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Abstract. We have identified 127 discrete sources i€l@andraACIS observation of M 83, with a detection limit ef3 x

10°¢ ergs*? in the 0.3-8.0 keV band. We discuss the individual X-ray spectral and time-variability propert0 dfright

sources with luminosities10% erg s, and the statistical properties of the whole sample. About one third of the bright sources
show X-ray spectra with a blackbody component at temperatttdeeV, plus a powerlaw component with~ 2.5, typical

of X-ray binaries in a soft state; another third have powerlaw spectralwithl.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 temperatur8$ keV. The two brightest supersoft sources have blackbody
temperature&T ~ 70 eV and luminosities 10° ergs*. Two candidate X-ray pulsars are detected with perie280 s. One

X-ray source corresponds to the core of a background FRII radio 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 no detected emission
above 1 keV and blackbody spectra at temperatut€®® eV. The second group consists of soft sources with little or no detected
emission above 2 keV. They are strongly correlated witherhission 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 with the 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 radius) which is currently undergoing a violent starburst

) ) (Gallais et al. 1991; Elmegreen et al. 1998; Harris et al. 2001).
M83 (NGC 5236) is a nearby spiral galaxy (Hubblgye siar formation rate due to the circum-nuclear starburst is
type SAB(s)c) Wlth a cwcgm-_nuc_le_ar starburst. It is O”e”teéjstimated to be:0.1-0.2 M, yr-! (de Vaucouleurs et al. 1983:;
almost face-on, with an inclination = 24° (Talbot et al. 5 et al. 2001), similar to the rate of star formation in the
1979). Its distance was estimated to be 8.9 Mpc by Sandagg of the galaxy (e.g., Buat et al. 2002). It was suggested that
& Tamman (1987), but a value of 3.7 Mpc was obtained mo[fyense star formation may have been induced by the last close

recently by de Vaucouleurs et al. (1991). A distaeMpC  oncqunter with the dwarf SO NGC 5253 (Bohlin et al. 1983:
would place M83 in the CentaurusA group, whose galayz . qen Bergh 1980).

ies have high velocities and a large spread in morphology
(de Vaucouleurs 1979;d¥€ et al. 1997), suggesting that the M 83, together with M82, NGC 253 and NGC 4395, ac-
group is not yet virialized, and that merging and tidal interagounts for about 25% of today’s total rate of star formation
tions may be frequent occurrences among its members. H@ighin a distance of 10 Mpc from the Milky Way (Heckman
and hereafter, we adopt the distance estimate of 3.7 Mpc. 1998). Massive stars are progenitors of supernova remnants
M 83 has two grand-design spiral arms with ongoing st§ENRs) and X-ray binaries (XRBs), the brightest non-nuclear
formation (e.g., Talbot et al. 1979; Tilanus & Allen 1993). IriX-ray sources in galaxies. Observations have shown that the
addition, it has an even more active nuclear regishQ in X-ray properties of normal galaxies are closely related to their
recent star formation activity. Galaxies with active star for-
Send gprint requests toR. Soria, mation (e.g., M 82, Matsumoto et al. 2001; NGC 4[33339,
e-mail:rs1@mssl.ucl.ac.uk Fabbiano et al. 2001) have a large population of bright discrete
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sources, but quiescent galaxies (e.g., M 31, Supper et al. 208bft” (0.3—10 keV) band, the “medium” (D—20 keV) band
Shirey et al. 2001) are often deficient in very bright sourcesnd the “hard” (20-80 keV) band. We then produced Filtered
Moreover, the spatial distribution of the sources i#atent in  Event Files for the three energy bands and applieadetect
different galactic components. In the spiral galaxy M 81 the each narrow-band image using exposure maps at 0.7, 1.5
galactic disk contains more bright sources than the bulge (eagd 4.0 keV respectively. Eachavdetectrun produced a
Tennant et al. 2001; Swartz et al. 2002, 2003), and the brighseurce list with slightly dierent positions: we examined and
sources in the disk tend to be located closer to the spiral aromnpared the position of each source in the four lists to identify
(Swartz et al. 2003). For these reasons, the X-ray source ptige corresponding objects. In all cases in which the same source
ulation is a probe of the recent star formation activity and dyvas detected in more than one band, the positiorféérdince
namics of the host galaxy (Wu 2001; Wu et al. 2003; Prestwigbas always<1”. We listed the coordinates obtained from the
2001; Prestwich et al. 2003), and high spatial resolution X-réyll band in Table A.1 (uncertainty ¢$0.5). In the same table,
observations of M 83 are particularly important in this contexive also listed the net counts in the full, soft, medium and hard
M 83 was observed in the X-ray band ljhandraon bands.

2000 April 29. The galaxy had also been observe&nstein We identified 127 discrete sources in the S3 chip with a
in 1979-1981 (Trinchieri et al. 1985), bEINGA in 1988 sjgnal to noise rati®/N > 3 in the full band. Some of these
(Ohashi et al. 1990), bROSATIn 1992-1994 (PSPC, Ehlespources are not found hyasdetectin one or more narrow
et al. 1998; HRI, Immler et al. 1999), and BYSCAIn 1994 hands, even when we lower the detection threshold: in those
(Okada et al. 1997). Thirteen “discrete” sources were fougglses, the net counts were estimated from an individual spec-
in the ROSATPSPC image, and 37 with the HRI. The statral analysis of each source (spectra extracted patxtracy.
burst nuclear region was unresolved in tROSATImages. When the net count values are given in brackets in Table A.1,
Our preliminary analysis of th€handradata identified a to- the source haS/N < 3 in that band.
tal of 81 sources detected with signal-to-noise raib, and The 90% uncertainty in th€handrapositions is 06. To
resolved theROSATnuclear source into at least 15 discretgnhrove the absolute positions of the sources, we looked for
sources embedded in strongfdse emission (Soria & WU ¢rogs_correlations with sources in the International Celestial
2002). Here we report more comprehensive results of our aterence Frame (Ma et al. 1998), the Tycho 2 catalogue, the
dividual and statistical analysis of the discrete source populgaass survey, thélubble Space TelescogeST) Guide Star
tion. We compile a more complete list of the sources detectedia|ogue and the US Naval Observatory Precision Measuring
in the ACIS-S3 chip, and determine the spectral propertiesQhchine Catalogue. However, none of those sources could be
the brightest individual objects. We also quantify several stgrantified with sources in th€handra ACIS-S3 image. We
tistical properties of the discrete sources and compare some,Rf compared the position of the nuclear X-ray source with
them with those found for the M 81 source population. the opticalUV position of the IR nucleus deduced from the
We organize the paper as follows. In Sect. 2 we descripgmyFpC2 archival observations. We found that a shift & 0
the general source extraction and data analysis procedure%l@ne Chandracoordinates could align the X-ray and opti-

Sects. 3 and 4 we present the results of our spectral and ti UV positions of the nucleus. However, the WFPC2 coor-
analysis of the brightest sources. The statistical properties @ ates themselves have also uncertaintied 6f 0
the discrete source population and the comparison with M 81

. . We used the results of the Chandra 1Ms Deep Field obser-
are discussed in Sect. 5.

vations (Rosati et al. 2002) to estimate the fraction of back-
ground sources. We obtained that20 of our sources<15%)
2. Source detection should be background AGN. The background contribution
. N
The Chandraobservation analyzed here was carried out cgﬂ sources brighter than 50 total counte001 ctss ) is

2000 April 29 (ObsID: 793), with the ACIS-S3 chip at theexpected to be & 3; to sources brighter than 100 total

1y. . H
focus. We retrieved the data from tzhandraX-ray Center counts £0.002 cts s+): 3+ 1; to sources brighter than 200 total

1y.
archives. The total exposure time was 50.978 ks; after scregﬂl—m,tS £0.004 ctss ,)' 1+05, i
Finally, we obtained a smoothed, grayscale X-ray image,

ing out observational intervals with strong background flares, Lo o _ ; :
we retained a good time interval of 50.851 ks (using less stripiotted in Fig. 1 W'th} its coordinate grid, s ellipse and

gent background rejection criteria compared to Soria & W{}€ S3 chip boundary A close-up view of the starburst nu-
2002). clear region is shown in Fig. 2. We also show a “true-color

We analyzed the data of the S3 chip with the CXC softwal@age (Fig. 3), obtained from adaptively-smoothed images in
CIAO version 2.2.1. The source-finding routimevdetectwas e Soft, medium and hard bands (CIAO tasknootiwith min-
used to identify the discrete sources in the fulB@.0 kev) Mal significance of the signal under the Gaussian ke#n8l
band, and we calculated an exposure map.@keV for cor- 2nd maximal significance 5).
recting thte) n.et g?unt r?tes' we a_lso C(;‘Jmparedd th?ld“StS of This image includes the most luminous source insideliheel-
sources obtained from the two routineavdetectandcellde- jince “jocated at RA (2000)= 13'37"19'8, Dec (2000) =
tect (the latter was used in Soria & Wu 2002) and foundyg:53497, i.e., ~4:6 south-east of the nucleus. It has a net count
only very small diferences. We chose to adopt here the pgate of 0.048 cts$ and a luminosity~10®° erg s™. However, it is lo-
sitions and count rates obtained witlawdetect We first di- cated in chip S2 (just outside the S3 chip boundary), and therefore is
vided the 03-8.0 keV band into three narrower bands: theaot discussed in this paper. See Soria & Wu (2002).
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Fig. 1. Adaptively-smoothed greyscatghandraACIS image of M 83, in the 3-80 keV band (square-root scale, arbitrary zeropoint). The
D5 ellipse and the S3 chip boundaries are overplotted. The region inside the central square is shown in greater detail in Fig. 2.

B4

10 arcsec

47

and two other bright, soft sources have fluxel)0 counts in

the 03-1.0 keV band alone. We also modelled the spectra of
two fainter (~150 counts) sources because of their interest-
ing physical nature (an X-ray pulsar and a background radio
galaxy, see Sects. 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 redshifz = 0.00172 and the foreground
Galactic absorption column density; = 4.0 x 10%° cm™
(Predehl & Schmitt 1995; Schlegel et al. 1998), but we left
the hydrogen column density component within M83 as a
free parametér We first considered simple one-component
models inXSPEC(Arnaud 1996): powerlaw, blackbody, disk-
blackbody and Raymond-Smith (for optically-thin thermal
plasma). In most cases, they gave acceptable fits; how-
ever, a few sources required more complex spectral mod-

Fig. 2. Close-up view of the starburst nucleus. The source numbets. For sources suspected to be accreting compact objects,

refer to Table A.1. North is up, and East is left. (This figure is availabige also considered the comptonization model bmc. Spectra
in color in electronic form.)

3. Spectral properties of individual sources

showing emission-line features (from candidate SNRs or

2 We were also aware of the time-dependent degradation of the

We modelled the spectra with high&/N: about twenty ACIS Quantum Hiciency at soft energies. However, we checked that
sources are detected witt300 counts in the 8—8.0 keV band, this efect is still negligible for our 2000 April observation.
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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
Fig.3. A “true-colour’ Chandra ACIS image of M83 shows of M 83. The ratio of dat_a versus qugl is plotted_ln_the lower panel.

Error bars along th& axis show statistical uncertainties, those along

about 130 discrete sources (down to a luminosity®fk 10° ergs* ) ; ;
for the assumed distance of 3.7 Mpc) anffuie emission in the star- .thex axis represent the width of the energy bins. The X-ray spectrum

burst nucleus and along the spiral arms. The colors are: red3er oS well fitted by an absorbed powerlaw with~ 1.45 (fit parameters
1.0 keV; green for 0-20 keV; blue for 20-80 keV. The size of the in Table B.1).

image is 12x 10'. North is up, East is left. (This figure is available in

color in electronic form.)

wind-accreting XRBs), were also fitted with Gaussian lines m3-80 keV band is consistent with a BH mag40’ M,
addition to a smooth continuum. implying that the inner accretion disk has affieetive black-

In total, we modelled the spectra of 23 bright sources. Fpody temperature below 0.1 keV. The unabsorbed X-ray lumi-
convenience in our discussion, we have grouped them accaidsity deduced from the fitted spectrum is comparable to the
ing to their general spectral properties and possible physigahinosity of stellar-mass accreting objects, almost ten million
interpretation. A sample of the fitted spectra are shown in thifes below the Eddington limit of the galactic nucleus: if the
section, the others are shown in Appendix B. The fit parameteturce is indeed a supermassive BH, its current accretion rate
of all 23 sources are tabulated in Appendix B. must be extremely low.

3.1. Nuclear source 3.2. Supersoft sources

The presence of two galactic nuclei, each with a mass of about o
1.3x 10" Mo, was inferred from stellar kinematic data (Thattd WO bright sources, No. 68 and 96, have detectable emission

et al. 2000). One is a strong IR and optical source; the otheRly below 1 keV, and can be classified as “supersoft”. Neither
not visible at either wavelength. We have identified an X-rag/aS detected bROSATbecause of indficient photon counts.
point source (No. 63, see Appendix A) with a position almo¥¥e tried ﬂttmg_thelrsp_ectra with an absorbed blackbody, pow-
coincident with that of the IRptical nucleus (Soria & Wu €rlaw and optically-thin thermal plasma models. The power-
2002). We consider this X-ray source as the galactic nuclelfy model is inconsistent with the data, and the optically-
though we cannot rule out the possibilities of a stellar-matdn plasma.model requires unphysically low abundanges_ Both
X-ray source observed near the galactic center by chance. SPectra are instead well fitted by a blackbody model (Fig. 5 and
H H . T — +14

The nuclear source is embedded in strong, inhomogened@gle B-2). The fitted temperatures drg, = 65733 eV for
diffuse X-ray emission, which makes itfiult to subtract the SOUrce No. 68, ankiTyp, = 58'55 eV for source No. 96.
background contribution, especially at low energies. However, Most supersoft sources are believed to be accreting white
its X-ray spectrum is well fitted by a single powerlaw (Fig. 4)xdwarfs undergoing (quasi-)steady nuclear burning on their sur-
with no need for an additional thermal component. We oface (van den Heuvel et al. 1992; Rappaport et al. 1994). Other
tain a powerlaw photon indek = 1.45j8-§f{ and an intrin- models for supersoft sources include SNRs, accreting neutron
sic absorption column densityy = (1.25'989) x 10?' cm2, stars (NSs) with large photospheres, intermediate-mass BHs,
with 2 = 1.06 for 49 d.o.f. (Table B.1). This is consistentsymbiotic systems, hot cores of young planetary nebulae and
within the errors, with the result of our preliminary analystripped core of tidally disrupted stars (e.g., Di Stefano & Kong
sis in Soria & Wu (2002). The emitted X-ray luminosity i2003). All these systems can have blackbody-like spectra with
Lx ~ 2.3x 10°8 erg st in the Q3-80 keV band. characteristic temperature§0-80 eV. The parameters of the

The powerlaw spectrum of the nuclear source is similhfackbody model for sources No. 68 and 96 are also similar
to those of supermassive black holes (BHs) in active galaw-those of the supersoft sources in the nearby spirals M 31
ies C ~ 1.5). The absence of a blackbody component in t{gahabka 1999) and M 81 (Swartz et al. 2002).
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Fig. 5. The spectra of the two brightest supersoft sources (top: No. 68g. 6. Spectra of sources No. 3 (top) and 27 (bottom) together with
bottom: No. 96); see Table B.2 for the fit parameters. a best-fitting absorbed power law model with emission lines (see
Table B.3).

3.3. Candidate SNRs and emission-line sources

. luminosi im for rce No. h he lar ncer-
The spectra of sources No. 3, 8, 27 and 56 show line-like f uminosity estimate for source No. 56 has the largest unce

tures, suggesting the possibility of emission from opticall -thanty’ because the source is located in the nuclear starburst
» SUgg 9 P y P Y ripg, and it is embedded in strong, non-unifornffase emis-

tr_}g[)rlr;a:sp;asrﬁg. F':Eg? tthh:'rns dp:rftfﬁ V\g?n?npovr;/qe_r Iawermod$ on from hot thermal plasma. Its spectrum may also be con-
( -3) shows u ying inuum 1s very SOF minated by other nearby, unresolved sources.

for two of them (No. 8 and 56 require an unphysically hig
photonindex” > 3.3) and harder for the other twb & 1.5). A Thermal plasma temperature).7 keV and the pres-

bremsstrahlung model (Table B.3) gives temperatsfekeV engeS%f eT'SS'O”S:\'I’;zeS frO(;@éeLerjerr:ts make Isourctes N% 8
for the two soft sources, and temperatukd keV for the and oo strong candidates, nowever, long-term time-
two hard ones. The same temperature range is obtained i ability studies are required to confirm this identification
a Raymond-Smith model. For the two softer sources, the lack_1he harder spectrum seen from sources No. 3 and 27 re-
of a strong Fe L-line complex requires a low metal abundan@irés much higher plasma temperatures, or a powerlaw contin-
on the other hand, this underestimates the Mg and Si emissigi™- We cannot rule out an SNR origin for these two sources:
The SN is too low to allow for a meaningful fitting of dierent 1N Young SNRs, the forward shock (propagating into the cir-
metal abundances forfiierent elements. cumstellar medium) produces hard X-ray emission, while the
Finally, we tried to model the spectra of these four sourcEy/erse shock (propagating into the ejecta) produces soft X-ray
with Gaussian lines added to a smooth continuum: we Choeg@ission. If the cooling shell at the contact discontinuity is op-
a powerlaw continuum for the hard sources No 3 and 2t%cally thick, the soft component is not detectable (Chevalier
and a bremsstrahlung continuum for the soft sources NO&SFransson 1994). High-temperature optically-thin thermal
and 56. Four emission lines are significantly detected in soureg v o | analvsis. BBandraACIS d .
. _ 0.04 H H ter completing our spectral analysis, andr ata o
Il\\l/l(g)jlxgl) ((-Iiag(lSe kBe.\?;: ?)?12 21E1E_=1.?izsigf&oljelz/é\?ogjlsssggiev(\j”tpo a short (goodptime ?ntervalpof 6.4 ks) gbservation of M 83 from 2001
be M Xli (1.47 I;eV)' one ate '_ ‘%0§5+0'0£{ ke consis- April have become available in the public archive. A quick-look anal-
g h th s ; ,I B k -0.03 d ’ ysis of the new dataset suggests that the flux of source No. 8 has in-
tent \g”ltg the SKIll _t”p et (1.84-1.87 keV); and one & = creased by a factor of 2. If this is confirmed, the SNR identification
2.60573, keV, possibly due to VI (2.62 keV). Taken 10- pecomes less likely, and the thermal plasma is more likely to be ion-
gether, these four lines require an ionisation parametef }0g ized by an accreting XRB. A detailed comparison of all the sources’
2.5 for the emitting plasma. Some of these metal lines are alfifxes and colors in the two observations, and betweeROSATand
seen in sources No. 8, 27 and 56. The spectral modelling atechndraobservations, is beyond the scope of this paper.
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Fig. 7. Spectra of sources No. 8 (top) and 56 (bottom) together withrég. 8. Spectra of sources No. 73 (top) and 86 (bottom) together with
best-fitting single-temperature thermal plasma model (see Table B&8pest-fitting absorbed power law model (see Table B.4).

emission has been detected in some young Galactic remnagiseirym, inconsistent with powerlaw models typical of accret-
(e.g., SN 1998S, Pooley et al. 2002). _ _ing binaries, source No. 56 is almost certainly an X-ray SNR.
However, we note that a hard powerlaw continuum with Two more sources were suggested as X-ray SNR candi-
the superposition of emission lines can originate from X-13¥otes by Immler et al. (1999), based on VLA radio R@SAT
binaries surrounded by a photo-ionized nebula. For exam%| data. In our Table A.1 catalogue, they are sources No. 73

strong recombination lines are seen in the Qalactic high-m%ﬁﬁj 86, corresponding to H23 and H26 in Immler et al. (1999).
XRBs Cyg X-3, Cen X-3and VelaX-1 (e.g., Liedahl etal. 200Q, rce No. 73 is located in the bar, in front of the dust lane,

and references therein), which are accreting from highly io0zy: horth-east of the nucleus, and it coincides with the posi-

) . Ao :
ized stellar winds, and reach X-ray luminositieS0*° ergs™. i of 5 compact radio source (Cowan & Branch 1985; Cowan

(In Vela X-1, the diferential emission measure suggests an iog 51 1984). Source No. 86 is located near the end of the north-
ization parameter Z log¢ < 3 similar to what is observed in eastern arm. Both sources are situated in giaintegions.

source No. 3; however, the absorbing column density seen byThe spectra of both sources can be fitted by single-

the continuum emission is higher in Vela X-1; see Sako et ?l!,"mperature vmekal models. For source No. 73, the fit param-
1999.) We suggest that source No. 3 and 27 may be such &%rs arkT,, = (4.2+0.7) keV,ny = (4.8 + 2.0)x 107° cm2

creting systems in M 83. ({ = 0.97, 42 d.o.f.). For source No. 86, we obtdif,, =

v

No radio or optical counterparts were found for sourci)68 + 0.1) keV,ny = (24 + 2) x 102° cm2 (42 = 0.60,

r’\ll.0£ 3.’ 8| and 27, nor dé)Nthey c?r:respclyg)((j to any Olf the s 5d.o.f.). In both cases, the fitted temperatures are higher than
istorical supernovae (SNe) in the galaxgonversely, no for most SNRs. More importantly, their spectra are smooth,

X-ray sources are detected at the positions of the five hiStoriWHhout any significant emission-line features. They could also

SNe observed in the disk. However, one of the historical SNe . :

X e well fitted by powerlaw or Comptonised blackbody models,
f[ype-ll SN 1968L (Thackeray 196_8’ Wood & Andrew; 1974leith parameters similar to those typical of XRBs in a high-soft
is in the circum-nuclear starburst ring. Its reported optical coqly.

dinates are iustel” trom theChand ition of ate (Table B.4). The nature of the two sources is therefore
Nlna5e6 "’\I/(IGJUSN a\évlayt rom " han hra|?r?5| lono tS&Ul‘C)((E still open to investigation. We argue that they are more likely
0. 0. Ve are unable 1o ascertain whether or not the A-Tgyp . wpps rather than young SNRs. If so, an estimated emit-

source is indeed the remnant of SN 1968L. In any case, SNe oot luminosityz3x 10° erg s in the 03-80 keV band makes

cur at a rate-1 per century in the nuclear region. With its SOfgource No. 86 a likely BH candidate

4 http://cfa-www.harvard.edu/cfa/ps/lists/ Among the fainter X-ray sources, No. 84,( ~ 1.5 x
Supernovae.html 10°7 erg s! in the 03-80 keV band) coincides with

5 http://nedwww.ipac.caltech.edu/ a flat-spectrum radio source (spectral inde210+ 0.14;
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Cowan et al. 1994). The radio flux was.39 + 0.05) mJy is thought to be the core of an FR Il radio galaxy. (This identi-
at 20 cm, and (®0 + 0.05) mJy at 6 cm in 1990-1992. Thefication was also noted by Stockdale et al. 2001.) In addition to
radio brightness at 6 cm faded by (237)% between 1983- the flat-spectrum radio core, VLA 6 cm and 20 cm images also
1984 and 1990-1992. The source is probably an evolving sdxow two distinct radio lobes, at25” north-west and south-
dio SNR (Cowan et al. 1994); thehandradetection suggests east of the core (Cowan et al. 1994), The lobes are brighter than
that source No. 84 may be its X-ray counterpart. Unfortunatdlye core, and have a steep spectrum (spectral indicé}.
the X-ray source is not bright enough for detailed spectral mod- From theChandradata, we estimate an emitted X-ray flux
eling. Another faint source, No. 10Q,( ~ 6 x 10 erg st in f, = 2.2x10'*ergcni?stin the 0.5-3.0 keV band, arfg =
the Q3-80 keV band), coincides with the non-thermal radi.0 x 10~1# erg cnt?s! in the 0.3-8.0 keV band. This corre-
source No. 7 in Cowan et al. (1994). The radio source fadspgonds to a monochromatic luminosity at 2 keV (defined like in
by ~(25+ 11)% at 6 cm between 1983—-1984 and 1990-199Fabbiano et al. 1984) = 5.5x 10?* (d./10° pcy ergs* Hz 1,
whered, is the luminosity distance. The monochromatic lu-
. minosity of the radio nucleus at 5 GHz is (Cowan et al. 1985)
3.4. X-ray binaries lrn = 1.6 x 10%° (d_/10° pc)? ergs?t Hz L. These two values

The remaining sources for which we could do meaningful sp tisfy the linear correlation for FRII galaxies and quasars in

tral modelling do not show any spectral features resembli (logly, loglr) plane (F_|g. 9 in Fabbiano et al. 1984), re-
line emission from optically-thin thermal plasma, nor do th rdless of the gssumed dls_tance.

have the thermal blackbody-like soft spectra typical of super- We can _est|mate the d|sta_nce from _the fact that the ra-
soft sources. Most of them are likely to be XRBs containing jﬂg luminosity of an FRII radio galaxy is alwaysoem 2

2 1 go-1 2 1T yo-1
accreting BH or NS. An absorbed powerlaw provided a go ergstHz!, andLecm 2 10*? ergs® Hz 2, for a Hubble

fit for the X-ray spectra of most sources (Table B.4). From t,%@nstamH_o =75 I_<m s'Mpc™ (e.g, O\_/ven & Lediow 1994.;
best-fit photon indices, we notice that the sources can be F_mb_haw & Narl_|kar 1999). If the rad_lo galaxy seen behind
vided into two groups. The first group (No. 5, 31, 33, 44, 62{‘ B3 Is at redshifiz = 1 (corrlesporlclimg ta, = 47 qu
78, 85 and 121) contains sources with hard spectra: all of théh 40 = 05 aanO = 75 kms~ Mpc ),2|ts mor;och_rlomatm
have photon indiceE ~ 1.5, except for source No. 78, which isr 241° Ium|n05|t|e:25 ard“zlocm_f L5 x 10% ergs” Hz *, and
even harder, witl’ ~ 1.0. Sources in the second group (No. 64;5™ = 0.7x 1,03 ergs ™ Hz (Cowan et aI.41994).1IFs emit-
72, 88, 104 and 113, plus sources No. 73 and 86 descrifigg) X-ray luminosity is thert, = 1‘34X 1041 ergs” in the

in Sect. 3.3) have much steeper (softer) spectra, With 2. 0-3-80 keV band. Values oLy ~ 10** ergs™ are typical of

Therefore, we also fitted the spectra of this second groude?“ dri?'fltc; %alfx's\f' \r/]Ve conclulde thatt t[]e dsoturcg is located at
sources with the diskbb and bmc modelsi8PEC both pro- & '€dshifiz 2 1. (We have no elements to determine an upper

vided equally acceptable or better fits than a powerlaw modlgwifrf its distlanc;g.) di . | K f : f
Typical fit temperatures inferred from the diskbb model are € angular diameter distance Is only a weak function o
within the Q7-15 keV range. For the bmc model, we obtair'ied_Sh'ft’ fqrz 2 0.75: the inferred t_otal size of the rac_i|o_ lobes

fit temperatures-0.2—0.8 keV for the seed photon component'.oro]ec'[ed in the plane of the sky 4250-280 kpc. This is an

o . verage value for this class of objects (Blundell et al. 1999).
The luminosity and spectral parameters obtained from tﬁe g ) ( )

powerlaw, diskbb and bmc models are similar to those found
in Galactic XRBs, supporting our interpretation that most & Variability of the sources

these bright sources are accreting NSs and BHs. Galactic X 8 searched for variabilities of the brightest sources on

often have two distinguishable )_(-ray spectral states: the Sfithescales between 10 and 50000 s. Shorter periods cannot be
Stat?’ when the spectrum is dominated by a thermal (blaCkbc?ﬁ\yestigated, because the ACIS observation was carried out in
or disk-blackbody) component at a temperatkife~ 1 keV,

) : - . “Timed Exposure” mode, collecting photons and reading them
sometimes with an additional powerlaw component of indeg,, every~3.2 s. We were aware that spurious periods could
' ~ 2.5; and the hard state, characterized by a simple p

. . '€ POYS found atv707 s andv1000 s due to dithering. After extract-
erlaw spectrum with a photon inddx ~ 1.5. The bright

in M83 s be classified into t tat ing lightcurves with standard CIAO routines, we carried out
SOUrces in can aiso be classinied into Wwo states Wﬁﬁ%crete Fourier transforms to obtain the power density spec-

analogous spectral properties: roughly half of them appeandy Nyl results were obtained for most sources; however pe-
be in the soft state and half in the hard state. A photon ifjo 4 of 174.9 s and 2015 s were found for so,urces No, 33
dexT > 10 mferre)c(lgl)gr gf)urce No. I78 IhS unusqallyr?_a:]d k)uénd 113 respectively. We checked that neither the background
;](??téj gﬁﬂuce ;m;onlg h s.Nolr gxan;p: < t © tranigggt '9 1m ission around those sources nor other bright nearby sources
N its hiah § aéo ba:f > I.Zg(r)ll Uminosity~ ®195"  showed similar periodicities. Hence, we conclude that the peri-
in its high state (Corbet et al. )- odic variabilities are probably intrinsic to the X-ray sources.
We folded the two X-ray lightcurves according to those pe-

3.5. A background radio galaxy riod_s and found Igrge amplitude variations (Figs. 9 and 10).

Their pulse amplitudes are approximately 0.5 of the mean
Source No. 39 is certainly identified as a background objdetels, similar to those seen in Galactic X-ray pulsars. The
because it is coincident with an inverted-spectrum radio sousygectra of the two sources are well fitted by a simple power-
(source 3 in Cowan & Branch 1985; Cowan et al. 1994), whidaw (Table B.4), consistent with the spectra of typical X-ray



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

T
O P=1749s

+
- +++ + ++++ ++++

0.5

+
+++

0.3-8.0 keV o

1.5

T,
i ++++H+ T

Amplitude

0.5

ﬁ%

0.3—1.5 keV o

1.5

M ﬂ Mﬁﬂ

0.5

W ++

#ﬂ

18- 8.0 keV

Phcse

o T T
S -

N(>S)
10

Lo 1 1
10 100 1000
S (cts in 0.3—8.0 keV band)

Fig. 9. Lightcurves of source No. 33 in the total, soft and hard bandsig. 11. Red histogram: cumulative luminosity distribution of the dis-
normalized to the mean count rates, folded on a period of 174.9 s. crete sources in the inner regiah< 60’ from the galactic center), to-
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Fig. 10. Lightcurve of source No. 113, normalized to the mean coun

rate, folded on a period of 201.5 s.

gether with a powerlaw approximation (indef.7). Green histogram:
cumulative luminosity distribution of the sources in the outer disk, to-
gether with a broken powerlaw approximation (break at an emitted
luminosity of 8x 10°7 erg s for the assumed spectral model; indices
of —1.6 and-0.6 above and below the break). (This figure is available
in color in electronic form.)

objects above 300 counts. For a distance of 3.7 Mpc and an
assumed absorbed powerlaw spectral mobek (1.7, ny =
107t cm?), 300 counts correspond to an emitted luminosity
of 8 x 10% erg s*. If we model the luminosity function with a
broken powerlaw with a break at about 300 counts, we obtain
powerlaw indices 0£0.6 and-1.6 above and below the break.
There may be another break at about 100 counts, but a more
quantitative analysis is impossible because of the small num-
ber of sources. The detection limit4sl2 counts, however we
estimate that the sample of outer-disk sources is complete only
own to~20 counts: a few soft sources witf20 counts may be
missed if located in star-forming regions along the spiral arms
(characterised by fluse soft emission).

pulsars. These two systems may be Be XRBs (i.e., accret- The luminosity distribution of bright X-ray sources reflects
ing NSs in eccentric orbit around Be stars) in outburst, sirfhe star-formation activity of the host galaxy amdthe host

ilar to those often observed in the Magellanic Clouds (e.gnvironments in the recent past (Wu 2001; Wu et al. 2003;
Negueruela 1998; Laycock et al. 2002). If so, repeated obse#&estwich 2001; Kilgard et al. 2002). For example, there is
tions should show luminosity variations over the orbital perio@, lack of bright sources in relatively quiescent galaxies (e.g.,
which in Galactic Be XRBs is typically-100 d for spin peri- M 31, Kong et al. 2002) while they are much more abundant

0ds~100 s (Corbet 1986).

5. Statistical properties of the source population

5.1. Brightness distribution

in starburst (e.g., M 82, Matsumoto et al. 2001) and interact-
ing galaxies (e.g., NGC 408839, Zezas et al. 2002). Such
differences can also be observed betweffardint 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

Among the 127 sources in the S3 chip, 28 are located in thewerlaw luminosity function similar to those of starburst and
inner disk, defined as the starburst nuclear region plus the bareracting galaxies (Tennant et al. 2001; Swartz et al. 2003).

within 60" of the X-ray center; 17 of them are withinL&com

We may explain the flat powerlaw luminosity function of

the galactic center. The luminosity functions of the 28 “inthe nuclear sources in M 83 in terms of current starburst ac-
ner disk” sources and of the 99 “outer disk” sourcefedi tivity. The explanation of the luminosity function of the outer

substantially (see also Soria & Wu 2002). Above the condisk sources is less straightforward. Some of the sources might
pleteness limit£50 counts for the nuclear region), the innerthave been formed in the spiral arms as a result of continuous,
disk sources have a simple powerlaw luminosity distributiadtensity-wave induced star formation; others might be remnants
with an index of-0.7 (Fig. 11). In contrast, the luminosityfrom previous starburst epochs, perhaps due to past close en-
distribution of the other sources shows a deficiency of brigbbunters of M 83 with its neighbors. We speculate that this may
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explain the break-like features seen in the luminosity function
betweerr3 x 10°” and 168 erg s*. We also note that the faint
end of the luminosity functions for inner and outer disk sources 6 ]
have similar slopes. If we interpret the faint end as the quasi- S+ 1
stationary part of the source distribution, less prone to transient_ %y ]
perturbations such as starburst episodes, then their similarit;é o %%O ]
suggests that the underlying processes determining the lumi= © % ]
nosity functions in the inner and outer disk are the same. z =W g ]ee
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T
E
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Whether or not some of the bright sources are transients
does not fect 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 - [ %,.. 4
the sources will not introduce features in a luminosity function . M
unless the transitional timescale is comparable to the evolu- (M=3)/(M+S)

tionary timescale of the luminosity function. Many XRBs in o R
our Galaxy show spectral transitions on a few moftbars 2 Thm05 kev ]
timescale, while the luminosity function should evolve on a

much longer timescale. ol

H

5.2. Spectral and color distribution

H-S)/(H+S)
o]

We constructed color-color diagrams to demonstrate that the™
discrete sources can be classified into physically distinct S|
groups. We considered twoftérent definitions of the color

indices: the conventional indicesM(- S)/(M + S),(H — 5 ro17 ]
S)/(H + S)], used for example by Swartz et al. (2002) in 7 f ‘ ‘ e

the study of M81 sources, and the alternative color indices -1 -0.5 0 0.5 1
[(H=-M)/(H+M+S),(M-S)/(H+ M + S)] suggested by (M=) (es)

Prestwich et al. (2003). Fig. 12. Top panel: Color-color diagram of the 22 sources in M 83

We first considered the sources for which we have obt::xing'{(]le source associated with the background radio galaxy is not in-
individual spectral fits (Sect. 3), as indicators of the ph SiCc Pded) for which individual spectral fitting is available. Sources with
P h phy éfeatureless, hard powerlaw spectrum are plotted as blue diamonds.

ngture of the sources in the various regions of the color-co burces with emission lines on top of a hard powerlaw spectrum are
dlagrams (top panels of Figs. 12 and 13). We then compaigigkted as cyan triangles. Magenta squares are sources with a fea-
their colors with those expected from a sample of fundamegireless soft spectrum. Green triangles are sources characterised by
tal spectral models (bottom panels of Figs. 12 and 13). Thet, optically-thin thermal plasma emission. Red circles are super-
spectral models that we considered are: powerlaws with phoft sources (blackbody-like emission at temperatw@s eV). The

ton indicesT’ = 1.3 andI" = 1.7 (characteristic of XRBs black star is the galactic nucleus. The numbers refer to the source cat-
in the hard state); disk-blackbodies wilT;, = 0.5 keV alogue in Table A.1. Bottom panel: the colors of those same 22 sources
andkT;, = 1.0 keV (typical of XRBs in the soft state); black-(Plotted here with their error bars) are compared with those expected
body withkTp, = 0.1 keV (supersoft sources); optically-thin,from some S|m!ole spec_:tral models: blackbody, dlsk-blackbody, pow-
single-temperature thermal plasmakats = 0.5 keV (typical erlaw, and optically-thin thermal plasma. The column density in-

of SNRs). Along each model curve, the column density ir(]:_reases along each model curve from bottom left to top right, from

Ny = 4 x 10%° cm? (line-of-sight foreground absorption for M 83)
- 0 o2 'H
creases from the bottom to the top, fraom = 4 x 10° cm tony = 7.5 x 10°* cm? for the blackbody and optically-thin ther-

(line-of-sight foreground absorption for M 8_3) ® = 7.5X  mal plasma models, and t = 2 x 10?2 cm2 for the powerlaw and
10?* cm2 for the blackbody and optically-thin thermal plasmaisk-blackbody models. (This figure is available in color in electronic
models, and toy = 2 x 107 cm2 for the powerlaw and disk- form.)

blackbody models.

Different types of sources are clearly distinguished in both
color-color diagrams. With the conventional choice of color iref the alternative choice of indices is more obvious, especially
dices (Fig. 12) one can separate XRBs (WthS)/(M+S) 2 for the faint sources.
—-0.2) from the other sources. For the XRBs, it is then pos- We may roughly divide the alternative color-color diagram
sible to distinguish whether a source is intrinsically hard, anto three regions, each dominated by &etient source type.
simply more absorbed. However, the alternative color indicelere and hereafter we refer to the sources in those three regions
(Fig. 13) appear to be better in separating supersoft soura@sgroup A, B and C respectively (Fig. 15). Group A is dom-
SNRs and XRBs. When we plot the colors indices of all theated the “classical” supersoft sources, which have negligible
sources found in the S3 chip (Figs. 14 and 15), the advantageission in the medium and hard X-ray bands and therefore
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Fig. 13. Color-color diagrams for the alternative color indices. Th&ig.14. Top panel: color-color diagram for sources brighter than
symbols and colors of the 22 sources, and the superimposed speb®®” ergs?, with respective error bars. Bottom panel: color-color
tral models are the same as in Fig. 12. For each spectral model, diegram for the all sources in the S3 chip, without error bars. In ad-
absorbing column density increases from the bottom to the top of tfion to the models shown in Fig. 12, we have also overplotted a
representative curves. two-temperature thermal plasma modkT,{; = 0.3 keV, kT,s» =
5.0 keV), normalised so that the high-temperature component ac-
counts for 25% of the emitted flux.

cluster around (G;1) regardless of absorpti&tnGroup B in-

cludes all the sources locatedd185< (M-S)/(S+M+H) 5 .
—-0.15. Most of them are found along a straight line in the diglghly—absorbed sources may be background AGN. All sources

gram, with only a narrow spread iRl M)/(S + M + H). This with a disk-blackbody, di;k—blgckbo_dy plus powerlaw, or sim-
is consistent with emission from single-temperature opticallfj)1e powerlaw spectra f‘,"‘" in this reglor.1 OT the.d|agram.

thin thermal plasma &T,s ~ 0.4-08 keV, typical of SNRs Inuden}ally, we n_otlce that the emission-line sources No._3
(Prestwich et al. 2003). Only a few group B sources ha\%'ld 27 (discussed in Sect. 3.3) have colors consistent with

slightly harder spectra, consistent with emission from a tw8foUP C sources (Figs. 13 and 15): this is in agreement with
temperature optically-thin plasma witT,s; ~ 0.5 keV and our argument that they are accreting systems surrounded by

KTis2 ~ 5-10 keV. Alternatively, but less likely, they may havé Photo-ionized nebula or stellar wind, rather than SNRs. We

a composite spectrum consisting of a very absorbed, hard p&C Note that only 5 sources are clearly outliers, with much

erlaw and a (dominant) reprocessed soft component, as Bgrder spectra than those of typical XRES or ?NR_S- They
served in some Galactic NSs (see Sect. 5.4). could be analogous to the bright,( ~ 10*° ergs™) high-

Group C sources are located#.15< (M -S)/(S+ M + Tas; XbRBS StM|C ;((—)él(Corhbet e)t( al. 20012 aﬂd LMC X'|4
H) < 0.6, (Fig. 15) with a much broader spread kh-{ M)/(S+ (La Barbera e al. ). whose X-ray spectra have powerlaw
gomponents with" s 1.

M + H). This corresponds to a broad spread in both their a ) o
sorbing column densities and their intrinsic spectral hardness. XRBS in a softand hard state are well separated in this kind

We believe that most of them are XRBs, although a few haref color-color diagrams. The number of bright sources detected
' in'each state is comparable, suggesting that the bright XRBs in

6 For an operative way of identifying and classifying soft and supeltis galaxy are not preferentially found in either spectral state.

soft sources irChandraACIS observations, see Di Stefano & Konglt is less easy to separate BH from NS XRBs, or high-mass
(2003). from low-mass XRBs, based on colors alone. As a comparison
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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. (This figure is available in color in electronic form.)

T, =1.0 keV

0.5

corresponding tox3 x 10°" ergst). The luminosity function
of the group B sources is approximately a powerlaw with in-
.- dex —1. Most of the bright sources belong to group~2:0%
Wl of the sources in this group have X-ray luminositie3 x
. 10°” erg s*. This fraction increases t950% when we subtract
i o N the estimated background AGN contribution.
T " ¥ A We investigated the spatial correlation betweefiedént
ey 5 o . groups of X-ray sources and thelHregions, which define
(H=M)/(H+M+S) the spiral arm structure and are indicators of young stellar

Fig. 15. Same as Fig. 14 for the alternative color indices. The thrég)pulations. Overplotting the X-ray sources on a continuum-

groups (A, B, C) are separated by the horizontal dotted lines. (THigbtracted | map of M83 (Fig. 17) shows that group B_
figure is available in color in electronic form.) sources (green circles) are more closely associated with

Ha emission (mostly found in the starburst nucleus and the
with bright sources in the Galaxy and Magellanic Clouds, thgpiral arms), than group A and C sources. We quantified this
high-mass XRBs LMC X-1 and LMC X-3 are almost alwaysssociation by calculating the average kurface brightness
detected in a soft spectral state; on the other hand, Cyg Xvithin a circle of 5’ radius around the position of each X-ray
is usually found in a hard state (with occasional transitions $ource, and plotting it as a function of the X-ray flux, for each
a soft state), and most transient Be XRBs have a hard spgmup of sources (Fig. 18). The data do not show any correla-
trum in outburst. BH XRBs with low-mass companions (e.gtion between X-ray count rates andrisurface brightness for
GX339-4, XTE J1556-564) and NS low-mass XRBs (e.g.any of the three groups. The lack of faint X-ray sources as-
4U 1728-34) also show transitions between soft and hagbciated with very bright bl emission (near the bottom right
states. (See e.g., Lewin et al. 1995 for a review.) Howevef, the plot) is due to the incompleteness of the X-ray sam-
the spectral and color fierences between the two “canoniple: bright Hx emission is usually associated with strong dif-
cal” states are generally larger in BH XRBs than in NS XRBfise X-ray emission (e.g., in the starburst nucleus), where faint
(e.g., Sunyaev 2001; Sunyaev & Revnivtsev 2000): BHs axeray sources are more easily unresolved.
harder when in the hard state, and softer when in the soft state.\We then examined (Fig. 19) the cumulative distribu-
Hence, BH XRBs should have larger color excursions withtion of the Hr surface brightness associated with the three
the group C sources. Repeated observations of the source gmbups of X-ray sources (the total number of sources is nor-
ors over timescales of a few monthsars may help distin- malized to 1 for each group). This shows a significantly
guish NS from BH systems. Instead, we do not expect to ssteonger K emission associated with group B sources: al-
color transitions betweenftérent groups. most 80% of them are located in regions withy Iurface
brightness-2x 10°° erg s* arcsec?, compared to only 40% of
group C sources. This is further evidence that group B sources
come from a younger population. Thisfldirence is particu-
The cumulative luminosity distributions of group A, Blarly evident in regions of intermediateaHbrightness, typical
and C sources are not identical (Fig. 16). Group A (sof HIl regions in the spiral arms. For regions of very bright
persoft) and B (soft) sources have a much lower coudtr emission £2 x 10°¢ ergs'arcsec?) B and C sources
rate: only ~10% of them havex100 cts £0.002 ctss?, have similar behavior: this corresponds to the starburst nucleus,

L .
o e .
Te=0.5 keV\e" | T =03+5.0 keV |
» .

(M=S)/(H+M+S)

-0.5

5.3. Correlation with He emission



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

. & o . [ o
M .o
A L
gy ‘
L . 50
* A\
° - no" # o
& C. oo 8
° . L4
. - ] g
L . .- £
&y o P . :
@ 4 » - .
A e o °* 9 { z g _
m° e g o ©° “ # g
r o "
) ° .‘... ° ',‘ o .°£_ - E
o, .
° : t oo , ..o “— g w
- . o 29 ]
¢ % ° 0 4 5
S o " °
o® o 4
o -
o ¥ PI °
5 1 p oE—— . .. L L R—
> s ! 1 10 100
< CI E LT Ho surface brightness (10°° erg s~ arcsec™)
.. 1arcmin

Fig. 19. Cumulative distributions of the ddsurface brightness associ-

Fig. 17.Location of the discrete X-ray sources classified according &ed to each group of X-ray sources.
their color group (red for group A sources; green for group B; blue for

group C), overplotted onto a continuum-subtracteditdage of M 83.

North is up, East is left. The dlimage was taken by Stuart Ryderfrom5_4_ X-ray SNRs and other possible soft sources

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

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]/Ha criterion (Blair & Long 1997), suitable to de-
tect evolved remnants of all types over a lifetime~®0 000—
30000 yr (e.g., Pannuti 2002 and references therein). Seven of
the X-ray sources classified in group B are located withiob
an optical SNR; two C sources and one A source are also
within 5” of an SNR. However, most of the optical SNRs are

Fig. 18. X-ray source count rate versus thertsurface brightness not associated with any X-ray sources, and vice versa. Little
in the region around the source (average value in a circle of iggerlapping between X-ray and optically-selected SNRs was

di_us 8). Here red circles= group A, green squares group B, blue 5155 noticed in other nearby galaxies (Pannuti et al. 2002).
triangles = group C sources. The lack of detected sources near 76

, . : . ?)tical surveys tend to select a larger fraction of SNRs in
bottom right corner of the diagram is due to the completeness |Iri]l . .
) ) i o . ow-density regions (hence, they tend to select type la events),
of our X-ray sample in regions of highddemission: those regions hile the brighter X SNR h f dind
are also characterized by strongffdse X-ray emission, so that faintWhi'e the brighter X-ray s are those found in denser star-

X-ray sources cannot be detected. forming regions. On the other hand, optical surveys based on
the [OllI]/Ha criterion would select mostly remnants from
core-collapse events (type Il, Ib,c) in young stellar populations.
Correlations with X-ray sources would provide a more con-

where we expect to find a high concentration of both SNRs asglaining test for their age and nature. This search is beyond the

high-mass XRBs. scope of this paper.

Sources of group A (supersoft) are found only in regions A detailed study of spatial correlations between X-ray and
of low Ha emission: this is consistent with an old populatiorradio sources is also left to further work. A preliminary in-
However, it could also be due to a selectidfeet: supersoft vestigation shows that the continuum radio emission at 6.3 cm
sources embedded in a spiral arm or in the starburst nucleosrelates well with the distribution of group B X-ray sources
(and hence associated with brightiHiegions) are heavily ab- (Fig. 20). Difuse thermal radio emission in spiral galaxies is
sorbed and may not detected easily in the soft X-ray band. Timually associated with H regions; difuse non-thermal radio
small number of group A sources (11) also makes statistiehission is thought to be produced by cosmic-ray electrons
errors larger. accelerated by SNRs. An association betweefust radio
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disk. An example of this type of sources, which would also be-

° long to group B, is the Galactic X-ray pulsar Her X-1 (e.g.,
i ] Mavromatakis 1993).
Il ® %% "
. 3 5.5. Soft sources in M83 and M 81
° Another clue to determine the nature of the group B sources
ikl 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

o ° our results with those of Swartz et al. (2002, 2003), we used

o I . ° the ChandraACIS count rates for the M 83 sources obtained
b | by D. Swartz with the same extraction routines and in the same

A i et energy bands. Hence, the soft band is defined here asZhe 0

1.0 keV channel energy range, instead of tt2-0.0 keV band
Fig. 20. Group A, B and C sources (green, red and blue circles rg-sed in the rest of this paper. Medium and hard bands are de-

spectively) overplotted on a map of the radio continuum emissidif€d as before.
at 6.3 cm. The radio map is a combination of data from the VLA and The color-color plots (Fig. 21) and the cumulative hardness
Effelsberg radio telescopes, at a resolution of, #hd was produced distributions (Fig. 22) show similar populations of supersoft
by S. Sukumar, R. Allen, R. Beck & N. Neininger. (This figure issources and XRBs for the two galaxies. However, M 81 has
available in color in electronic form.) fewer group B sources. Thisftitrence may be caused either
by physical properties (fferent star-formation activity and his-
emission and group B X-ray sources would strengthen their #@ry of the two galaxies) or by the higher inclination angle of
terpretation as SNRs, or at least as a young population.  the M 81 disk. If this group of young soft sources are concen-
In addition to young SNRs, other classes of sources couldiated in the spiral arms, they may be more highly absorbed
principle show X-ray colors consistent with our group B classind less likely to be detected. However, the fact that there is
fication. For example, a blackbody or disk-blackbody spectrum difference in the relative detection of the other groups of
with kT ~ 0.1-02 keV would have the correct X-ray colorssources suggests that the former explanation is more likely. As
Standard accretion-disk models show that aMOBH would discussed in Sect. 5.3, a significant fraction of group B sources
have to be accreting at a ratl0-3meqq to have a tempera- in M 83 is located in the starburst nuclear region (10 out of 50)
turekT < 0.2 keV at the inner edge of the disk, if it extendand in other young star-forming regions where the interstellar
to the innermost stable orbit of the Schwarzschild geometgas density is higher. It is natural that fewer of these sources are
However, its luminosity would bs10* ergs?, too faint to be in the bulge of M 81, which is characterized by an older stellar
detected in our M 83 observation. Besides, typical BH cangiepulation and little interstellar gas.
dates in the Galaxy tend to have a harder X-ray spectrum when
detected at low accretion rates: their emission is then do i'Summary
nated by photons Compton-scattered in a hot corona, rathér
than direct emission from the accretion disk. Intermediate-mads have identified 127 discrete sources in a 5Ckandra
BHs (M ~ 10°-10* M) in a high state would have a thermaACIS-S3 observation of the starburst spiral galaxy M 83, with
blackbody-like spectrum in the correct temperature range, laudletection limit of~3 x 10 cts s* in the 03-80 keV band.
their luminosity would be-10* erg s, not observed in M 83. Most of the bright sources have spectra typical of XRBs, either
Transient X-ray pulsars with large photospheres may bemaa soft state (thermal component-at keV plus powerlaw
candidate for some of the soft sources. Some systems, swith I' ~ 2.5), or in a hard state (powerlaw with ~ 1.5).
as RX J0059.27138 (Hughes 1994) are known to have @wo bright sources show emission lines on a hard powerlaw
very soft KT ~ 40 eV) blackbody component in addition tacontinuum, and are probably XRBs surrounded by a photo-
their typical powerlaw component. The soft X-ray emissioimnized nebula or stellar wind, though the alternative that they
is produced by the Compton downscattering of harder X-raggy be very young SNRs cannot be ruled out. Among the other
emitted from near the surface of the compact object. Witiright sources, we also modelled the spectra of two SNR can-
its emitted X-ray luminosity~10°” ergs?, RX J0059.27138 didates, with optically-thin thermal plasma emission at tem-
would be a group B source in our classification scheme. Timgeratures~0.5 keV and emission lines from Mg and Si. The
variability studies are required to distinguish this class of tratwo brightest supersoft sources have blackbody temperatures
sient X-ray pulsars from X-ray SNRs. Finally, old low-maskT ~ 60 eV and luminosities-10°® ergs'. Two candidate
neutron star XRBs may have an X-ray spectrum dominated Kyray pulsars are detected with perioe200 s.
a soft thermal component BT ~ 100 eV, caused by the repro-  An analysis of the X-ray colors, luminosity and spatial dis-
cessing of hard X-ray photons by the inner edge of an accrettdbution suggests that the discrete source population can be
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Fig. 21.Color-color plots for X-ray sources in M 83 and M 81, for Con_photospheres). A comparison with the source colors in the spi-

ventional and alternative color indices (as defined in Sect. 5.2). Hd g_alaxy M81 (Wherg star formation is currenfcly Ie.ss aCtlve.)
the soft band is defined as28-10 keV. Filled red circles representComclrrns that the fraction of sources dgtected in this grqup IS
M 83 sources, and open green circles represent M 81 sources. Effdated to the recent level of star formation. The sources in the

bars have been omitted. (This figure is available in color in electrortfird group are mostly XRBs, reaching higher X-ray luminosi-

form.) ties than sources in the other two groups. Being a mixture of
old low-mass and young high-mass XRBs, the whole group

divided into three distinct groups. The first groupl(0% of appears to be of intermediate age when correlated with the

the detected sources) comprises “classical” supersoft sourg@semission. The color-color diagrams allow us to distinguish

with blackbody-like spectra at temperature$00 eV. They between sources in a soft and hard state, and to disentangle the

do not correlate strongly with &l emission, an indicator of effects of absorption versus intrinsic spectral hardness.

recent star formation, suggesting that they belong to an old

or intermediate-age stellar population. This is consistent wifffknowledgementsiVe thank Rosanne Di Stefano, Stefan

their interpretation as nuclear-burning white dwarfs. The séglmler. Phil Kaaret, Roy Kilgard, Albert Kong, Manfred Pakull,

ond group £40% of the total) consists of soft sources with littié\"dréa Prestwich, Doug Swartz, Andreas Zezas for valuable discus-
L . sions. We thank Doug Swartz for providing us his 3-b&ithndra
or no detected emission above 2 keV. The brightest source

hi h bsorbed lumi a8 L but f A8s count rates for sources in M81 and M 83, so that we could
this group have unabsorbed luminostt ergs™, but for carry out a statistical comparison of two populations with an identical

most of the others we estimate luminositiet0*’ ergs*. They  gata-reduction procedure. We also thank: Darragh O'Donoghue for
are mostly found in regions with highdHemission (HI re-  the use of his EAGLE Fourier transform code; Rainer Beck and Stuart
gions in the spiral arms and the starburst nucleus). Most Rfder for the radio and & images respectively; the Aspen Center
them are probably core-collapse SNRs, although other physicalPhysics, where part of this work was carried out, for the support
systems may occasionally show similarly soft X-ray colors (f@nd hospitality. We are grateful to the referee (Wolfgang Pietsch) for
example, accreting neutron stars in high-mass XRBs with larggeful suggestions that made this paper much clearer.
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Appendix A: Discrete sources in the Chandra ACIS S3 image of M 83

Table A.1. M 83 sources detected at thes3level in the 03—80 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 lesstheweBin that band. The exposure time was 50.851 ks. The
ROSATcross-identification refers to the HRI sources listed by Immler et al. (1999); SW02 is the cross-identification with Soria & Wu (2002).

No. CXOU Name RA (2000) Dec (2000) Fgs-g(cts) Foz1(cts) Fip(cts) Fo_g(cts) ROS AT SWO02

1 J13364(B-295118 1336489 -2951182 235+085 188+053 (30+20) (00+0.0)
2 J1336410-295110 1336401 -2951 107 67.7+102 228+07.3 401+074 (130+5.2) 1
3 J1336414-295045 1336441 -2950451 2940+198 497+082 1267+128 892+112 2
4 J1336431-295254 1336436 -29 52543 104+ 037 (40+20) (50+3.0) (05+0.5)
5 J13364%-295107 1336433 -2951072 3247+203 297+061 1200+ 122 1213 +125 HO8 3
6 J133648-295324 1336485 -2953242 608+089 132+042 232+051 130+040 4
7 J133648-295244 1336 487 -29 52 448 193+ 050 104+036 (60+3.0) (05+0.5)
8 J1336491-295258 1336491 -2952585 3175+188 1898+ 145 1097+110 152+042 Hl2a 5
9 J133649-295303 1336422 -2953035 1129+114 359+066 537+07.7 126+039 H12b 6
10 J133648B-295217 1336482 -2952177 382+072 282+061 (81+32) (05+0.5) 7
11 J13365(B-295240 1336587 -2952405 271+064 206+054 (40+20) (05+0.5)
12 J13365M-295226 1336507 -2952263 218+058 147+047 (40+20) (05+0.5)
13 J133651-295043 1336515 -2950432 192+ 054 106+039 (60+3.0) (05+0.5)
14 J133656-295335 1336565 -2953355 1240+120 426+071 524+075 247+052 H14 8
15 J1336538-295231 1336530 -2952314 321+067 206+054 108+035 (05+0.5)
16 J133653-295430 1336539 -2954304 275+060 (50+20) 152+040 (55+25)
17 J133653-295325 1336539 -2953253 431+07.7 345+066 (55+32) (32+25) 9
18 J133652-295242 1336527 -2952429 463+082 191+053 160+042 (35+29) 10
19 J133653%-295600 1336585 -2956009 300+060 175+045 (67+28) (27+1.6)
20 J133653-294848 1336532 -2948483 326+069 281+062 (40+20) (05+0.5) 11
21 J133653-295114 1336533 -2951147 895+102 437+071 306+057 131+039 12
22 J133654-295209 1336547 -29 52 096 123+ 041 105+035 (20+1.0) (05+0.5)

23 J133654-294933 1336548 -2949331 288+075 (126+5.6) (125+5.2) (38x+20)

24 J13365%-295304 1336586 -2953049 255+059 159+046 112+037 (0.0+0.0)

25 J13365H)-295239 1336599 -295239% 296+062 242+054 (40+20) (05+0.5) 13

26 J133652-295403 1336523 -2954036  984+105 417+071 361+061 244+051 14

27 J13365%-295510 1336550 -2955101 3523+192 947+101 1513+ 125 1086 +107 H15 15

28 J13365%-295303 1336560 -2953036  481+079 235+061 87+032 156+041 16

29 J133656-295255 13365@2 -2952555 229+055 (55+23) 123+037 (68+26) 17

30 J133656-294817 1336561 -2948177 215+ 041 (20+10) 113+035 (7.0+3.0)

31 J13365(-294912 1336565 -2949126 3116+188 533+07.7 1450+127 951+105 18

32 J133656-295321 1336 569 -29 53218 143+ 045 (110+4.0) (L0x10) (20+10)

33 J133652-295339 1336528 -2953397 4906+227 1628+ 133 2016+ 144 1268+ 114 19

34 J133655-294729 13365B2 -2947292 964+125 351+081 425+07.6 326+07.6 20

35 J133658-295303 13365B9 -2953030 810+094 617+081 186+045 (05+0.5) 21

36 J133650-294923 13365B4 -2949236 352+067 (10+10) 123+037 169+044 22

37 J13365@-295124 1336580 -2951246 207+053 (155+62) 106+036 (30+20) 23

38 J133658-295216 1336583 -2952160 1643+134 919+100 630+081 123+037 24
239 J133658-295105 1336539 -2951051 1249+118 (20+1.0) 541+076 704+086 26

40 J1336581-294833 1336581 -2948334 761+102 261+07.7 212+051 352+069 25

41 J133658-295100 1336586 -29 51009 160+048 179+051 (05+05) (05+05)

42 J133659-295336 1336593 -2953365 341+065 328+062 (05+05) (05+0.5) 27

43 J133658-295508 1336535 -29 55 089 114+039 80+032 (1L0+10) (05+0.5)
44 J13365%-294959 1336596 -2949593 12141 +360 3992+ 207 4742+ 224 3479+ 193 H17 28

45 J13365%-295203 1336 5%2 -29 52 039 360+125 297+100 (90+35) (00+0.0) ®) 29
46 J13365%-295413 13365%9 -2954 135 236+056 (10+10) 118+036 91+032
47 J133658-295205 1336581 -2952055 2704+210 857+139 1376+127 622+082 ®) 30
48 J133658B-295525 1336585 -29 55259 311+062 242+051 (L0+1.0) (20+1.0)
49 J13370M-295150 1337003 -2951502 1921+227 779+155 798+109 485+074 ®) 31

50 J13370M-295138 1337006 -2951 381 177+ 058 (60+30) 123+041 (05+05)
51 J13370M-295417 1337008 -29 54175 117+040 97+036 (L0+10) (05+0.5)
52 J13370(-295330 1337001 -2953300 368+064 (20+1.0) 207+046 131+037 32
53 J13370(-295206 1337 0@3 -2952063 418+116 281+104 195+63 (L7x17) ®) 33

@ Background radio galaxy.
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Table A.1. continued.

: Properties of discrete X-ray sources in the starburst spiral galaxy M 83

No. CXOU Name RA (2000) Dec (2000) Fq3-g(cts) Fgz-1 (ctS) Fi12 (cts)  F,_g (cts) ROS AT SW02
54 J13370(8-295205 1337036 -2952056 37.1+121 249+092 (62+4.9) (05+05) ®) 34
55 J1337001-295054 1337082 -2950543 941+104 912+101 (05+0.5) (0.0+0.0) 36
56 J1337001-295159 13370@5 -295159 3254+37.8 2904+335 450+219 (32+32) ®) 35
57 J13370(6-295156 1337061 -2951561 2940+397 2209+315 770+242 (48+438) ®) 37
58 J1337006-295146 13370860 -2951467 639+130 (81+49) 268+066 17.4+046 ®) 38
59 J1337006-295159 1337085 -295159 1811+390 1126+350 450+147 (20+2.0) ®) 40
60 J1337006-295319 13370865 -2953199 3950+202 1256+115 1604 +128 1102+ 106 39
61 J1337006-295204 13370866 -2952040 1151+324 857+210 (323+137) (05+0.5) ®) 41
62 J133700—295205 1337002 -2952059 1593+305 (182+88) 992+130 660+087 ®) 42
63 J13370M-295155 1337000 -2951557 7394+366 2046+ 248 2744+ 209 2529 + 166 ) 43
64 J13370M-295202 1337007 -2952028 13271+457 5709+ 334 5895+ 272 1648+ 134 ® 44
65 J13370D-295245 1337 0D7 -2952458 1134+112 513+076 395+065 258+052 H21 45
66 J13370D-295056 13370D8 -2950562 224+059 218+055 (10+10) (05+0.5)

67 J133701-295151 1337016 -2951518 814+154 (140+9.1) 475+090 140x+044 ®) 46
68 J1337011-295449 1337018 -2954495 1235+114 1234+114 (05+0.5) (0.0+0.0) 47
69 J133702-295201 1337027 -2952017 730+117 (90+75) (130+54) 514+079 ®) 48
70 J13370R-295159 1337028 -2951599 1030+252 692+100 401+094 (50+2.0) ®) 49
71 J13370B-295136 13370B1 -2951369 548+080 (10+1.0) (30+20) 548+076 50
72 J133704-295326 1337089 -2953267 4889+225 751+088 3079+177 1033 +104 H20 51
73 J133706-295128 1337 0B4 -2951284 5357+239 2247+156 2133+149 974:101 H23 52
74 J133706-295201 1337085 -2952019 229+068 216+064 (20+1.0) (05+0.5) ®)

75 J133706-295410 1337088 -2954101 128+041 (90+4.0) (20+10) (0.0+0.0)

76 J1337017-294743 13370¥2 -2947430 1732+151 143+044 717+095 485x079 53
77 J1337017-295113 13370¥2 -2951135 271+061 206+051 (30+20) (05+0.5) 54
78 J13370D-295518 1337 0P3 -2955180 3338+186 1122+109 965+099 1257 +114 H22 55
79 J133702-295505 1337026 -2955059 544+079 170+045 195+046 104+035 56
80 J133702-294952 1337023 -2949529 276+058 182+047 63+026 (30+20) 57
81 J1337021-295126 1337023 -2951263 787+095 606+083 174+045 (05+0.5) 58
82 J133702-295319 1337027 -2953194 974+101 139+039 519+073 315+057 59
83 J133703-294945 1337086 -2949454 187+052 (106+6.2) 7.0+028 (05+0.5)

84 J133703-295226 1337031 -2952269 649+086 147+044 278+054 237+050 60
85 J133703-294930 1337088 -2949306 3460+195 1140+113 1417+124 894+ 098 61
86 J133704£-295403 1337029 -2954038 13892+ 37.8 4068+ 204 7024+ 268 2834+170 H26 62
87 J133708-295130 1337088 -2951307 410+070 162+045 194+046 (5.0+20) 63
88 J1337048-295121 1337 0488 -2951217 15278+397 4696+ 220 7626+279 3020+176 H27a 64
89 J1337041-294938 1337046 -294938  121+041 78+033 (20+10) (1L0+1.0)

90 J133704-295108 1337049 -2951083 132+044 106+039 (20+1.0) (05+0.5)

91 J1337046-295120 13370466 -2951206 698+090 206+050 310+060 196+047 H27b 65
92 J133704-294851 1337047 -2948519 379+070 (106+45) 162+042 (6.7+3.9) 66
93 J13370%-295234 1337088 -2952342 899+098 (10+10) 398+064 513+073 67
94 J133709-295159 1337000 -295159  17.8+046 (1L0+1.0) 93+032 73x028

95 J133706-295514 13370804 -2955147 726+089 532+075 153+040 (10+1.0) 68
96 J133706-295232 1337088 -2952324 1198+115 1109+109 (23+20) (05+0.5) 70
97 J133706-295444 1337089 -2954443 423+069 361+063 67+026 (05+0.5) 69
98 J133706-295416 1337064 -2954160 159+045 153+042 (05+0.5) (00+0.0)

99 J133706-295107 1337063 -2951076 137+044 (30+20) 43+022 60+020

100 J133706-295332 1337067 -2953328 254+057 82+032 98+033 (50+20)

101 J133708-295057 1337081 -2950578 17.7+056 (83+58) (20+10) (60+4.0)

102 J13370D-295320 13370P6 -2953208 114+041 (100+4.0) (L0+10) (05+0.5)

103 J133701-295202 13370710 -2952023 179+047 115+037 (40+20) (1L0+10)

104 J133701-295101 13370712 -2951018 7624+282 225+054 3257+ 183 4188+ 208 71

105 J13370A4-295133 1337047 -2951339 168+048 157+045 (05+05) (05+0.5)

106 J133706-294859 13370B3 -294859%  229+055 191+049 (20+10) (1L0+10)

107 J1337082-294916 1337081 -2949166 136+045 (120+5.0) (L0+10) (1L0+10)

108 J133708-295126 1337087 -2951262 217+057 133+045 (40+20) (10+10)

109 J13370%-295135 1337087 -2951352 114+041 92+035 (L0+10) (00+0.0)

110 J13371B-295215 1337190 -2952158 561+081 455+071 83+030 (05+0.5) 72

b Contributing to the nuclear source H19, unresolveRBSAT
¢ X-ray source coincident with the JBpticafUV nucleus of the galaxy.
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Table A.1. continued.

No. CXOU Name RA (2000) Dec (2000) Fozg(cts) Fosz-1(cts) Fi(cts) F,_g(cts) ROS AT SW02
111 J133712-295056 1337140 -2950564 187+053 158+047 (10+1.0) (20+1.0)
112 J133712-295140 1337126 -2951400 289+057 137+039 145+039 (10+1.0) 73
113 J133715%-295155 1337182 -2951550 1779+138 (L0+10) 692+085 1049+ 103 74
114 J133712-295201 1337174 -2952013 74+032 64+028 (00+0.0) (05+0.5)
115 J133718-295012 1337184 -2950124 400+067 37.3+064 (05+05) (05+0.5) 75
116 J133713-295238 1337134 -2952388 140+044 (05+05) (50+20) (7.0+2.0)
117 J1337141-295149 1337 147 -2951491 1059+ 105 17.7+044 563+076 326+058 76
118 J133714-294944 1337149 -2949443 552+07.7 141+039 247+052 156+041 77
119 J133714-295428 1337145 -2954283 145+039 (20+10) 60+024 49x022
120 J133714-295202 1337188 -2952024 149+041 (10+10) 49+022 90+032
121 J133716-294939 1337188 -294939% 4806+230 1121+110 1995+ 149 1740+ 139 H29 78
122 J133712-295153 1337122 -2951536 915+101 616+082 286+056 (20+1.0) 79
123 J133714-295154 1337148 -2951542 211+072 (120+50) (60+3.0) (1L0+1.0)
124 J13371B-295211 13371B7 -2952119 403+066 214+048 109+033 (50+2.0) 80
125 J133718-295014 1337186 -2950144 107+037 (L0+10) 55+024 (10+1.0)
126 J13371%-295131 1337185 -2951316 835+095 (4+2) 200+046 585+079 81
127 J133722-295207 1337243 -2952078 116+037 (L0+10) 58+024 (20+1.0)

Appendix B: Fit parameters of selected bright

sources
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Table B.2. XSPEC best-fit parameters for the two brightest supersoft

sources. (An asterisk indicates that we could not determine an error
for that fit parameter.)

Table B.1.XSPEC best-fit parameters for the galactic nucleus (No. 63
in Table A.1). Here and hereafter, the Galactic line-of-sight column
density has been fixed at04x 10°° cm.

model: wabgy x wabsx powerlaw

Ny (x10%* cm?) 1.25738
r 1.45f8:%2
Kpi (x107%) 1.9%93
x? (d.o.f.) 1.06 (49)
Loss (><1038 erg S_l) 2.3+02

-0.1

parameter

No. 68 No. 96

model: wabg, x wabsx blackbody

Ny (X107t cm?) 1433 4.7+23
Too (keV) 0.065jg:8}g 0.058jg:8’§‘§
x?(d.o.f) 1.01 (7) 0.51 (5)
Los_g (x10® erg s1) 0.93% [>1]

model: wabg, x wabsx raymond-smith

Ny (x10% cni?) 1973 45730
Tis (keV) 00879933 0,082:997
Z (metal ab.) oI35 00275
Krs (x107%) 7.7+89 59
X2 (d.of) 1.08(6)  0.41(4)
Los_g (x10%® erg s1) 201192 [>1]
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Table B.3.XSPEC best-fit parameters for emission-line sources. (Parameters listed as “undetermined” are those for which we could not ol

meaningful values with XSPEC.)

parameter No. 3 No. 8 No. 27 No. 56
model: wabg, x wabsx powerlaw
Ny (x1CP* cm?) 1.3'58 2.2159 0.7:5¢ >104
r 15170 3.64'0% 135012 >10
Kpi (x10°) 103759 14.07%% 81755 [undeterm]
x?(d.o.f) 1.11(30) 1.22 (25) 1.06 (30) [undeterm]
Los-s (x10® erg s 12731 16752 11751 [undeterm]
model: wabgy x wabsx bremsstrahlung
Ny (x1CP* cm?) 11739 0.8'9¢ 0.6'5¢ 9.7°5%
Tor (keV) 1087%° 0.71340 27756 0.103%4
Kpr (x1075) 1.4%02 2.8702 1.4+%9 10%9310°
x?(d.o.f) 1.05 (30) 1.23(25) 1.05 (30) 1.55 (24)
Los_g (x10%® erg s1) 1192 0.6722 1192 [undeterm]
model: wabg, x wabsx raymond-smith
Ny (<107 cn?) 0.9°39 0.9°9% 0.7:98 <05
Trs (keV) 12173%° 0.657019 2467321 0.677329
Z (metal ab.) 1 [fixed] <0.1 1 [fixed] <0.2
Kis (x107°) 26122 9.6+28 34+21 2924
x?(d.o.f) 1.04 (30) 1.28 (24) 1.05 (30) 1.27 (23)
Los-s (x10% erg s?) 12193 0.6°92 11792 0.492
model: wabg, x wabsx (powerlawbremss continuum Gaussians)
Ny (x1CPt cm?) 02%82% 0.6'52 0.5%81;2 9.6'5¢
r 129755, 130733
Kpi (x10°) 7.0738 7.1054
Tor (keV) 0.72+018 0.1579%
Kpr (x1075) 25729 5263
line 1 E=1320%keV E=12770%keV E=13393%
EW=2851%ev EW=176°eV  EW=73%eV
line 2 E = 151705 keV E = 1.5072%¢ keV
EW = 1355 eV [undeterm]
line 3 E = 1.85'50: keV E=19130keV  E =1897% keV
EW = 154738 eV EW = 189111 eV [undeterm]
line 4 E = 2.60'31; keV
EW = 293253 eV
x2 (d.o.f.) 0.82 (22) 0.88 (23) 0.85 (24) 1.01 (22)
Los-s (x10%8 erg s) 11+92 0.5722 11+932 [undeterm]
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Table B.4. XSPEC best-fit parameters for other selected bright sources in the ACIS-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: wabg, x wabsx powerlaw

Ny (X107t cm?) 3520 10598 115707 7755 0747925 1137048 2.1+04 8.0tL7

. —-0.94 —-0.51 . —0.29 -0.77 —0.4 -14
r 162703 13995 1687y 1430%  140%y5 15805 277%h 3130y
Kol (x10°%) 1608 08503 1303 059010 2704 1002 63l 743
X2 (d.0f) 0.88(33) 0.88(27) 108(41)  0.72(9) 124(67) 0.60(34) 0.94(94) 158 (27)
Lozs(x10%ergsl) 19902 1191 1391 [Radiogal]  36'% 1191 5081 7.0%48

model: wabg, x wabsx disk-blackbody

ny (x10% cm2) 013797 3475
Tin (keV) 06850,  0.72%5
Kabb (x1072) 29'1¢ 167
Y2 (d.of) 1.13(94) 1.21(27)
Los g (X108 erg s 20701 14133

model: wabgy x wabsx bmc

Ny (x10% cmr?) 0.65725% 11733
Too (keV) 0.180% 53004
r 256015 63"
Kome (x1077) 119f8:2 7. 1i8:g
¥ (d.o.f) 0.90 (92) 1.28 (25)
Los g (x10%8 erg s1) 25738 10'57

Table B.4.continued.

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

model: wabg, x wabsx powerlaw

Nu (xL0P e ?) 1898 <014 0840% 3.9 2994 146%5  167'88  117°97°

0.6 ) ) . -0.85
r 2a0gd oo 1eoff  2oogh  2ordl 21zg airgd 1aeff
Kol (X107°) 2.0f8:g O.51f8:8§ O.85f8§8 9.2j:g 7.511):; 9.33% 2.4f8:§ 1.2f8:‘2‘
Y2 (d.of) 1.09(41) 1.17(29) 0.86(30) 0.75(105) 0.80(105) 0.95(63) 0.53(14) 0.79 (46)
Los_g (x10® erg s1) 1.6f8:§ l.Ofg:i O.gfgﬁ 7.2%;1 5.9f8:§ 7.7fig 2.0%2 1.8f8&

model: wabg, x wabsx disk-blackbody

Ny (107t cmr?) <0.39 13202 090192 8924 10258
T (keV) 0.94:015 086007 091008 146027 150089
Ko (x10°2) 0.33:03 1.7+08 1495 027012 0002
¥2 (d.o.f) 1.42 (41) 0.68(105) 0.81(112) 0.87(63) 0.54(14)
Loss (x10®ergs?) 0991 3.0%9 3091 4093 1092

model: wabgy x wabsx bmc

Ny (xL0P cmr?) 149+197 0893 05502  51:36 91+l
Too (keV) 01995 036907 031007 07691  0600%
r 167525 32575 2617028 1.3'21 *
Kpme (x10°7) 6.7+03 14652 14312 30:08 7.6
¥2(d.of) 0.93 (39) 0.72(103) 0.79 (110) 0.89(61) 0.54 (12)
Loss (x10¥ergs?) 1415 2.7+ 319 33404 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
(a background radio galaxy); No. 44 and 60; No. 64 and 72. Their fitting parameters are listed in Table B.4.
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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. Their fitting parameters are listed in Table B.4.
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