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ABSTRACT

Context. Recent studies of the distribution and kinematics of the Milky Way and Andromeda satellite galaxy systems have confirmed
the existence of coplanar, corotating structures of galaxies. In addition to the “missing satellite problem”, these structures pose a major
challenge to the standard ACDM scenario of structure formation.

Aims. We complement the efforts made by the dwarf galaxy community to extend these studies to other nearby galaxy groups by
systematically searching for faint unresolved dwarf members with a low surface brightness in the Southern Centaurus group of
galaxies. The aim is to determine whether these coplanar, corotating structures are a universal phenomenon.

Methods. We imaged an area of 60 sq. deg (0.3 Mpc?) around the M 83 subgroup with the wide-field Dark Energy Camera (DECam)
at the CTIO 4 m Blanco telescope in ¢ and r down to a limiting surface brightness of g, ~ 30 mag arcsec™2. Various image-filtering
techniques were applied to the DECam data to enhance the visibility of extremely low-surface brightness objects.

Results. We report the discovery of 16 new dwarf galaxy candidates in the direction of the M 83 subgroup, roughly doubling the
number of known dwarfs in that region. The photometric properties of the candidates, when compared to those of the Local Group,
suggest membership in the M 83 subgroup. The faintest objects have a central star density of ~1.3 L, pc™? and a total magnitude of
g = 20.25, corresponding to M, = —9.55 at the nominal distance of 4.9 Mpc. The sky distribution of the new objects is significantly
prolonged toward Cen A, suggesting that many of them belong to the Cen A subgroup or a common halo. We also provide updated
surface photometry for the brighter, known dwarf members in the surveyed area.

Conclusions. Modern survey CCD cameras and sophisticated detection algorithms can be used to systematically probe the faint end of
the galaxy luminosity function around the M 83 subgroup of galaxies. We aim at finding more and fainter members over a larger area
to obtain a complete picture of the satellite galaxy substructure in the Centaurus group down to a total magnitude limit of My ~ —10.
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1. Introduction

Dwarf galaxies are key objects for the study of structure forma-
tion on galaxy scales. In particular, dwarf spheroidals are tradi-
tionally known to host large amounts of dark matter (DM) as
inferred by their internal dynamics (e.g., Simon & Geha 2007;
Walker 2013). The mere abundance and large-scale distribution
of these systems are an important testbed for DM and struc-
ture formation. There is the heavily discussed so-called miss-
ing satellite problem, which describes the observed deficiency
of dwarf satellites around the Milky Way galaxy when com-
pared to the CDM prediction of DM subhalo numbers (Moore
et al. 1999; Klypin et al. 1999; Diemand et al. 2006, 2008).
This discrepancy has not been substantially diminished by the
discovery of numerous ultra-faint Milky Way satellite galax-
ies in the Sloan Digital Sky Survey (SDSS) and other surveys
(e.g., Willman et al. 2005; Koposov et al. 2015, and references
therein). An even stronger challenge to structure formation with
DM is posed by the highly asymmetric features in the distribu-
tion of dwarf satellites around the best-studied Milky Way and
Andromeda galaxies. The Vast Polar Structure (VPOS) of the
Milky Way (Pawlowski et al. 2012, 2015) and the Great Plane of
Andromeda (GPoA, Ibata et al. 2013) are planar structures that
are difficult to accommodate in a standard ACDM scenario (e.g.,
Pawlowski et al. 2014, and references therein).

Article published by EDP Sciences

In the context of the existing disagreement between near-
field cosmology observations and the predictions of the best cos-
mological models on galaxy scales, it is imperative to extend
such studies on the abundance and distribution of dwarf galax-
ies to other nearby galaxy aggregates beyond the Local Group
(LG), to see whether or not the relative sparseness and asym-
metric distribution of faint dwarf satellite galaxies is a common
phenomenon in the nearby Universe. Given the extreme surface
brightness regime of the target galaxies and the large angular ex-
tents of nearby galaxy groups, this poses an observational chal-
lenge. There is of course no hope, for many years to come, that
we will be able to map the analogs of the ultra-faint (My > —8)
dwarfs swarming around the Milky Way at larger distances. But
present-day technology allows us to aim at a dwarf galaxy cen-
sus of other nearby groups down to My ~ —10, cleary surpass-
ing the achievements of the photographic Schmidt surveys and
the SDSS. Very recently, Tully et al. (2015) have reported hints
of a double-planar structure in the Centarus group of galaxies,
based on previously known (i.e., still fairly bright) dwarf mem-
bers of the group. This is encouraging because it means that a
study of the distribution of faint, but not necessarily ultra-faint,
dwarfs in the nearby groups will provide important constraints
for structure formation models.

Several teams have taken up the effort to conduct dedi-
cated deep, wide-field imaging surveys of nearby galaxy groups
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in the local volume closer than 10 Mpc (Karachentsev 2005;
Karachentsev et al. 2013) to detect ever fainter dwarf galaxy
members. In the northern hemisphere this was successfully done
by Chiboucas et al. (2009, 2013) for the M 81 group and by
Merritt et al. (2014) for the M 101 group. In the same spirit,
we have started a survey of the Centaurus and Sculptor groups
in the southern hemisphere, based on images taken with the
Dark Energy Camera (DECam) at the 4 m Blanco telescope
at Cerro Tololo Inter-American Observatory (CTIO) and the
SkyMapper telescope of the Australian National University.
A similar imaging survey of the two groups, albeit much
more restricted in sky area but to greater depths, is underway
(Sand et al. 2014).

In this paper we report on our first harvest of candidate
dwarf members in a region of 60 sq. deg of the Centaurus group
around M 83. The Centaurus group is the richest and most mas-
sive group of galaxies in the local volume at a distance of
~4 Mpc (Kraan-Korteweg & Tammann 1979; Jerjen et al. 2000a,
Fig. 2 therein, and following references), covering a huge area of
~500 sq. deg of southern sky. It can be considered the southern
analog to the similarly rich and nearby M 81 group in the north-
ern hemisphere. As a result of various studies of the region con-
ducted in the late 1990s that aimed to find new group members
in the optical (Cote et al. 1997; Karachentseva & Karachentsev
1998; Jerjen et al. 2000a) and at 21 cm (Banks et al. 1999),
and the subsequent membership confirmation by distance mea-
surements (Jerjen et al. 2000b; Karachentsev et al. 2002), there
are around 60 Centaurus group members known to date (see
Karachentsev et al. 2002, 2014). We note that the optical sur-
veys mentioned above were all based on the same Schmidt pho-
tographic plates; an SDSS analog for the southern hemisphere
with the SkyMapper telescope (Keller et al. 2007) has only just
started. The Centaurus group has a pronounced bimodal struc-
ture, consisting of a larger aggregate centered on the massive
peculiar galaxy NGC 5128 = Centaurus A at a mean distance
of 3.8 Mpc, and a smaller galaxy concentration around the gi-
ant spiral NGC 5236 = M 83 at a mean distance of 4.9 Mpc
(Karachentsev et al. 2002, 2014; Tully et al. 2015; Tully 2015b).
In the following, we refer to the main concentrations as the
Cen A and M 83 subgroup, respectively, the whole complex as
the Centaurus group, or also Centaurus A group, as it is known
in the literature up to the present.

The paper is organized as follows. In Sect. 2 we give the de-
tails of the imaging with DECam. Section 3 describes the tech-
niques and the results of our search for faint diffuse dwarfs on
the observed fields. In Sect. 4 we report on the photometry done
for the new candidates as well as the known Cen members in the
search area. Finally, a critical discussion of our findings is given
in Sect. 5, followed by our concluding remarks in Sect. 6.

2. Imaging

Observations were conducted on 2014 July 17-19 using the Dark
Energy Camera (DECam) at the CTIO 4 m Blanco telescope as
part of observing proposal 2014A-0624 (PI: H. Jerjen). DECam
has an array of sixty-two 2k x 4k CCD detectors with a 3 sq. deg
field of view and a pixel scale of 0.27" per pixel (unbinned). We
obtained a series of 3x40 s dithered exposures in g and r-bands
under photometric conditions for 22 pointings with slight over-
lap. The mean seeing was 1.0” in both filters. The fully reduced
and stacked images were produced by the DECam community
pipeline (Valdes et al. 2014). Figure 1 shows the surveyed area
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Fig. 1. Survey area of 60 sq. deg (rectangle) around the galaxy M 83
(large filled circle). The newly detected dwarf galaxy candidates are in-
dicated with stars. Small filled circles are known M 83 group members.
The large circle indicates the virial radius of the M 83 subgroup (see
text). The vector points toward the Cen A galaxy. We note an overden-
sity of new dwarfs in that direction.

13:20:00

around M 83 with the known galaxies highlighted with filled cir-
cles. The new dwarf galaxy candidates are shown as stars.

For the photometric calibration, we regularly observed
Stripe 82 of the SDSS throughout the three nights with 50 s sin-
gle exposures in each band. To determine the photometric zero
points and color terms, we matched the instrumental magnitudes
of stars with the Stripe 82 stellar catalog to a depth of 23 mag
and fit the following equations:

My = Myinse + Zg + €4 - (Myinstr — Mrinsur) — kgX
My = Myinstr + Zp o (mg,instr - mr,instr) - era

where Z, and Z, are the photometric zero points, ¢, and ¢, are
the respective color terms, k, and k, are the first-order extinc-
tions, and X is the mean airmass. The best-fitting parameters
are Z, = 2941, Z, = 2945, ¢, = 0.126, and ¢, = 0.092. The
most recent extinction values k. = 0.10 and &, = 0.20 for CTIO
were obtained from the Dark Energy Survey team, and the air-
mass X was given for the respective exposure. To allow for a
direct comparison with Local Group dwarfs, we converted the
gr photometry into the V-band (Lupton 2005) using the trans-
formation equation

V =g-0.5784- (g - r) — 0.0038.

This formula applies to m and p. For the comparison of the Sérsic
parameters with Virgo and LG dwarfs we had to convert them
from B into r-band (Lupton 2005) assuming a color index of 0.6
(Lisker et al. 2008)

r=B-0.6-0.3130-0.6 -0.2271.
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Fig. 2. Gallery of r-band images of all new M 83 subgroup dwarf galaxy candidates. One side of an image is 4.5 arcmin or 6.6 kpc at 4.9 Mpc.

3. Search and detection of new dwarf candidates

With the chosen equipment and exposure time we do not expect
any new dwarf spheroidal candidate at the distance of M 83 to be
resolved into stars. Taking the stellar population of the Sculptor
dSph as a reference, we can assume M; = —4.1and V-1=1.5
for the TRGB of an old stellar population (Rizzi et al. 2007).
With V — r ~ 0.2 this translates into M, ~ —2.8, or at a distance
of 4.9 Mpc and with A, = 0.15 (see Table 2) into an expected
r-band magnitude of 25.8 for the RGB tip. In comparison, the
faintest stars on our DECam fields turned out to have m, between
25.0 and 25.5. Hence we clearly miss the tip, that is, we lack the
stellar resolution of the suspected dwarf members of the M 83
subgroup. The search for new dwarf candidates is therefore a
search for extended unresolved objects with a very low surface
brightness in the fields.

Different filtering techniques and gray-level manipulations
were applied to enhance the contrast and low surface brightness
features on the images. Each of the reduced g and r frames were

individually visually inspected and then stacked and inspected
again. The dynamical range of the screen display was set so that
the lowest and highest level was 2 sigma above and below the sky
background. This provides the optimal resolution in the intensity
regime where we expect the low surface brightness features of
faint dwarf galaxies. The most important advantage of observing
the g and r frames separately is that we can rule out artifacts such
as noise fluctuations or scattered light. Finally, we used two dif-
ferent filtering techniques, a Gaussian convolution and the ring
median filter (Secker 1995), to enhance the images even further.
The ring median filter replaces each pixel value with the median
of a narrow annulus around the pixel at a characteristic radius r.
This filter has the effect of removing objects smaller than r. but
leaving objects larger than r, mostly unaffected. Using these two
filters in combination with different values for kernel width and
radius revealed the same number of low surface brightness dwarf
candidates. We note that the discovery rate by naked eye is sur-
prisingly high in comparison with computer-based detections.
Chiboucas et al. (2009) and Merritt et al. (2014) drew similar
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Table 1. Names and coordinates (epoch 2000.0) of the new dwarf
candidates.

Name a 0 Notes
dwl1325-33  13:25:41  -33:00:25
dwl1326-29  13:26:04 -29:24:16 Irr?
dwl1326-35 13:26:44  -35:05:00
dwl1328-29  13:28:12  —-29:28:45
dwl1329-32  13:29:58 -32:29:46 BCD?
dw1330-32  13:30:54 -32:18:21
dwl1330-33  13:30:04 —33:50:06 Background?
dw1330-34  13:30:02 -34:00:14
dwl1334-32  13:34:05 -32:06:28 Cirrus?
dwl1335-29  13:35:46  —-29:42:24
dw1335-33  13:35:25 -33:18:00 Cirrus?
dwl1336-32  13:36:33  -32:18:05
dwl1337-26  13:37:13  -26:48:10
dw1337-33  13:37:02 -33:31:25
dwl1340-30 13:40:19 -30:21:35
dwl1341-33  13:41:13  -33:49:30

conclusions. The list with the coordinates of the 16 new dwarf
galaxy candidates is presented in Table 1. A gallery of the r-band
images of the candidates is given in Fig. 2.

We note that the relatively high Galactic foreground in
the direction of the M 83 subgroup could be a major obsta-
cle when searching for new dwarf candidates. Therefore we re-
analyzed the DECam images after removing foreground stars
with the Otsu threshholding method (Otsu 1979) and with
SourceExtractor (Bertin & Arnouts 1996). No more dwarf
galaxy candidates have been detected with these methods.
Another difficulty of high Galactic foreground is the presence of
very faint, low surface brightness cirrus clouds (reflection neb-
ulae), which can closely mimick faint dwarf galaxies. This is a
known problem also in the region of the M 81 group (Chiboucas
et al. 2009). Most cirrus is, however, morphologically distinct
due to its large angular size, flat SB profile, or the presence
of sharp edges. Still, in two cases (candidates dw1334-32 and
dw1335-33, see Table 1) we cannot entirely exclude the possi-
bility that we were misled in this way. The two objects are huge
(Fig. 2), very flat (Fig. 5), and one of them (dw1334-32) is also
unusually blue (Table 2).

To assess the efficiency and brightness limitations of our de-
tection methods, we blindly added a number of artificial galaxies
to several fields at random positions. Assuming exponential pro-
files (i.e., Sérsic n = 1, which is roughly fulfilled by our candi-
dates, see below), the r-band total magnitude and central surface
brighntess of the fake galaxies were varied from m, = 17 to
20 mag and from g, = 25 to 18 mag arcsec™?, respectively. In
this way, judged a posteriori, the brightest galaxies would cer-
tainly be visible or detectable, the faintest galaxies certainly not.
Varying the two parameters independently in half-magnitude
steps led to a set of 7x 7 = 49 artificial galaxies that were in-
gested in one field (corresponding to one of the 22 pointings).
As the whole region is densely covered with stars and occasion-
ally also cirrus patches, which will render the detectablity of a
faint dwarf difficult, the same set of artificial galaxies was ran-
domly placed five times in a given field. If a test galaxy with a
given magnitude and surface brightness was discovered by the
same methods used for the real galaxies in one or more cases, it
was judged as detectable in principle. The number of its detec-
tion at different random positions is then a measure of the detec-
tion efficiency. This whole procedure was applied for five fields
(pointings) distributed over the whole search area (one central
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Fig. 3. Dwarf candidate dw1325-33 (left) and its artificial twin at a ran-

dom position (right), easily detectable at a i, ~ 26 mag arcsec.
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Fig. 4. Set of 49 artificial galaxies in the u—m plane. The numbers indi-
cate the detection efficiency (0 = no detection, 1 ... 10 = 10% ... 100%
detection). The curve gives a completeness boundary for the real dwarf
candidates (see text and Fig. 6).

field and four fields toward the corners) to test for positional
variations.

Figure 3 gives an impression of an artificial galaxy as com-
pared to a real one with the same photometric parameters.
Figure 4 gives the results of the whole test procedure. Shown
are the 49 parameter combinations of the artificial galaxies in
the u—m plane with their efficiency values averaged over all five
fields (0 = no detection, 10 = 100% detection). As expected,
the detection limit is primarily given by the surface brightness.
Below a central u of 27, our artificial galaxies could rarely be
recovered (if so, then it was more likely due to a mismatch with
sky background noise). uo, = 27 mag arcsec™2 is indeed also the
surface brightness limit of our dwarf candidates (see Fig. 6 and
Table 2). The recovery efficiency is 80 to 90% for bright galax-
ies (at the upper left in the u—m plane), significantly dropping
near the surface brightness limit (downward), but also, albeit
to a lesser degree, with increasing compactness (steeper pro-
file, toward the right in the u—m plane). As the typical dwarf
galaxy is discovered by its characteristic low surface brightness
and flat profile, this is no surprise. Classically, a completeness
boundary for a galaxy survey is drawn on the assumption that all
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Table 2. Photometric parameters of the candidates and the known dwarf galaxies in the M 83 subgroup.

Name my mg Ar Ag Mr (g - I")() Ho,r ro,r ny </~1>eff,r Veff,r
mag mag mag  mag mag mag  magarcsec > arcsec mag arcsec™  arcsec
Y] @) 3 “ () (©) 0] ® &) 10) an a2)
dw1325-33 18.45 18.87 0.177 0.227 -10.19 0.37 26.06 £0.17 19.65+3.24 0.89+0.11 26.88 18.64
dw1326-29 17.85 18.67 0.142 0.205 -10.75 0.75 25.09+0.08 1532+0.99 0.72+0.05 25.63 13.67
dw1326-35 18.13 18.80 0.142 0.205 -10.47 0.61 24.31+£0.12 7.56 £ 0.99 1.02 +0.09 25.27 10.29
dw1328-29 1845 19.01 0.126 0.182 -10.14 0.51 24.76 £ 0.22 6.07 £ 1.73 1.37 £ 0.17 26.12 12.88
dw1329-32 16.65 17.29 0.124 0.179 -11.94 0.59 22.84 +£0.02 8.83 +0.15 0.71 £0.02 23.43 8.83
dw1330-32 18.17 1896 0.115 0.166 -10.40 0.74 2471 £0.07 11.28+0.63  0.63+0.05 25.09 9.42
dw1330-33 19.05 2043 0.139 0.2 -9.55 1.32 24.54 +£0.09 7.40 £0.58 0.76 £ 0.08 25.05 6.30
dw1330-34 18.05 1891 0.135 0.195 -10.55 0.80 24.38 £0.10 8.10 + 0.89 1.05 £ 0.08 25.25 10.72
dw1334-32 18.13 18.27 0.134 0.194 -1047 0.08 2697 +£0.48 5249+2727 1.14+0.50 28.14 38.32
dw1335-29 17.82 18.87 0.104 0.151 -10.74 1.00 25.85+0.09 2731+1.66 0.56+0.05 26.36 20.22
dw1335-33 17.25 1856 0.126 0.182 -11.33 1.25 26.87+0.09 57.74+297 0.44+0.07 27.24 39.37
dw1336-32 16.81 17.89 0.13 0.188 -11.78 1.03 25.88+0.07 37.19+241 0.83+0.07 26.53 34.62
dw1337-26 17.34 1823 0.141 0.204 -11.26 0.82 2534+035 11.78+649 1.69+0.32 27.07 34.61
dw1337-33 1720 17.82 0.114 0.165 -11.37 0.56 2530+0.16 17.99+344 1.19+0.13 26.30 25.51
dw1340-30 17.86 18.70 0.132 0.191 -10.73 0.78 25.50+0.10 1896+1.81 0.81+0.10 26.03 16.86
dw1341-33 1720 1822 0.11 0.159 -11.37 0.97 25.05 +0.49 4.88 +£5.64 2.70 £ 0.62 27.00 3543
KK195 16.63 16.82 0.14 0.20 -12.10 0.12 24.01 £0.07 1333+0.84 0.88+0.05 24.79 16.36
Cen A-dE2 1693 17.74  0.15 022 -11.68 0.74 2451+0.06 17.78 +0.83  0.69+0.04 25.05 16.34
Cen8 1640 17.16 0.16 023 -12.22 0.70 23.22+0.03 11.56+0.35 0.74+0.03 23.85 12.04
KK200 14.66 1544 0.16 023 -13.82 0.70 22.00+0.03 1021 +0.29 1.15+0.01 23.32 21.05
1C 4247 13.46 14.05 0.15 021 -15.17 0.52 20.14 £ 0.02 7.62+0.14 1,12+ 0.01 21.44 15.32
ESO444-78 1447 1509 0.12 0.17 -14.25 0.56 22.11 £0.01 1570 £0.24  0.83 £0.02 22.92 19.10
HIJ1337-33 16.81 17.28 A1 0.16 -11.50 0.42 21.76 £ 0.03 4.36 +£0.09 0.85 +0.01 22.70 5.77
ESO444-84 1425 1471 0.16 023 -14.23 0.39 2247+0.02 2259+0.24 0.65=+0.01 22.98 21.39
NGC 5253 9.85 1036 0.13 0.18 -18.03 0.45 16.88 = 0.02 6.11 £0.13 1.79 + 0.04 19.24 29.15
IC4316 1290 13.64 0.13 0.18 -15.44 0.69 2099 £0.02 1264 +0.29 1.30+0.02 22.54 33.24
NGC 5264 11.56 12.27 0.12 0.17 -16.96 0.66 20.54 +£0.01 27.34+024 0.92+0.01 21.40 36.44
Cen A-dE4 1625 17.01 0.14 020 -12.35 0.69 23.79+£0.04 14.67+0.54 0.91+0.03 24.71 19.27

galaxies that are larger than a given diameter (=2 rj;y,) within a
given isophotal level of uyy, are detected. For exponential pro-
files this two-parametric completeness limit turns into the form
(see Ferguson 1990; Ferguson & Sandage 1988)

Mot = Ho — S1og (rim) — 2.18 + 5S1og (tim — Ho)

With rji, = 20 arcsec and pji, = 28 mag arcsec™2 (in the r or
V-band, there is only a ~0.2 mag difference), this curve gives a
fair description of the completeness boundary for our real dwarf
candidates, as shown in Fig. 6 below. The same curve is plotted
here in Fig. 4 for the artificial galaxies. Clearly, some of the more
compact (steep profile) artificials recovered as possible dwarfs
fall outside (to the right) of this completeness boundary. With
one exception, no dwarf candidates in the corresponding param-
eter range were found, which is of course due to the u—m relation
for dwarf galaxies (see Fig. 6).

We finally note that no positional variation of the detec-
tion efficiency was found. Differences among the five fields are
within Poisson noise. This is indeed expected because there is no
strong stellar density gradient over the face of the survey area.

We did not attempt to morphologically classify our dwarf
candidates at this stage of first imaging. Most of them will, once
confirmed, be dwarf spheroidals. Two candidates show signs of
irregularity, as noted in Table 1. One of them is a possible blue
compact dwarf (BCD, dw1329-32) according to a clear hint of
resolution into (presumably) knots of active star formation. We
note that our search for new dwarf members is clearly biased to-
ward low surface brightness objects through the adopted search
method. There might be more dwarf members of a compact
nature.

4. Photometry

Surface photometry was measured for all new dwarf galaxy can-
didates and for twelve of the thirteen known dwarfs in the survey
area (KK208 (Karachentseva & Karachentsev 1998) was dis-
missed because it lacks a well-defined center). Great care was
taken when removing foreground stars and background galaxies
in the vicinity of the dwarf galaxy candidate by replacing the
affected pixels with patches of sky from the surrounding area.
The IRAF command radprofil written by one of us was used
to compute the total instrumental apparent magnitude m,g,, the
effective radius 7.g, mean effective surface brightness (u).s, and
the best-fitting Sérsic (Sersic 1968) parameters ry, 1o, and 7 in
both g and r-bands. The center of each object was estimated from
the faint outer isophotes, which does not necessarily coincide
with the peak surface brightness. The sky brightness was deter-
mined from the asymptotic behavior of the galaxy growth curve
(cumulative intensity profile). We measured the radial surface
brightness profile with a radial step size of 1.35 arcsec, except
for dw1330-33, where a smaller step size of 0.54 arcsec was re-
quired given the small angular size of the galaxy. All profiles are
shown in Fig. 5. Sérsic profiles were fitted at the surface bright-
ness profiles using the equation

HMsersic = Mo + 1.0857 - (L)
ry

where p is the Sérsic central surface brightness, ry the Sérsic
scale length, and n the Sérsic curvature index. We note that some
authors use 1/n instead of n.
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Fig. 5. Radial surface brightness profiles and best-fitting Sérsic profiles for all dwarf candidates in the r-band.
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Fig. 6. Left: the py—M relation in the V-band (see text for conversion formula) for our candidates (black squares), the known dwarfs of the M 83
subgroup (gray filled squares) and LG dwarfs (dots, McConnachie 2012). Right: the same for the effective radius, log ., instead of central surface
brightness. Conservative global error bars of 0.5 mag for M, 0.3 mag for i, and 0.05 for log r are plotted. Absolute magnitudes assume a distance
of 4.9 Mpc (M 83). The curves indicate the completeness limit of the present survey on the assumption that every candidate larger than 40 arcsec
in diameter within an isophotal level of 28 mag arcsec™ is included (see text).
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We give a general error estimate for magnitudes on the or-
der of 0.3. Errors arise from the star subtraction (0.2 mag,
difference in magnitude between the galaxy with star removal
and without), zero-point calibration (less than 0.04 mag) and the
determination of the sky from the variation of the asymptotic
growth curve (=0.2 mag, given by the highest and lowest value
of the sky level where the end of the growth curve is still asymp-
totically flat). For absolute magnitudes there are the additional
errors based on the assumed distance (0.5 mag for an uncer-
tainty in distance of +0.5 Mpc) and Galactic extinction (typically
0.015 mag). We assumed a mean distance for the M 83 subgroup
of 4.9 Mpc (Karachentsev et al. 2002, 2014). If some of the can-
didates are found to belong to the closer Cen A subgroup (see
below), they would be intrinsically brighter by up to 0.7 mag.
Uncertainties for the half-light radius Ar.g = 1.3 arcsec and the
mean effective surface brightness A{u).s = 0.01 mag, not ac-
counting for the magnitude uncertainty, were again determined
by the variation of the growth curve. The errors for the Sérsic
parameters are based on numerics and are given in Table 2. We
note that the galaxy NGC 5264 was located at the edge of the
DECam image and thus has a higher level of uncertainty.

Three of the already known dwarfs (Cen A-dE2, Cen 8, and
Cen A-dE4) are part of the sample of Jerjen et al. (2000a). A
comparison of the photometric parameters shows good agree-
ment; differences in magnitudes and surface brightness are
within 0.3 mag. A systematic comparison of our photometry
with other mostly much older literature sources is beyond the
scope of this paper. To check the internal consistency of our pho-
tometry, we also applied our surface photometry machinery to a
number of our artificial galaxies (Sect.3). The central surface
brightness could always be reproduced to within 0.1 mag, the
exponential scale to within a factor of 1.1. To reproduce the to-
tal magnitude to within less than 0.3 mag, we had to choose an
extra-large aperture; real galaxies obviously have a cutoff and
do not extend to infinity as the exponential model does. These
artificial galaxy tests have confirmed the error estimates we re-
ported above. The photometry we present, of the candidates and
the known dwarfs alike, has the main purpose of assessing the
plausibility of our candidates as dwarf members of the Centaurus
group.

In Table 2 we present the photometric data of all dwarf can-
didates and known dwarfs in the survey area. For KK208 we
were unable to do photometry because it lacks a well-defined
center. The items listed are as follows: (1) name of candidate
or previously known dwarf. (2) Total apparent magnitude in the
r-band. (3) Total apparent magnitude in the g-band. (4) Galactic
extinction in r according to Schlafly & Finkbeiner (2011).
(5) Galactic extinction in g according to Schlafly & Finkbeiner
(2011). (6) Absolute magnitude in the r-band. The assumed dis-
tance for the candidates is 4.92 Mpc. For the known dwarfs
TRGB distances were adopted according to Karachentsev et al.
(2013). Cen A-dE2, Cen A-dE4, and Cen 8 have no TRGB dis-
tance, therefore the nominal distance of 4.92 Mpc is applied.
(7) Extinction-corrected color index g — r. (8) Sérsic central
surface brightness in the r-band. (9) Sérsic scale length in the
r-band. (10) Sérsic curvature index in the r-band. (11) Mean ef-
fective surface brightness in the r-band. (12) Effective radius in
the r-band.

5. Discussion

To test the credibility of our new dwarf candidates, we compared
them with the photometric properties of the known dwarfs in
the survey region and with the dwarfs in the Local Group. The

classical tool for such a comparison is the u—M (surface bright-
ness — absolute magnitude), or equivalently the log r—M (radius
— absolute magnitude) relation. In Fig. 6 we have plotted the cen-
tral i (left panel) and the effective radius, log r.s, (right panel)
versus M in the V-band, which is the photometric band provided
for LG dwarfs by McConnachie (2012). The transformation of
our gr photometry into V for the purpose of comparison is given
above in Sect. 2. Figure 6 clearly suggests that our candidates,
when placed at a nominal distance of 4.9 Mpc, appear as a nat-
ural extension of the known members of the M 83 subgroup
toward fainter luminosities. Moreover, most candidates are in
good accord with the photometric relations traced out by the
local dwarfs — as expected if they are indeed members of the
Centaurus group.

We also plot here the completeness boundary curve we have
introduced in Sect. 3, in the context of artificial galaxies. The
boundary assumes that we detected all dwarf candidates that are
larger than 40 arcsec in diameter (=2 ry;y,) within an isophotal
level of wjim = 28V mag arcsec™2. Assuming exponential profiles
(Sérsic n = 1), the curve in the u—M plane (Fig. 6 left) is given
in Sect. 3. In the logr.s” — m representation the curve has the
following form:

Nim

0.5487res

(see Ferguson 1990; Ferguson & Sandage 1988). To obtain the
log reg[pc]—M relation as shown in the right panel of Fig. 6, the
distance of 4.92 Mpc (M 83) has to be taken into account.

Our candidates lie on the left side of theses boundaries, as
expected, with the exception of dw1330-33, the faintest candi-
date in terms of total brightness, which is fairly small for its
surface brightness; it is accordingly noted as a possible back-
ground object in Table 1. The one high surface brightness candi-
date in Fig. 6 is the BCD candidate dw1329-32. The two cirrus
candidates, dw1334-32 and dw1335-33, are at the lower surface
brightness end of the completeness boundaries. Given the large
cosmic scatter of the u—M and log r—M relations, their dwarf
membership cannot be excluded at this point, however.

In Fig. 7 we compare our candidates with known dwarfs in
the Sérsic n—M relation. The comparison sample consists of the
known M 83 subgroup dwarfs, LG dwarfs (Jerjen et al. 2000a),
Virgo dwarfs (Binggeli & Jerjen 1998), and M 81 group dwarfs
(Chiboucas et al. 2009). While at the bright end the relation is
quite narrow, it spreads with decreasing luminosity. The large
scatter is clearly not explained by photometric errors alone. Our
candidates fit well into this spread defined by the LG and con-
firmed M 81 group dwarfs. The one outlier at the top is dw1341-
33. With n = 2.70 this candidate is rather cuspy (see also Fig. 5).
This object has many foreground stars and a very diffuse shape.
Improper star removal and a poor choice of the center for the ra-
dial profile could lead to an error in the best fit and therefore in
the Sérsic n. But in summary, both the 4 — M and n—M relations
clearly render most of our candidates quite plausible as dwarf
members of the Centaurus complex.

Is the number of new candidates consistent with what we
expect based on the suspected faint-end luminosity function of
the group? Figure 6 shows that our survey has pushed down
the completeness limit by roughly 2 mag, from My = —12 to
My =~ —10. If we take the luminosity functions of other nearby
groups (Cen A, M 81, and And) given in Fig. 35 of Chiboucas
et al. (2009) as a measure, we expect an increase of the number
of group members by a factor of between 1.48 and 1.74, depend-
ing on the steepness of the faint end of the LF. For the surveyed
region with 14 known members (Fig. 1) we therefore predict (in

~2.5log[2r- (05958 - rep)’|

Mot = Mlim —
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Fig.7. Sérsic n—M relation in the r-band for our new dwarf candi-
dates (black squares), the known dwarfs in the survey region (gray filled
squares), Virgo dEs (plus signs, Binggeli & Jerjen 1998), LG dwarfs
(open circles, Jerjen et al. 2000a), and M 81 dwarfs (open triangles,
Chiboucas et al. 2009). The vertical error bars shown for our dwarf can-
didates and previously known M 83 subgroup members are taken from
Table 2. Horizontal error bars are a global +0.5 mag for their absolute
magnitudes.

retrospect) a discovery of between 7 and 10 new members in
the given luminosity interval, not accounting for a detection ef-
ficiency of less than 100%. With actually 16 new candidates we
thus have discovered even more than expected! This excess can
be interpreted in different ways. The most obvious interpretation
is that some of our candidates are no dwarf galaxies, after all.
We have indeed singled out four doubtful cases. Another, or ad-
ditional, possibility is that many of these new objects actually
belong to the richer Cen A subgroup with which the M 83 sub-
group heavily overlaps in the sky. It is indeed very intriguing
that most of the new candidates and many of the known dwarf
members lie in the SW corner of the search region — precisely
in the direction to Cen A. Our artificial galaxy tests exclude the
possibility that this is due to an inhomogeneous detection effi-
ciency. In Fig. 1 we have drawn the direction to Cen A and also
an estimate of the virial radius of the M 83 subgroup to indicate
its gravitational size. The virial radius is conventionally defined
as the radius within which the mean mass density of a group
is 200 times the critical density of the Universe, encompassing
the sphere of matter that has collapsed to a halo at the present
epoch (e.g., Tully 2015a). For the M 83 subgroup this amounts
to 0.21 Mpc, corresponding to 2.4 deg in the sky. The virial ra-
dius of the more massive Cen A subgroup is larger with 4 deg,
but does not reach M 83 (see also Tully et al. 2015). Many, if not
most of the new dwarf candidates clearly lie outside the virial ra-
dius of the M 83 subgroup and thus might belong to the Cen A
outskirts or a common envelope of the two subgroups.

6. Conclusions

We have carried out a search for new dwarf galaxies in deep
images taken with the Dark Energy Camera at CTIO in an
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area of 60 sq. deg covering the M 83 subgroup of the Centaurus
complex. We found 16 new dwarf candidates in the magnitude
range 17 < m, < 19, all of which, with the exception of one
BCD candidate, being of very low surface brightness, in the
range 25 < (e, < 28. A comparison with the photomet-
ric properties of the known brighter M 83 subgroup members
and all Local Group dwarfs in the u—M, logr—M and Sérsic
n—M planes suggests that most of the new candidates are very
likely dwarf members of the M 83 subgroup, extending the LF
of its known population down to M, =~ —10. The distribution of
the candidates is significantly prolonged toward the richer and
somewhat closer Cen A subgroup. Some of the new candidates
might belong to the Cen A subgroup or be part of a wider en-
velope of the Centaurus complex; these would intrinsically be
somewhat brighter. Very recently, Tully et al. (2015) reported ev-
idence that the Cen A subgroup itself has a double-planar struc-
ture. Most Cen A members seem to lie in either of two parallel
thick sheets that are separated by about 300 kpc. The M 83 sub-
group is roughly lying in the extension of the sheet going through
Cen A. It will therefore be highly rewarding to widen and deepen
the present survey and to conduct follow-up observations of the
candidates, not only to confirm their Centaurus membership, but
to derive TRGB distances to allow a more detailed study of the
3D structure of the Centaurus complex.
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