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A B S T R A C T 

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 < z phot < 0 . 8 in the Great 
Observatories Origins Deep Survey- South (GOODS- S) field using JWST Adv anced Deep Extr agalactic Survey (JADES) 
data. We model LSB surface brightness profiles, identifying those with μ̄eff > 24 mag arcsec −2 in the F 200 W James Webb 

Spac e Telesc ope /N ear-Infrar ed Camera ( JWST /NIRCam) filter . W e study the spatial distribution, number density, Sérsic 
pr ofile parameters, and r est-frame colours of these LSBs. We compare the photometrically derived star formation histories, 
mass-w eight ed ages, and dust attenuations of these galaxies with a high surface brightness (HSB) sample at similar redshift 
and a lower redshift ( z phot < 0 . 4 ) LSB sample, all of which have stellar masses � 10 

8 M �. We find that all samples have 
low star formation (SFR 100 � 0 . 01 M � 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 , 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 A V < 1 

mag. JWST has pushed our understanding of LSBs beyond the local Universe. 

Key wor ds: g alaxies: dwarf – g alaxies: photometry – g alaxies: structur e. 
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 INTRODUCTION  

ow surface brightness galaxies (LSBs) are galaxies with a surface 
rightness dimmer than that of the ground-based night sky, and 

s a result have been historically difficult to detect and observe. 
arly r esear ch on LSBs suggested a lower limit to a galaxy’s sur-

ace brightness (K. C. Freeman 1970 ). It was then suggested that
his was not a physical law, but rather an effect of selection bias
ue t o det ection limits at the time (M. J. Disney 1976 ). Since then,

t has been confirmed that galaxies dimmer than the ground- 
ased sky back gr ound e xist, and constitute a sizeable fraction (up
o 60 per cent) of the local galaxy population (S. S. McGaugh
996 ; K. O’Neil & G. Bothun 2000 ; R. F. Minchin et al. 2004 ).
e pr esent her e a sear ch for LSBs at moderate ( 0 . 4 < z < 0 . 8 )

edshift using James Webb Spac e Telesc ope ( JWST ). We describe
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ow these newly observed objects fit into the context of older LSB
efinitions. 
The quantitative definition of a ‘low surface brightness’ galaxy 

aries from study to study and is primarily based on the detection
imits of a giv en surv ey. When looking for LSBs, the goal is to find
elatively faint and somewhat extended objects. In the past, LSBs 
ave typically been defined as having a B -band central surface
rightness of μ0 (B ) ≥ 23 mag arcsec −2 (G. Bothun, C. Impey &
. McGaugh 1997 ; C. Impey & G. Bothun 1997 ). Mor e r ecent
tudies have used mean effective surface brightness to consider 
igh surface brightness (HSB) bulges in LSB discs, as relying on
entral surface brightness can lead to e x clusion of such discs (J.
. Greco et al. 2018 ). 

Common characteristics of LSBs from past surveys indicate 
hat LSBs are diverse in colour, morphology, and environment. 
SBs in past surveys have low star formation rates (SFRs) (L. B.
an den Hoek et al. 2000 ; V. Burkholder, C. Impey & D. Sprayberry
001 ), are abundant in neutral hydrogen (H i ) (J. M. Schombert et
l. 1992 ; K. O’Neil et al. 2004 ) but deficient in ionized hydrogen
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H ii ) (S. S. McGaugh, J. M. Schombert & G. D. Bothun 1995 ),
re metal-poor (S. S. McGaugh 1994 ; W. J. G. de Blok & J. M.
an der Hulst 1998b ), dust-poor (N. Rahman et al. 2007 ), and
ack molecular gas (CO) (W. J. G. de Blok & J. M. van der Hulst
998a ). Defining LSBs as having a mean effective g-band surface
rightness of μ̄eff(g) > 24.3 mag arcsec −2 , J. P. Greco et al. ( 2018 )
tudied ∼700 LSBs in the local Universe with the Hyper Suprime-

Cam Subaru Str ategic progr amme (HSC-SSP). They effectively
plit their sample into blue and red populations. While these
SBs spanned many different environments and morphologies,

he blue LSBs in their sample had irregular morphologies with
igns of ongoing star formation, while the red LSBs tended to have
mooth light profiles w ell-charact erized by a single Sérsic profile,
ith signs of older stellar populations. 
The photometric spectral energy distributions (SEDs) of LSBs

av e been w ell fit by old ( > 7 Gyr) st ellar populations (R. Jimenez
t al. 1998 ) which have been suggested to be the primary source
f dust heating in LSBs (N. Rahman et al. 2007 ). LSBs also form
he majority of galaxies in the dwarf ( M ∗ < 10 9 M �) regime (R.
. Jackson et al. 2021 ). A recent analysis of the Horizon AGN
ydrodynamical simulation (Y. Dubois et al. 2014 ; S. Kaviraj et al.
017 ) by G. Martin et al. ( 2019 ) suggests that LSBs start as HSBs
efor e z ∼ 2 , but thr ough supernova feedback and tidal inter-
ctions, the density of the galaxy is decreased, making it more
iffuse and dimmer in surface brightness. Another analysis by L.
. Sales et al. ( 2020 ) identifies tidal interactions and stripping as
n evolutionary pathway for ultradiffuse galaxies (UDGs), a sub-
lass of LSBs, to form. In dense environments, these processes are
ssisted by ram pr essur e stripping . 

The environments of LSBs are diverse; they are found to be
ommon in clusters (J. Koda et al. 2015 ), but they have been ob-
erved in all environments (A. Merritt et al. 2016 ; E. Papastergis,
. A. K. Adams & A. J. Romanowsky 2017 ; J. Román & I. Trujillo
017 ; J. P. Greco et al. 2018 ). Compared to the HSB population,
SBs appear to be quenched, and mostly occupy the red sequence

P. G. van Dokkum et al. 2015 , 2016 ; A. Ferré-Mateu et al. 2018 ;
. R uiz-Lar a et al. 2018 ). This observational evidence, along with
r edictions fr om hydr odynamical simulations, suggest that ther e

s not one characteristic evolutionary mechanism alone which is
esponsible for the formation of LSB galaxies. 

The study of LSBs is important in a cosmological context be-
ause many current problems in the �cold dark matter ( �CDM)
odel, such as overmerging (A. Klypin et al. 1999 ), cold col-

apse (B . Moor e et al. 1999 ), and sub-halo darkness (M. Boylan-
olchin, J. S. Bullock & M. Kaplinghat 2011 ) may be resolved by

tudying LSBs. In the �CDM model, LSBs naturally arise from
ark matter haloes with high angular momentum (J . J . Dalcan-
on, D. N. Spergel & F. J. Summers 1997b ), which is supported
y some observational data (R. Jimenez et al. 1998 ). How ev er,
ecent simulations seem to suggest that LSBs have similar angular

omentum to HSB galaxies (G. Martin et al. 2019 ). Nevertheless,
he importance of LSBs in cosmological models, along with their
eneral paucity in past surveys (H. C. Ferguson & S. S. McGaugh
995 ; R. P. Williams et al. 2016 ; S. Kaviraj 2020 ; J. Kim et al.
023 ), indicates that studying properties of the LSB population
an provide a more complete picture of galaxy formation. 

Because of the difficulty in finding large samples of LSBs, the
ajority of studies have been limited to observing those in the

ocal Universe ( z � 0 . 15 ; M. J. Geller et al. 2012 ; J. E. Greene et al.
022 ). Prior observational studies have suffered from primarily
eing ground-based (S. D. Rosenbaum & D. J. Bomans 2007 ; A.
enhola et al. 2017 ; D. Zaritsky et al. 2024 ), which limits the
NRAS 546, 1–21 (2026) 
esolution and available wavelengths, restricting the redshift and
uminosity of the observed LSB populations. With the launch of 
WST (J. P. Gardner et al. 2023 ), we can now observe LSBs at
onger wavelengths with higher resolution and improved sensi-
ivity than before, enabling the calculation of more precise pho-
ometric redshifts. Central to this effort is JWST ’s N ear-Infrar ed
amera (NIRCam) providing a wavelength range of 0.6 to 5 . 0 μm

M. J. Rieke et al. 2023a ). 
In this w ork, w e dev elop a method for selecting LSBs be-

ond the local Universe ( 0 . 4 < z < 0 . 8 ) in the JADES ( JWST
dv anced Deep Extr agalactic Survey) GOODS-S (Great Obser-

atories Origins Deep Survey-South) field by using photometric
edshifts and measuring surface brightness through the image
t ting progr amme pyimfit (P. Erwin 2014 ). We then measure
hot ometrically deriv ed pr operties of the sample thr ough SED fit-
ing, and compare these 0 . 4 < z < 0 . 8 LSBs with other objects in
he JADES GOODS-S field, particularly at lower redshift ( z < 0 . 4 )
SBs and HSBs with similar stellar masses and redshifts. These
omparisons are made t o inv estigat e and t est previous theories
n LSB formation and evolution. 

This paper is outlined as follows. In Section 2 , we describe the
ata and photometric catalogue used to conduct this survey. In
ection 3 , we describe the process used to select objects in our
 . 4 < z < 0 . 8 LSB sample. In Section 4 , we measure the spatial
istribution, number density, multiband surface brightness pro-
les, and colours of the LSBs in this sample. In Section 5 , we
erive the star formation histories (SFHs), spectral energy dis-
ributions, mass-w eight ed ages, and dust attenuations for LSBs
n this sample, comparing them with lower redshift LSBs and
righter objects at similar redshift. Section 6 presents the findings
rom these properties and comparisons. 

All magnitudes used in this paper use the AB system (J. B.
ke & J. E. Gunn 1983 ). Uncertainties are quoted as 68 per cent

onfidence intervals, unless otherwise stated. Throughout this
 ork, w e report vacuum wavelengths and adopt a standard flat
CDM cosmology from Planck18 (Planck Collaboration VI 2020 )

 H 0 = 67 . 4 km s −1 Mpc −1 , �m 

= 0 . 315 ). 

 DA  T  A  AND  P H O  T  OMET RIC  C A  T  ALOGUE  

his work uses deep optical imaging from the Advanced Camera
or Surveys (ACS) on the Hubble Space Telescope ( HST ) along-
ide deep infrared imaging from JWST /NIRCam in the GOODS-
 field (M. Giavalisco et al. 2004 ). All data used are photomet-
ic with five optical-infrared bands from ACS ( F 435 W, F 606 W,
 775 W , F 814 W , and F 850 LP ), and 15 infrared bands from NIR-
am ( F 070 W, F 090 W, F 115 W, F 150 W, F 182 M , F 200 W, F 210 M ,
 277 W, F 335 M , F 356 W, F 410 M , F 430 M , F 444 W, F 460 M , and
 480 M ). These 20 filters collectively cover wavelengths from 0.4–
.0 microns. 

The HST /ACS mosaics used in this work were produced as part
f the Hubble Legacy Fields (HLF) project v2.0 (G. Illingworth
t al. 2016 ; K. E. Whitaker et al. 2019 ). The JWST /NIRCam data
ere primarily obtained as part of the JADES (D. J. Eisenstein

t al. 2023a ) programme IDs (PIDs) 1180, 1210, 1286, 1287, 3215,
nd 6541. In addition, photometric data from the following ad-
itional JWST programmes were used: Windhorst IDS GTO pro-
ramme (PID 1176; R. A. Windhorst et al. 2017 ), Mid-Infrared
nstrument (MIRI) Deep Imaging Survey (MIDIS; PID 1283;
. Östlin et al. 2025 ), First Reionization Epoch Spectroscopic
Omplet e Surv ey (FRESCO; PID 1895; P. A. Oesch et al. 2023 ),

WST Extragalactic Medium-band Survey (JEMS; PID 1963; C.
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(  
. Williams et al. 2023 ), N e xt Gener ation Deep Extr agalactic Ex-
lorat ory Public (NGDEEP) Surv ey (PID 2079; M. B. Bagley et al.
024 ), (PID 2198; L. Barrufet et al. 2021 ), PANORAMIC survey
PID 2514; C. C. Williams et al. 2025 ), ALMA Survey of Sub-

illimetre Galaxies in the Extended Chandra Deep Field South 

ALESS-JWST; PID 2516; J. Hodge et al. 2021 ), and Bias-free Ex-
ragalactic Analysis for Cosmic Origins with NIRCam (BEACON) 
PID 3990; T. Morishita et al. 2023 ). 

For a detailed description of the JADES JWST /NIRCam imag- 
ng data reduction and mosaicing, consult S. Tacchella et al. 
 2023 ). The JWST /NIRCam source detection is detailed in B. E.
obertson et al. ( 2023 ). The main steps are stacking six image mo-

aics ( F 200 W , F 277 W , F 335 M , F 356 W , F 410 M , and F 444 W ) using
he corr esponding err or images and inverse-variance weighting 
o produce a single detection image. Within this detection im- 
ge, a source catalogue is constructed by selecting contiguous 
 egions of gr eater than 5 pix els (0.15 ar csec) with a signal-to-noise
atio (SNR) of > 3 and applying the SExtractor (E. Bertin &
. Arnouts 1996 ) deblending algorithm (L. Bradley et al. 2025 ).
hot ometry conv olv ed t o the PSF of F 444 W is then performed
t the source centroids in all of the aforementioned photometric 
ands from HST /ACS and JWST /NIRCam (with the e x ception of 
he F 430 M , F 444 W, F 460 M , and F 480 M bands) with circular (0.1–
.5 arcsec radius) apertures and elliptical Kron apertures (Kron 

ar ameter 1.2, i.e. ‘ small Kr on’ and Kr on parameter 2.5, i.e. ‘large
r on’). Uncertainties ar e estimated by placing random apertures 
cr oss r egions of the image mosaics t o comput e a flux variance.
o account for differing depths across the fields, these random 

pertur es ar e collect ed int o percentiles based on their location’s
 xposur e time, which ar e then used t o det ermine the sk y -noise
ontribution to the flux uncertainty for each object. 

 S  AMPLE  S E L E  CTION  

he primary goal of this study is to find LSB objects at higher
edshifts than LSBs that have been studied before, while still 
esolving faint and extended objects. To achieve this, we need 

o consider photometric signal-to-noise, surface brightness, and 

hotometric redshift, since surface brightness scales with redshift 
s (1 + z) −4 due to cosmological dimming. 

From the full photometric catalogue described in Section 2 , 
e start by requiring that objects have an SNR of 10 or greater

n the F 200 W filter with 0.1 ar csec cir cular apertur e photometry,
hich yields 96 327 objects. We chose F 200 W (corresponding to
1.3 μm rest frame for z = 0 . 5 galaxies and ∼1.0 μm rest frame

or z = 1 . 0 galaxies) as our representative filter since it has the
est combination of depth and spatial resolution in JADES, with 

 5 σ point-source sensitivity of 4.4 nJy (M. J. Rieke et al. 2023b )
nd spectral resolution R = λ/ �λ ∼ 4 . 3 , where λ is the pivot
avelength and �λ is the bandwidth. This choice ensures proper 

overage across NIRCam filters among objects in our sample. 
his step also helps to filter out any noise or artefacts that may
ave been falsely identified as objects in the catalogue. 
For the objects that satisfy our SNR cuts, we estimate their two-

imensional surface brightness profiles. For this, we turn to the 
mage fit ting progr amme pyimfit (P. Erwin 2014 ). We run a sin-
le component Sérsic profile fit on each of the objects with SNR
 F 200 W) > 10 in the F 200 W band. Using these profiles, we can
dentify a sample of objects with an averaged surface brightness 
ainter than a certain threshold. 

The surface brightness fitting pr ocedur e goes as follows: for
ach object, we take a cutout of our F 200 W filter mosaic, centred
round the object’s position in the catalogue from Section 2 (this
ncludes both the data and an associated one standard deviation 

rror image). This cut-out is square, with a side length of 12
imes the object’s catalogued semimajor axis a . A segmentation 

ap is created with the cut-out using a python SEXtractor -
ased package sep (K. Barbary 2016 ), to determine which pixels
elong to the central sour ce. If a pix el is determined to be a
art of another object within the cut-out, it is masked out from
he progr amme’s fit ting routine. This is done as follows: starting
ith an initial threshold of 1.5 σ , if any pix els ar e det ect ed out-

ide a square around the central pixel of sides 5 a that belong to
he central object’s segmentation, then the segmentation map is 
 ecr eated with 0.5 σ added to the threshold until this condition is

et. Visual inspection shows that this is an effective method to
ccount for nearby objects and only fitting pixels belonging to the
entral object in the cut-out. 

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

(R ) = I eff exp 

{ 

−b n 

[ (
R 

R eff 

)1 /n 

− 1 

] } 

, (1) 

here R eff is the effective (or half-light) radius, I eff is the intensity
t the half-light radius, and n is the Sérsic inde x. This inde x n
s a parameter that determines the shape of the profile, with n =
 . 5 producing a Gaussian profile, n = 1 producing an exponential
rofile, and n = 4 producing a de Vaucouleurs profile. A lower
 generally corresponds to a shallower profile, so for extended 

bjects like LSBs, we expect this index to be particularly low. b n is
 geometric parameter that is dependent on n , and is determined
y the condition 

(2 n ) = 2 γ (2 n, b n ) , (2) 

here � and γ represent the complete and incomplete gamma 
unctions, respectively. 

The surface brightness μ goes as 

(R ) = μeff + 

2 . 5 b n 
ln (10) 

[ (
R 

R eff 

)1 /n 

− 1 

] 

, (3) 

here μeff is μ(R eff ) . 
This profile model has R eff , I eff , and n as free parameters, all of 

hich pyimfit estimates, along with the object’s ellipticity and 

osition angle (to account for its geometry and orientation in the
mage, respectively). The object’s position is held fixed within 

lus or minus 5 pixels in both x and y coordinates of that from
he catalogue in Section 2 . 

From the total apparent magnitude m tot given by the best- 
tting model, we can find the mean effective surface brightness

sometimes r eferr ed to as the mean surface brightness) μ̄eff , the
verage brightness within the circularised effective radius, by 

¯ eff = m tot + 2 . 5 log [2 π (1 − ε) R 

2 
eff, arcsec ] − 10 log (1 + z) , (4) 

here the total flux measured is scaled by (1 + z) 4 (third term
n equation 4 ) to account for the aforementioned cosmological 
imming. The (1 − ε) term (where ε is the fitted ellipticity of the
bject) is included because the programme fits the Sérsic profile 
long the semimajor axis and R eff is a circularised radius. For the
edshift scaling, we derive photometric redshifts for the sample 
sing eazy-py , a python wrapper of the programme eazy (G. B.
r ammer, P. G. v an Dokkum & P. Coppi 2008 ). We use an internal
atalogue obtained in the same manner as in K. N. Hainline et al.
 2024 ), using the ‘small Kron’ photometry for the SED fitting.
MNRAS 546, 1–21 (2026) 
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M

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 light er discret e 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 r edshift z a (corr esponding to the maximum p( z ) ), is shown as a 
vertical line and the area between the 1 σ uncertainties of the distribution are shaded in grey. The redshift values corresponding to z a and the 1 σ 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.. 
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xamples of these eazy-py SED fits are shown in Fig. 1 for four
SB candidates. The best-fitting SED t emplat e, small Kron pho-

ometry, probability p( z ) surfaces, and mosaic cutouts in six wide
IRCam filters are shown for each candidate. For each object in

his study, we adopt z a , the redshift at which the p( z ) surface is at
 maximum, as our canonical redshift. 

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

0 = μ̄eff + 2 . 5 log 
[

ne b n 

(b n ) 2 n 
�(2 n ) 

]
− 2 . 5 b n 

ln (10) 
. (5) 

For details on the derivations of these formulae, consult A. W.
raham & S. P. Driver ( 2005 ). 
While a single Sérsic may not be sufficient to fit brighter, spa-

ially resolved objects in the catalogue, it works sufficiently well
or objects that are smaller , dimmer , and more likely to be LSBs.
ome examples of these pyimfit fits on LSBs at varying values of 
NRAS 546, 1–21 (2026) 
 ar e pr ovided in Fig . 2 . The selected objects vary in ellipticity and
osition angle. Each column r epr esents an object, with the rows
howing (from t op t o bott om) the mosaic image in F 200 W, the
tted model from pyimfit , the residual (data minus model), and

he fitted surface brightness profile. The groups of white pixels in
he first three rows were determined to belong to another object
hrough the sep segmentation procedure and were masked from
he fitting r outine. The pr ofiles on the bottom row are constructed
y drawing concentric ellipses at different radii and measuring
he 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 r epr esents an object). ID 207 340 has an irregular

orphology, and the residual shows that the single-component
érsic fit leaves noticeable residuals, though the one-dimensional
urface brightness profile is well fit by the model. Fig. 2 demon-
trates 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 F 200 W 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 fitt ed R eff . The whit e pixels w ere det ermined t o belong t o another object within 
the cut-out, and were masked from the fits. Each object’s JADES ID, n , and R eff 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. 
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érsic profile for the objects we are int erest ed in, which validates
he use of equations ( 4 ) and ( 5 ) as measures of surface brightness.

Motivated by J. P. Greco et al. ( 2018 ), we choose mean effective
urface brightness μ̄eff (equation 4 ) as our defining parameter 
nstead of central surface brightness (equation 5 ) to allow con- 
ideration of HSB bulges in extended LSB discs. While the half-
ight radius R eff can be larger than the object’s physical size, some
bjects have a fitted R eff that is many times larger than the cata-
ogue semimajor axis for the source, which leads to an underes-
imation in the mean effective surface brightness. Ther efor e, we 
rst r equir e that objects have a fitt ed effectiv e radius less than 1.5

imes their catalogue semimajor axis ( R eff < 1 . 5 a ) t o av oid this
v erestimation. Since w e want t o focus on somewhat extended
SBs, we then r equir e that our objects need an effective radius of 
t least 0.18 arcsec. 
With a measure of surface brightness and redshift for each of 
hese objects, we can e xplor e the relationship between the two
nd use it to identify a sample of LSBs. In Fig. 3 , we plot the mean
ffective surface brightness in F 200 W ̄μeff (F 200 W ) from pyimfit
gainst the photometric redshift from eazy-py for every object 
fter making the SNR and R eff cuts. 

Even with the (1 + z) 4 cosmological dimming taken into ac-
ount in equation ( 4 ), Fig. 3 shows that the ability to detect ob-
ects fainter than 24 mag arcsec −2 gets increasingly difficult with 

edshift. This is due to the detection limits of JWST , as well as the
r esence of back gr ound light due to zodiacal light and emission
rom the telescope which decrease the contrast that allows for 
etecting these faint sour ces. A mor e detailed discussion on the
 xposur e time r equir ed t o det ect these objects at higher redshifts
s provided in Section 6 . Nev ertheless, if w e choose our brightness
MNRAS 546, 1–21 (2026) 
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Figure 3. The mean effective surface brightness given by equation ( 4 ) 
from pyimfit in the F 200 W filt er (correct ed for cosmological dimming 
with photometric redshifts from eazy-py ) against the photometric red- 
shift from eazy-py for each object with SNR > 10 in F 200 W, fitted ef- 
fective radius less than 1.5 times their semimajor axis, and fitted effec- 
tiv e radius great er than 0.18 arcsec. A v ertical dashed line is drawn at 
redshift z phot = 0 . 4 and a horizontal dashed line is drawn at μ̄eff = 24 
mag arcsec −2 . The LSB sample, objects z phot > 0 . 4 and μ̄eff > 24 mag 
arcsec −2 , is the set of dots below and to the right of these lines. 
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ut to be 24 mag arcsec −2 , we still recover objects out to z ∼ 0 . 8 ,
hich is significantly farther than previous surveys (M. J. Geller

t al. 2012 ; J. E. Greene et al. 2022 ). To select a sizeable sample
here we see some evolution in these LSBs, we choose to make a

edshift cut at z phot > 0 . 4 . These cuts in F 200 W surface brightness
nd photometric redshift are shown as red lines in Fig. 3 with the
SB sample highlighted in red. 
Finally, we visually inspect each of these objects to identify

alse positives and ensure our sample is comprised of actual faint
nd e xtended g alaxies. These false positives can include tidal tails,
hr edded g alaxy subcomponents, and bits of diffraction spikes
rom bright stars. False-colour RGB images from the F 115 W,
 200 W, and F 277 W filters of many of the largest LSBs (by fitted
 eff ) in this sample are shown in Fig. 4 at fixed 50 × 50 pixel (1.5
1.5 arcsec) panels. After these visual cuts, we are left with 57

alaxies in our final LSB sample, with photometric redshifts in
he range of 0 . 4 < z < 0 . 8 . Our analysis suggests JADES data can-
ot detect LSBs [ ̄μeff (F 200 W ) > 24 mag arcsec −2 )] past z ∼ 0 . 8

n the way we have defined them. Results from pyimfit for these
7 LSBs are reported in Table B1 . 

Visually, the LSBs in Fig . 4 ar e faint and extended. Some of 
hese objects, like ID 530989, appear t o hav e a bright centre sur-
ounded by a dim disc, similar to the well-known LSBs such as

alin 1 (G. D. Bothun et al. 1987 ). 

 P RO P E RT I E S  OF  T H E  L S B  SAM P L E  

.1 Photometric redshift 

e will now briefly discuss the distribution of photometric red-
hifts from eazy-py for our final sample of LSBs. As discussed
n Section 3 and shown in Fig. 1 , these photometric redshifts
 ere det ermined through an internal catalogue using the ‘small
r on’ apertur e. The distribution of these r edshifts, ranging fr om
 . 4 < z phot < 0 . 8 , is shown in Fig. 5 . 

.2 Spatial distribution 

n Fig. 6 , we show the spatial distribution of the LSB sample
cr oss GOODS-S as r ed squar es, while every other object with
NR > 10 in F 200 W from the same redshift range ( 0 . 4 < z phot <

 . 8 ) is r epr esented by a faded grey dot (to show dense regions
f the field). The bo x es in the figure identify the JADES regions
f greater depth, as well as outlines of other areas of interest in
OODS-S. 
The LSBs are not uniformly distributed; they generally are
ore abundant in the deeper parts of the field, which is a se-

ection effect. Most of these LSBs appear in regions of GOODS-S
ith deep coverage: out of the 57 galaxies in our sample, 18 can
e found in the JADES Deep field, 11 in the NGDEEP survey, 10

n the JADES Origins Field (JOF; D. J. Eisenstein et al. 2023b ),
nd 10 in JADES PID 1287, all of which contain the deepest data
n this field. This implies that survey depth is a strong driver of 
nding LSBs at higher redshift. 
While we cannot make any statistical conclusions about any

hysical clustering of LSBs from the size of this sample, previous
tudies on LSBs have found that, physically, they are not uni-
ormly distributed (J. Koda et al. 2015 ; J. P. Greco et al. 2018 ; J.
omán, A. Castilla & J. Pascual-Granado 2021 ) and that denser
nvironments may aid in LSB formation due to ram pr essur e
tripping (G. Martin et al. 2019 ). How ev er, it has been established
hat LSBs occur in all environments, so it is not surprising to see
NRAS 546, 1–21 (2026) 
ome of our LSBs in less dense environments. Given the varying
epth across the GOODS-S field, it is not possible to reach a robust
onclusion on how the distribution of JADES LSB galaxies at
 > 0 . 4 correlates with environment. 

.3 Number density 

he number density of LSBs has been previously studied and
eported by numerous papers. J. J. Dalcanton et al. ( 1997a ) uses
 wide scale CCD survey to measure the number density of LSBs
ith 23 < μ0 (V ) < 25 mag ar csec −2 , r eporting ∼ 4 g alaxies per

quar e degr ee. Corr ecting for the completeness of LSBs of smaller
ize, J. E. Greene et al. ( 2022 ) follows up on this analysis by
xploring the densities at fixed mass using the HSC-SSP survey.
hey find that the number densities of low redshift LSBs are
onsistent with known numbers around M ∗ ∼ 10 7 M �, but grow
nconsistent at higher masses. There is also some evidence that
umber density increases with decreasing mass (J . J . Dalcanton,
. N. Spergel & F. J. Summers 1995 ; T. M. Sedgwick et al. 2019 ; J.
im et al. 2023 ). 
For our LSB sample, we can do a rough calculation of the

umber density of LSBs in GOODS-S. The total survey area of 
he JADES GOODS-S field considered here is ∼200 arcmin 

2 . Us-
ng the comoving distance between z ∼ 0 . 4 and z ∼ 0 . 8 to ap-
r o ximate the total volume searched, we estimate the comoving
olume of the area searched to be ∼ 43 , 910 Mpc 3 . Using this
omoving v olume estimation, w e find that for our 57 LSBs, the
umber density of these objects in the way w e hav e defined them
s μeff (F 200 W ) > 24 mag arcsec −2 is on the order of ∼ 10 −3 

pc −3 . This is consistent with the LSB density values reported
n J. E. Greene et al. ( 2022 ) for the range of M ∗ ∼ 10 7 − 10 8 M �,
hich is roughly the range of stellar masses for our LSB sample

see Fig. 9 ). 
How ev er, as mentioned in Section 4.2 , the spatial distribution

f our LSB sample is biased towards the areas of the survey that
r e of gr eatest depth. We can consider the LSBs in the survey areas
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Figure 4. False-colour R GB ( F 277 W / F 200 W / F 115 W ) imag es for the 20 larg est LSBs in the sample, by effective radii. Each cut-out is 50 × 50 pixels (1.5 
× 1.5 arcsec), and each object is normalised by its individual cut-out’s brightest pixel. Each object’s JADES catalogue ID and photometric redshift are 
shown in the lower left corners, while the physical scale corresponding to 0.3 arcsec is provided in the top right corners. 
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Figure 5. Distribution of photometric redshifts obtained through eazy- 
py (as described in Section 3 ) for our final sample of LSBs. 
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ith the greatest depth (NGDEEP, JOF) and calculate the number 
ensity by using the angular area of the polygons drawn in Fig.
 . This can ensure an appr o ximately constant depth. Ther e ar e 11
f our LSBs in NGDEEP and 10 of our LSBs in the JOF (see Fig.
 ). Using these numbers, we find that both number densities are
lso on the order of ∼ 10 −3 Mpc −3 . 

.4 Surface brightness profiles (multiband) 

s described in Section 3 , the LSBs in our sample underwent
n initial round of surface brightness fitting with pyimfit in the
 200 W band. This first round of fitting is run on all the objects in
ur catalogue with SNR > 10 in F 200 W to measure relative sur-
ace brightness, and PSF broadening is not accounted for. The ini-
ial fits are for picking out the faintest, most extended objects past
 phot > 0 . 4 . We further perform a more deliberat e, PSF-conv olv ed,
ccurate Sérsic profile fit in multiple filters, for which we employ 
ysersic (I. Pasha & T. B. Miller 2023 ). pysersic is more recently
eveloped in contrast to pyimfit , utilizes Bayesian inference for 
peed, and is specialized for single-component Sérsic fits. The 
urpose of this second round of fitting is to gather accurate Sérsic
rofile parameters in different filters for each of our LSBs, as well
s measuring the surface brightness in multiple filters that take 
SF conv olution int o account. At a base lev el, pysersic operat es
uch in the same way as pyimfit does, with similar fit results as
hat is shown in Fig. 2 for pyimfit . A direct comparison figure is
rovided in Appendix A . 
We will be using the same pr ocedur e described in Section 3 : we
ake a 12 a square cut-out for each object ( a being the catalogue
emimajor axis for the object) in the data images and associ-
ted error images. pysersic fits for the same free parameters 
s pyimfit for the single-component Sérsic-profile ( R eff , I eff , n ,
, and position angle). We keep the same limits on each of the
rofile parameters: the central x and y values are allowed to vary
ithin 5 pixels of the object’s catalogue position, but 2 additional
MNRAS 546, 1–21 (2026) 
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M

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 
r edshifts ar e plotted in a faint gr ey, t o bett er see the density of surrounding objects. It should be not ed 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. 
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onstraints are added: the effective radius R eff is limited to 1.5 a (a
imit placed on the pyimfit results in Section 3 ), and we limit
he n value within the range of the previous pyimfit results
 0 . 65 < n < 3 . 00 ). For a more in-depth description of the fitting
r ocedur e and the mathematical calculations made with the Sér-
ic profile parameters, see Section 3 . We repeat this procedure in
our differ ent r epr esentativ e filt ers ( F 150 W , F 200 W , F 277 W , and
 356 W) to gain some insight into how these Sérsic parameters
hange with wavelength. 

The best-fitting Sérsic paramet ers, mean effectiv e surface
rightness, and central surface brightness for all of the different
ands are shown in Fig. 7 and are reported in Table B2 . The left
anel of Fig. 7 has the Sérsic index n plotted against the central
urface brightness μ0 , while the right panel has the effective ra-
ius R eff plotted against the mean effective surface brightness μ̄eff .
n both panels, each data point r epr esents an object in a given fil-
er. The colour of the points indicates which filter was used for the
ar ameter fit ting, as noted in the legend in the left panel and the
olourbar on the right. Additionally, each axis has a histogramme
howing the distribution of that parameter in each filter. These
istributions ar e colour ed in the same way as the data points and
ach have the same number of bins. A. W. Graham ( 2013 ) shows
 similar relation between Sérsic index n against central surface
rightness for a sample of elliptical g alaxies r eg ar dless of surface
rightness. 

As expect ed, w e see a correlation between n and μ0 in the
eft panel of Fig. 7 since n controls the ‘steepness’ of the surface
rightness profile (see equation 5 ). Most LSBs in the sample have
xtended surface brightness profiles, so many of them stack up
gainst the lower limit of n = 0 . 65 . We expect low values of n
or most extended LSBs (J. Koda et al. 2015 ), and most of the
ample has n < 2 . How ev er, this result may also be due to a
imitation of surface brightness profile fitting as the angular size
f our targ ets g et smaller with higher redshift. As the left panel
-axis histogrammes show, the distributions for n remain largely
nchanged with wavelength. 
NRAS 546, 1–21 (2026) 
The majority of the LSBs have central surface brightnesses
0 > 22 mag ar csec −2 acr oss the filters, though many of them

eem t o hav e HSB ( μ0 < 22 mag ar csec −2 ) centr es. This is
 result of our choice of using μ̄eff as our defining mea-
ure of brightness, as the distribution of μ̄eff on the right of 
ig. ( 7 ) does not show any object that is brighter than ∼ 23
ag arcsec −2 (averaged over its fitted effective radius) in any

and. Overestimation of R eff can also lead to this disparity in
ffective and central surface brightness, as this results in av-
raging brightness over an area that is bigger than the object
tself. 

To e xplor e possible corr elations between R eff and μ̄eff in the
ifferent filt ers, w e run the Spearman correlation t est. This giv es
 -values of 0.0069, 0.0265, 0.0008, and 0.0006 for the F 150 W,
 200 W , F 277 W , and F 356 W filt ers, respectiv ely. The majority of 
bjects in most bands are between μ̄eff ∼ 23 to 25 mag arcsec −2 ,
hich is largely consistent with our pyimfit single-band results.
ow ev er, all of these objects were selected based on having μ̄eff >

4 mag arcsec −2 in the F 200 W filter with the pyimfit results, but
n the results for pysersic , there is scatter around this number,
ith many objects being brighter than 24 mag arcsec −2 . This is
ue to the effects of PSF convolution (see Appendix A ), and shows
hat the original, unconv olv ed 24 mag arcsec −2 cut in F 200 W
ranslat es t o a r oughly μ̄eff � 23 mag ar csec −2 cut in these four
onv olv ed bands. All LSBs in the sample are larger than R eff >

.18 arcsec by our selection criteria with pyimfit , but that re-
uir ement was pur ely for sample selection, so for pysersic we
llow R eff to freely vary up to 1.5 a . Most objects vary in R eff from

0 . 15 to ∼ 0 . 45 arcsec. At z = 0 . 6 , a typical redshift for this sam-
le, an angular distance of 0.15 arcsec corresponds to a physical
istance of ∼ 1 kpc with our adopted cosmology. 
The errorbars in Fig. ( 7 ) represent the 1 σ uncertainties in the

ost erior estimat es from pysersic for n and R eff , which are then
r opag ated thr ough the calculations made for μ0 and μ̄eff . Such
rr ors wer e not consider ed for pyimfit (Section 3 ), so this second
ound of fits demonstrates the difficulty of fitting the objects we
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Figure 7. Distributions of the best-fitting Sérsic surface brightness profiles in the F 150 W, F 200 W, F 277 W, and F 356 W bands. Data points are coloured 
by filter as noted in the legend. Sérsic parameters are shown in scatter plots with histogrammes on each axis. Each point r epr esents one LSB in one 
band. Left: Sérsic index n against central surface brightness μ0 . The lower limit of n = 0 . 65 is shown as a dotted line, while the upper limit of n = 3 . 00 
(imposed by pre-selection) is the upper limit of the y-axis. Right: Effective radius R eff against mean effective surface brightness μ̄eff . 
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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 Kr on’ apertur e. This figur e compar es the mag- 
nitude difference in the F 277 W and F 356 W filt ers t o the difference in 
the F 115 W and F 150 W filters. All objects 0 . 4 < z phot < 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. 
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r e inter ested in for this study and measuring the surface bright-
ess parameters accurately. 

.5 Colours 

e present a colour–colour analysis of these LSBs to e xplor e how
heir colours compare to those measured for objects in the rest
f the field in the same redshift domain. For this, we use data
ir ectly fr om the photometric catalogue described in Section 2 ,

n the ‘small Kr on’ apertur e. In Fig . 8 , we take the measur ed
ifferences between the F 277 W and F 356 W filters as well as the
 115 W and F 150 W filters in the ‘small Kr on’ apertur e to construct
 colour–colour plot. All objects at 0 . 4 < z phot < 0 . 8 are plotted
n light grey, while our LSB sample is plotted in red with error
ars based on the errors given in the photometric catalogue. His-
ogrammes are also shown for both groups of objects on either
xis, normalised as probability densities. 

With the chosen filters, the LSB sample spans the whole range 
f colours reflected by the overall distribution of objects at 0 . 4 <
 phot < 0 . 8 . Previous studies have found that LSBs can be optically
lue or red (K. O’Neil et al. 1997 ) with the redder ones being
ound in denser environments (D. Zaritsky et al. 2019 ). Perform-
ng the two - sample Kolmogorov–Smirnov (KS) test on the LSB
nd overall colour distributions in both filters yields p = 0 . 021 for
 115 W–F 150 W and p = 0 . 006 for F 277 W–F 356 W, both of which
orrespond to a 1 σ significance. This hints at a colour gradient
n our LSB sample, where an LSB is more likely to be redder in
 115 W–F 150 W colour and bluer in F 277 W–F 356 W colour than
ther galaxies at similar redshift. 

 COMPARISON  OF  L S B S  W I T H  OT H E R  

AM P L E S  

e want to see how quantities that we can photometrically derive 
sing the programme bagpipes (A. C. Carnall et al. 2018 ) for
ur z phot > 0 . 4 LSBs compare with other objects in the JADES
OODS-S field. For this, we choose to make two comparisons: 
ne with objects of similar stellar mass and redshift but higher
urface brightness, and one with other LSBs at lower redshifts
n the JADES GOODS-S survey ( z phot < 0 . 4 ). The goal of these
MNRAS 546, 1–21 (2026) 
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M

Figure 9. Histogrammes of the posterior medians of stellar mass given in log (M ∗/ M �) (left) and the dust attenuation A V , given in AB magnitudes 
(right), derived fr om b agpipes for each sample. The 0 . 4 < z < 0 . 8 LSBs ar e colour ed in blue, the 0 . 4 < z < 0 . 8 HSBs ar e colour ed in orange, and the 
z < 0 . 4 LSBs are coloured in green. 
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s  
omparison samples is t o inv estigat e the differences in evolution
etween of objects with different surface brightnesses and LSBs
t different redshifts. 

.1 Comparison sample selection 

or the HSB comparison sample of similar stellar mass and red-
hift, we return to the objects whose selection we discussed in
ection 3 that are SNR > 10 in F 200 W and at 0 . 4 < z phot < 0 . 8 . We
ake the r esults fr om pyimfit and use the total (redshift scaled)

agnitude in F 200 W [ m tot − 10 log (1 + z) from equation ( 4 )] as a
r o xy for stellar mass. The z phot > 0 . 4 LSBs have a range of 27.0–
4.5 mag in this scaled total magnitude, so we select 60 random
alaxies in this same range in magnitude but with a mean surface
rightness of μ̄eff < 23 mag arcsec −2 . 

For the low redshift LSB comparison sample, we repeat the
ame pr ocedur e outlined in Section 3 , e x cept instead of taking
bjects with 0 . 4 < z phot < 0 . 8 , we take all objects with z phot < 0 . 4 .
ike the HSB sample, we also r equir e this sample to have a scaled
agnitude of 27.0–24.5 mag to reflect the stellar mass distribu-

ion of the 0 . 4 < z phot < 0 . 8 LSB sample and we pick 60 random
alaxies that meet this criteria. We decide to make a distinction
etween LSBs at $ z < 0.4$ and LSBs at $ z > 0.4$ to emphasize the
SBs that show evolution out to redshifts where LSBs > 24 mag
rcsec −2 could not be det ect ed before. 

For the phot ometrically deriv ed quantities of int erest, w e run
agpipes using the ‘small Kron’ photometry for each source.
a gpipes performs SED fit ting, assuming many different stellar
opulation models, to estimate the SFH, stellar mass, and age of a
iven galaxy, among other quantities. For this study, we report the
est-fitting SEDs, the SFR averaged over the last 100 Myr SFR 100 ,
he mass-w eight ed age t MW 

, the st ellar mass M ∗, the dust att enu-
tion A V , and the SFH (SFR as a function of time). 

For each of these deriv ed quantities, w e assume a standard
alzetti dust model (D. Calzetti et al. 2000 ) with a delayed tau
NRAS 546, 1–21 (2026) 
FH model (A. C. Carnall et al. 2019 ), which is described by 

FR (t ) = Ate −t/τ , (6) 

here τ is a time-scale that is fit for by bagpipes , t is the time
ince star formation began for the object, and A is a constant. The
 edshift is fix ed to the eazy-py r edshift described in Sections 3
nd 4.1 , so it is not fit for by b agpipes . N ebular emission is
odelled using the methodology of N. Byler et al. ( 2017 ) with

he cloudy photoionization code (G. J. Ferland et al. 2017 ). The
as phase metallicity is implicitly assumed to be the same as the
tellar metallicity. 

The above assumptions made about the SFR and the initial
ass function will directly affect the deriv ed st ellar masses. How-

v er, w e argue that since we are primarily doing a comparison
etween our three samples of galaxies using the same series of 
ssumptions, our compar ative fr amework is robust to choices of 
FH and the initial mass function. We also note that some of 
ur deriv ed st ellar population pr operties ar e degenerate with one
nother and difficult t o det ermine definit ely with phot ometry
lone. The most notable degeneracies are between stellar mass
nd stellar age in addition to between stellar metallicity and dust
ttenuation (A. C. Carnall et al. 2018 ; C. Meldorf, A. Palmese &
. Salim 2024 ). 

.2 Stellar mass and dust attenuation 

he first photometrically derived quantities we want to study
r om b agpipes ar e st ellar mass M ∗ and dust att enuation A V . St el-
ar mass can highlight the differences in star formation between
he LSBs and HSBs, while dust attenuation can tell us if light is
eing obscured, and if dust could be another explanation for why
SBs are low surface brightness. Histogrammes of stellar mass

left) and V-band dust attenuation A V (right) are shown in Fig. 9 .
In general, we can see that the left panel of Fig. 9 validates our

hoice of F 200 W magnitude as a prior for stellar mass, as all three
amples lie in the dwarf ( M ∗ � 10 8 M �) regime. While there is
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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 (R eff / kpc) against the posterior median stellar mass from bagpipes 
is plotted as log (M ∗/ M �) . The best-fitting size–mass relation for dwarf 
g alaxies fr om S. G. Carlsten et al. ( 2021 ) is shown as a solid black line, 
with their 1 σ uncertainties shown as black dotted lines. The colouring is 
consistent with Fig. 9 . 
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ignificant ov erlap betw een the distributions of st ellar mass for
he thr ee samples, Fig . 9 shows a tr end of incr easing stellar mass
rom the z < 0 . 4 LSBs to the z > 0 . 4 LSBs to the HSBs, being
artly a selection effect of the brightness criterion, with most of 
he z > 0 . 4 LSBs have higher stellar masses than the z < 0 . 4 LSBs.

The right panel of Fig. 9 shows the different distributions 
f V-band attenuation A V for each sample, which have sig- 
ificant overlap. Only the low redshift LSB sample seems to 
pan the range of 0 to 2 mag allowed by our bagpipes model.
he HSBs seem t o hav e noticeably low er att enuation and both
SB samples seem to have comparable attenuation. To estimate 

he significance level of this difference, we run the two - sample
olmogorov–Smirnov (KS) test on these distributions. 
The KS tests involving the A V distribution for the low redshift

SBs gives p-values of 0.116 and 0.008 for the high redshift LSBs
nd HSBs, r espectively. Fr om this, we g ather that the low redshift
SB distribution is different from the HSB A V distribution with 

 3 σ confidence, while it is only differ ent fr om the high redshift
SB distribution by > 1 σ . The KS test for the z > 0 . 4 LSBs and
SBs gives a p-value on the order of 10 −4 , which corresponds to
 3 σ confidence. From this, we can conclude that the distribu-

ion of dust attenuation in the low redshift LSB sample is similar
o that of the higher redshift LSB sample, which is statistically
ifferent than the higher redshift HSB sample. Dust attenuation 

ay be a factor in explaining why some of our LSB samples have
ower surface brightnesses than the HSB sample, but many of the
 alaxies fr om both LSB samples have A V < 1 . 0 mag. 92 per cent
f the z > 0 . 4 LSBs and 73 per cent of the z < 0 . 4 LSBs show
 V < 1 . 0 . Ther efor e, for the majority of our LSBs, Fig. 9 shows

hat dust attenuation is not a major cause of their low surface
rightness. Results and uncertainties in quantities shown in Fig. 
 are reported in Table B3 . 

With a measure of size from the best-fitting effective radius 
rom pyimfit (see Section 3 ) and an estimate of stellar mass from
agpipes , we can compare our galaxy samples with previously 
tted size–mass relations to see how they all fit into the general
opulation. We use these two quantities to show a size–mass 
elation in Fig. 10 , and overplot the best-fitting lines for dwarf 
5.5 < log (M ∗/ M �) < 8.5] galaxies from the Exploration of Local
olume Sat ellit es (ELVES) surv ey report ed in S. G. Carlst en et al.
 2021 ), along with the associated 1 σ uncertainty. 

Fr om Fig . 10 , it is shown that most of the 0 . 4 < z < 0 . 8 HSB
ample lies along the ELVES fit within uncertainty, while most 
f the 0 . 4 < z < 0 . 8 LSB sample lies above the fit with larger
adii at similar stellar mass. The LSBs being more extended than
he HSBs at fixed stellar mass is an effect of our selection pro-
ess, as the HSBs were selected based off of having similar total
agnitude but higher surface brightness, which results in the 
SB sample being more compact than the LSB sample. What 
ig . 10 r eveals is that the higher redshift LSBs are outliers in the
ize–mass relation for local dwarf galaxies, whereas the majority 
f the HSB sample are not outliers. This supports the idea of 
SBs having higher spin parameters early in their evolution (L. 
. Pérez-Montaño et al. 2022 ), leading t o ext ended morphologies

hat result in low surface brightness. Roughly half of the z < 0 . 4
SB sample lies within the uncertainty of the ELVES fit, while 

he other half are extended outliers like the 0 . 4 < z < 0 . 8 LSBs. 

.3 Star formation histories 

he SFHs estimated by bagpipes for all three samples are dis-
layed in Fig. 11 . Each column in the figure represents a sample,
ith the 0 . 4 < z < 0 . 8 LSBs on the left, the 0 . 4 < z < 0 . 8 HSBs in
he middle, and the z < 0 . 4 LSBs on the right. In the top row, we
how the posterior median SED from bagpipes for every object 
n the rest frame normalized to the flux at 2 microns rest frame.
he bottom row shows the posterior median SFH for each object,
ith the darker line of each sample showing the median of these

FHs. Since we ar e inter ested in the 0 . 4 < z < 0 . 8 LSB sample,
 e ov erplot the sample median SFH on the other two columns

or comparison. 
We show the best-fitting SED of each object from bagpipes 

sing the data from the JADES catalogue (see Section 2 ). It should
e noted that, although we only show the posterior median SFH
or each object, the posterior distributions of SFHs for both LSB
amples are not well constrained. In particular, the difference 
etween the 16th and 84th percentile values of the onset of star
ormation is on average ∼3.5 Gyr for the individual LSB SFHs.
hese individual uncertainties are not shown in Fig. 11 , but we
tress the importance of spectroscopic follow-up studies on these 
igher-redshift LSBs in order to constrain their SFHs. 
The bottom row of Fig. 11 shows that our higher redshift

SBs start star formation anywhere from 1 to 7 Gyr after the
ig bang ( z ∼ 4 to z ∼ 0 . 5 ). The randomly picked HSBs at sim-

lar stellar mass and redshift also start star formation at a sim-
lar range, as shown by the sample median SFHs. While the
pread of SFHs in all three samples is wide, we see that it is
ossible for the higher redshift LSBs to start forming stars at
round same point in their lives as the HSBs. The sample me-
ian history for the HSBs plateaus at a SFR of ∼ 0 . 01M � yr −1 

round z ∼ 2 , while the sample median history for the higher
edshift LSBs plateaus at a SFR of ∼ 0 . 002M � yr −1 also at around
 ∼ 2 . How ev er, this difference could be due to the HSB sample
aving a higher median stellar mass (see Fig. 9 ), as opposed to
aving inherently less star formation. Hydrodynamical simula- 

ions on LSB objects from G. Martin et al. ( 2019 ) indicate that
SBs and HSBs come from the same progenitors at z > 2 , but
SB progenitors form stars more rapidly early on. Interestingly, 

he individual SFHs in Fig. 11 indicate that the HSBs started
MNRAS 546, 1–21 (2026) 
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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 −1 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 
ov erplott ed in the other two SFH panels for comparison. 
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orming stars earlier and more rapidly. Simulations from L. E.
érez-Montaño et al. ( 2022 ) show that spin parameters differ-
ntiat e betw een LSBs and HSBs at z ∼ 2 . Galaxies with higher
pin parameters are more likely to be extended, which decreases
heir surface brightness and increases the likelihood of the galaxy
v olving int o a LSB, as supported by our size-mass relation in
ig. 10 . 
Our primary motivation for selecting a sample of LSBs at

 phot < 0 . 4 is to e xplor e whether or not the higher redshift LSBs
n JADES ev olv e int o the low er r edshift LSBs. B y looking at the
ottom left and bottom right of Fig. 11 , we see that this is a
ossibility, since both panels share some similar individual his-
 ories. How ev er, the low er redshift LSB sample has many histo-
ies that drastically differ from that of the higher-redshift LSBs.

any lower-redshift LSBs started their star formation later in
he history of the Universe, as shown by the lower redshift sam-
le median SFH starting ∼4 Gyr later than the higher redshift
ample median SFH. It’s possible that these differences in star
ormation r epr esent gr oups of LSBs that ar e har der t o det ect
ast z ∼ 0 . 4 , and ther efor e ar en’t seen in our higher r edshift
ample. 
NRAS 546, 1–21 (2026) 

t

.4 Star formation rate and mass-w eight ed age 

or each object, we infer a posterior distribution of the star forma-
ion rat e av eraged ov er the last 100 Myr ( SFR 100 ), and the mass-
 eight ed age t MW 

. The latter is defined by A. C. Carnall et al.
 2018 ) as 

 MW 

= 

∫ t obs 
0 t SFR (t ) d t ∫ t obs 
0 SFR (t ) d t 

, (7) 

here t obs is the time at which the object is observed, SFR (t ) is
easured by bagpipes, and t = 0 corresponds to the beginning

f the Universe. The SFR 100 will tell us how much recent star
ormation each object has, while t MW 

will tell us how old the
bjects are for their stellar mass. 

To e xplor e the r elationship betw een these tw o deriv ed quan-
ities, we plot them against each other for each object in each
ample in Fig. 12 as scatter plots, where each colour represents
 sample, and each dot r epr esents the median of the posterior for
n object. The dots are coloured by object type, consistent with
he colouring in Fig. 11 . 
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Figure 12. SFR averaged over the last 100 Myr ( SFR 100 ) versus the mass 
w eight ed age ( t MW 

, defined in equation 7 ) as derived from the bagpipes 
fitting . The dots r epr esent the posterior medians, while the errorbars rep- 
r esent the 1 σ spr ead in the posterior distribution. Colouring of samples is 
consistent with Figs 9 , 10 , and 11 . Histogrammes are drawn for each axis 
showing the distributions in both quantities. 
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There is not a clear difference between the 0 . 4 < z < 0 . 8 LSBs
nd HSBs in terms of recent star formation (SFR 100 ), while the
 < 0 . 4 LSBs seem t o hav e less recent star formation than the
 . 4 < z < 0 . 8 LSBs. The lower redshift LSBs tend to extend to
lder mass-w eight ed ages than the z > 0 . 4 LSBs. This is sup-
orted by Fig. 11 , which shows the low redshift LSBs having
uch lower star formation rate than the 0 . 4 < z < 0 . 8 LSBs. The
SB sample does not extend past mass-weighted ages of 6 Gyr. 
Fig. 12 implies that HSBs exhibit a range of mass-w eight ed ages

etween roughly 0 and 6 Gyr. High-redshift LSBs exhibit a similar
ange between 0 and 6 Gyr, while their lower redshift counter-
arts exhibit a range between 1 and 9 Gyr. Thus, the higher-
 edshift LSBs e xhibit a much wider range in mass-w eight ed ages
hen compared to HSBs and some of the lower redshift LSBs

xhibit larger mass-w eight ed ages than the higher-redshift LSBs. 
Fr om Fig . 12 , we can further support the conclusion that both

 . 4 < z < 0 . 8 samples have similar SFHs, but the lower redshift
SBs have lower levels of star formation on average, which is all

n agreement with Fig. 11 . The LSB samples can have varying
 alues of mass- w eight ed age that can be similar t o that of HSBs. 

In Fig. 13 , we report the relation between star formation rate
SFR 100 ) and stellar mass (left panel) both derived from bagpipes
or all three samples of objects. We compare this with the star
orming main sequence (SFMS) of dwarf LSBs found in (S. S. 

cGaugh, J. M. Schombert & F. Lelli 2017 ) and show the best-
t ting gener al SFMS from J. S. Speagle et al. ( 2014 ) given by 

FR (M ∗, t ) = (0 . 84 − 0 . 026 t ) log M ∗ − (6 . 51 − 0 . 11 t ) , (8) 

here t is the age of the Universe in Gyr . W e show this relation in
he left panel of Fig. 13 for the redshift range of 0 . 4 < z < 0 . 8 (red
haded area) to reflect the range of the higher redshift LSB and
SB samples, as well as for z = 0 (red dotted line) for the lower

edshift LSB sample. 
All samples seem to occupy a parameter space well below the
ener al best-fit ting main sequence at their stellar mass while the
warf LSB SFMS fits the samples well. The LSBs studied in S. S.
cGaugh et al. ( 2017 ) seem to occupy a space below the general
ain sequence but at higher st ellar mass. This demonstrat es how

ur study has found dwarf galaxies at lower masses and SFRs
han previous studies focusing on the SFMS of LSBs. 

In the r egion of Fig . 13 wher e the 0 . 4 < z < 0 . 8 LSB and HSB
amples overlap in stellar mass ( 7 � log (M ∗/ M �) � 8 ), there is
ery little difference in their SFRs, with both samples even having
 similar amount of quenched galaxies in that region. This is con-
istent with the findings of E. Kado-Fong et al. ( 2022 ), wherein
oth ultradiffuse dwarf galaxies and ‘normal’ dwarf galaxies have 
imilar SFRs at fixed stellar mass. The defining characteristic of 
ur 0 . 4 < z < 0 . 8 LSBs, when compar ed to HSB dwarf g alaxies at
imilar redshift, is their extended nature, as illustrated by Fig. 10 .
arger physical size with similar SFH results in lower SFR density
nd lower surface brightness. 

 DISCUSSION  AND  CONCLUSIONS  

e present a method for finding low surface brightness objects 
LSBs) in the GOODS-S field using JADES data. Using the reso-
ution and depth of the survey, as well as photometric redshifts,
 e hav e found a sample of redshift 0 . 4 < z < 0 . 8 galaxies that

re faint and extended. Using python programmes pyimfit and 

ysersic , we measure Sérsic surface brightness profiles of the 
bjects in our catalogue, and select a sample of LSBs with R eff >

 . 18 arcsec and μ̄eff > 24 mag arcsec −2 in the F 200 W band. With
hese criteria, we find 57 LSBs past z phot > 0 . 4 . 

We find that LSBs are concentrated in the areas of the survey
ith the greatest depth (see Fig. 6 ). With a sample of this size, it

s difficult to tell whether or not physical clustering is occurring,
hough LSBs ar e e xpect ed t o be common in dense environments
J. Koda et al. 2015 ; J. P. Greco et al. 2018 ; J. Román et al. 2021 ).
he number density of these LSBs in our survey is on the order of 
0 −3 Mpc −3 , though the actual number changes with measuring 
he density across all of GOODS-S, as opposed to just the deepest
arts of the survey. This suggests that we would need surveys
f greater depth and larger area to obtain a more representative
umber density of LSBs at higher redshift. A crude estimate of the
 xposur e time r equir ed to detect galaxies like those in this sample
t z ∼ 2 can be obtained by looking at the surface brightness limit
n the existing mosaics combined with a simple (1 + z) −4 sur-
ace brightness extr apolation. A t F 200 W, the 5 σ surface bright-
ess limit in 0.15 arcsec × 0.15 arcsec area is m AB ∼ 34 . 7 . Using

he same e xposur e time would yield SNR ∼ 1 detections. This
uggests that at least 100 times longer e xposur es ( ∼ 4 meg asec)
ould be needed to study their properties. 
Most galaxies in our sample are very extended, and with a

érsic index of n ∼ 0 . 65 (see Fig. 7 ). How ev er, due t o our choice in
sing the mean effective surface brightness to define our LSBs in-
tead of the central surface brightness, there is a group of objects
n our sample with HSB centres ( μ0 < 23 mag arcsec −2 ). We find
hat in this group of outliers there are objects with bright centres
nd LSB discs, but ther e ar e other objects where the effective
adius is ov erestimat ed, leading t o a disparity in μ0 and μeff . The
SBs seem to be relatively faint at longer wavelengths ( F 356 W,
 444 W), but have somewhat normally distributed colours at 

ow er wav elengths (see Fig. 8 ). Our LSB sample is diverse in
olour, although with a slight gradient toward redder in F 115 W–
 150 W and bluer in F 277 W–F 356 W colours. 
MNRAS 546, 1–21 (2026) 
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Figur e 13. Left: SFR 100 derived fr om b agpipes for all thr ee samples (higher r edshift LSBs in blue, lower redshift LSBs in green, and HSBs in orange) 
plotted against the bagpipes stellar mass. The SFMS fit for dwarf LSBs from S. S. McGaugh et al. ( 2017 ) is also shown as a pink line with the pink data 
points r epr esenting the LSBs from that study. The best-fitting SFMS for all galaxies 0 . 4 < z < 0 . 8 (shaded in red) and z = 0 (dotted r ed) ar e shown fr om 

J. S. Speagle et al. ( 2014 ). Right: Distributions for the specific star formation rate (sSFR) in log scale for all four samples shown on the left panel with 
consistent colouring. 
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Using the SED-fitting pr ogramme b agpipes , w e estimat e the
FH, stellar mass, mass-weighted age, and dust attenuation. We
ompare these photometrically derived quantities with a sample
f high surface brightness (HSB) objects at a similar size and stel-
ar mass range to our LSBs, and a low redshift LSB sample defined
y z < 0 . 4 and μ̄eff > 24 mag arcsec −2 in F 200 W. Both LSB and
SB samples at 0 . 4 < z < 0 . 8 appear to be quenched and void

f star formation (SFR 100 � 10 −2 M � yr −1 ), and exhibit similar
FHs and rates at fixed stellar mass, while the z < 0 . 4 LSB sample
xhibits less star formation on average (see Figs 11 , 12 , and 13 ). 

Our LSB sample is low in stellar mass, and in the dwarf regime
f galaxies. Both comparison samples are selected to be of compa-
able stellar mass using F 200 W magnitude as a prior before bag-
ipes fitting, though the z < 0 . 4 LSB distribution ext ends t o no-
ably lower masses. Both LSB samples have comparable distribu-
ions of dust attenuation, with the HSB distribution having a sta-
istically low er att enuation. This implies dust att enuation could
lay a role, though the majority of our LSBs have A V < 1 mag (see
ig . 9 ). Ther efor e, dust attenuation does not appear to be a major

actor in the dimming of these LSBs for most of both samples. 
Fig. 11 implies that, at redshifts higher than z ∼ 2 , our LSBs

nd the HSBs could start star formation around the same time,
nd ther efor e come fr om the same pr ogenit ors. Hy drodynamical
imulations of LSBs from G. Martin et al. ( 2019 ) predict this, and
nd that the fractions of gas in LSBs greatly diverge from HSBs
round z ∼ 2 . They also show that at z < 1 , LSBs experience large
ecreases in the mass of gas that is not due to star formation,
nd that by z = 0 , LSBs have lost most of their star forming gas.
he mechanisms from these simulations that seemed to cause

he evolution of LSBs also act at this int ermediat e redshift range,
nd in the simulations are identified as supernova (SN) feedback,
idal interactions, and ram-pr essur e stripping (in clusters), which
ll serv e t o increase the effectiv e radius of these galaxies and
ecrease their star-forming gas over time. When comparing the
ffective radii and stellar mass of our galaxy samples with known
ize–mass relations for dwarf galaxies (S. G. Carlsten et al. 2021 ),
e find that the 0 . 4 < z < 0 . 8 are extended to the point of being
utliers, whereas most of the 0 . 4 < z < 0 . 8 HSBs lie within 1 σ
f the relation. With similar SFRs and SFHs, our results indicate
NRAS 546, 1–21 (2026) 

a  
hat the increase in effective radius over time from these mecha-
isms leads to the formation of these LSBs. 
Theor etical pr edictions developed by A. Di Cintio et al. ( 2017 )

nd T. K. Chan et al. ( 2018 ) show that SN feedback (at low stellar
ass) can create ultradiffuse galaxies by fuelling outflows that

emove star forming gas from the galaxies. G. Martin et al. ( 2019 )
hows that SN feedback is the main mechanism that initializes
he divergence of LSBs from HSBs past z ∼ 2 , and allows other

echanisms to act more effectively on these objects. They also
how that, while ram pr essur e stripping is effective at removing
tar forming gas in dense environments, tidal heating and forces
ct to help form LSBs in all environments. While our sample
s not large enough to investigate whether or not the quenched
alaxies form in clusters, as discussed in Sections 4.2 and 4.3 , the
dditional mechanism from ram-pressure stripping might also be
 factor in the quenching of these LSBs. 

Further spectroscopic analysis can reveal more information
bout LSBs at higher redshifts and reduce the inherent uncer-
ainties present in this study from using photometric redshifts
s opposed to spectroscopic redshifts. Future surv eys of great er
epth can allow us to look further in the past for these LSBs, and
 o bett er constrain their SFHs t o t est theoretical and cosmological
redictions about their evolution and origin. 
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 200 W band with PSF convolution and again without PSF convolution for pyi
oth programmes against each other in the left panel, supplying errorbars for p
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P P E N D I X  A:  pyimfit/pysersic COMPARISON  

ig. A1 shows a comparison between the results of the two image
t ting progr ammes used in this study: pyimfit and pysersic . We
lso directly test the effect of PSF convolution on pyimfit fits.
SF convolution was not used for the pyimfit fits described in
ection 3 . Here, we run convolved fits on both programmes on
he z > 0 . 4 LSB sample for the F 200 W band and dir ectly compar e
he mean effective surface brightnesses μ̄eff , the brightness pa-
ameter used for LSB selection, in the left panel of Fig. A1 . Errors
stimated from pysersic are included. From the right panel of 
ig. A1 , we can see that PSF convolution raises the brightness of 

he LSB pyimfit results. 

P P E N D I X  B :  DA  T  A  FOR  GAL A X I E S  I N  T H E  

S B  SAMP L E  

n this appendix, we report data tables for each galaxy in our 0 . 4 <
 phot < 0 . 8 LSB sample. Table B1 reports the right ascension, dec-
ination, and the unconv olv ed F 200 W pyimfit surface brightness
tting results. Table B2 reports the conv olv ed multiband pyser-
ic surface brightness fitting results. Table B3 reports the derived
tellar masses, dust at tenuations, mass- weighted ages, and star
ormations averaged over the last 100 Myr. Table B4 reports the
uxes in chosen NIRCam wide-band filters for the ‘small Kron’
pertur e fr om the photometric catalogue. 
imfit fitting routines described in Sections 3 and 4.4 , respectively on the 
mfit. We plot the measured mean effective surface brightness μeff from 

ysersic . On the right panel, we plot the conv olv ed v ersus unconv olv ed 
r esent wher e both brightnesses ar e 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 phot column. From 

pyimfit we report the mean effective surface brightness measured in F 200 W [ ̄μeff ( F 200 W)] in magnitudes per square arcsecond, the central surface 
brightness measured in F 200 W [ μ0 ( F 200 W)] in magnitudes per square arcsecond, the effective radius R eff in arcsec, and the Sérsic index n . 

JADES ID z phot 

pyimfit ̄μeff (F200W) 
mag arcsec −2 

pyimfit μ0 (F200W) 
mag arcsec −2 

pyimfit R eff 
arcsec pyimfit n 

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 23.91 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 23.91 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 < z < 0.8 in GOODS-S 19 
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Table B3. Results from bagpipes for the z > 0 . 4 LSB sample, shown in Figs 12 and 9 . We report the star formation 
rat e av eraged ov er the last 100 Myr from the object’s epoch of observation SFR 100 in solar masses per y ear, st ellar mass 
as log10 of the stellar mass divided by solar mass log (M ∗/ M �) , and V-band dust attenuation A V in AB magnitudes. 

ID SFR 100 ( M � yr −1 ) log (M ∗/ M �) t MW 

(Gyr) A V (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 + 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 + 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 + 0.84/ −0.68 1.23 + 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 + 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 + 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 + 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 + 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 + 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 + 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 + 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 + 0.0023/ −0.0016 6.86 + 0.12/ −0.11 1.15 + 0.99/ −0.56 1.21 + 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 + 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 1.35 + 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 + 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 + 0.0014/ −0.0003 7.58 + 0.10/ −0.12 4.97 + 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 4.18 + 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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Table B4. Measured flux densities and errors from the photometric catalogue described in Section 2 for each LSB in the ‘Small 
Kr on’ apertur e in the NIR Cam wide filters F 115 W , F 150 W , F 200 W , F 277 W , F 356 W , and F 444 W in nJy. 

Catalogue ‘Small Kron’ Aperture F ν (nJy) 

ID F 115 W F 150 W F 200 W F 277 W F 356 W F 444 W 

5281 3.80 ± 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 ± 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 ± 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 ± 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 ± 0.47 5.60 ± 0.52 5.23 ± 0.53 5.55 ± 0.43 3.91 ± 0.43 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 15.90 ± 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 25.37 ± 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 ± 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 22.32 ± 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 35.73 ± 1.17 34.19 ± 1.14 37.78 ± 0.86 25.92 ± 0.76 18.84 ± 0.84 
235455 42.38 ± 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 ± 0.49 6.89 ± 0.53 7.47 ± 0.54 10.90 ± 0.36 8.97 ± 0.36 7.05 ± 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 ± 0.48 7.36 ± 0.55 6.41 ± 0.34 6.38 ± 0.33 4.55 ± 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 ± 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 ± 0.60 5.92 ± 0.59 3.35 ± 0.65 
456812 23.86 ± 1.20 28.71 ± 1.29 26.41 ± 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 ± 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 21.22 ± 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 35.70 ± 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 ± 0.47 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 
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