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Abstract

We report the discovery of three faint and ultrafaint dwarf galaxies—Sculptor A, Sculptor B, and Sculptor C—in the
direction of NGC 300 (D =2.0 Mpc), a Large Magellanic Cloud-mass galaxy. Deep ground-based imaging with
Gemini/GMOS resolves all three dwarf galaxies into stars, each displaying a red giant branch indicative of an old,
metal-poor stellar population. No young stars or H1 gas are apparent, and the lack of a GALEX UV detection suggests
that all three systems are quenched. Sculptor C (D = 2.O4f8j}(3) Mpc; My= —9.1 £+ 0.1 mag or Ly = (3. 7+
10°L..) is consistent with being a satellite of NGC 300. Sculptor A (D = 1.35"2% Mpc; My= —6.9 + 0.3 mag or
Ly= (571 x 10°L.) is likely in the foreground of NGC 300 and at the extreme edge of the Local Group, analogous to
the recently discovered ultrafaint Tucana B in terms of its physical properties and environment. Sculptor B
(D =2.48%)3i Mpc; My = —8.1 & 0.3 mag or Ly = (1.5703) x 10°L.) is likely in the background, but future distance
measurements are necessary to solidify this statement. It is also of interest due to its quiescent state and low stellar
mass. Both Sculptor A and B are 224 r,;, from NGC 300 itself. The discovery of three dwarf galaxies in isolated or
low-density environments offers an opportunity to study the varying effects of ram-pressure stripping, reionization, and
internal feedback in influencing the star formation history of the faintest stellar systems.

Unified Astronomy Thesaurus concepts: Dwarf galaxies (416); Quenched galaxies (2016); Galaxy quench-

, Kristen B.W. McQuinn™'®®,

ing (2040)

1. Introduction

The faintest galaxies are essential proving grounds for
understanding dark matter and astrophysics on small scales
(. S. Bullock & M. Boylan-Kolchin 2017; J. D. Simon 2019;
L. V. Sales et al. 2022 for recent reviews). A hallmark of the
Lambda Cold Dark Matter model is that structure forms
hierarchically: galaxies inhabit dark matter halos, which
contain dark matter substructures that often host smaller
galaxies. Understanding this hierarchical structure formation
in detail at subgalactic scales has led to continuing, intensive
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efforts to observe and quantify the satellite system of the Milky
Way (e.g., A. Drlica-Wagner et al. 2020; W. Cerny et al. 2023;
S. E. T. Smith et al. 2023, 2024; M. Gatto et al. 2024;
D. Homma et al. 2024), M31 (e.g., N. F. Martin et al. 2013;
A. Doliva-Dolinsky et al. 2022, 2023), and other nearby Milky
Way-like galaxies (e.g., K. Chiboucas et al. 2013; D. Crnojevié
et al. 2016b, 2019; A. Smercina et al. 2018; P. Bennet et al.
2019, 2020; S. G. Carlsten et al. 2022; Y.-Y. Mao et al.
2021, 2024; B. Mutlu-Pakdil et al. 2024). Meanwhile,
numerical simulations that include baryonic astrophysics have
made significant progress in reproducing the dwarf galaxy
properties of bright systems observed in Milky Way—mass
systems (e.g., A. M. Brooks et al. 2013; T. Sawala et al. 2016;
A. R. Wetzel et al. 2016; J. Samuel et al. 2021; C. Engler et al.
2021), while semianalytic models are successful for fainter
systems (e.g., V. Manwadkar & A. V. Kravtsov 2022;
S. Weerasooriya et al. 2023; N. Ahvazi et al. 2024).
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Figure 1. Sculptor A, B, and C as seen in the DESI Legacy Imaging Surveys sky browser. North is up, and east is to the left. Note the bright foreground star projected

onto Sculptor C.

To complement and extend observations around Milky
Way-mass systems and to test the astrophysics input into
modern simulations, it is necessary to identify and understand
the lowest-mass dwarf galaxies in a variety of environments.
One area of interest is the population of dwarfs in lower-density
environments: at the edge of the Local Group's main galaxies
(e.g., K. B. W. McQuinn et al. 2023, 2024), around less
massive hosts such as Magellanic Cloud-like systems (e.g.,
D. J. Sand et al. 2015a; J. L. Carlin et al. 2016; J. L. Carlin
et al. 2021, 2024; A. B. Davis et al. 2024; M. McNanna et al.
2024) and in isolation (e.g., J. M. Cannon et al. 2011;
K. B. W. McQuinn et al. 2014, 2021; D. J. Sand et al. 2022;
M. G. Jones et al. 2023, 2024, J. Li et al. 2024). The effects of
tidal and ram-pressure stripping will be diminished in low-
density environments (e.g., C. T. Garling et al. 2024), with the
exception of “backsplash” systems (e.g., M. Teyssier et al.
2012; T. Buck et al. 2019; I. M. E. Santos-Santos et al. 2023),
and so offer an opportunity to cleanly study other quenching
mechanisms, such as reionization (J. S. Bullock et al. 2000;
A. J. Benson et al. 2002; M. Ricotti & N. Y. Gnedin 2005;
M. Jeon et al. 2017; E. Applebaum et al. 2021) and star
formation /supernova feedback (e.g., A. Dekel & J. Silk 1986;
M.-M. Mac Low & A. Ferrara 1999; P. F. Hopkins et al. 2012;
K. El-Badry et al. 2018).

Here, we report the discovery of three faint, seemingly
quenched, dwarf galaxies in the direction of NGC 300. NGC
300 is an SA spiral galaxy at D =2.0 Mpc (based on the tip of
the red giant branch, TRGB; J. J. Dalcanton et al. 2009) in the
direction of the Sculptor group. It has a K-band luminosity very
similar to the Large Magellanic Cloud (LMC; B. Mutlu-Pakdil
et al. 2021), making it an excellent comparison for satellite
population studies.'® Throughout this work, we assume that
NGC 300 has a virial radius of ry;; ~ 120 kpc and halo mass of
log(Mhalo/M) ~ 11.29 as calculated in B. Mutlu-Pakdil et al.
(2021), using the stellar mass—halo mass relation of
B. P. Moster et al. (2010). These values are uncertain but are
used to help ascertain the relationship between the three faint
dwarf discoveries and NGC 300, with this caveat in mind. We
present the discovery of the three dwarf galaxies in Section 2
and discuss follow-up optical observations in Section 3. In

18 If we use a K-band mass-to-light ratio of 1, both NGC 300 and the LMC have a
stellar mass of ~2.6 x 10” M., This is consistent with stellar mass estimates of
2 x 10° M, for NGC 300 (J. C. Mufioz et al. 2015) and 2.7 x 10° M., for the
LMC (R. P. van der Marel et al. 2002) in the literature.

Section 4, we measure the basic physical properties of the
dwarfs (distance, stellar population, gas content, structure, and
luminosity). We discuss the environment of each in Section 5
and compare them with other dwarfs in low-density environ-
ments. Finally, we summarize and conclude in Section 6.

2. Ultrafaint Dwarf Galaxy Discovery around NGC 300

Following the recent discovery of Tucana B through a
focused visual search utilizing the DESI Legacy Imaging
Surveys and its interactive color image viewer'’(D. J. Sand
et al. 2022), we began a systematic search for faint companions
around other nearby galaxies (D < 2 Mpc), including NGC 300
(for reference, Data Release, DR, 9 of the DESI Legacy
Imaging Surveys was used). We uploaded a custom file to mark
off a region with a projected box size of 400 kpc on a side
centered on NGC 300 itself (=11.3°) and visually searched for
stellar overdensities with underlying diffuse light. This cover-
age area out to Ryo; ~ 200 kpc encloses the full virial radius of
NGC 300, which is approximately 120 kpc (B. Mutlu-Pakdil
et al. 2021). Faint dwarf galaxies at the distance of NGC 300
can resemble ‘“‘semiresolved” objects, with both resolved
and diffuse components, at the depth of DECaLS (g, r ~
23.5-24 mag, depending on the field; A. Dey et al. 2019). We
searched the NGC 300 footprint several times, at different
spatial scales and contrast levels.

Three high-confidence faint dwarf galaxy candidates stood
out during the search, and we show color cutouts obtained from
the Legacy Survey Image Viewer in Figure 1. We also present
a schematic of the footprint searched and the projected position
of these discoveries in Figure 2. NGC 300 and surrounding
areas are in the footprint of the Dark Energy Survey (DES;
T. M. C. Abbott et al. 2021) DR2, and we downloaded
photometry of the field using NOIRLab's Query Interface
Tool.?° This photometry was suggestive of an old, metal-poor
red giant branch (RGB) at ~2Mpc but was ultimately
inconclusive. We thus sought deeper ground-based optical
imaging, which we discuss next.

We choose the names Sculptor A, Sculptor B, and Sculptor
C for the three new faint dwarfs because of the constellation
they reside in and the fact that we are uncertain if each of these
dwarfs is associated with NGC 300 (as we address in later

19 https: //www.legacysurvey.org/viewer
20 https://datalab.noirlab.edu/query.php
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Figure 2. Spatial footprint of our visual search for dwarfs associated with
NGC 300. The solid line marks the approximate projected virial radius at
RyirnGe3oo = 120 kpe (B. Mutlu-Pakdil et al. 2021), and the unfilled point shows
the position of ES0294-010 (D = 1.94 Mpc; Mg = —10.9 mag; J. J. Dalcanton
et al. 2009), a previously known dwarf galaxy that may be associated with
NGC 300. To our knowledge, these are the only known galaxies within the virial
region of NGC 300 although the galaxy NGC 55 (also at D = 2 Mpc) is directly
to the west of this field. The spatial position of Sculptors A, B, and C are shown.
Sculptor A (D = 1.359:3% Mpc) and Sculptor B (D = 2.4872} Mpc) are both at
the approximate virial radius of NGC 300 in projection and are ~500 kpc offset
in distance as well. We discuss the membership status of the identified dwarfs
further in Section 5.1.

sections of this Letter). A similar naming convention has been
used for other dwarfs just beyond the edge of the Local Group.

3. Gemini Deep Optical Follow-Up

After the visual discovery of Sculptor A, B, and C, we
obtained deep follow-up imaging of all three systems with the
Gemini South telescope using the Gemini Multi-Object
Spectrograph (GMOS; I. M. Hook et al. 2004) under the Fast
Turnaround program GS-2022B-FT-103. The GMOS images
have a ~5/5 x 5/5 field of view and 0”16 pixel ' scale after
binning. Both g- and r-band imaging was taken for all three
dwarfs, with strict image quality constraints, between 2022
August 29 and 2022 September 30 (UT). For Sculptors A and
B, we took 7 x 300 s exposures in both bands. For Sculptor C,
we obtained 16 x 120s exposures in both bands in order to
mitigate the effects of the bright foreground star centered on the
dwarf (see Figure 1). Small dithers were taken between
exposures. At the time of the observations, GMOS South
suffered from a bad amplifier, which we were careful to avoid
in our observational setup. All data associated with this
amplifier were masked during the data reduction process.

Initial data reduction for the Gemini data was done with
DRAGONS (K. Labrie et al. 2023a), the pipeline maintained
by Gemini Observatory. DRAGONS performs bias subtraction,
flat-field correction, and bad pixel masking on the images.
Cosmic rays were rejected using the sigma-clipping method
within the DRAGONS pipeline. Stacked images were created
using the weighted average of the constituent images. As a final
step, an astrometric correction was applied by using SCAMP
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(E. Bertin 2006). The final g- and r- band stacked images had
point-spread function FWHM values between 0”6 and 0”8.

We performed point-spread function fitting photometry on
the stacked GMOS images, using DAOPHOT and ALLFRAME
(P. B. Stetson 1987, 1994), following the general procedure
described in B. Mutlu-Pakdil et al. (2018). The photometry was
calibrated to point sources in the DES DR2 catalog
(T. M. C. Abbott et al. 2021), including a color term, and was
corrected for Galactic extinction (E. F. Schlafly & D. P. Finkbeiner
2011) on a star-by-star basis. The typical color excess at the
position of the dwarfs is E(B — V) =0.014-0.015 mag (see
Table 1). In the remainder of this work, we present dereddened
8o and ry magnitudes, unless otherwise stated.

To determine our photometric errors and completeness as a
function of magnitude and color, we conduct artificial star tests
with the DAOPHOT routine ADDSTAR, similar to previous work
(B. Mutlu-Pakdil et al. 2018). Over several iterations, we
injected ~10° artificial stars into our stacked images with a
range of magnitudes (r = 18-29 mag) and colors (g — r= —0.5
to 1.5) and then photometered the simulated data in the same
way as the original images. The 50% (90%) completeness level
was at r=126.4, 26.3, 26.4 (25.4, 25.1, 25.5) and g=26.7,
26.7, 27.0 (25.5, 25.5, 25.9) mag for Sculptor A, B, and C,
respectively.

In Figure 3, we show the color—magnitude diagrams (CMDs)
of our three dwarfs within their half-light radius, r;, as derived
in Section 4.3. As can be seen, each dwarf has a clear but
sparsely populated RGB whose brightest stars are at different
magnitudes from dwarf to dwarf, likely indicating that these
systems are at different distances. We discuss the structure and
stellar populations of these new dwarfs in Section 4.

4. Dwarf Galaxy Physical Properties

In this section, we measure the physical properties of the
three newly discovered dwarf galaxies, using the deep Gemini
photometry, as well as archival HI and Galaxy Evolution
Explorer (GALEX) UV data sets. The properties we derive are
shown in Table 1.

4.1. Distance

As we will discuss in Section 4.2, the stellar populations of
all three dwarf galaxies exhibit sparsely populated, old, metal-
poor RGBs, with no other stellar population apparent (see
Figure 3). Because of this sparse population, with few stars
populating the brightest regions of the RGB, only one of the
three dwarfs displays a clear TRGB, which could be used for
measuring a distance (Sculptor C; see below). The Gemini data
are also not deep enough to obtain a distance based on the
horizontal branch or RR Lyrae stars although the first signs of a
horizontal branch may be visible in Sculptor A at the faintest
magnitudes, as we discuss below.

For consistency, we thus measure the distance to the three
dwarf galaxies using a CMD-fitting technique, comparing the
number of stars consistent with an old, metal-poor theoretical
isochrone as a function of assumed distance. A similar
technique has been used to measure the distance to many
Milky Way ultrafaint dwarf galaxies (e.g., S. M. Walsh et al.
2008; D. J. Sand et al. 2009), as well as Tucana B (D. J. Sand
et al. 2022). In our analysis, we use Dartmouth isochrones
(A. Dotter et al. 2008) with a 13.5 Gyr stellar population and
low metallicities ([Fe/H]= —2.5, —2.0, and —1.5.). For each



THE ASTROPHYSICAL JOURNAL LETTERS, 977:L5 (10pp), 2024 December 10 Sand et al.
Faint Dwarf Galaxy Properties
Parameter Sculptor A Sculptor B Sculptor C
o (J2000) 01:08:30.8 + 2”4 01:06:50.9 + 3”6 00:57:52.2 + 3”1
5o (J2000) —36:03:52.9 + 372 —35:04:39.0 + 277 —35:51:08.4 + 470
E(B — V) (mag) 0.015 0.015 0.014
m — M (mag) 25.65%933 26.987947 26.557919
Distance (Mpc) 1357522 248702 2041019
Rproj,NGC300 (kpC):l 109 123 67
Dspnaesoo (kpe)’ 66059 5004330 80"
My (mag) —69 £ 03 —8.1+03 —9.1 £ 0.1
Ly (Lo) *h x 10* (1.5793) x 10° (3759 x 10°
log(My/M.) 47 +0.1 5.1+0.1 57 +0.1
75, (arcsec) 168 + 42 204 +7.1 36.6 + 4.2
i (pc) 110 + 28 245 + 85 362 + 42
€ 034 +0.17 041 +0.22 024 +0.10
6 (deg) —11.5+ 175 133.1 +29.2 66.9 + 12.6
log(SFRNuv/MQ yril) <6.0 <53 <4.8
log(SFRpyy/M yr—h <6.3 <5.6 <6.0
log(My1/Ms) <53 <5.8 <5.6

Notes.
 Projected radius with respect to NGC 300 (D = 2 Mpc).
® 3D distance between dwarf galaxy and NGC 300 (D = 2 Mpc).

dwarf, we include all stars brighter than the 50% completeness
threshold and stars spatially coincident with the main body of
each dwarf (a radius of 0f3—0f5), assessed visually. Then, we
shift each isochrone fiducial through distance moduli (m — M)
between 25.0 and 28.0 mag (1.0 and 4.0 Mpc) in 0.025 mag
steps, counting the number of stars consistent with the
isochrone at that distance. A scaled background region at the
edge of the GMOS field of view is used to subtract off
contaminants for each distance modulus trial. For a given r,, a
star is considered consistent with the isochrone if its (g — 7)g
color is within a red/blue boundary derived from our
photometric uncertainties. The best distance corresponds to
the distance modulus that maximizes the number of stars
consistent with the isochrone after background removal. To
assess our uncertainties on the distance measurement, we
bootstrap (resample with replacement) both the input dwarf
stars and the background objects.

The fits to the [Fe/H] = —2.0 isochrone are excellent, as are
those for the [Fe/H] = —2.5 isochrone, while the best-fitting
[Fe/H] = —1.5 isochrones are slightly too red and do not
capture the shape of the observed RGB. For this reason, we
adopt the [Fe/H] = —2.0 distance in this work (see the second
left panel in Figure 3), with the range of best-fitting distance
values for the full metallicity set as our formal uncertainty. We
choose this metric for the reported uncertainty rather than the
results of the bootstrap analysis as the bootstrap uncertainties
are subdominant in comparison to the distance spread between
metallicities. We list these distances in Table 1.

As a check on our CMD-fitting results, we also found the
distance to Sculptor C using a standard TRGB distance
measurement technique. Here, we selected stars in the dwarf
consistent with the RGB and measured the luminosity
function of these stars, compared with a model luminosity
function convolved with our photometric uncertainties and
completeness as determined from our artificial star tests (see
D. Crnojevi¢ et al. 2019 for further details). Using a nonlinear
least-squares fit between model and data, we calculated a

TRGB magnitude of rrrgg = 23.58 £ 0.08 mag. This results
in a distance modulus of m — M =26.59 £ 0.13 mag (assum-
ing M™S® = _301 + 0.01, which does not include sys-
tematic or zero-point uncertainties; D. J. Sand et al. 2014) and
a distance of D = 2.08 £ 0.12Mpc. This value is nearly
identical to that determined through the CMD-fitting techni-
que described above, so we stick with the original measure-
ment for all three dwarfs, for consistency.

Interestingly, the distances to Sculptor A (D = 1357922 Mpc)
and Sculptor B (D = 2.48f8:§}1 Mpc) are not clearly consistent
with the distance to NGC 300 itself (D =2.0 Mpc), especially
given that Sculptor A and Sculptor B are roughly at the projected
virial radius of ~120 kpc. We return to this and the membership
status of the dwarfs in Section 5.1.

4.2. Stellar Population

The CMDs of all three dwarf galaxies appear to only consist
of an old, metal-poor stellar population (Figure 3). Any younger
blue stellar population either has few stars associated with it or is
below our detection limit. Many of the recently discovered faint
dwarf galaxies beyond the Local Group show distinct signs of
recent star formation (e.g., Leo P, K. B. W. McQuinn et al. 2015;
Antlia B, J. R. Hargis et al. 2020; Pavo, M. G. Jones et al. 2023)
although a growing subset also appears to be quenched, with
little to no recent star formation (e.g., Tucana B, D. J. Sand et al.
2022; Blobby, K. J. Casey et al. 2023; Hedgehog, J. Li et al.
2024). The mix of stellar populations of faint dwarf galaxies
in the “field” is a critical ingredient for understanding the
role of reionization, stellar feedback, and ram pressure from
the cosmic web in driving the evolution of the smallest
galaxies.

The distance to Sculptor A is near enough (D = 1.35 Mpc)
that we could plausibly have detected blue horizontal branch
stars. Given the distance, such a population would reside at
ro ~ 26.3mag and (g — r)o < 0 mag. Visual inspection of the
CMD in Figure 3 indicates that there may be an overdensity of
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Figure 3. Deep CMDs for our three dwarf galaxies based on Gemini GMOS
imaging data. For each plot, the left two panels display the CMD of the dwarf
within 1.0 r, (Section 4.3). Only point sources are plotted, as described in
Section 3. The far left panel shows the typical uncertainties at different r-band
magnitudes, while the dashed line marks the 50% completeness limit, both as
determined by artificial star tests. The center left panel overplots a 13.5 Gyr,
[Fe/H] = —2.0 isochrone (A. Dotter et al. 2008) at the distance determined by
our CMD-fitting technique (Section 4.1). The two panels on the right show
randomly selected background regions, chosen to be devoid of bright, saturated
stars. The background regions have different areal coverage for each dwarf so
that they are equivalent to that covered by the half-light radius.

stars in this region of color—magnitude space although the
contamination is high and photometric uncertainties are
significant. Space-based observations are necessary to confirm
this population.

To constrain any possible young stellar population in each
dwarf, we search for coincident UV emission with the
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GALEX (D. C. Martin et al. 2005) data archive. GALEX
data from the All Sky Survey are available for Sculptor A and
Sculptor B, while data from the Medium Imaging Survey
are available for Sculptor C (see L. Bianchi et al. 2017
for details). GALEX observations are sensitive to star
formation on <100 Myr timescales (J. C. Lee et al. 2011).
For our measurements, we adopt the methodology of
A. Karunakaran et al. (2021), using an aperture 1.337;, in
size (see Section 4.3) and placing down 1000 random
apertures throughout the GALEX field to assess flux
uncertainties (after masking bright objects). No flux was
detected for any of the three dwarf galaxies, and we use the
GALEX near-ultraviolet and far-ultraviolet flux limits to
determine star formation rate limits using the relations of
J. Iglesias-Paramo et al. (2006). See Table 1 for our 2o star
formation rate limits for each object. The star formation limits
are log(SFRnyv/M, yr—") < —4.8 and log(SFRyy/M, yr=") < —5.6
for all three dwarfs, which are more stringent than most UV
detections in satellite galaxies around Milky Way-like
galaxies (e.g., A. Karunakaran et al. 2021). While there is
no recent star formation among the dwarfs, future space-based
observations are necessary to characterize any faint, inter-
mediate-age population (=500 Myr; e.g., D. R. Weisz et al.
2014b).

4.3. Stellar Structure, Luminosity, and Stellar Mass

To measure the structural parameters of these sparse stellar
systems, we fit an exponential profile to the two-dimensional
distribution of stars consistent with the RGB in each system,
using the maximum likelihood technique of N. F. Martin et al.
(2008), as implemented in D. J. Sand et al. (2012). Stars
throughout the GMOS field that are consistent with the best-
fitting Dartmouth isochrone and distance are used in the
analysis (see Section 4.1). The free parameters for the
exponential fit are the central position (ayq, dg), position angle
(0), ellipticity e, half-light radius (r;), and a constant back-
ground surface density. Uncertainties are calculated using a
bootstrap resampling analysis, with 1000 iterations. The
maximum likelihood technique employed naturally accounts
for portions of the image where point sources would be
undetectable, such as the bad amplifier (mentioned in
Section 3) and the bright star coincident with the main body
of Sculptor C (see Figure 1). The results of the structural
analysis are presented in Table 1. The dwarfs are ~100-360 pc
in size (as characterized by the half-light radius) and have
moderate ellipticities (e ~ 0.2-0.4), which are all typical values
for faint dwarf galaxies, as we will discuss in Section 5.

To measure the luminosity of the three dwarf galaxies, we
employ the technique of N. F. Martin et al. (2008) in the “CMD
shot noise” regime, when the presence or absence of individual
stars in the upper regions of the RGB can significantly affect
the overall luminosity. To do this, we produce a well-populated
CMD using a 13.5 Gyr, [Fe/H] = —2 stellar population with a
Salpeter initial mass function, convolving the stellar population
with the photometric uncertainties and completeness derived
from our artificial star tests. From this simulated CMD, we
randomly draw the same number of stars as was found in our
maximum likelihood analysis (which can account for missing
areas of data such as the bright star in Sculptor C), and to this
luminosity, we add the luminosity in the simulated population
below our detection limit. We repeat this process 100 times,
using the median and standard deviation as our final absolute
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magnitude and uncertainty, including the distance uncertainty,
into the final estimation. We convert to V-band magnitudes
using the filter transformation of K. Jordi et al. (2000).
Absolute magnitudes and luminosities in the V band are quoted
in Table 1.

Finally, to estimate the stellar mass of each object, we use
the g — r color and magnitudes to determine the stellar-mass-
to-light ratio using the T. Into & L. Portinari (2013) relation.
The stellar masses closely track the V-band luminosity, as
expected for old metal-poor stellar populations; see Table 1 for
our derived values.

4.4. Gas Content

None of the three dwarfs are detected in HI line emission in
the HI Parkes All Sky Survey (HIPASS; D. G. Barnes et al.
2001), suggesting that they are not gas rich. To determine
upper limits on the HI masses of the dwarfs, we use the
Galactic All Sky Survey (GASS; N. M. McClure-Griffiths et al.
2009; P. M. W. Kalberla et al. 2010; P. M. W. Kalberla &
U. Haud 2015), which is more sensitive than HIPASS, but only
has data within the velocity range —500 < v/km s < 500.
Given the radial velocity of NGC 300 (140 km sfl) and the
distance estimates to the three dwarfs, this range is likely more
than sufficient, but a caveat to our upper limits below is that
they would not apply for v > 500kms~'. We also cannot be
certain (without a prior velocity measurement) that HI line
emission from the dwarfs is not hidden within MW emission.

We downloaded GASS spectral line cubes®' for each dwarf
and extracted a spectrum over 3 X 3 spatial pixels, centered on
each target. We inspected these spectra (and the cubes) at
spectral resolutions of 5 and 25kms™' but saw no significant
emission features other than the MW and high-velocity clouds.
We measured the rms noise at 25kms ™' resolution for each
dwarf, and assuming 25km s~! as a conservative fiducial
velocity width, we estimated the 30 upper limits in each case.
These limits are given in Table 1. More stringent gas limits will
be necessary to verify that these systems are truly gas free
(down to My /Ly ~ 1; e.g., M. E. Putman et al. 2021).

5. Discussion

The three dwarf galaxies in this work are among the faintest
quenched dwarfs discovered outside the Local Group. In this
section, we discuss whether they are plausible satellites of
NGC 300 and their environment more generally. From there,
we compare the dwarfs to other systems in low-density
environments outside the Local Group and Magellanic Cloud
analogs.

5.1. Environment and NGC 300 Membership Status

The original goal of our visual search was to identify
satellites of the LMC analog NGC 300. However, based on the
measured distances and projected radii of our three new dwarfs,
we must first assess whether they are likely satellites or
foreground /background systems.

We plot the projected radial distribution of the three dwarfs
with respect to NGC 300 in Figure 2, along with the only other
known galaxy within the extended virial region of NGC 300,
ES0294-010. First, two out of three of the dwarfs (Sculptor A
and Sculptor B) are near the projected virial radius of

2 https: //www.astro.uni-bonn.de/hisurvey /gass /index.php

Sand et al.

NGC 300, with RpoinGe3o0 = 109 and 123 kpe, respectively.
The third dwarf, Sculptor C, has a projected radius of
RprojNac3oo = 67 kpe, and given it has a distance consistent
with NGC 300 itself, we confidently assert that it is very likely
to be a satellite.

Not only are Sculptors A and B in the projected outskirts of
NGC 300, their distances also indicate that they may not be
associated with the galaxy. At ~1.35 Mpc, Sculptor A has a
3D distance of D3p NnGc3o0 = 660f§(2)0 kpc, meaning it is at
least 237 I'yvir, NGC300 assuming a nominal I'vir, NGC300 =
120 kpc. Similarly, Sculptor B (at D ~ 2.48 Mpc) has a
3D distance from NGC 300 of Dspnceaoo = 500134 kpe,
or 2 2.3 ryirNGe 300- Based on these distances, we suggest that
both systems are not associated with NGC 300.

Despite the assessment that Sculptor B is not associated with
NGC 300, several caveats are worth mentioning. First, it is still
plausible that Sculptor B is a backsplash system of NGC 300,
where the expectation is that such systems will be at <2.5 r;,
(M. Teyssier et al. 2012; B. Diemer & A. V. Kravtsov 2015;
T. Buck et al. 2019; E. Applebaum et al. 2021). Recent work
suggests that extreme backsplash systems at larger radii are
possible; a future velocity measurement of Sculptor B will help
distinguish between scenarios (see I. M. E. Santos-Santos et al.
2023 for a discussion of the Tucana dwarf). It is also true that
little theoretical /numerical work on the backsplash systems of
Magellanic Cloud-scale halos has been done. Such studies will
be useful as near-future discoveries of faint dwarfs become more
common. Finally, it is also the case that the virial radius of NGC
300 is not directly measurable and highly uncertain, making an
assessment of Sculptor B's status even more difficult.

To investigate the environment of the new Sculptor dwarfs
further, we plot their positions (along with other Local Volume
dwarfs) on two projections of the supergalactic coordinate system
in Figure 4. On the plot, we also highlight other recently discovered
nearby dwarf galaxies in low-density and isolated environments. In
this view, Sculptor A clearly appears in the foreground to NGC
300 and associated galaxies. The WLM galaxy is marginally closer
to Sculptor A than NGC 300 (=630kpc) although they are
consistent within the uncertainties. In this sense, Sculptor A is very
similar to Tucana B, at a similar distance to the Milky Way and its
nearest neighbor (IC 5152 at ~620 kpc).

The LMC-mass galaxy NGC 55 (D =~ 2Mpc) is a nearby
neighbor to NGC 300, located to the west just outside the
projected field of view of Figure 2. NGC 55 and NGC 300 are
sometimes considered part of the same overall group of
galaxies (e.g., A. W. McConnachie 2012). Interestingly, all
three newly discovered Sculptor dwarfs are arrayed on one side
of NGC 300 (in projection), in the direction opposite to that of
NGC55. Given the range of distances in the new Sculptor
dwarfs, there is no evidence for planar structure although future
refined distance measurements are necessary.

The quenched Sculptor dwarfs join a rapidly growing list of
nearby, relatively isolated dwarf galaxy systems that span a
range of star formation properties. They offer an opportunity to
understand what drives star formation and quenching in
systems far from a massive perturbing galaxy.

5.2. Comparisons with Dwarfs in Low-density Environments

We plot the size—luminosity relation of faint dwarf galaxies
around the Milky Way in Figure 5, along with several other
quenched dwarfs in isolated or low-density environments.
These include the putative ultrafaint satellites of the LMC
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Figure 4. A map of nearby galaxies in supergalactic coordinates, illustrating the environment of Sculptors A, B, and C. Left: the supergalactic X — Y. Sculptors A, B,
and C are shown, along with their appropriately scaled distance uncertainties. It is clear that Sculptor A and Sculptor B are in front of and behind NGC 300,
respectively, in this projection. We show several other dwarfs in low density or isolated environments for reference: Corvus A (M. G. Jones et al. 2024); Leo P
(R. Giovanelli et al. 2013); Eridanus II (D. Crnojevic¢ et al. 2016b); Antlia B (D. J. Sand et al. 2015a); GALFA-Dw4 (P. Bennet et al. 2022); Tucana B (D. J. Sand
et al. 2022); Pavo (M. G. Jones et al. 2023); and Hedgehog (J. Li et al. 2024). Gray points are taken from the compilations of 1. D. Karachentsev et al. (2004) and
I. D. Karachentsev & E. I. Kaisina (2019). We also mark NGC 300 and the WLM galaxy, which are both mentioned in the text. Right: we show the supergalactic

X — Z plane and the local plane of galaxies.

(Reticulum II, Phoenix II, Horologium I, Hydrus I, Carina II,
and Carina III; see, e.g., G. Battaglia et al. 2022), dwarfs
associated with Magellanic Cloud analogs (MADCASH-1 and
MADCASH-2; J. L. Carlin et al. 2021), several dwarfs at the
edge of the Local Group (Tucana, Cetus, and Eridanus II), and
even more isolated systems (Tucana B and Hedgehog). Overall,
Sculptors A, B, and C are consistent with the size—luminosity
relation of faint dwarfs in these various environments although
surveys outside the Local Group do not have sensitivity to the
ultrafaint dwarfs that are associated with the LMC.

Sculptor C (My, = —9.1 mag; r, = 362 pc) can be compared
directly to recent faint dwarf galaxy discoveries around
Magellanic Cloud analogs, given its very likely status as
an NGC 300 satellite. Here MADCASH-2 (M, =-9.2;
r,=130pc), associated with NGC 4214, is approximately
the same Iluminosity but more compact. MADCASH-1
My =—-17.8; r,=180pc; associated with NGC 2403) is a
significantly fainter system (physical parameters for both
dwarfs are from J. L. Carlin et al. 2021). Interestingly, Hubble
Space Telescope data of MADCASH-2 show evidence for a
small amount of recent star formation (<1.5Gyr). Similar-
quality data will be necessary to further investigate small
amounts of recent star formation in our dwarf sample.

The known satellites of the Small Magellanic Cloud
(SMC)-like galaxy NGC 3109 (My~ —15, D~ 1.28 Mpc;
A. W. McConnachie 2012) offer another point of comparison.
Both Antlia (My, = —10.4) and Antlia B (My = —9.4 mag) have
neutral gas reservoirs and notable recent star formation
episodes (e.g., D. R. Weisz et al. 2011; D. J. Sand et al.
2015a; J. R. Hargis et al. 2020), in contrast to Sculptor C and
the MADCASH dwarfs, although their greater masses may also
contribute to their ability to retain gas in an SMC-like
environment. Going forward, building a sample of satellite
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Figure 5. Absolute magnitude as a function of half-light radius of Sculptor A,
B, and C. We also plot a variety of quenched dwarf galaxies in low-density
environments. These include quenched dwarfs in the outskirts of the Local
Group (Cetus: A. W. McConnachie & M. J. Irwin 2006; Tucana: 1. Saviane
et al. 1996; Eri II: D. Crnojevi¢ et al. 2016a; J. D. Simon et al. 2021); in
isolated environments (Tucana B: D. J. Sand et al. 2022; Hedgehog: J. Li
et al. 2024); around Magellanic Cloud analogs (MADCASH-1 and 2;
J. L. Carlin et al. 2021); and the LMC itself (Reticulum II: B. Mutlu-Pakdil
et al. 2018; Phoenix II: B. Mutlu-Pakdil et al. 2018; Horologium I: H. Richstein
et al. 2024; Carina II: G. Torrealba et al. 2018; Carina III: G. Torrealba
et al. 2018, Hydrus I: S. E. Koposov et al. 2018). Also plotted are the dwarf
satellites of the Milky Way for context (see the Local Volume database:
https://github.com/apace7 /local_volume_database).

properties in the SMC-to-LMC-mass range may shed light on
the effectiveness of ram-pressure stripping around lower-mass
halos (see C. T. Garling et al. 2024 for a recent discussion).
Sculptor A is most similar to Tucana B in several respects,
including the fact that they are the only two isolated,
quenched ultrafaint dwarf galaxies known. Both systems are
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~1.4Mpc from the Milky Way (4.5 ryimw, assuming
rvirmw = 200-300 kpc), likely too distant to be backsplash
systems (e.g., M. Teyssier et al. 2012; T. Buck et al. 2019;
E. Applebaum et al. 2021). They have very similar
luminosities (My= —6.9; Ly =5 X 104L@) and sizes within
the uncertainties. The two systems also share a lack of young
stars and neutral hydrogen gas although this needs to be
confirmed by deeper follow-up observations. Sculptor A, like
Tucana B, likely has a low enough stellar mass to have been
significantly affected by reionization and internal feedback in
the early Universe (M, < 10° °M_.; e.g., E. Applebaum et al.
2021).

Finally, Sculptor B (My= —8.1mag) appears to be a
brighter, more distant version of Sculptor A. It is somewhat
fainter than the Milky Way satellites Draco (My = —8.7 mag;
R. R. Muiioz et al. 2018) and Canes Venatici I (M, = —8.8
mag; R. R. Mufioz et al. 2018) and significantly fainter than the
Cetus and Tucana dwarfs, which are both suspected to be
backsplash systems of the Milky Way. If Sculptor B is a distant
backsplash system of NGC 300, it would be among the faintest
examples of this class and provide a unique opportunity to
study such systems around an LMC analog. If, however, it is
unassociated with NGC 300, it is another candidate to be
strongly affected by reionization or stellar feedback.

6. Conclusions and Implications

We have presented the discovery of three faint and ultrafaint
dwarf galaxies in the direction of NGC 300, an isolated LMC
analog. Deep Gemini GMOS follow-up imaging resolved each
dwarf into stars, allowing us to determine their distance,
luminosity, structure, and basic star formation properties. The
dwarfs range in distance from =1.3 to 2.5Mpc and have
absolute magnitudes ranging from the ultrafaint regime (Sculptor
A; My=-69mag) to the faintest “classical” dwarfs
(My = —8.1 and —9.1 mag for Sculptors B and C, respectively).
All three dwarfs appear quenched, with an exclusively old stellar
population, and no detectable HI gas reservoir or GALEX UV
emission.

Interestingly, only one out of three of the dwarfs is clearly
associated with NGC 300 itself, Sculptor C (D =2.04 Mpc;
My = —9.1 mag). The presence of Sculptor C is consistent with
initial results from surveys searching for the faint satellite
populations of Magellanic Cloud-analog systems (e.g.,
J. L. Carlin et al. 2016; J. L. Carlin et al. 2021; M. McNanna
et al. 2024) although it is possible that the present search
missed other dwarf galaxy candidates. In the near future, the
DECam Local Volume Exploration Survey (A. Drlica-Wagner
et al. 2021, 2022) will perform a systematic search for faint
dwarf satellites around NGC 300 (and several other Magellanic
Cloud-mass systems) in order to robustly constrain the
population and compare it with expectations from cosmological
simulations and the LMC itself.

Meanwhile, both Sculptor A and B are extremely faint,
quenched dwarf galaxies in isolated environments (3.7 rvi.NnGC300
and 2 2.3rnGesoo from NGC 300, respectively). It is possible
that these systems are extreme backsplash systems (see discussion
in . M. E. Santos-Santos et al. 2023) and that their lack of gas and
recent star formation is due to ram-pressure or tidal stripping during
a close passage with a larger galaxy. Recent simulations have
suggested that some backsplash systems may be evident out to
~3-4 ry (e.g, J. A. Benavides et al. 2021) although similar
simulations should be run for Magellanic Cloud—mass systems. To
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investigate this further, a velocity measurement of these dwarfs is
necessary, along with further distance constraints.

If one or both of Sculptors A and B are not backsplash
systems, then other mechanisms must be invoked to explain the
lack of star formation and neutral gas. Isolated field dwarfs with
M, > 10’M_, are almost all star-forming systems (M. Geha
et al. 2012), but below this threshold, the quenched fraction is
220% both in observations (C. T. Slater & E. F. Bell 2014) and
simulations (e.g., C. R. Christensen et al. 2024). Without an
interaction with a massive galaxy, Sculptor A or B may have
been quenched by reionization and/or internal feedback (i.e.,
star formation or supernova feedback), which is seen in
simulations of field dwarf galaxies (e.g., M. Jeon et al. 2017,
M. P. Rey et al. 2020; E. Applebaum et al. 2021). Observations
of the ultrafaint dwarfs of the Milky Way lend support to this
picture (T. M. Brown et al. 2014; D. R. Weisz et al. 2014a;
E. Sacchi et al. 2021; K. B. W. McQuinn et al. 2024) although
the confounding effects of ram-pressure and tidal stripping
complicate the interpretation. Confirming this picture for field
dwarfs would be a strong verification of galaxy formation
models at the lowest-mass scale.

Future H 1, spectroscopic, and space-based data are needed to
further understand the Sculptor dwarfs A, B, and C. A faint,
extended gas reservoir, possibly offset from the optical
emission, may signal the reaccretion of gas after reionization
(e.g., M. P. Rey et al. 2022), and deep James Webb Space
Telescope observations down to the oldest main-sequence
turnoff would reveal the earliest epoch of star formation (e.g.,
D. Weisz & M. Boylan-Kolchin 2019). Bulk velocity
information will shed light on the orbital and interaction
history of the dwarfs as well.

Many more faint and ultrafaint dwarf galaxies are predicted
at the edges of the Local Group and in nearby, low-density
environments (E. J. Tollerud & J. E. G. Peek 2018), but initial
efforts to find them have not always been successful (e.g.,
D. J. Sand et al. 2015b; E. J. Tollerud et al. 2015). Several
upcoming programs such at Euclid (Euclid Collaboration et al.
2024), the Roman Space Telescope (R. Akeson et al. 2019),
and the Rubin Observatory Legacy Survey of Space and Time
(Z. Ivezi€ et al. 2019) are sure to find many more examples in
the years ahead (e.g., M. K. Rodriguez Wimberly et al. 2019;
B. Mutlu-Pakdil et al. 2021), which will provide demographic
properties across environments.
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