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Abstract. We have identified 127 discrete sources in aChandra ACIS observation of M 83, with a detection limit of≈ 3×1036

erg s−1 in the 0.3–8.0 keV band. We discuss the individual X-ray spectral and time-variability properties of≈ 20 bright sources
with luminosities>∼ 1038 erg s−1, and the statistical properties of the whole sample. About one third of the bright sources
show X-ray spectra with a blackbody component at temperatures<∼ 1 keV, plus a powerlaw component withΓ ≈ 2.5, typical
of X-ray binaries in a soft state; another third have powerlaw spectra withΓ ≈ 1.5, consistent with X-ray binaries in a hard
state. Two bright sources show emission lines on a hard powerlaw continuum, and are probably X-ray binaries surrounded by
a photo-ionized nebula or stellar wind. Among the other bright sources, we also identified two supernova remnant candidates,
with optically-thin thermal plasma spectra at temperatures ∼ 0.5 keV. The two brightest supersoft sources have blackbody
temperatureskT ≈ 70 eV and luminosities∼ 1038 erg s−1. Two candidate X-ray pulsars are detected with periods≈ 200 s.
One X-ray source corresponds to the core of a background FRIIradio galaxy. The discrete sources can be divided into three
groups, based on their spatial, color and luminosity distributions. The first group comprises supersoft sources with nodetected
emission above 1 keV and blackbody spectra at temperatures< 100 eV. The second group consists of soft sources with little
or no detected emission above 2 keV. They are strongly correlated with Hα emission in the spiral arms and starburst nucleus,
tracing a young population. Their relative abundance depends on the current level of star-forming activity in the galaxy. Most
of them are likely to be supernova remnants. The sources in the third group are mostly X-ray binaries, reaching higher X-ray
luminosities than sources in the other two groups. Being a mixture of old low-mass and young high-mass systems, the whole
group appears to be of intermediate age when correlated withthe Hα emission. The color-color diagrams allow us to distinguish
between sources in a soft and hard state.

Key words. Galaxies: individual: M 83 (=NGC 5236) – Galaxies: spiral – Galaxies: starburst – X-rays:binaries – X-rays:
galaxies

1. Introduction

M 83 (NGC 5236) is a nearby spiral galaxy (Hubble type
SAB(s)c) with a circum-nuclear starburst. It is oriented almost
face-on, with an inclinationi = 24◦ (Talbot et al. 1979). Its
distance was estimated to be 8.9 Mpc by Sandage & Tamman
(1987), but a value of 3.7 Mpc was obtained more recently by
de Vaucouleurs et al. (1991). A distance<∼ 5 Mpc would place
M 83 in the Centaurus A group, whose galaxies have high ve-
locities and a large spread in morphology (de Vaucoulers 1979;
Côté et al. 1997), suggesting that the group is not yet virialized,
and that merging and tidal interactions may be frequent occur-
rences among its members. Here and hereafter, we adopt the
distance estimate of 3.7 Mpc.

M 83 has two grand-design spiral arms with ongoing star
formation (eg, Talbot et al. 1979; Tilanus & Allen 1993). In ad-
dition, it has an even more active nuclear region (<

∼ 10′′ in ra-
dius) which is currently undergoing a violent starburst (Gallais
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et al. 1991; Elmegreen et al. 1998; Harris et al. 2001). The star
formation rate due to the circum-nuclear starburst is estimated
to be≈ 0.1− 0.2 M⊙ yr−1 (de Vaucouleurs et al. 1983; Harris
et al. 2001), similar to the rate of star formation in the rest
of the galaxy (eg, Buat et al. 2002). It was suggested that in-
tense star formation may have been induced by the last close
encounter with the dwarf S0 NGC 5253 (Bohlin et al. 1983;
van den Bergh 1980).

M 83, together with M 82, NGC 253 and NGC 4395, ac-
counts for about 25% of today’s total rate of star formation
within a distance of 10 Mpc from the Milky Way (Heckman
1997). Massive stars are progenitors of supernova remnants
(SNRs) and X-ray binaries (XRBs), the brightest non-nuclear
X-ray sources in galaxies. Observations have shown that theX-
ray properties of normal galaxies are closely related to their re-
cent star formation activity. Galaxies with active star formation
(eg, M 82, Matsumoto et al. 2001; NGC 4038/4039, Fabbiano
et al. 2001) have a large population of bright discrete sources,
but quiescent galaxies (eg, M 31, Supper et al. 2001; Shirey et
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Fig. 1. Adaptively-smoothed greyscaleChandra ACIS image of M 83, in the 0.3–8.0 keV band (square-root scale, arbitrary
zeropoint). TheD25 ellipse and the S3 chip boundaries are overplotted. The region inside the central square is shown in greater
detail in Fig. 2.

al. 2001) are often deficient in very bright sources. Moreover,
the spatial distribution of the sources is different in different
galactic components. In the spiral galaxy M 81 the galactic disk
contains more bright sources than the bulge (e.g. Tennant etal.
2001; Swartz et al. 2002, 2003), and the brighter sources in the
disk tend to be located closer to the spiral arms (Swartz et al.
2003). For these reasons, the X-ray source population is a probe
of the recent star formation activity and dynamics of the host
galaxy (Wu 2001; Wu et al. 2003; Prestwich 2001; Prestwich
et al. 2003), and high spatial resolution X-ray observations of
M 83 are particularly important in this context.

M 83 was observed in the X-ray band byChandra on 2000
April 29. The galaxy had also been observed byEinstein in
1979–1981 (Trinchieri et al. 1985), byGINGA in 1988 (Ohashi
et al. 1990), byROSAT in 1992–1994 (PSPC, Ehle et al. 1998;
HRI, Immler et al. 1999), and byASCA in 1994 (Okada et
al. 1997). Thirteen “discrete” sources were found in theROSAT

PSPC image, and 37 with the HRI. The starburst nuclear re-
gion was unresolved in theROSAT images. Our preliminary
analysis of theChandra data identified a total of 81 sources de-
tected with signal-to-noise ratio> 3.5, and resolved theROSAT
nuclear source into at least 15 discrete sources embedded in
strong diffuse emission (Soria & Wu 2002). Here we report
more comprehensive results of our individual and statistical
analysis of the discrete source population. We compile a more
complete list of the sources detected in the ACIS-S3 chip, and
determine the spectral properties of the brightest individual ob-
jects. We also quantify several statistical properties of the dis-
crete sources and compare some of them with those found for
the M 81 source population.

We organize the paper as follows. In Sect. 2 we describe
the general source extraction and data analysis procedures; in
Sect. 3 and 4 we present the results of our spectral and timing
analysis of the brightest sources. The statistical properties of
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Fig. 2. Close-up view of the starburst nucleus. The source num-
bers refer to Table A.1. North is up, and East is left.

Fig. 3. A “true-colour” Chandra ACIS image of M 83 shows
about 130 discrete sources (down to a luminosity of≈ 3× 1036

erg s−1 for the assumed distance of 3.7 Mpc) and diffuse emis-
sion in the starburst nucleus and along the spiral arms. The col-
ors are: red for 0.3–1.0 keV; green for 1.0–2.0 keV; blue for
2.0–8.0 keV. The size of the image is 12′ × 10′. North is up,
East is left.

the discrete source population and the comparison with M 81
are discussed in Sect. 5.

2. Source detection

The Chandra observation analyzed here was carried out on
2000 April 29 (ObsID: 793), with the ACIS-S3 chip at the
focus. We retrieved the data from theChandra X-ray Center

archives. The total exposure time was 50.978 ks; after screen-
ing out observational intervals with strong background flares,
we retained a good time interval of 50.851 ks (using less strin-
gent background rejection criteria compared to Soria & Wu
(2002)).

We analyzed the data of the S3 chip with the CXC soft-
wareCIAO version 2.2.1. The source-finding routinewavdetect
was used to identify the discrete sources in the full (0.3–8.0
keV) band, and we calculated an exposure map at 1.0 keV for
correcting the net count rates. We also compared the lists of
sources obtained from the two routineswavdetect andcellde-
tect (the latter was used in Soria & Wu 2002) and found
only very small differences. We chose to adopt here the po-
sitions and count rates obtained withwavdetect. We first di-
vided the 0.3–8.0 keV band into three narrower bands: the
“soft” (0.3–1.0 keV) band, the “medium” (1.0–2.0 keV) band
and the “hard” (2.0–8.0 keV) band. We then produced Filtered
Event Files for the three energy bands and appliedwavdetect to
each narrow-band image using exposure maps at 0.7, 1.5 and
4.0 keV respectively. Eachwavdetect run produced a source list
with slightly different positions: we examined and compared
the position of each source in the four lists to identify the cor-
responding objects. In all cases in which the same source was
detected in more than one band, the positional difference was
always< 1′′. We listed the coordinates obtained from the full
band in Table A.1 (uncertainty of≈ 0.′′5). In the same Table,
we also listed the net counts in the full, soft, medium and hard
bands.

We identified 127 discrete sources in the S3 chip with a
signal to noise ratioS/N > 3 in the full band. Some of these
sources are not found bywavdetect in one or more narrow
bands, even when we lower the detection threshold: in those
cases, the net counts were estimated from an individual spec-
tral analysis of each source (spectra extracted withpsextract).
When the net count values are given in brackets in Table A.1,
the source hasS/N < 3 in that band.

The 90% uncertainty in theChandra positions is 0.′′6. To
improve the absolute positions of the sources, we looked for
cross-correlations with sources in the International Celestial
Reference Frame (Ma et al. 1998), the Tycho 2 catalogue, the
2MASS survey, theHubble Space Telescope (HST) Guide Star
Catalogue and the US Naval Observatory Precision Measuring
Machine Catalogue. However, none of those sources could be
identified with sources in theChandra ACIS-S3 image. We
also compared the position of the nuclear X-ray source with
the optical/UV position of the IR nucleus deduced from the
HST WFPC2 archival observations. We found that a shift of
0.′′5 to theChandra coordinates could align the X-ray and opti-
cal/UV positions of the nucleus. However, the WFPC2 coordi-
nates themselves have also uncertainties of 0.′′5.

We used the results of the Chandra 1Ms Deep Field ob-
servations (Rosati et al. 2002) to estimate the fraction of back-
ground sources. We obtained that 20±4 of our sources (≈ 15%)
should be background AGN. The background contribution to
sources brighter than 50 total counts (≈ 0.001 cts s−1) is ex-
pected to be 7± 3; to sources brighter than 100 total counts
(≈ 0.002 cts s−1): 3±1; to sources brighter than 200 total counts
(≈ 0.004 cts s−1): 1± 0.5.
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Finally, we obtained a smoothed, grayscale X-ray image,
plotted in Fig. 1 with its coordinate grid, theD25 ellipse and
the S3 chip boundary1. A close-up view of the starburst nu-
clear region is shown in Fig. 2. We also show a “true-color”
image (Fig. 3), obtained from adaptively-smoothed images in
the soft, medium and hard bands (CIAO taskcsmooth with min-
imal significance of the signal under the Gaussian kernel= 3
and maximal significance= 5).

3. Spectral properties of individual sources

We modelled the spectra with higherS/N: about twenty
sources are detected with>∼ 300 counts in the 0.3 − 8.0 keV
band, and two other bright, soft sources have fluxes>
100 counts in the 0.3− 1.0 keV band alone. We also modelled
the spectra of two fainter (∼ 150 counts) sources because of
their interesting physical nature (an X-ray pulsar and a back-
ground radio galaxy, see Sect. 3.5 and 4). For sources that are
not bright enough for meaningful spectral modelling, we only
determined their colors and color ratios.

We fixed the redshiftz = 0.00172 and the foreground
Galactic absorption column densitynH = 4.0 × 1020 cm−2

(Predehl & Schmitt 1995; Schlegel et al. 1998), but we left the
hydrogen column density component within M 83 as a free pa-
rameter2. We first considered simple one-component models in
XSPEC(Arnaud 1996): powerlaw, blackbody, disk-blackbody
and Raymond-Smith (for optically-thin thermal plasma). In
most cases, they gave acceptable fits; however, a few sources
required more complex spectral models. For sources suspected
to be accreting compact objects, we also considered the comp-
tonization model bmc. Spectra showing emission-line features
(from candidate SNRs or wind-accreting XRBs), were also fit-
ted with Gaussian lines in addition to a smooth continuum.

In total, we modelled the spectra of 23 bright sources. For
convenience in our discussion, we have grouped them accord-
ing to their general spectral properties and possible physical
interpretation. A sample of the fitted spectra are shown in this
Section, the others are shown in Appendix B. The fit parame-
ters of all 23 sources are tabulated in Appendix B.

3.1. Nuclear source

The presence of two galactic nuclei, each with a mass of about
1.3×107 M⊙, was inferred from stellar kinematic data (Thatte et
al. 2000). One is a strong IR and optical source; the other is not
visible at either wavelength. We have identified an X-ray point
source (No. 63, see Appendix A) with a position almost coinci-
dent with that of the IR/optical nucleus (Soria & Wu 2002). We
consider this X-ray source as the galactic nucleus, though we

1 This image includes the most luminous source inside theD25

ellipse, located at R.A. (2000)= 13h 37m 19.′′8, Dec. (2000)=
−29◦ 53′ 49′′, ie, ≈ 4.′6 south-east of the nucleus. It has a net count
rate of 0.048 cts s−1 and a luminosity≈ 1039 erg s−1. However, it is
located in chip S2 (just outside the S3 chip boundary), and therefore
is not discussed in this paper. See Soria & Wu (2002).

2 We were also aware of the time-dependent degradation of the
ACIS Quantum Efficiency at soft energies. However, we checked that
this effect is still negligible for our 2000 April observation.

Fig. 4. Background subtracted X-ray spectral distribution
(crosses), together with the best fitting absorbed power law
model (histogram, upper panel), for source No. 63, coincident
with the optical nucleus of M 83. The ratio of data versus model
is plotted in the lower panel. Error bars along the Y axis show
statistical uncertainties, those along the X axis represent the
width of the energy bins. The X-ray spectrum is well fitted by
an absorbed powerlaw withΓ ≈ 1.45 (fit parameters in Table
B.1).

cannot rule out the possibilities of a stellar-mass X-ray source
observed near the galactic center by chance.

The nuclear source is embedded in strong, inhomogeneous
diffuse X-ray emission, which makes it difficult to subtract the
background contribution, especially at low energies. However,
its X-ray spectrum is well fitted by a single powerlaw (Fig. 4),
with no need for an additional thermal component. We ob-
tain a powerlaw photon indexΓ = 1.45+0.16

−0.24 and an intrin-
sic absorption column densitynH = (1.25+0.80

−0.93) × 1021 cm−2,
with χ2

ν = 1.06 for 49 d.o.f. (Table B.1). This is consistent,
within the errors, with the result of our preliminary analy-
sis in Soria & Wu (2002). The emitted X-ray luminosity is
Lx ≈ 2.3× 1038 erg s−1 in the 0.3–8.0 keV band.

The powerlaw spectrum of the nuclear source is similar
to those of supermassive black holes (BHs) in active galax-
ies (Γ ≈ 1.5). The absence of a blackbody component in the
0.3–8.0 keV band is consistent with a BH mass>∼ 107 M⊙, im-
plying that the inner accretion disk has an effective blackbody
temperature below 0.1 keV. The unabsorbed X-ray luminosity
deduced from the fitted spectrum is comparable to the luminos-
ity of stellar-mass accreting objects, almost ten million times
below the Eddington limit of the galactic nucleus: if the source
is indeed a supermassive BH, its current accretion rate mustbe
extremely low.

3.2. Supersoft sources

Two bright sources, No. 68 and 96, have detectable emission
only below 1 keV, and can be classified as “supersoft”. Neither
was detected byROSAT because of insufficient photon counts.
We tried fitting their spectra with an absorbed blackbody, pow-
erlaw and optically-thin thermal plasma models. The power-
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Fig. 5. The spectra of the two brightest supersoft sources (top:
No. 68; bottom: No. 96); see Table B.2 for the fit parameters.

law model is inconsistent with the data, and the optically-
thin plasma model requires unphysically low abundances. Both
spectra are instead well fitted by a blackbody model (Fig. 5 and
Table B.2). The fitted temperatures arekTbb = 65+14

−13 eV for
source No. 68, andkTbb = 58+82

−28 eV for source No. 96.
Most supersoft sources are believed to be accreting white

dwarfs undergoing (quasi-)steady nuclear burning on theirsur-
face (van den Heuvel et al. 1992; Rappaport et al. 1994). Other
models for supersoft sources include SNRs, accreting neutron
stars (NSs) with large photospheres, intermediate-mass BHs,
symbiotic systems, hot cores of young planetary nebulae and
stripped core of tidally disrupted stars (eg, Di Stefano & Kong
2003). All these systems can have blackbody-like spectra with
characteristic temperatures≈ 50–80 eV. The parameters of the
blackbody model for sources No. 68 and 96 are also similar
to those of the supersoft sources in the nearby spirals M 31
(Kahabka 1999) and M 81 (Swartz et al. 2002).

3.3. Candidate SNRs and emission-line sources

The spectra of sources No. 3, 8, 27 and 56 show line-like fea-
tures, suggesting the possibility of emission from optically-thin
thermal plasma. Fitting their spectra with a powerlaw model
(Table B.3) shows that the underlying continuum is very soft

Fig. 6. Spectra of sources No. 3 (top) and 27 (bottom) together
with a best-fitting absorbed power law model with emission
lines (see Table B.3).

for two of them (No. 8 and 56 require an unphysically high
photon indexΓ > 3.3) and harder for the other two (Γ ≈ 1.5). A
bremsstrahlung model (Table B.3) gives temperatures<

∼ 1 keV
for the two soft sources, and temperatures>∼ 10 keV for the
two hard ones. The same temperature range is obtained from
a Raymond-Smith model. For the two softer sources, the lack
of a strong Fe L-line complex requires a low metal abundance;
on the other hand, this underestimates the Mg and Si emission.
The S/N is too low to allow for a meaningful fitting of different
metal abundances for different elements.

Finally, we tried to model the spectra of these four sources
with gaussian lines added to a smooth continuum: we chose a
powerlaw continuum for the hard sources No. 3 and 27, and a
bremsstrahlung continuum for the soft sources No. 8 and 56.
Four emission lines are significantly detected in source No.3
(Table B.3): one atE = 1.32+0.04

−0.05 keV, consistent with MgXI
(1.33 keV); one atE = 1.51+0.04

−0.03 keV, suspected to be MgXII
(1.47 keV); one atE = 1.85+0.04

−0.03 keV, consistent with the SiXIII
triplet (1.84–1.87 keV); and one atE = 2.60+0.19

−0.10 keV, possi-
bly due to SXVI (2.62 keV). Taken together, these four lines
require an ionisation parameter logξ ≈ 2.5 for the emitting
plasma. Some of these metal lines are also seen in sources
No. 8, 27 and 56. The spectral modelling and luminosity es-
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Fig. 7. Spectra of sources No. 8 (top) and 56 (bottom) together
with a best-fitting single-temperature thermal plasma model
(see Table B.3).

timate for source No. 56 has the largest uncertainty, because
the source is located in the nuclear starburst ring, and it isem-
bedded in strong, non-uniform diffuse emission from hot ther-
mal plasma. Its spectrum may also be contaminated by other
nearby, unresolved sources.

Thermal plasma temperatures≈ 0.7 keV and the presence
of emission lines fromα-elements make sources No. 8 and
56 strong SNR candidates; however, long-term time-variability
studies are required to confirm this identification3.

The harder spectrum seen from sources No. 3 and 27 re-
quires much higher plasma temperatures, or a powerlaw contin-
uum. We cannot rule out an SNR origin for these two sources:
in young SNRs, the forward shock (propagating into the cir-
cumstellar medium) produces hard X-ray emission, while the
reverse shock (propagating into the ejecta) produces soft X-ray

3 After completing our spectral analysis, theChandra ACIS data
of a short (good time interval of 6.4 ks) observation of M 83 from
2001 April have become available in the public archive. A quick-look
analysis of the new dataset suggests that the flux of source No. 8 has
increased by a factor of 2. If this is confirmed, the SNR identification
becomes less likely, and the thermal plasma is more likely tobe ion-
ized by an accreting XRB. A detailed comparison of all the sources’
fluxes and colors in the two observations, and between theROSAT and
Chandra observations, is beyond the scope of this paper.

Fig. 8. Spectra of sources No. 73 (top) and 86 (bottom) to-
gether with a best-fitting absorbed power law model (see Table
B.4).

emission. If the cooling shell at the contact discontinuityis op-
tically thick, the soft component is not detectable (Chevalier &
Fransson 1994). High-temperature optically-thin thermalemis-
sion has been detected in some young Galactic remnants (eg,
SN 1998S, Pooley et al. 2002).

However, we note that a hard powerlaw continuum with the
superposition of emission lines can originate from X-ray bina-
ries surrounded by a photo-ionized nebula. For example, strong
recombination lines are seen in the Galactic high-mass XRBs
Cyg X-3, Cen X-3 and Vela X-1 (eg, Liedahl et al. 2000 and
references therein), which are accreting from highly ionized
stellar winds, and reach X-ray luminosities∼ 1038 erg s−1. (In
Vela X-1, the differential emission measure suggests an ion-
ization parameter 2<∼ logξ <∼ 3 similar to what is observed
in source No. 3; however, the absorbing column density seen
by the continuum emission is higher in Vela X-1; see Sako et
al. 1999). We suggest that source No. 3 and 27 may be such
accreting systems in M 83.

No radio or optical counterparts were found for sources
No. 3, 8 and 27, nor do they correspond to any of the six his-
torical supernovae (SNe) in the galaxy4. Conversely, no X-ray
sources are detected at the positions of the five historical SNe

4 http://cfa-www.harvard.edu/cfa/ps/lists/Supernovae.html
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observed in the disk. However, one of the historical SNe, Type-
II SN 1968L (Thackeray 1968; Wood & Andrews 1974), is in
the circum-nuclear starburst ring. Its reported optical coordi-
nates5 are just≈ 1′′ away from theChandra position of source
No. 56. We are unable to ascertain whether or not the X-ray
source is indeed the remnant of SN 1968L. In any case, SNe
occur at a rate∼ 1 per century in the nuclear region. With its
soft spectrum, inconsistent with powerlaw models typical of
accreting binaries, source No. 56 is almost certainly an X-ray
SNR.

Two more sources were suggested as X-ray SNR candidates
by Immler et al. (1999), based on VLA radio andROSAT HRI
data. In our Table A.1 catalogue, they are sources No. 73 and
86, corresponding to H23 and H26 in Immler et al. (1999).
Source No. 73 is located in the bar, in front of the dust lane,
≈ 30′′ north-east of the nucleus, and it coincides with the posi-
tion of a compact radio source (Cowan & Branch 1985; Cowan
et al. 1984). Source No. 86 is located near the end of the north-
eastern arm. Both sources are situated in giant HII regions.

The spectra of both sources can be fitted by single-
temperature vmekal models. For source No. 73, the fit param-
eters arekTvm = (4.2± 0.7) keV,nH = (4.8± 2.0)× 1020 cm−2

(χ2
ν = 0.97, 42 d.o.f.). For source No. 86, we obtainkTvm =

(1.8±0.1) keV,nH = (24±2)×1020cm−2 (χ2
ν = 0.60, 105 d.o.f.).

In both cases, the fitted temperatures are higher than for most
SNRs. More importantly, their spectra are smooth, without any
significant emission-line features. They could also be wellfit-
ted by powerlaw or Comptonised blackbody models, with pa-
rameters similar to those typical of XRBs in a high-soft state
(Table B.4). The nature of the two sources is therefore stillopen
to investigation. We argue that they are more likely to be XRBs
rather than young SNRs. If so, an estimated emitted luminosity
>
∼ 3×1038 erg s−1 in the 0.3–8.0 keV band makes source No. 86
a likely BH candidate.

Among the fainter X-ray sources, No. 84 (Lx ≈ 1.5 ×
1037 erg s−1 in the 0.3–8.0 keV band) coincides with a flat-
spectrum radio source (spectral index 0.21± 0.14; Cowan et
al. 1994). The radio flux was (0.39± 0.05) mJy at 20 cm, and
(0.50± 0.05) mJy at 6 cm in 1990–1992. The radio brightness
at 6 cm faded by (33± 7)% between 1983–1984 and 1990–
1992. The source is probably an evolving radio SNR (Cowan
et al. 1994); theChandra detection suggests that source No. 84
may be its X-ray counterpart. Unfortunately the X-ray source is
not bright enough for detailed spectral modeling. Another faint
source, No. 100 (Lx ≈ 6×1036 erg s−1 in the 0.3–8.0 keV band),
coincides with the non-thermal radio source No. 7 in Cowan et
al. (1994). The radio source faded by≈ (25± 11)% at 6 cm
between 1983–1984 and 1990–1992.

3.4. X-ray binaries

The remaining sources for which we could do meaningful spec-
tral modelling do not show any spectral features resembling
line emission from optically-thin thermal plasma, nor do they
have the thermal blackbody-like soft spectra typical of super-
soft sources. Most of them are likely to be XRBs containing an

5 http://nedwww.ipac.caltech.edu/

accreting BH or NS. An absorbed powerlaw provided a good
fit for the X-ray spectra of most sources (Table B.4). From the
best-fit photon indices, we notice that the sources can be di-
vided into two groups. The first group (No. 5, 31, 33, 44, 60,
78, 85 and 121) contains sources with hard spectra: all of them
have photon indicesΓ ≈ 1.5, except for source No. 78, which is
even harder, withΓ ≈ 1.0. Sources in the second group (No. 64,
72, 88, 104 and 113, plus sources No. 73 and 86 described
in Sect. 3.3) have much steeper (softer) spectra, withΓ > 2.
Therefore, we also fitted the spectra of this second group of
sources with the diskbb and bmc models inXSPEC: both pro-
vided equally acceptable or better fits than a powerlaw model.
Typical fit temperatures inferred from the diskbb model are
within the 0.7–1.5 keV range. For the bmc model, we obtain
fit temperatures∼ 0.2–0.8 keV for the seed photon component.

The luminosity and spectral parameters obtained from the
powerlaw, diskbb and bmc models are similar to those found
in Galactic XRBs, supporting our interpretation that most of
these bright sources are accreting NSs and BHs. Galactic XRBs
often have two distinguishable X-ray spectral states: the soft
state, when the spectrum is dominated by a thermal (blackbody
or disk-blackbody) component at a temperaturekT ∼ 1 keV,
sometimes with an additional powerlaw component of index
Γ ∼ 2.5; and the hard state, characterized by a simple power-
law spectrum with a photon indexΓ ∼ 1.5. The bright sources
in M 83 can also be classified into two states with analogous
spectral properties: roughly half of them appear to be in the
soft state and half in the hard state. A photon indexΓ ≈ 1.0
inferred for source No. 78 is unusually hard but not unique
among XRBs: for example, the transient high-mass XRB SMC
X-2 also hasΓ ≈ 1.0 and luminosity≈ 1038 erg s−1 in its high
state (Corbet et al. 2001).

3.5. A background radio galaxy

Source No. 39 is certainly identified as a background object
because it is coincident with an inverted-spectrum radio source
(source 3 in Cowan & Branch 1985; Cowan et al. 1994), which
is thought to be the core of an FR II radio galaxy. (This identi-
fication was also noted by Stockdale et al. 2001). In additionto
the flat-spectrum radio core, VLA 6 cm and 20 cm images also
show two distinct radio lobes, at≈ 25′′ north-west and south-
east of the core (Cowan et al. 1994), The lobes are brighter than
the core, and have a steep spectrum (spectral indices≈ −1).

From theChandra data, we estimate an emitted X-ray flux
fx = 2.2 × 10−14 erg cm−2 s−1 in the 0.5–3.0 keV band, and
fx = 5.0 × 10−14 erg cm−2 s−1 in the 0.3–8.0 keV band. This
corresponds to a monochromatic luminosity at 2 keV (defined
like in Fabbiano et al. 1984)lx = 5.5×1024 (dL/109pc)2 erg s−1

Hz−1, wheredL is the luminosity distance. The monochromatic
luminosity of the radio nucleus at 5GHz is (Cowan et al. 1985)
lRN = 1.6 × 1030 (dL/109pc)2 erg s−1 Hz−1. These two values
satisfy the linear correlation for FRII galaxies and quasars in
the (loglx, log lRN) plane (Fig. 9 in Fabbiano et al. 1984), re-
gardless of the assumed distance.

We can estimate the distance from the fact that the radio
luminosity of an FRII radio galaxy is alwaysL20cm >∼ 1032 erg



8 R. Soria & K. Wu: Properties of discrete X-ray sources in thestarburst spiral galaxy M 83

s−1 Hz−1, andL6cm >∼ 1032 erg s−1 Hz−1, for a Hubble constant
H0 = 75 km s−1 Mpc−1 (eg, Owen & Ledlow 1994; Kembhavi
& Narlikar 1999). If the radio galaxy seen behind M 83 is at
redshiftz = 1 (corresponding todL = 4.7 Gpc forq0 = 0.5 and
H0 = 75 km s−1 Mpc−1), its monochromatic radio luminosities
areL20cm= 1.5× 1032 erg s−1 Hz−1, andL6cm = 0.7× 1032 erg
s−1 Hz−1 (Cowan et al. 1994). Its emitted X-ray luminosity is
thenLx = 1.3 × 1044 erg s−1 in the 0.3–8.0 keV band. Values
of Lx ∼ 1044 erg s−1 are typical of FRII radio galaxies. We
conclude that the source is located at a redshiftz >∼ 1. (We have
no elements to determine an upper limit to its distance.)

The angular diameter distance is only a weak function of
redshift, forz >∼ 0.75: the inferred total size of the radio lobes
projected in the plane of the sky is≈ 250–280 kpc. This is an
average value for this class of objects (Blundell et al. 1999).

4. Variability of the sources

We searched for variabilities of the brightest sources on
timescales between 10 and 50,000 s. Shorter periods cannot be
investigated, because the ACIS observation was carried outin
“Timed Exposure” mode, collecting photons and reading them
out every≈ 3.2 s. We were aware that spurious periods could be
found at≈ 707 s and≈ 1000 s due to dithering. After extract-
ing lightcurves with standard CIAO routines, we carried out
discrete Fourier transforms to obtain the power density spectra.
Null results were obtained for most sources; however, periods
of 174.9 s and 201.5 s were found for sources No. 33 and 113
respectively. We checked that neither the background emission
around those sources nor other bright nearby sources showed
similar periodicities. Hence, we conclude that the periodic vari-
abilities are probably intrinsic to the X-ray sources.

We folded the two X-ray lightcurves according to those
periods and found large amplitude variations (Fig. 9 and 10).
Their pulse amplitudes are approximately 0.5 of the mean lev-
els, similar to those seen in Galactic X-ray pulsars. The spec-
tra of the two sources are well fitted by a simple powerlaw
(Table B.4), consistent with the spectra of typical X-ray pul-
sars. These two systems may be Be XRBs (ie, accreting NSs
in eccentric orbit around Be stars) in outburst, similar to those
often observed in the Magellanic Clouds (eg, Negueruela 1998;
Laycock et al. 2002). If so, repeated observations should show
luminosity variations over the orbital period, which in Galactic
Be XRBs is typically∼ 100 d for spin periods∼ 100 s (Corbet
1986).

5. Statistical properties of the source population

5.1. Brightness distribution

Among the 127 sources in the S3 chip, 28 are located in the
inner disk, defined as the starburst nuclear region plus the bar,
within 60′′ of the X-ray center; 17 of them are within 16′′ from
the galactic center. The luminosity functions of the 28 “inner
disk” sources and of the 99 “outer disk” sources differ sub-
stantially (see also Soria & Wu 2002). Above the complete-
ness limit (≈ 50 counts for the nuclear region), the inner-disk
sources have a simple powerlaw luminosity distribution with an

Fig. 9. Lightcurves of source No. 33 in the total, soft and hard
bands, normalized to the mean count rates, folded on a period
of 174.9 s.

Fig. 10. Lightcurve of source No. 113, normalized to the mean
count rate, folded on a period of 201.5 s.

index of−0.7 (Fig. 11). In contrast, the luminosity distribution
of the other sources shows a deficiency of bright objects above
300 counts. For a distance of 3.7 Mpc and an assumed absorbed
powerlaw spectral model (Γ = 1.7, nH = 1021 cm−2), 300
counts correspond to an emitted luminosity of 8× 1037 erg s−1.
If we model the luminosity function with a broken powerlaw
with a break at about 300 counts, we obtain powerlaw indices
of −0.6 and−1.6 above and below the break. There may be an-
other break at about 100 counts, but a more quantitative analy-
sis is impossible because of the small number of sources. The
detection limit is≈ 12 counts, however we estimate that the
sample of outer-disk sources is complete only down to≈ 20
counts: a few soft sources with<∼ 20 counts may be missed if
located in star-forming regions along the spiral arms (charac-
terised by diffuse soft emission).



R. Soria & K. Wu: Properties of discrete X-ray sources in the starburst spiral galaxy M 83 9

The luminosity distribution of bright X-ray sources reflects
the star-formation activity of the host galaxy and/or the host
environments in the recent past (Wu 2001; Wu et al. 2003;
Prestwich 2001; Kilgard et al. 2002). For example, there is
a lack of bright sources in relatively quiescent galaxies (eg,
M 31, Kong et al. 2002) while they are much more abundant
in starburst (eg, M 82, Matsumoto et al. 2001) and interacting
galaxies (eg, NGC 4038/4039, Zezas et al. 2002). Such dif-
ferences can also be observed between different components
of the same galaxy: for example, in M 81, the sources in the
bulge show a broken-powerlaw luminosity function typical of
quiescent galaxies, but the sources in the disk show a simple
powerlaw luminosity function similar to those of starburstand
interacting galaxies (Tennant et al. 2001; Swartz et al. 2003).

We may explain the flat powerlaw luminosity function of
the nuclear sources in M 83 in terms of current starburst ac-
tivity. The explanation of the luminosity function of the outer
disk sources is less straightforward. Some of the sources might
have been formed in the spiral arms as a result of continuous,
density-wave induced star formation; others might be remnants
from previous starburst epochs, perhaps due to past close en-
counters of M 83 with its neighbors. We speculate that this may
explain the break-like features seen in the luminosity function
between≈ 3×1037 and 1038 erg s−1. We also note that the faint
end of the luminosity functions for inner and outer disk sources
have similar slopes. If we interpret the faint end as the quasi-
stationary part of the source distribution, less prone to transient
perturbations such as starburst episodes, then their similarity
suggests that the underlying processes determining the lumi-
nosity functions in the inner and outer disk are the same.

Whether or not some of the bright sources are transients
does not affect the shape of the luminosity function, provided
that the transitional probability between the high and the low
states is quasi-stationary. In other words, the transient nature of
the sources will not introduce features in a luminosity function
unless the transitional timescale is comparable to the evolu-
tionary timescale of the luminosity function. Many XRBs in
our Galaxy show spectral transitions on a few months/years
timescale, while the luminosity function should evolve on a
much longer timescale.

5.2. Spectral and color distribution

We constructed color-color diagrams to demonstrate that the
discrete sources can be classified into physically distinct
groups. We considered two different definitions of the color
indices: the conventional indices [(M − S )/(M + S ), (H −
S )/(H + S )], used for example by Swartz et al. (2002) in
the study of M 81 sources, and the alternative color indices
[(H − M)/(H + M + S ), (M − S )/(H + M + S )] suggested by
Prestwich et al. (2003).

We first considered the sources for which we have obtained
individual spectral fits (Sect. 3), as indicators of the physical
nature of the sources in the various regions of the color-color
diagrams (top panels of Fig. 12 and 13). We then compared
their colors with those expected from a sample of fundamen-
tal spectral models (bottom panels of Fig. 12 and 13). The

Fig. 11. Red histogram: cumulative luminosity distribution of
the discrete sources in the inner region (d < 60′′ from the
galactic center), together with a powerlaw approximation (in-
dex −0.7). Green histogram: cumulative luminosity distribu-
tion of the sources in the outer disk, together with a broken
powerlaw approximation (break at an emitted luminosity of
8×1037 erg s−1 for the assumed spectral model; indices of−1.6
and−0.6 above and below the break).

spectral models that we considered are: powerlaws with pho-
ton indicesΓ = 1.3 andΓ = 1.7 (characteristic of XRBs
in the hard state); disk-blackbodies withkTin = 0.5 keV and
kTin = 1.0 keV (typical of XRBs in the soft state); black-
body with kTbb = 0.1 keV (supersoft sources); optically-thin,
single-temperature thermal plasma atkTrs = 0.5 keV (typical of
SNRs). Along each model curve, the column density increases
from the bottom to the top, fromnH = 4× 1020 cm−2 (line-of-
sight foreground absorption for M 83) tonH = 7.5× 1021 cm−2

for the blackbody and optically-thin thermal plasma models,
and tonH = 2×1022 cm−2 for the powerlaw and disk-blackbody
models.

Different types of sources are clearly distinguished in both
color-color diagrams. With the conventional choice of color in-
dices (Fig. 12) one can separate XRBs (with (M−S )/(M+S ) >∼
−0.2) from the other sources. For the XRBs, it is then possible
to distinguish whether a source is intrinsically hard, or simply
more absorbed. However, the alternative color indices (Fig. 13)
appear to be better in separating supersoft sources, SNRs and
XRBs. When we plot the colors indices of all the sources found
in the S3 chip (Fig. 14 and 15), the advantage of the alterna-
tive choice of indices is more obvious, especially for the faint
sources.

We may roughly divide the alternative color-color diagram
into three regions, each dominated by a different source type.
Here and hereafter we refer to the sources in those three regions
as group A, B and C respectively (Fig. 15). Group A is dom-
inated the “classical” supersoft sources, which have negligible
emission in the medium and hard X-ray bands and therefore
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Fig. 12. Top panel: Color-color diagram of the 22 sources in
M 83 (the source associated with the background radio galaxy
is not included) for which individual spectral fitting is avail-
able. Sources with a featureless, hard powerlaw spectrum are
plotted as blue diamonds. Sources with emission lines on top
of a hard powerlaw spectrum are plotted as cyan triangles.
Magenta squares are sources with a featureless soft spectrum.
Green triangles are sources characterised by soft, optically-
thin thermal plasma emission. Red circles are supersoft sources
(blackbody-like emission at temperatures< 80 eV). The black
star is the galactic nucleus. The numbers refer to the sourcecat-
alogue in Table A.1. Bottom panel: the colors of those same 22
sources (plotted here with their error bars) are compared with
those expected from some simple spectral models: blackbody,
disk-blackbody, powerlaw, and optically-thin thermal plasma.
The column density increases along each model curve from
bottom left to top right, fromnH = 4× 1020 cm−2 (line-of-sight
foreground absorption for M 83) tonH = 7.5 × 1021 cm−2 for
the blackbody and optically-thin thermal plasma models, and
to nH = 2 × 1022 cm−2 for the powerlaw and disk-blackbody
models.

cluster around (0,−1) regardless of absorption6. Group B in-

6 For an operative way of identifying and classifying soft andsuper-
soft sources inChandra ACIS observations, see Di Stefano & Kong
(2003).

Fig. 13. Color-color diagrams for the alternative color indices.
The symbols and colors of the 22 sources, and the superim-
posed spectral models are the same as in Fig. 12. For each
spectral model, the absorbing column density increases from
the bottom to the top of the representative curves.

cludes all the sources located at−0.85<∼ (M−S )/(S +M+H) <∼
−0.15. Most of them are found along a straight line in the dia-
gram, with only a narrow spread in (H −M)/(S +M +H). This
is consistent with emission from single-temperature optically-
thin thermal plasma atkTrs ≈ 0.4–0.8 keV, typical of SNRs
(Prestwich et al. 2003). Only a few group B sources have
slightly harder spectra, consistent with emission from a two-
temperature optically-thin plasma withkTrs,1 ≈ 0.5 keV and
kTrs,2 ≈ 5–10 keV. Alternatively, but less likely, they may have
a composite spectrum consisting of a very absorbed, hard pow-
erlaw and a (dominant) reprocessed soft component, as ob-
served in some Galactic NSs (see Sect. 5.4).

Group C sources are located at−0.15 <∼ (M − S )/(S +
M + H) <∼ 0.6, (Fig. 15) with a much broader spread in
(H − M)/(S + M + H). This corresponds to a broad spread in
both their absorbing column densities and their intrinsic spec-
tral hardness. We believe that most of them are XRBs, although
a few hard, highly-absorbed sources may be background AGN.
All sources with a disk-blackbody, disk-blackbody plus power-



R. Soria & K. Wu: Properties of discrete X-ray sources in the starburst spiral galaxy M 83 11

law, or simple powerlaw spectra fall in this region of the dia-
gram.

Incidentally, we notice that the emission-line sources No.3
and 27 (discussed in Sect. 3.3) have colors consistent with
group C sources (Fig. 13 and 15): this is in agreement with
our argument that they are accreting systems surrounded by a
photo-ionized nebula or stellar wind, rather than SNRs. We also
note that only 5 sources are clearly outliers, with much harder
spectra than those of typical XRBs or SNRs. They could be
analogous to the bright (Lx ∼ 1038 erg s−1) high-mass XRBs
SMC X-2 (Corbet et al. 2001) and LMC X-4 (La Barbera et al.
2001), whose X-ray spectra have powerlaw components with
Γ <∼ 1.

XRBs in a soft and hard state are well separated in this kind
of color-color diagrams. The number of bright sources detected
in each state is comparable, suggesting that the bright XRBsin
this galaxy are not preferentially found in either spectralstate.
It is less easy to separate BH from NS XRBs, or high-mass
from low-mass XRBs, based on colors alone. As a comparison
with bright sources in the Galaxy and Magellanic Clouds, the
high-mass XRBs LMC X-1 and LMC X-3 are almost always
detected in a soft spectral state; on the other hand, Cyg X-1
is usually found in a hard state (with occasional transitions to
a soft state), and most transient Be XRBs have a hard spec-
trum in outburst. BH XRBs with low-mass companions (eg,
GX339−4, XTE J1550−564) and NS low-mass XRBs (eg, 4U
1728−34) also show transitions between soft and hard states.
(See eg, Lewin et al. (1995) for a review). However, the spectral
and color differences between the two “canonical” states are
generally larger in BH XRBs than in NS XRBs (eg, Sunyaev
2001; Sunyaev & Revnivtsev 2000): BHs are harder when in
the hard state, and softer when in the soft state. Hence, BH
XRBs should have larger color excursions within the group
C sources. Repeated observations of the source colors over
timescales of a few months/years may help distinguish NS from
BH systems. Instead, we do not expect to see color transitions
between different groups.

5.3. Correlation with Hα emission

The cumulative luminosity distributions of group A, B and C
sources are not identical (Fig. 16). Group A (supersoft) and
B (soft) sources have a much lower count rate: only≈ 10%
of them have>∼ 100 cts (≈ 0.002 cts s−1, corresponding to
≈ 3 × 1037 erg s−1). The luminosity function of the group B
sources is approximately a powerlaw with index−1. Most of
the bright sources belong to group C:≈ 40% of the sources
in this group have X-ray luminosities>∼ 3× 1037 erg s−1. This
fraction increases to≈ 50% when we subtract the estimated
background AGN contribution.

We investigated the spatial correlation between different
groups of X-ray sources and the HII regions, which define
the spiral arm structure and are indicators of young stellar
populations. Overplotting the X-ray sources on a continuum-
subtracted Hα map of M 83 (Fig. 17) shows that group B
sources (green circles) are more closely associated with Hα

emission (mostly found in the starburst nucleus and the spiral

Fig. 14. Top panel: color-color diagram for sources brighter
than≈ 1037 erg s−1, with respective error bars. Bottom panel:
color-color diagram for the all sources in the S3 chip, with-
out error bars. In addition to the models shown in Fig. 12, we
have also overplotted a two-temperature thermal plasma model
(kTrs,1 = 0.3 keV, kTrs,2 = 5.0 keV), normalised so that the
high-temperature component accounts for 25% of the emitted
flux.

arms), than group A and C sources. We quantified this associ-
ation by calculating the average Hα surface brightness within
a circle of 5′′ radius around the position of each X-ray source,
and plotting it as a function of the X-ray flux, for each group
of sources (Fig. 18). The data do not show any correlation be-
tween X-ray count rates and Hα surface brightness for any of
the three groups. The lack of faint X-ray sources associated
with very bright Hα emission (near the bottom right of the plot)
is due to the incompleteness of the X-ray sample: bright Hα
emission is usually associated with strong diffuse X-ray emis-
sion (eg, in the starburst nucleus), where faint X-ray sources
are more easily unresolved.

We then examined (Fig. 19) the cumulative distribution of
the Hα surface brightness associated with the three groups of
X-ray sources (the total number of sources is normalized to 1
for each group). This shows a significantly stronger Hα emis-
sion associated with group B sources: almost 80% of them are
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Fig. 15. Same as Fig. 14 for the alternative color indices. The
three groups (A, B, C) are separated by the horizontal dotted
lines.

located in regions with Hα surface brightness> 2 × 1035 erg
s−1 arcsec−2, compared to only 40% of group C sources. This
is further evidence that group B sources come from a younger
population. This difference is particularly evident in regions of
intermediate Hα brightness, typical of HII regions in the spi-
ral arms. For regions of very bright Hα emission (>∼ 2 × 1036

erg s−1 arcsec−2) B and C sources have similar behavior: this
corresponds to the starburst nucleus, where we expect to finda
high concentration of both SNRs and high-mass XRBs.

Sources of group A (supersoft) are found only in regions
of low Hα emission: this is consistent with an old population.
However, it could also be due to a selection effect: supersoft
sources embedded in a spiral arm or in the starburst nucleus
(and hence associated with bright HII regions) are heavily ab-
sorbed and may not detected easily in the soft X-ray band. The
small number of group A sources (11) also makes statistical
errors larger.

5.4. X-ray SNRs and other possible soft sources

The previous results are consistent with the interpretation of the
supersoft sources as old or intermediate-age nuclear-burning

Fig. 16. Cumulative luminosity distributions of the three groups
of sources (normalized to their total numbers) identified in
Sect. 5.3. The distributions for groups A, B and C are plotted
in red, green and blue respectively.

Fig. 17. Location of the discrete X-ray sources classified ac-
cording to their color group (red for group A sources; green
for group B; blue for group C), overplotted onto a continuum-
subtracted Hα image of M 83. North is up, East is left. The Hα
image was taken by Stuart Ryder from the Anglo-Australian
Telescope.

white dwarfs, and with the identification of the B sources as
young SNRs (Prestwich et al. 2003). If this is the case, we
expect their luminosity to remain constant over many years.
Repeated deep observations of M 83 over the next few years
will verify this conjecture.
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Fig. 18. X-ray source count rate versus the Hα surface bright-
ness in the region around the source (average value in a cir-
cle of radius 5′′). Here red circles= group A, green squares
= group B, blue triangles= group C sources. The lack of de-
tected sources near the bottom right corner of the diagram is
due to the completeness limit of our X-ray sample in regions
of high Hα emission: those regions are also characterized by
strong, diffuse X-ray emission, so that faint X-ray sources can-
not be detected.

Fig. 19. Cumulative distributions of the Hα surface brightness
associated to each group of X-ray sources.

We also looked for spatial correspondences between the
X-ray sources and the optically-identified SNRs (Blair &
Long 2003, in preparation). The latter were identified with
the [SII ]/Hα criterion (Blair & Long 1997), suitable to detect
evolved remnants of all types over a lifetime of≈ 20, 000–
30, 000 yr (eg, Pannuti 2002 and references therein). Seven
of the X-ray sources classified in group B are located within
5′′ of an optical SNR; two C sources and one A source are also
within 5′′ of an SNR. However, most of the optical SNRs are
not associated with any X-ray sources, and vice versa. Little
overlapping between X-ray and optically-selected SNRs was

also noticed in other nearby galaxies (Pannuti et al. 2002).
Optical surveys tend to select a larger fraction of SNRs in
low-density regions (hence, they tend to select Type Ia events),
while the brighter X-ray SNRs are those found in denser star-
forming regions. On the other hand, optical surveys based on
the [OIII ]/Hα criterion would select mostly remnants from
core-collapse events (Type II, Ib,c) in young stellar popula-
tions. Correlations with X-ray sources would provide a more
constraining test for their age and nature. This search is beyond
the scope of this paper.

A detailed study of spatial correlations between X-ray and
radio sources is also left to further work. A preliminary in-
vestigation shows that the continuum radio emission at 6.3 cm
correlates well with the distribution of group B X-ray sources
(Fig. 20). Diffuse thermal radio emission in spiral galaxies is
usually associated with HII regions; diffuse non-thermal radio
emission is thought to be produced by cosmic-ray electrons ac-
celerated by SNRs. An association between diffuse radio emis-
sion and group B X-ray sources would strengthen their inter-
pretation as SNRs, or at least as a young population.

In addition to young SNRs, other classes of sources could in
principle show X-ray colors consistent with our group B classi-
fication. For example, a blackbody or disk-blackbody spectrum
with kT ≈ 0.1–0.2 keV would have the correct X-ray colors.
Standard accretion-disk models show that a 10-M⊙ BH would
have to be accreting at a rate<∼ 10−3ṁEdd to have a tempera-
ture kT <∼ 0.2 keV at the inner edge of the disk, if it extends
to the innermost stable orbit of the Schwarzschild geometry.
However, its luminosity would be<∼ 1036 erg s−1, too faint to
be detected in our M 83 observation. Besides, typical BH candi-
dates in the Galaxy tend to have a harder X-ray spectrum when
detected at low accretion rates: their emission is then domi-
nated by photons Compton-scattered in a hot corona, rather
than direct emission from the accretion disk. Intermediate-mass
BHs (M ∼ 103–104M⊙) in a high state would have a thermal
blackbody-like spectrum in the correct temperature range,but
their luminosity would be> 1041 erg s−1, not observed in M 83.

Transient X-ray pulsars with large photospheres may be a
candidate for some of the soft sources. Some systems, such
as RX J0059.2−7138 (Hughes 1994) are known to have a
very soft (kT ≈ 40 eV) blackbody component in addition to
their typical powerlaw component. The soft X-ray emission
is produced by the Compton downscattering of harder X-rays
emitted from near the surface of the compact object. With its
emitted X-ray luminosity∼ 1037 erg s−1, RX J0059.2−7138
would be a group B source in our classification scheme. Time-
variability studies are required to distinguish this classof tran-
sient X-ray pulsars from X-ray SNRs. Finally, old low-mass
neutron star XRBs may have an X-ray spectrum dominated by
a soft thermal component atkT ≈ 100 eV, caused by the re-
processing of hard X-ray photons by the inner edge of an ac-
cretion disk. An example of this type of sources, which would
also belong to group B, is the Galactic X-ray pulsar Her X-1
(eg, Mavromatakis 1993).
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Fig. 20. Group A, B and C sources (green, red and blue cir-
cles respectively) overplotted on a map of the radio continuum
emission at 6.3cm. The radio map is a combination of data
from the VLA and Effelsberg radio telescopes, at a resolution
of 12′′, and was produced by S. Sukumar, R. Allen, R. Beck &
N. Neininger.

5.5. Soft sources in M 83 and M 81

Another clue to determine the nature of the group B sources
comes from a comparison of the X-ray colors of the discrete
sources detected in other galaxies. We considered M 81, as it
is another nearby spiral galaxy but it does not have a starburst
nucleus like that of M 83. The foreground absorption in the di-
rection of the two galaxies is very similar, hence this does not
affect the hardness and color comparison. In order to compare
our results with those of Swartz et al. (2002, 2003), we used
the Chandra ACIS count rates for the M 83 sources obtained
by D. Swartz with the same extraction routines and in the same
energy bands. Hence, the soft band is defined here as the 0.2–
1.0 keV channel energy range, instead of the 0.3–1.0 keV band
used in the rest of this paper. Medium and hard bands are de-
fined as before.

The color-color plots (Fig. 21) and the cumulative hardness
distributions (Fig. 22) show similar populations of supersoft
sources and XRBs for the two galaxies. However, M 81 has
fewer group B sources. This difference may be caused either
by physical properties (different star-formation activity and his-
tory of the two galaxies) or by the higher inclination angle of
the M 81 disk. If this group of young soft sources are concen-
trated in the spiral arms, they may be more highly absorbed
and less likely to be detected. However, the fact that there is
no difference in the relative detection of the other groups of
sources suggests that the former explanation is more likely. As
discussed in Sect. 5.3, a significant fraction of group B sources
in M 83 is located in the starburst nuclear region (10 out of 50)

Fig. 21. Color-color plots for X-ray sources in M 83 and M 81,
for conventional and alternative color indices (as defined in
Sect. 5.2). Here the soft band is defined as 0.2–1.0 keV. Filled
red circles represent M 83 sources, and open green circles rep-
resent M 81 sources. Error bars have been omitted.

and in other young star-forming regions where the interstellar
gas density is higher. It is natural that fewer of these sources are
in the bulge of M 81, which is characterized by an older stellar
population and little interstellar gas.

6. Summary

We have identified 127 discrete sources in a 51-ksChandra
ACIS-S3 observation of the starburst spiral galaxy M 83, with
a detection limit of≈ 3× 1036cts s−1 in the 0.3–8.0 keV band.
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Fig. 22. The cumulative color distribution of the sources in
M 83 (solid line) and M 81 (dashed line). S is defined here as
the 0.2–1.0 keV band.

Most of the bright sources have spectra typical of XRBs, either
in a soft state (thermal component at∼ 1 keV plus powerlaw
with Γ ≈ 2.5), or in a hard state (powerlaw withΓ ≈ 1.5). Two
bright sources show emission lines on a hard powerlaw contin-
uum, and are probably XRBs surrounded by a photo-ionized
nebula or stellar wind, though the alternative that they maybe
very young SNRs cannot be ruled out. Among the other bright
sources, we also modelled the spectra of two SNR candidates,
with optically-thin thermal plasma emission at temperatures
∼ 0.5 keV and emission lines from Mg and Si. The two bright-
est supersoft sources have blackbody temperatureskT ≈ 60 eV
and luminosities∼ 1038 erg s−1. Two candidate X-ray pulsars
are detected with periods≈ 200 s.

An analysis of the X-ray colors, luminosity and spatial dis-
tribution suggests that the discrete source population canbe
divided into three distinct groups. The first group (≈ 10% of
the detected sources) comprises “classical” supersoft sources
with blackbody-like spectra at temperatures< 100 eV. They
do not correlate strongly with Hα emission, an indicator of
recent star formation, suggesting that they belong to an old
or intermediate-age stellar population. This is consistent with
their interpretation as nuclear-burning white dwarfs. Thesec-

ond group (≈ 40% of the total) consists of soft sources with lit-
tle or no detected emission above 2 keV. The brightest sources
in this group have unabsorbed luminosities≈ 1038 erg s−1, but
for most of the others we estimate luminosities∼ 1037 erg s−1.
They are mostly found in regions with high Hα emission (HII
regions in the spiral arms and the starburst nucleus). Most of
them are probably core-collapse SNRs, although other physi-
cal systems may occasionally show similarly soft X-ray colors
(for example, accreting neutron stars in high-mass XRBs with
large photospheres). A comparison with the source colors inthe
spiral galaxy M 81 (where star formation is currently less ac-
tive) confirms that the fraction of sources detected in this group
is related to the recent level of star formation. The sourcesin
the third group are mostly XRBs, reaching higher X-ray lumi-
nosities than sources in the other two groups. Being a mixture
of old low-mass and young high-mass XRBs, the whole group
appears to be of intermediate age when correlated with the Hα

emission. The color-color diagrams allow us to distinguishbe-
tween sources in a soft and hard state, and to disentangle the
effects of absorption versus intrinsic spectral hardness.
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Table A.1. M 83 sources detected at the 3-σ level in the 0.3–8.0 keV band, and respective net fluxes in a soft, medium and
hard band. Counts in a given band are given in brackets when the source was detected at less than 3-σ level in that band. The
exposure time was 50.851 ks. TheROSAT cross-identification refers to the HRI sources listed by Immler et al. (1999); SW02 is
the cross-identification with Soria & Wu (2002).

No. CXOU Name R.A.(2000) Dec.(2000) F0.3−8 (cts) F0.3−1 (cts) F1−2 (cts) F2−8 (cts) ROS AT SW02

1 J133640.8− 295118 13 36 40.89 −29 51 18.2 23.5± 08.5 18.8± 05.3 (3.0± 2.0) (0.0± 0.0)
2 J133641.0− 295110 13 36 41.01 −29 51 10.7 67.7± 10.2 22.8± 07.3 40.1± 07.4 (13.0± 5.2) 1
3 J133641.4− 295045 13 36 41.41 −29 50 45.1 294.0± 19.8 49.7± 08.2 126.7± 12.8 89.2± 11.2 2
4 J133643.1− 295254 13 36 43.16 −29 52 54.3 10.4± 03.7 (4.0± 2.0) (5.0± 3.0) (0.5± 0.5)
5 J133643.5− 295107 13 36 43.53 −29 51 07.2 324.7± 20.3 29.7± 06.1 120.0± 12.2 121.3± 12.5 H08 3
6 J133648.0− 295324 13 36 48.05 −29 53 24.2 60.8± 08.9 13.2± 04.2 23.2± 05.1 13.0± 04.0 4
7 J133648.2− 295244 13 36 48.27 −29 52 44.8 19.3± 05.0 10.4± 03.6 (6.0± 3.0) (0.5± 0.5)
8 J133649.1− 295258 13 36 49.11 −29 52 58.5 317.5± 18.8 189.8± 14.5 109.7± 11.0 15.2± 04.2 H12a 5
9 J133649.2− 295303 13 36 49.22 −29 53 03.5 112.9± 11.4 35.9± 06.6 53.7± 07.7 12.6± 03.9 H12b 6

10 J133649.8− 295217 13 36 49.82 −29 52 17.7 38.2± 07.2 28.2± 06.1 (8.1± 3.2) (0.5± 0.5) 7
11 J133650.8− 295240 13 36 50.87 −29 52 40.5 27.1± 06.4 20.6± 05.4 (4.0± 2.0) (0.5± 0.5)
12 J133650.9− 295226 13 36 50.97 −29 52 26.3 21.8± 05.8 14.7± 04.7 (4.0± 2.0) (0.5± 0.5)
13 J133651.1− 295043 13 36 51.15 −29 50 43.2 19.2± 05.4 10.6± 03.9 (6.0± 3.0) (0.5± 0.5)
14 J133651.6− 295335 13 36 51.65 −29 53 35.5 124.0± 12.0 42.6± 07.1 52.4± 07.5 24.7± 05.2 H14 8
15 J133652.8− 295231 13 36 52.80 −29 52 31.4 32.1± 06.7 20.6± 05.4 10.8± 03.5 (0.5± 0.5)
16 J133653.1− 295430 13 36 53.19 −29 54 30.4 27.5± 06.0 (5.0± 2.0) 15.2± 04.0 (5.5± 2.5)
17 J133653.1− 295325 13 36 53.19 −29 53 25.3 43.1± 07.7 34.5± 06.6 (5.5± 3.2) (3.2± 2.5) 9
18 J133653.2− 295242 13 36 53.27 −29 52 42.9 46.3± 08.2 19.1± 05.3 16.0± 04.2 (3.5± 2.9) 10
19 J133653.6− 295600 13 36 53.65 −29 56 00.9 30.0± 06.0 17.5± 04.5 (6.7± 2.8) (2.7± 1.6)
20 J133653.9− 294848 13 36 53.92 −29 48 48.8 32.6± 06.9 28.1± 06.2 (4.0± 2.0) (0.5± 0.5) 11
21 J133653.9− 295114 13 36 53.93 −29 51 14.7 89.5± 10.2 43.7± 07.1 30.6± 05.7 13.1± 03.9 12
22 J133654.1− 295209 13 36 54.17 −29 52 09.6 12.3± 04.1 10.5± 03.5 (2.0± 1.0) (0.5± 0.5)
23 J133654.1− 294933 13 36 54.18 −29 49 33.1 28.8± 07.5 (12.6± 5.6) (12.5± 5.2) (3.8± 2.0)
24 J133655.0− 295304 13 36 55.06 −29 53 04.9 25.5± 05.9 15.9± 04.6 11.2± 03.7 (0.0± 0.0)
25 J133655.0− 295239 13 36 55.09 −29 52 39.6 29.6± 06.2 24.2± 05.4 (4.0± 2.0) (0.5± 0.5) 13
26 J133655.2− 295403 13 36 55.23 −29 54 03.6 98.4± 10.5 41.7± 07.1 36.1± 06.1 24.4± 05.1 14
27 J133655.5− 295510 13 36 55.50 −29 55 10.1 352.3± 19.2 94.7± 10.1 151.3± 12.5 108.6± 10.7 H15 15
28 J133655.6− 295303 13 36 55.60 −29 53 03.6 48.1± 07.9 23.5± 06.1 8.7± 03.2 15.6± 04.1 16
29 J133656.2− 295255 13 36 56.22 −29 52 55.5 22.9± 05.5 (5.5± 2.3) 12.3± 03.7 (6.8± 2.6) 17
30 J133656.5− 294817 13 36 56.51 −29 48 17.7 21.5± 04.1 (2.0± 1.0) 11.3± 03.5 (7.0± 3.0)
31 J133656.6− 294912 13 36 56.65 −29 49 12.6 311.6± 18.8 53.3± 07.7 145.0± 12.7 95.1± 10.5 18
32 J133656.6− 295321 13 36 56.69 −29 53 21.8 14.3± 04.5 (11.0± 4.0) (1.0± 1.0) (2.0± 1.0)
33 J133657.2− 295339 13 36 57.28 −29 53 39.7 490.6± 22.7 162.8± 13.3 201.6± 14.4 126.8± 11.4 19
34 J133657.5− 294729 13 36 57.52 −29 47 29.2 96.4± 12.5 35.1± 08.1 42.5± 07.6 32.6± 07.6 20
35 J133657.8− 295303 13 36 57.89 −29 53 03.0 81.0± 09.4 61.7± 08.1 18.6± 04.5 (0.5± 0.5) 21
36 J133657.9− 294923 13 36 57.94 −29 49 23.6 35.2± 06.7 (1.0± 1.0) 12.3± 03.7 16.9± 04.4 22
37 J133658.2− 295124 13 36 58.20 −29 51 24.6 20.7± 05.3 (15.5± 6.2) 10.6± 03.6 (3.0± 2.0) 23
38 J133658.2− 295216 13 36 58.23 −29 52 16.0 164.3± 13.4 91.9± 10.0 63.0± 08.1 12.3± 03.7 24

a39 J133658.3− 295105 13 36 58.39 −29 51 05.1 124.9± 11.8 (2.0± 1.0) 54.1± 07.6 70.4± 08.6 26
40 J133658.4− 294833 13 36 58.41 −29 48 33.4 76.1± 10.2 26.1± 07.7 21.2± 05.1 35.2± 06.9 25

a Background radio galaxy
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No. CXOU Name R.A.(2000) Dec.(2000) F0.3−8 (cts) F0.3−1 (cts) F1−2 (cts) F2−8 (cts) ROS AT SW02

41 J133658.7 − 295100 13 36 58.76 −29 51 00.9 16.0± 04.8 17.9± 05.1 (0.5± 0.5) (0.5± 0.5)
42 J133659.1 − 295336 13 36 59.13 −29 53 36.5 34.1± 06.5 32.8± 06.2 (0.5± 0.5) (0.5± 0.5) 27
43 J133659.3 − 295508 13 36 59.35 −29 55 08.9 11.4± 03.9 8.0± 03.2 (1.0± 1.0) (0.5± 0.5)
44 J133659.4 − 294959 13 36 59.46 −29 49 59.3 1214.1± 36.0 399.2± 20.7 474.2± 22.4 347.9± 19.3 H17 28
45 J133659.5 − 295203 13 36 59.52 −29 52 03.9 36.0± 12.5 29.7± 10.0 (9.0± 3.5) (0.0± 0.0) (b) 29
46 J133659.5 − 295413 13 36 59.59 −29 54 13.5 23.6± 05.6 (1.0± 1.0) 11.8± 03.6 9.1± 03.2
47 J133659.8 − 295205 13 36 59.81 −29 52 05.5 270.4± 21.0 85.7± 13.9 137.6± 12.7 62.2± 08.2 (b) 30
48 J133659.8 − 295525 13 36 59.85 −29 55 25.9 31.1± 06.2 24.2± 05.1 (1.0± 1.0) (2.0± 1.0)
49 J133700.0 − 295150 13 37 00.03 −29 51 50.2 192.1± 22.7 77.9± 15.5 79.8± 10.9 48.5± 07.4 (b) 31
50 J133700.0 − 295138 13 37 00.06 −29 51 38.1 17.7± 05.8 (6.0± 3.0) 12.3± 04.1 (0.5± 0.5)
51 J133700.0 − 295417 13 37 00.08 −29 54 17.5 11.7± 04.0 9.7± 03.6 (1.0± 1.0) (0.5± 0.5)
52 J133700.1 − 295330 13 37 00.11 −29 53 30.0 36.8± 06.4 (2.0± 1.0) 20.7± 04.6 13.1± 03.7 32
53 J133700.2 − 295206 13 37 00.23 −29 52 06.3 41.8± 11.6 28.1± 10.4 19.5± 6.3 (1.7± 1.7) (b) 33
54 J133700.3 − 295205 13 37 00.36 −29 52 05.6 37.1± 12.1 24.9± 09.2 (6.2± 4.9) (0.5± 0.5) (b) 34
55 J133700.4 − 295054 13 37 00.42 −29 50 54.3 94.1± 10.4 91.2± 10.1 (0.5± 0.5) (0.0± 0.0) 36
56 J133700.4 − 295159 13 37 00.45 −29 51 59.5 325.4± 37.8 290.4± 33.5 45.0± 21.9 (3.2± 3.2) (b) 35
57 J133700.5 − 295156 13 37 00.51 −29 51 56.1 294.0± 39.7 220.9± 31.5 77.0± 24.2 (4.8± 4.8) (b) 37
58 J133700.6 − 295146 13 37 00.60 −29 51 46.7 63.9± 13.0 (8.1± 4.9) 26.8± 06.6 17.4± 04.6 (b) 38
59 J133700.6 − 295159 13 37 00.65 −29 51 59.5 181.1± 39.0 112.6± 35.0 45.0± 14.7 (2.0± 2.0) (b) 40
60 J133700.6 − 295319 13 37 00.65 −29 53 19.9 395.0± 20.2 125.6± 11.5 160.4± 12.8 110.2± 10.6 39
61 J133700.6 − 295204 13 37 00.66 −29 52 04.0 115.1± 32.4 85.7± 21.0 (32.3± 13.7) (0.5± 0.5) (b) 41
62 J133700.7 − 295205 13 37 00.72 −29 52 05.9 159.3± 30.5 (18.2± 8.8) 99.2± 13.0 66.0± 08.7 (b) 42
63 J133700.9 − 295155 13 37 00.90 −29 51 55.7 739.4± 36.6 204.6± 24.8 274.4± 20.9 252.9± 16.6 (b,c) 43
64 J133700.9 − 295202 13 37 00.97 −29 52 02.8 1327.1± 45.7 570.9± 33.4 589.5± 27.2 164.8± 13.4 (b) 44
65 J133701.0 − 295245 13 37 01.07 −29 52 45.8 113.4± 11.2 51.3± 07.6 39.5± 06.5 25.8± 05.2 H21 45
66 J133701.0 − 295056 13 37 01.08 −29 50 56.2 22.4± 05.9 21.8± 05.5 (1.0± 1.0) (0.5± 0.5)
67 J133701.1 − 295151 13 37 01.16 −29 51 51.8 81.4± 15.4 (14.0± 9.1) 47.5± 09.0 14.0± 04.4 (b) 46
68 J133701.1 − 295449 13 37 01.18 −29 54 49.5 123.5± 11.4 123.4± 11.4 (0.5± 0.5) (0.0± 0.0) 47
69 J133701.2 − 295201 13 37 01.27 −29 52 01.7 73.0± 11.7 (9.0± 7.5) (13.0± 5.4) 51.4± 07.9 (b) 48
70 J133701.2 − 295159 13 37 01.28 −29 51 59.9 103.0± 25.2 69.2± 10.0 40.1± 09.4 (5.0± 2.0) (b) 49
71 J133701.3 − 295136 13 37 01.31 −29 51 36.9 54.8± 08.0 (1.0± 1.0) (3.0± 2.0) 54.8± 07.6 50
72 J133701.4 − 295326 13 37 01.49 −29 53 26.7 488.9± 22.5 75.1± 08.8 307.9± 17.7 103.3± 10.4 H20 51
73 J133701.6 − 295128 13 37 01.64 −29 51 28.4 535.7± 23.9 224.7± 15.6 213.3± 14.9 97.4± 10.1 H23 52
74 J133701.6 − 295201 13 37 01.65 −29 52 01.9 22.9± 06.8 21.6± 06.4 (2.0± 1.0) (0.5± 0.5) (b)
75 J133701.6 − 295410 13 37 01.68 −29 54 10.1 12.8± 04.1 (9.0± 4.0) (2.0± 1.0) (0.0± 0.0)
76 J133701.7 − 294743 13 37 01.72 −29 47 43.0 173.2± 15.1 14.3± 04.4 71.7± 09.5 48.5± 07.9 53
77 J133701.7 − 295113 13 37 01.72 −29 51 13.5 27.1± 06.1 20.6± 05.1 (3.0± 2.0) (0.5± 0.5) 54
78 J133702.0 − 295518 13 37 02.03 −29 55 18.0 333.8± 18.6 112.2± 10.9 96.5± 09.9 125.7± 11.4 H22 55
79 J133702.1 − 295505 13 37 02.16 −29 55 05.9 54.4± 07.9 17.0± 04.5 19.5± 04.6 10.4± 03.5 56
80 J133702.2 − 294952 13 37 02.23 −29 49 52.9 27.6± 05.8 18.2± 04.7 6.3± 02.6 (3.0± 2.0) 57
81 J133702.4 − 295126 13 37 02.43 −29 51 26.3 78.7± 09.5 60.6± 08.3 17.4± 04.5 (0.5± 0.5) 58
82 J133702.4 − 295319 13 37 02.47 −29 53 19.4 97.4± 10.1 13.9± 03.9 51.9± 07.3 31.5± 05.7 59
83 J133703.0 − 294945 13 37 03.06 −29 49 45.4 18.7± 05.2 (10.6± 6.2) 7.0± 02.8 (0.5± 0.5)
84 J133703.3 − 295226 13 37 03.31 −29 52 26.9 64.9± 08.6 14.7± 04.4 27.8± 05.4 23.7± 05.0 60
85 J133703.8 − 294930 13 37 03.88 −29 49 30.6 346.0± 19.5 114.0± 11.3 141.7± 12.4 89.4± 09.8 61
86 J133704.2 − 295403 13 37 04.29 −29 54 03.8 1389.2± 37.8 406.8± 20.4 702.4± 26.8 283.4± 17.0 H26 62
87 J133704.3 − 295130 13 37 04.38 −29 51 30.7 41.0± 07.0 16.2± 04.5 19.4± 04.6 (5.0± 2.0) 63
88 J133704.3 − 295121 13 37 04.38 −29 51 21.7 1527.8± 39.7 469.6± 22.0 762.6± 27.9 302.0± 17.6 H27a 64
89 J133704.4 − 294938 13 37 04.46 −29 49 38.8 12.1± 04.1 7.8± 03.3 (2.0± 1.0) (1.0± 1.0)
90 J133704.5 − 295108 13 37 04.59 −29 51 08.3 13.2± 04.4 10.6± 03.9 (2.0± 1.0) (0.5± 0.5)

b Contributing to the nuclear source H19, unresolved byROSAT
c X-ray source coincident with the IR/optical/UV nucleus of the galaxy
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No. CXOU Name R.A.(2000) Dec.(2000) F0.3−8 (cts) F0.3−1 (cts) F1−2 (cts) F2−8 (cts) ROS AT SW02

91 J133704.6− 295120 13 37 04.66 −29 51 20.6 69.8± 09.0 20.6± 05.0 31.0± 06.0 19.6± 04.7 H27b 65
92 J133704.7− 294851 13 37 04.77 −29 48 51.9 37.9± 07.0 (10.6± 4.5) 16.2± 04.2 (6.7± 3.9) 66
93 J133705.4− 295234 13 37 05.48 −29 52 34.2 89.9± 09.8 (1.0± 1.0) 39.8± 06.4 51.3± 07.3 67
94 J133706.0− 295159 13 37 06.00 −29 51 59.5 17.8± 04.6 (1.0± 1.0) 9.3± 03.2 7.3± 02.8
95 J133706.0− 295514 13 37 06.04 −29 55 14.7 72.6± 08.9 53.2± 07.5 15.3± 04.0 (1.0± 1.0) 68
96 J133706.1− 295232 13 37 06.18 −29 52 32.4 119.8± 11.5 110.9± 10.9 (2.3± 2.0) (0.5± 0.5) 70
97 J133706.1− 295444 13 37 06.19 −29 54 44.3 42.3± 06.9 36.1± 06.3 6.7± 02.6 (0.5± 0.5) 69
98 J133706.5− 295416 13 37 06.54 −29 54 16.0 15.9± 04.5 15.3± 04.2 (0.5± 0.5) (0.0± 0.0)
99 J133706.6− 295107 13 37 06.63 −29 51 07.6 13.7± 04.4 (3.0± 2.0) 4.3± 02.2 6.0± 02.0

100 J133706.6− 295332 13 37 06.67 −29 53 32.8 25.4± 05.7 8.2± 03.2 9.8± 03.3 (5.0± 2.0)
101 J133706.8− 295057 13 37 06.81 −29 50 57.8 17.7± 05.6 (8.3± 5.8) (2.0± 1.0) (6.0± 4.0)
102 J133707.0− 295320 13 37 07.06 −29 53 20.8 11.4± 04.1 (10.0± 4.0) (1.0± 1.0) (0.5± 0.5)
103 J133707.1− 295202 13 37 07.10 −29 52 02.3 17.9± 04.7 11.5± 03.7 (4.0± 2.0) (1.0± 1.0)
104 J133707.1− 295101 13 37 07.12 −29 51 01.8 762.4± 28.2 22.5± 05.4 325.7± 18.3 418.8± 20.8 71
105 J133707.4− 295133 13 37 07.47 −29 51 33.9 16.8± 04.8 15.7± 04.5 (0.5± 0.5) (0.5± 0.5)
106 J133707.5− 294859 13 37 07.53 −29 48 59.5 22.9± 05.5 19.1± 04.9 (2.0± 1.0) (1.0± 1.0)
107 J133708.2− 294916 13 37 08.21 −29 49 16.6 13.6± 04.5 (12.0± 5.0) (1.0± 1.0) (1.0± 1.0)
108 J133708.3− 295126 13 37 08.37 −29 51 26.2 21.7± 05.7 13.3± 04.5 (4.0± 2.0) (1.0± 1.0)
109 J133708.5− 295135 13 37 08.57 −29 51 35.2 11.4± 04.1 9.2± 03.5 (1.0± 1.0) (0.0± 0.0)
110 J133711.9− 295215 13 37 11.90 −29 52 15.8 56.1± 08.1 45.5± 07.1 8.3± 03.0 (0.5± 0.5) 72
111 J133712.1− 295056 13 37 12.10 −29 50 56.4 18.7± 05.3 15.8± 04.7 (1.0± 1.0) (2.0± 1.0)
112 J133712.4− 295140 13 37 12.46 −29 51 40.0 28.9± 05.7 13.7± 03.9 14.5± 03.9 (1.0± 1.0) 73
113 J133712.5− 295155 13 37 12.52 −29 51 55.0 177.9± 13.8 (1.0± 1.0) 69.2± 08.5 104.9± 10.3 74
114 J133712.7− 295201 13 37 12.74 −29 52 01.3 7.4± 03.2 6.4± 02.8 (0.0± 0.0) (0.5± 0.5)
115 J133712.8− 295012 13 37 12.84 −29 50 12.4 40.0± 06.7 37.3± 06.4 (0.5± 0.5) (0.5± 0.5) 75
116 J133713.1− 295238 13 37 13.14 −29 52 38.8 14.0± 04.4 (0.5± 0.5) (5.0± 2.0) (7.0± 2.0)
117 J133714.4− 295149 13 37 14.47 −29 51 49.1 105.9± 10.5 17.7± 04.4 56.3± 07.6 32.6± 05.8 76
118 J133714.6− 294944 13 37 14.69 −29 49 44.3 55.2± 07.7 14.1± 03.9 24.7± 05.2 15.6± 04.1 77
119 J133714.7− 295428 13 37 14.75 −29 54 28.3 14.5± 03.9 (2.0± 1.0) 6.0± 02.4 4.9± 02.2
120 J133716.1− 295202 13 37 16.18 −29 52 02.4 14.9± 04.1 (1.0± 1.0) 4.9± 02.2 9.0± 03.2
121 J133716.3− 294939 13 37 16.38 −29 49 39.5 480.6± 23.0 112.1± 11.0 199.5± 14.9 174.0± 13.9 H29 78
122 J133717.2− 295153 13 37 17.22 −29 51 53.6 91.5± 10.1 61.6± 08.2 28.6± 05.6 (2.0± 1.0) 79
123 J133717.4− 295154 13 37 17.48 −29 51 54.2 21.1± 07.2 (12.0± 5.0) (6.0± 3.0) (1.0± 1.0)
124 J133717.9− 295211 13 37 17.97 −29 52 11.9 40.3± 06.6 21.4± 04.8 10.9± 03.3 (5.0± 2.0) 80
125 J133718.8− 295014 13 37 18.86 −29 50 14.4 10.7± 03.7 (1.0± 1.0) 5.5± 02.4 (1.0± 1.0)
126 J133719.6− 295131 13 37 19.65 −29 51 31.6 83.5± 09.5 (4± 2) 20.0± 04.6 58.5± 07.9 81
127 J133722.1− 295207 13 37 22.13 −29 52 07.8 11.6± 03.7 (1.0± 1.0) 5.8± 02.4 (2.0± 1.0)
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Appendix B: Fit parameters of selected bright
sources

Table B.1. XSPECbest-fit parameters for the galactic nucleus
(No. 63 in Table A.1).

model: wabsGal × wabs× powerlaw

nH (×1021 cm−2) 1.25+0.80
−0.93

Γ 1.45+0.16
−0.24

Kpl (×10−5) 1.9+0.3
−0.5

χ2
ν (dof) 1.06 (49)

L0.3−8 (×1038 erg s−1) 2.3+0.2
−0.1

Table B.2. XSPECbest-fit parameters for the two brightest su-
persoft sources. (An asterisk indicates that we could not deter-
mine an error for that fit parameter).

parameter No. 68 No. 96

model: wabsGal × wabs× blackbody

nH (×1021 cm−2) 1.4+1.4
−0.5 4.7+2.3

−1.0

Tbb (keV) 0.065+0.014
−0.013 0.058+0.032

−0.023

Kbb (×10−6) 2.3+0.3
−0.4 48+35

−25

χ2
ν (dof) 1.01 (7) 0.51 (5)

L0.3−8 (×1038 erg s−1) 0.9+3.4
−0.4 [> 1]

model: wabsGal × wabs× raymond-smith

nH (×1021 cm−2) 1.9+1.5
−1.2 4.5+150

−4.5

Trs (keV) 0.087+0.033
−0.027 0.082+0.007

−0.013

Z (metal ab.) 0.01+0.04
−0.01 0.02+0.14

−0.02

Krs (×10−3) 7.7+8.0
−4.5 59+∗

−∗

χ2
ν (dof) 1.08 (6) 0.41 (4)

L0.3−8 (×1038 erg s−1) 2.0+10.2
−1.5 [> 1]
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Table B.3. XSPECbest-fit parameters for emission-line sources. (Parameters listed as “undetermined” are those for which we
could not obtain meaningful values withXSPEC.)

parameter No. 3 No. 8 No. 27 No. 56

model: wabsGal × wabs× powerlaw

nH (×1021 cm−2) 1.3+0.8
−0.9 2.2+0.9

−0.6 0.7+0.6
−0.7 > 104

Γ 1.51+0.30
−0.16 3.64+0.54

−0.35 1.35+0.14
−0.15 > 10

Kpl (×10−6) 10.3+4.0
−2.8 14.0+6.6

−4.1 8.1+2.6
−2.0 [undeterm]

χ2
ν (dof) 1.11 (30) 1.22 (25) 1.06 (30) [undeterm]

L0.3−8 (×1038 erg s−1) 1.2+0.1
−0.1 1.6+1.8

−0.5 1.1+0.1
−0.1 [undeterm]

model: wabsGal × wabs× bremsstrahlung

nH (×1021 cm−2) 1.1+1.0
−0.9 0.8+0.7

−0.6 0.6+0.7
−0.6 9.7+0.7

−0.8

Tbr (keV) 10.8+17.5
−5.5 0.71+0.20

−0.19 27.7+∗
−18.6 0.10+0.04

−0.03

Kbr (×10−5) 1.4+0.2
−0.2 2.8+0.5

−0.4 1.4+1.0
−0.3 1.0+0.4

−0.3 105

χ2
ν (dof) 1.05 (30) 1.23 (25) 1.05 (30) 1.55 (24)

L0.3−8 (×1038 erg s−1) 1.1+0.1
−0.1 0.6+0.2

−0.2 1.1+0.1
−0.1 [undeterm]

model: wabsGal × wabs× raymond-smith

nH (×1021 cm−2) 0.9+1.0
−0.7 0.9+0.5

−0.9 0.7+0.6
−0.7 < 0.5

Trs (keV) 12.1+32.9
−5.3 0.65+0.40

−0.13 24.6+39.4
−16.5 0.67+0.10

−0.08

Z (metal ab.) 1 [fixed] < 0.1 1 [fixed] < 0.2

Krs (×10−5) 2.6+2.2
−∗

9.6+2.8
−∗

3.4+2.1
−∗

2.9+2.1
−0.8

χ2
ν (dof) 1.04 (30) 1.28 (24) 1.05 (30) 1.27 (23)

L0.3−8 (×1038 erg s−1) 1.2+0.2
−0.2 0.6+0.2

−0.2 1.1+0.2
−0.2 0.4+0.2

−0.2

model: wabsGal × wabs× (powerlaw/bremss continuum+ gaussians)

nH (×1021 cm−2) 0.2+0.8
−0.2 0.6+0.5

−0.5 0.5+0.6
−0.4 9.6+0.6

−0.6

Γ 1.29+0.29
−0.20 1.30+0.15

−0.18

Kpl (×10−6) 7.0+3.8
−2.5 7.1+0.7

−0.9

Tbr (keV) 0.72+0.16
−0.20 0.15+0.05

−0.05

Kbr (×10−5) 2.5+1.9
−1.1 526+60

−60

line 1 E = 1.32+0.04
−0.05 keV E = 1.27+0.03

−0.03 keV E = 1.33+0.08
−0.08

EW = 85+108
−60 eV EW = 176+103

−84 eV EW = 73+94
−73 eV

line 2 E = 1.51+0.04
−0.03 keV E = 1.50+0.04

−0.05 keV

EW = 135+89
−88 eV [undeterm]

line 3 E = 1.85+0.04
−0.03 keV E = 1.91+0.04

−0.04 keV E = 1.89+0.03
−0.07 keV

EW = 154+98
−131 eV EW = 189+114

−111 eV [undeterm]

line 4 E = 2.60+0.19
−0.10 keV

EW = 293+293
−204 eV

χ2
ν (dof) 0.82 (22) 0.88 (23) 0.85 (24) 1.01 (22)

L0.3−8 (×1038 erg s−1) 1.1+0.1
−0.1 0.5+0.2

−0.1 1.1+0.1
−0.1 [undeterm]
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Table B.4. XSPECbest-fit parameters for other selected bright sources in theACIS-S3 chip. (An asterisk indicates that we could
not obtain a meaningful best-fit value for that parameter).

parameter No. 5 No. 31 No. 33 [No. 39] No. 44 No. 60 No. 64 No. 72

model: wabsGal × wabs× powerlaw

nH (×1021 cm−2) 3.5+2.0
−1.3 1.05+0.84

−0.94 1.15+0.47
−0.51 7.7+7.5

−3.1 0.74+0.26
−0.29 1.13+0.48

−0.77 2.1+0.4
−0.4 8.0+1.7

−1.4

Γ 1.62+0.33
−0.31 1.39+0.21

−0.32 1.68+0.16
−0.17 1.43+0.51

−0.40 1.40+0.12
−0.10 1.58+0.22

−0.24 2.77+0.21
−0.18 3.13+0.57

−0.11

Kpl (×10−5) 1.6+0.6
−0.6 0.85+0.36

−0.25 1.3+0.3
−0.3 0.59+0.10

−0.09 2.7+0.4
−0.3 1.0+0.2

−0.2 6.3+1.0
−0.9 7.4+3.3

−2.1

χ2
ν (dof) 0.88 (33) 0.88 (27) 1.08 (41) 0.72 (9) 1.24 (67) 0.60 (34) 0.94 (94) 1.58 (27)

L0.3−8 (×1038 erg s−1) 1.9+0.2
−0.4 1.1+0.1

−0.1 1.3+0.1
−0.1 [Radio gal.] 3.6+0.1

−0.1 1.1+0.1
−0.1 5.0+1.1

−0.8 7.1+4.8
−2.5

model: wabsGal × wabs× disk-blackbody

nH (×1021 cm−2) 0.13+0.22
−0.13 3.4+1.1

−1.0

T in (keV) 0.68+0.07
−0.07 0.72+0.09

−0.08

Kdbb (×10−2) 2.9+1.7
−1.0 1.6+1.3

−0.7

χ2
ν (dof) 1.13 (94) 1.21 (27)

L0.3−8 (×1038 erg s−1) 2.0+0.1
−0.1 1.4+0.3

−0.1

model: wabsGal × wabs× bmc

nH (×1021 cm−2) 0.65+0.61
−0.64 1.1+1.5

−0.9

Tbb (keV) 0.18+0.06
−0.10 0.53+0.04

−0.12

Γ 2.56+0.19
−0.23 6.3+∗

−∗

Kbmc (×10−7) 11.9+0.4
−0.4 7.1+0.8

−0.6

χ2
ν (dof) 0.90 (92) 1.28 (25)

L0.3−8 (×1038 erg s−1) 2.5+0.6
−0.3 1.0+0.1

−0.1
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parameter No. 73 No. 78 No. 85 No. 86 No. 88 No. 104 No. 113 No. 121

model: wabsGal × wabs× powerlaw

nH (×1021 cm−2) 1.8+0.6
−0.6 < 0.14 0.84+0.54

−0.57 3.9+0.5
−0.4 2.9+0.4

−0.4 14.6+4.5
−2.5 16.7+8.6

−6.8 1.17+0.79
−0.85

Γ 2.30+0.26
−0.19 0.98+0.20

−0.18 1.65+0.27
−0.23 2.69+0.15

−0.15 2.37+0.08
−0.14 2.12+0.32

−0.27 2.17+0.74
−0.44 1.29+0.15

−0.17

Kpl (×10−5) 2.0+0.6
−0.4 0.51+0.06

−0.07 0.85+0.23
−0.20 9.2+1.3

−1.2 7.5+1.1
−0.9 9.3+5.2

−3.2 2.4+0.4
−0.3 1.2+0.4

−0.2

χ2
ν (dof) 1.09 (41) 1.17 (29) 0.86 (30) 0.75 (105) 0.80 (105) 0.95(63) 0.53 (14) 0.79 (46)

L0.3−8 (×1038 erg s−1) 1.6+0.2
−0.3 1.0+0.1

−0.1 0.9+0.1
−0.1 7.2+1.4

−0.9 5.9+0.8
−0.7 7.7+3.5

−1.5 2.0+2.8
−0.8 1.8+0.1

−0.1

model: wabsGal × wabs× disk-blackbody

nH (×1021 cm−2) < 0.39 1.32+0.29
−0.26 0.90+0.24

−0.23 8.9+2.4
−2.1 10.2+5.8

−3.3

T in (keV) 0.94+0.15
−0.16 0.86+0.07

−0.06 0.91+0.08
−0.07 1.46+0.27

−0.21 1.50+0.69
−0.44

Kdbb (×10−2) 0.33+0.46
−0.13 1.7+0.6

−0.5 1.4+0.5
−0.4 0.27+0.12

−0.09 0.06+0.21
−∗

χ2
ν (dof) 1.42 (41) 0.68 (105) 0.81 (112) 0.87 (63) 0.54 (14)

L0.3−8 (×1038 erg s−1) 0.9+0.1
−0.1 3.0+0.1

−0.1 3.0+0.1
−0.1 4.0+0.3

−0.3 1.0+0.2
−0.1

model: wabsGal × wabs× bmc

nH (×1021 cm−2) 14.9+19.7
−12.4 0.8+0.3

−0.4 0.55+0.24
−0.20 5.1+3.6

−2.9 9.1+17.5
−3.3

Tbb (keV) 0.19+0.08
−0.07 0.36+0.07

−0.04 0.31+0.07
−0.02 0.76+0.19

−0.31 0.60+0.36
−∗

Γ 1.67+0.54
−0.58 3.25+0.29

−0.34 2.61+0.28
−0.21 1.3+2.7

−0.2 ∗

Kbmc (×10−7) 6.7+0.3
−0.3 14.6+5.3

−0.8 14.3+1.2
−0.7 3.0+0.6

−0.6 7.6+∗
−∗

χ2
ν (dof) 0.93 (39) 0.72 (103) 0.79 (110) 0.89 (61) 0.54 (12)

L0.3−8 (×1038 erg s−1) 1.4+1.5
−0.3 2.7+0.1

−0.1 3.1+0.1
−0.1 3.3+0.4

−0.4 0.9+∗
−∗
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Fig. B.1. Spectra of bright sources of group C: from top left: No. 5 and 31; No. 33 (a candidate X-ray pulsar, lightcurve shown in
Fig. 9) and 39 (a background radio galaxy); No. 44 and 60; No. 64 and 72. Their fitting parameters are listed in Table B.4.



R. Soria & K. Wu: Properties of discrete X-ray sources in the starburst spiral galaxy M 83 25

Fig. B.2. Spectra of bright sources of group C (continued): from top left: No. 78 and 85; No. 88 and 104. No. 113 (a candidate
X-ray pulsar, lightcurve shown in Fig. 10) and No. 121. Theirfitting parameters are listed in Table B.4.
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