Bull. Soc. R. Sci. Liege, 2024, 93(2), 918-923 Peer-reviewed conference paper
doi:10.25518/0037-9565.11924

Surface Brightness Properties of LSB Galaxies with the
International Liquid Mirror Telescope

Jiuyang Fu'*, Bhavya AILAWADHI>?, Talat AKHUNOV*>, Ermanno BORRAS,
Monalisa DUBEY?’, Naveen DUKIYA?”, Baldeep GREWAL', Paul HICKSON!,
Brajesh KUMAR?, Kuntal MISRAZ, Vibhore NEGI>>, Kumar PRANSHU>®, Ethen SUN!
and Jean SURDEJ’

! Department of Physics and Astronomy, University of British Columbia, 6224 Agricultural
Road, Vancouver, BC V6T 171, Canada

2 Aryabhatta Research Institute of Observational sciencES (ARIES), Manora Peak, Nainital,
263001, India

3 Department of Physics, Deen Dayal Upadhyaya Gorakhpur University, Gorakhpur, 273009,
India

4 National University of Uzbekistan, Department of Astronomy and Astrophysics,
100174 Tashkent, Uzbekistan

> Ulugh Beg Astronomical Institute of the Uzbek Academy of Sciences, Astronomicheskaya
33, 100052 Tashkent, Uzbekistan

6 Department of Physics, Université Laval, 2325, rue de I’Université, Québec, G1V 0A6,
Canada

7 Department of Applied Physics, Mahatma Jyotiba Phule Rohilkhand University, Bareilly,
243006, India

8 Department of Applied Optics and Photonics, University of Calcutta, Kolkata, 700106, India
9 Institute of Astrophysics and Geophysics, University of Liege, Allée du Six-Aofit 19c,
4000 Liege, Belgium

* Corresponding author: fujyang2 @student.ubc.ca

This work is distributed under the Creative Commons CC-BY 4.0 Licence.

Paper presented at the 3™ BINA Workshop on “Scientific Potential of the Indo-Belgian Cooperation”,
held at the Graphic Era Hill University, Bhimtal (India), 22nd-24th March 2023.

Abstract

Low surface brightness (LSB) galaxies make up a significant fraction of the luminosity density
of the local universe. Their low surface brightness suggests a different formation and evolu-
tion process compared to more-typical high-surface-brightness galaxies. This study presents an
analysis of LSB galaxies found in images obtained by the International Liquid Mirror Telescope
during the observation period from October 24 to November 1, 2022. 3,092 LSB galaxies were
measured and separated into blue and red LSB categories based on their g’ — i’ colors. In these
samples, the median effective radius is 4.7 arcsec, and the median value of the mean surface
brightness within the effective radius is 26.1 mag arcsec 2. The blue LSB galaxies are slightly
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brighter than the red LSB galaxies. No significant difference of ellipticity was found between
the blue and the red LSB galaxies.
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1. Introduction

Galaxies can be classified into two broad groups based on their colors in optical light, which
are strongly linked to the types of stars that dominate their populations. This classification is
closely related to the overall structure, or morphology, of the galaxies, resulting in a separation
into “red” and “blue” sequences (Blanton and Moustakas, 2009). Although extensive surveys
like SDSS have provided opportunities to examine the color patterns of galaxies in great detail
(Balogh et al., 2004), our understanding of color distribution at lower surface brightness levels
remains limited.

Currently deeper surveys have just been taken place to produce large LSB galaxies catalogs,
one of which is the International Liquid Mirror Telescope (ILMT) survey that will bridge the gap
in our understanding of the LSB galaxies population. The ILMT is a zenith-pointing telescope
installed at Devasthal Peak in the central Himalayan range in India. Since the ILMT cannot track
stellar objects like conventional glass mirror telescopes, tracking is accomplished electronically.
This is achieved by using time-delay integration (TDI) readout, in which every pixel in the
image results from an integration over 4096 pixels along each column of the CCD. This reduces
flat-field variations by a factor of ~ 4.5 magnitudes (Kumar et al., 2018).

LSB galaxies are typically difficult to detect due to their low intensity. With a 22 x
22 arcmin? field of view, the ILMT can survey ~ 50 square degrees of sky each night. An-
other advantage of the ILMT is that it always observes at the zenith, so the sky brightness and
atmospheric absorption and scattering are minimized. Images from different nights can be co-
added to increase the signal-to-noise ratio. The ILMT employs g’, ¥ and ¢’ filters, which makes
it possible to study the difference between red and blue LSB galaxies based on g’ — i’ colour.

2. Observations and Analysis

Six images of the same target area captured by the ILMT during the observation period
from October 24 to November 1, 2022, were analysed. Each of the g/, 7/, and /' filters was
employed for two nights, respectively. The size of each image is 4096 pixels x 36817 pixels.
Given that the pixel size of the CCD camera is about 0.328 arcsec, the scanned area in each
image is 22.3 arcmin X 201.1 arcmin. The coordinate ranges of the area studied are 07:14:14.03—
07:27:38.31 in right ascension and 29:12:43.3-29:34:59.5 in declination (J2000).

Faint objects such as LSB galaxies may be obscured by brighter sources in the image.
This can make it difficult to detect and analyze the faint objects, and may even result in false
detections or misinterpretation of the data. In this work, bright sources and their associated
diffuse light were cleaned using Astropy’s Photutils detect_sources program augmented by
transformations using binary masks. All sources that are four standard deviations above the
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Figure 1: The original image from the ILMT is shown in panel (a).
In panel (b), the bright sources that are 4 standard deviation above the
median background noise were cleaned if their size was larger than 1257
arcsec’. The subtracted bright sources are shown in panel (c).

median of the sky background and have an area greater than 1257 arcsec? (corresponding to a
circular area with radius of 20 arcsec) were replaced with the median background. For each
bright source, the radius of the region to be replaced is the radius at which the median intensity
drops to the level of the median background noise. With this method, all diffuse light of a bright
source can be removed, which makes it more accurate during the process of local background
estimation. An example of the imaging cleaning process is shown in Fig. 1.

We classified a galaxy as LSB if its #/-band disc central surface brightness is fainter than
21 mag arcsec 2. This particular threshold was selected because the brightness of the dark sky
at the location of the ILMT is 21.09 mag arcsec 2 in the 7-band, given the definition that LSB
galaxy is fainter than the dark sky. While the circular aperture may be effective for objects with
limited angular size or spherical shape, it is not the most suitable option for galaxies that tend
to have extensive angular size, unconventional structure, or an edge-on configuration (Du et al.,
2015). Therefore, the surface brightness modeling of our LSB galaxy samples was done by
SExtractor software using elliptical apertures. The Sersic model was used to fit the intensity
profiles of our LSB galaxies. The effective radius reg is measured along the major axis. The
surface brightness U¢ is measured within the effective radius, which has an elliptical shape
with the same ellipticity as that of the aperture.

3. Results

A total of 3092 potential LSB galaxies were identified and measured. The coverage of
the central surface brightness in the 7 band of all the LSB galaxy samples is from 21.0 to
26.1 mag arcsec 2. 299 of these are shown in the color-color diagram of Fig.2. It was found
that the g’ — ¥/ and g’ — i’ are positively correlated. The distributions of g’ — i’ and g’ — r/ are
shown in the histograms on the marginal axes with the fitted kernel density estimation (KDE)
curves displayed as the blue curves. These 299 LSB galaxies were separated into blue and red
LSB categories. The dividing color of 0.66 corresponds to the median value of g’ — i’ (displayed
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Figure 2: Color—color diagram of LSB galaxy samples. The galaxies
were divided into red (g’ — i’ > 0.66) and blue (g’ — i’ < 0.66) subsam-
ples. The dividing color is determined by the median value of g’ — i’
(Greco et al., 2018). The distributions of g’ — i’ and g’ — ¥’ are shown in
the histograms on the marginal axes. The blue lines overlaid on the his-

tograms show the density distributions fit by kernel density estimation.

as the black dashed line in Fig. 2). A comparison between the two categories is given in Table 1.
The blue LSB galaxies are slightly brighter than the red LSB galaxies. No significant difference
of ellipticity was found between the two LSB categories.

4. Discussion

The light profiles for red LSB galaxies are typically smooth, and they can be well-described
by the Sersic function, while blue LSB galaxies tend to have irregular morphologies. Only the
Sersic model was used in fitting light profiles. Improvements by using a more complete model
are considered in further research.

The color—color diagram has a higher dispersion than expected. The main reason for this
is the low confidence of the star-galaxy separation. When more images of the same target area
are obtained, they will be co-added to improve the star-galaxy separation. The evolution path
of LSB galaxies, and the age and metallicity could then be studied.

While 3092 LSB galaxies were detected in the / band, less than 10% of them were detected
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Table 1: Statistical Results of LSB Galaxy Samples in /' band.

Measurement Blue LSB Galaxy Red LSB Galaxy
Detected Number 150 149
Median res (arcsec) 4.62+0.76 4.744+0.77
Median pef (mag arcsec™2) 25.934+0.38 26.3440.38
Mean Ellipticity 0.16+0.03 0.18 +0.03

in the g/, ¥ and i’ bands simultaneously. One reason for this is that some sample LSB galaxies
are too faint to be detected in the g’ and i’ bands. This is reasonable because either in the color—
color diagram that obtained here, or in published color—color diagrams, more LSB galaxies have
a positive g — i value and are thus fainter in the g’ band. It is also possible that some detected
LSB galaxies are not real celestial objects, which may either be cosmic ray hits or local maxima
occurred in the background noise.
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