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ABSTRACT

Untargeted neutral hydrogen (H i) surveys are well suited to identifying low surface brightness galaxies (LSBGs) that are gas rich,
and they offer a complementary view to optically selected populations. We examined the LSBG population as identified via stellar
and gaseous content using the MIGHTEE H i XMM-LSS early science data and the publicly available catalogs of optically identified
LSBGs. There is currently little overlap between these datasets, with only three galaxies commonly detected. We performed surface
brightness photometry of selected MIGHTEE H i detections to find 29 LSBGs, and 26 of these meet the size requirement (Reff >
1.5 kpc) to be ultra-diffuse galaxies (UDGs). Furthermore, we extracted H i spectra at the location of all optically identified galaxies,
placing upper limits on the H i-to-stellar mass ratio in these systems. While the H i-identified population overall tends toward bluer
colors, the H i-identified and the optically selected samples mostly overlap in mean effective surface brightness, effective radii, and
color. Although it is not straightforward to discern why the H i-identified LSBGs were missed in optical searches, this work highlights
the utility of H i surveys in finding these faint systems. The H i-identified LSBGs are gas rich compared to the general H i-selected
population. Furthermore, three out of four H i-selected UDGs with available kinematics show no systematic offset from the baryonic
Tully-Fisher relation, although we are biased away from sources with low rotational velocities due to the low spectral resolution of
the data. This work demonstrates the utility of H i observations for finding and characterizing the low surface brightness Universe.
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1. Introduction

Low surface brightness galaxies (LSBGs) have been long known
and recognized for their importance in constraining galaxy for-
mation models (e.g., Sandage & Binggeli 1984; Dalcanton et al.
1997; Impey et al. 1988). Interest in the low surface brightness
(LSB) universe was reinvigorated with the discovery of thou-
sands of very extended LSBGs in the Coma Cluster, which
are referred to as ultra-diffuse galaxies (UDGs) and were
characterized by their LSB nature and large effective radii
(van Dokkum et al. 2015; Koda et al. 2015; Yagi et al. 2016).
The realization, enabled by optical surveys with increased sensi-
tivity, that there was a large population of previously overlooked
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galaxies spurred observers to search for UDGs and theorists to
explain their formation mechanism.

The original identification of UDGs in clusters and their need
to survive that environment motivated formation theories where
UDGs were “failed” galaxies that lived in massive dark matter
halos and were quenched by early infall into the cluster (e.g.,
Yozin & Bekki 2015). Other work identified the cluster UDGs
as a subset of the cluster dwarf galaxy population, with their
larger sizes attributable to interactions within the cluster (e.g.,
Venhola et al. 2017; Conselice 2018; Mancera Piña et al. 2019a;
Watkins et al. 2023). At the same time, other models have pre-
dicted that UDGs are a natural part of the dwarf galaxy popula-
tion in the field, for instance, that they are the tail of the high-spin
halo population (e.g., Amorisco & Loeb 2016; Rong et al. 2017;
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Posti et al. 2018; Mancera Piña et al. 2020), they form due to gas
outflows from star formation (Di Cintio et al. 2017), or they result
from early major mergers or collisions (Wright et al. 2021; Silk
2019). Testing these theories requires identifying UDGs in the
field population and connecting them to the cluster population.

When searching for field UDGs in optical surveys, redshifts
are generally not available, as by their nature these sources are
too faint for most large-scale redshift surveys. Thus, selection
criteria are based on surface brightness (distance-independent)
and angular size. For example, Greco et al. (2018, hereafter G18)
searched the wide layer of the Hyper Suprime-Cam (HSC) Sub-
aru Strategic Program (SSP) for galaxies with an effective radius
of reff = 2.5−14′′ and an average surface brightness within reff

in the g band µeff,g > 24.3 mag arcsec−2. Similarly, the team of
Systematically Measuring Ultra-diffuse Galaxies (SMuDGEs)
looked at the Legacy Surveys to find galaxies with a peak sur-
face brightness of µ0,g ≥ 24 mag arcsec−2 and reff ≥ 5.3′′
(Zaritsky et al. 2023). These provided LSBGs, some of which
were UDG candidates. However, the UDG classification relies
on physical size, in particular Reff > 1.5 kpc, and thus it requires
a distance estimate. Approaches to estimating distances have
included statistically correlating with known overdensities or
galaxies with known redshifts (Zaritsky et al. 2022; Greene et al.
2022), focusing on satellite galaxies associated with a host with
a known redshift (Li et al. 2023, hereafter L23), or using either
the surface brightness fluctuations (Carlsten et al. 2019) or the
globular cluster luminosity function (e.g., Román et al. 2019).

Leisman et al. (2017) and Janowiecki et al. (2019) showed
that there is a large population of gas-rich UDGs also present in
neutral hydrogen (H i) surveys. In fact, these studies found gas-
bearing UDGs to be extremely gas rich for their stellar mass,
with gas fractions (MHI/M∗) of up to 100. An H i detection is
completely independent of the stellar content, enabling detec-
tion of galaxies that might be missed in optical searches due to
insufficient sensitivity or biases in detection methods (e.g., due
to shredding). Hence, it provides a complementary view to opti-
cal searches for LSBGs and UDGs.

In addition to untargeted H i searches, targeting optically
selected LSBGs in H i provides a means to obtain redshifts
and test their UDG classification, as was done for SMuDGEs
(Karunakaran et al. 2024). With the wealth of new H i surveys
and facilities available in preparation for the SKA-Mid tele-
scope, the opportunities to combine optical and H i data for
understanding LSBGs and UDGs are expanding. For exam-
ple, For et al. (2023) searched pre-pilot data from the Widefield
ASKAP L-band Legacy All-sky Blind surveY (WALLABY) for
detections of SMUDGES galaxies, finding one H i-rich LSBG
and non-detections of H i in six putative UDGs.

In this work, we combine the optical and H i views of
LSBGs and UDGs. The Early Science (ES) H i data from the
MeerKAT International Giga Hertz Tiered Extragalactic Explo-
ration MIGHTEE survey (Jarvis et al. 2016) provide a catalog
of H i detections, and previous optical searches provide catalogs
of LSBGs and UDG candidates; we introduce these catalogs in
Section 2. We discuss how we cross-matched the catalogs in
Section 3 and detail the new LSBGs and UDGs we identified from
the H i detections in Section 4. In Section 5 we explore the H i con-
tent of optically identified galaxies. We discuss the implications of
our results in Section 6 and end with our conclusions in Section 7.

2. Data

The field targeted by XMM-Large Scale Structure (XMM-LSS)
survey is a well-studied extragalactic field that is contained

within both HSC-SSP and MIGHTEE. For the purpose of this
work, we focus on a subset of the region that contains the MIGH-
TEE ES footprint, shown in Figure 1.

2.1. MIGHTEE

2.1.1. H i data

The MIGHTEE ES data include three pointings in the XMM-
LSS field. These pointings are referred to as XMM-LSS-12,
XMM-LSS-13, and XMM-LSS-14 and are shown in Figure 1.
The MIGHTEE ES data covers 1310–1420 MHz (z = 0−0.084)
with a spectral resolution of 208.984 kHz (∼44 km s−1 at z = 0).
For logistical reasons, the bandwidth is split into three con-
gruent spectral windows for processing. The typical noise is
81 µJy beam−1 in a single channel. Within a single channel,
this corresponds to a 3σ column density sensitivity of 9.8 ×
1019 atoms cm−2.

The MIGHTEE ES H i source catalog was constructed
via unguided visual inspection of the cubes to identify H i
emission (Maddox et al. 2021). The H i masses were derived
from measurements of the integrated flux density in moment-
0 maps (Ponomareva et al. 2021; Rajohnson et al. 2022). The
H i velocity widths at 50% of the peak flux density (W50)
were derived by fitting the busy function (Westmeier et al.
2014; Ponomareva et al. 2021). Distances for the MIGHTEE
ES H i catalog are cosmological, with an assumed cosmology
of H0 = 67.4 km s−1 Mpc−1, Ωm = 0.315, and ΩΛ = 0.685
(Planck Collaboration VI 2020). However, we adopt the dis-
tances based on local flow models for our analysis of LSBGs
and UDGs, as described in Section 4.2. The 196 detections in
the XMM-LSS ES region are shown in Figure 1.

2.1.2. Ancillary MIGHTEE data

The MIGHTEE fields were chosen specifically for their wealth
of ancillary data, including deep optical photometry from HSC
and deep near-infrared photometry from VISTA, as detailed in
Maddox et al. (2021). In particular, the XMM-LSS field has
either deep or ultra-deep HSC-SSP data in u, g, r, i, and z, which
is ∼0.5–1.5 mags deeper than the wide tier with the 5σ point-
source detection limits for the deep (ultra-deep) data of g =
27.5 (28.1), r = 27.1 (27.7), and i = 26.8 (27.4) magnitudes
Aihara et al. (2018).

The ancillary data were used to provide value-added infor-
mation about the MIGHTEE H i detections. Elliptical apertures
whose purpose was to encompass as much of the light as possible
in the HSC g band image were applied to the photometric data
from the u band to the NIR and used in the spectral energy distri-
bution (SED) fitting to derive stellar masses and star formation
rates (Maddox et al. 2021). Thus, we also have the size of the
elliptical aperture used for photometry, the g and i band magni-
tudes, and the stellar masses for all MIGHTEE ES H i detections.

2.2. Optically selected LSBGs

We used the catalogs of G18 and L23 to select optically iden-
tified LSBGs within the MIGHTEE ES XMM-LSS footprint.
Both works use the wide layer of the HSC-SSP, which cov-
ers five broad bands (g, r, i, z, y) with a depth of g = 26.6 mag,
r = 26.2 mag, and i = 26.2 mag (5σ point-source detection) and
a median seeing of 0.6′′ (Aihara et al. 2018). The main differ-
ence between the two catalogs is that G18 used the internal data
release S16A, while L23 used the public data release 2 (PDR2;

A122, page 2 of 17



Adams, E. A. K., et al.: A&A, 708, A122 (2026)

33.534.034.535.035.536.036.537.0
R.A. [deg]

5.75

5.50

5.25

5.00

4.75

4.50

4.25

4.00

De
c.

 [d
eg

]

MIGHTEE
LSB (Greco+ 2018)
UDG or UPG (Li+ 2023)

8.0

8.5

9.0

9.5

10.0

10.5

Lo
g(

M
H

I) 
[M

]

Fig. 1. Region of XMM-LSS covered in
the MIGHTEE ES data. From left-to-right
(decreasing right ascension), the three fields
are XMM-LSS-14, XMM-LSS-13, and XMM-
LSS-12. The solid lines indicate the full width
half maximum of the MeerKAT primary beam,
and the dashed lines represent the 30% response
level. The MIGHTEE H i detections are shown
as circles, shaded based on their H i mass. Also
included are the LSBGs of G18 (blue squares)
and the UDGs and UPGs of L23 (green pen-
tagons) that fall within the considered footprint.
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Fig. 2. The three cross-matched optical and H i sources. H i contours at [2.5, 5, 7, 10]× 1020 atoms cm−2 overlaid on g band images.

Table 1. H i and optical cross-matched sources.

Name Optical IDa Sep. zHI zhost
MGTH_ ′′

J021642.0-044221 G267 0.6 0.042752
J021759.3-041634 L25657 0.7 0.033398 0.035
J022138.1-052631 L86749 1.5 0.006912 0.032

Notes. (a)“G” refers to G18 and “L” to L23.

also known as S18A Aihara et al. 2019), which provides sky sub-
traction that is more appropriate for LSBGs.

Both works identified LSBGs, albeit in two different ways. In
G18, masked galaxy cutouts were modeled as a two-dimensional
point spread function (PSF)-convolved Sérsic function. Sources
with µeff,g > 24.3 and 2.5′′ < reff < 14′′ were identified
as LSBGs, and they could be UDGs depending upon their
(unknown) distance. In L23, a Spergel surface brightness pro-
file (Spergel 2010; Tan et al. 2024) was convolved with the PSF
to model the galaxies in the catalog. L23 also used a deblending
technique that improved their completeness. The authors of L23
matched LSBGs to satellites of Milky Way-mass host galaxies
from the NASA-Sloan Atlas1, which provides compiled spectro-
scopic redshifts or direct distance measurements. They assigned
the host redshift to the LSBG and then only provide catalogs for
the galaxies that are either UDGs (Re f f + σ(Re f f ) > 1.5 kpc and

1 https://nsatlas.org/

µeff,g +σ(µeff,g)> 25.0 mag arcsec−2 in their definition) or “ultra-
puffy galaxies” (UPGs), galaxies that are outliers by more than
1.5σ from the mass-size relation defined by satellites of Milky
Way analogs in the Local Volume (Carlsten et al. 2021). Thus,
the L23 catalog has higher quality data with additional infor-
mation (host redshift) but only for a subset of satellite galaxies
compared to the G18 catalog. Given the different strengths of
these two catalogs, we utilized both. Within the region of sky
we considered (see Figure 1), there are 16 LSBGs from G18.
The catalogs of L23 provide eight galaxies, five of which are
classified as both UDG and UPG, two as UDGs only, and one
as UPG only. Of the eight galaxies in L23, four are newly cat-
aloged compared to G18. Given the improvements of L23 and
additional information, we used measured properties from L23
over G18 when sources are cataloged in both. The galaxies from
these catalogs are shown in Figure 1.

3. Cross-matching H i and optical

As a starting point, we cross-matched the existing MIGHTEE
ES H i source list with the optically identified LSBGs of G18
and L23 with a 5′′ tolerance, finding three sources in common.
These three sources are shown in Figure 2, where the MIGHTEE
H i contours are plotted on (ultra-)deep g band HSC data. We list
these sources in Table 1 along with their angular separation and
both the MIGHTEE H i and host redshifts (if available).

The source MGTH_J021642.0-044221 is in G18 and thus
had no existing redshift information available before. The
source MGTH_J021759.3-041634 is in the UPG catalog of
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L23 but not in the UDG catalog. The H i redshift is consis-
tent with the assigned host galaxy redshift of 0.035. The source
MGTH_J022138.1-052631 is in both the UPG and UDG cata-
logs of L23. However, the H i redshift (0.0069) is significantly
lower than that of the assigned host (0.032), implying an incor-
rect host assignment. Thus this galaxy is much closer and has a
much smaller physical effective radius than determined by L23.
Based on the MIGHTEE redshift and cosmological distance, we
find the physical effective radius (based on the L23 measured
effective radius) is only 0.797 kpc, as opposed to the 3.594 kpc
found by L23. Thus it would no longer be considered a UDG nor
a UPG (for the updated stellar mass of log(M∗/M�) = 6.7).

4. H i-identified LSB galaxies

While there were not many direct cross-matches between the
MIGHTEE H i detections and the optically identified LSBGs, H i
is often an excellent tracer for finding LSBGs overlooked in the
optical. Thus, we took the complementary approach of searching
for LSBGs within the MIGHTEE H i detections.

4.1. Selecting potential LSBGs

To identify LSBGs, we performed surface brightness photome-
try of a subset of MIGHTEE H i detections. With 196 total detec-
tions in the XMM-LSS MIGHTEE ES field, we preselected the
most promising LSB targets for surface brightness photometry
following two different approaches.

The MIGHTEE ES XMM-LSS H i source list includes aper-
ture photometry for all detections within the footprint of the deep
or ultra-deep HSC data at the time of its creation (Maddox et al.
2021). There are five H i sources that fell outside the deep HSC
coverage at this time, and they are not considered further in this
work. In order to select targets for surface brightness photometry,
we approximated the effective radius as one third of the total size
of the aperture used for photometry2 and used this to estimate
µeff,g. There were 19 sources with an estimated µeff,g > 24.3, and
we performed surface brightness photometry of these targets to
accurately measure their reff and µeff,g in Section 4.2.

In addition, we undertook visual inspection of the g band
fits images for all MIGHTEE XMM-LSS H i detections with
(ultra-)deep HSC data to identify potential LSBGs for surface
brightness photometry. This added an additional 14 targets, in
addition to re-identifying seven of the automatically selected
targets. One of the optically identified cross-matched galax-
ies (MGTH_J021759.3-041634) was missed by both of these
approaches. It was the galaxy with the highest surface bright-
ness of the cross-matched galaxies, and thus it is reasonable that
it was the one that was missed in the target selection. For com-
pleteness, we added it to the list of galaxies for surface brightness
photometry.

4.2. Surface brightness photometry

In total, there are 34 galaxies for which surface brightness pho-
tometry was performed. Ultra-deep data are preferred over deep
data for photometry whenever available. The surface brightness
photometry was done in two steps. In the first step, we conducted

2 Elliptical apertures were individually set to contain all the light of
each galaxy for the global photometry of the MIGHTEE H i ES catalog,
as described in Section 2.1.2. For a typical Sérsic index of n = 1, the
ratio of reff to the outermost radius (containing 95−99%) of the light is
approximately three (Graham & Driver 2005).

isophotal fitting on the i band image, with which we determined
the geometry of the stellar disk, as detailed in Šiljeg et al. (2024).
In the second step we extracted surface brightness profiles in g, r,
and i bands following the procedure described in appendix A of
Marasco et al. (2023) and fit these profiles with a Sérsic func-
tion to derive the surface brightness parameters. These steps are
described briefly below.

The isophotal fitting step uses masked i band images
smoothed with a Gaussian with a full width half maximum
(FWHM) of 0.94′′. A two-stage isophotal fitting was undertaken.
The first stage was used to constrain the center of the galaxy,
and in the second stage, the ellipticity and position angle were
constrained. The final ellipticity and position angle values were
taken as the median from the outer extents of the galaxies, at sur-
face brightnesses between 24 and 27 mag arcsec−2. Optical incli-
nations were derived with

cos2 i =
(1 − ε)2 − q2

0

1 − q2
0

, (1)

where ε denotes the ellipticity and q0 is the intrinsic thickness
of the stellar disk. We took q0 = 0.3 as a common value for the
dwarf irregular galaxies (e.g., Sánchez-Janssen et al. 2010) and
applied it to almost all galaxies in the sample, except J022429.6-
044037, for which the ellipticity was above 0.7 (hence giving
an unphysical inclination). For this case, we set the inclination
to 85−5

+4◦. The final geometric parameters of all galaxies are
presented in Appendix A (Table A.1).

Using the derived geometric parameters, we created a set of
ellipses of increasing semimajor axes with the same geometry
and with widths equal to the FWHM of the PSF. In each ellipse,
we took the mean value of the corresponding pixels in image
units and corrected for inclination by multiplying with cos i. The
profile was extracted until S/N = 1 in a given ellipse. We con-
verted image units (counts) to magnitudes using3:

m [mag] = −2.5 log10(Σ counts) + 27. (2)

To characterize the obtained surface brightness profiles, we
fit them with a Sérsic function. We independently fit profiles in
all three bands (X ∈ [g, r, i]) for each galaxy, and we derived the
following quantities: the central surface brightness (µ0,X), Sérsic
index (nX), effective radius (reff,X), mean effective surface bright-
ness (µeff,X), and the apparent magnitude (mX). Details on the
fitting and error propagation are available in Šiljeg et al. (2024).
The extracted profiles and the accompanying Sérsic fits are pre-
sented in Appendix A.

As some of the galaxies measured in this section are at very
low redshift (with three galaxies below z . 0.02), we updated
from using the cosmological distances based solely on redshift
to using distances based on a flow model, where local motions
of galaxies are taken into account when computing a distance
from a velocity. We used Cosmic Flows 4 (Kourkchi et al. 2020;
Valade et al. 2024) to determine the luminosity distances to all
the sources. Errors on distances were obtained using the pre-
scription from Haubner et al. (2025). We calculated the angular
diameter distance from the luminosity distance as

DA = DL/(1 + z)2. (3)

The various distances are collected in Table A.1, while the
photometric values for each band are reported in Tables

3 https://hsc-release.mtk.nao.ac.jp/doc/index.php/
faq__pdr3
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A.2, A.3 and A.4, along with Galactic extinction correc-
tions from Schlafly & Finkbeiner (2011)4 obtained through the
NASA/IPAC Extragalactic Database (NED).

4.3. Newly identified LSBGs

Of the 34 galaxies for which we performed surface brightness
photometry, 22 meet the LSBG requirements of G18 (µeff,g >
24.3 and reff,g = 2.5−14′′). Of the 12 measured galaxies that
did not meet the G18 criteria, one was too bright, two were
too small and too bright, and nine were too small. These H i-
identified LSBGs are listed in Table 2 with their key photometric
values. Reassuringly, the three galaxies identified in the cross-
match with G18 and L23 are identified as LSBs by this defini-
tion. Eleven of these sources were identified automatically, and
eleven were only identified visually. Thus, both the automatic
and visual classification were important for identifying LSBGs.

4.4. Newly identified UDGs

With the available distance information, we were able to
additionally classify the galaxies as UDGs or not based on
the definition µeff,g > 24 mag arcsec−2 and Reff,g > 1.5 kpc
(van der Burg et al. 2016). In this case because we used the
available distance information, we also applied the correction
for cosmological dimming to derive the intrinsic effective sur-
face brightness when classifying galaxies as UDGs. This correc-
tion excluded two galaxies, leaving us with 26 UDGs, seven of
which are not classified as LSBGs due to having angular sizes
smaller than 2.5′′. These galaxies are also listed in Table 2. Of
the three cross-matched galaxies, two are classified as UDGs.
While the angular size of MGTH_J022138.1-052631 is found to
be larger with the bespoke photometry of deeper HSC data, it is
still not large enough to be classified as a UDG. Of the 26, 15
were identified in the automated approach and 11 only via visual
inspection, again demonstrating the utility of both approaches.

5. H i content of optically identified LSBGs

While the optically identified LSBGs mostly fall in the outskirts
of the MIGHTEE ES footprint and do not have direct H i detec-
tions, we can examine the known locations of the LSBGs in the
MIGHTEE H i data cubes to search for marginal detections or to
put an upper limit on their H i fluxes. Below we describe extrac-
tion of H i spectra at the known locations of the optical LSBGs
and interpret the (non-)detections.

5.1. H i spectra

Before extracting H i spectra to search for marginal detections
or place upper limits on non-detections, it was important to first
consider where it is meaningful to extract data from in terms
of the overall sensitivity of the data, i.e., the primary beam
response. As can be seen in Figure 1, H i sources can be detected
well beyond even the 30% primary beam response level. How-
ever, this depends on the intrinsic strength of the signal, and the
data cubes themselves extend very far out in the primary beam
response. To enforce some minimum quality on our flux esti-
mates, we extracted the H i spectra only for sources within the
5% limit of the primary beam response. For each pointing there

4 The HSC employs a very similar photometric system
(Kawanomoto et al. 2018) as the Sloan Digital Sky Survey (SDSS)
(Fukugita et al. 1996).

are three spectral windows that cover the full redshift range.
We applied this requirement to each of these frequency cubes
separately.

We applied the primary beam correction to the cubes before
extracting the spectra. If a source was covered by more than
one pointing, we combined the spectra using a linear weighting
scheme based on the primary beam response. In all cases, we
extracted the spectra using a 30′′ aperture, which is consistent
with expected H i source sizes5. Figure B.1 shows the extracted
H i spectra for all detections in G18 and L23 that fell within 5%
of the primary beam response in at least one spectral window.

The three cross-matched sources (G267, L25657, and
L86749) are clearly seen in these spectra. G327 also has a detec-
tion, but this optical detection lies next to a dwarf galaxy merging
with a massive galaxy (both gas rich). As seen in Figure 3, the
aperture for the spectrum for G327 clearly falls on top of the H i
emission for the larger galaxy in this system, MGTH_J021719.4-
052851. With the poor spectral resolution of the early science
data, it is not possible to distinguish whether there may be dis-
tinct H i emission arising from G327. We assumed the H i emis-
sion is fully from MGTH_J021719.4-052851 and used the rest
of the spectrum for calculating an upper limit for G327.

No other sources have clear detections. A few sources have
peaks around 4σ, but other sources have similar negative peaks.
As a confirmation, we visually inspected the cubes for L5787,
L45406, and G322. There was no evidence of emission for
L45406 or G322. For L5787 (G315), there is emission at the fre-
quency of the tentative detection (∼1410 MHz); this is the very
tip of the northern H i arm of NGC 895 (Namumba et al. 2023).
Given the poor spectral resolution of the MIGHTEE H i ES data,
it is not possible to say if there may be separate H i emission
at this spatial and spectral location associated with L5787 or if
it is a happen-chance alignment of a background source. With
the full science data at full spectral resolution, it will be interest-
ing to explore this feature to determine if L5787 may be a faint
satellite of NGC 895 or a tidal feature. For now, we treat it as a
non-detection. We report the standard deviations of the spectra
in Table 3.

5.2. Gas content

Without a direct detection, we do not have a redshift and
thus could not place direct limits on the H i mass, a distance-
dependent quantity. However, the spectra can still be used to
place upper limits on the integrated flux, and we can examine
MHI/M∗, a distance-independent quantity6.

We took the standard deviation of the spectra, assumed
galaxies would occupy two channels (88 km s−1 or
417.968 kHz)7, and calculated a 5σ upper limit for the
integrated line flux, which is used to derive the upper limit for
the H i mass. We applied the approach of L23 for calculating
stellar masses, using the average of the (g − r) and (g − i)

5 The three cross-matched sources in Section 3 have H i sizes of 28′′–
55′′ based on the relation of Rajohnson et al. (2022).
6 Note this is not strictly true as stellar masses require a k-correction
that depends on redshift. However, for the redshift range considered
here, this correction is small, and thus this statement is approximately
true.
7 The assumed width is important, as a narrower linewidth is easier to
detect. We adopted two channels as a reasonable value for the range of
galaxies we were focused on. The three cross-matched galaxies have
W50 values of 46–99 km s−1, which are consistent with our assumed
width.
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Table 2. Surface brightness photometry of LSBGs and UDGs.

Name DL,CF µeff,g
a e(µeff,g) reff,g e(reff,g) Reff,g e(Reff,g) g − ia e(g − i) LSBG UDG

Mpc arcsec−2 ′′ kpc

MGTH_J021808.2-045217 104.0 25.71 0.01 2.56 0.07 1.23 0.13 0.40 0.00 yes no
MGTH_J022138.1-052631 25.9 24.39 0.09 10.94 0.42 1.35 0.24 0.51 0.01 yes no
MGTH_J022042.1-052115 30.1 24.45 0.04 5.02 0.28 0.72 0.13 0.59 0.03 yes no
MGTH_J022051.9-045832 189.1 25.21 0.02 3.97 0.08 3.34 0.30 0.69 0.01 yes yes
MGTH_J022429.6-044037 190.1 25.52 0.73 7.44 2.05 6.29 1.82 0.56 0.27 yes yes
MGTH_J022400.9-044943 190.1 24.73 0.04 3.13 0.06 2.65 0.24 0.52 0.01 yes yes
MGTH_J022358.3-050756 227.2 24.98 0.03 2.68 0.05 2.67 0.23 0.17 0.01 yes yes
MGTH_J022357.0-051918 347.7 25.43 0.09 4.12 0.39 5.99 0.73 0.49 0.04 yes yes
MGTH_J022350.6-045045 190.1 25.49 0.16 12.76 1.06 10.79 1.30 0.22 0.23 yes yes
MGTH_J022332.2-044928 192.9 24.80 0.25 6.46 1.01 5.53 0.99 0.55 0.07 yes yes
MGTH_J022117.8-045040 187.8 24.43 0.03 2.63 0.09 2.20 0.20 0.28 0.01 yes yes
MGTH_J022443.4-045158 176.8 24.86 0.06 3.32 0.13 2.62 0.25 0.41 0.08 yes yes
MGTH_J022045.0-050058 384.1 25.17 0.01 2.69 0.28 4.27 0.55 0.31 0.01 yes yes
MGTH_J022522.7-045519 151.1 24.85 0.10 6.24 0.30 4.25 0.44 0.40 0.00 yes yes
MGTH_J022026.3-045912 183.7 24.95 0.05 3.36 0.21 2.75 0.30 0.41 0.01 yes yes
MGTH_J021848.1-045028 391.0 24.84 0.09 4.67 0.21 7.53 0.65 0.43 0.02 yes yes
MGTH_J021818.0-043234 184.9 24.54 0.04 3.02 0.10 2.49 0.23 0.02 0.01 yes yes
MGTH_J021759.3-041634 138.6 24.74 0.15 10.71 1.31 6.74 1.04 0.56 0.09 yes yes
MGTH_J021724.3-043322 140.9 25.23 0.05 2.69 0.08 1.72 0.17 0.53 0.01 yes yes
MGTH_J021645.4-042035 389.9 25.09 0.08 4.73 0.16 7.61 0.62 0.36 0.05 yes yes
MGTH_J021642.0-044221 184.0 25.33 0.07 6.80 0.52 5.57 0.65 0.38 0.04 yes yes
MGTH_J022029.4-041207 82.3 24.62 0.05 6.89 0.21 2.64 0.30 0.37 0.03 yes yes
MGTH_J022056.9-045917 345.9 25.16 0.02 1.58 0.04 2.29 0.18 0.87 0.01 no yes
MGTH_J022058.7-051320 291.4 24.58 0.03 1.43 0.05 1.78 0.15 0.87 0.02 no yes
MGTH_J022110.7-050630 177.9 24.97 0.05 2.20 0.10 1.75 0.18 0.27 0.03 no yes
MGTH_J022011.5-051047 225.9 25.22 0.01 1.96 0.03 1.94 0.16 0.41 0.01 no yes
MGTH_J022338.7-042431 310.5 24.51 0.06 2.13 0.10 2.81 0.25 0.51 0.00 no yes
MGTH_J021625.5-044228 183.9 24.32 0.04 2.20 0.10 1.80 0.18 0.38 0.01 no yes
MGTH_J021534.4-042904 381.2 25.92 0.02 1.95 0.11 3.08 0.28 1.30 0.01 no yes

Notes. (a)Extinction-corrected.

mass-to-light ratios from Into & Portinari (2013), to the G18
galaxies.

The MHI/M∗ values are reported in Table 3. For the three
cross-matches, these are measured values8. For all other sources,
the values are 5σ upper limits. In general, the MHI/M∗ upper
limits are quite high, so the lack of H i detections in these galax-
ies is not surprising. When examining Figure 1, it is clear that
the optically identified LSBGs tend to lie at the edges of the
ES footprint, where sensitivity is low. The full science data in
XMM-LSS will include expanded spatial coverage with full sen-
sitivity, so hopefully they will provide either detections or more
constraining upper limits.

6. Discussion

6.1. Differences between photometry approaches

To compare the H i- and optically selected galaxies, it is impor-
tant to understand the differences in the photometric approaches
and the impact they might have. In the G18 catalog, the surface
brightness distribution was modeled as a two-dimensional PSF-
convolved Sérsic function in the i band. In the L23 catalog, the
surface brightness distribution was modeled using a Spergel pro-

8 We note that we used the color-based mass-to-light stellar masses for
consistency (see Section 6.1), but the cross-matched sources do have
SED-based stellar masses available.
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Fig. 3. Optically detected LSBG, G327 (blue circle), near two H i-
detected galaxies. Red H i contours are MGTH_J021719.4-052851 and
green contours are MGTH_J021714.5-052922. The levels are [2.5, 5,
10] ×1020 atoms cm−2 for both.

file convolved with the PSF. In this work, one-dimensional sur-
face brightness profiles sampled by the FWHM of the PSF were
fit with a Sérsic function.

To assess the impact of the different photometric approaches,
we compared the photometric properties of the three
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Table 3. H i properties of optically selected galaxies.

Name RA Dec zhost zmin zmax rms MHI/M∗
mJy

G262 36.46018 −4.4021 0.0011 0.084 0.66 <18.10
G265 36.37673 −5.04815 0.0011 0.084 0.25 <8.36
G266 36.3633 −4.96164 0.0011 0.084 0.22 <5.47
G267 34.17509 −4.70562 0.0011 0.084 0.11 9.51
G268 35.18785 −4.53235 0.0011 0.084 0.13 <1.50
G304 36.52391 −5.25631 0.0011 0.084 0.82 <19.18
G308 36.58562 −5.33722 0.0293 0.084 1.64 <13.41
G309 36.33909 −5.5587 0.0293 0.084 1.43 <41.79
G318 35.35374 −5.73281 0.068 0.084 2.09 <6.56
G319 35.44907 −5.65036 0.0011 0.084 1.17 <9.11
G322 33.84203 −5.27461 0.0011 0.084 0.58 <10.97
G327 34.34471 −5.49559 0.0011 0.084 0.35 <7.73
L21295 35.343 −5.423 0.032 0.0011 0.084 0.33 <5.54
L25657 34.497 −4.276 0.035 0.0011 0.084 0.26 3.52
L30385 35.333 −5.516 0.032 0.0011 0.084 0.49 <23.22
L35220 34.514 −4.306 0.034 0.0011 0.084 0.24 <30.57
L45406 35.35 −5.359 0.032 0.0011 0.084 0.25 <20.19
L55931 35.315 −5.539 0.032 0.0011 0.084 0.53 <5.49
L5787 35.361 −5.434 0.032 0.0011 0.084 0.36 <34.81
L86749 35.409 −5.442 0.032 0.0011 0.084 0.47 9.72

Table 4. Comparison of photometric measurements.

Names Propertya This work G18/L23

J021642.0-044221/ g − i 0.42± 0.04 0.43± 0.24
G267 mi 18.85± 0.03 18.89 ± 0.24

reff (′′)b 6.44± 0.42 6.27± 0.79
µeff,g

c 25.18± 0.25 25.30± 0.24
J021759.3-041634/ g − i 0.59± 0.09 0.66 ± 0.05
L25657 mi 17.07± 0.04 17.02 ± 0.07

reff (′′)b 10.21 ± 0.76 8.52 ± 0.35
µeff,g

c 24.66± 0.18 24.33± 0.05
J022138.1-052631/ g − i 0.54± 0.01 0.43± 0.05
L86749 mi 16.73± 0.01 18.99± 0.08

reff (′′)b 11.17± 0.48 5.37± 0.31
µeff,g

c 24.24± 0.15 25.06± 0.06

Notes. (a)Not corrected for extinction. (b)Measured in the i band.
(c)µeff,g = mg + 2.5 log10 (2πr2

eff
).

cross-matched galaxies in Table 4. While there are only
three sources, we observed that two of them are generally con-
sistent between the different approaches to surface brightness
photometry. The third source is measured to be much brighter
and more extended in this work. This source is also the galaxy
that had an erroneous host assignment in L23. Visual inspection
of the images did not reveal an obvious explanation for the
difference in extent (and total magnitude), but it showed that our
photometry encompasses the full source extent.

Furthermore, as the aperture magnitudes from the MIGH-
TEE ES catalog were used for the SED-based stellar masses,
ensuring the consistency of the aperture magnitudes with our
derived photometry allows us to use the stellar masses in the
MIGHTEE ES catalog. Figure 4 presents a comparison of the
two sets of photometry, showing that the two approaches result

in consistent measurements of the total magnitude. However,
when comparing the SED-based stellar masses to those derived
using mass-to-light (ML) ratios (as for L23), we found a sys-
tematic offset with the ML-based stellar masses that is ∼0.3 dex
higher than the SED-based stellar masses. The SED-based stel-
lar masses are generally considered more robust, while the
ML-based stellar masses require less observational data. The
systematic offset that we found is indicative of the underlying
systematics present in stellar mass estimates of all types. Given
this, we always explicitly state what stellar mass estimates we
use throughout the rest of this section.

6.2. HI versus optically identified populations

The optically and H i identified LSBGs and UDGs in this work
are mostly distinct populations, with only three galaxies in com-
mon. Here we explore their properties to better understand
the differences between the two populations. Throughout this
section, for the three galaxies detected in both H i and optical
searches, we plot them with their properties as measured in this
work and the original optical measurements from either L23 or
G18. We highlight these three galaxies so it is clear that they are
the common galaxies.

Figure 5 shows a comparison of the gas fraction and color
(g − i) of the MIGHTEE-detected LSBGs and UDGs of this
work in relation to the LSBGs of G18 and the UDGs and UPGs
of L23. In this case, we used stellar masses based on the same
ML ratio for both samples to enable the closest comparison. The
H i-detected galaxies of this work are predominantly blue, as
expected for H i-selected galaxies. Some of the optically iden-
tified galaxies exhibit similar blue colors, and thus it may be ini-
tially surprising that not more of the optically identified galaxies
were detected in the MIGHTEE H i data. However, the upper
limits on the H i content of the optically identified galaxies are
not very constraining, with upper limits on MHI/M∗ ranging from
∼5−34. Thus, the bluer optically identified galaxies may still
host significant amounts of H i. It is also worth noting the large
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Fig. 5. Colors of the optically and H i-selected galaxies. Upper: g −
i color vs. MHI/M∗. Downward arrows indicate upper limits. Symbols
highlighted in black indicate the cross-matched galaxies that are plotted
twice. The vertical dotted line at 0.64 indicates the cut between “red”
and “blue” used in G18. The dashed horizontal line indicates a MHI/M∗
value of one. Lower: Histogram of the color distribution of both the
MIGHTEE-detected (blue) and optically detected galaxies (pink).

gas fractions of the LSBGs that do have H i detections – only
two galaxies in total have more mass in stars than H i.

Given the non-stringent H i gas fraction limits, it is under-
standable why the optically identified blue LSBGs are not
detected in MIGHTEE. More puzzling is that the MIGHTEE-

detected LSBGs and UDGs are not identified in the optical
searches. For L23, this may be partially explained by the require-
ment of a host galaxy for an associated redshift, as the H i-
selected population from MIGHTEE may not have the host
galaxies required by L23. In addition, L23 used a fainter effec-
tive surface brightness cut for their definition of a UDG that
would exclude some of the UDGs in our definition. For com-
parison to G18, we looked at the two essential metrics, reff and
µeff,g, as seen in Figure 6. The MIGHTEE UDGs that are not
also LSBGs would be excluded from G18 due to their angu-
lar size being smaller than the minimum used in their selection.
Additionally, it is possible that the automated source finding and
characterization of G18 and L23 would result in larger sources
being shredded if the emission was patchy, as is often the case
for H i-rich galaxies. Overall, there is not one clear reason that
the MIGHTEE LSBGs were missed in the optical searches, but it
highlights the utility of targeted photometry based on H i detec-
tions for identifying LSBGs.

6.3. Impacts of survey footprint and redshift limits

As discussed above, very few of the optically identified LSBGs
are detected in the MIGHTEE ES data. This can be mostly
explained by the footprint of the MIGHTEE ES data. As seen
in Figure 1, most of the optical detections fall in the outskirts
of the ES data, with all except two beyond the 50% response
level and almost half beyond the 30% response level. However,
it is also worth considering the impact of redshift limits, as the
detection of H i requires that the galaxy has a redshift that falls
within the frequency coverage of the observation. As seen in
Table 3, the redshifts of the associated hosts for the galaxies
from L23 all fall within the limits of the MIGHTEE ES data
(z = 0−0.084); thus these would be detected if the observations
were sensitive enough, assuming the host associations are accu-
rate. The galaxies from G18 do not have redshifts available; how-
ever, Greene et al. (2022) used a statistical approach to estimate
that ∼50% of the galaxies are at z < 0.05, with essentially no
galaxies beyond z = 0.15. The MIGHTEE redshift limits extend
to z = 0.084, and thus we might reasonably expect the majority
of G18 galaxies to fall within the observed frequency range and
to be detected if there were sufficient sensitivity.

6.4. The baryonic Tully-Fisher relation

The baryonic Tully-Fisher relation (bTFr) relates total bary-
onic mass to the rotational velocity of a galaxy. It is one
of the tightest scaling relations known, with extremely low
intrinsic scatter (e.g., Lelli et al. 2016; Papastergis et al. 2016;
Ponomareva et al. 2018; Lelli et al. 2019). Recently, some
gas-rich UDGs have been proposed to be outliers to this
relation (e.g., Mancera Piña et al. 2019b, 2020; Hu et al. 2023;
Šiljeg et al. 2024) due to having lower rotation velocities than
expected for their baryonic mass, potentially revealing new
insights into galaxy formation (e.g., Mancera Piña et al. 2020,
2024; Afruni et al. 2025). Ponomareva et al. (2021) studied the
bTFr for all MIGHTEE ES galaxies where robust kinematic
models could be derived. Figure 7 shows the bTFr using the out-
ermost rotational velocity, Vout, from Ponomareva et al. (2021),
and the LSBGs and UDGs identified in this work are high-
lighted. There are only four galaxies from this work that have
the kinematic information required to be shown in this plot,
and all four are classified as both UDG and LSBG. Three
of these galaxies are fully consistent with this relation, while
one is potentially an outlier. Interestingly, this potential outlier
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Fig. 7. Baryonic mass vs. outermost rotational velocity. MIGHTEE
galaxies are shown with magenta circles, with galaxies from the COS-
MOS field (not searched for LSBG/UDGs) in a lighter magenta. The
four galaxies of this work (meeting both LSBG and UDG classifi-
cation criteria) are shown as blue diamonds. The derived bTFr from
Ponomareva et al. (2021) is shown by the black line.

(J022350.6-045045) has one of the largest physical sizes, with
an effective radius of 10.79 kpc, although such a large size could
be indicative of disruption or non-equilibrium (e.g., Mihos et al.
2015; Venhola et al. 2017). However, there are other galaxies in
the XMM-LSS field that were not identified in this work as an
LSBG or UDG that show similar offsets from the bTFr. The rela-
tively poor spectral resolution of the early science data naturally
biases us toward sources that are spectrally wide and hence more
likely to have higher rotational velocities for a given inclination.
This limits the exploration of UDGs that might be offset from
the bTFr toward lower rotational velocities. Deriving updated

and additional rotation velocities with the MIGHTEE full sci-
ence data at the full velocity resolution will help reveal how the
UDG and LSBG populations as a whole connect to the bTFr.

6.5. LSBGs in an H i-identified population

The LSBGs and UDGs we identified here appear to be very gas
rich, as seen in Figure 5. We examined this further with Figure 8,
looking at MHI versus M∗ for all MIGHTEE detections in XMM-
LSS and using the SED-based stellar masses derived in a con-
sistent manner for all MIGHTEE detections. The LSBGs and
UDGs are clearly more gas rich than the full MIGHTEE sam-
ple (Maddox et al. 2021). Thus, for a given stellar mass, lower
surface brightness galaxies tend to have more mass in H i than
those with a higher surface brightness. As seen in the previous
section, there seems to be no trend with surface brightness in our
sample for galaxies to lie on or fall off the bTFr (for the sub-
set with adequate kinematics in the ES data). This implies that
for a given rotation velocity (or dark matter halo mass), galaxies
of different surface brightnesses have similar baryonic masses.
Thus, the more gas-rich nature of the LSBGs and UDGs indi-
cates that they have not turned their gas into stars as efficiently,
in agreement with the arguments put forth by Kado-Fong et al.
(2022).

It is also worthwhile to briefly compare the UDGs and
LSBGs of this work to other H i-selected samples. Leisman et al.
(2017) provided the first catalog of H i-selected UDGs from the
ALFALFA H i survey, with their broad sample having µeff,r >

24 mag arcsec−2. They found that the H i-selected UDGs were
gas rich compared to the general ALFALFA population, akin to
how we find that our UDGs and LSBGs are gas rich compared to
other MIGHTEE detections. As MIGHTEE H i detections have
a similar MHI and M∗ compared to ALFALFA (Maddox et al.
2021), our UDGs and LSBGs are gas rich in comparison to
that larger reference population as well, as can also be seen
in Figure 8. More recently, O’Beirne et al. (2025) identified
LSBGs in the WALLABY pilot survey data. Their sample
appears to have a similar behavior for MHI-M∗ when compared
to ALFALFA (see their figure 5). However, they used a less strin-
gent requirement of µeff,g > 23 mag arcsec−2 for their definition
of LSBGs. Thus, it could be that it is only at a lower surface
brightnesses (e.g., &24 mag arcsec−2) that there is a distinction
in the H i mass versus stellar mass for galaxies. Exploring gas-
richness in different regimes of surface brightness is an interest-
ing avenue for future exploration.

7. Conclusions

In this work, we have used the MIGHTEE early science H i
data in the XMM-LSS field to understand the LSBG population,
including UDGs. This was done by searching for new LSBGs
missed in the previous optical searches and studying the gas con-
tent of all known LSBGs within the footprint.

Cross-matching of the H i detections and optically identified
LSBGs from G18 and L23 revealed three sources in common.
The MIGHTEE H i detection provides direct redshifts for these
galaxies. One redshift is completely new, and a previous redshift
assignment is updated.

Thirty-four MIGHTEE galaxies were chosen as potential
LSBG candidates. Dedicated surface brightness photometry
revealed that 29 met either the LSBG definition of G18 (µeff,g >

24.3 mag arcsec−2 and 2.5′′ < reff < 14′′; 22 galaxies) and/or the
adopted UDG definition (µeff,g > 24 mag arcsec−2 and Reff,g >
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Fig. 8. MHI vs. M∗ for all MIGHTEE galaxies in XMM-LSS. The UDGs
and LSBGs are indicated, and the diagonal solid, dashed, and dotted
lines indicate MHI to M∗ ratios of 1, 10, and 100. All stellar masses are
derived from SED estimates. Galaxies from this work that meet only the
LSBG definition (green circles), UDG definition (blue diamonds), or
both (gray squares) are indicated separately. The solid red line indicates
the relation from the ALFALFA survey (Huang et al. 2012).

1.5 kpc; 26 galaxies). Furthermore, 20 optically identified galax-
ies from G18 and L23 fell within the bounds of the MIGH-
TEE ES footprint (i.e., within 5% of the primary beam response
of at least one field). We performed a targeted search for H i
emission at the locations of these optically selected galaxies but
identified no new H i emission beyond the three cross-matched
sources. The upper limits on the gas fractions for these galax-
ies are not constraining, as the optically identified galaxies fall
mostly on the edges of the MIGHTEE ES footprint, with reduced
sensitivity.

Comparison between the H i- and optically selected samples
showed that H i-detected galaxies tend toward bluer colors on
average, but in general the H i-selected sample overlaps with the
optically selected sample in color, surface brightness, and size.
The lack of identification of the H i-selected galaxies in the opti-
cal catalogs is likely due to a combination of different selection
cuts in the optical catalogs (e.g., minimum sizes and requiring
host galaxies) combined with a targeted surface brightness pho-
tometry approach for patchy LSB sources instead of automated
source detection and modeling.

The LSBGs and UDGs of MIGHTEE were examined and
compared to the full MIGHTEE population. Only four have
available kinematics from Ponomareva et al. (2021), three of
which show no clear offset of the full population from the
baryonic Tully-Fisher relation. Our analysis, however, is biased
toward galaxies with larger rotational velocities due to the
poor spectral resolution of the data. Further studies with more
LSBGs and careful derivation of the kinematics are there-
fore warranted. This will be especially important when the
MIGHTEE data at full spectral resolution are available in this
region. The MIGHTEE LSBGs are also clearly gas rich com-
pared to the full population of MIGHTEE detections, pointing
to a scenario where their LSB nature arises from not effi-
ciently converting gas to stars. A comparison to other H i sam-
ples, namely ALFALFA (Leisman et al. 2017) and WALLABY

(O’Beirne et al. 2025), indicated that a surface brightnesses
lower than ∼24 mag arcsec−2 may be where gas fractions start
to significantly change.

The optical and H i identification both play important roles
in identifying LSBGs. Here we have shown samples from the
same footprint, where LSBGs identified via their stellar versus
gaseous content are similar in number but with very little over-
lap, showing the utility of using both tracers to understand the
full population. As both optical and H i surveys increase in depth,
we may expect the overlap to grow between the two tracers but
for both to always have valuable roles to play: optical for identi-
fying gas-poor LSBGs and H i for identifying “too shy to shine”
galaxies that have minimal stellar components.
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Appendix A: Surface brightness photometry

This appendix presents the surface brightness photometry values for all galaxies that were measured. Table A.1 presents the global
values for all galaxies, including their name, the depth of the data, the various distances to the galaxy, and the global optical
morphology, and Tables A.2, A.3 and A.4 present the photometry for the g, r and i bands, not corrected for Galactic extinction. In
addition, we show the surface brightness profiles and Sérsic profile fits from which all these properties were derived in Figure A.1.

Table A.1. Global properties of all galaxies with surface brightness photometry.

Name Data z DL,z
a DL,CF

b e(DL,CF) DAD,CF
c i e(i) PA e(PA)

MGTH_ Mpc ◦ ◦ ◦ ◦

J021534.4-042904 Ultra 0.082098 350.2 381.2 28.5 325.6 72 2 19.4 0.8
J021625.5-044228 Ultra 0.042752 186.1 183.9 16.1 169.2 29 11 -134.2 29.2
J021642.0-044221 Ultra 0.042752 186.1 184.0 16.1 169.2 41 10 -58.4 21.4
J021645.4-042035 Ultra 0.083651 356.6 389.9 29.0 332.0 54 11 -9.9 30.6
J021714.5-052922 Ultra 0.017464 77.0 69.5 8.2 67.1 32 8 -33.4 48.4
J021724.3-043322 Ultra 0.034075 149.0 140.9 13.3 131.8 56 5 -17.7 3.9
J021759.3-041634 Ultra 0.033398 146.1 138.6 13.1 129.8 45 8 -76.0 15.6
J021808.2-045217 Ultra 0.025756 113.1 104.0 10.7 98.8 55 3 1.9 3.9
J021818.0-043234 Ultra 0.042912 186.8 184.9 16.2 170.0 62 5 12.7 4.5
J021848.1-045028 Ultra 0.083866 357.4 391.0 29.0 332.9 50 14 77.8 28.1
J021934.4-042846 Ultra 0.069497 298.4 315.2 24.4 275.5 46 2 -44.6 0.8
J022011.5-051047 Ultra 0.05195 225.1 225.9 18.8 204.1 40 3 55.8 5.9
J022026.3-045912 Deep 0.042591 185.4 183.7 16.1 169.0 51 6 -87.0 3.5
J022029.4-041207 Ultra 0.020365 89.7 82.3 9.1 79.0 66 2 -46.5 8.2
J022042.1-052115 Deep 0.007359 32.6 30.1 4.9 29.6 46 8 -69.3 4.0
J022045.0-050058 Ultra 0.082615 352.3 384.1 28.6 327.7 27 4 -12.5 19.5
J022051.9-045832 Ultra 0.043873 190.9 189.1 16.5 173.5 60 3 -28.9 6.1
J022056.9-045917 Ultra 0.075589 323.5 345.9 26.3 299.0 32 7 81.7 16.7
J022058.7-051320 Deep 0.064971 279.6 291.4 22.9 256.9 52 3 25.0 2.9
J022110.7-050630 Deep 0.041315 180.0 177.9 15.7 164.1 70 2 -45.1 1.4
J022117.8-045040 Ultra 0.043552 189.5 187.8 16.4 172.5 54 4 -73.3 3.0
J022138.1-052631 Deep 0.006912 30.6 25.9 4.6 25.5 66 4 49.6 2.5
J022145.5-050210 Deep 0.073552 315.2 335.4 25.7 291.0 57 5 -85.4 3.7
J022236.8-043432 Deep 0.069496 298.4 314.9 24.4 275.3 75 3 28.6 0.8
J022300.8-043408 Deep 0.073381 314.4 334.5 25.6 290.3 43 9 46.6 11.9
J022332.2-044928 Deep 0.044673 194.3 192.9 16.7 176.7 55 10 28.1 23.2
J022338.7-042431 Deep 0.068655 294.9 310.5 24.1 271.9 45 7 59.2 12.1
J022350.6-045045 Deep 0.044031 191.5 190.1 16.5 174.4 71 5 -18.2 15.2
J022357.0-051918 Deep 0.07593 324.9 347.7 26.4 300.3 30 12 -78.0 24.0
J022358.3-050756 Deep 0.052276 226.4 227.2 18.9 205.2 59 4 -45.9 5.3
J022400.9-044943 Deep 0.044032 191.5 190.1 16.5 174.4 63 3 -85.0 5.2
J022429.6-044037 Deep 0.044031 191.5 190.1 16.5 174.4 85 5 20.6 0.5
J022443.4-045158 Deep 0.040994 178.6 176.8 15.6 163.2 51 5 26.1 14.6
J022522.7-045519 Deep 0.036864 160.9 151.1 13.9 140.5 74 4 -29.2 1.5

(a) Cosmological luminosity distance (b) Flow model based luminosity distance (c) Angular diameter distance from flow model
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Table A.2. Surface brightness photometry values in the g band.

Name Ag mg e(mg) µ0,g e(µ0,g) µe f f ,g e(µe f f ,g) ng e(ng) reff,g e(reff,g) Reff,g e(Reff,g)
MGTH_ mag mag mag arcsec−2 mag arcsec−2 arcsec kpc

J021534.4-042904 0.067 22.54 0.01 25.35 0.24 25.99 0.02 0.70 0.09 1.95 0.11 3.39 0.54
J021625.5-044228 0.067 20.68 0.00 23.80 0.22 24.38 0.04 0.67 0.08 2.20 0.10 1.98 0.31
J021642.0-044221 0.065 19.24 0.02 23.50 0.38 25.40 0.07 1.44 0.16 6.80 0.52 6.12 1.03
J021645.4-042035 0.069 19.79 0.04 24.01 0.17 25.16 0.08 1.01 0.07 4.73 0.16 8.38 1.29
J021714.5-052922 0.077 17.87 0.00 23.00 0.14 24.00 0.04 0.93 0.05 6.71 0.16 2.28 0.35
J021724.3-043322 0.066 21.15 0.01 24.58 0.08 25.30 0.05 0.75 0.02 2.69 0.08 1.90 0.29
J021759.3-041634 0.069 17.66 0.08 23.29 0.42 24.81 0.15 1.23 0.17 10.71 1.31 7.41 1.44
J021808.2-045217 0.067 21.74 0.00 25.11 0.12 25.77 0.01 0.72 0.05 2.56 0.07 1.33 0.20
J021818.0-043234 0.066 20.21 0.01 22.71 0.22 24.60 0.04 1.44 0.09 3.02 0.10 2.74 0.42
J021848.1-045028 0.067 19.57 0.01 24.03 0.14 24.91 0.09 0.85 0.04 4.67 0.21 8.30 1.30
J021934.4-042846 0.073 21.94 0.01 22.10 0.51 23.64 0.01 1.24 0.22 0.87 0.07 1.27 0.22
J022011.5-051047 0.071 21.83 0.00 24.83 0.07 25.29 0.01 0.58 0.02 1.96 0.03 2.15 0.32
J022026.3-045912 0.073 20.40 0.00 23.70 0.27 25.03 0.05 1.12 0.11 3.36 0.21 3.01 0.49
J022029.4-041207 0.066 18.50 0.01 23.48 0.14 24.69 0.05 1.05 0.05 6.89 0.21 2.84 0.43
J022042.1-052115 0.075 19.02 0.02 22.97 0.36 24.52 0.04 1.25 0.15 5.02 0.28 0.74 0.12
J022045.0-050058 0.075 21.11 0.01 23.41 0.58 25.25 0.01 1.41 0.24 2.69 0.28 4.70 0.86
J022051.9-045832 0.078 20.30 0.01 24.45 0.10 25.29 0.02 0.83 0.04 3.97 0.08 3.68 0.56
J022056.9-045917 0.077 22.25 0.00 24.30 0.11 25.24 0.02 0.89 0.05 1.58 0.04 2.51 0.38
J022058.7-051320 0.073 21.87 0.01 24.00 0.19 24.65 0.03 0.71 0.08 1.43 0.05 1.93 0.30
J022110.7-050630 0.069 21.33 0.02 24.30 0.23 25.04 0.05 0.77 0.09 2.20 0.10 1.89 0.30
J022117.8-045040 0.072 20.41 0.01 23.22 0.20 24.50 0.03 1.09 0.08 2.63 0.09 2.42 0.37
J022138.1-052631 0.082 17.28 0.01 24.01 0.10 24.47 0.09 0.58 0.02 10.94 0.42 1.51 0.23
J022145.5-050210 0.073 20.78 0.01 23.21 0.18 24.33 0.06 0.99 0.08 2.05 0.06 3.15 0.48
J022236.8-043432 0.081 20.53 0.00 23.55 0.09 24.36 0.06 0.82 0.03 2.33 0.07 3.38 0.52
J022300.8-043408 0.089 20.34 0.02 23.34 0.35 23.83 0.13 0.60 0.13 1.99 0.15 3.06 0.51
J022332.2-044928 0.084 18.84 0.04 23.26 0.41 24.88 0.25 1.29 0.13 6.46 1.01 6.11 1.33
J022338.7-042431 0.087 20.96 0.00 23.85 0.21 24.60 0.06 0.78 0.08 2.13 0.10 3.05 0.48
J022350.6-045045 0.086 18.05 0.15 23.71 0.39 25.58 0.16 1.42 0.16 12.76 1.06 11.92 2.05
J022357.0-051918 0.08 20.45 0.02 23.81 0.44 25.51 0.09 1.33 0.18 4.12 0.39 6.57 1.17
J022358.3-050756 0.085 20.93 0.01 24.52 0.06 25.07 0.03 0.64 0.02 2.68 0.05 2.97 0.45
J022400.9-044943 0.087 20.34 0.00 24.06 0.06 24.82 0.04 0.78 0.02 3.13 0.06 2.93 0.44
J022429.6-044037 0.082 19.25 0.20 24.82 0.77 25.60 0.73 0.80 0.06 7.44 2.05 6.94 2.18
J022443.4-045158 0.094 20.36 0.02 23.90 0.16 24.96 0.06 0.96 0.06 3.32 0.13 2.82 0.44
J022522.7-045519 0.093 18.98 0.00 23.46 0.15 24.95 0.10 1.21 0.04 6.24 0.30 4.76 0.75
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Table A.3. Surface brightness photometry values in the r band.

Name Ar mr e(mr) µ0,r e(µ0,r) µe f f ,r e(µe f f ,r) nr e(nr) reff,r e(reff,r) Reff,r e(Reff,r)
MGTH_ mag mag mag arcsec−2 mag arcsec−2 arcsec kpc

J021534.4-042904 0.047 21.70 0.01 24.35 0.05 24.88 0.03 0.63 0.02 1.72 0.02 2.99 0.45
J021625.5-044228 0.046 20.42 0.00 23.52 0.22 24.13 0.04 0.69 0.09 2.21 0.10 1.99 0.31
J021642.0-044221 0.045 18.95 0.02 23.01 0.41 25.04 0.07 1.51 0.18 6.58 0.47 5.92 0.98
J021645.4-042035 0.048 19.39 0.04 23.72 0.18 25.03 0.09 1.11 0.06 5.35 0.21 9.49 1.47
J021714.5-052922 0.053 17.55 0.00 22.49 0.14 23.71 0.04 1.06 0.06 6.83 0.17 2.33 0.35
J021724.3-043322 0.046 20.76 0.00 24.14 0.10 24.94 0.05 0.81 0.03 2.74 0.07 1.94 0.30
J021759.3-041634 0.048 17.26 0.08 22.72 0.49 24.31 0.15 1.27 0.20 10.22 1.24 7.07 1.37
J021808.2-045217 0.046 21.47 0.01 24.85 0.16 25.56 0.01 0.75 0.06 2.62 0.09 1.36 0.21
J021818.0-043234 0.045 20.14 0.01 22.62 0.30 24.61 0.05 1.49 0.13 3.12 0.14 2.83 0.44
J021848.1-045028 0.046 19.26 0.00 23.54 0.16 24.54 0.10 0.93 0.05 4.56 0.21 8.10 1.27
J021934.4-042846 0.05 21.50 0.01 21.61 0.84 23.37 0.02 1.36 0.36 0.94 0.12 1.37 0.27
J022011.5-051047 0.049 21.53 0.01 24.49 0.09 25.00 0.01 0.62 0.03 1.97 0.04 2.17 0.33
J022026.3-045912 0.05 20.13 0.00 23.37 0.20 24.65 0.05 1.09 0.08 3.19 0.17 2.86 0.45
J022029.4-041207 0.046 18.16 0.02 23.00 0.13 24.39 0.04 1.16 0.05 7.03 0.23 2.89 0.44
J022042.1-052115 0.052 18.54 0.02 22.71 0.28 24.24 0.04 1.24 0.12 5.52 0.27 0.82 0.13
J022045.0-050058 0.052 20.89 0.01 23.09 0.45 24.76 0.01 1.31 0.19 2.36 0.19 4.13 0.70
J022051.9-045832 0.054 19.79 0.01 24.09 0.11 24.90 0.01 0.81 0.04 4.20 0.09 3.90 0.59
J022056.9-045917 0.053 21.67 0.01 23.50 0.14 24.58 0.03 0.98 0.06 1.53 0.04 2.43 0.37
J022058.7-051320 0.051 21.25 0.02 22.93 0.45 23.96 0.01 0.94 0.19 1.39 0.10 1.87 0.31
J022110.7-050630 0.048 21.10 0.02 23.93 0.24 24.88 0.05 0.90 0.09 2.27 0.13 1.95 0.31
J022117.8-045040 0.05 20.17 0.00 23.04 0.17 24.16 0.04 1.00 0.07 2.52 0.08 2.32 0.36
J022138.1-052631 0.057 16.90 0.01 23.65 0.10 24.13 0.09 0.60 0.02 11.18 0.43 1.55 0.24
J022145.5-050210 0.05 20.55 0.01 22.56 0.18 23.95 0.07 1.16 0.08 1.91 0.07 2.95 0.46
J022236.8-043432 0.056 20.17 0.00 22.82 0.10 23.81 0.06 0.92 0.03 2.12 0.06 3.08 0.47
J022300.8-043408 0.062 20.11 0.01 22.97 0.09 23.59 0.07 0.69 0.02 1.98 0.07 3.05 0.47
J022332.2-044928 0.058 18.45 0.05 22.78 0.34 24.51 0.23 1.35 0.10 6.52 0.81 6.17 1.20
J022338.7-042431 0.06 20.69 0.00 23.36 0.15 24.20 0.06 0.83 0.05 2.01 0.08 2.88 0.45
J022350.6-045045 0.059 17.89 0.14 23.33 0.44 25.23 0.18 1.44 0.18 11.74 1.11 10.96 1.94
J022357.0-051918 0.055 20.20 0.02 22.93 0.40 25.14 0.06 1.61 0.17 3.87 0.30 6.18 1.04
J022358.3-050756 0.059 20.76 0.01 24.21 0.06 24.79 0.03 0.66 0.02 2.55 0.05 2.82 0.43
J022400.9-044943 0.06 20.00 0.00 23.51 0.08 24.39 0.04 0.85 0.03 3.02 0.07 2.82 0.43
J022429.6-044037 0.057 18.87 0.17 24.25 0.80 25.16 0.75 0.87 0.07 7.22 2.32 6.74 2.39
J022443.4-045158 0.065 20.01 0.02 23.33 0.15 24.57 0.07 1.07 0.05 3.26 0.14 2.77 0.43
J022522.7-045519 0.064 18.66 0.01 22.95 0.14 24.48 0.09 1.23 0.04 5.82 0.27 4.44 0.70
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Table A.4. Surface brightness photometry values in the i band.

Name Ai mi e(mi) µ0,i e(µ0,i) µe f f ,i e(µe f f ,i) ni e(ni) reff,i e(reff,i) Reff,i e(Reff,i)
MGTH_ mag mag mag arcsec−2 mag arcsec−2 arcsec kpc

J021534.4-042904 0.035 21.21 0.00 23.63 0.14 24.40 0.03 0.79 0.06 1.73 0.05 3.01 0.46
J021625.5-044228 0.034 20.26 0.00 23.35 0.13 23.93 0.04 0.66 0.05 2.16 0.07 1.94 0.30
J021642.0-044221 0.033 18.83 0.03 22.30 0.34 24.87 0.06 1.80 0.14 6.44 0.42 5.81 0.95
J021645.4-042035 0.035 19.39 0.04 23.50 0.18 24.81 0.10 1.11 0.06 4.85 0.21 8.60 1.34
J021714.5-052922 0.039 17.35 0.01 22.21 0.13 23.50 0.04 1.10 0.05 6.77 0.16 2.31 0.35
J021724.3-043322 0.034 20.59 0.00 23.86 0.08 24.71 0.06 0.84 0.02 2.66 0.08 1.88 0.29
J021759.3-041634 0.036 17.07 0.04 22.29 0.33 24.11 0.11 1.40 0.13 10.21 0.76 7.07 1.18
J021808.2-045217 0.034 21.30 0.00 24.63 0.10 25.38 0.01 0.77 0.04 2.61 0.07 1.36 0.21
J021818.0-043234 0.034 20.15 0.01 22.49 0.32 24.59 0.05 1.54 0.14 3.08 0.15 2.79 0.44
J021848.1-045028 0.034 19.10 0.01 23.21 0.15 24.25 0.11 0.95 0.04 4.27 0.23 7.58 1.21
J021934.4-042846 0.037 21.24 0.00 21.67 0.30 22.94 0.01 1.09 0.12 0.87 0.04 1.27 0.20
J022011.5-051047 0.036 21.38 0.00 24.31 0.15 24.90 0.01 0.67 0.06 2.02 0.07 2.22 0.34
J022026.3-045912 0.037 19.96 0.00 23.09 0.23 24.48 0.05 1.15 0.09 3.20 0.18 2.88 0.46
J022029.4-041207 0.034 18.10 0.02 22.86 0.12 24.19 0.04 1.12 0.04 6.60 0.21 2.72 0.42
J022042.1-052115 0.039 18.40 0.02 22.76 0.18 24.01 0.04 1.08 0.08 5.28 0.19 0.78 0.12
J022045.0-050058 0.039 20.76 0.00 22.78 0.43 24.40 0.01 1.29 0.18 2.13 0.15 3.73 0.62
J022051.9-045832 0.04 19.57 0.01 23.91 0.11 24.66 0.02 0.78 0.04 4.16 0.09 3.87 0.59
J022056.9-045917 0.04 21.34 0.00 23.12 0.19 24.26 0.03 1.01 0.08 1.54 0.05 2.44 0.37
J022058.7-051320 0.038 20.97 0.01 22.99 0.25 23.80 0.02 0.81 0.11 1.47 0.06 1.98 0.31
J022110.7-050630 0.036 21.02 0.01 24.06 0.15 24.83 0.04 0.79 0.06 2.30 0.10 1.97 0.31
J022117.8-045040 0.037 20.09 0.00 22.78 0.18 23.95 0.03 1.03 0.07 2.36 0.07 2.17 0.33
J022138.1-052631 0.042 16.73 0.01 23.47 0.11 23.97 0.09 0.61 0.02 11.17 0.48 1.55 0.24
J022145.5-050210 0.037 20.42 0.01 22.71 0.11 23.74 0.06 0.95 0.04 1.84 0.06 2.84 0.44
J022236.8-043432 0.042 19.90 0.00 22.90 0.09 23.77 0.07 0.85 0.02 2.37 0.08 3.44 0.53
J022300.8-043408 0.046 19.75 0.08 22.47 0.55 23.78 0.14 1.11 0.23 2.56 0.34 3.93 0.79
J022332.2-044928 0.043 18.25 0.06 22.68 0.29 24.28 0.22 1.27 0.07 6.41 0.78 6.07 1.17
J022338.7-042431 0.045 20.41 0.00 23.39 0.07 24.04 0.05 0.71 0.02 2.12 0.06 3.04 0.46
J022350.6-045045 0.044 17.79 0.18 23.22 0.48 25.01 0.20 1.38 0.20 11.09 1.34 10.36 1.99
J022357.0-051918 0.041 19.92 0.03 22.77 0.27 24.88 0.05 1.55 0.11 3.92 0.23 6.25 1.01
J022358.3-050756 0.043 20.71 0.01 24.26 0.08 24.75 0.03 0.60 0.03 2.56 0.06 2.83 0.43
J022400.9-044943 0.045 19.78 0.01 23.44 0.08 24.27 0.04 0.83 0.03 3.16 0.08 2.95 0.45
J022429.6-044037 0.042 18.65 0.18 24.08 0.83 25.03 0.77 0.90 0.09 7.51 2.44 7.01 2.51
J022443.4-045158 0.048 19.90 0.08 23.41 0.43 24.41 0.15 0.93 0.17 3.19 0.35 2.71 0.51
J022522.7-045519 0.048 18.53 0.00 22.86 0.13 24.34 0.09 1.20 0.04 5.78 0.25 4.41 0.69
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Fig. A.1. Surface brightness profiles of all 34 candidate LSBGs selected from the MIGHTEE ES H i catalog. Blue circles with error bars correspond
to the galaxy profiles extracted from the images, solid black lines show the resulting Sérsic fit, and vertical dashed black lines denote the effective
radius obtained from the fit.
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Appendix B: HI spectra of optically identified LSBGs
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Fig. B.1. H i spectra for every optically identified galaxy. Solid gray horizontal lines indicate ±2 times the standard deviation in the spectra, and
the dashed red lines indicate ±4 times the standard deviation. For the L23 galaxies, the optical redshift of the assigned host galaxy is indicated by
the blue lines. The G18 galaxies have no redshift information available.
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