expression  called  Gaussian
distribution function [18] which is given by

—(x—w)2
1 22

V2mo2

fo(x) = - ()

Where, X is a normal random variable, p is the mean
and o is the standard deviation of the distribution.
The broadening of the emission lines is due to
Doppler’s broadening. In this work, 10 prominent
emission lines were selected and the gaussian
parameters like Full Width Half Maxima (FWHM),
area, height, peak intensity,  wavelength
corresponding to the peak intensity, regression
coefficient of each of the gaussian curves were noted
in a table and the corresponding responsible element
for the emission will be identified. Finally, the
emission line due to emission of H, will be identified
and using its area, the star formation rate (SFR) of
the galaxy will be calculated before and after
extinction correction. In this work, the Ha
luminosity is used as the main calculator of the
instantaneous Star Formation Rate of the galaxy. The
process of recombination of ionized hydrogen in gas
clouds and the dust produces Ha line flux. The O
and B type stars produce enormous radiation field
that ionizes the hydrogen and several emission lines
are produced due to recombination of the free
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electrons with the ionized hydrogen. Ha is one of the
most luminous line in visible region and Kennicutt—
Schmidt empirical relation can be used to calculate
SFR using the Ho emission line flux [19].

SFR (Mo year!)=7.9x10" Y L (H,) (ergs s™) ... (2)

Where, > L(H,) is the total luminosity of H, line
which will be calculated by using area of the
Gaussian fit of H,, line. Y L(H,) = Area of Gaussian
fit x 10" x 4nR? (ergs sV). R is the radius of the
sphere which is calculated as R = D x 3.08 x 10%
cm. Here, D is luminosity distance in Mpc. The Ha
emission line is one of the best estimators of SFR
because, it depends up on very young stars only,
and is independent of recent star formation history.
Moreover, Ha traces directly the SFR and has very
low dependence on metallicity or on ionization
conditions of the gas cloud.

The emission line metallicity of the galaxy can be
calculated using ratio of NII and Ho emission line
flux [20], using an equation

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

The difference in extinction between B band and V
band is E (B — V) = 1.97x log (c/cy). Where, ¢ =
H./Hgis Blamer decrement. The theoretical value of
Co is 2.86 [19] for an electron temperature of 10*K.
Extinction coefficient is now given by

A (Ha) = 2.45E (B-V) ... (4)

4, RESULTS AND DISCUSSION
4.1 Fitted Gaussian Curves

The Gaussian curves representing Gaussian fits of
ten selected emission lines Hel, Hs. H,, Hg, Olll4g60,
Olllsges, OI, H,, NII and SlI are shown in the
Figures 3 and 4 below. The statistical error bars
(x1oc) are shown in each curve. From the figure, it
can be seen that the observed data agrees almost
perfectly with the Gaussian distribution. The
Balmer lines i.e., Hs H, Hg and H, that lie in the
wavelength range of (4096 to 6574) A are shown in
Figure 3. Balmer lines appear due to abundance of
hydrogen in the galaxy which appear relatively
stronger as compared to other elements and are
often used to identify the unknown objects, to
determine the radial wvelocity, distance, star
formation rate and so on. Specially, H, is used to
calculate SFR of the gas-rich galaxies.
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Fig. 3: Gaussian fitting procedure of the prominent emission spectral lines is shown in the figure. Four Balmer lines
are: Hs. H,, Hg, and H,. Solid curves represent Gaussian fits. We show a conservative estimate of the flux error in the
plot, i.e., 10 % of the observed flux provided by SDSS webpage (https://www.sdss.org/dr15/spectro/caveats/). Error

bars represent the +10 statistical errors. The major cause of broadening of characteristic line is due to the Doppler

broadening. The wavelengths given in the X-axis are redshift corrected.

Figure 4 shows the emission lines due to Hel, OllI
doublet, OI, NII and SII in the wavelength range
(3883 to 6729) A. OlIl doublet produces two lines
at wavelengths 4960.1 A and 50083 A
respectively. The emission line fluxes of heavier
elements OIlIl and NII are used to calculate the
emission line metallicity.

4.2 Observation Table

All the ten emission spectral lines Hel, Hs. H,, Hg,
Olllgg60, Olllsges, OI, Hy. NI and SII of the galaxy
SDSS J114818.18-013823.7 are enlisted in the
Table 1 along with their Gaussian parameters. The
first, second, third and fourth columns represent
serial number, the elements responsible for the
emission of lines, the wavelength (A;)
corresponding to the peak intensity, the value of
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peak intensity (I,) in erg/sicm’/A respectively.
Similarly, fifth, sixth, seventh eighth and nineth
columns represent full width half maximum
(FWHM), area, height of Gaussian curve, offset
and coefficient of regression of the fitted data
respectively. We can see that the line due to Olllsgeg
seems to be the most intense (2036.4 erg/s/cm?’/A)
corresponding to the wavelength of 5008.3 A. H, is
the second strongest line (822.5 erg/sicm’/A) at
6564.3A. The weakest line is Ol (5.3 erg/s/cm’/A)
at 6366.4 A. The small values of FWHM (2.30 -
401) A of the Gaussian curves indicate the
characteristic peaks. The value of FWHM is
maximum (4.01 A), for N1l which indicates that the
observed data is in excellent agreement with the
Gaussian distribution.
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Table 1: This table enlists the Gaussian parameters of the selected characteristic emission lines of
spectra of interacting dwarf galaxy SDSS J114818.18-013823.7 shown in Figure 3 and 4.

S.N. Element A, (A) I, FWHM Area Height Offset R?
(A) (erg/sicm?A)  (erg/slcm?A)

1. Hel 3889.5 93.6 2.30 255.85 104.18 -0.379 0.986
2 Hs 4102.9 119.5 2.50 327.61 123.12 + 0.029 0.990
3. H, 4342.0 212.8 2.49 591.04 223.27 + 0.256 0.993
4, Hp 4862.8 430.4 2.70 1261.05 439.90 + 0.058 0.997
5. ol 4960.1 631.9 2.62 1927.93 690.34 -0.384 0.998
6. ol 5008.3 2036.4 2.70 6028.07 2098.08 —0.156 0.998
1. ol 6366.4 5.3 3.87 21.65 5.26 + 0.100 0.949
8. H, 6564.3 822.5 3.86 3756.55 913.60 —0.655 0.998
9. NII 6585.5 40.7 4.01 180.35 42.23 —0.090 0.996
10. SlI 6718.8 64.3 3.78 264.10 65.70 +0.136 0.995

In the 8" column, we can see both positive and
negative values of the Gaussian offset which shows
the skewness of the data. The Gaussian
distributions of the selected lines of H;. H,, Hg, Ol
and SlI have positive value of the offset, thereby
showing that the curves have a positive skewness.
This indicates that the curves are not symmetric and
the right-hand tail is longer than the left-hand tail.
Likewise, the negative values of Gaussian offset of
Hel, OlIl doublet, H, and NII indicate the negative
skewness of the curves and the left-hand tail is
longer than the right-hand tail. The coefficient of
regression is represented by R?that measures how
close the data are to the fitted curve. From the 9"
column of table 1, it can be seen that the value of
R? is more than 98 % except for Ol suggesting that
the fitted data agrees almost perfectly with
Gaussian distribution.

4.3 Calculation

Star Formation Rate

Area of Gaussian curve for H, line = 3756.55 x (10°
7 erglslcm?/A). Using the adopted distance to the
galaxy D = 55.44 Mpc and H, line flux, Star
Formation Rate (SFR) of the galaxy can be
calculated by using equation (2). Therefore, SFR =
0.109 M, year ™,

Metallicity

Line ratio H,/Hgz = 2.98 indicating that there is
internal extinction. The line ratio NII/ H, = 0.048.
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Line metallicity can be calculated by using equation
3as 12 + log (O/H) = 8.13 dex.

SFR after Extinction Correction

From above calculation, Blamer decrement is given
by, ¢ = H./Hg = 2.98. Now, using equation (4),
extinction coefficient is calculated to be, A (Ha) =
0.089408 mag.

Again, we have A (Ha) 25 log
(F(Ha)obs/F(Ha)em). Using the value of observed
flux F(Ha)obs = 3756.55 erg/sicm?A, in this
equation the emitted flux is calculated to be
F(Ha)em = 4073.80 erg/s/cm’/A. Now, the star
formation rate after extinction correction is
calculated to be, SFR = 0.118 M, year 1 1t can be
seen clearly that the SFR of the Galaxy before
extinction is 0.108 M, year 1 and that after
extinction correction is 0.118 M, year 1 je. the
SFR after extinction correction is more than its
previous value, which means that observed flux of
the galaxy is less than the actual value of the flux.
Similar work was done by Chhatkuli et al. [21] for
an interacting dwarf galaxy NGC 2604, and
calculated the SFR to be 0.0927 M, year ™, that
indicates that this galaxy has higher rate of star
formation. Blue compact dwarf galaxies are mostly
found in isolation but they rarely go through the
interaction. Recently, VCC 484 located in the Virgo
cluster has been identified as merging blue compact
dwarf, but detailed radio and optical imaging study



revealed that VCC 484 no longer become compact
dwarf after a few Mega year of evolution time [22].
NGC 4449 is a nearest interacting dwarf which
show burst of star-formation with an ongoing star-
formation rate of 0.5 M, year *[23]

4.4 Scaling Relation

Galaxy size-mass relation has been a standard tool
to study galaxy formation and evolution mechanism
[24]. In Figure 5, two scaling relations between size
and r-band magnitude, and SFR and B-band
magnitude are shown. It is clear from the left panel
plot that SDSS J114818.18-013823.7 is a compact
galaxy, where it is located significantly outside of
the main locus of size-magnitude relation defined
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by normal galaxy’s points. The right panel plot
shows a relation between B-band absolute
magnitude and log(SFR) of star-forming galaxies,
where our galaxy the SDSS J114818.18-013823.7
is identified with a blue symbol. The comparison
sample galaxies, gray symbol data point, are local
volume star-forming galaxies [25]. As compared to
the normal star-forming galaxies, SDSS
J114818.18-013823.7 has enhanced star-formation
activity. It has current SFR 0.118 M, year . The
catalog value of neutral hydrogen gas mass is 6.4 x
10® M, This implies that current star-formation
activity can persist several Giga years in the future
at the current pace.
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Fig. 5: Size-magnitude relation in Left and SFR-B-band magnitude relation in right. SDSS J114818.18-013823.7 is
shown in blue symbol. The gray symbol represents comparison sample taken from
Paudel et al., 2011 (left) and Lee et al., (2009) for the right.

5. CONCLUSION
In this work, we studied the spectroscopic
properties of the low redshift (z 0.0130)
interacting dwarf galaxy SDSS J114818.18-
013823.7 which provides another unequivocal
evidence of forming compact dwarf galaxy through
the merger. Ten prominent emission lines were
noticed from the optical spectra of the galaxy and
following conclusions are drawn.
1. The responsible elements for the observed
emission lines are Hel, Hs. H,, Hg, Olllgg,
Olllsgeg, OI, H,. NIl and SlI.
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2. Olllsggs is the most intense (2036.4 erg/s/cm?’/A)
line corresponding to the wavelength of 5008.3
A, H, is the second strongest line (822.5
erg/sicm?/A) at 6564.3 A and the weakest is Ol
(5.3 erg/s/icm?/A) at 6366.4 A.

The emission lines are fitted with gaussian
profile and the coefficient of regression of all
the emission lines is greater than 98 % except
for Ol, indicating that the lines are in almost
perfect agreement with the  Gaussian
distribution. The FWHM is found to be less than
5 A. The broadening of the lines is due to
Doppler’s broadening,.
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4.

Star formation rate (SFR) calculated from H,
emission line is found to be 0.118 M, year™
after extinction correction.

The galaxy SDSS J114818.18-013823.7 is a
compact galaxy having enhanced star formation
activities as compared to the normal star
forming galaxies and current SFR indicates that
current star-formation rate can be prolonged for
several Giga year in time and the galaxy remains
compact due to central star-formation.
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