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ABSTRACT

Dwarf galaxies in groups of galaxies provide excellent test cases for models of structure formation. This led to a so-called small-scale
crisis, including the famous missing-satellites and too-big-to-fail problems. It was suggested that these two problems can be resolved
by introducing baryonic physics to cosmological simulations. We tested the nearby grand spiral M 83 — a Milky Way sibling — to
determine whether its number of dwarf galaxy companions is compatible with today’s A cold dark matter model using two methods:
with cosmological simulations that include baryons and with theoretical predictions from the subhalo mass function. By employing
distance measurements, we recovered a list of confirmed dwarf galaxies within 330 kpc of M 83 down to a magnitude of My = —10.
We find that both the state-of-the-art hydrodynamical cosmological simulation Illustris-TNGS50 and theoretical predictions agree with
the number of confirmed satellites around M 83 at the bright end of the luminosity function (>108 solar masses) but underestimate it at
the faint end (down to 10° solar masses) at more than 30~ and 5o levels, respectively. This indicates a too-many-satellites problem for
M 83 in the A cold dark matter model. The actual degree of tension with cosmological models is underestimated because the number

of observed satellites is incomplete due to the high contamination of spurious stars and Galactic cirrus.
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1. Introduction

In the past few years, the task of improving and extending the
census of dwarf galaxies in the nearby universe has received
an immense boost. This is thanks to the development and
improvement of instruments and facilities (e.g., Abazajian et al.
2003; Meyeretal. 2004; Gwyn 2008; Baconetal. 2010;
Abraham & van Dokkum 2014; Miyazaki et al. 2018; Dey et al.
2019) as well as the general interest in these objects in the
context of cosmology and galaxy formation (e.g., Kroupa et al.
2010; Crnojevié¢ et al. 2012; Duc etal. 2015; Weinberg et al.
2015; Bulletal. 2016; Bullock & Boylan-Kolchin 2017,
Helmi et al. 2018; van Dokkum et al. 2018; Saifollahi et al.
2021; Pawlowski 2021; Sales et al. 2022; Kanehisa et al. 2023a;
Miiller et al. 2023). The dwarf galaxy abundance gives valuable
insights into models of structure formation. The apparent
discrepancies between the number of subhalos predicted by
dark-matter-only cosmological simulations and the observed
Milky Way satellites, namely the missing-satellite problem
(Moore et al. 1999; Tollerud et al. 2008) and the too-big-to-fail
problem (Boylan-Kolchin et al. 2011; Garrison-Kimmel et al.
2014), has pushed the community to improve our understanding
of the role of baryons within galaxies (Simon & Geha 2007;
Wetzel et al. 2016). Today, the observed luminosity function
(LF) of the Milky Way and Andromeda satellites can be
reproduced by cosmological simulations when baryonic effects
such as supernova feedback are included (Sawala et al. 2016;
Simpson et al. 2018; Revaz & Jablonka 2018). However, the
question remains as to whether these results are valid outside

of the Local Group, especially because the Local Group was
used to calibrate the baryonic effects, making these successes
not independent from the observations. Other problems, such
as a tension in the motion and distribution of the satellites
around the Milky Way and Andromeda, are still open to debate
(Ibata et al. 2013; Libeskind et al. 2015; Pawlowski 2018, 2021;
Sawala et al. 2023).

To see how typical our Local Group is, dwarf galax-
ies in other nearby groups need to be discovered and their
memberships to the host galaxies have to be accurately
established. This is a major undertaking. The membership
determination requires the identification of small, low-surface-
brightness galaxies and accurate distance measurements for
them (Carlsten et al. 2022). However, getting this distance
information is observationally expensive at the faint end of
the LF, especially when there is a large number of dwarf
galaxy candidates to follow up on (e.g., Chiboucas et al. 2009;
Javanmardi et al. 2016; Miiller et al. 2018a; Habas et al. 2020;
Crosby et al. 2023). Using the tip of the red giant branch
(TRGB; Da Costa & Armandroff 1990; Lee etal. 1993) as a
standard candle, it takes one orbit per target for galaxies
within <10 Mpc with the Hubble Space Telescope (HST; e.g.,
Karachentsev et al. 2007; Chiboucas et al. 2013; Crnojevic et al.
2019), or several hours of observation with ground-based 8-
meter-class telescopes, such as the Very Large Telescope (VLT;
see, e.g., Bird et al. 2015). Determining distances via the period—
luminosity relations (Leavitt & Pickering 1912) of variable stars
that can be used as distance indicators is more difficult due to the
need for multi-epoch observations combined with the paucity
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(or absence) of young Cepheid variables and the faint magni-
tudes of RR Lyrae in dwarf galaxies. RR Lyrae in particular are
only observable out to distances of about 2 Mpc with the HST
(Da Costa et al. 2010). Type II Cepheids are brighter and can
thus be observed to slightly larger distances in dwarf galaxies
that host intermediate-age and old stellar populations. However,
they are less numerous than RR Lyrae and have so far only been
studied within the Local Group (Bhardwaj 2020). Beasley et al.
(2024) recently suggested that the velocity dispersion of globular
clusters is an excellent distance indicator, on par with the TRGB.
Their independent measurement of the distance to Centaurus A
(Cen A) is consistent with previous distance estimates based on
other distance indicators. However, getting high-resolution spec-
troscopy for globular cluster systems is an expensive undertaking
and may not always be feasible.

Another way to measure distances — which is currently
only accurately applicable for early-type galaxies — is the sur-
face brightness fluctuation (SBF) method (Tonry & Schneider
1988). While not as accurate as the TRGB method, it can be
used on sufficiently deep images to estimate the distance and,
with that, the membership of the dwarf galaxies to a potential
host. With this technique, several of the dwarf galaxy candi-
dates found around M 101 (Javanmardi et al. 2016; Miiller et al.
2017b; Bennet et al. 2017) could either be confirmed or excluded
(Carlsten et al. 2019b). Carlsten et al. (2022), exploiting pub-
lic data, successfully extended this SBF analysis to other giant
galaxies in the nearby universe, showing that the SBF method is
a serious alternative for confirming or rejecting the membership
of dwarf galaxies in group environments. However, we also note
that when it comes to precise distance measurements, the SBF
method may fail (see, e.g., Jerjen & Rejkuba 2001 for a direct
comparison of the SBF and TRGB distance measurements of
the same dwarf galaxy).

In terms of cosmological predictions, the abundance of dwarf
galaxies in nearby groups has been addressed in a few recent
studies. Around M 94 — a giant spiral galaxy at the heart of
the Canes Venatici I cloud — an apparent lack of dwarf galaxy
satellites was found (Smercina et al. 2018). Employing a deep
imaging campaign with the Hyper Suprime Cam and resolv-
ing the upper part of the red giant branch, Smercina et al.
(2018) surveyed the 150kpc vicinity around M 94 and found
only two satellites. Their membership was established via the
TRGB method. This is in stark contrast to the expected number
of satellites of five to ten, reviving the missing-satellite prob-
lem. On the other hand, for Cen A — a giant elliptical galaxy
that has been the subject of several dedicated deep surveys
(Crnojevic¢ et al. 2014, 2016, 2019; Miiller et al. 2017a, 2019,
2021; Taylor et al. 2017, 2018) — the LF within 200kpc of
Cen A is compatible within 20~ with cosmological simulations
that include baryonic physics (Miiller et al. 2019). Similarly,
for low-mass host galaxies in the local galactic neighborhood,
as well as the high-redshift universe, the LF agrees well
with cosmological predictions, when biases in observations are
taken into account (Miiller & Jerjen 2020; Roberts et al. 2021).
Carlsten et al. (2021) used the stellar—halo mass relation to pre-
dict the number of satellites for 12 giant galaxies in the nearby
universe (including Cen A and M 94) and compared it to obser-
vations. They found a large scatter in the LF, which is in agree-
ment with cosmology, but pointed out that on the bright and faint
ends there are more observed dwarfs than expected. Crosby et al.
(2023) investigated the LF of NGC 2683 and other nearby giant
galaxies with respect to the brightest dwarfs. Studying the mag-
nitude gap between the host galaxy and the brightest satellite,
they find that three out of six systems have a larger magni-
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tude gap than expected from cosmological simulations (namely
TNG100 of the Ilustris suit of simulations; Springel et al. 2018),
meaning that the brightest satellites may be missing.

These ambiguous results demonstrate the urgent need for
complete dwarf galaxy samples within nearby galaxy groups
to study the abundance of satellites. Here, we present a cen-
sus of the spiral galaxy M 83 (NGC 5236) — also known as the
Southern Pinwheel Galaxy — which is one of the closest neigh-
bours to our Local Group. This late-type galaxy is at a dis-
tance of D ~ 4.9 Mpc (Herrmann et al. 2008) and with Cen A at
D = 3.8 Mpc (Rejkuba 2004) forms the Centaurus group, which
is similar to the Local Group. Several of Cen A’s satellite mem-
bers are in projection closer to M 83; thus, there is a potential
for confusion, which requires distance measurements to resolve.
The mass of M 83 has been studied by different groups. Recently,
the velocity of the flat part of the rotation curve (tracing its mass)
was updated from v, = 150kms™' (Kamphuis et al. 2015) to
Ufiae ~ 190kms™! (Dykes et al. 2021). This is compatible with
the rotation curve of the Milky Way, indicating that the two sys-
tems have similar masses and should therefore follow the same
scaling relations when it comes to the number of expected dwarf
galaxy satellites (Javanmardi et al. 2019).

2. Luminosity function of the M 83 group

The MS83 group has 13 confirmed dwarf galaxies and eight
unconfirmed dwarf galaxy candidates within a projected sep-
aration of 330kpc (Miiller et al. 2015). The most distant con-
firmed M 83 satellite — KK 195 — is at a projected distance
of =330kpc. Several dwarf galaxy candidates (Miiller et al.
2015) are within this radius. These candidates are: dw1326-
29, dw1329-32, dw1330-32, dw1334-32, dw1335-33, dw1336-
32, dw1337-33, and dw1337-26 (Miiller et al. 2015), as well as
an additional dwarf galaxy candidate — dw1341-29 — that we
serendipitously discovered while exploring the NOAO Science
Archive. To determine the magnitude of dw1341-29, we fitted
an exponential profile using Galfit. For all the unconfirmed dwarf
galaxy candidates, we applied the SBF method to measure their
distance and confirm or reject their memberships to M 83.
While in the NOAO Science Archive there is not a deep homo-
geneous dataset covering the whole 330kpc, there are several
pointings that we used to test whether we could determine a SBF
signal for the dwarf candidates. In the following we discuss each
candidate with respect to its potential SBF signal. The dwarf
candidates dw1334-32 and dw1335-33 are too faint and have a
too-low surface brightness to allow their SBF to be measured;
therefore, we removed them from our confirmed dwarf galaxy
list. However, they were already listed as unlikely candidates in
Miiller et al. (2015) and are likely false positives — neither are vis-
ible in deeper images from the Dark Energy Camera Legacy Sur-
vey (DECaLS; Dey et al. 2019), and dw1335-33 has a suspicious
edge in the luminosity distribution in Fig. 2 of Miiller et al. (2015)
and may be an artifact coming from the stacking of the individual
exposures. Each of the remaining candidates has combined expo-
sure times ranging from 1310 to 28 285 sin g, r, or i. These stacked
exposures are deep enough to test whether there is a SBF signal
consistent with a membership to the M 83 group. To measure the
SBEF, we followed the steps suggested by Carlsten et al. (2019a).
Only the dwarf galaxy candidate dw1341-29 shows a sign of being
resolved. Its morphology and fluctuation signal resemble those
of the two dwarf spheroidals dw1335-29 and dw1340-30 (see
Fig. 1), which have been confirmed with HST and VLT observa-
tions (Carrillo et al. 2017; Miiller et al. 2018b). This dwarf galaxy
candidate must therefore be a nearby object. The dwarf galaxy
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Fig. 1. Color-composite images of previous dwarf galaxy candidates of M 83 that have an optical counterpart in deeper images. The galaxies that
feature an SBF are labeled in green and objects without any SBF signal in red.

candidate dw1337-26 looks to be part of a ring of scattered light
and is therefore an artifact. The dwarf candidate dw1336-32 is part
of a cirrus patch. The central part of this cirrus appears as a dis-
tinct, round feature, resembling the morphology of a dwarf galaxy.
However, faint, adjacent cirrus patches stretching out toward the
north and the southeast are clearly visible (see Fig. B.1). For the
rest, we can confirm that there is no visible SBF signal, mean-
ing that they are real objects but background galaxies that do
not belong to Cen A or M 83. This is consistent with recent HI
observations that covered the region around M 83 and shows that
dw1328-29 — a previously listed dwarf galaxy candidate of M 83
(Miiller et al. 2015) — is a background dwarf galaxy (For et al.
2019). All of these candidates, together with the two previously
confirmed dwarf spheroidals, are shown in Fig. 1.

The previous assessment of a potential SBF signal leaves us
with a census of 13 confirmed dwarf galaxies within 330 kpc of
M 83 down to at least —10 mag. In Table A.1 we compile all con-
firmed dwarf galaxies of M 83, and in Fig. 2 we show their on-sky
distribution. We further show their line-of-sight velocities, which
are all within £100km s~! of M 83’s velocity, which can serve as
another means of establishing memberships to the group. Spe-
cial attention is required for the tidally disrupted dwarf KK 208.
This object is a stream with an estimated baryonic mass of
1.0 x 103 M, (Barnes et al. 2014), corresponding to a V-band
magnitude of ~—15.9. This puts it among the brightest satellites
in M83. When comparing the M83 satellite system with sim-
ulations, we tested the results by including and excluding this

system. We note that the results described in the next section do
not change if we include or exclude KK 208.

3. Comparison to ACDM models

Next we compared the observed LF of the M 83 to the predicted
number of satellites based on A cold dark matter (CDM) galaxy
formation models using two different methods, that is, (a) using a
state-of-the art hydrodynamical cosmological simulation and (b)
using theoretical predictions from the subhalo mass function.

3.1. lllustris-TNG50

First we used the publicly available z 0 galaxy cata-
logs (Nelson et al. 2019) from the TNG50-1 simulation of the
lustris-TNG project, a large-scale cosmological simulation that
includes hydrodynamics. This run has a box size of 51.7 Mpc
and a dark matter particle mass mpy = 4.5 X 107 solar masses.
For the comparison, we followed the same approach as for Cen A
(Miiller et al. 2019). Based on the flat part of the rotation curve
of M 83, the baryonic Tully-Fisher relation (McGaugh 2005)
yields a baryonic mass of 0.7x10!! solar masses. We selected the
halo primaries within a baryonic mass range of 0.6x 10'' < M <
1.0 x 10'"; this is slightly skewed toward higher masses, which
will result in a larger number of identified subhalos in the sim-
ulation but allows us to get a statistically more significant sam-
ple. This mass range is also consistent with the estimation of the
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Fig. 2. Field around M 83. The large dot corresponds to M 83 and the
small dots to confirmed dwarf galaxies. In color are dwarf galaxies with
velocity measurements, in gray without. The thin circle corresponds to
the virial radius of M 83 and the large circle to 330 kpc.

baryonic content estimated from the K-band luminosity (0.43 x
10" solar masses; Karachentsev et al. 2013) and HI content
(0.24 x 10" solar masses; Huchtmeier & Bohnenstengel 1981)
and includes the baryonic mass estimation of the Milky Way
(Cautun et al. 2020). We excluded all hosts that have another
galaxy of the same or higher mass within 700 kpc to avoid com-
pact groups or cluster environments. This gives us 146 isolated
M 83 analogs. We then mock-observed these analogs by putting
them at a distance of 4.9 Mpc with a random orientation. We
excluded all subhalos falling within 0.2 degrees of the center,
the optical diameter of M 83, which would obfuscate any poten-
tial dwarf galaxy present in this region. We constructed satellite
catalogs by selecting all subhalos within 330 kpc, which cor-
responds to the farthest projected M 83 satellite distance, and
within a depth of 350 kpc along the line of sight. This latter value
was chosen to correspond to the observed line-of-sight depth in
our sample, corrected for the typical distance uncertainties, and
ensures no overlap with the satellite system of another nearby
host given our 700 kpc isolation criterion.

The results from our comparison of the LF to Illustris-
TNGS50 are shown in Fig. 3. For three of the analogs, we did
not observe any satellite brighter than My = —10 whatsoever.
Another two have only one such satellite. Most of the simulated
analogs have several satellite galaxies within the detection vol-
ume, but overall their number is lower than that of the confirmed
observed satellite galaxies. When compared to the observations,
this means that the number of predicted subhalos in the simula-
tion is typically lower than the observed LF. However, there are
still a few M 83 analogs at higher masses that have similar LFs
at the bright end (My < —15). In Fig. 3 we provide the percent-
age of analogs that have a higher abundance of satellites in the
simulation than observed, given at the luminosity steps of every
observed satellite. At the bright end, the observed and expected
LFs agree well, within 1o-. However, this quickly changes at the
faint end. The discrepancy is largest between My = —14 mag and
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Fig. 3. Observed LF of M 83 (red line) compared to its Illustris-TNG50
analogs, with each analog corresponding to a gray line. The 1, 2, and 30
confidence intervals are indicated with the green areas. The red num-
bers indicate the percentage of analogs that have more satellites than
the observed one at a given step. Also shown is the Milky Way LF
(blue), including (straight) and excluding (dashed) the rare Magellanic
Clouds (MC). While the Milky Way LF without the MC is consistent
with expectations from Illustris-TNGS50, the M 83 LF deviates by more
than 30

My = —12mag, where it is in tension with the simulated analogs
by over 30 This is intriguing because the observed LF is based
on a shallow dwarf galaxy survey (Miiller et al. 2015), meaning
that the abundance of dwarf galaxies in this part of the LF is
likely underestimated — some dwarf galaxies around M 83 may
be hidden. Miiller et al. (2015) injected artificial galaxies into
the survey data and found that even at the bright end of the LF,
only 80 percent of the artificial galaxies were rediscovered. This
is due to the high density of stars and contamination of Galactic
cirrus patches, making the detection of potential dwarf galaxies a
hard task. This means that in our work here we may even under-
estimate the real discrepancy between the number of observed
satellites compared to the predicted abundance. Including this
incompleteness in the comparison will move the predicted mean
LF and its bounds down by 20%, which increases the tension
from 3 to 40

3.2. Subhalo mass function

We wanted to determined whether this finding is dependent
on the cosmological simulation we used for our comparison.
To check the robustness of our result, we followed a different
approach. Instead of counting the number of simulated dwarf
galaxies, we used the subhalo mass function (i.e., the mass dis-
tribution of dark halos that potentially host satellites around a
host galaxy), providing the number of dark halos per mass unit
for a given mass of the host galaxy (Schneider 2015). To estimate
the satellite population around host galaxies, we attributed a stel-
lar mass to each subhalo obtained (i.e., painting the dark mat-
ter subhalos with dwarf galaxies). Contrary to Milky Way-like
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Fig. 4. Stellar to halo mass function adapted from Fig. 2 of Sales et al.
(2022). The orange area was used in the sampling of the LF. Open sym-
bols correspond to simulations of dwarf galaxies around a Milky Way-
mass host halo from: APOSTLE-11 (Sawala et al. 2016; Fattahi et al.
2016), FIRE:Latte/ELVIS (Wetzel et al. 2016; Garrison-Kimmel et al.
2019), NIHAO-UHD (Buck et al. 2019), Auriga-L3 (Grand et al. 2017),
and DC Justice League (Munshi et al. 2021). Filled symbols correspond
to zoom-in dwarf galaxies from: FIRE (Wheeler et al. 2015, 2019;
Fitts et al. 2017), NIHAO (Wang et al. 2015), Marvel (Munshi et al.
2021), GEAR (Revaz & Jablonka 2018; Sanati et al. 2023), EDGE
(Rey et al. 2019, 2020), and Jeon (Jeon et al. 2017). The dashed and
dotted lines show abundance matching relations from Behroozi et al.
(2013) and Moster et al. (2013), respectively. Note that their predictions
are extrapolated below about 10'° M.

galaxies, dwarf galaxies do not follow a well-defined stellar
mass—halo mass relation (M, — Mg,). On the contrary, as seen
in Fig. 2 of Sales et al. (2022), a large scatter exists for a given
halo mass, showing a variation of up to three dex in luminos-
ity for a given halo mass. This scatter reflects different build-up
histories of dwarf galaxies and increases further when based on
different models of galaxy formation that yield different results.
To convert halo mass to stellar mass, we defined, based on Fig. 2
of Sales et al. (2022), a region in the M, — Mg, plot that encom-
passes all galaxies, either including only galaxies formed in the
field or only satellite galaxies, that is, combining their Figs. 2a
and 2b, which we depict in our Fig. 4. We chose the area such
that it contains the largest number of luminous subhalos (i.e.,
potentially over-predicting the number of dwarf galaxies). For
each subhalo, we randomly determined a luminosity from a uni-
form distribution spanning from the minimal to the maximal
luminosity in this area for a given halo mass (corresponding
to the shaded area in Fig. 4). As an example: a subhalo with
a halo mass of 10° M, can be assigned a stellar mass between
~103 My, and ~5 x 10® My, which corresponds to the lower and
upper value y values of the area at the x value of the halo mass in
Fig. 4. We derived the LF of satellites as the cumulative number
of satellites observed around a given galaxy. The scatter was esti-
mated as 1, 2, and 3 standard deviations around the mean, which
was obtained by averaging 300 realisations. For the halo mass
of M 83, we used 0.8 x 10'? solar masses (Karachentsev et al.
2007). These bounds are shown in Fig. 5, together with the
observed LF of M §3.

At the bright end (i.e., >5X 108 M,,), the observed LF of M 83
is consistent with the predicted range of LFs at a 20~ level. How-
ever, this quickly starts to change at lower luminosities. At its

M83 Mass = 0.8 - 102M,,

R CDM:lo

B CDM:20
CDM:30

— M83

10" —

Cumulative number of galaxies (D < 300kpc)
:

10° 100 107 10% 10°

V — band Luminosity

Fig. 5. Predicted cumulative number of satellites brighter than a given
luminosity, within 300 kpc of M83, assuming a mass of 0.8 x 10'2 M.
The 1, 2, and 30 confidence intervals are indicated with the blue areas.
The black line corresponds to the LF of M 83. The vertical dashed line
represents the survey limit of Miiller et al. (2015). The M 83 LF deviates
by more than 30 from the subhalo mass function.

maximum discrepancy — this is, between 107 and 10% M, — the
observed LF of M 83 differs by more than 5.50 from the predic-
tions given by this process of assigning dwarf galaxies to dark
matter subhalos. This discrepancy is consistent with our previ-
ous finding from Illustris-TNG50 and puts the M 83 group at
odds with ACDM. Increasing the halo mass to 1.0 x 10'? (i.e.,
the Milky Way halo mass estimate) will still result in a 30~ dis-
crepancy and does not alleviate the problem. Furthermore, this
comparison again does not take into account that the observed
LF may be underestimated by 20% due to incomplete observa-
tions. Including such a correction would only increase the ten-
sion.

4. Summary and conclusion

To study the LF of the M 83 group, we constructed a catalog
of dwarf galaxies and employed distance measurements to con-
firm or reject eight dwarf galaxy candidate members from the
literature. We were able to reject six of them, while two are
too faint to get a good distance estimate. To be conservative,
we assumed they were background objects. This left us with
13 confirmed dwarf galaxies in the M 83 group. We compared
this dwarf galaxy sample to cosmological simulations, namely
the Illustris-TNG50 project, as well as theoretical predictions
from the subhalo mass function. By applying observational con-
straints to the simulated M 83 analogs in Illustris-TNG50, we
derived the expected LFs. At the bright end, the LFs agree with
the observed one. However, at the faint end, that is, in the lumi-
nosity range between 10° and 10® solar masses (i.e., =10 to
—14 mag in the V band), all simulated M 83 analogs contained
fewer satellites, and with 13 observed satellites within 330 kpc,
the expectation was overshot by 30-. The same is true when we
used the subhalo mass function to predict the abundance of dwarf
galaxies: we significantly underestimated the LF at the 5.50
level for all galaxy formation models. Observational incomplete-
ness may further increase this tension by ~10 because, even at
the bright end, dwarf galaxies may not have been observationally
detected due to the high density of foreground stars and contami-
nation by galactic cirrus. The flattening of the observed LF at 10°
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solar masses indicates a further incompleteness, as we expect it
would grow with a power law.

Modern cosmological simulations have been reported to
more closely match the LF of the Milky Way, apparently
resolving the classical missing-satellite problem. Yet, our results
demonstrate that in the M 83 system, the number of satellites is
underestimated at more than a 3o~ level by such models, indicat-
ing that there is rather a too-many-satellites problem for the M 83
group. This implies that ACDM models do not seem to correctly
predict the abundances (or physical properties) of dwarf galax-
ies for the full range of observed host galaxies in the nearby uni-
verse. In an extension of the work presented here, Kanehisa et al.
(2023b) draw a similar conclusion at a higher significance level
based on data from the MATLAS survey. These results should
serve as a cautionary tale, highlighting the need to remain vig-
ilant and to continue testing and improving models even when
they can explain observations of our own Local Group.
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Appendix A: Dwarf galaxies around M 83

In Table A.1 we present the list of confirmed dwarf galaxies

within 330 kpc of M 83.

Table A.1. Dwarf galaxies within a projected radius of 330 kpc around M 83.

Name a 0 D Mop v My
J2000.0 J2000.0  Mpc kpc km/s mag
KK 195 13:21:08.2 -31:31:47 5.22 325 572 -12.1
KK 200 13:24:36.0 —-30:58:20 4.76 248 494 135
1C 4247 13:26:44.4  -30:21:45 5.18 195 420 -15.0
dw1335-29 13:35:46.7 -29:42:28 5.03 27 — -10.3
UGCA 365 13:36:30.8 —-29:14:11 542 55 577 -14.1
KK 208 13:36:35.5 -29:34:15 5.01 26 — (=159
HIDEEP J1337-33  13:37:00.6 —-33:21:47 4.55 299 591 -11.3
ESO 444-084 1337202 -28:02:46 4.61 156 587 -14.1
dw1340-30 13:40:19.2  -30:21:31 5.06 74 — -10.8
IC4316 13:40:18.1 —28:53:40 4.35 104 576 —-15.2
dw1341-29 13:41:20.2  —-29:34:03 =~49 84 — -8.8
NGC5264 13:41:37.0  —29:54:50 4.79 67 478  -16.7
KK218/Cen A-dE4  13:46:39.5 -29:58:45 494 178 — -12.1

Notes. The TRGB distances and velocities are compiled in the LV catalog (D<10 Mpc, Karachentsev et al. 2013) and are from the HST programs
of Karachentsev et al. (2002, 2007), Pritzl et al. (2003), and Grossi et al. (2007) and the VLT program of Miiller et al. (2018b). Velocities are
from Banks et al. (1999), Koribalski et al. (2004), Begum et al. (2008), and (Karachentsev et al. 2008). The photometry comes from Miiller et al.
(2015), except for KK208, for which we derived the luminosity from the Barnes et al. (2014) stellar mass estimation.
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Appendix B: Dwarf galaxy candidate dw1336-32

In Fig.B.1 we show a 6,000s exposure in the g band with
DECam (from program ID 2016A-0384) of the dwarf galaxy
candidate dw1336-32 from Miiller et al. (2015). It has a patchy
morphology and is embedded in a cirrus-like structure, making
it a likely false detection. No SBF is apparent. We reject it as a
dwarf galaxy.
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2 arcmin

Fig. B.1. Deep single-band exposure of the dwarf galaxy candidate
dw1336-32 in the g band, smoothed with a Gaussian kernel.
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