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ABSTRACT

Dwarf spheroidal galaxies (dSphs) have been extensively investigated in the Local Group, but their low luminosity and surface bright-
ness make similar work in more distant galaxy groups challenging. Modern instrumentation unlocks the possibility of scrutinizing
these faint systems in other environments, expanding the parameter space of group properties. We use MUSE spectroscopy to study
the properties of 14 known or suspected dSph satellites of Cen A. Twelve targets are confirmed to be group members based on their ra-
dial velocities. Two targets are background galaxies at ~50 Mpc: KK 198 is a face-on spiral galaxy, and dw1315—45 is an ultra-diffuse
galaxy with an effective radius of ~2300 pc. The 12 confirmed dSph members of the Cen A group have old and metal-poor stellar
populations and follow the stellar metallicity-luminosity relation defined by the dwarf galaxies in the Local Group. In the three bright-
est dwarf galaxies (KK 197, KKs 55, and KKs 58), we identify globular clusters, as well as a planetary nebula in KK 197, although
its association with this galaxy and/or the extended halo of Cen A is uncertain. Using four discrete tracers, we measure the velocity
dispersion and dynamical mass of KK 197. This dSph appears dark matter dominated and lies on the radial acceleration relation of
star-forming galaxies within the uncertainties. It also is consistent with predictions stemming from modified Newtonian dynamics.
Surprisingly, in the dwarf KK 203 we find an extended He ring. Careful examination of Hubble Space Telescope photometry reveals
a very low level of star formation at ages between 30 and 300 Myr. The He emission is most likely linked to a ~40 Myr old supernova

remnant, although other possibilities for its origin cannot be entirely ruled out.
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1. Introduction

Dwarf galaxies make up the bulk of galaxies in the Universe
(Binggeli et al. 1990; Ferguson & Binggeli 1994). Typically,
they are defined as galaxies less luminous than —17 mag in the
V-band (Tammann 1994; Tolstoy et al. 2009), as galaxies with
stellar masses below a few times 10° M, (Bullock & Boylan-
Kolchin 2017; McGaugh et al. 2017), or as galaxies with circular
velocities below 100 kms™! (Lelli et al. 2014). These contraints
roughly coincide with the properties of the Small Magellanic
Cloud (SMC) and set dwarf galaxies apart from giant galaxies.
Dwarf galaxies are separated into gas-rich dwarfs with ongoing
star formation — including dwarf irregulars (dIrrs) and blue com-
pact dwarfs (BCDs) — and gas-poor dwarfs with predominantly
old stellar populations. The former ones are typically found in
the field environment, in galaxy groups, and in the outer parts of

* The fully reduced data cubes are only available at the CDS via
anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg. fr/viz-bin/cat/J/A+A/645/A92
** Based on observations collected at the European Organisation for
Astronomical Research in the Southern Hemisphere under ESO pro-
gram 0101.A-0193(A) and 0101.A-0193(B).

galaxy clusters, while the latter are almost exclusively found in
galaxy clusters and as satellites of massive spirals and ellipticals
(Binggeli et al. 1990; Geha et al. 2012).

For historical reasons, the taxonomy of gas-poor dwarfs is
complex (Binggeli 1994) and includes three common nomencla-
tures: (i) Dwarf ellipticals (dEs) have been predominantly found
in galaxy clusters (Sandage & Binggeli 1984) and make up the
bright end of the dwarf galaxy population from ~10° down to
~107 Ly; (ii) dwarf spheroidals (dSphs) have traditionally been
studied in the Local Group (Mateo 1998) and constitute an inter-
mediate luminosity range from ~107 to ~10° Ly; and (iii) ultra-
faint dwarfs (UFDs) were discovered in the Local Group after
the advent of the Sloan Digital Sky Survey (SDSS, York et al.
2000) and other deep optical surveys and represent the faintest
galaxies known, with luminosities from ~10° to ~10° Ly (e.g.,
Willman et al. 2005; Belokurov et al. 2007; Koposov et al.
2015; Kim & Jerjen 2015; Mau et al. 2020). All these gas-poor
dwarfs, however, form a single sequence in structural diagrams
comparing stellar luminosity, effective radius, and effective sur-
face brightness (Tolstoy et al. 2009; Kormendy et al. 2009).
In fact, next-generation surveys of the Virgo and Fornax clus-
ters have started to probe gas-poor dwarfs down to luminosi-
ties of ~10° Ly, (Ferrarese et al. 2016; Eigenthaler et al. 2018;
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Venhola et al. 2019), blurring the traditional difference between
cluster dEs and Local Group dSphs.

The most detailed studies of dSphs have been carried out
in the Local Group (e.g., Tolstoy et al. 2004, 2009; Koch et al.
2006; Battaglia et al. 2006, 2011; Martin et al. 2008; Tafelmeyer
et al. 2010; Kirby et al. 2011; Hidalgo et al. 2013; Weisz et al.
2014; Taibi et al. 2018, 2020), where we can observe their
stars down to faint main sequence evolutionary phases and mea-
sure individual stellar velocities and their chemical abundances,
thereby constraining the formation and evolution of the hosts.
Due to their low luminosities and low surface brightnesses, the
physical characterization of dSphs beyond the Local Group is
inherently difficult. However, as these low-mass systems hold
some of the fundamental observational constraints for cosmol-
ogy (Bullock & Boylan-Kolchin 2017), there is a growing effort
to search for and study them in a range of environments, as
enabled by modern, highly sensitive instruments (e.g., Jerjen &
Rejkuba 2001; Rejkuba et al. 2006; Lisker et al. 2008; Da Costa
et al. 2010; Lianou et al. 2010; Crnojevi¢ et al. 2010, 2011a;
Weisz et al. 2011; Rys et al. 2013; Makarov et al. 2015; Toloba
et al. 2015; Stein et al. 2018; Danieli et al. 2019; Miiller et al.
2019a; Chilingarian et al. 2019; Bennet et al. 2019; Hamraz et al.
2019; Venhola et al. 2019; Scott et al. 2020; Gannon et al. 2020).

Globular clusters (GCs) do exist in all major galaxies. In
the regime of dwarf galaxies, however, the presence of GC
systems around them becomes stochastic (e.g., Georgiev et al.
2010). In the Milky Way system, only four dwarf galaxies have
a population of old and massive globular clusters. These are the
SMC (Mackey & Gilmore 2003a), the tidally disrupting Sagit-
tarius dwarf spheroidal (Mackey & Gilmore 2003b), Fornax
(Mackey & Gilmore 2003b), and the ultra-faint dwarf Eridanus 2
(Crnojevi€ et al. 2016a). The remaining dwarfs host no known
GCs (Huang & Koposov 2021). Thus, a key question arises: Are
the Milky Way dwarf galaxies a representative sample of the
general population of dwarf galaxies (see e.g., Geha et al. 2017)?
In galaxy clusters, a plethora of GCs have been found associated
with dwarf galaxies (e.g., Strader et al. 2006; Prole et al. 2019;
Forbes et al. 2020), with observed numbers of GCs larger than
for the Milky Way dwarfs. This is explained by a higher GC
formation efficiency in dwarf galaxies living in denser environ-
ments (Peng et al. 2008). However, for the intermediate range
of galactic environments there is still a lack of data. Surveys like
the Mass Assembly of early Type gal.Axies with their fine Struc-
tures (MATLAS, Duc et al. 2015) or the Dwarf Galaxy Survey
with Amateur Telescopes (DGSAT, Javanmardi et al. 2016) aim
to fill this gap by targeting massive elliptical and spiral galaxies
in the nearby field (10 < D < 45 Mpc).

The closest giant elliptical galaxy to us — Centaurus A
(Cen A) at a distance of 3.8 Mpc (Harris et al. 2010) — is the
ideal environment for detailed studies of dwarf galaxies since
it is possible to investigate their physical properties using both
deep imaging observations that resolve individual bright stars
(Karachentsev et al. 2002; Rejkuba et al. 2006; Crnojevié et al.
2010, 2012, 2019; Miiller et al. 2019b) and imaging of their inte-
grated light properties (Crnojevié et al. 2016b; Taylor et al. 2016,
2017, 2018; Miiller et al. 2017). Regarding spectroscopic obser-
vations, the most recent integral-field observations of the two
dSphs KKs58 and KK197 in the Cen A group revealed nuclear
star clusters (NSCs) and GCs associated with them (Fahrion
et al. 2020a). The simultaneous extraction of the metallicity of
both the NSC and the galaxy stellar body showed that these
NSCs are more metal-poor than their hosts, suggesting that they
have formed through the process of in-spiraling GCs. Intrigu-
ingly, the masses, sizes, and metallicities of these two NSCs are
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consistent with the properties of known ultra-compact dwarfs
(Misgeld & Hilker 2011; Voggel et al. 2018, 2020; Fahrion et al.
2019a), suggesting that stripped nuclei of dwarf galaxies are
the progenitors of low-mass ultra-compact dwarfs (Strader et al.
2013).

These two dwarf galaxies are part of a larger survey aim-
ing to study the phase-space distribution of the dwarf galaxy
satellites around Cen A (Tully et al. 2015; Miiller et al. 2016,
2018a). The survey has two main components: (i) deep imag-
ing to resolve individual bright red giant stars and measure dis-
tances to dwarf galaxies by means of the tip of the red giant
branch (TRGB) method, and (ii) integrated light spectroscopy
to measure the dwarfs’ radial velocities. In the first part we
used FORS2 at VLT to derive accurate distances, thereby also
confirming group membership, and measure mean photometric
metallicities and structural parameters for nine dwarf satellites
of Cen A (Miiller et al. 2019b). In this article, we present the
MUSE spectroscopic data analysis of 14 putative dwarf galax-
ies in our survey, study their individual properties, and compare
them the to Local Group dwarf galaxies. In a companion paper,
we will explore the dynamical properties of the whole satellite
system.

2. Observations and data reduction

The data were acquired with the MUSE integral field spectro-
graph mounted at UT4 of the VLT on Cerro Paranal, Chile
(Bacon et al. 2010) as part of a 46 h program (PI: Miiller, pro-
posal ID: 0101.A-0193) designed to measure distances (requir-
ing 26 h with FORS2) and line-of-sight velocities (20h with
MUSE) of dwarf galaxy candidates. The targets were selected
from Miiller et al. (2017) and Karachentsev et al. (2004, 2013)
as the most likely members of the Cen A group that could be
detected by MUSE with reasonable integration times. We used
the Wide Field Mode (WFM) of MUSE, providing a field-of-
view (FOV) of 1’ x 1” sampled at 072 pix~'. The observed galax-
ies have sizes of ~1’, which fit well in the MUSE FOV. The
instrument was used in its nominal wavelength setting cover-
ing 480-930 nm with a mean resolution of 3000'. Given that
our primary goal was to obtain the systemic velocity by binning
the signal from the entire target galaxy, it was possible to con-
duct the observations under relatively poor seeing conditions and
sometimes with thin clouds, meaning filler conditions, in service
mode between April and June 2018.

Depending on the galaxy’s mean surface brightness we
required one or two Observation Blocks (OBs). For eight tar-
gets with higher surface brightness, the single OB included four
science exposures (O), each 500s long, interleaved with two
offset sky exposures (S) of 250s. Hence, the OB had the fol-
lowing sequence of exposures: OSO OSO. The other six targets
with lower surface brightness had two OBs per target, each with
an OSO strategy. In this case, the science and offset exposures
had 1160s and 580s, respectively. We employed our FORS2
images — where possible — to select empty regions for the offset
sky exposures, otherwise we used DECam or DSS images.

The MUSE Internal Data Products are available from the
ESO Science Archive, which includes products run through
the MUSE pipeline version 2.2 (Weilbacher et al. 2012, 2020).
The data have been preprocessed, bias and flat-field corrected,
astrometrically calibrated, sky-subtracted, wavelength and flux

' The resolving power ranges between 1770 at 480 nm and 3590 at
930 nm in the WEM.
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Fig. 1. Collapsed, white-light images of the dwarf galaxies confirmed to be Cen A group members. The regions where we extracted the spectra
are indicated in color. The NSC are indicated with the large white circles, the GCs as small white circles, the stellar association as small black
circle, and the position of the PN is marked with a red cross. The images show the entire MUSE FOV — 1’ per side — which corresponds to 1.1 kpc
at a mean distance of the Cen A group (3.8 Mpc), and are oriented with north up and east to the left.

calibrated (Hanuschik et al. 2017). The sky subtraction makes
use of the offset sky exposures. To further reduce the sky resid-
ual lines, we applied the Zurich Atmosphere Purge (ZAP) prin-
cipal component analysis algorithm (Soto et al. 2016). We tested
whether the offset sky exposure or empty patches on the sci-
ence exposure lead to better results in removing sky residuals.
For objects having at least 20% of sky in the science exposure,
we got better results with these empty patches than using the
offset sky exposure, therefore we used the former where appli-
cable. To select the empty sky patches on the science exposures
we ran the MTObjects tool (Teeninga et al. 2013, 2015), which
creates a segmented fits file with all detected sources. This seg-
mentation map served as input mask for ZAP. In some cases,
we also manually masked the outskirts of the target galaxies
or undetected objects to further improve the quality of the sky
subtraction.

We extracted the integrated spectra using an elliptical aper-
ture, which was derived from the optical images of the galaxies.
Foreground stars and background objects were masked using the
python implementation sep (Barbary 2016) of Source Extractor

2 See also http://www.eso.org/observing/dfo/quality/
PHOENIX/MUSE/processing.html

(Bertin & Arnouts 1996). Furthermore, we masked pixels with
negative mean flux as a simple constrain on the signal-to-noise
ratio (S/N) per spaxel. The size of the aperture was chosen to
optimize the S/N. Figure 1 shows the white light images with
highlighted target extraction areas.

2.1. Radial velocity and stellar population measurements

To extract line-of-sight velocities and stellar population prop-
erties from the galaxy spectra, we employed pPXF (Cappellari
& Emsellem 2004), a standard routine in fitting line-of-sight
velocity distributions from absorption-line spectra. We followed
the same methodology as described in several previous studies
(Emsellem et al. 2019; Fensch et al. 2019; Miiller et al. 2020).
In short, we use a set of Single Stellar Population (SSP) spec-
tra from the eMILES library (Vazdekis et al. 2016), with metal-
licities [M/H] ranging from solar down to —2.27 dex and ages
from 70 Myr to 14.0 Gyr. We assume a Kroupa initial mass func-
tion (IMF, Kroupa 2001). The spectra from the SSP library are
convolved with the line-spread function as described in Guérou
et al. (2017, see also Appendix of Emsellem et al. 2019). A
variance spectrum was measured on the masked data cube and
added to pPXF to improve the fitting. For the kinematic fit, we
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Table 1. Observation summary for the 14 dwarf galaxy candidates.

Name @2000 02000 Observing Nexp Exptime AM IQ SN Note
(hh:mm:ss.s) (dd:mm:ss) date (s) @)
&) 2 (3) ) 5 © O @& O
KK189 13:12:45.1 —41:49:55 7/8 May 2018 4 500 1.07 0.7 28.5 Thin clouds
KKs54 13:21:32.3 —-31:53:10 7/8 May 2018 4 500 1.09 0.7 12.1 Thin clouds
KK197 13:22:01.9 —42:32:07 15/16 Apr 2018 2 1160 120 1.2 27.6 Clearsky
8/9 May 2018 3 1160 1.05 1.2 Extra exposure due to thin/thick clouds
KKs55 13:22:12.4 —42:43:50  19/20 May 2018 2 1160 1.05 0.8 14.4 Clear/thin
20/21 May 2018 2 1160 1.09 0.7 Thin clouds
dwl322-39  13:22:32.0 —39:54:19 8/9 May 2018 4 500 1.17 1.5 11.9 Thin clouds
dwl1323-40b 13:23:55.0 —40:50:08 5/6 Jun 2018 4 1160 1.11 1.3 13.1 Thin/clear
dw1323-40a 13:24:53.0 —40:45:40 8/9 May 2018 4 500 1.35 1.7 93  Thinclouds
KK203 13:27:27.6 —45:21:08  19/20 May 2018 5 1160 1.28 0.6 24.0 Extraexposure due to a technical issue
dwl341-43  13:41:36.9 —43:51:16 5/6 Jun 2018 4 1160 1.06 1.3 129 Mostly clear sky
KKs57 13:41:37.9 —42:34:54 7/8 May 2018 4 500 1.20 0.8 13.3 Thin clouds
dw1342-43  13:42:43.9 —43:15:18  11/12 May 2018 4 500 1.16 14 17.8 Clear sky
KKs58 13:46:00.1 -36:19:43 8/9 May 2018 4 500 1.04 1.5 17.7 Thin clouds
KK198 13:22:56.0 -33:34:21 9/10 Jun 2018 4 500 1.09 08 - Not Cen A group member; thin clouds
dwl315-45  13:15:56.0 —45:45:02 7/8 May 2018 4 1160 128 06 - Not Cen A group member; thin clouds

Notes. (1) and (2): Coordinates of the center of observation (epoch J2000); (3) Date of observation; (4) and (5): Number of exposures on target
and integration time per exposure; (6) Average airmass during observation; and (7): Average image quality (seeing). (8) The measured S/N on the

stacked cube between 6600 and 6800 A(see text).

used 8 and 12 degrees of freedom for the multiplicative and
additive polynomials, respectively (Emsellem et al. 2019). For
the age and metallicity fits, we fixed the velocity and used no
additive polynomials, but kept the 12th degree in the multiplica-
tive polynomial (Fensch et al. 2019). Then we used the weights
provided by pPXF to derive the mean metallicities and mean
ages from the SSP models for each galaxy. Similarly, we cal-
culated the stellar mass-to-light ratio from the weights given by
pPXF and the photometric predictions from the eMILES library
(Vazdekis et al. 2010) in the V-band. Figure 2 shows the spec-
tra and the best pPXF fits for three dwarfs. To improve the fits,
we masked the remaining sky lines, which were not removed
by ZAP. The errors on the best-fit parameters were estimated
with a Monte Carlo method where we reshuffle the residuals
in a bootstrap approach. The 16 and 84 percent interval (1o in
frequentist statistics) give the uncertainty. The S/N per pixel is
measured in a region between 6600 and 6800 Adevoid of strong
absorption or emission lines. It is calculated as the mean frac-
tion between the flux and the square root of the variance. The
variance itself has to be multiplied with the y? value estimated
by pPXF.

A note on the velocity extraction of KK 197 and KKs 58. In
Fahrion et al. (2020a) we derived for these two galaxies line-
of-sight velocities of 643.2 + 3.5km s~land 482.6 + 12.6kms~!,
respectively. This differs slightly from the values measured
here, due to a different set of SSP models used, as well as
different ways of extracting the spectra from the cube. How-
ever, the values here and the values in Fahrion et al. (2020a)
are consistent within 1o~ The same goes for the metallicities
and ages. In Fahrion et al. (2020a) we estimated a slightly
more metal-rich (—0.84 +£0.12dex and —1.35+0.23 dex) and
younger (10 + 1.0 Gyr and ~7 Gyr) population than we estimate
here. For the metallicity, this is within 30 and 1o, respec-
tively. The age estimation from data with a low S/N is highly
uncertain, therefore a discrepancy within a few Gyr is not
uncommon.
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2.2. Globular clusters and planetary nebulae detection

To search for any GCs, we identified all the point sources with
Source Extractor and extracted their spectra. For this purpose,
we created a 2D image by collapsing the cube along the wave-
length axis. We then inspected all the individual spectra to create
a catalog of GCs. Two of our galaxies — KKs 58 and KK 197 —
have already been analyzed in Fahrion et al. (2020a). These two
dSphs contain a NSC, and KK 197 furthermore hosts two GCs
and an extended stellar association. Here, we find one new GC in
KKs 55, which is also visible in Hubble Space Telescope (HST)
images available for this galaxy. For the remaining dwarfs, the
data is either too shallow or there are simply no GCs within the
MUSE FOV.

Furthermore, we searched the MUSE cubes for plane-
tary nebulae (PNe) that might serve as additional kinematic
tracers. For this purpose, we derived a narrow band image
for each galaxy at the expected redshifted position of the
[OII1]45007 A emission line. By subtracting this narrow-band
image from a collapsed image of the nearby stellar contin-
uum, PNe should stand out as residual point sources. Using this
approach we detected one PN in KK 197 at the following loca-
tion: 13:22:04.51/—42:32:14.09, which is 0.5 arcmin from the
center of the galaxy. Its spectrum is shown in Fig. 5 indicating
the location of typical emission lines shifted to the velocity of
the object. Only the strongest emission lines are visible due to
too low S/N. The other galaxies either contain no PNe within the
MUSE FOV, or the data is too shallow to detect them.

3. Results

In this section, we discuss the overall properties of the stellar
populations of the observed dwarf galaxies (Sect. 3.1). Our radial
velocity measurements confirm the Cen A group membership for
12 out of 14 targets. Then, we look into their GC and PNe pop-
ulation (Sects. 3.2 and 3.3) and derive the velocity dispersion
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Fig. 2. Integrated MUSE spectra (black) of three example dwarf galaxies from our sample. The S/N decreases from top (S/N = 28.5) to bottom
(S/N = 11.9) (see Table 1). The gray area are masked regions, the red lines correspond to the best-fit from pPXF. The spectra of the remaining
galaxies are shown in Fig. C.1.

Table 2. Derived properties of the dwarf galaxies.

KK 189 KKs 54 KK 197 KKs55  dwl322-39 dwl323-40b dwl323-40a KK203  dwl341-43  KKs57  dwl342-43  KKs58
vkms™) 7526 +£4.0 6213£10.6 642729 550.0+£23.7 656.3+£9.7 497.0+124 4500142 305.9£9.5 6364141 5113168 5103+8.1 476.5+52
[Fe/H] (dex) — —1437007  —1.8130%7  —L15700%  —1.14%09%  -1.79%9% 184709 -1.95703% 1752030 -1.7970%  -1.90%0%7  —-1.69*913  —1.4970%7
Age (Gyr) 7.6%12 [7.4,11.2) 11.7422 58733 11.5%25 [13.8,14.0] 122413 [7.0,12.4]  [8.3,11.7]  [10.7,14.0) 122413 14.0%99
My/Ly 1.4701 [1.3,1.8] 2,140 12707 1.8703 [2.1,2.2] 1.970 21490 [1.4,1.9] [1.6,2.2] 1.9702 224048
My (mag) -112 -104 -13.0 -126 -10.0 -10.0 -104 -117 -10.1 -10.6 -9.8 -11.9
refr (arcsec) 14.4 16.6 44.4 36.4 20.7 17.1 15.2 19.8 20.2 12.0 15.5 26.4
Mery (mag/0) 245 25.6 24.8 25.5 259 26.1 254 24.6 26.2 24.8 255 24.6

Notes. The properties for My, reg, and peq v were derived using the photometry from Jerjen et al. (2000) for KKs58, and from Miiller et al. (2017)

for the rest. No values for p.qy and r.q are available in the literature for KK 203, so we derived it here ourselves (see Appendix A).

and dynamical mass of KK 197 (Sect. 3.4) using these discrete
tracers. We also report the surprising discovery of a heart-shaped
extended He ring in the dSph KK 203 (Sect. 3.5).

3.1. Properties of the stellar populations

The integrated spectra of the 12 dSphs (see, e.g., Fig. 2) dis-
play several absorption features and no strong emission lines,
as expected for passive galaxies dominated by old stars. The
velocities derived from these absorption lines are consistent with
the velocity range of the Centaurus group (Miiller et al. 2018a).
The pPXF fits indicate that these spectra are consistent with old
(6—14 Gyr) and metal poor (-1.95 < [Fe/H] < —1.15 dex) stel-
lar populations. For an accurate estimation of the weighted mean
ages of the stellar populations, however, we would need high
S/Ns (see Fig. A.1 of Fahrion et al. 2019b for the required S/N
for measuring velocities, metallicities, and ages with E-MILES
SSP templates), which is not reached here. Nevertheless, we
have estimated ages for all the objects and where pPXF did not
converge to a single value, we give the 80% bounds. All the prop-

erties of the dwarfs are compiled in Table 2, but the mean stellar
ages should be taken with a grain of salt. It is interesting to note
that for the dwarf galaxy with one of the highest S/N — KK 203
— we find the youngest age (7.6 + 1.2 Gyr). For two targets we
measure strong emission lines, for which the derived velocities
put them far in the background (see Appendix B).

Dwarf galaxies in the Local Group follow several scaling rela-
tions (Martin et al. 2008; Kirby et al. 2013). One of the most
important is the stellar metallicity-luminosity relation. In Fig. 3
we investigate this relation for our 12 dSphs and compare them
with a compilation of Local Group and nearby galaxies from
McConnachie (2012), as well as with previously studied dwarfs
in the Cen A group (Rejkuba et al. 2006; Crnojevi¢ et al. 2010,
2012, 2019; Miiller et al. 2019b). We note that the mean metallic-
ity for these different samples is based on several different tech-
niques. The extended catalog from McConnachie (2012) includes
metallicity measurements based on photometric methods such as
RGB colors, isochrones fitting, or full CMD fitting, as well as
spectroscopic metallicities from low-resolution Ca triplet or from
spectral synthesis based on medium to high-resolution spectra.
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Fig. 3. Luminosity-metallicity relation for dwarf galaxies in the Cen A
group (crosses, triangles, squares; Rejkuba et al. 2006; Crnojevic et al.
2010, 2011b, 2019; Miiller et al. 2019b) and Local Group (black dots,
McConnachie 2012, from the updated online catalog, and are compiled
from different sources, for example from Bellazzini et al. 2004; Martin
et al. 2009; Correnti et al. 2009; Kirby et al. 2013; Torrealba et al. 2016;
Hargis et al. 2016; Muiioz et al. 2018). The dwarfs from this work are
indicated as red dots.

The latter measurements are based on observations of individual
stars and it is interesting therefore to compare alongside with the
mean metallicity of Cen A dwarfs obtained from resolved stel-
lar population studies (Rejkuba et al. 2006; Crnojevié et al. 2010,
2012,2019; Miiller et al. 2019b), as well as integrated light analy-
sis with MUSE. The dwarf galaxies of the Cen A group follow the
same stellar metallicity-luminosity relation as dwarf galaxies in
the Local Group (Fig. 3). While the MUSE spectroscopic metal-
licities lie exactly on top of the McConnachie (2012) metallicity-
luminosity relation, there is a much larger scatter for photometric
measurements. This is not surprising because at the distance of
the Cen A group, only few magnitudes of the upper RGB can be
resolved, and from optical photometry it is impossible to distin-
guish between 5 and 10 Gyr old RGB stars. The age-metallicity
degeneracy and possibly incorrect assumptions for the uniform
old (~10 Gyr) age of the population lead to larger uncertainties
in photometric metallicities. Furthermore, a systematic offset in
metallicity scale may result from a choice of a specific isochrone
set or empirical RGB calibration (Rejkuba et al. 2014; Streich
et al. 2014).

3.2. Globular clusters properties

In our sample of 12 dwarf galaxies, three host stellar clusters:
KK 197, KKs 55, and KKs 58. Fahrion et al. (2020a) analyzed
two GCs, one NSC, and one extended stellar association in
KK 197 and one NSC in KK 58. Around KKs 55, Georgiev et al.
(2010) found one GC based on deep HST data that lies out-
side the MUSE FOV. For this galaxy, we discovered an addi-
tional GC in the MUSE data that is visible in the HST data
as well, although it can easily be confused with a background
galaxy shining through KKs55. Its spectrum unambiguously
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Fig. 4. Specific frequency of the Cen A dwarfs (big red dots) com-
pared to other galaxies. Blue dots are nearby galaxies from Harris et al.
(2013), orange dots are Coma dwarf galaxies (Lim et al. 2018), and
green dots are Fornax dwarf galaxies (Prole et al. 2019). The Local
Group dwarfs are indicated with big yellow dots (Grebel 2016; Cusano
et al. 2016; Caldwell et al. 2017). The dashed line indicates the spe-
cific frequency of an object with one GC. The specific frequencies for
the Coma and Fornax dwarfs were estimated on a statistical basis, and
often they are consistent with zero within the uncertainties.

confirms the association with the dwarf galaxy. The coordinates
for this new GC are RA = 13:22:13.869 and Dec = —42:44:05.04.
Performing simple aperture photometry on the HST data we
derive apparent magnitudes of My = 22.8 + 0.1 mag and
M; = 21.8 = 0.1 mag in the Vega system. With a distance
modulus of 27.93 mag (Karachentsev et al. 2013), this gives
extinction corrected absolute magnitudes of My = —-5.5mag
and M; = —6.2mag, respectively, with a color of (V — 1)y =
0.7 mag. From the MUSE spectrum, we determined a velocity of

5314 + 154kms~ !, a metallicity of —1.50’:8:3‘7‘ dex, a mean age

of 12.93:;‘ Gyr, and a mass-to-light ratio of 2.1f822 Mg/Ls. This
GC seems to be more metal-poor than the stellar population of
its host dwarf galaxy ((M/H] = —1.14*39 dex).

To characterize the GC systems, we derived the specific fre-
quency Sy = Ngc X 10%4Mv+15) (Harris & van den Bergh 1981)
for each dwarf. The results are presented in Fig. 4. Where no GC
is detected, S y is assigned a value of zero, although it is possible
that some GCs are outside the MUSE FOV or are too faint to be
detected in our data. For KK 197 and KKs 58, the Sy are 18.2
and 16.9, respectively (Fahrion et al. 2020a), and for KKs 55 it
is 17.9. These numbers are compatible with the specific frequen-
cies of dwarf galaxies from the Local Group (Grebel 2016) and
other nearby dwarf galaxies (Georgiev et al. 2010; Harris et al.
2013), as well as dwarf galaxies in clusters (Lim et al. 2018;
Prole et al. 2019; Saifollahi et al. 2021), but we note that the S y

has a significant scatter in the classical dwarf galaxy regime.

3.3. Planetary nebula properties

Do we expect to find PNe in our dwarf galaxies? Consid-
ering the small number of PNe in Local Group dwarfs, we
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Fig. 5. MUSE spectrum of the PN in KK 197. The red and blue arrows
indicate typical emission lines of PNe of which only the strongest ones
(Ha, 5007 A [OI11]) and possibly HB are detected, marked in red. The
spectra were slightly smoothed with a three-point boxcar filter.

expect very few PNe in our sample (Reid 2015). The number
of PNe scales with the total sampled luminosity as Npn = @Lpo
(Buzzoni et al. 2006). There is a considerable uncertainty in the-
oretical predictions for the value of @, which depends on the PN
lifetime and specific evolutionary flux (i.e., how many PNe are
produced per simple stellar population luminosity), which in turn
depends on the star formation rate and metallicity of the popu-
lation. The Local Group PN census confirms theoretical expec-
tations that metal-poor populations host fewer PNe. For exam-
ple for the SMC metallicity of ~—1.25 dex Reid (2015) derived
@ = 1PN/4.6 x 10° Ly. Some of our dwarfs are significantly
more metal-poor than the SMC and similar to Local Group dSph
that have no known PN. Hence, it is not surprising that we only
detect one PN, which is potentially associated with the brightest
dwarf in our sample: KK 197.

In Fig. 5 we present the spectrum for this PN and indicate
the typical emission lines of PNe. There is clear [OIIl] and Ha
emission and likely HB emission. The line-of-sight velocity of
the PN from the emission lines (vkkj97,pn = 588.42+2.5km s7h
differs by about 55km s~! from the systemic velocity of KK 197
measured from the stellar absorption lines in the same datacube
(642.7 +2.9kms™!), which may be interpreted as a real physical
association. However, it is also possible that the PN is associated
with Cen A itself and appears in the MUSE FOV only by chance,
as the PNe population of the Cen A halo extends to the position
of KK 197 (Walsh et al. 2015). With an offset of ~50kms™! to
the mean of the PNe population (veena = 536.7 + 4.2km s7h) it
is entirely plausible that the PN is an interloper, since the stan-
dard deviation of the 1107 PNe studied in Walsh et al. (2015) is
141kms™!,

3.4. Internal dynamics of KK 197

The simultaneous extraction of the spectrum of the stellar body
of a galaxy and the spectra of its associated star clusters makes it

Table 3. Kinematic tracers for the mass derivation of KK 197. The
velocities are from Fahrion et al. (2020a) for the stellar clusters and
from here for the PN.

Name % Verr
(kms™"  (kms™)
KK197 642.7 2.9
KK197-NSC 635.4 1.5
KK197-1 636.4 16
KK197-3 642.6 3.8
KK197-SA 619.3 10.3
KK197-PN 588.4 2.5

possible to estimate the galaxy’s velocity dispersion® and there-
fore probe its dynamical mass and dark matter content (e.g., van
Dokkum et al. 2018, 2019; Martin et al. 2018; Miiller et al.
2020). More and more such studies are now conducted in the
dwarf galaxy regime. A reliable dynamical mass estimate, how-
ever, requires the presence of multiple kinematic tracers of the
underlying gravitational potential, such as GCs or PNe (Coté
et al. 2001; Pota et al. 2013; Forbes et al. 2017; Laporte et al.
2019; Fahrion et al. 2020b). For the brightest galaxy in our sam-
ple — KK 197 — five discrete tracers are available. For the detailed
methodology, we refer to Miiller et al. (2020). The tracers are
listed in Table 3.

In short, we used a Markov chain Monte Carlo (MCMC)
approach with the logarithmic likelihood function given as

N
1
log L = log ( )
; V270 ops

where N is the number of tracers, vons; is the observed line-of-
sight velocity of an individual tracer i, vy is the systemic veloc-
ity of the whole system, and o is the observed velocity disper-
sion given by a combination of the true velocity dispersion oy
and the observational uncertainties:

(Vobs,i - Vsys)2

2
2O—Obs

, ey

2 _ 2

_ 2
obs — O-mt + 6v,i‘

@)
The two variables vy and oy, are the parameters we are inter-
ested in. A non-informative prior is imposed to suppress a too
small velocity dispersion (Agnello & Bruun, in prep.):

g,

Tint

PO) = —————,
O

3

where € is the mean velocity error. We used 100 walkers with a
chain length of 10000 each. The sampled posterior distribution
is shown in Fig. 6 for two different cases: considering the newly
discovered PN bound to KK 197 (left, with N = 5) or assuming
it is an interloper associated with Cen A (right, with N = 4).
From a dynamical perspective, it is very unlikely that the PN
belongs to KK 197 because the line-of-sight velocity difference
of ~55kms~! to the putative host is comparable to the inferred
escape velocity Veg. = \2 \/§a'im when the PN is included in the
estimate of orjp; (Vese =~ 62 kms™) and much larger when the PN
is excluded (Vese =~ 21 kms™"). Moreover, the systemic velocity

3 To directly measure the velocity dispersion of the stellar body, we
would need deeper data. See for example Emsellem et al. (2019) for a
study with MUSE of the velocity dispersion measured on the spectra of
a comparable dwarf galaxy.

A92, page 7 of 16


https://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/202039359&pdf_id=5

A&A 645, A92 (2021)

=623.7*138 kms!

Oint = 25.3%343 km s

Oint [km s71]

Q Q Q Q Q ™ Vv Q
Q)QQ';"GJD‘ bb b‘b v ™

Vsys [km s71] Oint [km s71]

Veys = 635.8723 kms~!

Oint = 8.5%23 kms™?!

Oint [km s71]
e Y% %

[

Oint [km s71]

Veys [km s71]

Fig. 6. Posterior distribution from the MCMC analysis of the velocity dispersion of KK 197, as well as the systemic velocity of the tracers. Left
is the estimation including the PN as tracer, right without including it. The three dashed lines indicate the 16, 50, and 84 percentiles, which
correspond to the upper and lower uncertainty boundaries, and the best parameter estimation (i.e., the median).

of KK 197 from the stellar absorption lines (643.2 + 3.5 km s7h
is closer to the maximum-likelihood value of vy when the PN

is excluded (635.8*>) kms™') rather than when it is included

(623.7*128kms™). In the following, for the sake of complete-
ness, we provide dynamical mass measurements using both val-
ues of o, but the one excluding the PN should be considered
more reliable despite the lower number of kinematic tracers.
From the intrinsic velocity dispersion, the dynamical mass
enclosed within the de-projected half light radius r;/, can be esti-

mated using the following formula (Wolf et al. 2010):

4rogo?

Mayn(r12) = G B (€]

with ryp = 4/3res. The resulting dynamical mass within ry/,
is Mgyn = 05’r18 x 108 My considering only the GCs and
4. 9+71 x 108 M 1nclud1ng the uncertain PN. To estimate the
dynam1cal mass-to-light ratio, we transform the V-band mag-
nitude of KK 197 into solar luminosities. This gives May,/Ly =
4. 0+13 8 Ms/L and 36. 6*?; % M/Lg excluding and including the
PN, respectlvely

The dynamical mass-to-light ratios of galaxies are known
to anti-correlate with galaxy luminosity and surface brightness
(e.g., McGaugh & de Blok 1998). A more comprehensive rep-
resentation of galaxy dynamics is offered by the radial acceler-
ation relation (RAR, Lelli et al. 2017), in which the observed
kinematic acceleration gops is compared to the Newtonian gravi-
tational field gy, from the baryonic mass distribution. If the data
follows the line of unity, the observed dynamics can be fully
explained by the visible matter. If the observed acceleration is
larger than the one caused by the baryons, an additional gravita-
tional component (i.e., dark matter), is necessary.

For spherical, pressure-supported systems, the observed
acceleration can be computed as

302
_mt’ (3)
T2
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and the baryonic gravitational field is given by

I'vGL
Goar = ;2 -, ©)
&)

where 'y is the stellar mass-to-light ratio. From the spectroscopy
of KK 197, we measured I'y = 2. 3*03 Flgure 7 shows the loca-
tion of KK 197 on the RAR established using rotation-supported
disk galaxies (gray color scale) together with measurements
of other pressure-supported dwarf galaxies from the literature.
KK 197 follows the same RAR as rotation-supported galaxies
within 20, independently of whether we include or exclude the
PN in the estimate of the velocity dispersion.

The dynamics of dwarf galaxies can be used to test alterna-
tive gravity models like modified Newtonian dynamics (MOND,
Milgrom 1983, see also its review by Famaey & McGaugh
2012). In MOND, rather than adding dark matter to a galaxy to
explain the high dynamical mass-to-light ratio, the law of grav-
ity is modified such that the baryons produce the dark matter-like
behavior. Due to the nonlinear modification of the Poisson equa-
tion in MOND, a so-called external field effect (EFE, see e.g.,
Haghi et al. 2019) emerges when the galaxy is embedded in an
external gravitational field. If the internal acceleration is stronger
than the external one, the galaxy can be treated as in isolation,
however in the opposite case the EFE has to be considered and it
will lower the expected internal acceleration (Kroupa et al. 2018;
Famaey et al. 2018)

Following the methodology presented in Miiller et al.
(2019c), we calculated the velocity dispersion for KK 197 as a
function of its 3D separation to Cen A. The measured separa-
tion is r3p = 145 + 22kpc (Karachentsev et al. 2007, 2013).
In Fig. 8, we present the MOND prediction and compare it to
the observations. In isolation, the expected velocity dispersion is
O MOND,isolated = 13.2’:%:? kms~!. However, at this 3D separation
from Cen A, the galaxy is already affected by the EFE, lowering
the expected velocity dispersion to oyonp.ere = 11.5 *iokmsh
This prediction is in close agreement with the measured veloc-
ity dispersion of 8.5*}7 kms™"' when the PN is excluded, as it is
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Fig. 7. Radial acceleration relation of galaxies. The dashed line corre-
sponds to unity, meaning that the baryonic acceleration (x-axis) is equal
to the observed acceleration in the system (y-axis). The gray scale repre-
sents ~2700 spatially resolved measurements in rotationally supported
galaxies (spirals and dlrrs, see McGaugh et al. 2016). The black dots
correspond to pressure-supported dwarf galaxies in the Local Group as
compiled in Lelli et al. (2017) and come from different sources (e.g.,
Simon & Geha 2007; Mateo et al. 2008; Koch et al. 2009; Walker et al.
2009; Geha et al. 2010; Tollerud et al. 2012; Collins et al. 2013, 2015;
Martin et al. 2014). The cyan dot represents MATLAS-2019 (Miiller
et al. 2020). The blue and yellow lines are two so-called ultra dif-
fuse galaxies: NGC 1052-DF2 (Danieli et al. 2019) and NGC 1052-DF4
(van Dokkum et al. 2019). The red dot shows our new measurements
for KK 197. The thick and thin lines are the 1 and 20 uncertainties,
respectively.

likely associated with Cen A. When the PN is included in the fit,
the measured dispersion increases to 25.222‘3 kms™! (i.e., a0
tension with the predicted MOND value).

3.5. Ha emission of KK203

Unexpectedly, in the spectrum of one of the dSphs (KK 203) we
detected conspicuous Ha emission, forming an extended heart-
shaped region around the galaxy (see Fig. 9). This seems to
be a continuous ring, somewhat off-centered from the galaxy,
with a diameter of ~24” (440 pc). On average, the Ha velocities
obtained from fitting individual spaxels are well in agreement
with the systemic velocity of KK 203, making their physical
association extremely likely. Only He and perhaps HB emissions
are detected forming this ring, other potential emission lines do
not stand out above the continuum of the galaxy (see Fig. 10).
Where does this Ha emission come from? Ha emission is
typically associated with the presence of star formation, AGN,
or shocks. In late-type spiral galaxies, on the order of 50% of
Hea emission is coming from a warm diffuse component of the
interstellar medium (ISM, Oey et al. 2007), which can be ionized
by photons leaking from HII regions, evolved field stars, shocks,
or cosmic rays. This so-called diffuse interstellar gas (DIG)
or warm ionized medium is also observed in early-type galax-
ies (Phillips et al. 1986; Martel et al. 2004; Jaffé et al. 2014).

KK197
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Fig. 8. Predicted MOND velocity dispersion for KK 197 as a function
of its 3D separation to Cen A. The horizontal dashed lines show the
MOND prediction (and its 1o~ uncertainty) for the isolated case, while
blue lines correspond to the MOND prediction considering the EFE
from Cen A. The red dot is the measured value considering the stel-
lar clusters. The 1o~ and 20 uncertainties are represented by the thick
and thin red lines.

The DIG has a lower electron density, higher electron tempera-
ture, and enhanced line ratios between collisionally excited and
recombination lines when compared to HII regions. Unfortu-
nately, the lack of unambiguous detection of forbidden emission
lines such as [SII] and [NII] within the same heart-shaped ring
region means that we cannot use the usual diagnostics based on
integrated spectra (Levesque et al. 2010; Kewley et al. 2019).

There is no detection of neutral hydrogen in HIPASS at
the location of KK 203 (Barnes et al. 2001), so the amount of
cold gas (the fuel for any potential star formation) is rather
low as expected for a dSph galaxy. However, the non-detection
might also be due to the fact that the dwarf is smaller than
the HIPASS spatial resolution element (15 arcmin) and that the
HIPASS detection limit is around My; ~ 107 M, for dwarf
galaxies in the Centaurus group (Miiller et al. 2017).

There are no obvious individual HII regions detected in the
MUSE data-cube. To ensure that we are not missing a possi-
ble low fraction of young or intermediate-age stars due to rela-
tively low S/N of our spectroscopic data we carefully examined
the available optical imaging from the HST archive. Based on
DOLPHOT PSF fitting photometry (Dolphin 2016) applied to
the ACS at HST images (HST program 13442, PI: Tully) we
derive F606W (wide V-band) versus FO06W—-F814W (equiva-
lent to V—I) color-magnitude diagram (CMD) shown in Fig. 11.
We first verified that the bulk of the stars in the CMD is well
fit with an old and metal-poor population by overlaying 14 Gyr
BASTI solar-scaled isochrones (Pietrinferni et al. 2004) with
metallicities that bracket the mean value derived from the MUSE
spectrum. We find an excellent agreement between spectroscopic
metallicity from the integrated MUSE spectrum and the photo-
metric metallicity from the color of the red giant branch (RGB)
sequence.

The foreground MW stars are primarily found at
F606W—-F814W > 1.1, which is redder than most of the
KK 203 stars, but some compact blue galaxies may contaminate
star counts at F6060W—-F814W < 0.2 and F6060W > 25.5,
where young stars of KK203 are located. We cleaned the
CMD from foreground/background stellar sources by applying
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Fig. 9. Dwarf galaxy KK 203 with its Ha emission. Top left: white-light image of KK 203 with He intensity contours. The contours refer to
the residual Ha emission, created by subtracting a continuum image from a narrow-band Her image obtained from the MUSE cube. Top-middle
and top-right: equivalent width and line-of-sight velocity of the He emission, obtained from fitting spaxels with a Gaussian curve. Bottom-left:
white light image with He contour and young supergiants (blue) and TP-AGB stars overplotted (see Fig. 11 for the selection). RGB stars are
distributed randomly over the galaxy and are not shown here. Bottom-right: histogram of line-of-sight velocities. The median with 1o~ uncertainties
is highlighted in pink, light and dark blue refer to the results from the pPXF fit of the stellar and gas component to the integrated spectrum.
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Fig. 10. Dwarf galaxy KK 203 and its emission regions. The images
were produced as the sum of the MUSE cube for the continuum panel,
and as single slices at the corresponding wavelengths for the emissions.
To enhance the features, a small Gaussian convolution was applied.

statistical subtraction from a neighboring patch of the sky
selected in the same image (see Miiller et al. 2018b, for more
details). The cleaned CMD still presents an excess of blue stars.
The detection limit at F814W ~ 27 mag, visible as a diagonal
limit in the F606W versus FO606W—-F814W CMD (right panel
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of Fig. 11), implies that main sequence stars with ages older
than ~30 Myr are not observable. The right panel of Fig. 11
shows the statistically cleaned CMD with the solar-scaled
BASTI isochrones for [M/H] = —1.8 dex and a range of ages. It
shows that evolved supergiants younger than <300 Myr can be
detected. Their short evolutionary lifetime leads to a relatively
sparsely populated CMD area on the blue side of the RGB. We
verified by overplotting more metal-rich isochrones that there
are likely no stars younger than ~30 Myr present in KK 203 and
that stars indicated in the blue selection box span a range of ages
between 30 and 300 Myr. Due to the age-metallicity degeneracy
in the VI photometric bands it is not possible to assign unam-
biguous ages to these blue stars. Deeper observations are needed
to constrain the metallicity and thus derive more accurate ages
for at least a handful of brightest supergiants. Such data could
be obtained with adaptive optics assisted MUSE observations
(e.g., Della Bruna et al. 2020).

In Fig. 11 we identify regions of the CMD according to age:
the RGB (red) contains predominantly old stars, the green area
indicates the region where intermediate-age thermally pulsing
asymptotic giant branch (TP-AGB) stars are located, and we
show young supergiants in the blue selection box. After select-
ing stars on the statistically cleaned CMD of KK203 according
to region, we plot them on top of the MUSE white-light cube
image with color coding of dots reflecting the CMD region color
(except for RGB stars), and overplotting in cyan contours the
He gas (bottom left panel in Fig. 9). The youngest stars are most
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Fig. 11. Left panel: F814W versus F606W—F814W color-magnitude diagram of KK 203 from the ACS HST imaging showing all sources identi-
fied as bona fide stars by the DOLPHOT PSF fitting routine. Overplotted are three BASTI isochrones for a 14 Gyr old population and metallicities
as indicated in the legend. Right panel: statistically cleaned CMD, this time with F606W on y-axis to emphasize the presence of young blue stars
with ages ranging between 30—300 Myr (blue box). The areas of the CMD where the old RGB stars (red) and intermediate-age thermally pulsing
asymptotic giant branch (TP-AGB) stars (green) are located are also indicated. A set of BASTI solar-scaled isochrones with the range of ages

indicated in the legend does not include the TP-AGB phase.

centrally concentrated and are displaced southwards with respect
to the galaxy center. Our conclusion from the analysis of the
HST data is that, although there are some young stars with ages
between 30 and 300 Myr, the low-level star formation is likely
not sufficient to photoionize the extended He emission in a ring
surrounding KK 203.

Another common source of Ha emission in massive galax-
ies is represented by supermassive black holes powering active
galactic nuclei (AGN). In this case, however, we would expect
the Ha emission to be concentrated toward the galaxy center
rather than forming an extended ring. Unfortunately, given the
low metallicity of the galaxy, we do not detect oxygen and nitro-
gen emission lines, which could have been used to build BPT
diagrams (Baldwin et al. 1981) and study the nature of the radi-
ation field.

Another possibility is that the He emission comes from
winds of AGB and post-AGB stars or young supergiants. For
this purpose, we have used the HST photometry of this galaxy,
plotted all potential AGB stars (extending the TRGB to brighter
magnitudes) and post-AGB and supergiant stars (bluer than the
RGB branch) over the collapsed MUSE cube, and compared it
to the He emission. The candidate AGB stars are roughly uni-
formly distributed over the galaxy, whereas the candidate bluer
stars are somewhat clustered toward the southwest, overlaying
at least partially with the southern part of the Ha ring. However,
there is no clear correlation between these stars and the He ring,
especially for the northern part. If we reverse the approach and
use the He ring as a mask to select the stars in the CMD, mainly
RGB stars are selected. This indicates that there is no evidence
for a connection between AGB or post-AGB stars and the Ha
ring.

Could the He emission have an external or environmental
origin? One possibility is that some interstellar gas in KK 203
is excited by an exterior radiation field, namely that of Cen A.
The 3D separation between Cen A and KK 203 is ~230 kpc. This
seems to be at a distance from Cen A where the radiation den-

sity is too low for exciting/shocking the gas in the dwarf. Per-
haps KK 203 had a closer passage to Cen A in the past and its
interstellar medium was tidally shocked, so what we see in Ha
is the aftereffect of this encounter. A more speculative idea is
that KK 203 has accreted a much smaller dwarf galaxy or DM
halo with some diffuse ionized gas, so the ring would represent
a gaseous stream.

Yet another explanation could be that we see an old super-
nova remnant (SNR). Karachentsev & Kaisin (2020) conducted
an Ha survey in dwarf galaxies with the 6 m BTA telescope of
the Special Astrophysical Observatory. In their sample of 309
irregular and transitional type dwarf galaxies a number of differ-
ent emission features were uncovered. Among them, there were
so-called B-bubbles, which they describe as ring-like structures
similar to SNRs. About 17% percent of their dwarf galaxies con-
tained such B-bubbles with an average diameter of 120-240 pc,
which is somewhat smaller than what we observe here (we note
though that Karachentsev & Kaisin 2020 simply assumed a dis-
tance of 5 Mpc for all their targets and transformed the average
angular size into a physical one, but also none of them is as large
as the ring around KK 203, priv. comm. with I. Karachentsev).
Evans et al. (2019) found two bubbles reminiscent of the one
discovered here in the nearby dIrr Leo P (see their Fig. 10). To
confirm whether this heart-shaped ring in KK 203 is an SNR,
one would need to use the emission line ratios as diagnostics
(Moumen et al. 2019), for which our current observations are
too shallow. Moreover, given the low metallicity of the sys-
tem, it is unclear whether deeper observations could be able
to detect other gas emission lines beyond the Balmer series of
atomic hydrogen. An SNR is the most satisfactory explanation
for the following reason. Assuming that the SNR expanded with
a constant velocity of 100kms~' (Kirshner & Taylor 1976),
it would have needed 4 x 10° years to expand into its current
form. This is consistent with the age of some of the brightest
blue and red supergiants observed in the HST CMD (right panel
of Fig. 11).
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4. Summary and conclusions

We used MUSE spectroscopic observations to study the proper-
ties of a sample of dSphs in the Cen A galaxy group. Out of the

14 targeted objects, only two were revealed to be background

galaxies based on their redshifts of ~0.01. The remaining galax-
ies have been confirmed as Cen A members based on their line-
of-sight velocities. We found the following results:

1. The integrated spectra of these 12 dSphs are consistent with
old and metal-poor stellar populations, as expected from
observations of dSphs in the Local Group. Moreover, the
dSphs in the Cen A group follow a similar stellar metallicity-
luminosity relation as dwarf galaxies in the Local Group.

2. For the three brightest dSphs in our sample (KK 197, KKs 55
and KKs58), we found associated GCs. The specific fre-
quency of GCs for these three dwarfs is around 18, which
falls on the expected range from previous studies of other
nearby galaxies.

3. We found a PN near the dwarf galaxy KK 197, revealed by its
strong [OIII] and Ha emission lines. It is quite likely, how-
ever, that this PN belongs to the outer halo of Cen A based
on dynamical considerations.

4. For the brightest dSph — KK 197 — we estimated the intrin-
sic velocity dispersion using discrete tracers. Depending on
whether the PN is considered or not, the velocity disper-
sion ranges from 8.5 to 25.3kms™! and the corresponding
dynamical mass-to-light ratio from ~4 to ~37 My/Le.

5. KK 197 lies on the same radial acceleration relation of rota-
tionally supported galaxies within the errors. The measured
velocity dispersion also agrees with the MOND prediction.

6. For one of our dSphs — KK 203 — we found a surprising
Hea emission, which forms a 400 pc wide, heart-shaped ring.
The Ha emission is not powered by recent star-formation.
Its origin remains unclear but several possibilities are dis-
cussed, including a central supermassive black hole, AGB
and post-AGB stars, a ~40 Myr old supernova remnant, or
past interaction/accretion events. Our favorite interpretation
is that Her is powered by an SNR, but deeper data are neces-
sary to establish that on a firmer ground.

In a companion paper, we use the measured line-of-sight veloci-
ties of these 12 dSphs to study the overall dynamics of the Cen A
group and, in particular, to confirm or disprove the presence of a
rotating satellite system (Miiller et al. 2018a).
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Appendix A: Surface brightness photometry of
KK 203

Due to the lack of surface brightness photometry of the dwarf
galaxy KK 203 in the literature, we have derived it here. We used
archival g and r band imaging taken with the Dark Energy Cam-
era. The stacked g band image has an exposure time of 1000s,
the r band an exposure time of 60 s. The data was processed by
the standard DECam community pipeline (Valdes et al. 2014).
To model the surface brightness profile of the galaxy, we fit Sér-
sic profiles to the galaxy using GALFIT (Peng et al. 2002). We
provided GALFIT with a segmentation map created by MTOb-
jects (Teeninga et al. 2013, 2015) to mask foreground stars and
background galaxies. The zero points were derived using The
AAVSO Photometric All-Sky Survey (APASS) standard stars
(Henden et al. 2009). We derive an extinction corrected appar-
ent magnitude of m, = 16.28 mag with a color of (g — )y =
0.22 mag. The effective radius is 19.8 arcsec, which corresponds
to 361 pc at the distance of KK 203 (D = 3.77 Mpc). The mean
effective surface brightness is pef 4 = 24.75 mag. Using the color
transformation by Lupton (2005), we derive an absolute magni-
tude of My = —11.7 mag, which is slightly brighter than what is
listed in the literature (Miiller et al. 2019b).
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Appendix B: Properties of the background objects

Our MUSE data of KK 198 and dw1315—-45 revealed that these
two galaxies are not dwarf galaxies associated with the Centau-
rus group but rather are background star forming galaxies. Both
KK 198 and dw1315-45 show strong Balmer emission lines (Ha
and Hp) as well as [NII], [SII], and [OIII] lines. KK 198 has a
redshift of 0.0128, dw1315-45 of 0.0100, which puts them at
a distance of ~50 Mpc. The former is a face-on spiral galaxy, as
already noted in the optical FORS2 images (Miiller et al. 2019b),
the latter must be an ultra-diffuse galaxy with an effective radius
of ~2300 pc.

Appendix C: Spectra of the targets

In Fig. C.1 we present all the integrated spectra of our targets.
The best fit provided by pPXF includes the stellar absorption
and emission lines. Two targets (KK 198 and dw1315-45) are
clearly background star-forming galaxies with strong emission
lines.
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Fig. C.1. Integrated MUSE spectra (black) of all the observed targets. The gray area are masked regions, the red lines correspond to the best-fit

from pPXF.
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Fig. C.1. continued.
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