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ABSTRACT
We present a search and characterization of ultra-diffuse galaxies (UDGs) in the Frontier Fields cluster Abell 2744 at 𝑧 = 0.308.
We use JWST/NIRISS F200W observations, acquired as part of the GLASS-JWST Early Release Science Program, aiming to
characterize morphologies of cluster UDGs and their diffuse stellar components. A total number of 22 UDGs are identified by
our selection criteria using morphological parameters, down to stellar mass of ∼ 107𝑀⊙ . The selected UDGs are systematically
larger in effective radius in F200W than in HST/ACS F814W images, which implies that some of them would not have been
identified as UDGs when selected at rest-frame optical wavelengths. In fact, we find that about one third of the UDGs were
not previously identified based on the F814W data. We observe a flat distribution of the UDGs in the stellar mass-size plane,
similar to what is found for cluster quiescent galaxies at comparable mass. Our pilot study using the new JWST F200W filter
showcases the efficiency of searching UDGs at cosmological distances, with 1/30 of the exposure time of the previous deep
observing campaign with HST. Further studies with JWST focusing on spatially-resolved properties of individual sources will
provide insight into their origin.

Key words: galaxies: clusters: individual: Abell 2744 – galaxies: dwarf – galaxies: formation – galaxies: fundamental parameters
– galaxies: photometry.

1 INTRODUCTION

The nature and the origin of ultra-diffuse galaxies (UDGs) have
been extensively investigated since its large population has been
discovered in nearby galaxy clusters (e.g., van Dokkum et al.
2015; Koda et al. 2015; Mihos et al. 2015; Muñoz et al. 2015;
Yagi et al. 2016; Venhola et al. 2017; La Marca et al. 2022).
UDGs were originally defined as galaxies with low central sur-
face brightness (24 ≤ 𝜇(𝑔, 0) ≤ 26 mag arcsec−2) and extended
sizes (𝑅𝑒 > 1.5 kpc) in 𝑔-band (van Dokkum et al. 2015). Alterna-
tively, UDGs have been defined with mean effective surface bright-
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ness 1(24.0 ≤ ⟨𝜇𝑒 (𝑟)⟩ ≤ 26.5 mag arcsec−2) and extended size
(𝑅𝑒 ≥ 1.5 kpc) in the 𝑟-band (van der Burg et al. 2016). Some UDGs
weres identified as an extreme case of low-surface brightness galax-
ies (LSBGs; Impey & Bothun 1997) without apparent disks, over
several decades (e.g., Sandage & Binggeli 1984; Bothun et al. 1987;
Impey et al. 1988; see Yagi et al. 2016 for the compilation). While
their sizes are comparable to the ones of Milky-Way like galaxies,
the stellar masses of UDGs are typically 2–3 orders of magnitudes

1 An effective surface brightness (⟨𝜇𝑒 ⟩) denotes the averaged value of sur-
face brightness (𝜇) within the effective radius (𝑅𝑒). We adopt this definition
throughout the paper.
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smaller (e.g., Sifón et al. 2018), which makes the population unique
and puzzling.

Importantly, recent studies uncovered that UDGs comprise a large
population in massive clusters, in which their number is compara-
ble to bright galaxies down to 𝑀𝑟 < 𝑀∗

𝑟 + 2.5 (van der Burg et al.
2017). However, the origin and formation pathways of UDGs are
still unknown. The possible formation mechanisms of UDGs can be
roughly classified into two types; external and internal processes.
As an example of external processes, Carleton et al. (2019) show
that in their modeling using cosmological dark matter-only simula-
tion, a mass-loss due to the tidal interaction, and expansion of stellar
component as a consequence of tidal heating can reproduce observa-
tional properties of cluster UDG population, such as stellar masses,
size distributions, and abundances (see also Jiang et al. 2019; Sales
et al. 2020; Tremmel et al. 2020). Internal processes such as the re-
tention of high spin halos (Amorisco & Loeb 2016; Rong et al. 2017)
and strong stellar feedback (Di Cintio et al. 2017; Chan et al. 2018)
might also explain the properties of UDGs. However, conflicts with
observations have recently been claimed for the feedback model by
Kado-Fong et al. (2022). They discuss that relatively extended SFR
distribution compared to low-mass dwarf galaxies and the lack of
current vigorous star formation activity in the Hi-selected UDGs are
in conflict with the picture in which feedback-driven expansion is
crucial.

Whether high-density environment is crucial for the formation of
UDGs is an important open question. On the one hand, it is likely
that the abundance of UDGs as a function of halo mass is sub-
linear, implying that there is no major environmental effect on the
formation and survival of UDGs (van der Burg et al. 2016; Román
& Trujillo 2017; Lee et al. 2017; Mancera Piña et al. 2018; Lee et al.
2020; Li et al. 2022; Karunakaran & Zaritsky 2023, but see van der
Burg et al. 2017; Janssens et al. 2019). On the other hand, evidence
of environmental dependencies of UDGs have also been reported.
Compared to field counterparts, cluster UDGs tend to be red (e.g.,
Prole et al. 2019), old (e.g., Barbosa et al. 2020; Kadowaki et al.
2021; Buzzo et al. 2022), and globular cluster-rich (e.g., Forbes et al.
2020; Somalwar et al. 2020). These trends suggest that it is likely
- or as a minimum possible - that the environment influences the
formation paths of UDGs. Therefore, in concordance with a variety
of theoretical predictions, it has recently been suggested that the
UDG population consists of a mixture of different origins (e.g., Liao
et al. 2019; Sales et al. 2020; Lee et al. 2020; Buzzo et al. 2022), or
maybe formed by a combination of internal and external processes
(Martin et al. 2019).

To assess the origin of UDGs, it would be of interest to iden-
tify such populations in the distant universe and to investigate their
properties. As possible progenitors, those distant counterparts may
provide us a new insight into their origin as they might have fallen
into the gravitational potential of a cluster halo more recently. These
investigations have been pioneered on LSBGs, as likely progenitors
of UDGs, up to 𝑧 ∼ 1.2, using the deep image of stacked HST data
(Bachmann et al. 2021). Nonetheless, these attempts require deep
images, predominantly due to the cosmological dimming of surface
brightness. In addition, since UDGs in the nearby universe have been
conventionally observed and studied at optical wavelengths, deep
near-infrared (NIR) imaging of progenitor UDGs would be essential
for a fair comparison with local counterparts.

In this context, the sensitivity and spatial resolution of JWST in
NIR wavelengths is expected to be a powerful probe for a detailed
study of diffuse galaxies at cosmological distances. In addition to its
sensitivity to faint light enabled by the large mirror, NIR imaging
serves as an effective tracer of stellar mass distribution, given the

stellar mass-to-light ratio is expected to be close to unity at these
wavelengths (e.g., Bell & de Jong 2001). Carleton et al. (2023) report
a sample of possible progenitors of local cluster UDGs in the El
Gordo cluster at 𝑧 = 0.87, identified from the stacked image of eight
JWST/NIRCam filters.

In this paper, we report on the identification and characterization
of UDGs in Abell 2744 (𝑧 = 0.308) selected from a rest-frame NIR
wavelength using the JWST/NIRISS F200W imaging taken by the
GLASS Early Release Science program (Treu et al. 2022). UDGs in
Abell 2744 have been searched before with rest-frame optical wave-
lengths, using the Hubble Space Telescope (HST) imaging (Janssens
et al. 2017; Lee et al. 2017). This paper aims to address how the sam-
ple of UDGs differ from the optically-selected UDGs when we select
them in NIR wavelengths, and to characterize the morphologies and
structural parameters in different wavelengths. We first give a brief
description of the JWST data in Section 2. In Section 3, we describe
the photometric analyses. We present the sample selection of UDGs
and their characterization in Section 4. We discuss the comparison
of UDGs selected in different wavelengths and the stellar mass-size
relation in Section 5. We summarize this study in Section 6.

Throughout this paper, we assume a flat ΛCDM cosmology and
adopt the cosmological parameters of 𝐻0 = 70 km s−1 Mpc−1,
Ω𝑀 = 0.3, and ΩΛ = 0.7. A redshift of 𝑧 = 0.308 corresponds
to a cosmic age of 9.97 Gyr and gives a projected physical scale of
4.536 kpc/′′. We refer to the term "size" as the circularized effective
radius, that is the product of the major-axis effective radius from the
best-fit Sérsic model and √

𝑞, where 𝑞 is the minor-to-major axis
ratio.

2 DATA

We use JWST/NIRISS imaging data taken as part of the GLASS-
JWST early release science (ERS) program (Treu et al. 2022).
NIRISS observations of the Abell 2744 cluster field (2.′2 × 2.′2)
were conducted in three filters of F115W, F150W, and F200W. The
NIRISS field is entirely covered with several HST programs (Treu
et al. 2015; Lotz et al. 2017; Steinhardt et al. 2020). The NIRISS
observations were executed on 2022 June 28-29 with an exposure
time of 2830s for each filter, reaching a depth of ∼28.6-28.9 AB mag
at 5𝜎.

We use the reduced images, including archival HST data, presented
in Roberts-Borsani et al. (2022). Briefly, all imaging data in the FoV
were consistently reduced by using grizli software (Brammer &
Matharu 2021). grizli includes extra processes for NIRISS data,
such as 1/f-noise subtraction and masking of optical ghosts. We
resampled the images in a common pixel scale of 0.′′066. In the
last step, we create an infrared-stack image, by combining F125W,
F150W, F160W, and F200W images (Section 3.1).

In this study, we choose the F200W filter for selecting UDGs. As
the cluster UDGs in the nearby universe are known to have an old
(≳ 7 Gyr) stellar population (e.g., Pandya et al. 2018; Ruiz-Lara et al.
2018; Ferré-Mateu et al. 2018; Gu et al. 2018; Barbosa et al. 2020;
Kadowaki et al. 2021; Buzzo et al. 2022), it can be expected that
cluster UDGs become brighter in NIR wavelength. At the redshift
of Abell 2744, F200W corresponds to the rest-frame wavelength of
∼ 1.6 𝜇m (𝐻-band), which is dominated by continuum emission from
old stellar populations and thus reflects the stellar mass distribution
in the system (Bell & de Jong 2001). Moreover, the sensitivity of
the F200W imaging is the deepest (28.9 AB mag at 5𝜎) among the
three JWST/NIRISS filters available in the field. To compare with
the F200W filter, we also use the HST/ACS F814W filter, which
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UDGs in Abell 2744 observed by JWST 3

provides the rest-frame wavelength of ∼ 0.5 𝜇m (𝑉-band) for the
cluster members.

3 PHOTOMETRIC ANALYSIS

3.1 Source extraction and photometric redshift

We use borgpipe (Morishita 2021) to build a photometric catalog.
borgpipe starts with running SExtractor (Bertin & Arnouts 1996)
on the PSF-matched images, by using the infrared-stack image cre-
ated in Section 2 as the detection image. During the process, noise
correction caused by drizzling is also taken into account (Trenti et al.
2011; see also Morishita et al. 2018). Fluxes of all images are ex-
tracted within 𝑟 = 0.′′32 aperture. To compensate the aperture loss,
the fluxes are then uniformly multiplied by a scaling factor de-
fined as𝐶 = 𝑓det,AUTO/ 𝑓det,aper. for each source, where 𝑓det,AUTO is
FLUX_AUTO and 𝑓det,aper. is aperture flux measured in the detection
band. The corrected flux in filter x is thus derived as 𝑓x = 𝐶 𝑓x,aper..

A total of 3520 sources are detected in the area covered by the
JWST/NIRISS data. On these sources, we run the photometric red-
shift code EAzY (Brammer et al. 2008), with a redshift range of [0.01,
20] with a logarithmically equal step size of log(1 + 𝑧) = 0.01. We
then cross-match with the spectroscopic redshift catalogs (Mahler
et al. 2018; Richard et al. 2021), and find 401 objects matched within
0.′′5. Hereafter, we use the spectroscopic redshifts from the cata-
log for those available and the photometric redshifts, 𝑧phot (𝑧𝑎), for
the rest of the sources. For spectroscopically confirmed galaxies at
𝑧 < 0.5, we find a median offset of |𝑧phot− 𝑧spec |/(1+ 𝑧spec) = 0.036,
securing the accuracy of 𝑧phot estimates.

3.2 Stellar mass estimates from SED fit

In order to investigate the distributions of the UDGs in the stellar
mass-size plane (Section 5.2), we derive the stellar masses from spec-
tral energy distribution (SED) fit using FAST++ code 2 (Kriek et al.
2009). For the SED fitting, 11 filters are used in total: HST/ACS
F435W, F606W, F814W, HST/WFC3 F336W, F105W, F125W,
F140W, F160W, and JWST/NIRISS F115W, F150W, F200W. We
assume a delayed-tau star formation history and adopt the fsps stel-
lar population library (Conroy et al. 2009) generated for the Kroupa
initial mass function (Kroupa 2001). We adopt the Calzetti dust ex-
tinction law (Calzetti et al. 2000). We fix redshift to the values derived
from EAzY (Section 3.1), and the rest of the parameters are treated
as free parameters.

4 IDENTIFICATION OF ULTRA DIFFUSE GALAXIES
FROM NEAR-INFRARED WAVELENGTHS

We follow a two-step selection (van der Burg et al. 2016), namely se-
lections using SExtractor and GALFIT (Peng et al. 2002) to identify
UDGs in Abell 2744. We start with excluding obvious non-UDG can-
didates by using structural properties, half-light radius and total mag-
nitude, obtained from SExtractor. However, since SExtractor
does not correct for PSF convolution, those measurements should
only be considered as rough estimates. Therefore, we augment the
analysis through a second step with GALFIT, which is computation-
ally heavy but provides accurate estimates from a deconvolved model

2 https://github.com/cschreib/fastpp
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Figure 1. Comparison of surface brightness between HST/ACS F814W
and JWST/NIRISS F200W filters. The red symbols are UDGs reported
in Lee et al. (2017). The blue symbols are the compilation of spectro-
scopically confirmed cluster galaxies (Mahler et al. 2018; Richard et al.
2021). The grey symbols are objects detected in SExtractor with 0.108 <

𝑧phot < 0.508 (Section 3.1). The surface brightness in the F200W filter
is systematically brighter than the F814W filter. We adopt a criterion of
23.5 < ⟨𝜇𝑒,1.6𝜇m ⟩ < 27.5 mag arcsec−2 (dashed purple) for reducing the
candidates of UDGs.

fitting. Lastly, we carefully inspect all fitting results and exclude ob-
jects with obvious data-quality issues, such as those severely affected
by neighbors from the final sample.

4.1 Pre-selection of UDG candidates with SExtractor
measurements

By using the SExtractor output parameters of F200W imaging
and redshift information derived from EAzY (Section 3.1), we pre-
select the sample on which we pursue the GALFIT analysis in Sec-
tion 4.2. As an initial selection, we adopt FLUX_RADIUS > 4.01
pix (corresponding to 1.2 kpc at 𝑧 = 0.308), ELONGATION > 0.25,
FLAGS < 4, and 23.5 < ⟨𝜇𝑒,1.6𝜇m⟩ < 27.5 mag arcsec−2. As we
define the final UDGs as galaxies with 𝑅𝑒,1.6𝜇m > 1.5 kpc in the
following step, the lower boundary of 1.2 kpc for FLUX_RADIUS,
representing half-light radius, was chosen on the assumption of 20 %
uncertainties. The selection of FLAGS removes the objects with sat-
urated pixels or with deblending failure, and the truncated objects
at the edge of the image. We further request 0.288 < 𝑧spec < 0.328
when available, and otherwise 0.108 < 𝑧phot (𝑧𝑎) < 0.508. We adopt
4𝜎clus range for spectroscopic redshift, where 𝜎clus = 1497 km/s is
a velocity dispersion of member galaxies of Abell 2744 (Owers et al.
2011). For photometric redshift selection, we adopt a wider range to
roughly exclude the background and nearby sources. We note that
the sources selected through the photometric redshift selection have a
median uncertainty of Δ𝑧 = [−0.179, 0.123] in 1𝜎 confidence level,
which is few times smaller than the range we adopted for the sample
selection.

Figure 1 shows the comparison between the surface brightness
of HST/ACS F814W and JWST/NIRISS F200W. We calculate the
effective radius by ⟨𝜇𝑒⟩ = 𝑚 + 2.5 log10 (2𝜋𝑅2

𝑒), following Graham

MNRAS 000, 1–9 (2022)
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& Driver (2005). We find that ⟨𝜇𝑒,1.6𝜇m⟩ is prone to be brighter
than ⟨𝜇𝑒,0.5𝜇m⟩. We match our SExtractor catalog and the UDGs
reported in Lee et al. (2017), which were selected from the HST/ACS
F814W imaging, within 0.′′5 aperture. A total of 19 UDGs are
matched. Based on the distribution of these sources in Figure 1,
we adopt ⟨𝜇𝑒,1.6𝜇m⟩ of 23.5 and 27.5 mag arcsec−2 as a lower and
upper boundaries, where all of the matched UDGs reported in Lee
et al. (2017) are included in range. These selections resulted in 225
objects with 𝑧phot and 11 objects with 𝑧spec (236 objects in total).

4.2 Final selection of UDGs with GALFIT

To identify UDGs and to constrain their structural parameters, we run
GALFIT, assuming a single Sérsic model. Although the sky subtrac-
tion has already been implemented in the reduced image (Roberts-
Borsani et al. 2022), we include the sky component as the second
fitting component to minimize the contamination from the intraclus-
ter light (Morishita et al. 2017), which is non-negligible especially
around the cluster center. For each object, we generate a cutout image
of 68× 68 pixels2 (∼ 20× 20 kpc2 in a physical scale), as well as the
root mean square map and segmentation map in the same region. To
avoid contamination from the outskirts of nearby objects, we mask
nearby sources by using the segmentation map. In the few cases in
which the outskirts of nearby objects are blended to the targets, we
add another Sérsic component to diminish their effect.

A total of 180 out of 236 objects are successfully fitted. For
the remaining 56 objects, we find that the error estimates of
FLUX_RADIUS are larger than the fitted value itself, and some
parameters failed to converge within the boundary of the fitting. We
conclude that the fitting output for these objects is unreliable, and
exclude them from the following analysis. These objects comprise a
spurious source, and a patchy edge or a companion of bright galaxies.

We further exclude 27 objects by visual inspection, as either a spu-
rious source or a part of diffuse light of bright extended galaxies are
evident, even though the fitting values appear plausible. During this
process, we find that in 12 objects, the residual of the best-fit Sérsic
model from the data is prominent due to their disturbed morphology.
Three of them are part of a large merging system, which is identical
with A2744-DSG-z3, a dusty spiral galaxy at 𝑧 = 3.059 reported by
Wu et al. (2023). They discuss that there is a tentative foreground
contamination from A2744-DSG-z3 based on their best-fit photo-
metric redshift of 𝑧 ∼ 0.4, which explains why this galaxy remained
in our list of UDG candidates. To securely evaluate the structural
parameters of UDGs, we excluded these 12 objects (10 systems in
total) from being classified as UDG candidates. In summary, after
processing the sample selections via SExtractor and GALFIT, we
obtain the structural parameters of UDG candidates for 141 objects.

We define the UDGs to have an circular effective ra-
dius 𝑅𝑒,1.6𝜇m > 1.5 kpc, an effective surface brightness
⟨𝜇𝑒,1.6𝜇m⟩ > 23.5 mag arcsec−2, and a Sérsic index 𝑛1.6𝜇m < 2.5.
Figure 2 shows the ⟨𝜇𝑒,1.6𝜇m⟩ − 𝑅𝑒,1.6𝜇m plane for 141 objects.
Following the above criteria, we find that 22 objects are classified
as UDGs. Hereafter, we refer to those 22 galaxies as UDGs and the
remaining 119 galaxies as non-UDGs. Table 1 summarizes the prop-
erties of UDGs measured in F200W. We show the spatial distribution
of the UDGs in the cluster scale in Appendix A. None of the UDGs
have a spectroscopic redshift.

Here, to avoid excluding blue UDGs in the final sample, we do
not apply color selection of the red sequence as done in the previous
studies (e.g., Janssens et al. 2017; Lee et al. 2017). Nonetheless, we
have confirmed that all of the 22 UDGs selected above are located
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Figure 2. The location of the UDGs (red circles) in the effective surface
brightness (⟨𝜇𝑒,1.6𝜇m ⟩) - the circular effective radius (𝑅𝑒,1.6𝜇m) plane. The
highlighted region in beige signifies the criteria of UDGs. The rest of non-
UDGs are shown in grey circles. A total number of 34 out of 141 objects
fulfill the criteria, and 12 of them are excluded from the final UDG due to
their high Sérsic index (𝑛1.6𝜇m > 2.5).
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Figure 3. Comparison of the circular effective radius of the UDGs, measured
in the F200W and F814W filters. The one-to-one relation is shown in the
black solid line. The dashed lines indicate 𝑅𝑒 = 1.5 kpc.

on the red sequence without significant outliers, defined in the color
magnitude diagram between F814W and F105W magnitudes. This
indicates that the UDGs are passive galaxies which have old stellar
populations.

To inspect whether these UDGs can also be classified as UDGs in
shorter wavelength images, we run GALFIT using HST/ACS F814W
imaging from the Hubble Frontier Fields program (29.1 mag at 5𝜎;
Lotz et al. 2017) for the 22 UDGs in the same manner as F200W
images. All but one object are fitted successfully, and the results are
listed in Table 1.
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Table 1. The properties of UDGs selected from the rest-frame 1.6 𝜇m wavelength

F200W F814W
ID R.A. Decl. 𝑅𝑒,1.6𝜇m ⟨𝜇𝑒,1.6𝜇m ⟩ 𝑛1.6𝜇m 𝑅𝑒,0.5𝜇m ⟨𝜇𝑒,0.5𝜇m ⟩ 𝑛0.5𝜇m log(𝑀★/𝑀⊙ )

(deg) (deg) (kpc) (mag arcsec−2) (kpc) (mag arcsec−2)
1249 3.58160 -30.41289 2.94 ± 0.13 24.63 ± 0.11 1.29 ± 0.06 2.60 ± 0.16 25.18 ± 0.14 1.37 ± 0.09 7.78+0.04

−0.01
1675 3.59833 -30.41287 2.05 ± 0.07 24.90 ± 0.08 0.61 ± 0.04 2.62 ± 0.24 25.73 ± 0.22 1.11 ± 0.11 7.24+0.05

−0.03
1916 3.58420 -30.41006 1.90 ± 0.06 24.06 ± 0.07 1.26 ± 0.04 1.53 ± 0.06 24.28 ± 0.08 1.20 ± 0.06 7.87+0.02

−0.03
2114 3.58692 -30.40987 2.24 ± 0.15 24.22 ± 0.16 2.32 ± 0.13 1.97 ± 0.17 24.63 ± 0.20 2.10 ± 0.17 7.39+0.01

−0.05
2494 3.60566 -30.40536 2.82 ± 0.05 23.76 ± 0.04 1.21 ± 0.02 2.48 ± 0.06 24.24 ± 0.06 1.13 ± 0.03 8.34+0.04

−0.02
2706 3.60307 -30.40571 3.33 ± 0.25 25.68 ± 0.18 1.36 ± 0.10 2.29 ± 0.43 25.90 ± 0.45 0.82 ± 0.42 8.26+0.40

−0.23
3073 3.61693 -30.40145 2.86 ± 0.09 23.85 ± 0.08 1.73 ± 0.05 2.45 ± 0.12 24.56 ± 0.12 1.62 ± 0.08 8.32+0.05

−0.04
3396 3.59815 -30.39890 3.85 ± 0.61 25.61 ± 0.37 2.15 ± 0.22 2.38 ± 0.32 25.55 ± 0.31 1.73 ± 0.22 7.88+0.05

−0.04
3626 3.60776 -30.39523 2.10 ± 0.04 24.43 ± 0.04 0.55 ± 0.02 1.82 ± 0.05 24.98 ± 0.07 0.35 ± 0.04 7.65+0.01

−0.08
3637 3.57268 -30.39634 1.93 ± 0.03 23.59 ± 0.04 0.81 ± 0.02 1.84 ± 0.03 24.03 ± 0.04 0.83 ± 0.02 8.28+0.02

−0.03
3896 3.60125 -30.39521 1.88 ± 0.12 24.25 ± 0.15 1.37 ± 0.09 1.37 ± 0.09 24.48 ± 0.15 1.13 ± 0.10 7.69+0.04

−0.02
4426 3.57906 -30.38928 2.06 ± 0.07 23.76 ± 0.08 1.78 ± 0.06 1.80 ± 0.12 24.28 ± 0.15 1.90 ± 0.12 8.51+0.01

−0.04
4464 3.58152 -30.39016 2.33 ± 0.09 23.51 ± 0.09 1.78 ± 0.06 2.14 ± 0.09 23.91 ± 0.09 1.57 ± 0.06 8.27+0.01

−0.02
4512 3.61281 -30.39049 2.07 ± 0.05 23.67 ± 0.05 1.08 ± 0.03 1.75 ± 0.03 23.74 ± 0.05 1.00 ± 0.02 7.86+0.16

−0.03
4692 3.57730 -30.38628 1.80 ± 0.06 24.30 ± 0.08 1.21 ± 0.05 1.81 ± 0.11 24.68 ± 0.14 1.32 ± 0.09 7.55+0.04

−0.02
4720 3.58980 -30.38792 2.89 ± 0.23 24.30 ± 0.18 2.41 ± 0.12 1.39 ± 0.08 24.09 ± 0.13 1.77 ± 0.12 7.72+0.04

−0.04
4812 3.60840 -30.38727 2.75 ± 0.08 24.18 ± 0.07 0.98 ± 0.03 3.12 ± 0.17 24.83 ± 0.13 1.14 ± 0.06 8.08+0.02

−0.03
5026 3.57398 -30.38495 1.64 ± 0.10 24.48 ± 0.14 0.75 ± 0.08 – – – 7.06+0.12

−0.02
5444 3.58341 -30.38218 1.83 ± 0.07 24.83 ± 0.09 1.03 ± 0.05 2.15 ± 0.18 25.45 ± 0.19 1.34 ± 0.13 7.10+0.00

−0.07
5740 3.58105 -30.38084 1.58 ± 0.33 25.53 ± 0.47 2.18 ± 0.45 0.64 ± 0.15 24.69 ± 0.53 1.75 ± 0.59 7.03+0.14

−0.11
5869 3.60999 -30.37962 3.42 ± 0.34 24.59 ± 0.23 1.97 ± 0.14 3.85 ± 0.56 25.28 ± 0.33 2.44 ± 0.23 8.22+0.04

−0.02
6641 3.60298 -30.37230 2.03 ± 0.04 23.85 ± 0.05 0.98 ± 0.03 1.88 ± 0.04 24.12 ± 0.05 0.98 ± 0.03 8.17+0.08

−0.02

4.3 First look at UDGs in JWST NIRISS/F200W

We find that 22 UDGs selected in the previous sec-
tion have the median values of �̃�𝑒,1.6𝜇m = 2.07 kpc,
⟨�̃�𝑒,1.6𝜇m⟩ = 24.25 mag arcsec−2, and �̃�1.6𝜇m = 1.26 in
the F200W imaging. In the F814W imaging, the median
values of structural parameters are �̃�𝑒,0.5𝜇m = 1.97 kpc,
⟨�̃�𝑒,0.5𝜇m⟩ = 24.63 mag arcsec−2, and �̃�0.5𝜇m = 1.33. In
terms of the effective surface brightness, we discover that
F200W images are systematically brighter than F814W im-
ages, with the median difference and the standard deviation of
⟨𝜇𝑒,0.5𝜇m⟩ − ⟨𝜇𝑒,1.6𝜇m⟩ = 0.41 ± 0.37 mag arcsec−2.

Figure 3 shows the comparison of two effective radii of the UDGs,
measured in different filters. The majority of the UDGs have smaller
radius in the F814W filter compared to the F200W filter, with the
median size ratio and the standard deviation of 𝑅𝑒,1.6𝜇m/𝑅𝑒,0.5𝜇m =

1.14±0.39. We checked that this trend is unchanged even if we fix the
Sérsic index to the one fitted from the F200W imaging in GALFIT.

When we define UDGs to have 𝑅𝑒,0.5𝜇m > 1.5 kpc, and
⟨𝜇𝑒,0.5𝜇m⟩ > 24.0 (24.5) mag arcsec−2 in the F814W imaging,
16 (11) out of 22 UDGs will be selected. Three UDGs are excluded
because of their smaller radius in F814W imaging (𝑅𝑒,0.5𝜇m <

1.5 kpc), as shown in Figure 3. This implies that our criteria in
the F200W imaging extract some UDGs that are not selected in the
optical wavelengths.

In Figure 4, we show two examples of the UDGs selected in the
F200W filter, one (ID 2494) that was reported as an UDG in Lee
et al. (2017) using the F814W filter and another (ID 4464) that
was not reported in the same study, likely due to its relatively high
surface brightness (⟨𝜇𝑒,0.5𝜇m⟩ = 23.91 mag arcsec−2) in the F814W

filter. Both examples visually exhibit the fitted Sérsic models well
reproduce the imaging data. As indicated by the best-fit structural
parameters, Figure 4 shows that the NIR emission in the F200W
image is more extended than the optical emission in F814W. A similar
comparison for the rest of the 20 UDGs is presented in Figure B1.

5 DISCUSSION

5.1 Comparison with the optically-selected UDGs

Among 27 UDGs reported in Lee et al. (2017), 19 of them are within
the NIRISS field. We find that 10 of their UDGs are identified as
UDGs in F200W. In addition, one of their UDGs is classified as non-
UDG (ID 4282) and another is A2744-DSG-z3 (Wu et al. 2023). Of
the seven remaining galaxies, four are excluded since those galaxies
have a photometric redshift larger than 0.5, and the other three are
excluded because their structural properties do not meet the criteria
in the F200W filter. Conversely, six of our UDGs were not previously
selected by Lee et al. (2017) using F814W.

It is worth noting that the final list of UDGs may significantly vary
due to differences in the selection process. Lee et al. (2017) report
that they identified a smaller number of UDGs (𝑁 = 27) compared
to Janssens et al. (2017, 𝑁 = 41) despite their using the same filter
for selection. The origin of discrepancy is not clear, while Lee et al.
(2017) suggested that this is partly due to their visual inspection step.
In this study, we have included a secondary sky component in GALFIT
which was not applied previously, and have adopted 𝑛 < 2.5 as one
of the criteria while 𝑛 < 4 was used in Lee et al. (2017). Therefore,
we conclude that the discrepancy between the UDGs selected in
this study and those reported by Lee et al. (2017) is likely due to a
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ID 2494
F200W

5 kpc
Re, 1.6 m = 2.82 kpc
< e, 1.6 m> = 23.76 mag arcsec 2

n1.6 m = 1.21 b/a = 0.81

ID 2494
F814W

Re, 0.5 m = 2.48 kpc
< e, 0.5 m> = 24.24 mag arcsec 2

n0.5 m = 1.13 b/a = 0.81

ID 4464
F200W

5 kpc
Re, 1.6 m = 2.33 kpc
< e, 1.6 m> = 23.51 mag arcsec 2

n1.6 m = 1.78 b/a = 0.95

ID 4464
F814W

Re, 0.5 m = 2.14 kpc
< e, 0.5 m> = 23.91 mag arcsec 2

n0.5 m = 1.57 b/a = 0.90

Figure 4. Two examples of the UDGs (left: ID 2494, right: ID 4464) selected from the F200W imaging. From left to right, each panel shows the data, model
and residual image. For each galaxy, top and bottom panels show the images of the JWST/NIRISS F200W and HST/ACS F814W filters, respectively. Images of
the F814W filters are scaled to the same zero-point magnitude of the F200W filter and shown in the same stretch.

combination of the effect of looking at different wavelengths and the
difference of methodologies of UDG selection.

The lack of a standard definition for what constitutes a UDG
could be problematic, in the sense that less restrictive definitions may
include galaxies with different origins compared to UDGs selected
from restrictive definitions, and thus obscure the underlying physics
that affects their formation and evolution (Van Nest et al. 2022).
Suffice it to say, the UDGs that meet the criteria in both F200W
and F814W filters can be regarded as a robust UDG sample. While
it is intriguing to understand the morphological transition of UDGs
across the wavelengths, we leave the thorough analysis and detailed
discussion in future work.

5.2 UDGs in the stellar mass-size plane

Figure 5 shows the stellar mass-size distribution of the UDGs and
non-UDGs. For reference, the sample of cluster UDGs with spec-
troscopic redshift (Buzzo et al. 2022), and the scaling relations of
quiescent galaxies (QGs) down to the stellar mass of 𝑀★ = 107𝑀⊙
and 107.8𝑀⊙ , from Morishita et al. (2017) and Nedkova et al. (2021)
are shown, respectively. Note that the sizes of UDG sample from
Buzzo et al. (2022) and scaling relation from Nedkova et al. (2021)
are measured in optical wavelengths, while the scaling relation of
Morishita et al. (2017) is based on the HST/WFC3 F160W filter.

The stellar masses and surface stellar mass densities of the UDGs
are in the range of 107𝑀⊙ ≲ 𝑀★ ≲ 108.5𝑀⊙ and Σ★ ∼ 1–
10 𝑀★pc−2, respectively. The effective radius of the F200W imaging
(Table 1) was used for the calculation of surface stellar mass den-
sities. We find that the range of surface stellar mass density of the
UDGs are in good agreement with the definition presented in Car-
leton et al. (2023). In Carleton et al. (2023), the possible progenitors
of local cluster UDGs, referred to as low surface density galaxies, are
defined by the effective radius and the surface stellar mass density.
The agreement implies that our UDG selection using the F200W
filter is largely consistent with the physically motivated definition
using the surface stellar mass density.

The distribution of non-UDGs is consistent with the best-fit curves
of low-mass QGs (Morishita et al. 2017; Nedkova et al. 2021), secur-
ing our size estimates. The UDGs are, by definition, located above
these curves. A single power-law fitting for UDGs, using curve_fit
(scipy; Virtanen et al. 2020) reveals a correlation which is nearly

flat in size with a slope of 𝛼 = 0.118 ± 0.053. At a given stellar
mass, the size in this correlation is larger than the size in Morishita
et al. (2017) by a factor of ∼ 2.6, which reinforces that the UDGs
have a distinct properties from coeval quiescent dwarf population. In
terms of the flattening of the stellar-mass size distribution of QGs in
the low-mass regime (e.g., Lange et al. 2015), the distribution of the
UDGs, as well as non-UDGs, is qualitatively consistent.

Spectroscopically confirmed UDGs in nearby clusters have stellar
masses and sizes comparable to objects in Abell 2744 at the massive
end. This would indicate that the spectroscopic sample of nearby
UDGs is still limited to relatively massive galaxies among the entire
UDG population.

6 SUMMARY

We presented a search and characterization of UDGs in the cen-
tral part of the Abell 2744 Frontier Field Cluster at 𝑧 = 0.308
with JWST/NIRISS F200W imaging. We define the selection cri-
teria based on the properties measured from F200W imaging, with
updated photometric and spectroscopic redshifts.

Within the NIRISS observation field, we successfully identified 22
UDGs. The majority of the UDGs have a brighter surface brightness
(⟨𝜇𝑒,0.5𝜇m⟩ − ⟨𝜇𝑒,1.6𝜇m⟩ = 0.41 ± 0.37 mag arcsec−2) and larger
size (𝑅𝑒,1.6𝜇m/𝑅𝑒,0.5𝜇m = 1.14 ± 0.39) in F200W imaging com-
pared to F814W imaging, which implies that the classification of
UDGs is affected by not only structural parameters, but also by rest-
frame wavelength at which our analysis was carried out. We find that
about half of our UDG sample will not be classified as an UDG, when
we adopt 𝑅𝑒,0.5𝜇m > 1.5 kpc and ⟨𝜇𝑒,0.5𝜇m⟩ > 24.5 mag arcsec−2

in the F814W imaging. The UDGs selected from the F200W filter
have an estimated stellar mass range of 107𝑀⊙ ≲ 𝑀★ ≲ 108.5𝑀⊙ .
The distribution of the UDGs in the stellar mass-size plane is flat, and
their sizes are larger than the ones in the scaling relation of coeval
QGs with comparable stellar mass by a factor of ∼ 2.6.

This work demonstrates the detectability of UDGs at a cosmolog-
ical distance by JWST, only with ∼ 1/30 of exposure time of the
previous deep imaging by HST, owing to its unprecedented sensitiv-
ity in near-infrared wavelength and higher gain than HST by a factor
of (6.5m/2.4m)2 ∼ 7.3. This remarkable facility has enabled us for a
new level of investigations of distant UDG populations. Of particular
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Figure 5. Distribution of the UDGs (red) and non-UDGs (grey) in Abell 2744 in the stellar mass-size plane. 𝑅𝑒,1.6𝜇m is used for the vertical axis. A compilation
of the UDGs in nearby clusters with spectroscopic redshift (Buzzo et al. 2022) are shown in purple squares. The red dashed line is the result of a single power law
fit for the UDGs. The orange and teal dashed lines are the best-fit law for cluster quiescent galaxies (QGs) in the Frontier Fields cluster (0.2 ≤ 𝑧 ≤ 0.7; Morishita
et al. 2017) and QGs at 0.2 ≤ 𝑧 ≤ 0.5 (Nedkova et al. 2021). The black dashed lines denote constant surface stellar mass density ( Σ★ = 0.1, 1, 10 𝑀⊙pc−2).

interest is the spatially-resolved properties of individual UDGs. Fur-
ther investigations, including deeper photometry and spectroscopy,
will help us understanding the nature and the origin of UDGs.
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APPENDIX A: SPATIAL DISTRIBUTION OF UDGS IN THE
CLUSTER

In Figure A1, we present the overall spatial distribution of UDGs
(red squares), and non-UDGs (blue circles) listed in Table C1.

APPENDIX B: POSTAGE STAMP IMAGES OF UDGS

In Figure B1, we present postage stamp images of the UDGs (except
ID 2494 and ID 4464, which are shown in Figure 4) in both F200W
(left panel) and F814W (right panel).

APPENDIX C: THE PROPERTIES OF NON-UDGS

We argue that some non-UDGs may evolve into UDGs over a
timescale of ∼ 4 Gyr by expanding their size caused by tidal heat-
ing. In fact, several non-UDGs locate near the selection boundary of
UDGs within the error bars in Figure 2, and vice versa. Therefore,
although size evolution may be insignificant (e.g., Liao et al. 2019;
Sales et al. 2020; Pérez-Montaño et al. 2022), it is worthwhile to
report these objects as possible progenitors of cluster UDGs in the
nearby universe. We select them based on a circular effective radius
𝑅𝑒,1.6𝜇m > 1.2 kpc without any selections on an effective surface
brightness and a Sérsic index, since the increase of the former and
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Figure B1. Postage stamp images of the UDGs selected by F200W in this study (left: F200W, right: F814W). Each panel shows a 20 × 20 kpc2 region. Images
of the F814W filters are scaled to the same zero-point magnitude of the F200W filter and shown in the same stretch.

decrease of the latter are expected to accompany with the size expan-
sion. The 1.6 𝜇m properties of these non-UDGs are summarized in
Table C1.
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Table C1. The properties of non-UDGs in the rest-frame 1.6 𝜇m wavelength and their stellar mass.

ID R.A. Decl. 𝑅𝑒,1.6𝜇m ⟨𝜇𝑒,1.6𝜇m ⟩ 𝑛1.6𝜇m log(𝑀★/𝑀⊙ )
(deg) (deg) (kpc) (mag arcsec−2)

1370 3.59330 -30.41510 1.42 ± 0.14 24.09 ± 0.22 2.04 ± 0.21 7.77+0.03
−0.04

2206 3.57750 -30.40813 2.61 ± 0.05 23.01 ± 0.05 1.83 ± 0.03 8.79+0.02
−0.01

2325 3.57767 -30.40846 1.62 ± 0.14 23.37 ± 0.19 1.80 ± 0.16 7.61+0.04
−0.01

2427 3.59909 -30.40771 2.31 ± 0.23 24.35 ± 0.23 2.60 ± 0.19 7.71+0.05
−0.01

2544 3.62236 -30.40666 1.25 ± 0.03 22.74 ± 0.05 1.53 ± 0.04 8.23+0.02
−0.06

2644 3.58385 -30.40196 1.46 ± 0.04 22.95 ± 0.06 0.70 ± 0.04 8.94+0.06
−0.02

2664 3.59558 -30.40414 2.80 ± 0.70 24.00 ± 0.56 3.44 ± 0.50 8.42+0.04
−0.00

2672 3.58845 -30.40415 1.65 ± 0.10 22.74 ± 0.14 3.00 ± 0.15 8.59+0.02
−0.01

2686 3.60130 -30.40520 1.47 ± 0.05 23.86 ± 0.08 1.10 ± 0.05 7.27+0.02
−0.02

2882 3.61299 -30.40337 2.41 ± 0.18 24.12 ± 0.17 3.57 ± 0.18 7.51+0.04
−0.02

3007 3.59876 -30.40207 1.25 ± 0.03 23.33 ± 0.05 1.49 ± 0.05 7.77+0.03
−0.01

3130 3.60436 -30.39824 2.42 ± 0.16 23.96 ± 0.15 3.11 ± 0.15 6.81+0.80
−0.01

3150 3.58873 -30.39965 1.23 ± 0.12 22.44 ± 0.22 1.70 ± 0.21 8.10+0.04
−0.01

3458 3.60630 -30.39838 1.49 ± 0.07 25.26 ± 0.11 0.59 ± 0.07 6.71+0.02
−0.51

3462 3.58889 -30.39760 1.25 ± 0.16 22.85 ± 0.30 1.74 ± 0.28 8.00+0.05
−0.02

3524 3.61123 -30.39740 1.48 ± 0.02 22.71 ± 0.04 1.16 ± 0.03 7.97+0.02
−0.04

3534 3.57482 -30.39712 1.55 ± 0.08 22.66 ± 0.11 3.71 ± 0.15 8.22+0.03
−0.01

4024 3.60511 -30.39255 2.63 ± 0.04 23.27 ± 0.03 1.33 ± 0.02 8.75+0.03
−0.02

4164 3.60883 -30.39311 1.37 ± 0.05 24.24 ± 0.08 0.95 ± 0.05 7.57+0.05
−0.03

4282 3.59774 -30.39245 1.48 ± 0.11 25.13 ± 0.18 0.86 ± 0.10 7.73+0.02
−0.07

4328 3.57767 -30.39163 1.56 ± 0.16 23.96 ± 0.23 3.71 ± 0.30 7.69+0.04
−0.02

4343 3.58183 -30.39042 3.93 ± 0.28 24.18 ± 0.16 3.03 ± 0.12 7.66+0.00
−0.06

4380 3.57565 -30.38948 1.24 ± 0.15 24.26 ± 0.27 2.73 ± 0.34 7.53+0.00
−0.06

4669 3.58402 -30.38884 1.59 ± 0.02 22.75 ± 0.03 1.36 ± 0.02 8.10+0.06
−0.01

4963 3.57947 -30.38618 1.43 ± 0.06 23.91 ± 0.09 1.74 ± 0.08 6.58+0.06
−0.04

5048 3.58104 -30.38441 1.43 ± 0.02 23.58 ± 0.04 1.00 ± 0.02 7.86+0.03
−0.03

5378 3.60944 -30.38000 2.09 ± 0.04 22.48 ± 0.04 2.16 ± 0.03 8.88+0.01
−0.10

5502 3.56783 -30.38247 1.34 ± 0.02 23.19 ± 0.03 0.48 ± 0.02 8.12+0.00
−0.16

5773 3.57047 -30.38053 1.21 ± 0.05 23.29 ± 0.10 1.47 ± 0.08 6.50+0.10
−0.01

5838 3.59837 -30.37947 5.20 ± 2.02 26.29 ± 0.89 3.88 ± 0.69 7.22+0.02
−0.05

6110 3.58946 -30.37739 1.53 ± 0.02 22.72 ± 0.03 1.08 ± 0.02 7.98+0.08
−0.05

6196 3.59130 -30.37733 1.40 ± 0.05 24.46 ± 0.09 1.00 ± 0.05 7.71+0.10
−0.04

6225 3.59737 -30.37649 2.01 ± 0.04 23.22 ± 0.04 1.37 ± 0.03 8.62+0.01
−0.05

6232 3.59465 -30.37616 2.07 ± 0.02 23.08 ± 0.02 1.00 ± 0.01 8.35+0.01
−0.06

6242 3.59469 -30.37673 1.33 ± 0.08 23.41 ± 0.13 2.52 ± 0.15 7.87+0.05
−0.05

6802 3.59984 -30.37345 1.67 ± 0.30 23.76 ± 0.40 3.57 ± 0.49 8.17+0.08
−0.02
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