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ABSTRACT

Low surface brightness galaxies (LSBs) are an important class of galaxies that allow us to broaden our understanding
of galaxy formation and test various cosmological models. We present a survey of LSBs at 0.4 < Zpno < 0.8 in the Great
Observatories Origins Deep Survey-South (GOODS-S) field using JWST Advanced Deep Extragalactic Survey (JADES)
data. We model LSB surface brightness profiles, identifying those with fieg > 24 mag arcsec™2 in the F200W James Webb
Space Telescope/Near-Infrared Camera (JWST/NIRCam) filter. We study the spatial distribution, number density, Sérsic
profile parameters, and rest-frame colours of these LSBs. We compare the photometrically derived star formation histories,
mass-weighted ages, and dust attenuations of these galaxies with a high surface brightness (HSB) sample at similar redshift
and a lower redshift (zphot < 0.4) LSB sample, all of which have stellar masses < 108M. We find that all samples have
low star formation (SFRigy < 0.01 Mg yr~1). The higher redshift LSBs and HSBs have similar star formation histories
which show that the LSBs and HSBs possibly come from the same progenitors at z 2 2, though the histories are not well
constrained for the LSB samples. The LSBs appear to have minimal dust, with most of our LSB samples showing Ay < 1
mag. JWST has pushed our understanding of LSBs beyond the local Universe.
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how these newly observed objects fit into the context of older LSB

1 INTRODUCTION .
definitions.

Low surface brightness galaxies (LSBs) are galaxies with a surface
brightness dimmer than that of the ground-based night sky, and
as a result have been historically difficult to detect and observe.
Early research on LSBs suggested a lower limit to a galaxy’s sur-
face brightness (K. C. Freeman 1970). It was then suggested that
this was not a physical law, but rather an effect of selection bias
due to detection limits at the time (M. J. Disney 1976). Since then,
it has been confirmed that galaxies dimmer than the ground-
based sky background exist, and constitute a sizeable fraction (up
to 60 per cent) of the local galaxy population (S. S. McGaugh
1996; K. O’Neil & G. Bothun 2000; R. F. Minchin et al. 2004).
We present here a search for LSBs at moderate (0.4 < z < 0.8)
redshift using James Webb Space Telescope (JWST). We describe
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The quantitative definition of a ‘low surface brightness’ galaxy
varies from study to study and is primarily based on the detection
limits of a given survey. When looking for LSBs, the goal is to find
relatively faint and somewhat extended objects. In the past, LSBs
have typically been defined as having a B-band central surface
brightness of ©o(B) > 23 mag arcsec™ (G. Bothun, C. Impey &
S. McGaugh 1997; C. Impey & G. Bothun 1997). More recent
studies have used mean effective surface brightness to consider
high surface brightness (HSB) bulges in LSB discs, as relying on
central surface brightness can lead to exclusion of such discs (J.
P. Greco et al. 2018).

Common characteristics of LSBs from past surveys indicate
that LSBs are diverse in colour, morphology, and environment.
LSBs in past surveys have low star formation rates (SFRs) (L. B.
van den Hoek et al. 2000; V. Burkholder, C. Impey & D. Sprayberry
2001), are abundant in neutral hydrogen (H 1) (J. M. Schombert et
al. 1992; K. O’Neil et al. 2004) but deficient in ionized hydrogen
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(H 1) (S. S. McGaugh, J. M. Schombert & G. D. Bothun 1995),
are metal-poor (S. S. McGaugh 1994; W. J. G. de Blok & J. M.
van der Hulst 1998b), dust-poor (N. Rahman et al. 2007), and
lack molecular gas (CO) (W. J. G. de Blok & J. M. van der Hulst
1998a). Defining LSBs as having a mean effective g-band surface
brightness of ji.¢(g) > 24.3 mag arcsec~2, J. P. Greco et al. (2018)
studied ~700 LSBs in the local Universe with the Hyper Suprime-
Cam Subaru Strategic programme (HSC-SSP). They effectively
split their sample into blue and red populations. While these
LSBs spanned many different environments and morphologies,
the blue LSBs in their sample had irregular morphologies with
signs of ongoing star formation, while the red LSBs tended to have
smooth light profiles well-characterized by a single Sérsic profile,
with signs of older stellar populations.

The photometric spectral energy distributions (SEDs) of LSBs
have been well fit by old (>7 Gyr) stellar populations (R. Jimenez
et al. 1998) which have been suggested to be the primary source
of dust heating in LSBs (N. Rahman et al. 2007). LSBs also form
the majority of galaxies in the dwarf (M, < 10°M;,) regime (R.
A. Jackson et al. 2021). A recent analysis of the Horizon AGN
hydrodynamical simulation (Y. Dubois et al. 2014; S. Kaviraj et al.
2017) by G. Martin et al. (2019) suggests that LSBs start as HSBs
before z ~ 2, but through supernova feedback and tidal inter-
actions, the density of the galaxy is decreased, making it more
diffuse and dimmer in surface brightness. Another analysis by L.
V. Sales et al. (2020) identifies tidal interactions and stripping as
an evolutionary pathway for ultradiffuse galaxies (UDGs), a sub-
class of LSBs, to form. In dense environments, these processes are
assisted by ram pressure stripping.

The environments of LSBs are diverse; they are found to be
common in clusters (J. Koda et al. 2015), but they have been ob-
served in all environments (A. Merritt et al. 2016; E. Papastergis,
E. A. K. Adams & A. J. Romanowsky 2017; J. Romén & I. Trujillo
2017; J. P. Greco et al. 2018). Compared to the HSB population,
LSBs appear to be quenched, and mostly occupy the red sequence
(P. G. van Dokkum et al. 2015, 2016; A. Ferré-Mateu et al. 2018;
T. Ruiz-Lara et al. 2018). This observational evidence, along with
predictions from hydrodynamical simulations, suggest that there
is not one characteristic evolutionary mechanism alone which is
responsible for the formation of LSB galaxies.

The study of LSBs is important in a cosmological context be-
cause many current problems in the Acold dark matter (ACDM)
model, such as overmerging (A. Klypin et al. 1999), cold col-
lapse (B. Moore et al. 1999), and sub-halo darkness (M. Boylan-
Kolchin, J. S. Bullock & M. Kaplinghat 2011) may be resolved by
studying LSBs. In the ACDM model, LSBs naturally arise from
dark matter haloes with high angular momentum (J. J. Dalcan-
ton, D. N. Spergel & F. J. Summers 1997b), which is supported
by some observational data (R. Jimenez et al. 1998). However,
recent simulations seem to suggest that LSBs have similar angular
momentum to HSB galaxies (G. Martin et al. 2019). Nevertheless,
the importance of LSBs in cosmological models, along with their
general paucity in past surveys (H. C. Ferguson & S. S. McGaugh
1995; R. P. Williams et al. 2016; S. Kaviraj 2020; J. Kim et al.
2023), indicates that studying properties of the LSB population
can provide a more complete picture of galaxy formation.

Because of the difficulty in finding large samples of LSBs, the
majority of studies have been limited to observing those in the
local Universe (z < 0.15; M. J. Geller et al. 2012; J. E. Greene et al.
2022). Prior observational studies have suffered from primarily
being ground-based (S. D. Rosenbaum & D. J. Bomans 2007; A.
Venhola et al. 2017; D. Zaritsky et al. 2024), which limits the
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resolution and available wavelengths, restricting the redshift and
luminosity of the observed LSB populations. With the launch of
JWST (J. P. Gardner et al. 2023), we can now observe LSBs at
longer wavelengths with higher resolution and improved sensi-
tivity than before, enabling the calculation of more precise pho-
tometric redshifts. Central to this effort is JWST’s Near-Infrared
Camera (NIRCam) providing a wavelength range of 0.6 to 5.0 um
(M. 1. Rieke et al. 2023a).

In this work, we develop a method for selecting LSBs be-
yond the local Universe (0.4 < z < 0.8) in the JADES (JWST
Advanced Deep Extragalactic Survey) GOODS-S (Great Obser-
vatories Origins Deep Survey-South) field by using photometric
redshifts and measuring surface brightness through the image
fitting programme PYIMFIT (P. Erwin 2014). We then measure
photometrically derived properties of the sample through SED fit-
ting, and compare these 0.4 < z < 0.8 LSBs with other objects in
the JADES GOODS-S field, particularly at lower redshift (z < 0.4)
LSBs and HSBs with similar stellar masses and redshifts. These
comparisons are made to investigate and test previous theories
on LSB formation and evolution.

This paper is outlined as follows. In Section 2, we describe the
data and photometric catalogue used to conduct this survey. In
Section 3, we describe the process used to select objects in our
0.4 < 7 < 0.8 LSB sample. In Section 4, we measure the spatial
distribution, number density, multiband surface brightness pro-
files, and colours of the LSBs in this sample. In Section 5, we
derive the star formation histories (SFHs), spectral energy dis-
tributions, mass-weighted ages, and dust attenuations for LSBs
in this sample, comparing them with lower redshift LSBs and
brighter objects at similar redshift. Section 6 presents the findings
from these properties and comparisons.

All magnitudes used in this paper use the AB system (J. B.
Oke & J. E. Gunn 1983). Uncertainties are quoted as 68 per cent
confidence intervals, unless otherwise stated. Throughout this
work, we report vacuum wavelengths and adopt a standard flat
ACDM cosmology from Planck18 (Planck Collaboration VI 2020)
(Hy = 67.4km s™! Mpc™!, Q = 0.315).

2 DATA AND PHOTOMETRIC CATALOGUE

This work uses deep optical imaging from the Advanced Camera
for Surveys (ACS) on the Hubble Space Telescope (HST) along-
side deep infrared imaging from JWST/NIRCam in the GOODS-
S field (M. Giavalisco et al. 2004). All data used are photomet-
ric with five optical-infrared bands from ACS (F435W, F606W,
F775W, F814W, and F850LP), and 15 infrared bands from NIR-
Cam (FO70W, FO90W, F115W, F150W, F182M, F200W, F210M,
F277W, F335M, F356W, FA10M, F4A30M, F444W, FA60M, and
F480M). These 20 filters collectively cover wavelengths from 0.4
5.0 microns.

The HST/ACS mosaics used in this work were produced as part
of the Hubble Legacy Fields (HLF) project v2.0 (G. Illingworth
et al. 2016; K. E. Whitaker et al. 2019). The JWST/NIRCam data
were primarily obtained as part of the JADES (D. J. Eisenstein
et al. 2023a) programme IDs (PIDs) 1180, 1210, 1286, 1287, 3215,
and 6541. In addition, photometric data from the following ad-
ditional JWST programmes were used: Windhorst IDS GTO pro-
gramme (PID 1176; R. A. Windhorst et al. 2017), Mid-Infrared
Instrument (MIRI) Deep Imaging Survey (MIDIS; PID 1283;
G. Ostlin et al. 2025), First Reionization Epoch Spectroscopic
COmplete Survey (FRESCO; PID 1895; P. A. Oesch et al. 2023),
JWST Extragalactic Medium-band Survey (JEMS; PID 1963; C.



C. Williams et al. 2023), Next Generation Deep Extragalactic Ex-
ploratory Public (NGDEEP) Survey (PID 2079; M. B. Bagley et al.
2024), (PID 2198; L. Barrufet et al. 2021), PANORAMIC survey
(PID 2514; C. C. Williams et al. 2025), ALMA Survey of Sub-
millimetre Galaxies in the Extended Chandra Deep Field South
(ALESS-JWST; PID 2516; J. Hodge et al. 2021), and Bias-free Ex-
tragalactic Analysis for Cosmic Origins with NIRCam (BEACON)
(PID 3990; T. Morishita et al. 2023).

For a detailed description of the JADES JWST/NIRCam imag-
ing data reduction and mosaicing, consult S. Tacchella et al.
(2023). The JWST/NIRCam source detection is detailed in B. E.
Robertson et al. (2023). The main steps are stacking six image mo-
saics (F200W, F277W, F335M, F356W, FA10M, and F444W) using
the corresponding error images and inverse-variance weighting
to produce a single detection image. Within this detection im-
age, a source catalogue is constructed by selecting contiguous
regions of greater than 5 pixels (0.15 arcsec) with a signal-to-noise
ratio (SNR) of >3 and applying the SEXTRACTOR (E. Bertin &
S. Arnouts 1996) deblending algorithm (L. Bradley et al. 2025).
Photometry convolved to the PSF of F444W is then performed
at the source centroids in all of the aforementioned photometric
bands from HST/ACS and JWST/NIRCam (with the exception of
the F430M, F444W, FA60M, and F480M bands) with circular (0.1-
0.5 arcsec radius) apertures and elliptical Kron apertures (Kron
parameter 1.2, i.e. ‘small Kron’ and Kron parameter 2.5, i.e. ‘large
Kron’). Uncertainties are estimated by placing random apertures
across regions of the image mosaics to compute a flux variance.
To account for differing depths across the fields, these random
apertures are collected into percentiles based on their location’s
exposure time, which are then used to determine the sky-noise
contribution to the flux uncertainty for each object.

3 SAMPLE SELECTION

The primary goal of this study is to find LSB objects at higher
redshifts than LSBs that have been studied before, while still
resolving faint and extended objects. To achieve this, we need
to consider photometric signal-to-noise, surface brightness, and
photometric redshift, since surface brightness scales with redshift
as (1 + z)~* due to cosmological dimming,

From the full photometric catalogue described in Section 2,
we start by requiring that objects have an SNR of 10 or greater
in the F200W filter with 0.1 arcsec circular aperture photometry,
which yields 96 327 objects. We chose F200W (corresponding to
~1.3 um rest frame for z = 0.5 galaxies and ~1.0 um rest frame
for z = 1.0 galaxies) as our representative filter since it has the
best combination of depth and spatial resolution in JADES, with
a 50 point-source sensitivity of 4.4 nJy (M. J. Rieke et al. 2023b)
and spectral resolution R = A/AA ~ 4.3, where X is the pivot
wavelength and A is the bandwidth. This choice ensures proper
coverage across NIRCam filters among objects in our sample.
This step also helps to filter out any noise or artefacts that may
have been falsely identified as objects in the catalogue.

For the objects that satisfy our SNR cuts, we estimate their two-
dimensional surface brightness profiles. For this, we turn to the
image fitting programme PYIMFIT (P. Erwin 2014). We run a sin-
gle component Sérsic profile fit on each of the objects with SNR
(F200W) > 10 in the F200W band. Using these profiles, we can
identify a sample of objects with an averaged surface brightness
fainter than a certain threshold.

The surface brightness fitting procedure goes as follows: for
each object, we take a cutout of our F200W filter mosaic, centred
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around the object’s position in the catalogue from Section 2 (this
includes both the data and an associated one standard deviation
error image). This cut-out is square, with a side length of 12
times the object’s catalogued semimajor axis a. A segmentation
map is created with the cut-out using a PYTHON SEXTRACTOR-
based package SEP (K. Barbary 2016), to determine which pixels
belong to the central source. If a pixel is determined to be a
part of another object within the cut-out, it is masked out from
the programme’s fitting routine. This is done as follows: starting
with an initial threshold of 1.5¢, if any pixels are detected out-
side a square around the central pixel of sides 5a that belong to
the central object’s segmentation, then the segmentation map is
recreated with 0.5¢0 added to the threshold until this condition is
met. Visual inspection shows that this is an effective method to
account for nearby objects and only fitting pixels belonging to the
central object in the cut-out.

The single-component Sérsic profile (J. L. Sérsic 1963) in terms
of intensity I as a function of disc radius R goes as

{ [ ; )
I(R) = Ieff exp —bn (7) — 1i| } s (1)
Resr

where R is the effective (or half-light) radius, I is the intensity
at the half-light radius, and n is the Sérsic index. This index n
is a parameter that determines the shape of the profile, with n =
0.5 producing a Gaussian profile, n = 1 producing an exponential
profile, and n = 4 producing a de Vaucouleurs profile. A lower
n generally corresponds to a shallower profile, so for extended
objects like LSBs, we expect this index to be particularly low. b, is
a geometric parameter that is dependent on n, and is determined
by the condition

I'(2n) = 2y(2n, by,), 2)

where I" and y represent the complete and incomplete gamma
functions, respectively.
The surface brightness u goes as

1/n
HR) = prag + 220 [( R ) —1}, 3)

In(10) | \ Refr

where fiefr IS ((Rer)-

This profile model has R, I, and n as free parameters, all of
which PYIMFIT estimates, along with the object’s ellipticity and
position angle (to account for its geometry and orientation in the
image, respectively). The object’s position is held fixed within
plus or minus 5 pixels in both x and y coordinates of that from
the catalogue in Section 2.

From the total apparent magnitude my, given by the best-
fitting model, we can find the mean effective surface brightness
(sometimes referred to as the mean surface brightness) fi.s, the
average brightness within the circularised effective radius, by

flefr = Moy + 2.5108[27 (1 — €)RZ; 4resec] — 1010g(1 + 2), 4

where the total flux measured is scaled by (1 + z)* (third term
in equation 4) to account for the aforementioned cosmological
dimming. The (1 — €) term (where e is the fitted ellipticity of the
object) is included because the programme fits the Sérsic profile
along the semimajor axis and R is a circularised radius. For the
redshift scaling, we derive photometric redshifts for the sample
using EAZY-PY, a PYTHON wrapper of the programme EAZY (G. B.
Brammer, P. G. van Dokkum & P. Coppi 2008). We use an internal
catalogue obtained in the same manner as in K. N. Hainline et al.
(2024), using the ‘small Kron’ photometry for the SED fitting.
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Figure 1. Example photometric redshift SED fits from EAZY-PY shown for four LSB candidates. Small Kron photometry from NIRCam filters from the
catalogue described in Section 2 is shownas discrete points with measured errors, while those from HST filters are shown as lighter discrete points, both
in nJy at the pivot wavelength (in microns) of the corresponding filter. The best-fitting SED template from EAZY-PY is shown as a solid line. Each SED
has an inset plot showing the probability p(z) surface for the fit, where our adopted redshift z, (corresponding to the maximum p(z)), is shown as a
vertical line and the area between the 1o uncertainties of the distribution are shaded in grey. The redshift values corresponding to z, and the 1o spread
are printed at the top of each inset plot. A mosaic cutout for each object is shown in six wide NIRCam filters below each SED..

Examples of these EAZY-PY SED fits are shown in Fig. 1 for four
LSB candidates. The best-fitting SED template, small Kron pho-
tometry, probability p(z) surfaces, and mosaic cutouts in six wide
NIRCam filters are shown for each candidate. For each object in
this study, we adopt z,, the redshift at which the p(z) surface is at
a maximum, as our canonical redshift.

From this mean effective surface brightness, we can also find
the central surface brightness through

_ nePn 2.5b,
o = flef + 2.51log Wl‘(m) - In(10) .

For details on the derivations of these formulae, consult A. W.
Graham & S. P. Driver (2005).

While a single Sérsic may not be sufficient to fit brighter, spa-
tially resolved objects in the catalogue, it works sufficiently well
for objects that are smaller, dimmer, and more likely to be LSBs.
Some examples of these PYIMFIT fits on LSBs at varying values of

(%)

MNRAS 546, 1-21 (2026)

n are provided in Fig. 2. The selected objects vary in ellipticity and
position angle. Each column represents an object, with the rows
showing (from top to bottom) the mosaic image in F200W, the
fitted model from PYIMFIT, the residual (data minus model), and
the fitted surface brightness profile. The groups of white pixels in
the first three rows were determined to belong to another object
through the SEP segmentation procedure and were masked from
the fitting routine. The profiles on the bottom row are constructed
by drawing concentric ellipses at different radii and measuring
the brightness within each ellipse, both for the original image
(first row) and the PYIMFIT model (second row).

In Fig. 2, the object’s value of n increases from left to right
(each column represents an object). ID 207 340 has an irregular
morphology, and the residual shows that the single-component
Sérsic fit leaves noticeable residuals, though the one-dimensional
surface brightness profile is well fit by the model. Fig. 2 demon-
strates that the fits we perform encapsulate the properties of the
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Figure 2. PYIMFIT two-dimensional surface brightness profiles for four LSB candidates chosen randomly from bins of the Sérsic index n. From top to
bottom, the rows show the original cut-out from the F200W mosaic, the best-fitting Sérsic model, the residual (data minus model), and the profile plotted
against the data, by drawing many ellipses at different radii, to the object’s fitted R¢. The white pixels were determined to belong to another object within
the cut-out, and were masked from the fits. Each object’s JADES ID, n, and R are printed in each model panel, as well as an angular scale corresponding
to 0.3 arcsec for each object. Cut-outs are 12 times the object’s catalogue semimajor axis.

Sérsic profile for the objects we are interested in, which validates
the use of equations (4) and (5) as measures of surface brightness.

Motivated by J. P. Greco et al. (2018), we choose mean effective
surface brightness fief (equation 4) as our defining parameter
instead of central surface brightness (equation 5) to allow con-
sideration of HSB bulges in extended LSB discs. While the half-
light radius Res can be larger than the object’s physical size, some
objects have a fitted R that is many times larger than the cata-
logue semimajor axis for the source, which leads to an underes-
timation in the mean effective surface brightness. Therefore, we
first require that objects have a fitted effective radius less than 1.5
times their catalogue semimajor axis (Rer < 1.5a) to avoid this
overestimation. Since we want to focus on somewhat extended
LSBs, we then require that our objects need an effective radius of
at least 0.18 arcsec.

With a measure of surface brightness and redshift for each of
these objects, we can explore the relationship between the two
and use it to identify a sample of LSBs. In Fig. 3, we plot the mean
effective surface brightness in F200W i (F200W ) from PYIMFIT
against the photometric redshift from EAZy-PY for every object
after making the SNR and R cuts.

Even with the (1 + z)* cosmological dimming taken into ac-
count in equation (4), Fig. 3 shows that the ability to detect ob-
jects fainter than 24 mag arcsec™?2 gets increasingly difficult with
redshift. This is due to the detection limits of JWST, as well as the
presence of background light due to zodiacal light and emission
from the telescope which decrease the contrast that allows for
detecting these faint sources. A more detailed discussion on the
exposure time required to detect these objects at higher redshifts
is provided in Section 6. Nevertheless, if we choose our brightness
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cut to be 24 mag arcsec™2, we still recover objects out to z ~ 0.8,

which is significantly farther than previous surveys (M. J. Geller
et al. 2012; J. E. Greene et al. 2022). To select a sizeable sample
where we see some evolution in these LSBs, we choose to make a
redshift cut at z,noc > 0.4. These cuts in F200W surface brightness
and photometric redshift are shown as red lines in Fig. 3 with the
LSB sample highlighted in red.

Finally, we visually inspect each of these objects to identify
false positives and ensure our sample is comprised of actual faint
and extended galaxies. These false positives can include tidal tails,
shredded galaxy subcomponents, and bits of diffraction spikes
from bright stars. False-colour RGB images from the F115W,
F200W, and F277W filters of many of the largest LSBs (by fitted
Refr) in this sample are shown in Fig. 4 at fixed 50 x 50 pixel (1.5
x 1.5 arcsec) panels. After these visual cuts, we are left with 57
galaxies in our final LSB sample, with photometric redshifts in
therange of 0.4 < z < 0.8. Our analysis suggests JADES data can-
not detect LSBs [/ier(F200W ) > 24 mag arcsec™2)] past z ~ 0.8
in the way we have defined them. Results from PYIMFIT for these
57 LSBs are reported in Table B1.

Visually, the LSBs in Fig. 4 are faint and extended. Some of
these objects, like ID 530989, appear to have a bright centre sur-
rounded by a dim disc, similar to the well-known LSBs such as
Malin 1 (G. D. Bothun et al. 1987).

4 PROPERTIES OF THE LSB SAMPLE

4.1 Photometric redshift

We will now briefly discuss the distribution of photometric red-
shifts from EAZyY-PY for our final sample of LSBs. As discussed
in Section 3 and shown in Fig. 1, these photometric redshifts
were determined through an internal catalogue using the ‘small
Kron’ aperture. The distribution of these redshifts, ranging from
0.4 < Zphot < 0.8, is shown in Fig. 5.

4.2 Spatial distribution

In Fig. 6, we show the spatial distribution of the LSB sample
across GOODS-S as red squares, while every other object with
SNR> 10 in F200W from the same redshift range (0.4 < Zpnot <
0.8) is represented by a faded grey dot (to show dense regions
of the field). The boxes in the figure identify the JADES regions
of greater depth, as well as outlines of other areas of interest in
GOODS-S.

The LSBs are not uniformly distributed; they generally are
more abundant in the deeper parts of the field, which is a se-
lection effect. Most of these LSBs appear in regions of GOODS-S
with deep coverage: out of the 57 galaxies in our sample, 18 can
be found in the JADES Deep field, 11 in the NGDEEP survey, 10
in the JADES Origins Field (JOF; D. J. Eisenstein et al. 2023b),
and 10 in JADES PID 1287, all of which contain the deepest data
in this field. This implies that survey depth is a strong driver of
finding LSBs at higher redshift.

While we cannot make any statistical conclusions about any
physical clustering of LSBs from the size of this sample, previous
studies on LSBs have found that, physically, they are not uni-
formly distributed (J. Koda et al. 2015; J. P. Greco et al. 2018; J.
Roman, A. Castilla & J. Pascual-Granado 2021) and that denser
environments may aid in LSB formation due to ram pressure
stripping (G. Martin et al. 2019). However, it has been established
that LSBs occur in all environments, so it is not surprising to see
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Figure 3. The mean effective surface brightness given by equation (4)
from PYIMFIT in the F200W filter (corrected for cosmological dimming
with photometric redshifts from EAZY-PY) against the photometric red-
shift from EAzY-PY for each object with SNR > 10 in F200W, fitted ef-
fective radius less than 1.5 times their semimajor axis, and fitted effec-
tive radius greater than 0.18 arcsec. A vertical dashed line is drawn at
redshift zpho = 0.4 and a horizontal dashed line is drawn at fier = 24
mag arcsec™2 . The LSB sample, objects Zphot > 0.4 and fier > 24 mag
arcsec™ 2, is the set of dots below and to the right of these lines.

some of our LSBs in less dense environments. Given the varying
depth across the GOODS-S field, it is not possible to reach a robust
conclusion on how the distribution of JADES LSB galaxies at
z > 0.4 correlates with environment.

4.3 Number density

The number density of LSBs has been previously studied and
reported by numerous papers. J. J. Dalcanton et al. (1997a) uses
a wide scale CCD survey to measure the number density of LSBs
with 23 < po(V) < 25 mag arcsec™2, reporting ~ 4 galaxies per
square degree. Correcting for the completeness of LSBs of smaller
size, J. E. Greene et al. (2022) follows up on this analysis by
exploring the densities at fixed mass using the HSC-SSP survey.
They find that the number densities of low redshift LSBs are
consistent with known numbers around M, ~ 10’M, but grow
inconsistent at higher masses. There is also some evidence that
number density increases with decreasing mass (J. J. Dalcanton,
D. N. Spergel & F. J. Summers 1995; T. M. Sedgwick et al. 2019; J.
Kim et al. 2023).

For our LSB sample, we can do a rough calculation of the
number density of LSBs in GOODS-S. The total survey area of
the JADES GOODS-S field considered here is ~200 arcmin?. Us-
ing the comoving distance between z ~ 0.4 and z ~ 0.8 to ap-
proximate the total volume searched, we estimate the comoving
volume of the area searched to be ~ 43,910 Mpc>. Using this
comoving volume estimation, we find that for our 57 LSBs, the
number density of these objects in the way we have defined them
as peg(F200W) > 24 mag arcsec™ is on the order of ~ 1073
Mpc~3. This is consistent with the LSB density values reported
in J. E. Greene et al. (2022) for the range of M, ~ 107 — 10*M,,
which is roughly the range of stellar masses for our LSB sample
(see Fig. 9).

However, as mentioned in Section 4.2, the spatial distribution
of our LSB sample is biased towards the areas of the survey that
are of greatest depth. We can consider the LSBs in the survey areas
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with the greatest depth (NGDEEP, JOF) and calculate the number
density by using the angular area of the polygons drawn in Fig.
6. This can ensure an approximately constant depth. There are 11
of our LSBs in NGDEEP and 10 of our LSBs in the JOF (see Fig.
6). Using these numbers, we find that both number densities are
also on the order of ~ 1073 Mpc~3.

4.4 Surface brightness profiles (multiband)

As described in Section 3, the LSBs in our sample underwent
an initial round of surface brightness fitting with PYIMFIT in the
F200W band. This first round of fitting is run on all the objects in
our catalogue with SNR > 10 in F200W to measure relative sur-
face brightness, and PSF broadening is not accounted for. The ini-
tial fits are for picking out the faintest, most extended objects past
Zphot > 0.4. We further perform a more deliberate, PSF-convolved,
accurate Sérsic profile fit in multiple filters, for which we employ
PYSERSIC (I. Pasha & T. B. Miller 2023). PYSERSIC is more recently
developed in contrast to PYIMFIT, utilizes Bayesian inference for
speed, and is specialized for single-component Sérsic fits. The
purpose of this second round of fitting is to gather accurate Sérsic
profile parameters in different filters for each of our LSBs, as well
as measuring the surface brightness in multiple filters that take
PSF convolution into account. At a base level, PYSERSIC operates
much in the same way as PYIMFIT does, with similar fit results as
what is shown in Fig. 2 for PYIMFIT. A direct comparison figure is
provided in Appendix A.

14 4

—
¥
L

—
o
L

Number of Galaxies

0.8

0.4 0.6

Zphot

Figure 5. Distribution of photometric redshifts obtained through EAZY-
PY (as described in Section 3) for our final sample of LSBs.

‘We will be using the same procedure described in Section 3: we
take a 12a square cut-out for each object (a being the catalogue
semimajor axis for the object) in the data images and associ-
ated error images. PYSERSIC fits for the same free parameters
as PYIMFIT for the single-component Sérsic-profile (R, L, 7,
€, and position angle). We keep the same limits on each of the
profile parameters: the central x and y values are allowed to vary
within 5 pixels of the object’s catalogue position, but 2 additional
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Figure 6. Positions of our LSB sample are plotted as small squares, while other objects above the SNR cut (see Section 3) in the same range of photometric
redshifts are plotted in a faint grey, to better see the density of surrounding objects. It should be noted that some of the dark grey dots can correspond
with faulty segmentation of debris surrounding a large galaxy. The JADES medium and deep fields, as well as the JOF, JEMS, PID 1287, and NGDEEP

(see Section 2) coverage are highlighted in different colours.

constraints are added: the effective radius Res is limited to 1.5a (a
limit placed on the PYIMFIT results in Section 3), and we limit
the n value within the range of the previous PYIMFIT results
(0.65 < n < 3.00). For a more in-depth description of the fitting
procedure and the mathematical calculations made with the Sér-
sic profile parameters, see Section 3. We repeat this procedure in
four different representative filters (F150W, F200W, F277W, and
F356W) to gain some insight into how these Sérsic parameters
change with wavelength.

The best-fitting Sérsic parameters, mean effective surface
brightness, and central surface brightness for all of the different
bands are shown in Fig. 7 and are reported in Table B2. The left
panel of Fig. 7 has the Sérsic index n plotted against the central
surface brightness o, while the right panel has the effective ra-
dius R plotted against the mean effective surface brightness fief.
In both panels, each data point represents an object in a given fil-
ter. The colour of the points indicates which filter was used for the
parameter fitting, as noted in the legend in the left panel and the
colourbar on the right. Additionally, each axis has a histogramme
showing the distribution of that parameter in each filter. These
distributions are coloured in the same way as the data points and
each have the same number of bins. A. W. Graham (2013) shows
a similar relation between Sérsic index n against central surface
brightness for a sample of elliptical galaxies regardless of surface
brightness.

As expected, we see a correlation between n and po in the
left panel of Fig. 7 since n controls the ‘steepness’ of the surface
brightness profile (see equation 5). Most LSBs in the sample have
extended surface brightness profiles, so many of them stack up
against the lower limit of n = 0.65. We expect low values of n
for most extended LSBs (J. Koda et al. 2015), and most of the
sample has n < 2. However, this result may also be due to a
limitation of surface brightness profile fitting as the angular size
of our targets get smaller with higher redshift. As the left panel
y-axis histogrammes show, the distributions for n remain largely
unchanged with wavelength.
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The majority of the LSBs have central surface brightnesses
o > 22 mag arcsec™? across the filters, though many of them
seem to have HSB (o < 22 mag arcsec2) centres. This is
a result of our choice of using fi.g as our defining mea-
sure of brightness, as the distribution of fie on the right of
Fig. (7) does not show any object that is brighter than ~ 23
mag arcsec™2 (averaged over its fitted effective radius) in any
band. Overestimation of R can also lead to this disparity in
effective and central surface brightness, as this results in av-
eraging brightness over an area that is bigger than the object
itself.

To explore possible correlations between Reg and fieg in the
different filters, we run the Spearman correlation test. This gives
p-values of 0.0069, 0.0265, 0.0008, and 0.0006 for the F150W,
F200W, F277W, and F356W filters, respectively. The majority of
objects in most bands are between ficg ~ 23 to 25 mag arcsec”2,
which is largely consistent with our PYIMFIT single-band results.
However, all of these objects were selected based on having jies >
24 mag arcsec™? in the F200W filter with the PYIMFIT results, but
in the results for PYSERSIC, there is scatter around this number,
with many objects being brighter than 24 mag arcsec™2. This is
due to the effects of PSF convolution (see Appendix A), and shows
that the original, unconvolved 24 mag arcsec™ cut in F200W
translates to a roughly fieg = 23 mag arcsec™2 cut in these four
convolved bands. All LSBs in the sample are larger than Res >
0.18 arcsec by our selection criteria with PYIMFIT, but that re-
quirement was purely for sample selection, so for PYSERSIC we
allow R to freely vary up to 1.5a. Most objects vary in Reg from
~ 0.15to ~ 0.45 arcsec. Atz = 0.6, a typical redshift for this sam-
ple, an angular distance of 0.15 arcsec corresponds to a physical
distance of ~ 1 kpc with our adopted cosmology.

The errorbars in Fig. (7) represent the 1o uncertainties in the
posterior estimates from PYSERSIC for n and R.s, which are then
propagated through the calculations made for py and fieg. Such
errors were not considered for PYIMFIT (Section 3), so this second
round of fits demonstrates the difficulty of fitting the objects we
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are interested in for this study and measuring the surface bright-
ness parameters accurately.

4.5 Colours

‘We present a colour-colour analysis of these LSBs to explore how
their colours compare to those measured for objects in the rest
of the field in the same redshift domain. For this, we use data
directly from the photometric catalogue described in Section 2,
in the ‘small Kron’ aperture. In Fig. 8, we take the measured
differences between the F277W and F356W filters as well as the
F115Wand F150W filters in the ‘small Kron’ aperture to construct
a colour—colour plot. All objects at 0.4 < Zphot < 0.8 are plotted
in light grey, while our LSB sample is plotted in red with error
bars based on the errors given in the photometric catalogue. His-
togrammes are also shown for both groups of objects on either
axis, normalised as probability densities.

With the chosen filters, the LSB sample spans the whole range
of colours reflected by the overall distribution of objects at 0.4 <
Zphot < 0.8. Previous studies have found that LSBs can be optically
blue or red (K. O’Neil et al. 1997) with the redder ones being
found in denser environments (D. Zaritsky et al. 2019). Perform-
ing the two-sample Kolmogorov-Smirnov (KS) test on the LSB
and overall colour distributions in both filters yields p = 0.021 for
F115W-F150W and p = 0.006 for F277W-F356W, both of which
correspond to a lo significance. This hints at a colour gradient
in our LSB sample, where an LSB is more likely to be redder in
F115W-F150W colour and bluer in F277W-F356W colour than
other galaxies at similar redshift.

5 COMPARISON OF LSBS WITH OTHER
SAMPLES

‘We want to see how quantities that we can photometrically derive
using the programme BAGPIPES (A. C. Carnall et al. 2018) for
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Figure 8. A colour-colour scatter plot with normalized histogrammes
using the measured flux densities and errors from the catalogue described
in Section 2 in the ‘small Kron’ aperture. This figure compares the mag-
nitude difference in the F277W and F356W filters to the difference in
the F115W and F150W filters. All objects 0.4 < zppor < 0.8 (reflecting the
redshift range of the LSBs) are shown in light grey, while the LSB sample
is shown in red. Errorbars are given for the LSB data points.

our Zphot > 0.4 LSBs compare with other objects in the JADES
GOODS-S field. For this, we choose to make two comparisons:
one with objects of similar stellar mass and redshift but higher
surface brightness, and one with other LSBs at lower redshifts
in the JADES GOODS-S survey (Zphot < 0.4). The goal of these

MNRAS 546, 1-21 (2026)



10 T Shields et al.

[ LSBsz>04
124 HSBs 0.4 < 2 < 0.8
1 LSBsz <04
w 10 —
2
: g
T 81 —
)
(-
: L
5 6
o)
g
=
Z 4
2..
LI 1

5.5 6.0 ()‘.I5 7.I0 7.5 8.0
lOg ( ]\/.[* / A’Lg)

Number of Galaxies

—

[N}

[
1

10.0 A

i
w
1

S
JIR ]

T T T T T T
0.00  0.25 0.50 0.75  1.00 1.25 1.50 1.75 2.00

Ay [AB mag]

Figure 9. Histogrammes of the posterior medians of stellar mass given in log(M./Mg) (left) and the dust attenuation Ay, given in AB magnitudes
(right), derived from BAGPIPES for each sample. The 0.4 < z < 0.8 LSBs are coloured in blue, the 0.4 < z < 0.8 HSBs are coloured in orange, and the

zZ < 0.4 LSBs are coloured in green.

comparison samples is to investigate the differences in evolution
between of objects with different surface brightnesses and LSBs
at different redshifts.

5.1 Comparison sample selection

For the HSB comparison sample of similar stellar mass and red-
shift, we return to the objects whose selection we discussed in
Section 3 thatare SNR > 10in F200Wand at 0.4 < Zpnet < 0.8. We
take the results from PYIMFIT and use the total (redshift scaled)
magnitude in F200W [my,, — 101log(1 + z) from equation (4)] asa
proxy for stellar mass. The Zphot > 0.4 LSBs have a range of 27.0-
24.5 mag in this scaled total magnitude, so we select 60 random
galaxies in this same range in magnitude but with a mean surface
brightness of ji.s < 23 mag arcsec™2.

For the low redshift LSB comparison sample, we repeat the
same procedure outlined in Section 3, except instead of taking
objects with 0.4 < Zphot < 0.8, we take all objects with Zphor < 0.4.
Like the HSB sample, we also require this sample to have a scaled
magnitude of 27.0-24.5 mag to reflect the stellar mass distribu-
tion of the 0.4 < Zypet < 0.8 LSB sample and we pick 60 random
galaxies that meet this criteria. We decide to make a distinction
between LSBs at $z < 0.4$ and LSBs at $z7 > 0.4$ to emphasize the
LSBs that show evolution out to redshifts where LSBs > 24 mag
arcsec ~2 could not be detected before.

For the photometrically derived quantities of interest, we run
BAGPIPES using the ‘small Kron’ photometry for each source.
BAGPIPES performs SED fitting, assuming many different stellar
population models, to estimate the SFH, stellar mass, and age of a
given galaxy, among other quantities. For this study, we report the
best-fitting SEDs, the SFR averaged over the last 100 Myr SFR;qo,
the mass-weighted age t\w, the stellar mass M, the dust attenu-
ation Ay, and the SFH (SFR as a function of time).

For each of these derived quantities, we assume a standard
Calzetti dust model (D. Calzetti et al. 2000) with a delayed tau
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SFH model (A. C. Carnall et al. 2019), which is described by
SFR(t) = Ate™"/7, 6)

where 7 is a time-scale that is fit for by BAGPIPES, ¢ is the time
since star formation began for the object, and A is a constant. The
redshift is fixed to the EAZY-PY redshift described in Sections 3
and 4.1, so it is not fit for by BAGPIPES. Nebular emission is
modelled using the methodology of N. Byler et al. (2017) with
the CLOUDY photoionization code (G. J. Ferland et al. 2017). The
gas phase metallicity is implicitly assumed to be the same as the
stellar metallicity.

The above assumptions made about the SFR and the initial
mass function will directly affect the derived stellar masses. How-
ever, we argue that since we are primarily doing a comparison
between our three samples of galaxies using the same series of
assumptions, our comparative framework is robust to choices of
SFH and the initial mass function. We also note that some of
our derived stellar population properties are degenerate with one
another and difficult to determine definitely with photometry
alone. The most notable degeneracies are between stellar mass
and stellar age in addition to between stellar metallicity and dust
attenuation (A. C. Carnall et al. 2018; C. Meldorf, A. Palmese &
S. Salim 2024).

5.2 Stellar mass and dust attenuation

The first photometrically derived quantities we want to study
from BAGPIPES are stellar mass M, and dust attenuation Ay . Stel-
lar mass can highlight the differences in star formation between
the LSBs and HSBs, while dust attenuation can tell us if light is
being obscured, and if dust could be another explanation for why
LSBs are low surface brightness. Histogrammes of stellar mass
(left) and V-band dust attenuation Ay (right) are shown in Fig. 9.

In general, we can see that the left panel of Fig. 9 validates our
choice of F200W magnitude as a prior for stellar mass, as all three
samples lie in the dwarf (M, < 108M,,) regime. While there is



significant overlap between the distributions of stellar mass for
the three samples, Fig. 9 shows a trend of increasing stellar mass
from the z < 0.4 LSBs to the z > 0.4 LSBs to the HSBs, being
partly a selection effect of the brightness criterion, with most of
thez > 0.4 LSBs have higher stellar masses than thez < 0.4 LSBs.

The right panel of Fig. 9 shows the different distributions
of V-band attenuation Ay for each sample, which have sig-
nificant overlap. Only the low redshift LSB sample seems to
span the range of 0 to 2 mag allowed by our BAGPIPES model.
The HSBs seem to have noticeably lower attenuation and both
LSB samples seem to have comparable attenuation. To estimate
the significance level of this difference, we run the two-sample
Kolmogorov-Smirnov (KS) test on these distributions.

The KS tests involving the Ay distribution for the low redshift
LSBs gives p-values of 0.116 and 0.008 for the high redshift LSBs
and HSBs, respectively. From this, we gather that the low redshift
LSB distribution is different from the HSB Ay distribution with
> 30 confidence, while it is only different from the high redshift
LSB distribution by > 1. The KS test for the z > 0.4 LSBs and
HSBs gives a p-value on the order of 10~#, which corresponds to
> 30 confidence. From this, we can conclude that the distribu-
tion of dust attenuation in the low redshift LSB sample is similar
to that of the higher redshift LSB sample, which is statistically
different than the higher redshift HSB sample. Dust attenuation
may be a factor in explaining why some of our LSB samples have
lower surface brightnesses than the HSB sample, but many of the
galaxies from both LSB samples have Ay < 1.0 mag. 92 per cent
of the z > 0.4 LSBs and 73 per cent of the z < 0.4 LSBs show
Ay < 1.0. Therefore, for the majority of our LSBs, Fig. 9 shows
that dust attenuation is not a major cause of their low surface
brightness. Results and uncertainties in quantities shown in Fig.
9 are reported in Table B3.

With a measure of size from the best-fitting effective radius
from PYIMFIT (see Section 3) and an estimate of stellar mass from
BAGPIPES, we can compare our galaxy samples with previously
fitted size-mass relations to see how they all fit into the general
population. We use these two quantities to show a size-mass
relation in Fig. 10, and overplot the best-fitting lines for dwarf
[5.5 <log (M. /Mg) < 8.5] galaxies from the Exploration of Local
Volume Satellites (ELVES) survey reported in S. G. Carlsten et al.
(2021), along with the associated 1o uncertainty.

From Fig. 10, it is shown that most of the 0.4 < z < 0.8 HSB
sample lies along the ELVES fit within uncertainty, while most
of the 0.4 < z < 0.8 LSB sample lies above the fit with larger
radii at similar stellar mass. The LSBs being more extended than
the HSBs at fixed stellar mass is an effect of our selection pro-
cess, as the HSBs were selected based off of having similar total
magnitude but higher surface brightness, which results in the
HSB sample being more compact than the LSB sample. What
Fig. 10 reveals is that the higher redshift LSBs are outliers in the
size-mass relation for local dwarf galaxies, whereas the majority
of the HSB sample are not outliers. This supports the idea of
LSBs having higher spin parameters early in their evolution (L.
E. Pérez-Montafio et al. 2022), leading to extended morphologies
that result in low surface brightness. Roughly half of the z < 0.4
LSB sample lies within the uncertainty of the ELVES fit, while
the other half are extended outliers like the 0.4 < z < 0.8 LSBs.

5.3 Star formation histories

The SFHs estimated by BAGPIPES for all three samples are dis-
played in Fig. 11. Each column in the figure represents a sample,
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Figure 10. Size-mass relation for all three of our selected galaxy
samples. The best-fitting effective radius from PYIMFIT is plotted as
log(Retr/kpc) against the posterior median stellar mass from BAGPIPES
is plotted as log(M./Mg). The best-fitting size-mass relation for dwarf
galaxies from S. G. Carlsten et al. (2021) is shown as a solid black line,
with their 1o uncertainties shown as black dotted lines. The colouring is
consistent with Fig. 9.

with the 0.4 < z < 0.8 LSBs on the left, the 0.4 < z < 0.8 HSBsin
the middle, and the z < 0.4 LSBs on the right. In the top row, we
show the posterior median SED from BAGPIPES for every object
in the rest frame normalized to the flux at 2 microns rest frame.
The bottom row shows the posterior median SFH for each object,
with the darker line of each sample showing the median of these
SFHs. Since we are interested in the 0.4 < z < 0.8 LSB sample,
we overplot the sample median SFH on the other two columns
for comparison.

We show the best-fitting SED of each object from BAGPIPES
using the data from the JADES catalogue (see Section 2). It should
be noted that, although we only show the posterior median SFH
for each object, the posterior distributions of SFHs for both LSB
samples are not well constrained. In particular, the difference
between the 16th and 84th percentile values of the onset of star
formation is on average ~3.5 Gyr for the individual LSB SFHs.
These individual uncertainties are not shown in Fig. 11, but we
stress the importance of spectroscopic follow-up studies on these
higher-redshift LSBs in order to constrain their SFHs.

The bottom row of Fig. 11 shows that our higher redshift
LSBs start star formation anywhere from 1 to 7 Gyr after the
big bang (z ~ 4 to z ~ 0.5). The randomly picked HSBs at sim-
ilar stellar mass and redshift also start star formation at a sim-
ilar range, as shown by the sample median SFHs. While the
spread of SFHs in all three samples is wide, we see that it is
possible for the higher redshift LSBs to start forming stars at
around same point in their lives as the HSBs. The sample me-
dian history for the HSBs plateaus at a SFR of ~ 0.01M, yr—!
around z ~ 2, while the sample median history for the higher
redshift LSBs plateaus at a SFR of ~ 0.002M, yr~! also at around
Z ~ 2. However, this difference could be due to the HSB sample
having a higher median stellar mass (see Fig. 9), as opposed to
having inherently less star formation. Hydrodynamical simula-
tions on LSB objects from G. Martin et al. (2019) indicate that
LSBs and HSBs come from the same progenitors at z > 2, but
LSB progenitors form stars more rapidly early on. Interestingly,
the individual SFHs in Fig. 11 indicate that the HSBs started
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Figure 11. Posterior median SEDs (top row) and SFHs (bottom row) for each sample of objects given by BAGPIPES. Each column represents a sample:
the 0.4 < z < 0.8 LSBs are on the left coloured in blue, the 0.4 < z < 0.8 HSBs are in the middle coloured in orange, and the z < 0.4 LSBs are on the right
coloured in green. The SEDs in the top row are fit to the photometry (see Section 2) of each object by BAGPIPES and are shown from 0.3 to 6.0 microns
rest frame. All SEDs are normalised to the flux at 2.0 microns rest frame, and both the relative flux and wavelengths are given as log scales. The SFHs in
the bottom row show the SFR in M, yr~! over the age of the Universe (in Gyr on the bottom scale, in redshift on the top scale). The individual histories
are given in faint lines, while the median history of the whole sample is given in a darker line. The median SFH from the higher redshift LSB sample is

overplotted in the other two SFH panels for comparison.

forming stars earlier and more rapidly. Simulations from L. E.
Pérez-Montarfio et al. (2022) show that spin parameters differ-
entiate between LSBs and HSBs at z ~ 2. Galaxies with higher
spin parameters are more likely to be extended, which decreases
their surface brightness and increases the likelihood of the galaxy
evolving into a LSB, as supported by our size-mass relation in
Fig. 10.

Our primary motivation for selecting a sample of LSBs at
Zphot < 0.4 is to explore whether or not the higher redshift LSBs
in JADES evolve into the lower redshift LSBs. By looking at the
bottom left and bottom right of Fig. 11, we see that this is a
possibility, since both panels share some similar individual his-
tories. However, the lower redshift LSB sample has many histo-
ries that drastically differ from that of the higher-redshift LSBs.
Many lower-redshift LSBs started their star formation later in
the history of the Universe, as shown by the lower redshift sam-
ple median SFH starting ~4 Gyr later than the higher redshift
sample median SFH. It’s possible that these differences in star
formation represent groups of LSBs that are harder to detect
past z ~ 0.4, and therefore aren’t seen in our higher redshift
sample.
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5.4 Star formation rate and mass-weighted age

For each object, we infer a posterior distribution of the star forma-
tion rate averaged over the last 100 Myr (SFR;o), and the mass-
weighted age tyw. The latter is defined by A. C. Carnall et al.
(2018) as

Lobs
t SFR(t) dt
tw = Jo™ LSFR@) dt (7

[y SFR()dt

where ¢, is the time at which the object is observed, SFR(¢) is
measured by BAGPIPES, and ¢ = 0 corresponds to the beginning
of the Universe. The SFR;y, will tell us how much recent star
formation each object has, while fyw will tell us how old the
objects are for their stellar mass.

To explore the relationship between these two derived quan-
tities, we plot them against each other for each object in each
sample in Fig. 12 as scatter plots, where each colour represents
a sample, and each dot represents the median of the posterior for
an object. The dots are coloured by object type, consistent with
the colouring in Fig. 11.
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There is not a clear difference between the 0.4 < z < 0.8 LSBs
and HSBs in terms of recent star formation (SFRq), while the
Z < 0.4 LSBs seem to have less recent star formation than the
0.4 < z < 0.8 LSBs. The lower redshift LSBs tend to extend to
older mass-weighted ages than the z > 0.4 LSBs. This is sup-
ported by Fig. 11, which shows the low redshift LSBs having
much lower star formation rate than the 0.4 < z < 0.8 LSBs. The
HSB sample does not extend past mass-weighted ages of 6 Gyr.

Fig.12 implies that HSBs exhibit a range of mass-weighted ages
between roughly 0 and 6 Gyr. High-redshift LSBs exhibit a similar
range between 0 and 6 Gyr, while their lower redshift counter-
parts exhibit a range between 1 and 9 Gyr. Thus, the higher-
redshift LSBs exhibit a much wider range in mass-weighted ages
when compared to HSBs and some of the lower redshift LSBs
exhibit larger mass-weighted ages than the higher-redshift LSBs.

From Fig. 12, we can further support the conclusion that both
0.4 < z < 0.8 samples have similar SFHs, but the lower redshift
LSBs have lower levels of star formation on average, which is all
in agreement with Fig. 11. The LSB samples can have varying
values of mass-weighted age that can be similar to that of HSBs.

In Fig. 13, we report the relation between star formation rate
(SFRyq) and stellar mass (left panel) both derived from BAGPIPES
for all three samples of objects. We compare this with the star
forming main sequence (SFMS) of dwarf LSBs found in (S. S.
McGaugh, J. M. Schombert & F. Lelli 2017) and show the best-
fitting general SFMS from J. S. Speagle et al. (2014) given by

SFR(M,., t) = (0.84 — 0.026t) log M, — (6.51 — 0.11t), (8)

where ¢ is the age of the Universe in Gyr. We show this relation in
the left panel of Fig. 13 for the redshift range of 0.4 < z < 0.8 (red
shaded area) to reflect the range of the higher redshift LSB and
HSB samples, as well as for z = 0 (red dotted line) for the lower
redshift LSB sample.

LSB galaxies at 0.4 < z < 0.8 in GOODS-S 13

All samples seem to occupy a parameter space well below the
general best-fitting main sequence at their stellar mass while the
dwarf LSB SFMS fits the samples well. The LSBs studied in S. S.
McGaugh et al. (2017) seem to occupy a space below the general
main sequence but at higher stellar mass. This demonstrates how
our study has found dwarf galaxies at lower masses and SFRs
than previous studies focusing on the SFMS of LSBs.

In the region of Fig. 13 where the 0.4 < z < 0.8 LSB and HSB
samples overlap in stellar mass (7 < log(M../Mg) < 8), there is
very little difference in their SFRs, with both samples even having
a similar amount of quenched galaxies in that region. This is con-
sistent with the findings of E. Kado-Fong et al. (2022), wherein
both ultradiffuse dwarf galaxies and ‘normal’ dwarf galaxies have
similar SFRs at fixed stellar mass. The defining characteristic of
our 0.4 < z < 0.8 LSBs, when compared to HSB dwarf galaxies at
similar redshift, is their extended nature, as illustrated by Fig. 10.
Larger physical size with similar SFH results in lower SFR density
and lower surface brightness.

6 DISCUSSION AND CONCLUSIONS

We present a method for finding low surface brightness objects
(LSBs) in the GOODS-S field using JADES data. Using the reso-
lution and depth of the survey, as well as photometric redshifts,
we have found a sample of redshift 0.4 < z < 0.8 galaxies that
are faint and extended. Using PYTHON programmes PYIMFIT and
PYSERSIC, we measure Sérsic surface brightness profiles of the
objects in our catalogue, and select a sample of LSBs with Re >
0.18 arcsec and fi ¢ > 24 mag arcsec? in the F200W band. With
these criteria, we find 57 LSBs past Zpnot > 0.4.

We find that LSBs are concentrated in the areas of the survey
with the greatest depth (see Fig. 6). With a sample of this size, it
is difficult to tell whether or not physical clustering is occurring,
though LSBs are expected to be common in dense environments
(J. Koda et al. 2015; J. P. Greco et al. 2018; J. Roman et al. 2021).
The number density of these LSBs in our survey is on the order of
1073 Mpc—3, though the actual number changes with measuring
the density across all of GOODS-S, as opposed to just the deepest
parts of the survey. This suggests that we would need surveys
of greater depth and larger area to obtain a more representative
number density of LSBs at higher redshift. A crude estimate of the
exposure time required to detect galaxies like those in this sample
atz ~ 2 can be obtained by looking at the surface brightness limit
in the existing mosaics combined with a simple (1 +z)~* sur-
face brightness extrapolation. At F200W, the 5¢ surface bright-
ness limit in 0.15 arcsec x 0.15 arcsec area is mup ~ 34.7. Using
the same exposure time would yield SNR ~ 1 detections. This
suggests that at least 100 times longer exposures (~ 4 megasec)
would be needed to study their properties.

Most galaxies in our sample are very extended, and with a
Sérsicindex of n ~ 0.65 (see Fig. 7). However, due to our choice in
using the mean effective surface brightness to define our LSBs in-
stead of the central surface brightness, there is a group of objects
in our sample with HSB centres (1o < 23 mag arcsec™2). We find
that in this group of outliers there are objects with bright centres
and LSB discs, but there are other objects where the effective
radius is overestimated, leading to a disparity in 1o and p.s. The
LSBs seem to be relatively faint at longer wavelengths (F356W,
F444W), but have somewhat normally distributed colours at
lower wavelengths (see Fig. 8). Our LSB sample is diverse in
colour, although with a slight gradient toward redder in F115W-
F150W and bluer in F277W-F356W colours.
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Using the SED-fitting programme BAGPIPES, we estimate the
SFH, stellar mass, mass-weighted age, and dust attenuation. We
compare these photometrically derived quantities with a sample
of high surface brightness (HSB) objects at a similar size and stel-
lar mass range to our LSBs, and a low redshift LSB sample defined
by z < 0.4 and fi.g > 24 mag arcsec™? in F200W. Both LSB and
HSB samples at 0.4 < z < 0.8 appear to be quenched and void
of star formation (SFRypo < 1072 Mg, yr~1), and exhibit similar
SFHs and rates at fixed stellar mass, while the z < 0.4 LSB sample
exhibits less star formation on average (see Figs 11, 12, and 13).

Our LSB sample is low in stellar mass, and in the dwarf regime
of galaxies. Both comparison samples are selected to be of compa-
rable stellar mass using F200W magnitude as a prior before BAG-
PIPES fitting, though the z < 0.4 LSB distribution extends to no-
tably lower masses. Both LSB samples have comparable distribu-
tions of dust attenuation, with the HSB distribution having a sta-
tistically lower attenuation. This implies dust attenuation could
play arole, though the majority of our LSBs have A, < 1 mag(see
Fig. 9). Therefore, dust attenuation does not appear to be a major
factor in the dimming of these LSBs for most of both samples.

Fig.11 implies that, at redshifts higher than z ~ 2, our LSBs
and the HSBs could start star formation around the same time,
and therefore come from the same progenitors. Hydrodynamical
simulations of LSBs from G. Martin et al. (2019) predict this, and
find that the fractions of gas in LSBs greatly diverge from HSBs
around z ~ 2. They also show thatatz < 1, LSBs experience large
decreases in the mass of gas that is not due to star formation,
and that by z = 0, LSBs have lost most of their star forming gas.
The mechanisms from these simulations that seemed to cause
the evolution of LSBs also act at this intermediate redshift range,
and in the simulations are identified as supernova (SN) feedback,
tidal interactions, and ram-pressure stripping (in clusters), which
all serve to increase the effective radius of these galaxies and
decrease their star-forming gas over time. When comparing the
effective radii and stellar mass of our galaxy samples with known
size-mass relations for dwarf galaxies (S. G. Carlsten et al. 2021),
we find that the 0.4 < z < 0.8 are extended to the point of being
outliers, whereas most of the 0.4 < z < 0.8 HSBs lie within 1o
of the relation. With similar SFRs and SFHs, our results indicate
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that the increase in effective radius over time from these mecha-
nisms leads to the formation of these LSBs.

Theoretical predictions developed by A. Di Cintio et al. (2017)
and T. K. Chan et al. (2018) show that SN feedback (at low stellar
mass) can create ultradiffuse galaxies by fuelling outflows that
remove star forming gas from the galaxies. G. Martin et al. (2019)
shows that SN feedback is the main mechanism that initializes
the divergence of LSBs from HSBs past z ~ 2, and allows other
mechanisms to act more effectively on these objects. They also
show that, while ram pressure stripping is effective at removing
star forming gas in dense environments, tidal heating and forces
act to help form LSBs in all environments. While our sample
is not large enough to investigate whether or not the quenched
galaxies form in clusters, as discussed in Sections 4.2 and 4.3, the
additional mechanism from ram-pressure stripping might also be
a factor in the quenching of these LSBs.

Further spectroscopic analysis can reveal more information
about LSBs at higher redshifts and reduce the inherent uncer-
tainties present in this study from using photometric redshifts
as opposed to spectroscopic redshifts. Future surveys of greater
depth can allow us to look further in the past for these LSBs, and
to better constrain their SFHs to test theoretical and cosmological
predictions about their evolution and origin.
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APPENDIX A: pyimfit/pysersic COMPARISON

Fig. A1 shows a comparison between the results of the two image
fitting programmes used in this study: PYIMFIT and PYSERSIC. We
also directly test the effect of PSF convolution on PYIMFIT fits.
PSF convolution was not used for the PYIMFIT fits described in
Section 3. Here, we run convolved fits on both programmes on
the z > 0.4 LSB sample for the F200Wband and directly compare
the mean effective surface brightnesses ji.s, the brightness pa-
rameter used for LSB selection, in the left panel of Fig. Al. Errors
estimated from PYSERSIC are included. From the right panel of
Fig. Al, we can see that PSF convolution raises the brightness of
the LSB PYIMFIT results.

APPENDIX B: DATA FOR GALAXIES IN THE
LSB SAMPLE

In this appendix, we report data tables for each galaxy in our 0.4 <
Zphot < 0.8 LSB sample. Table B1 reports the right ascension, dec-
lination, and the unconvolved F200W PYIMFIT surface brightness
fitting results. Table B2 reports the convolved multiband PYSER-
SIc surface brightness fitting results. Table B3 reports the derived
stellar masses, dust attenuations, mass-weighted ages, and star
formations averaged over the last 100 Myr. Table B4 reports the
fluxes in chosen NIRCam wide-band filters for the ‘small Kron’
aperture from the photometric catalogue.

pyimfit fier(F200W) [mag arcsec 2]

Unconvolved

23.5 24.0 2.5 25.0 25.5
Convolved

Figure Al. Forthe 0.4 < Zpho < 0.8 LSB sample, we run both PYSERSIC and PYIMFIT fitting routines described in Sections 3 and 4.4, respectively on the
F200W band with PSF convolution and again without PSF convolution for PYIMFIT. We plot the measured mean effective surface brightness pig from
both programmes against each other in the left panel, supplying errorbars for PYSERSIC. On the right panel, we plot the convolved versus unconvolved
PYIMFIT mean effective surface brightnesses. The black lines in both panels represent where both brightnesses are equal.
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Table B1. Observable quantities and PYIMFIT results (see Section 3) for the z > 0.4 LSB sample. For each object ID, we report the RA (right ascension)
and declination from the photometric catalogue described in Section 2. The photometric redshift used from EAZY-PY is shown in the z;p0; column. From
PYIMFIT we report the mean effective surface brightness measured in F200W [ i.(F200W)] in magnitudes per square arcsecond, the central surface
brightness measured in F200W [o(F200W)] in magnitudes per square arcsecond, the effective radius R in arcsec, and the Sérsic index n.

PYIMFIT Lo (F200W) PYIMFIT14o(F200W) PYIMFITR ¢
JADES ID Zphot mag arcsec ™2 mag arcsec ™2 arcsec PYIMFITn
JADES-GS—53.04873-27.90275 5281 0.57 24.72 23.73 0.19 0.92
JADES-GS—53.03687-27.87839 29405 0.83 24.24 22.46 0.21 1.37
JADES-GS—53.05435-27.87539 34150 0.70 24.24 22.90 0.18 1.13
JADES-GS—53.12571-27.85182 69546 0.59 24.06 21.88 0.31 1.59
JADES-GS—53.15494-27.80422 109405 0.43 24.48 23.30 0.28 1.03
JADES-GS—53.12658-27.79770 113557 0.74 24.35 22.61 0.19 1.35
JADES-GS—53.17576-27.79028 118072 0.42 24.47 23.39 0.19 0.97
JADES-GS—53.16779-27.78889 119192 0.50 24.00 23.33 0.20 0.72
JADES-GS—53.15466-27.77882 127231 0.62 24.55 23.99 0.18 0.64
JADES-GS—53.21008-27.75993 143098 0.41 25.33 24.04 0.21 1.10
JADES-GS—53.03636-27.89731 160858 0.55 24.10 21.27 0.26 1.94
JADES-GS—53.05608-27.88765 164373 0.56 24.22 23.87 0.27 0.49
JADES-GS—53.03624-27.87367 171611 0.78 24.16 23.06 0.21 0.99
JADES-GS—53.06586-27.86710 175180 0.55 24.14 23.36 0.19 0.79
JADES-GS—53.08662-27.85548 183481 0.70 24.01 22.25 0.19 1.36
JADES-GS—53.08983-27.84115 189735 0.53 24.40 24.01 0.21 0.53
JADES-GS—53.07777-27.83917 190476 0.55 24.09 23.39 0.23 0.74
JADES-GS—53.16757-27.82074 196612 0.55 24.15 23.16 0.18 0.92
JADES-GS—53.19068-27.81485 198340 0.59 24.23 23.18 0.21 0.95
JADES-GS—53.07564-27.81459 198413 0.56 24.01 23.33 0.20 0.73
JADES-GS—53.15474-27.81125 199235 0.55 24.61 24.16 0.35 0.57
JADES-GS—53.11976-27.78368 207083 0.59 24.25 23.70 0.23 0.64
JADES-GS—53.19289-27.78256 207340 0.55 24.32 23.05 0.34 1.09
JADES-GS—53.20654-27.77870 208568 0.69 24.52 23.79 0.20 0.76
JADES-GS—53.15625-27.77703 209020 0.48 24.49 2391 0.30 0.66
JADES-GS—53.14173-27.77264 210372 0.56 24.42 23.61 0.24 0.81
JADES-GS—53.17890-27.74961 216996 0.57 24.29 2391 0.20 0.51
JADES-GS—53.17294-27.74677 217509 0.63 24.06 22.72 0.20 1.12
JADES-GS—53.14745-27.74365 217847 0.47 24.15 22.86 0.25 1.10
JADES-GS—53.09791-27.74248 235455 0.43 24.31 23.45 0.34 0.84
JADES-GS—53.17355-27.78914 285675 0.54 24.81 23.68 0.18 1.01
JADES-GS—53.11639-27.88056 301713 0.48 24.07 22.24 0.18 1.40
JADES-GS—53.10587-27.77242 313445 0.59 24.14 23.39 0.25 0.77
JADES-GS—53.11345-27.75675 315445 0.50 24.11 22.30 0.20 1.39
JADES-GS—53.13969-27.89341 318555 0.72 24.28 22.41 0.31 1.42
JADES-GS—53.25539-27.87473 415856 0.61 24.12 22.69 0.21 1.18
JADES-GS—53.26882-27.87448 415974 0.41 24.79 23.86 0.22 0.88
JADES-GS—53.25091-27.87330 416526 0.53 24.44 23.73 0.22 0.74
JADES-GS—53.26900-27.86701 419511 0.41 24.42 23.53 0.19 0.86
JADES-GS—53.24986-27.86703 419512 0.60 24.09 22.93 0.25 1.02
JADES-GS—53.26452-27.86380 420939 0.56 24.25 23.40 0.29 0.84
JADES-GS—53.24263-27.85051 427953 0.51 24.56 23.25 0.25 1.11
JADES-GS—53.25589-27.82759 445205 0.51 24.28 23.22 0.23 0.96
JADES-GS—53.02777-27.82618 446697 0.44 24.19 23.14 0.19 0.96
JADES-GS—53.01088-27.81897 453343 0.58 24.20 23.43 0.25 0.78
JADES-GS—53.00647-27.81514 456812 0.50 24.18 22.88 0.26 1.11
JADES-GS—52.98825-27.80582 463900 0.44 24.37 22.21 0.23 1.58
JADES-GS—53.07405-27.71603 493737 0.45 24.33 22.00 0.31 1.67
JADES-GS—53.27421-27.86730 514992 0.48 25.39 20.89 0.23 2.79
JADES-GS—53.26607-27.84964 520754 0.55 24.34 23.49 0.25 0.84
JADES-GS—53.03591-27.83111 527971 0.60 24.10 23.77 0.20 0.48
JADES-GS—53.00424-27.82547 530989 0.41 24.17 22.44 0.33 1.35
JADES-GS—53.00282-27.82417 531703 0.58 24.44 22.73 0.29 1.34
JADES-GS—53.02628-27.82051 533870 0.49 24.46 23.19 0.19 1.08
JADES-GS—53.24369-27.80327 541593 0.49 24.35 23.56 0.34 0.79
JADES-GS—52.97845-27.79245 545495 0.45 24.56 23.48 0.20 0.98
JADES-GS—53.00096-27.78652 547212 0.57 24.09 22.49 0.20 1.28
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LSB galaxies at 0.4 < 7 < 0.8 in GOODS-S

8L°0
€C'T
69°0
€0'T
S9°0
SE'T
S9°0
0T'T
09°C
6C'T
99°0
00T
oWl
L0
660
080

LS'T
€0'T
6L°0
LLO
ST'T
991
S9°0
860
(44
89T
90T
LTT
S9°0
1L°0
IT'T
91

LL'T
IT'l
080
0T
91
ST
90
60
sT
6C'C
SS'T
(41
10T
€TT
LO'T
Se'T

S6'T
98T
10T
0’1
L9T
€S'T
S9°0
0’1
0'C
€9'1T
o'l
ve'T
L9°0
ST
8C'1T
980

¥1T°0
LT0
LT0
00
¥1T°0
8C0
€C0
Se0
91’0
€0
cro
0’0
Se0
1T°0
LT0
0’0

vT0
610
€0
v1°0
610
€0
o
ST0
ST0
€0
10
LT0
€0
v1°0
€C0
0

810
LT0
0€0
v1°0
9T°'0
0€'0
610
€C0
€ro
(4]
o
0
4\
8T'0
ST0
0

0’0
120
€0
¥1°0
620
9C'0
10
Se0
L00
0€'0
0’0
620
o
o
10
€C0

88°CC
8LCC
YL'ET
06'CC
66°CC
1€°Ce
LEET
'ee
€861
69°CC
L9CC
9L°TT
6¢°€C
€0°€T
€T'eT
S0'€T

V1T
06°CC
€L°eC
1LTT
Tcee
¥9'1¢
L8TC
01T°¢T
wie
EL'TC
08T
91°CC
9TYC
L8°TT
€6°CC
61°CC

LT'TT
§9°CC
6C'€C
6¥'CC
€8°1¢C
9L°TC
LO€T
90°¢T
STl
86°0C
LTTC
61°CC
19'¢cC
0€'CT
89°CC
LETT

90°'T¢C
SL'TT
€0°€C
0°CC
0L'TC
91T
9T°€C
9T'€T
L6'81
98°1¢C
w'ic
0c'ce
9T’€T
§9°CC
8¢°CC
LT'€T

§9°€C
0€yC
LEVC
LOYC
95°€C
Sove
€6°€C
0L¥C
S6°€C
180 44
STee
88°¢T
§T'ST
89°¢T
veve
G8'€C

LS'€ET
80vC
ITve
9'eC
§9°€C
96T
EV'eT
0Tve
00°'sT
80vC
c0'eT
SL'ET
(4844
€6°€T
¥8'¢C
TLYT

89°¢€C
SOvC
80'vC
99°€C
LOYC
08°¢C
£€9°€C
90'vC
Tcee
(U724
LEET
88°€C
SL'ET
(4R %4
16°€C
0T'vC

¢6'€T
eV ve
8T¥¢C
0T'eT
€0ve
IL€T
CTLET
wve
10°cC
1T'vC
STeT
€6'€C
8'€C
0T¥C
66°€C
90°'¥C

crIeLyS
S6vSys
€6STYS
0L8€ES
€OLTES
6860€S
TL6LTS
¥SL0TS
[499489
LELEGY
006£9Y
T189SY
eveesy
L6999V
S0CSvy
€S6LTY

panuiuod - 7d SqeL

MNRAS 546, 1-21 (2026)



20 T. Shields et al.

Table B3. Results from BAGPIPES for the z > 0.4 LSB sample, shown in Figs 12 and 9. We report the star formation
rate averaged over the last 100 Myr from the object’s epoch of observation SFR;p in solar masses per year, stellar mass
as log10 of the stellar mass divided by solar mass log(M. /Mg ), and V-band dust attenuation Ay in AB magnitudes.

ID SFRigo (Mo yr1) log(M«/Mg) tmw (Gyr) Ay (AB mag)

5281 0.0020 +0.0014/—0.0018 6.80 +0.22/—0.19 2.36 +1.66/—1.14 0.52 +0.33/—0.32
29405 0.0127 +0.0054/—0.0035 7.11 +0.10/—0.15 0.98 +0.74/—0.51 0.23 +0.17/-0.14
34150 0.0004 +0.0037/—0.0004 7.16 +0.13/—0.19 3.38 +1.81/—1.44 0.63 +0.34/—0.35
69546 0.0002 +0.0017/—0.0002 7.89 +0.07/—0.12 4.63 +1.32/—1.38 0.74 +0.37/—0.37
109405 0.0000 +0.0001/—0.0000 7.59 +0.06/—0.09 5.96 +1.15/—1.41 0.82 +0.10/—0.18
113557 0.0067 +0.0026/—0.0025 7.05 +0.07/—0.10 1.72 +0.59/—-0.74 0.51 +0.16/—0.18
118072 0.0022 +0.0005/—0.0006 7.05 +0.07/—0.08 3.38 +0.64/—0.85 0.07 +0.05/—0.04
119192 0.0000 +0.0001/—0.0000 7.43 +0.04/—0.06 6.16 +0.89/—1.19 0.63 +0.09/—-0.17
127231 0.0029 +0.0021/—0.0012 6.62 +0.13/—0.17 1.51 +0.97/—0.92 1.00 4+0.29/—-0.39
143098 0.0001 +0.0010/—0.0001 6.84 +0.14/—0.24 4.36 +2.21/—1.79 0.71 +0.28/—0.41
160858 0.0043 4+0.0055/—0.0036 7.50 +0.15/—0.17 2.81 +1.24/—0.94 0.66 +0.23/—0.34
164373 0.0110 +0.0041/—0.0030 7.14 +0.17/—0.23 1.30 +0.94/—-0.71 0.62 +0.17/—0.31
171611 0.0144 +0.0063/—0.0076 7.40 +0.09/—0.09 1.66 4+0.84/—0.68 1.23 4+0.20/—-0.26
175180 0.0035 +0.0017/—0.0015 7.23 +0.08/—0.08 2.74 +0.93/—0.98 0.07 +0.09/—0.05
183481 0.0044 +0.0043/—0.0037 7.28 +0.14/—0.12 2.49 +1.13/-0.76 0.38 +0.36/—0.27
189735 0.0042 +0.0019/—0.0033 7.12 +0.20/—0.13 2.43 +1.12/—0.89 0.17 +0.17/-0.12
190476 0.0051 4+0.0050/—0.0037 7.56 +0.10/—0.09 2.93 +1.04/—0.99 0.67 +0.13/—-0.14
196612 0.0033 +0.0025/—0.0022 7.19 +0.09/—0.09 2.83 +1.05/—0.81 0.98 +0.16/—0.17
198340 0.0073 +0.0035/—0.0018 6.92 +0.10/—0.15 1.11 4+0.89/—0.56 0.16 +0.15/—0.11
198413 0.0040 +0.0024/—0.0038 7.21 +0.27/—0.11 2.74 +1.83/—0.83 0.21 +0.24/-0.15
199235 0.0000 4+0.0001/—0.0000 7.53 +0.05/—0.07 5.69 +0.92/—1.22 0.46 +0.17/—0.32
207083 0.0087 +0.0024/—0.0018 7.06 +0.14/—0.10 1.31 +0.91/—-0.54 0.04 +0.05/—0.03
207340 0.0293 4+0.0068/—0.0041 7.23 +0.05/—0.05 0.54 +0.17/—0.16 0.13 +0.10/—0.08
208568 0.0047 +0.0016/—0.0016 6.96 +0.08/—0.09 1.83 +0.69/—0.71 0.18 +0.17/—0.12
209020 0.0000 4+0.0000/—0.0000 7.63 +0.03/—0.05 6.76 +0.72/—0.94 0.38 +0.11/-0.17
210372 0.0031 +0.0019/—0.0018 7.40 +0.11/—0.12 2.98 +1.11/—0.94 0.17 +0.14/-0.12
216996 0.0009 4+0.0054/—0.0009 7.30 +0.14/—0.18 4.02 +2.02/—1.86 0.34 +0.27/-0.18
217509 0.0349 +0.0081/—0.0113 7.00 +0.21/—0.24 0.25 +0.34/—0.14 1.51 +0.11/-0.15
217847 0.0001 4+0.0014/—0.0001 7.64 +0.07/—0.10 5.22 +1.31/-1.25 0.13 +0.18/—0.10
235455 0.0002 +0.0013/—0.0002 7.79 +0.08/—0.13 4.85 +1.57/—1.54 0.15 +0.24/-0.11
285675 0.0061 4+0.0023/—0.0016 6.86 +0.12/—0.11 1.15 4+0.99/—0.56 1.21 4+0.15/—-0.15
301713 0.0125 +0.0032/—0.0028 6.95 +0.26/—0.22 0.72 +0.92/—-0.42 1.45 4+0.13/—-0.16
313445 0.0118 +0.0054/—0.0032 7.11 +0.11/-0.11 1.03 +0.94/—-0.48 0.78 +0.21/—0.20
315445 0.0001 +0.0008/—0.0001 7.22 +0.10/—0.12 4.53 +1.56/—1.56 0.19 +0.14/—0.12
318555 0.0121 +0.0065/—0.0039 7.25 +0.11/-0.15 1.49 +0.74/-0.72 0.61 +0.25/-0.32
415856 0.0037 +0.0027/—0.0026 7.17 +0.12/—0.13 2.55 +1.15/—0.79 0.36 +0.27/—0.22
415974 0.0012 +0.0020/—0.0012 7.12 +0.20/—0.20 3.39 +2.02/—1.13 0.48 +0.25/-0.27
416526 0.0060 +0.0024/—0.0014 6.91 +0.13/—0.26 1.354+0.99/—-0.79 0.21 +0.15/—0.16
419511 0.0000 +0.0000/—0.0000 7.38 +0.05/—0.08 6.51 +1.00/—1.34 0.64 +0.17/-0.27
419512 0.0000 +0.0006/—0.0000 7.77 +0.06/—0.09 5.31 +0.99/—1.40 0.56 +0.16/—0.24
420939 0.0001 +0.0011/—0.0001 7.70 +0.07/—0.11 4.80 +1.31/—1.42 0.24 +0.13/-0.15
427953 0.0100 +0.0033/—0.0027 6.96 +0.22/—0.14 0.93 +1.09/—0.49 0.99 +0.20/—0.18
445205 0.0000 +0.0003/—0.0000 7.62 +0.05/—0.09 5.27 +1.21/-1.35 0.05 +0.08/—0.04
446697 0.0000 +0.0001/—0.0000 7.37 +0.08/—0.08 5.90 +1.28/—1.41 0.63 +0.27/—0.43
453343 0.0061 +0.0020/—0.0013 7.00 +0.07/—0.11 1.69 +0.77/—0.75 0.11 +0.10/—0.08
456812 0.0025 +0.0025/—0.0023 7.54 +0.10/—0.14 3.73 +1.07/—1.10 0.45 +0.15/—-0.27
463900 0.0030 +0.0006/—0.0007 6.95 +0.07/—0.06 2.72 +0.63/—0.72 0.08 +0.09/—0.05
493737 0.0076 +0.0019/—0.0029 7.31 +0.08/—0.08 2.35 4+0.81/—0.86 0.35 +0.15/—0.15
514992 0.0013 +0.0009/—0.0011 6.80 +0.13/—0.14 2.85+1.35/—1.12 0.78 +0.17/—0.19
520754 0.0000 +0.0002/—0.0000 7.69 +0.05/—0.06 5.69 +0.88/—1.03 0.57 +0.11/-0.11
527971 0.0105 +0.0054/—0.0033 7.21 +0.09/—0.18 1.58 +0.90/—0.80 0.65 +0.20/—0.25
530989 0.0003 4+0.0014/—0.0003 7.58 +0.10/—0.12 497 +1.43/—-1.44 0.43 +0.28/—0.26
531703 0.0103 +0.0041/—0.0041 7.28 +0.09/—0.10 1.87 +0.82/—0.76 0.72 +0.16/—0.20
533870 0.0004 +0.0013/—0.0004 7.01 +0.14/—0.16 3.80 +1.95/—1.48 0.60 +0.17/—0.22
541593 0.0014 +0.0051/—0.0014 7.66 +0.13/—0.20 418 +1.69/—1.86 0.51 +0.11/-0.17
545495 0.0020 +0.0007/—0.0010 6.76 +0.19/—0.11 2.45 +1.06/—0.89 0.81 +0.24/—0.19
547212 0.0003 +0.0021/—0.0003 7.33 +0.10/—0.16 3.87 +1.60/—1.41 0.47 +0.26/—0.32
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LSB galaxies at 0.4 < 7 < 0.8 in GOODS-S 21

Table B4. Measured flux densities and errors from the photometric catalogue described in Section 2 for each LSB in the ‘Small
Kron’ aperture in the NIRCam wide filters F115W, F150W, F200W, F277W, F356W, and F444W in nly.

Catalogue ‘Small Kron’ Aperture F, (nJy)

ID F115W F150W F200W F277W F356W Fa44wW

5281 3.80 4= 0.60 3.86 +0.48 4.80 £ 0.46 4.62 £0.39 3.58 £ 0.40 2.35+0.47
29405 8.35£0.79 7.61 £0.75 7.03 £0.71 6.86 £ 0.60 5.50 £ 0.58 3.88 £0.62
34150 3.07 £0.74 4.24 £0.59 5.55 4 0.57 5.39 £ 0.40 4.51+£0.45 3.16 = 0.47
69546 13.21 £0.93 17.20 £ 1.07 19.96 £ 0.95 24.15 4+ 0.90 18.47 £0.79 12.46 £ 0.84
109405 20.47 +1.48 29.62 + 1.59 31.45 £1.65 29.24 +0.88 24.21 £0.87 16.42 £ 0.92
113557 5.26 £0.47 5.28 £0.45 5.73 £0.42 4.88 +0.30 4.62 +0.30 3.37 £0.39
118072 14.53 £0.53 14.61 £+ 0.61 15.00 & 0.64 12.29 £ 0.40 8.75 1+ 0.40 6.13 +0.49
119192 9.56 & 0.46 11.55 £ 0.51 11.96 £ 0.53 12.34 £0.35 8.58 £ 0.41 7.49 £0.43
127231 1.96 £0.27 1.41 £0.27 3.05£0.28 2.65 £0.22 2.20 £0.22 2.17 £0.28
143098 3.82 £047 5.60 £ 0.52 5.23 £0.53 5.55£0.43 3.91+£043 3.41 £0.55
160858 21.73 +1.44 26.77 +1.30 27.61 +1.31 30.92 £1.16 22.70 +1.02 17.44 £1.06
164373 13.80 £ 0.63 12.37 £ 0.59 11.86 £ 0.68 13.14 £ 0.58 10.34 £ 0.56 7.76 £ 0.63
171611 7.11 +0.86 8.02 +0.80 9.31 +0.89 9.79 £ 0.67 9.44 £+ 0.62 7.68 £ 0.66
175180 13.41 £0.58 12.27 £ 0.53 11.64 £ 0.52 11.57 £ 0.55 7.15£0.51 4.62 = 0.56
183481 8.03 +£0.53 7.58 +0.50 8.93 +0.56 10.04 £ 0.56 8.03 +£0.52 5.26 &+ 0.58
189735 13.10 £ 1.10 1590 £1.21 15.28 £1.34 15.75 £1.02 10.92 £ 0.93 7.27 £0.88
190476 21.77 £1.20 26.40 +1.21 2537+ 1.16 27.23 +£0.98 20.39 +0.86 16.98 £ 0.87
196612 7.42 £ 0.45 8.96 £ 0.44 10.24 £ 0.46 10.16 £ 0.36 7.85£0.37 6.76 £ 0.48
198340 9.51 £0.48 7.25 +0.57 7.44 £ 0.46 7.48 £ 0.47 4.57£0.45 3.87 £0.72
198413 8.84 £0.84 12.05 £ 1.42 12.01 £ 0.92 13.51 £0.83 8.46 £ 0.67 5.14 £ 0.88
199235 11.25 4+ 0.92 14.23 £0.98 14.20 £ 0.95 15.04 £ 0.58 10.90 £+ 0.57 7.38 +0.64
207083 12.65 £ 0.66 12.78 £ 0.66 13.49 £ 0.64 13.05 £0.39 9.80 £ 0.42 5.54 £0.49
207340 36.17 +1.09 34.95+1.10 32.07 £1.11 31.90 £1.17 21.66 +1.11 19.60 £ 1.11
208568 4.81 £0.42 5.30 £0.42 4.93 +0.43 4.41+0.33 3.95+£0.33 1.91 £0.40
209020 20.24 +1.20 22.324+1.33 23.43 +1.22 22.18 +1.03 14.87 £ 1.09 8.76 + 0.99
210372 18.08 £1.12 21.34+1.13 20.99 +1.17 21.08 +0.82 15.49 £0.77 10.01 £0.83
216996 9.52 + 0.60 10.16 £+ 0.61 9.74 £ 0.73 9.57 £ 0.55 7.17 £ 0.55 5.24 +0.63
217509 10.27 £ 0.67 9.82 £ 0.69 11.96 £ 0.85 14.22 £ 0.66 12.58 £ 0.60 11.06 £ 0.74
217847 28.61 +1.02 3573 +£1.17 3419 +£1.14 37.78 £ 0.86 25.92 +0.76 18.84 +0.84
235455 4238 £2.34 47.62 £ 2.57 54.41 £2.77 55.35 £ 2.00 37.72 £1.92 25.28 £1.94
285675 3.50 4 0.49 6.89 +0.53 7.47 £ 0.54 10.90 £ 0.36 8.97 +0.36 7.05 1+ 0.45
301713 7.47 £0.70 12.57 £0.78 12.91 £0.83 13.97 £0.98 12.00 £ 0.85 14.73 £1.16
313445 11.91 +1.03 9.30 £ 0.99 11.00 £ 1.02 16.47 £ 0.71 13.52 £+ 0.69 8.97 £ 0.88
315445 12.50 £ 1.40 13.98 £1.19 13.38 £1.32 13.06 £ 0.86 10.45 £ 0.90 6.72 £1.07
318555 5.79 +£0.31 6.45 1 0.48 7.36 £ 0.55 6.41 +0.34 6.38 +0.33 4.551+0.48
415856 7.67 £0.61 7.62 £0.44 8.66 £+ 0.55 8.77 £0.39 6.01 £ 0.35 4.19 +£0.49
415974 13.52 +£2.72 15.69 & 1.00 15.74 £1.10 15.79 £ 0.79 10.87 £ 0.75 9.20 £ 0.79
416526 9.57 £ 0.67 10.61 £ 0.62 9.74 £0.91 9.00 + 0.46 6.55 1+ 0.39 4.58 £0.80
419511 14.08 £ 0.99 18.48 £1.01 17.98 £+ 0.97 17.15 £ 0.64 11.65 £+ 0.70 8.94 £ 0.76
419512 19.57 £1.47 23.21+1.23 23.33 +£2.01 26.74 £ 0.89 19.44 £0.81 14.20 £ 0.94
420939 24.78 +£1.17 24.86 +1.39 29.27 +1.94 28.53 +1.05 18.76 £ 0.92 13.79 £1.08
427953 10.06 & 2.07 13.98 +£1.22 15.39 £ 1.46 17.94 £0.83 13.90 £ 0.70 13.99 £ 0.82
445205 15.84 £ 0.84 18.14 £ 0.86 21.88 £ 0.91 21.26 +0.57 13.33 £0.57 7.76 £ 0.62
446697 9.24 +£0.70 10.82 £ 0.76 12.36 £ 0.78 12.24 £0.57 7.92 +£0.53 6.33 + 0.66
453343 9.86 £ 0.89 8.88 +0.79 8.70 £ 0.76 8.15 4+ 0.60 5.92 +0.59 3.35£0.65
456812 23.86 +1.20 28.71 £ 1.29 2641 +1.34 31.73 £1.13 21.41 +£0.98 17.65 £1.12
463900 9.16 = 0.43 11.00 £ 0.42 11.02 £ 0.44 10.52 £ 0.32 7.27 £0.32 5.41 £0.40
493737 29.07 £2.42 31.70 £ 2.43 37.20 £ 2.04 37.62 £ 1.89 28.33 £2.11 20.05 4 2.36
514992 4.10 £ 0.58 4.60 = 0.41 4.46 = 0.45 4.46 +0.32 3.35+£0.31 3.28 £0.36
520754 19.45 +£1.24 27.96 +1.35 23.40 +1.39 24.12 +1.02 21.224+0.93 12.63 £1.02
527971 9.49 £ 0.80 10.13 £0.82 9.03 £ 0.83 11.43 £0.59 8.11 £ 0.55 6.78 £ 0.69
530989 27.32+1.31 3570 £1.33 38.56 +1.30 36.76 £ 1.14 25.24 +1.00 21.20 £ 1.14
531703 13.51 £0.84 13.75 £ 0.84 12.71 £ 0.84 13.94 £0.73 10.57 £ 0.65 8.52 £0.79
533870 3.56 +0.43 4.71 £0.39 4.42 £0.41 4.60 £0.30 3.83 +£0.39 2.81+£0.37
541593 24.78 £+ 1.40 30.35+1.41 32.21 £1.53 29.34 +0.88 21.39 +£0.85 18.04 £ 0.88
545495 4.31+047 5.42 +0.44 6.84 +0.42 6.77 £ 0.34 5.56 & 0.36 4.71+£0.43
547212 7.70 £ 0.64 7.98 £0.67 9.72 £ 0.69 10.96 £ 0.60 7.46 £ 0.54 5.09 £0.70

This paper has been typeset from a TgX/IIgX file prepared by the author.
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