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ABSTRACT

Using XMM-Newton data, we study for the first time the X-ray emission of HM1 and IC 2944/2948. Low-mass, pre-main-sequence
objects with an age of a few Myr are detected, as well as a few background or foreground objects. Most massive stars in both
clusters display the usual high-energy properties of that type of objects, though with log[LX/LBOL] apparently lower in HM1 than in
IC 2944/2948. Compared with studies of other clusters, it seems thata low signal-to-noise at soft energies, due to the high extinction,
may be the main cause of this difference. In HM1, the two Wolf-Rayet stars show contrasting behaviors: WR89 is extremely bright,
but much softer than WR87. It remains to be seen whether wind-wind collisions or magnetically confined winds can explain these
emissions. In IC 2944/2948, the X-ray sources concentrate around HD 101205; a group of massive stars to the north of this object is
isolated, suggesting that there exist two subclusters in the field-of-view.

Key words. X-rays: stars – Stars: early-type – open clusters and associations: individual: HM1 – open clusters and associations:
individual: IC 2944 – open clusters and associations: individual: IC 2948

1. Introduction

X-ray observations of OB associations and young open clus-
ters reveal emission from the early-type stars as well as from a
population of low-mass pre-main-sequencestars (e.g. NGC 6231
Sana et al. 2006; Carina OB1 Antokhin et al. 2008, Nazé et al.
2011; Cyg OB2 Albacete-Colombo et al. 2007, Rauw 2011).
X-ray emission is a ubiquitous characteristic of massive stars
of spectral type earlier than about mid-B. This emission is
usually attributed to a distribution of wind-embedded shocks
produced by the so-called line deshadowing instability (LDI,
Feldmeier et al. 1997) in the radiatively-driven winds of these
objects. The corresponding pockets of shock-heated gas at char-
acteristic temperatures of a few million degrees are believed to
be scattered throughout the wind volume, extending to very near
the stellar photosphere. The X-ray emission from this distribu-
tion of pockets of hot plasma is usually not expected or seen to
vary (Nazé et al., 2012b).

Ever since the discovery of the X-ray emission of early-
type stars, it has been found that the X-ray luminosity of O-
type stars linearly scales with their bolometric luminosity (e.g.
Nazé 2009). The situation is quite different for Wolf-Rayet stars,
where no clear dependence between X-ray and bolometric lumi-
nosities has been observed (Wessolowski, 1996). From the theo-
retical point of view, the origin of the empiricalLX/LBOL relation
of O-type stars remains unknown (Owocki & Cohen, 1999), al-
though an adequate mixing of the hot and cool material could ex-
plain this relation (Owocki et al., 2013). From the observational

⋆⋆ Based on observations collected with XMM-Newton, an ESA
Science Mission with instruments and contributions directly funded by
ESA Member States and the USA (NASA).
⋆⋆⋆ Research Associate FRS-FNRS

point of view, it is important to study this relation for a variety
of open clusters and associations to probe the various environ-
mental parameters that could impact on this relation and produce
the scatter around the relation that is observed when considering
large samples of O-stars (Nazé, 2009).

Additional X-ray emission can arise in massive stars’ winds
from large-scale shocks associated with wind interactionsin
massive (non-compact) binaries (e.g. Stevens et al. 1992),or
magnetic confinement (e.g. Gagné et al. 2005). In general, wind-
wind collisions and magnetically confined wind shocks occurat
much higher Mach numbers than LDI shocks and are observed
to (generally) produce stronger and harder X-ray emission up
to 10 keV. However, the observations do not reveal a system-
atic overluminosity of massive binaries with respect to single
O-type stars (e.g. Sana et al. 2006; Nazé 2009) and some mag-
netic O-type stars also fail to comply with the theoretical picture
(Nazé et al., 2010).

In this context, we study for the first time the X-ray emis-
sion of HM 1 and IC 2944/2948, two clusters with different mas-
sive star populations. Section 2 presents the observation and
data reduction, sections 3 and 4 show the results for HM1
and IC 2944/2948, respectively, section 5 discusses the derived
LX/LBOL and section 6 summarizes the results and concludes.

2. XMM -Newton observations

XMM -Newton has observed HM1 for 25 ks on Rev. 1877 (with
MEDIUM filter) and IC 2944/2948 for 40 ks on Rev. 2209 (with
THICK filter). No background flare affected the observations,
and no source is bright enough to suffer from pile-up. The data
were reduced with SAS v12.0.0 using calibration files avail-
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Fig. 1. Left: Three-color image of HM1, made using the SAS “images” script. Red, green, blue correspond respectively to the soft,
medium, and hard energy bands (see text for definition). The greenish source at the field’s center is WR89. Right: Grayscale image
of HM1, with the objects discussed in the text identified by their X-ray source number (see Table 1). In both images, orientation and
scale are the same. The color version of this figure is available online.

able on July 1, 2012 and following the recommendations of the
XMM -Newton team1.

The source detection was performed using the taskede-
tect chain on the three EPIC datasets and in three energy bands
(soft=S=0.3–1.0keV energy band, medium=M=1.0–2.0keV
energy band, hard=H=2.0–10.0keV energy band). This task
searches for sources by using a sliding box and finds the fi-
nal source parameters from point-spread-function (PSF) fitting.
The detection likelihood was adjusted to detect as many sources
as possible with few spurious detections (see below). For the
brightest sources (i.e., with more than 500 EPIC counts), wealso
extracted EPIC spectra and light curves in circular regions, cen-
tered on the detection position for the sources and as close as
possible to the targets for the backgrounds. The backgroundpo-
sitions as well as the extraction radii were adapted taking into ac-
count the crowding near the source, and elliptical regions were
used for sources close to field-of-view (FOV) edges since the
PSF is highly distorted at large off-axis angles. After extrac-
tion and calibration with response matrices, EPIC spectra were
grouped, usingspecgroup, to obtain an oversampling factor of
five and to ensure that a minimum signal-to-noise ratio of three
was reached in each spectral bin of the background-corrected
spectra. These spectra were fitted within Xspec v12.7.0. The
EPIC light curves of the source and background were extracted
for 1 ks and 5 ks time bins and in the total (0.3–10.keV) en-
ergy band using the SAS taskepiclccorr, which provides equiv-
alent on-axis, full PSF count rates. Light curves were then tested
usingχ2 tests for constancy, linear trend, and quadratic trend
hypotheses, and we furthermore compared the improvement of
theχ2 when increasing the number of parameters in the model
(e.g., linear trend vs constancy) thanks to using F-tests (see Sect.

1 SAS threads, see
http://xmm.esac.esa.int/sas/current/documentation/threads/ Note the re-
cent inclusion of the CTI correction for pn data (taskepspatialcti),
which was applied here.

12.2.5 in Lindgren 1968). Similar tests have been applied to
stars in NGC6231 (see section 5.1 in Sana et al., 2004) and to
ζ Puppis (Nazé et al., 2012b)

3. HM1

The open cluster HM1 was first described by Havlen & Moffat
(1977). It is relatively nearby (DM = 12.6, or 3.3 kpc), tight
(3’), and significantly reddened (E(B − V) = 1.84± 0.07 mag,
Vázquez & Baume 2001). This high extinction renders its study
in the optical range difficult, explaining the small number of
studies that were devoted to this cluster.

However, HM1 displays an interesting massive star popu-
lation. Havlen & Moffat (1977) identified 15 members and 9
non-member stars, thanks to UBV photometry. They also ob-
tained low-resolution spectroscopy for a few objects, leading to
the identification of six hot stars amongst the member objects:
two Wolf-Rayet (WR87 and WR89), two Of stars, and two O8
objects. Further photometric work was performed by Thé et al.
(1982) and Vázquez & Baume (2001), who extended the previ-
ous dataset to fainter stars and other photometric bands: e.g.,
Vázquez & Baume (2001) provided UBVRI photometry for 802
objects, among which 39 are members and 36 are probable mem-
bers2. In parallel, Massey et al. (2001) obtained spectra for eight
stars. They confirmed the presence of the two Of stars, identi-
fied two additional O-type objects, and revised the O8 classifi-
cation to earlier spectral types. Their final classificationfor the
two WRs is WN7 and that for the O-stars reveals O4If+, O5If+,
O5V, O6If, O7V((f)), and O9.5V3 stars. Gamen et al. (2008) re-
vised the classification of the main-sequence O5 to O5III(f)and

2 Compared with DSS and 2MASS data, two objects (HM1 VB 14
and 52) are actually spurious (misidentifications due to proximity of the
brighter sources HM1 VB 1 and 4).

3 or III, since text and table do not agree.
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Fig. 2. Hardness ratios of sources in HM1 for MOS1 (left), MOS2 (middle), and pn (right). Different types of sources are distin-
guished by symbols. The massive, blue stars are shown with blue filled symbols (triangle for the known binary, circles forthe others).
The low-mass FK stars are shown with green open triangles. The other X-ray bright objects (i.e., with at least 500 EPIC counts)
with and without 2MASS counterparts are displayed as cyan crosses and black stars, respectively. The remaining, faint sources are
represented by red asterisks (see top of the figure - error bars are not shown for the other sources), and potentially spurious sources
are not shown. WR87 is the hardest massive star. The color version of this figure is available online.

mentioned that it is actually a binary with a 5.9 d period and
minimum masses of 31 and 15 M⊙.

HM1 now appears as a young (1-2 Myr, Massey et al. 2001,
or 2-4 Myr, Vázquez & Baume 2001) cluster containing a num-
ber of rare, very early objects and several transition stars(WR
and Of). Although only eight members of the cluster were
studied spectroscopically, the list of cluster members (table 4
in Vázquez & Baume, 2001) contains 24 objects that are very
bright (MV < −3.8) and blue ([B−V]0 < −0.2, [U −B]0 < −0.9,
taking into account the error bars), hence are O or early B-type
candidates. Indeed, masses over 20 M⊙ have been suggested for
some of these candidates by Massey et al. (2001). This would
make HM1 one of the richest clusters in massive stars in our
Galactic neighborhood.

To date, this cluster has not been studied in X-rays. Our
XMM -Newton observation reveals only 58 sources, of which 7
may be spurious as they are not even clearly detected by eye (Fig.
1 and Table 1). Because of the high extinction toward this direc-
tion, the hardness ratioHR1 = (M−S )/(M+S ), whereS andM
are the soft and medium-energy count rates, is always close to
one (Fig. 2). A second hardness ratio relying on the medium and
hard bands,HR2 = (H − M)/(H + M), instead shows a contin-
uum of properties, with massive and F stars generally soft, and
the bright X-ray source without near-infrared (NIR) counterpart
very hard (see below).

We have cross-correlated this list of sources with stars mea-
sured by Vázquez & Baume (2001), as well as with the Simbad
database and 2MASS catalog (Table 1). To find the best corre-
lation radius in the latter case, we used the technique outlined
by Jeffries et al. (1997) and used by Rauw et al. (2002): the best
radius, ensuring as many good identifications as possible while
reducing the number of spurious correlations is 3”. Within such a
radius, 33 of the 58 sources possess a 2MASS counterpart. Using
the same radius, we found that nine X-ray sources correlate with
known cluster members or probable members, and three addi-
tional ones correlate with non-member objects. Simbad provides
two additional identifications for XID 2 and 3. Table 1 summa-
rizes these identifications. Finally, we analyzed the lightcurves
and spectra of the nine sources with at least 500 EPIC counts

(Table 2). Details for each of these sources, and for groups of
fainter sources, are given below.

3.1. Massive stars

3.1.1. WR89 (XID 1)

WR89 was identified as a possible non-thermal radio emit-
ter by Cappa et al. (2004). Such an emission is thought to
be linked to relativistic electrons accelerated in the shocks
of a wind-wind collision occurring inside a massive binary
system (van Loo et al., 2006). However, the radio emission of
WR89 was found to be thermal by several other authors, no-
tably Leitherer et al. (1995), Dougherty & Williams (2000) and
Montes et al. (2009). Accordingly, the star was assumed to be
single by Hamann et al. (2006). The same authors have fitted the
visible spectrum of WR89 with their model atmosphere code,
deriving the physical properties of the star, e.g., temperature, lu-
minosity (in Table 2, the quoted luminosity value was corrected
for the different distance used here), and abundances. These
abundances were used for the Xspec fitting procedure: their mass
fractions of 0.20, 0.78, 0.015, 0.0001, and 0.0014 for hydrogen,
helium, nitrogen, carbon, and iron, respectively, correspond to
elemental abundances compared to hydrogen with respect to the
solar values of Anders & Grevesse (1989) of 10, 48, 0.1, 2.7 and
3.5 for helium, nitrogen, carbon, iron, and other elements,re-
spectively.

In our XMM-Newton data, WR89 clearly is the most lumi-
nous object of the field. It presents a high log[LX/LBOL] (−5.7),
which is typical of wind-wind collisions in WR+O systems (see
Güdel & Nazé 2009 and references therein). Moreover, its spec-
trum requires one to fit a non-negligible hot (2 keV) compo-
nent. Finally, while the source is constant during the 7h ex-
posure (Fig. 5), this may not be the case on other timescales.
Indeed, Pollock et al. (1995) quoted a PSPC count rate of 8.8±
5.6 cts ks−1 for WR894. Our fit would result in a PSPC count
rate of about 59 cts ks−1, about an order of magnitude brighter.

4 The Rosat Faint Source Catalog, also based on the survey data, lists
a source at 1.9’ from WR89: 1RXS J171909.6−384926, with a count
rate of 20.8± 9.8 cts ks−1. The reason of the discrepancy with Pollock’s
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Fig. 3. The pn spectra of WR89 (top) and WR87 (bottom), along
with their best-fit spectral models shown as solid lines (seeTable
2). While both stars are subject to similar interstellar absorptions
(Vázquez & Baume, 2001), the spectrum of WR87 is obviously
much harder and fainter. A dotted blue line shows the best-fitto
WR87 spectra whenkT is fixed to 0.6 keV (see text). The color
version of this figure is available online.

Therefore, the X-ray flux of WR89 is most probably variable
with time, which is again typical of colliding-wind systems.
In fact, it is quite possible that the XMM-Newton data were
taken close to periastron time, which would naturally explain
the strong brightening (cf. the case of Cyg OB2 #9, Nazé et al.
2012a).

To find clues of binarity, we have examined the archival op-
tical spectra of WR89: 24 spectra taken with FEROS on four
consecutive nights in mid-2005, one EMMI/NTT spectrum from
March 2002, three ESO1.52m/Boller & Chivens spectra from
May 1996, and one CTIO 1.5m/Cspec dataset from May 1999.
To the limit of the data quality and taking into account the broad
line widths, no obvious shift is detected5. Either the runs were,
by chance, performed at similar orbital phases, or the system has
a very long period (decades), or the system’s period is shorter
(a few years) but the binary is highly eccentric, with velocities
changing only during a short phase interval (e.g., the case of Cyg
OB2 #9, Nazé et al. 2012a). The latter scenario would also be
consistent with other X-ray bright WR+O colliding-wind bina-
ries (e.g., WR25, Gamen et al. 2006). We therefore recommend
a long-term multiwavelength monitoring of WR89, to search for
the companion. Only after this can a modeling be undertaken
and our understanding of the collision properties improved.

value is unknown, but it is still much fainter than predictedfrom the
observed XMM-Newton data.

5 For the narrow lines of Niv ł 7103.24 and 7109.35 Å, we found ve-
locities of∼ −45 km s−1 and−10 km s−1, respectively.

3.1.2. WR87 (XID 6)

As for WR89, Hamann et al. (2006) estimated the physical prop-
erties of WR87 by fitting atmosphere models to the stellar spec-
trum. Their mass fractions are 0.4 and 0.58 for hydrogen and
helium, respectively (mass fractions of other elements like in
WR89), which translates into elemental abundances compared to
hydrogen with respect to the solar values of Anders & Grevesse
(1989) of 3.7, 24, 0.06, 1.3, and 1.8 for helium, nitrogen, car-
bon, iron, and other elements, respectively. These values were
used for our Xspec fitting (Table 2).

Both WRs, which share similar reddening and spectral type,
display similar properties at optical wavelengths (Masseyet al.,
2001; Hamann et al., 2006) - the wind density (as traced by
Ṁ/[4πR2

∗v∞]) in WR87 is even lower than twice that of WR89.
This is in stark contrast with the high-energy properties: the ob-
served X-ray flux of WR87 is about 20 times lower than that
of WR89. When correcting for the average interstellar absorp-
tion of the cluster (suitable for WR87, see Vázquez & Baume,
2001), the difference in flux jumps to two orders of magnitude.
This is due to the plasma temperature, which is high for WR87
(2 keV, see also Figs. 2 and 3 - it should be noted that forcing
the temperature to be 0.6 keV, thereby increasing the intrinsic
absorption, never leads to a good fit, becauseχ2 remains well
above 2 in that case (see Fig. 3): WR87 truly seems dominated
by very hot plasma). WR87 therefore is a paradoxical case: while
its X-ray flux is low, suggesting the star to be single, its high
plasma temperature is typical of colliding-wind systems. Wind
magnetic confinement can produce hot plasma in single objects,
but it would then be associated with an X-ray overluminosity
(e.g., the case ofθ1 Ori C, Gagné et al. 2005), which is not ob-
served for WR87.

Single WC stars typically have low X-ray luminosities,<
1031 erg s−1 with log[LX/LBOL]< −8, with WR 135 even having
< 7×1029 erg s−1 with log[LX/LBOL]< −9 (Güdel & Nazé, 2009,
and references therein). However, the situation is less clear for
WN stars, which show a large scatter in their X-ray luminosities
(Güdel & Nazé, 2009, and references therein). Some of them
are similar to WC stars: for example, WR40 has a luminos-
ity < 4 × 1031 erg s−1 and log[LX/LBOL]< −7.6 (Gosset et al.,
2005). Others follow the log[LX/LBOL]= −7 of O-type stars
(Oskinova, 2005; Skinner et al., 2012), but in contrast, a few
are highly luminous: for example, WR20b has a luminosity of
2× 1033 erg s−1 and log[LX/LBOL]= −6.1 (Nazé et al., 2008). A
relation between X-ray luminosity and wind kinetic luminosity
(= 0.5Ṁv2

∞) of WNL stars has been proposed (Skinner et al.,
2012), and WR87 fits into this scheme well, but this relation dis-
plays a large scatter (and may not apply to all cases, e.g., WR40
or WR136). Usually, the main temperature associated to the X-
ray emission of WR stars is low (0.6 keV), but a non-negligible
hard component may exist, especially for binaries or binary
candidates (Güdel & Nazé, 2009, and references therein).The
closest analog to the unusual case of WR87 may be the WN6
star WR136, which is both underluminous in X-rays and dom-
inated by high-temperature plasma in the high-energy range
(Skinner et al., 2010). The nature of the high-energy emission of
this latter object is still unknown, however. An additionalmon-
itoring of WR87 and WR136, both in X-ray and visible ranges,
may shed some light on their intriguing high-energy properties.

3.1.3. Detected O-stars

The bolometric luminosities of O-type stars were estimated
from the absolute V-magnitude found by Vázquez & Baume
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Fig. 4. X-ray luminosity (in 0.5–10.0keV energy band) as a
function of bolometric luminosity for massive stars in HM1 (red
points) and IC 2944/2948 (blue points). The associated XID is
quoted next to each point, with the prefix HM for sources in
HM1 and IC for sources in IC 2944/2948: except for WR89
(XID 1 in HM1), all stars in HM1 display lowerLX/LBOL
than those of IC 2944/2948. Filled symbols correspond to bright
objects whose X-ray luminosities were derived from a spec-
tral fit (Table 2); open symbols correspond to fainter objects
whose count rates were converted into X-ray luminosities; tri-
angles indicate the known binary systems. Approximate error
bars were calculated using the relative errors on the total count
rates (Tables 1 and 2), except for faint objects in HM1, where
they indicate the range in X-ray luminosity (see text).

(2001, seeMV in their Table 4), using the bolometric correc-
tions of Martins et al. (2005) for the spectral types, when known
(Massey et al., 2001), or from approximate spectral types corre-
sponding to the colors and V-magnitudes for the other blue and
bright objects (see above). We now discuss each star in turn.

For the three O-type stars with enough counts, we performed
a fitting within Xspec using a thermal plasma model (Table 2).

With an O4If+ type, VB4 (XID 4) is the earliest star of
the cluster. As for all O-stars in HM1, it was never detected in
X-rays before and shows no significant (i.e., significance level
S L < 1%) and coherent (i.e., similar in all instruments) short-
term variations of its XMM-Newton light curves (Fig. 5). Its
log[LX/LBOL] amounts to−7.4 (Table 2), when a value of−6.5
to −7 is expected. It is possible that the O-stars in HM1 are
truly hotter and fainter, though there is no known cluster prop-
erty (e.g., abundances,etc.) that would explain this peculiarity.
Another, more probable possibility is that the low signal-to-noise
ratio at low energies, due to high absorption and short expo-
sure, leads to an underestimate of the X-ray luminosity and an
overestimate of the plasma temperature (0.2–0.6keV being more
typical for such objects, Sana et al. 2006; Güdel & Nazé 2009;
Nazé 2009; Nazé et al. 2011) - note that the additional absorp-
tion is typical of O-type stars (Nazé, 2009; Nazé et al., 2011),

however. To check this possibility, we modeled an XMM obser-
vation, with a duration (25 ks) similar to ours, of the “typical”
2XMM spectrum of O-stars. The flux (5× 10−14 erg s−1) and ab-
sorption (NH = 1.1 × 1022 cm−2) were chosen to be typical of
the cluster objects. We then fitted this fake X-ray spectrum with
a single thermal component, as was done here for the faint O-
stars: the deduced temperature is high (∼1 keV) and the deduced
absorption-corrected flux is half (or 0.3 dex below) the actual in-
put value, possibly explaining the above results.

VB5 (XID 5) displays an O5If+ type, with a log[LX/LBOL] of
−7.3 (Table 2) and its emission displays the same characteristics
as VB4. From the X-ray emission alone, there is no evidence for
colliding winds for either of these two objects.

VB10 (XID 7) was classified as O5V by Massey et al.
(2001), but its nature was recently revised: it is a binary oftype
O5III(f)+OB, with a period of 5.9d, and minimum masses of
31+15 M⊙ (Gamen et al., 2008). Amongst the three X-ray bright
O-stars, VB10 is the hardest and brightest (log[LX/LBOL]=
−7.0). This may hint at a contribution from X-ray bright col-
liding winds, but additional observations are needed to secure
this conclusion, notably searching for the phase-locked varia-
tions that are typical of this phenomenon.

Four other massive stars have been detected by XMM-
Newton, but they are too faint for spectral analysis. We converted
their count rates into intrinsic fluxes using (1) the interstellar ab-
sorption and a thermal plasma with temperature of 0.6 keV, (2)
the interstellar absorption and the typical O-star spectrum found
in Nazé (2009), and (3) the average spectral properties of the
brightest O-stars (i.e., interstellar absorption plus additional ab-
sorption of 4×1021 cm−2 and a plasma temperature of 0.85 keV).
Different model assumptions yield different results, explaining
the luminosity ranges given below.

VB11 (XID 12) was classified as O6If by Massey et al.
(2001), hence a bolometric luminosity of log(LBOL/L⊙) = 5.58
can be derived from its photometry (Vázquez & Baume, 2001).
The XMM-Newton detection leads to an X-ray luminosity of
1.1− 2.4× 1032 erg s−1 and a log[LX/LBOL] of −6.8 to−7.1.

VB13 (XID 21) was classified as O7V((f)) by Massey et al.
(2001), hence a bolometric luminosity of log(LBOL/L⊙) = 5.49
can be derived from its photometry (Vázquez & Baume, 2001).
The XMM-Newton detection leads to a similar X-ray luminosity
as for VB11 and a log[LX/LBOL] of −6.7 to−7.1.

Though its spectral type is unknown, VB20 (XID 18) is
both blue and bright (see table 4 in Vázquez & Baume, 2001)
and massive (> 20 M⊙, Massey et al. 2001). Using Vázquez &
Baume photometry, we estimated an O9.5I or O3III type for this
star, leading to a bolometric luminosity of log(LBOL/L⊙) = 5.44
or 5.96. Its EPIC count rate (Table 1) leads to an X-ray luminos-
ity of about 0.5− 1.4× 1032 erg s−1, or a log[LX/LBOL] of −6.9
to −7.8.

Also of unknown spectral type, VB26 (XID 37) is a clus-
ter member that is both blue and bright in Vázquez & Baume
(2001). We estimated a spectral type of O4III, a bolometric lu-
minosity of log(LBOL/L⊙) = 5.82, an X-ray luminosity similar
to VB20, and a log[LX/LBOL] of −7.2 to−7.6.

For the three brighter massive stars, we had found
log[LX/LBOL] of −7.20 with a dispersion (=

√
(
∑

(Xi −
mean)2/(N − 1))) of 0.19 dex (or−7.31 with a dispersion of
0.09 dex if excluding the known binary). This agrees well with
the values found for the fainter objects.
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Fig. 6. Left: Color-magnitude diagram for non-spurious X-ray sources inHM1 having reliable 2MASS counterparts. The dashed line
corresponds to the main sequence shifted for a distance of 92pc (that of HD 156301), the solid and dotted lines correspondto the
main sequences for aDM = 12.6 mag, typical of the cluster (Vázquez & Baume, 2001), without and with correction for the cluster’s
absorption (E(B−V) = 1.84mag,RV = 3.3, see Vázquez & Baume, 2001), respectively. The main sequence magnitudes and colors
are taken from Martins & Plez (2006) for O-stars (masses> 15 M⊙) and Tokunaga (2000) for the other spectral types (masses inthe
range 0.1–15M⊙). The reddening vector corresponds to the reddening expected for the cluster.Middle: The same color-magnitude
diagram with Siess et al. (2000) isochrones, forDM = 12.6 mag andE(B − V) = 1.84 mag, superimposed as dashed lines. The
displayed tracks correspond to masses in the range 0.1–7.0M⊙ (spectral types M6 to B3).Right: Color-color diagram for the same
objects. The dotted line shows the intrinsic (i.e., dereddened) colors of classical T Tauri stars (Meyer et al., 1997), the dashed lines
correspond to increasing values of absorption (usingRV = 3.3 and Cardelli et al. (1989) extinction law) for the blue and red limits
of the main sequence for low-mass stars and of the TTs sequence. Note that for these figures the 2MASS JHK photometry was
transformed into the Bessel & Brett system (see http://www.astro.caltech.edu/∼jmc/2mass/v3/transformations/ ). The color version
of this figure is available online.

3.1.4. Non-detected massive stars

Only one O-type star with a known spectral type has not been
detected: VB25 (O9.5V). It is faint in the visible, however,with
a V-magnitude of 8.2 mag and an estimated bolometric lumi-
nosity of log(LBOL/L⊙) = 4.8. With a log[LX/LBOL] of −7,
this would yield count rates of 0.9 − 2.5 cts ks−1 for pn and
0.3−0.7cts ks−1 for MOS, considering the three spectral models
quoted above. Our faintest detections (Table 1) have count rates
of about 3 cts ks−1 for pn and 1 cts ks−1 for MOS.

Additional candidate-OB stars also exist. Three additional
objects are bright and blue in Vázquez & Baume photometry and
massive (> 20 M⊙) following the Massey et al. estimates: VB16,
VB24, VB37. Eleven others are only bright and blue members
of HM1 in Vázquez & Baume photometry: VB14, VB32, VB35,
VB47, VB52, VB55, VB57, VB65, VB70, VB95, and VB96.
We used the available photometry to estimate a spectral type
and derive a bolometric luminosity for these cases. Values range
from log(LBOL/L⊙) = 4.8 to 5.4, with only VB14 showing a
log(LBOL/L⊙) = 5.7. The faintest cases should remain unde-
tected owing to our sensitivity, as already seen for VB25. The
brightest objects in this sample should have been detected,how-
ever, whatever the underlying assumption for the X-ray spectral
model. Either the photometry, hence the spectral type estimate,
has been overestimated for these objects, or the log[LX/LBOL]
in HM1 is below−7, which is possible in view of the proper-
ties of some of the detected objects (e.g.,−7.4 for VB4, see also
discussion below).

3.2. Other X-ray bright objects

3.2.1. XID 2 = V504 Sco

V504 Sco is a known eclipsing variable with a period of 2.59d,
a maximum magnitude ofb = 13.7 mag, and a primary eclipse
depth of 0.8 mag (Malkov et al., 2006). Unfortunately, the spec-
tral types of the components are not known, but the 2MASS pho-
tometry suggests an integrated type of about K5V and a distance
of about 100 pc (see Fig. 6). In our observations, this brightX-
ray source is only surpassed in apparent flux by the overlumi-
nous WR89. Its X-ray spectrum is dominated by the thermal
component withkT = 2 keV and little absorption, consistent
with a foreground source (Table 2). With the above distance,the
X-ray luminosity amounts toLX ∼ 2.5× 1029 erg s−1 in the 0.5–
10.0 keV energy band. The absence of flares in our observation
(Fig. 5) and the inferred spectral type, plasma temperature, and
X-ray luminosity suggest that this object corresponds to a coro-
nal source in quiescence, but the binarity may also point to a
lowly-active RS CVn system.

3.2.2. XID 3 = HD156301

HD156301 is a nearby (92 pc, van Leeuwen 2007) low-mass star
of type F5V and magnitudeV = 8.4 mag. It possesses a close
(0.6”) and faint (V = 10.7 mag) companion (Hartkopf et al.,
1996; Fabricius & Makarov, 2000). In our observations, it is
bright, non-flaring, soft (kT of 0.03 and 0.3 keV) and only lightly
absorbed. Its X-ray luminosity corrected for a reddening of
E(B − V) = 0.11 mag amounts to 7× 1029 erg s−1, resulting in
log[LX/LBOL] of about−4.3, i.e., far from the saturation level
of coronal sources. The X-ray emission thus is compatible with
the properties of main-sequence low-mass stars (outside flaring
times).

6

http://www.astro.caltech.edu/~jmc/2mass/v3/transformations/
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Fig. 7. Same as Fig. 1, but for IC 2944/2948. The yellow source at the field’s center is HD 101205. Thecolor version of this figure
is available online.

3.2.3. XID 8

This off-axis source does not possess any visible or IR counter-
part. The MOS data (source in gap for pn) indicate a high extinc-
tion (NH > 2× 1022 cm−2) and a hard emission (Fig. 2 and Table
2). Therefore, XID 8 displays all properties of a backgroundac-
creting object (X-ray binary or extragalactic active galactic nu-
clei, AGN).

3.2.4. XID 9

This source is not as hard as XID 8 (see Fig. 2) and has an IR
counterpart. Its absorption is close to the interstellar value of the
cluster, and the associated plasma temperature, about 3 keV, is
higher than for normal massive stars. Without more information,
it is difficult to ascertain the nature of this source.

3.3. Faint X-ray sources

To learn more about the faint X-ray sources, we focused on the
sources that display NIR counterparts. We considered only the
29 objects with reliable 2MASS photometry (i.e., best 2MASS
quality flag Qflag=AAA), and Fig. 6 shows the associated color-
magnitude and color-color diagrams.

As expected, the massive stars are at the top of the main se-
quence, although the two WRs, VB4, and VB5 are slightly too
bright: for the latter two, this could be explained by binarity. The
remaining 18 stars can be split into two classes. The first one
contains foreground objects, which are less distant and extincted
than cluster stars. The second one corresponds to a population of
reddened objects at the distance of the cluster. Their age, derived
from the Siess et al. (2000) isochrones, is about 0.5–2Myr, i.e.,
they are younger or of similar age as the main stars of the cluster,
and they do not display high IR-excesses. They may thus corre-
spond to weak-line TTs, the first ones detected in this cluster.
Note that the position of the most reddened objects is not en-

tirely compatible with the extinction law previously attributed to
the cluster (RV = 3.3, Vázquez & Baume, 2001), which could
indicate anomalous extinction.

4. IC 2944/2948

IC 2944 and IC 2948 belong to the Cen OB2 association. The
existence of these two clusters has been questioned in the past:
while some authors advocate that these are one (or several)
true physical cluster(s) (e.g. Walborn, 1987), others instead see
the groupings as a chance superposition of isolated hot stars
scattered along the Carina arm (e.g. Perry & Landolt, 1986).
Moreover, even the identification of the two groupings is often
confused in the literature (Reipurth, 2008). In the X-ray image
(Fig. 7), a tight cluster of X-ray sources is detected, suggesting
at first sight that IC 2944/2948 is indeed a true cluster.

Few recent (i.e., CCD) photometric studies of the cluster ex-
ist. Searching for Be stars, McSwain & Gies (2005b) providedb,
y, and Hαmeasurements for the cluster core. They evaluated the
distance to be 1.8 kpc, the age to be 6.6 Myr, and the reddeningto
beE(B−V) ∼ 0.32 mag. Kharchenko et al. (2005) found similar
distance and reddening, but Sana et al. (2011) instead favored a
larger distance of 2.3 kpc for the O-stars, in agreement withthe
results of Tovmassian et al. (1998, 2.2 kpc). In this paper, we use
the higher value.

4.1. Detection

In X-rays, the field of IC 2944/2948 is much more crowded than
that of HM1, with several sources overlapping due to the broad
PSF. The XMM detection algorithm does not easily account for
both source crowding (i.e., overlapping PSFs) and source exten-
sion (i.e., sources with PSFs larger than that of a single source),
however. Therefore, we performed the source detection in two
steps. First, we allowed the detection of extended sources,but
not simultaneous fitting in dense groups of objects: 267 sources
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Fig. 8. Same as Fig. 2 for sources in IC 2944/2948. The magenta squared symbols are added to represent Hα emitters. The color
version of this figure is available online.

were then found, with 6 extended sources (all with a low exten-
sion,<6”), 16 probably spurious objects (not detected by eye)
and many obvious sources missing. Clearly, crowding impairs
source detection in this case. Second, we allowed the simultane-
ous fitting of up to four objects, to detect and separate sources
in dense groups, but without the possibility of extension. This
indeed solves the crowding problem, resulting in a much more
complete list of 368 sources, with 53 probably spurious cases
(Table 3). Note that we kept the results from the first trial in
two cases: (1) XID 30, since it is a hard source that is larger
than nearby point sources - its extension, detected in the first
run, is thus not spurious (see bottom left of Fig. 7) - and (2)
XID 77, since the position of this off-axis source associated with
HD 101413 seemed better fitted in the first trial.

When the position of the massive O-stars of the field is su-
perposed on the X-ray image, a shift is clearly seen. Comparing
the Hipparcos positions of the massive O-stars with their as-
sociated X-ray sources (excluding HD 101413 and HD 101436,
which are heavily distorted because of their off-axis position),
we found an average shift ofRAHip − RAXMM = 0.45s and
DECHip − DECXMM = 0.41” in DEC. We thus corrected the
coordinates of the X-ray sources by adding these values to those
found by the detection algorithm (Table 3), and only then corre-
lated with other existing catalogs.

4.2. Cross-correlation

A cross-correlation with 2MASS yields 260 counterparts to the
368 X-ray sources within 3” (this radius seems the best to avoid
spurious identifications, see above). Amongst these, a second ob-
ject is found within the same radius in only 11 cases: Table 4
therefore only lists the closest counterpart. In total, 75%of these
260 counterparts have the best quality for 2MASS photometry
(Q flag=’AAA’) and can be used for further photometric studies
(see below).

A cross-correlation with the catalog of McSwain & Gies
(2005b) was also performed. Within 3” radius, only 13 of the 368
X-ray sources have a counterpart. We derived their Hα equiva-
lent widths using formula (4) of McSwain & Gies (2005a). In
six cases, Hα can be considered to be in emission because the
absolute equivalent widths exceed 10 Å.

Finally, a last cross-correlation was performed with Simbad,
again within 3”: 28 of the 368 X-ray sources have a counter-
part. Ten of these objects are massive O-stars recently studied

by Sana et al. (2011), six other objects display a B-type, onean
A-type, and three an F-type. The latter ones are probably fore-
ground sources unrelated to the cluster. The remaining eight ob-
jects have no known spectral type.

Table 4 gives the results of these correlations.

4.3. Additional information

Fig. 8 shows the hardness ratios of the detected objects. The
massive stars, which are soft, form a group with low hardness
ratios, whereas the X-ray bright objects without counterparts are
at the other extreme, i.e., their X-ray emission is very hard. In be-
tween these two groups are the other, most probably low-mass
pre-main sequence objects.

The detection algorithm finds 21 sources with at least 500
EPIC counts. We analyzed these objects in more detail but, be-
cause the field is crowded, extracting their spectra and light
curves is difficult. We therefore took the background in nearby
source-free regions on the same CCD as the source under con-
sideration and limited the extraction radius for sources to37” at
maximum (9” at minimum). Even with this restriction, XID 13
and 14 are so close to each other that their properties cannotbe
studied individually: we therefore extracted one spectrumand
one lightcurve for both sources. Moreover, because of theirdis-
torted PSF (due to their large off-axis angle) and the presence of
close neighbours, the spectra and light curves of XID 3, 4 and77
had to be extracted in elliptical regions. Light Curves are shown
in Fig. 9 and spectral fittings are provided in Table 5.

As for HM1, the light curves were tested usingχ2 tests: XID
1, 9, 16 and 30 are found to be marginally variable (between
1 and 10% significance level), while XID 7 (for 1 ks bins), 10,
12, 15, 31 (for 1 ks bins), and 35 (for 1 ks bins) are definitely
variable, with a significance level<1%.

4.4. Individual objects

4.4.1. Massive stars

The massive star population was recently studied in depth by
Sana et al. (2011). Of the objects listed in that paper, two are
located outside of the XMM-Newton field-of-view (HD 100099
and HD 101545), and two remain undetected (CPD -62◦2198
and HD 308804) - but both are of late-type (O9.7 and B3, respec-
tively) and are located at the edge of the field (CPD -62◦2198
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even being in the field-of-view of MOS2 only!), which explains
their non-detection.

The remaining ten massive O-stars are detected (HD 101131,
HD 101333, HD 101190, HD 101191, HD 101205, HD 101223,
HD 101298, HD 101413, HD 101436, and HD 308813). The Be
star and two Be candidates of McSwain & Gies (2005b) are not
detected, but five additional AB stars, not studied by Sana etal.
(2011) but listed in Simbad, are observed (Table 4).

Most massive stars are amongst the brightest X-ray sources
of the field: eight have enough counts to be analyzed in more
detail (Fig. 9 and Table 5). As already indicated by their hardness
ratios (see Fig. 8), their spectral properties are similar,with a
moderate additional absorption and two plasma temperatures of
about 0.1 and 0.7 keV needed for a good fitting.

XID 1 (HD 101205, a multiple system containing an eclips-
ing binary) is marginally variable (significance level between 1
and 10%), with a linear trend being significantly better (signifi-
cance level<1%) to fit the pn lightcurve than a simple constant.
The link between this increasing trend seen in pn and the eclips-
ing nature of the binary in the system is not straightforward,
though, since the XMM-Newton observation probes a large part
of the (circular) orbit betweenφ = 0.46 and 0.70, i.e., before,
during, and after one of the eclipses (using the ephemeris of
Otero, 2007), so that a monotonic trend is not expected. XID 7
(HD 101191) is definitely variable at the<1% significance level,
but only with the shortest bin (1 ks); no significant and coher-
ent variability is found for the six other objects. The short-term
variations are thus limited, as expected for massive stars.

To study long-term variations, we need additional X-ray ob-
servations of the cluster. IC 2944/2948 was observed by the
ROSAT PSPC instrument in January 1993 (ObsID=200706).
These archival data reveal only four sources: HD 101131,
HD 101190, HD 101205, and the pair HD 101413+HD101436.
This pair is not only entirely blended, since it looks like a single
source, but its position is also problematic, because it is in the
shadow of the inner ring that supports the entrance window of
the PSPC. Therefore, the individual properties of the two sources
forming the pair cannot be assessed with precision, and we thus
discarded theROSAT data for them. The spectra of the other
three sources were extracted with circular regions of 65” radii,
with a nearby background region, of 80” radius, located between
HD 101190 and HD 101131 in an area as devoid of sources as
possible (as seen in the XMM-Newton images). The recorded
count rates were compared with those predicted using the best-
fit models to XMM-Newton spectra, folded through theROSAT
response matrices. In addition, the spectra were compared with
the best-fit XMM-Newton models, and also fitted individually.
Taking into account the low signal-to-noise ratio of theROSAT
data, the derived count rates and fluxes agree well with the re-
sults from XMM-Newton fits: potential variations remain within
one or two sigma error bars. No significant long-term variation
of the X-ray properties of these three objects are thereforede-
tected.

The X-ray luminosities, corrected for interstellar absorption,
were calculated for all massive stars in the 0.5–10.keV energy
band. For the X-ray bright ones, these luminosities were de-
rived from the spectral fits (Table 5). For the fainter objects,
we converted the count rates into fluxes using (1) the interstel-
lar absorption and a thermal plasma with temperature of 0.3,
0.6, or 1. keV, and (2) the interstellar absorption and the typi-
cal O-star spectrum found in Nazé (2009). This resulted in sim-
ilar conversion factors:∼ 1.2 × 10−11 erg cm−2 s−1 for 1 cts s−1

recorded with the MOS camera equipped with the thick filter,
and∼ 3.1× 10−12 erg cm−2 s−1 for 1 cts s−1 recorded with the pn

camera equipped with the same filter. The derived X-ray lumi-
nosities are listed in Table 6. The bolometric luminositieswere
derived using the visual magnitude from Simbad, an interstel-
lar reddening ofE(B − V) = 0.32 mag (withRV = 3.1), a dis-
tance of 2.3 kpc, and bolometric corrections from Martins etal.
(2005) for O-stars and from Schmidt-Kaler for other spectral
types. When an object is a known binary, the correction factor
is a weighted mean of the individual correction factors. Fig. 4
graphically shows the results.

The average log[LX/LBOL] for the ten O-stars is−6.62 with a
dispersion of 0.35 dex (see also Fig. 4), it is−6.48 with a disper-
sion of 0.18 dex for the eight O-stars with more than 500 EPIC
counts,−6.75 with a dispersion of 0.26 dex for the three single
O-stars and−6.57 with a dispersion of 0.39 dex for the seven
known binaries (see discussion below). Two massive objects
are clearly overluminous: XID 13 and 327. The former forms
a blend with XID 14, of unknown type and bolometric luminos-
ity - it is therefore uncertain whether the full X-ray luminosity
should be attributed to XID 13 (indeed, the two sources display
similar count rates, see Table 3). The latter object, XID 327, is
an A-star: such stars rarely emit X-rays, hence it is possible that
a companion to that A-star is the actual X-ray emitter. On the
other hand, one object is underluminous: XID 106, associated
with the late O-type binary HD 308813 (Table 4), has a luminos-
ity that is 0.9 dex below the value derived from its bolometric
luminosity and the averageLX/LBOL of the eight O-stars. This
difference corresponds to about five times the cluster dispersion
and ten times the formal error on the X-ray luminosity of this
object (Fig. 4). Only a few O-type stars are underluminous in
X-rays compared with other O-stars of the same cluster, e.g., the
late-type binary FO15 in the Carina Nebula (Nazé et al., 2011) -
the reason for their low luminosity remains unknown to this day,
however.

Table 6. Luminosities of the faint OBA stars in the 0.5–10.keV
energy band (see Table 2 for definition of errors).

XID Labscor
X log(LBOL) log(Labscor

X /LBOL)
1032 erg s−1 (L⊙)

20 0.32±0.02 4.38 −6.46±0.03
63 0.26±0.03 4.23 −6.40±0.06
81 0.12±0.01 4.55 −7.05±0.05
106 0.044±0.007 4.42 −7.36±0.07
153 0.17±0.03 4.51 −6.86±0.07
175 0.064±0.012 3.68 −6.46±0.08
327 0.052±0.013 2.52 −5.39±0.11

4.4.2. Foreground objects

The three detected F-type stars were not the target of in-depth
studies, and only basic information (spectral type, BV magni-
tudes) is available in Simbad. Compared with typical valuesfor
main-sequence stars of the same subclass, their bolometriclu-
minosities are about three times that of the Sun, their reddenings
amount to aboutE(B − V) ∼ 0.35 mag, and their distances to
about 150 pc, in agreement with their 2MASS photometry (Fig.
10). Because of their faint X-ray emission, we converted their
count rates into fluxes corrected for the interstellar absorption
using a single hot plasma component (two temperatures, 0.3 keV
and 1. keV were tried and yielded similar results). The result-
ing X-ray luminosities amount to about 2× 1029 erg cm−2 s−1

for HD 308806 (XID 41), 2× 1028 erg cm−2 s−1 for HD 308828
(XID 178), 4×1029erg cm−2 s−1 for HD 308839 (XID 237), cor-
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Fig. 10. Same as Fig. 6 for IC 2944/2948.Left: The dashed line corresponds to the main sequence shifted fora distance of 150 pc
and for a reddening ofE(B − V) = 0.35 mag, the solid and dotted lines correspond to the main sequences for a distance of 2.3 kpc,
typical of the cluster (Sana et al., 2011), without and with correction for the cluster’s absorption (E(B − V) = 0.32 mag,RV = 3.1,
see McSwain & Gies, 2005b), respectively.Middle: The same color-magnitude diagram with the Siess et al. (2000) isochrones,
shifted for a distance of 2.3 kpc andE(B − V) = 0.32 mag, superimposed as dashed lines.Right: Color-color diagram for the same
objects (usingRV = 3.1). The color version of this figure is available online.

responding to log[LX/LBOL] between−5 and−6, i.e., far from
the saturation level of coronal sources.

4.4.3. Accreting objects

Several very hard X-ray sources exist in the FOV, e.g., XID 6,
11, and 30 (Figs. 7 and 8). For the brightest among them, a
spectral fitting was attempted, which results in high absorption
(NH > 1022 cm−2) and unrealistically high plasma temperature
(kT > 10.keV), or high absorption and a power law with pho-
ton index of about 2 (see Table 5). These are good candidates
for background accreting sources (X-ray binaries or accreting
AGNs).

4.4.4. Young stars

The star formation in IC 2944/2948 area has been studied several
times in the past 15 years. Reipurth et al. (1997) found seven
Hα emitters, hence candidate TTs: only two are positioned in
our field-of-view. IRAS sources embedded in clouds have also
been reported by Sugitani & Ogura (1994) and Yamaguchi et al.
(1999): none of the SFO sources of Sugitani & Ogura (1994)
are located in our FOV, and only the clouds [YSM99] 44 and 45,
corresponding to nine IRAS sources, are located in our field-of-
view. The X-ray emission of these sources, if any, is too weakto
be detected by our observation, however.

McSwain & Gies (2005b) providedy and Hα photometry,
which enables us to find the Hα equivalent width (see formula in
McSwain & Gies 2005a and Table 4): six objects, including one
B-star and one F-star, have a clear emission in this line, i.e., a
very small fraction of our sources. The lack of simultaneousHα
and X-ray emissions is not surprising and has been remarked
on several times (e.g., NGC6383, Rauw et al., 2010): indeed,
Hα traces the accreting gas, whereas strong X-ray emission is
mostly a marker of coronal activity; weak-line TTs often show
the latter but not the former, while classical TTs display the op-
posite behavior.

Using the best 2MASS photometry (i.e., only AAA quality
flag), we can draw color-mag and color-color diagrams (Fig. 10).
While there are only few highly reddened objects and red clas-

sical TTs, there is a population of slightly reddened, low-mass
stars. Their age is between 0.5 and 10 Myr, which is compatible
with the age derived from the presence of massive stars.

Regarding variability, only the brighter sources can be ana-
lyzed (Fig. 9). None shows a clear, big flare, but small-amplitude
flare-like activity can be seen in the light curves of XID 10, 15,
and 16. In addition, sources XID 12, 31, and 35 are significantly
variable (with a significance level<1%).

Most X-ray sources are found in the vicinity of the O-type
stars HD 101205 and HD 101298. In contrast, the massive stars
to the north (HD 101190, HD 101223 and HD 308804, CPD –
62◦2198) are isolated from the main source clustering area, with
no concentration of sources in their neighborhood. It is true
that XMM-Newton sensitivity decreases with off-axis angle, but
faint objects are seen near the pair formed by HD 101413 and
HD 101436, to the east of the field-of-view, whereas nothing
similar exists for the northern group, despite their similar off-
axis angle. Ejection of several massive stars in the same direc-
tion and at similar apparent distances is improbable, though not
impossible. The X-ray data therefore suggest that this northern
group may have formed separately from the main cluster, though
the few X-ray sources detected in the area do not occupy an ob-
viously different locus in the HR diagram.

5. LX/LBOL relation

The relation between X-ray luminosity and bolometric luminos-
ity has been known since the first X-ray observations of mas-
sive stars. The first homogeneous study of that relation for a
large sample of objects (more than 200 OB stars) was con-
ducted by Berghöfer et al. (1997) usingROSAT count rates.
Today, spectral fits are used instead for deriving the X-ray
luminosities. For example, the analysis of twelve O-stars in
NGC6231 yields log[LX/LBOL]= −6.91 with a dispersion of
0.15 dex (Sana et al., 2006). A larger study was made for the
Carina nebula: log[LX/LBOL] was first found to be−6.66 with
a dispersion of 0.26 dex (XMM-Newton, for ten presumably sin-
gle O-stars, derived by Antokhin et al., 2008) and then−7.24
with a dispersion of 0.20 dex (Chandra, for 27 presumably sin-
gle O-stars, Nazé et al., 2011). The difference in the two latter
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values may appear puzzling because they concern the same re-
gion. But it is mostly due to changes in the treatment of absorp-
tion and derivation of the bolometric luminosities (one could de-
rive a logarithmic ratio of−6.99 with Chandra, simply by us-
ing RV = 3.1 instead of 4), with a minor role played by the
choice of energy bands (0.4–10.0keV energy band for the for-
mer, 0.5–10.0keV energy band for the latter) and instrumental
cross-calibration problems. Similar variations are also found in
other clusters, e.g., M17, where the bolometric luminosities are
highly uncertain (Fig. 7 in Mernier & Rauw, 2013). Therefore,
deriving one single value for theLX/LBOL ratio, or simply com-
paring values found in different studies, is a difficult, if not im-
possible, task. That is why homogeneous studies (same method,
same instrument) have also been performed: the 2XMM survey
data yield log[LX/LBOL]= −6.45 with a dispersion of 0.51 dex
for 78 O-stars (Nazé, 2009). The dispersion is higher in these
overall studies than in analyses of a single cluster (0.5 dexvs
0.2 dex), and different subgroups in the overall sample corre-
sponding to clusters yield values at a few 0.1 dex of each other,
two facts that indicate possible cluster-to-cluster differences.

In that framework, our results bring some more information.
Indeed, theLX/LBOL value in IC 2944/2948 is higher than in
HM1: this is particularly obvious when comparing the two sets
of points in Fig. 4). However, as shown in Sect. 3.1.3, this could
be due to the high extinction (and therefore low signal-to-noise
ratio at low energies) in HM1. In fact, the Cyg OB2 association,
which is also strongly reddened (E(B − V) ∼ 2), shows similar
features: log[LX/LBOL]< −7 for 3 out of the 4 O-stars studied by
Rauw (2011), high plasma temperatures derived for 1T fits (0.7–
0.9 keV for Cyg OB2 7 and 1.5–2.0keV for CPR2002 A11). A
true cluster-to-cluster difference inLX/LBOL thus remains to be
securely established.

Another, popular aspect of theLX/LBOL ratio is its “strong”
link with binarity: wind-wind collisions are expected in mas-
sive binaries, and should lead to additional hard X-ray emission.
However, whilst X-ray overluminosities often indicate wind-
wind collisions in binaries (or magnetically confined windsin
single stars), the opposite is certainly not observed, as found
from ROSAT data (e.g., 29 CMa, see Berghöfer & Schmitt,
1995) and in more recent XMM-Newton and Chandra ob-
servations (Pittard et al., 2000; Oskinova, 2005; Nazé, 2009;
Nazé et al., 2011). Except in a few exceptional cases (such as
WR89 here), the differences in luminosity are small: overlumi-
nosities of∼0.3 dex (=1.5 times the dispersion) for two over-
luminous binaries in NGC6231, of 0.14 dex (∼ dispersion) for
O-type binaries in Carina, and of 0.25 dex (=half the dispersion)
for O-type binaries in the 2XMM sample. Remarkably, however,
these differences, though small compared to the dispersion, are
systematic (i.e., binaries are, on average, always brighter than
single stars). The situation is similar for our two clusters: low
overluminosity, at best, without any link with period (as inNazé
2009 and Nazé et al. 2011).

Is this non-detection of overluminosities a result of observ-
ing the systems at a particular phase? Detailed ephemeris is
available only for four of the eight O-type binaries studied
here (Sana et al., 2011, and references therein): the short-period
eclipsing binary in HD 101205 is circular and was observed be-
fore, during, and after an eclipse without phase-locked variation
in the X-ray domain (see 4.1.1); the 10 d, slightly eccentricbi-
nary HD 101131 was observed atφ = 0.45 (with an observation
length of∆φ ∼ 0.05), i.e., close to apastron; the 6 d, slightly ec-
centric binary HD 101190 was observed atφ = 0.35− 40 (with
an observation length of∆φ ∼ 0.08) and the 37 d, slightly ec-
centric binary HD 101436 was observed atφ = 0.2− 0.25 (with

an observation length of∆φ ∼ 0.01), i.e., between periastron
and apastron in both cases. None of the systems appears to be
observed exactly at periastron or apastron, to the best of cur-
rent knowledge, thus preventing us from testing the hypothe-
sis of an overluminosity at these phases (for adiabatic and ra-
diative cases, respectively). Simple snapshots such as ourob-
servations are therefore inadequate for studies of the colliding-
wind phenomenon. Moreover, colliding-wind systems display
changes in plasma temperatures and/or variations of their X-ray
flux (as shown for, e.g., Cyg OB2 #8A, De Becker et al. 2006,
and Cyg OB2 #9, Nazé et al. 2012a): a monitoring of the two
clusters would certainly yield more constraining information.

6. Conclusion

We have obtained XMM-Newton data of two clusters, never an-
alyzed before in the high-energy range: HM1 and IC 2944/2948.
The two datasets enabled us to study the X-ray emission of mas-
sive stars and surrounding low-mass stars.

For HM1, both WR stars are detected: WR89 is extremely
overluminous, but much softer than WR87. The high luminosity
of the former and its apparent variability (found when compar-
ing the new data with olderROSAT data) point toward a pos-
sible colliding-wind origin (although no sign of radial velocity
variation is detected in the available visible spectra), whereas
the hardness of the latter, without any strong overluminosity, re-
mains a puzzle because it is neither compatible with wind-wind
collisions nor with magnetically confined winds. The X-ray lu-
minosities of the other massive stars are proportional to the bolo-
metric luminosities, but with a log[LX/LBOL] below the canon-
ical value of−7. Whereas variations of log[LX/LBOL] amongst
clusters are possible, the most probable cause for this low value
is an underestimate of the X-ray luminosities, due to the high
interstellar absorption of the cluster, which reduces the signal-
to-noise ratio at low energies, impairing a correct determination
of the X-ray luminosities. We also detected a population of faint
X-ray sources associated with reddened objects at the distance
of the cluster, most probably weak-line TTs, as well as a few
foreground coronal sources and background accreting objects.

The lower extinction of IC 2944/2948 results in the detec-
tion of many more X-ray sources. Most are grouped around
HD 101205, HD 101298, and HD 101413-436, but the massive
stars to the north appear isolated, probably forming a sep-
arate (sub)cluster. The X-ray emissions of O-type stars are
normal: they are soft, not significantly variable compared to
archival ROSAT data, without overluminosities, and following
log[LX/LBOL]= −6.6. Known massive O-type binaries, whatever
their period, are not significantly brighter than single objects.
Many low-mass, pre-main-sequence objects are detected, with
an age of a few Myr ; only few of them are strong Hα emit-
ters, suggesting a weak-line TTs nature for most of these X-ray
emitters.
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Nazé et al.: X-rays from HM1 and IC 2944/2948
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Table 1. Parameters of the detected X-ray sources in HM1.

XID RA DEC CR(MOS1) CR(MOS2) CR(pn) HR1(pn) HR2(pn) d(”) VB# d(”) 2MASS Add. info
1 17:19:00.576 -38:48:50.58 214.95± 3.45 209.52± 3.39 624.25± 6.48 0.54± 0.01 −0.36± 0.01 1.6 1 1.0 17190052-3848513 WR89, WN7
2 17:18:42.379 -38:44:46.04 33.71± 1.57 37.04± 1.58 117.59± 3.20 −0.11± 0.03 −0.52± 0.04 0.4 17184240-3844462 V504 Sco, eclip. bin.
3 17:18:31.353 -38:47:33.68 30.58± 1.53 28.83± 1.52 148.29± 3.66 −0.76± 0.02 −0.94± 0.06 0.4 17183138-3847336 HD 156301, F5V
4 17:19:05.529 -38:48:48.98 15.14± 1.10 14.55± 1.10 41.37± 2.09 0.59± 0.05 −0.31± 0.05 1.5 4 0.7 17190554-3848496 VB4, O4If+
5 17:19:06.016 -38:46:43.97 9.42± 0.78 8.55± 0.74 25.51± 1.47 0.46± 0.06 −0.52± 0.06 1.8 5 0.8 17190602-3846448 VB5, O5If+
6 17:18:52.879 -38:50:03.13 7.14± 0.82 6.52± 0.76 19.77± 1.42 0.63± 0.09 0.18± 0.07 1.1 9 0.4 17185287-3850035 WR87, WN7
7 17:19:04.528 -38:49:04.53 8.94± 0.95 7.61± 0.91 24.85± 1.84 0.64± 0.07 −0.37± 0.08 1.9 10 1.1 17190443-3849048 VB10, O5III(f)+OB
8 17:18:12.677 -38:52:04.19 22.15± 1.89 18.24± 1.76 57.81± 8.52: 1.00± 0.18 0.58± 0.11
9 17:19:18.701 -38:44:52.68 5.13± 0.64 4.99± 0.63 15.20± 1.28 0.81± 0.09 0.07± 0.08 1.9 17191871-3844545
10 17:19:00.093 -38:41:49.41 6.51± 0.81 19.95± 1.57 0.32± 0.08 −0.39± 0.10
11? 17:19:52.359 -38:49:17.53 0.00± 0.16 0.06± 0.21 8.93± 1.10 −1.00± 0.04
12 17:18:42.800 -38:49:48.78 3.08± 0.54 2.70± 0.52 8.00± 1.05 0.47± 0.13 −0.50± 0.15 1.8 11 1.6 17184281-3849503 VB11, O6If
13 17:18:41.940 -38:49:03.87 2.73± 0.51 3.14± 0.53 7.18± 0.98 0.57± 0.19 0.12± 0.14
14? 17:18:59.252 -38:48:22.19 1.64± 0.56 1.85± 0.62 4.11± 1.09 0.33± 0.29 −0.28± 0.31 2.4 17185938-3848203
15? 17:19:00.819 -38:49:21.22 1.68± 0.54 1.30± 0.55 5.47± 1.17 0.61± 0.19 −0.57± 0.22 1.9 17190080-3849231
16? 17:18:30.185 -38:47:32.24 1.02± 0.56 2.86± 0.66 0.00± 0.47
17 17:18:55.371 -38:46:46.49 2.69± 0.50 2.75± 0.48 6.35± 0.90 0.18± 0.15 −0.35± 0.18 1.1 354 1.1 17185544-3846471
18 17:18:53.402 -38:51:11.91 1.82± 0.42 1.02± 0.35 6.04± 0.92 0.79± 0.12 −0.71± 0.15 2.3 20 1.4 17185337-3851132 VB20, blue, bright, massive
19 17:19:24.640 -38:53:22.54 3.12± 0.56 2.23± 0.52 5.03± 0.95 0.65± 0.23 0.04± 0.19 2.9 17192452-3853250
20 17:18:59.126 -38:48:11.95 1.77± 0.52 1.22± 0.45 5.30± 1.00 0.78± 0.23 −0.02± 0.19
21 17:18:47.634 -38:49:55.96 2.52± 0.54 2.51± 0.49 2.3 13 1.9 17184764-3849578 VB13, O7V((f))
22 17:18:51.278 -38:45:21.53 2.45± 0.47 1.64± 0.39 5.77± 1.67: 1.00± 0.29 −0.26± 0.28 1.1 23 1.0 17185124-3845224
23 17:19:08.380 -38:42:28.26 1.63± 0.48 5.93± 0.99 0.48± 0.54 0.78± 0.12 1.7 17190852-3842283
24 17:19:22.691 -38:56:02.91 4.55± 0.80 2.67± 0.70 6.58± 1.22 1.00± 2.04 0.91± 0.11
25 17:19:17.446 -38:35:13.37 6.34± 1.17
26 17:19:07.966 -38:43:26.32 2.05± 0.47 1.55± 0.48 5.00± 0.91 0.17± 0.20 −0.01± 0.22
27 17:19:52.526 -38:56:16.53 4.22± 0.95 4.04± 1.01 4.77± 1.48 1.00± 0.19 0.08± 0.30
28 17:19:31.202 -38:52:32.25 2.07± 0.51 2.72± 0.59 4.33± 0.90 1.00± 0.13 −0.07± 0.21
29 17:19:00.369 -38:51:21.44 1.48± 0.37 1.35± 0.42 5.01± 0.81 1.00± 3.58 0.97± 0.08 2.1 17190045-3851196
30 17:18:55.457 -38:54:42.49 1.63± 0.47 2.75± 0.63 4.17± 0.93 0.41± 0.37 0.39± 0.21 2.2 17185554-3854444
31 17:18:23.595 -38:51:02.13 1.21± 0.43 2.23± 0.60 5.97± 1.14 −0.06± 0.17 −1.00± 0.39 0.5 17182355-3851024
32 17:18:13.552 -38:42:50.39 4.52± 1.03 4.56± 0.96 6.90± 1.67 −0.26± 0.53 0.81± 0.16
33 17:18:53.837 -38:52:12.90 1.18± 0.36 0.53± 0.29 3.32± 0.77 0.09± 0.25 −0.19± 0.30 1.7 17185369-3852133
34? 17:18:47.037 -38:49:53.06 1.25± 0.46 0.63± 0.40 17.44± 3.95 0.14± 0.23 −0.33± 0.31
35 17:18:47.581 -38:41:59.05 1.59± 0.46 7.22± 1.17 0.86± 0.19 0.19± 0.15 2.2 17184747-3842008
36? 17:18:56.872 -38:48:54.77 0.47± 0.34 1.39± 0.47 3.60± 0.85 1.00± 0.20 −0.87± 0.19 2.9 17185709-3848561
37 17:19:32.030 -38:50:06.33 1.55± 0.40 1.98± 0.49 2.29± 1.01: 0.16± 0.42 −0.75± 0.56 2.6 26 1.4 17193203-3850076 VB26, blue, bright
38 17:18:19.541 -39:00:06.65 4.23± 1.22 12.95± 2.58 0.37± 0.19 −0.24± 0.25 2.5 17181974-3900073
39 17:19:14.575 -38:58:20.55 2.51± 0.70 2.57± 0.77 7.99± 1.54 1.00± 0.57 0.73± 0.13
40 17:19:29.358 -38:55:47.64 0.63± 0.39 1.26± 0.50 4.80± 0.98 −0.16± 0.19 −0.99± 0.34 1.3 17192925-3855481
41 17:19:18.006 -38:52:21.42 1.13± 0.52 0.69± 0.34 3.69± 0.92 0.90± 0.27 0.41± 0.26 2.8 440 1.6 17191806-3852229
42 17:19:40.569 -38:49:58.87 2.23± 0.49 0.82± 0.39 2.56± 0.99: 1.00± 0.25 −0.54± 0.43 1.1 17194049-3849596
43? 17:19:02.825 -38:48:15.37 1.72± 0.49 0.89± 0.47 2.65± 0.78 1.00± 0.28 0.01± 0.29
44 17:19:43.636 -38:50:53.17 1.62± 0.48 1.14± 0.43 3.13± 0.88 −0.26± 0.25 −0.50± 0.57 0.9 17194361-3850540
45 17:19:38.387 -38:46:20.90 1.23± 0.41 1.46± 0.45 2.96± 1.14: 0.49± 0.52 0.15± 0.39 1.6 17193836-3846224
46 17:19:22.554 -38:38:44.29 1.71± 0.56 4.75± 1.24 1.00± 0.54 0.76± 0.18
47 17:18:39.484 -38:51:41.31 0.96± 0.44 0.98± 0.38 3.26± 0.91 1.00± 0.93 0.60± 0.22
48 17:18:55.565 -38:43:53.22 1.13± 0.47 1.16± 0.36 1.80± 0.67 0.04± 0.43 0.03± 0.45
49 17:17:44.591 -38:50:30.92 11.68± 2.69 0.24± 0.24 0.09± 0.26
50 17:19:12.466 -38:49:01.98 1.00± 0.33 0.72± 0.32 2.51± 0.68 −0.72± 0.84 0.95± 0.15 2.2 17191253-3849040
51 17:19:19.508 -38:45:58.09 0.75± 0.30 0.78± 0.32 1.83± 0.58 1.00± 0.22
52 17:17:53.257 -38:56:41.63 9.55± 2.45 −0.81± 0.20 0.34± 0.69
53 17:19:45.343 -38:48:49.15 0.93± 0.51 1.53± 0.56 2.71± 0.99 0.70± 0.41 −0.39± 0.41
54 17:18:30.451 -38:44:07.41 0.29± 0.30 0.63± 0.32 3.29± 0.86 0.22± 0.24 −0.77± 0.37
55 17:18:06.276 -38:47:25.28 1.03± 0.58 2.98± 0.82 3.81± 1.38 −1.00± 1.07 1.00± 0.34
56 17:19:25.874 -38:56:33.59 1.61± 1.11: 1.60± 0.61 5.36± 1.21 1.00± 0.23 0.44± 0.19 2.0 17192574-3856323
57 17:18:17.310 -38:42:26.67 2.48± 0.88 0.89± 0.51: 5.74± 1.40 1.00± 10.1 0.98± 0.08
58 17:17:53.448 -38:52:57.90 1.41± 0.98 8.76± 2.20 0.53± 0.21 −0.70± 0.35 1.1 17175335-3852574

Notes. A “?” after the XID indicates a potentially spurious source.Sources 34 and 21 actually refer to the same object, whereas sources 14, 15, 36 and 43 are in the wings of source 1 and source
16 appears also as a wing of source 3. The count rates are givenin cts ks−1 for the total band (0.3–10. keV energy band) ; uncertain values are indicated by a “:” (source partially in a gap) ; missing
values could not be calculated (e.g., the source is in a gap, over a bad column, or out of the field-of-view for that instrument). The hardness ratiosHR1 andHR2 are computed as (M − S )/(M + S )
and (H − M)/(H + M), respectively, whereS , M, andH are the count rates recorded in the soft (0.3–1.0 keV) energyband, medium (1.0–2.0 keV) energy band, and hard (2.0–10.0 keV) energy

13



N
az

é
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8 Table 2. Spectral parameters of the best-fit thermal models to EPIC data of HM1.

XID NH kT1 norm1 kT2 norm2 kT3 norm3 χ2/dof (dof) Fobs
X Labscor

X log(LBOL) log(Labscor
X /LBOL)

1022 cm−2 keV 10−3 cm−5 keV 10−3 cm−5 keV 10−3 cm−5 10−13 erg cm−2 s−1 1032 erg s−1 (L⊙)
1 1.1+ (0.066± 0.007) 0.140± 0.009 51± 29 0.57± 0.03 0.97± 0.10 1.99± 0.08 0.44± 0.03 1.41 (414) 15.5 154.7±1.2 6.32 −5.713± 0.003
2 0.26± 0.13 0.20± 0.05 0.06± 0.17 0.95± 0.04 0.05± 0.02 2.74± 0.35 0.108± 0.009 1.15 (136) 2.11
3 0.32± 0.06 0.03± 0.02 37543± 74131 0.32± 0.02 0.29± 0.07 1.79 (77) 1.54
4 1.1+ (0.51± 0.07) 0.90± 0.06 0.24± 0.03 1.15 (56) 0.59 2.78±0.10 6.23 −7.37± 0.02
5 1.1+ (0.53± 0.12) 0.62± 0.14 0.35± 0.11 1.24 (34) 0.47 3.00±0.13 6.13 −7.24± 0.02
6 1.1+ (0.10± 0.10) 1.98± 0.54 0.065± 0.012 1.67 (29) 0.68 1.58±0.09 6.22 −7.61± 0.02
7 1.1+ (0.40± 0.08) 0.93± 0.07 0.18± 0.02 1.12 (43) 0.49 2.53±0.14 5.82 −7.00± 0.02
8 1.1+ (1.41± 1.05) > 7.0 0.44± 0.06 0.69 (21) 5.37
9 1.1+ (0. ± 0.16) 2.58± 0.46 0.064± 0.005 0.93 (17) 0.49

Notes. The fitted model has the formwabs × wabs ×
∑

apec, where the first, interstellar absorption was fixed to 1.1 × 1022 cm−2 for all but the known foreground sources (XID 2 and 3). Fluxes
refer to the 0.5–10. keV energy band, luminosities were corrected for the interstellar absorption only, and abundancesof the thermal emission component and additional absorption are solar
(Anders & Grevesse, 1989), except for the two WRs (XID 1 and 6,see text). For massive stars, approximate errors on X-ray luminosities and log[LX/LBOL], shown on Fig. 4, were calculated using
the relative errors on the total count rates (Tables 1 - this agrees well with results of the “flux err” command and “cflux” model within xspec for both observed fluxed and absorption-corrected ones)
- other uncertainties in the absolute calibration, the spectral models, and the extinction or bolometric luminositiesof the individual stars are not included in these errors.
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Table 3. Parameters of the detected X-ray sources in IC 2944/2948.

XID RA DEC RA(cor) DEC(cor) CR(MOS1) CR(MOS2) CR(pn) HR1(pn) HR2(pn)
1 11:38:20.023 -63:22:22.04 11:38:20.473 -63:22:22.45107.288± 1.936 105.828± 1.914 398.641± 4.006 −0.355± 0.010 −0.742± 0.012
2 11:37:47.998 -63:19:23.55 11:37:48.448 -63:19:23.9665.630± 1.697 57.319± 1.527 228.961± 3.346 −0.503± 0.013 −0.803± 0.019
3 11:38:09.387 -63:11:47.36 11:38:09.837 -63:11:47.7735.349± 2.487 32.971± 1.530 123.280± 3.266 −0.537± 0.022 −0.890± 0.040
4 11:39:49.856 -63:28:43.21 11:39:50.306 -63:28:43.6252.690± 1.966 61.910± 2.238
5 11:39:03.011 -63:25:46.18 11:39:03.461 -63:25:46.5913.636± 0.767 13.394± 0.777 53.026± 1.616 −0.581± 0.025 −0.932± 0.047
6 11:38:51.967 -63:19:53.04 11:38:52.417 -63:19:53.4510.122± 0.662 11.064± 0.682 31.628± 1.259 0.984± 0.032 0.614± 0.031
7 11:38:11.822 -63:23:26.51 11:38:12.272 -63:23:26.926.764± 0.539 5.843± 0.478 26.483± 1.103 −0.672± 0.032 −0.948± 0.076
8 11:38:22.073 -63:12:01.77 11:38:22.523 -63:12:02.18 6.446± 0.701 28.101± 1.617 −0.618± 0.046 −0.732± 0.171
9 11:38:22.394 -63:22:53.35 11:38:22.844 -63:22:53.765.702± 0.523 7.011± 0.775 16.240± 1.019 0.243± 0.075 −0.282± 0.068
10 11:39:10.651 -63:26:28.69 11:39:11.101 -63:26:29.106.416± 0.588 6.542± 0.627 17.513± 1.154 0.338± 0.078 −0.036± 0.074
11 11:36:37.351 -63:21:02.86 11:36:37.801 -63:21:03.2727.623± 1.830 27.243± 1.784 70.639± 6.799 0.806± 0.143 0.580± 0.071
12 11:38:55.304 -63:24:04.37 11:38:55.754 -63:24:04.785.057± 0.474 4.889± 0.476 16.764± 0.967 0.248± 0.066 −0.178± 0.067
13 11:38:57.653 -63:28:38.99 11:38:58.103 -63:28:39.405.957± 0.659 7.660± 0.752 19.530± 1.248 0.414± 0.063 −0.522± 0.072
14 11:38:59.882 -63:28:40.90 11:39:00.332 -63:28:41.316.528± 0.729 6.419± 0.709 15.502± 1.186 0.252± 0.088 −0.116± 0.090
15 11:38:34.284 -63:20:25.73 11:38:34.734 -63:20:26.143.352± 0.394 5.437± 0.494 11.965± 0.785 0.152± 0.074 −0.191± 0.080
16 11:37:27.675 -63:17:15.97 11:37:28.125 -63:17:16.385.672± 0.635 5.781± 0.633 16.266± 1.167 0.341± 0.079 −0.146± 0.083
17 11:39:38.623 -63:21:47.60 11:39:39.073 -63:21:48.016.468± 0.648 6.278± 0.625 16.539± 1.115 0.393± 0.070 −0.219± 0.078
18 11:38:19.738 -63:27:21.47 11:38:20.188 -63:27:21.883.495± 0.438 3.951± 0.457 9.437± 0.792 0.238± 0.096 −0.139± 0.099
19 11:38:09.070 -63:18:15.44 11:38:09.520 -63:18:15.853.409± 0.423 3.131± 0.386 8.668± 0.720 0.461± 0.092 −0.197± 0.091
20 11:36:55.715 -63:23:53.61 11:36:56.165 -63:23:54.024.591± 0.628 3.243± 0.951 17.908± 1.303 −0.597± 0.058 −1.000± 0.217
21 11:38:06.012 -63:19:03.73 11:38:06.462 -63:19:04.142.460± 0.379 2.098± 0.328 7.123± 0.675 0.185± 0.100 −0.402± 0.117
22 11:38:19.981 -63:21:52.98 11:38:20.431 -63:21:53.392.051± 0.400 0.886± 0.354 5.560± 0.876 0.081± 0.168 −0.691± 0.152
23 11:39:17.794 -63:27:08.39 11:39:18.244 -63:27:08.804.294± 0.542 5.211± 0.618 9.502± 0.910 1.000± 0.166 0.843± 0.058
24 11:37:56.815 -63:08:55.52 11:37:57.265 -63:08:55.935.063± 0.952 4.024± 0.697 20.195± 1.828 −0.532± 0.077 −0.283± 0.210
25 11:38:51.010 -63:22:41.92 11:38:51.460 -63:22:42.332.017± 0.315 2.093± 0.324 6.217± 0.621 0.053± 0.106 −0.316± 0.132
26 11:37:24.786 -63:20:03.50 11:37:25.236 -63:20:03.913.437± 0.487 3.349± 0.465 9.024± 1.103 0.253± 0.130 −0.314± 0.149
27 11:39:31.889 -63:24:07.93 11:39:32.339 -63:24:08.342.911± 0.519 3.723± 0.496 10.600± 0.920 0.371± 0.098 −0.057± 0.098
28 11:37:53.498 -63:24:45.86 11:37:53.948 -63:24:46.272.366± 0.357 2.268± 0.357 6.609± 0.710 0.292± 0.122 −0.105± 0.125
29 11:38:48.768 -63:25:54.41 11:38:49.218 -63:25:54.822.190± 0.338 1.752± 0.331 7.643± 0.708 0.358± 0.102 −0.202± 0.107
30ext 11:39:13.418 -63:28:49.90 11:39:13.868 -63:28:50.31 9.032± 0.939 11.752± 1.155 25.190± 1.779 0.771± 0.328 0.910± 0.035
31 11:38:16.930 -63:20:17.86 11:38:17.380 -63:20:18.272.748± 0.377 2.593± 0.359 8.978± 0.726 0.266± 0.087 −0.420± 0.093
32 11:37:11.679 -63:33:02.30 11:37:12.129 -63:33:02.717.180± 1.024 9.079± 1.155 20.982± 3.133 0.252± 0.151 −0.253± 0.192
33 11:38:03.779 -63:24:41.50 11:38:04.229 -63:24:41.912.887± 0.411 2.633± 0.358 6.798± 0.658 0.147± 0.107 −0.191± 0.120
34 11:38:49.435 -63:33:36.79 11:38:49.885 -63:33:37.204.250± 0.657 3.799± 0.705 13.109± 1.345 0.209± 0.115 0.037± 0.120
35 11:38:19.842 -63:20:33.27 11:38:20.292 -63:20:33.683.153± 0.407 3.179± 0.403 10.654± 0.811 0.197± 0.079 −0.569± 0.088
36 11:38:20.480 -63:19:47.33 11:38:20.930 -63:19:47.741.470± 0.308 2.473± 0.351 8.032± 0.696 −0.066± 0.100 −0.062± 0.113
37 11:38:29.447 -63:22:05.79 11:38:29.897 -63:22:06.202.464± 0.350 1.985± 0.313 4.818± 0.578 0.335± 0.120 −0.723± 0.135
38 11:38:01.238 -63:17:35.24 11:38:01.688 -63:17:35.653.014± 0.434 2.708± 0.381 7.824± 0.763 −0.053± 0.097 −0.605± 0.143
39 11:37:17.756 -63:13:20.24 11:37:18.206 -63:13:20.653.593± 0.695 3.040± 0.611 11.458± 1.201 −0.199± 0.099 −0.762± 0.185
40 11:39:10.614 -63:24:08.93 11:39:11.064 -63:24:09.341.748± 0.343 2.005± 0.342 5.912± 0.653 0.340± 0.117 −0.345± 0.131
41 11:38:35.061 -63:11:30.71 11:38:35.511: -63:11:31.12 4.021± 0.601 13.871± 1.413 −0.450± 0.089 −0.407± 0.221
42? 11:38:22.645 -63:22:21.78 11:38:23.095 -63:22:22.190.805± 0.479 2.027± 0.560 1.663± 0.680 1.000± 0.235 −0.049± 0.396
43 11:37:56.327 -63:20:52.39 11:37:56.777 -63:20:52.802.543± 0.373 1.655± 0.294 6.533± 0.721 0.170± 0.119 −0.360± 0.135
44 11:38:11.925 -63:22:16.04 11:38:12.375 -63:22:16.451.893± 0.339 1.474± 0.323 7.369± 0.685 −0.034± 0.093 −0.716± 0.120
45 11:38:15.902 -63:19:53.33 11:38:16.352 -63:19:53.741.764± 0.320 1.772± 0.319 4.179± 0.561 0.188± 0.138 −0.530± 0.166
46 11:38:17.348 -63:21:32.26 11:38:17.798 -63:21:32.672.268± 0.343 1.717± 0.319 4.223± 0.566 1.000± 0.352 0.644± 0.121
47 11:37:48.744 -63:20:26.87 11:37:49.194 -63:20:27.282.235± 0.371 2.677± 0.384 6.034± 0.692 −0.058± 0.112 −0.620± 0.177
48 11:39:13.154 -63:23:22.77 11:39:13.604 -63:23:23.181.807± 0.361 2.045± 0.355 7.398± 0.717 0.036± 0.109 −0.089± 0.123
49 11:40:04.613 -63:24:57.55 11:40:05.063 -63:24:57.963.870± 0.638 4.286± 0.654
50 11:39:35.417 -63:27:50.51 11:39:35.867 -63:27:50.923.016± 0.508 4.642± 0.636 10.202± 1.078 0.070± 0.112 −0.101± 0.138
51 11:38:25.257 -63:18:56.40 11:38:25.707 -63:18:56.812.277± 0.365 1.738± 0.317 5.187± 0.620 0.087± 0.134 −0.243± 0.148
52 11:38:24.109 -63:23:02.80 11:38:24.559 -63:23:03.211.806± 0.358 1.039± 0.292 2.528± 0.520 −0.143± 0.201 −1.000± 0.202
53 11:38:57.710 -63:28:26.65 11:38:58.160 -63:28:27.062.104± 0.469 1.530± 0.464 3.950± 0.773 0.213± 0.232 −0.064± 0.230
54 11:37:00.502 -63:32:49.83 11:37:00.952 -63:32:50.240.346± 0.384 0.090± 0.347 6.032± 1.343 −0.970± 0.096 0.935± 0.204
55 11:39:24.431 -63:23:47.30 11:39:24.881 -63:23:47.712.825± 0.424 2.884± 0.428 6.197± 1.653 0.493± 0.277 −0.288± 0.310
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Table 3. Continued.

XID RA DEC RA(cor) DEC(cor) CR(MOS1) CR(MOS2) CR(pn) HR1(pn) HR2(pn)
56 11:39:44.751 -63:27:28.25 11:39:45.201 -63:27:28.664.917± 0.657 5.006± 0.697 14.656± 2.183 0.363± 0.155 −0.343± 0.179
57 11:39:17.384 -63:24:43.43 11:39:17.834 -63:24:43.841.380± 0.384 2.070± 0.381 7.085± 0.748 0.388± 0.122 −0.087± 0.118
58 11:39:25.240 -63:28:29.56 11:39:25.690 -63:28:29.973.473± 0.574 4.042± 0.646 9.022± 1.066 0.455± 0.142 0.047± 0.126
59 11:39:23.700 -63:28:27.27 11:39:24.150 -63:28:27.681.577± 0.480 1.932± 0.543 5.782± 0.987 0.384± 0.177 −0.085± 0.199
60? 11:39:21.053 -63:28:30.09 11:39:21.503 -63:28:30.502.114± 0.579 1.575± 0.541 5.000± 0.928 0.100± 0.250 0.283± 0.200
61 11:38:57.915 -63:24:10.33 11:38:58.365 -63:24:10.740.633± 0.209 0.597± 0.226 3.230± 0.511 0.212± 0.147 −1.000± 0.195
62 11:38:50.831 -63:26:54.73 11:38:51.281 -63:26:55.141.969± 0.359 2.315± 0.391 6.944± 0.736 0.137± 0.112 −0.344± 0.136
63 11:37:54.435 -63:21:46.83 11:37:54.885 -63:21:47.243.277± 0.428 2.736± 0.394 16.916± 2.866 −0.241± 0.170 0.105± 0.243
64 11:38:48.886 -63:27:29.34 11:38:49.336 -63:27:29.751.379± 0.403 1.986± 0.370 5.097± 0.637 0.092± 0.126 −0.429± 0.174
65 11:38:18.306 -63:11:30.59 11:38:18.756 -63:11:31.00 2.857± 0.540 8.555± 1.117 0.157± 0.130 −0.486± 0.180
66 11:37:41.860 -63:21:55.32 11:37:42.310 -63:21:55.731.299± 0.301 1.460± 0.308 4.756± 0.602 0.019± 0.122 −0.728± 0.185
67 11:39:23.273 -63:27:43.24 11:39:23.723 -63:27:43.652.146± 0.447 3.189± 0.543 6.764± 0.843 0.997± 0.094 0.363± 0.111
68 11:37:09.985 -63:21:42.15 11:37:10.435 -63:21:42.561.737± 0.399 1.853± 0.418 5.326± 0.803 −0.127± 0.161 −0.014± 0.205
69 11:37:36.944 -63:21:04.88 11:37:37.394 -63:21:05.291.543± 0.316 1.236± 0.286 5.655± 0.770 0.005± 0.145 −0.225± 0.184
70 11:39:48.754 -63:24:10.51 11:39:49.204 -63:24:10.921.290± 0.359 1.672± 0.406 5.296± 0.784 0.102± 0.145 −0.391± 0.214
71 11:39:19.543 -63:28:35.86 11:39:19.993 -63:28:36.271.653± 0.452 1.281± 0.379 3.310± 0.730 0.017± 0.204 −0.511± 0.367
72 11:37:09.016 -63:20:05.51 11:37:09.466 -63:20:05.922.028± 0.436 1.627± 0.391 5.399± 0.823 −0.220± 0.144 −0.313± 0.263
73 11:37:30.632 -63:18:42.57 11:37:31.082 -63:18:42.982.012± 0.405 1.194± 0.323 3.275± 0.731 1.000± 0.591 0.744± 0.155
74 11:37:02.158 -63:13:26.38 11:37:02.608 -63:13:26.793.515± 0.776 2.795± 0.667 9.129± 1.339 0.280± 0.139 −0.285± 0.196
75 11:39:02.083 -63:21:42.35 11:39:02.533 -63:21:42.761.508± 0.289 1.419± 0.291 9.038± 1.745 −0.087± 0.179 −0.791± 0.334
76 11:39:59.987 -63:26:38.53 11:40:00.437 -63:26:38.945.777± 0.799 5.412± 0.792
77 11:39:45.560 -63:28:40.08 11:39:46.010 -63:28:40.499.337± 0.900 12.156± 1.049 41.961± 2.062 −0.518± 0.042 −0.674± 0.107
78 11:38:30.404 -63:22:53.85 11:38:30.854 -63:22:54.260.574± 0.221 0.809± 0.231 2.870± 0.494 0.104± 0.174 −0.518± 0.232
79 11:38:34.220 -63:22:02.62 11:38:34.670 -63:22:03.031.362± 0.277 0.315± 0.171 3.042± 0.482 0.268± 0.158 −0.813± 0.182
80 11:39:28.968 -63:24:38.02 11:39:29.418 -63:24:38.431.655± 0.396 1.568± 0.363 3.363± 0.632 −0.024± 0.231 0.175± 0.220
81 11:39:12.223 -63:31:14.42 11:39:12.673 -63:31:14.831.238± 0.365 1.791± 0.481 6.143± 0.776 −0.420± 0.116 −1.000± 0.177
82 11:38:15.332 -63:23:41.28 11:38:15.782 -63:23:41.690.587± 0.234 0.745± 0.253 1.658± 0.442 −0.358± 0.222 −1.000± 0.833
83 11:38:20.999 -63:24:02.37 11:38:21.449 -63:24:02.780.729± 0.222 0.951± 0.261 3.352± 0.506 0.133± 0.145 −0.829± 0.198
84 11:37:40.536 -63:18:43.20 11:37:40.986 -63:18:43.611.186± 0.422 0.797± 0.661 5.112± 0.679 −0.006± 0.131 −0.542± 0.196
85 11:38:17.088 -63:17:21.43 11:38:17.538 -63:17:21.841.319± 0.290 1.301± 0.284 3.079± 0.517 0.170± 0.180 −0.274± 0.212
86 11:37:41.542 -63:20:05.24 11:37:41.992 -63:20:05.651.664± 0.340 1.493± 0.331 5.933± 0.721 −0.164± 0.133 −0.077± 0.165
87 11:38:57.795 -63:18:33.70 11:38:58.245 -63:18:34.110.921± 0.263 0.714± 0.229 2.307± 0.443 −0.125± 0.182 −0.903± 0.291
88 11:39:49.208 -63:29:35.80 11:39:49.658 -63:29:36.213.602± 0.658 3.762± 0.715
89 11:38:39.480 -63:23:10.79 11:38:39.930 -63:23:11.200.985± 0.239 1.140± 0.260 3.396± 0.494 0.470± 0.150 −0.561± 0.157
90 11:39:05.396 -63:12:10.72 11:39:05.846 -63:12:11.13 2.022± 0.489 8.826± 1.120 0.258± 0.140 −0.030± 0.149
91 11:36:58.770 -63:29:07.77 11:36:59.220 -63:29:08.183.730± 0.691 3.130± 0.680 8.704± 1.323 0.213± 0.148 −0.298± 0.206
92 11:37:57.722 -63:21:25.55 11:37:58.172 -63:21:25.961.603± 0.319 1.746± 0.318 3.668± 0.547 −0.046± 0.173 −0.019± 0.192
93 11:39:10.169 -63:22:50.12 11:39:10.619 -63:22:50.531.464± 0.298 0.974± 0.250 2.699± 0.499 0.449± 0.206 −0.275± 0.211
94 11:38:15.173 -63:22:20.59 11:38:15.623 -63:22:21.001.541± 0.362 1.398± 0.354 3.953± 0.696 −0.293± 0.175 −0.399± 0.274
95 11:38:11.619 -63:20:22.09 11:38:12.069 -63:20:22.501.090± 0.271 1.140± 0.271 3.245± 0.527 0.289± 0.181 −0.348± 0.186
96 11:38:21.993 -63:32:02.64 11:38:22.443 -63:32:03.051.536± 0.382 2.087± 0.502 4.767± 0.789 0.095± 0.157 −0.510± 0.251
97 11:37:00.845 -63:20:44.87 11:37:01.295 -63:20:45.281.659± 0.442 1.684± 0.455 7.237± 0.960 0.315± 0.131 −0.340± 0.171
98 11:37:10.517 -63:19:22.21 11:37:10.967 -63:19:22.621.647± 0.520 1.445± 0.399 7.288± 1.272 0.139± 0.183 −0.301± 0.229
99 11:37:59.546 -63:20:01.32 11:37:59.996 -63:20:01.731.129± 0.302 1.392± 0.296 3.706± 0.653 −0.085± 0.191 −0.187± 0.241
100 11:38:11.427 -63:19:14.73 11:38:11.877 -63:19:15.141.358± 0.293 1.335± 0.291 3.217± 0.532 0.039± 0.181 −0.194± 0.215
101 11:38:11.215 -63:25:37.17 11:38:11.665 -63:25:37.582.122± 0.360 1.254± 0.372 4.966± 1.464 0.377± 0.298 −0.349± 0.363
102 11:37:43.381 -63:22:35.07 11:37:43.831 -63:22:35.481.179± 0.281 1.307± 0.293 2.539± 0.481 −0.065± 0.171 −1.000± 0.345
103 11:38:02.814 -63:24:58.63 11:38:03.264 -63:24:59.040.870± 0.271 0.860± 0.248 2.189± 0.417 1.000± 0.053
104 11:39:17.686 -63:27:59.58 11:39:18.136 -63:27:59.992.666± 0.487 2.175± 0.470 4.492± 0.770 0.396± 0.188 −0.073± 0.195
105 11:39:06.722 -63:19:00.60 11:39:07.172 -63:19:01.010.649± 0.226 0.928± 0.255 2.783± 0.505 −0.283± 0.165 −0.532± 0.372
106 11:37:57.991 -63:18:59.39 11:37:58.441 -63:18:59.800.401± 0.184 0.669± 0.234 2.533± 0.469 −0.904± 0.127 0.101± 0.975
107? 11:38:20.835 -63:23:06.67 11:38:21.285 -63:23:07.08 1.174± 0.308 0.147± 0.240 2.414± 1.557 −0.498± 0.602 −1.000± 0.937
108 11:37:12.746 -63:21:25.09 11:37:13.196 -63:21:25.501.738± 0.414 0.740± 0.285 4.140± 0.723 0.264± 0.159 −0.683± 0.264
109 11:37:05.357 -63:27:16.24 11:37:05.807 -63:27:16.651.790± 0.482 1.372± 0.418 5.771± 0.904 −0.748± 0.111 −0.125± 0.568
110 11:38:55.751 -63:22:46.90 11:38:56.201 -63:22:47.311.032± 0.271 0.500± 0.195 3.573± 0.538 −0.278± 0.149 −0.227± 0.240 16
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Table 3. Continued.

XID RA DEC RA(cor) DEC(cor) CR(MOS1) CR(MOS2) CR(pn) HR1(pn) HR2(pn)
111 11:38:06.927 -63:17:29.33 : 11:38:07.377 -63:17:29.74 1.051± 0.282 0.574± 0.208 2.755± 0.596 −0.180± 0.252 0.187± 0.273
112 11:38:19.110 -63:12:13.79 11:38:19.560 -63:12:14.20 2.622± 0.544 7.241± 1.109 0.338± 0.369 0.610± 0.125
113 11:37:52.239 -63:29:31.00 11:37:52.689 -63:29:31.410.710± 0.248 1.887± 0.456 3.636± 0.678 0.204± 0.173 −0.628± 0.277
114 11:38:17.961 -63:20:58.08 11:38:18.411: -63:20:58.49 1.115± 0.306 1.426± 0.317 3.261± 0.546 0.721± 0.215 −0.085± 0.165
115 11:37:34.888 -63:21:47.72 11:37:35.338 -63:21:48.131.264± 0.273 0.296± 0.188 1.957± 0.426 −0.669± 0.191 −0.821± 0.753
116 11:37:25.504 -63:13:38.18 11:37:25.954 -63:13:38.591.466± 0.497 2.274± 0.513 5.485± 0.971 0.401± 0.212 0.189± 0.179
117 11:38:15.840 -63:20:57.49 11:38:16.290 -63:20:57.901.582± 0.309 0.916± 0.262 1.910± 0.435 1.000± 0.323 0.591± 0.206
118 11:37:33.574 -63:32:09.65 11:37:34.024 -63:32:10.061.352± 0.424 0.529± 0.341 3.540± 0.766 −0.180± 0.195 −0.892± 0.465
119 11:38:21.663 -63:26:05.67 11:38:22.113 -63:26:06.080.768± 0.303 0.858± 0.254 2.644± 0.454 −0.058± 0.159 −1.000± 0.267
120 11:38:58.077 -63:29:44.98 11:38:58.527 -63:29:45.392.144± 0.406 1.315± 0.389 7.815± 1.323 0.193± 0.179 −0.223± 0.215
121 11:37:38.128 -63:30:22.71 11:37:38.578 -63:30:23.122.212± 0.469 1.732± 0.449 6.265± 0.908 −0.083± 0.148 −0.163± 0.212
122 11:39:18.258 -63:19:28.18 11:39:18.708 -63:19:28.591.139± 0.284 0.448± 0.191 1.985± 0.495 −0.230± 0.224 −0.423± 0.485
123 11:36:25.713 -63:25:05.84 11:36:26.163 -63:25:06.251.086± 0.518 2.874± 0.749 3.601± 0.966 −0.742± 0.198 −1.000± 2.111
124? 11:38:19.610 -63:21:36.69 11:38:20.060 -63:21:37.10 0.362± 0.217 0.146± 0.177 2.780± 0.575 −0.072± 0.200 −0.720± 0.301
125 11:38:28.186 -63:25:12.84 11:38:28.636 -63:25:13.250.658± 0.202 0.452± 0.196 1.025± 0.338 0.001± 0.286 −1.000± 0.655
126 11:37:21.517 -63:30:25.99 11:37:21.967 -63:30:26.404.347± 0.740 3.577± 0.700 13.188± 2.497 0.855± 0.286 0.501± 0.150
127 11:38:58.907 -63:28:11.03 11:38:59.357 -63:28:11.440.982± 0.330 1.629± 0.404 2.585± 0.592 0.415± 0.252 −0.150± 0.261
128? 11:38:59.015 -63:28:54.62 11:38:59.465 -63:28:55.03 0.718± 0.351 1.466± 0.454 1.869± 0.614 0.743± 0.285 −0.703± 0.367
129 11:40:08.980 -63:15:30.27 11:40:09.430 -63:15:30.68 3.978± 0.726
130 11:39:11.550 -63:14:28.25 11:39:12.000 -63:14:28.66 1.193± 0.320 3.889± 0.731 0.199± 0.199 −0.054± 0.229
131 11:39:19.328 -63:25:17.90 11:39:19.778 -63:25:18.310.813± 0.360 0.652± 0.249 3.531± 0.692 0.214± 0.210 −0.315± 0.244
132 11:37:51.107 -63:31:00.27 11:37:51.557 -63:31:00.681.622± 0.400 1.164± 0.405 4.832± 0.794 −0.221± 0.152 −0.397± 0.305
133 11:38:35.386 -63:29:20.42 11:38:35.836 -63:29:20.831.509± 0.355 0.933± 0.336 3.094± 0.596 −0.011± 0.215 −0.012± 0.248
134? 11:38:23.968 -63:22:00.53 11:38:24.418 -63:22:00.94 1.130± 0.317 1.007± 0.320 2.567± 0.617 0.000± 0.251 −0.585± 0.282
135 11:39:55.370 -63:25:54.47 11:39:55.820 -63:25:54.881.527± 0.426 2.593± 0.538 5.571± 0.899 −0.043± 0.150 −0.496± 0.272
136 11:38:31.374 -63:28:24.51 11:38:31.824 -63:28:24.921.141± 0.316 0.979± 0.293 3.801± 0.586 −0.071± 0.151 −0.401± 0.242
137 11:37:53.545 -63:19:01.20 11:37:53.995 -63:19:01.610.878± 0.289 1.073± 0.292 3.631± 0.592 −0.220± 0.162 −0.469± 0.254
138 11:38:18.118 -63:23:14.24 11:38:18.568 -63:23:14.651.300± 0.307 1.239± 0.317 2.956± 0.594 −0.081± 0.226 −0.135± 0.259
139 11:38:39.609 -63:14:13.41 11:38:40.059 -63:14:13.82 0.814± 0.271 2.268± 0.563 0.090± 0.240 −0.378± 0.366
140 11:38:04.190 -63:22:46.02 11:38:04.640 -63:22:46.430.334± 0.178 0.514± 0.226 1.693± 0.409 −0.110± 0.239 −0.502± 0.381
141 11:38:31.736 -63:27:26.35 11:38:32.186 -63:27:26.760.380± 0.198 0.552± 0.225 1.759± 0.401 0.118± 0.214 −1.000± 0.292
142 11:40:01.395 -63:23:42.84 11:40:01.845 -63:23:43.251.223± 0.429 1.728± 0.432 5.147± 0.867 0.235± 0.159 −0.544± 0.235
143 11:37:49.879 -63:23:58.07 11:37:50.329 -63:23:58.480.428± 0.211 0.629± 0.211 2.336± 0.553 −0.385± 0.222 −0.894± 0.406
144 11:38:09.046 -63:10:51.80 11:38:09.496 -63:10:52.212.459± 0.593 1.577± 0.397 4.711± 1.000 −0.017± 0.213 −0.144± 0.298
145 11:37:36.348 -63:17:23.58 11:37:36.798 -63:17:23.990.463± 0.246 0.794± 0.281 1.820± 0.646 −0.387± 0.335 −0.405± 0.720
146? 11:39:45.988 -63:28:34.24 11:39:46.438 -63:28:34.65 2.068± 0.872 5.126± 1.229 17.413± 2.579 −0.316± 0.138 −0.703± 0.196
147? 11:39:45.613 -63:28:14.26 11:39:46.063 -63:28:14.67 0.932± 0.549 1.174± 0.443 4.260± 1.064 −0.556± 0.179 −1.000± 1.365
148 11:37:56.808 -63:16:41.96 11:37:57.258 -63:16:42.371.057± 0.299 0.805± 0.246 3.326± 0.646 −0.222± 0.234 0.246± 0.224
149 11:39:11.766 -63:17:57.56 11:39:12.216 -63:17:57.97 0.941± 0.272 2.909± 0.542 0.174± 0.188 −0.377± 0.250
150 11:37:46.367 -63:15:49.19 11:37:46.817 -63:15:49.601.234± 0.383 1.343± 0.349 3.032± 0.671 0.261± 0.259 −0.049± 0.255
151 11:38:02.014 -63:23:50.35 11:38:02.464 -63:23:50.761.289± 0.283 1.003± 0.263 3.312± 0.537 0.294± 0.177 −0.386± 0.187
152 11:38:21.722 -63:29:14.99 11:38:22.172 -63:29:15.400.722± 0.288 1.369± 0.390 3.104± 0.590 0.092± 0.179 −0.608± 0.293
153 11:37:22.305 -63:08:56.82 11:37:22.755 -63:08:57.23 8.910± 1.478 −0.793± 0.111 0.526± 0.267
154 11:39:45.184 -63:24:49.19 11:39:45.634 -63:24:49.600.441± 0.278 0.758± 0.305 2.519± 0.609 0.317± 0.234 −0.522± 0.326
155 11:37:58.159 -63:07:50.44 11:37:58.609 -63:07:50.85 10.528± 1.776 0.509± 0.160 −0.354± 0.206
156 11:37:59.834 -63:17:20.45 11:38:00.284 -63:17:20.860.829± 0.281 0.756± 0.266 2.486± 0.530 −0.200± 0.208 −0.376± 0.354
157 11:38:11.168 -63:21:41.27 11:38:11.618 -63:21:41.680.483± 0.226 0.817± 0.258 2.212± 0.432 0.177± 0.192 −1.000± 0.148
158 11:39:13.439 -63:22:04.58 11:39:13.889 -63:22:04.990.573± 0.224 0.620± 0.229 1.562± 0.395 0.087± 0.240 −0.880± 0.348
159 11:37:52.716 -63:21:57.50 11:37:53.166 -63:21:57.911.360± 0.326 1.199± 0.313 3.635± 0.681 0.358± 0.449 0.547± 0.163
160 11:38:28.685 -63:14:14.01 11:38:29.135 -63:14:14.42 0.329± 0.191 3.818± 0.655 −0.181± 0.180 −0.073± 0.252
161 11:38:42.238 -63:22:06.55 11:38:42.688 -63:22:06.960.384± 0.189 0.253± 0.199 1.906± 0.396 −0.148± 0.198 −0.724± 0.329
162 11:38:52.607 -63:19:23.71 11:38:53.057 -63:19:24.120.441± 0.210 0.566± 0.206 2.223± 0.434 0.088± 0.187 −0.819± 0.264
163 11:38:55.693 -63:28:58.32 11:38:56.143 -63:28:58.730.754± 0.287 0.556± 0.268 1.569± 0.530 −0.324± 0.281 −1.000± 1.099
164 11:38:26.727 -63:20:32.66 11:38:27.177 -63:20:33.070.356± 0.169 0.266± 0.164 1.788± 0.414 0.214± 0.243 −0.518± 0.282
165 11:38:42.229 -63:24:56.00 11:38:42.679 -63:24:56.410.787± 0.279 0.582± 0.221 2.100± 0.450 0.068± 0.210 −0.522± 0.31417
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Table 3. Continued.

XID RA DEC RA(cor) DEC(cor) CR(MOS1) CR(MOS2) CR(pn) HR1(pn) HR2(pn)
166 11:37:36.678 -63:20:07.31 11:37:37.128 -63:20:07.721.190± 0.819 0.567± 0.277 2.453± 0.498 0.364± 0.197 −0.826± 0.231
167 11:36:40.208 -63:14:16.18 11:36:40.658 -63:14:16.593.707± 1.204 3.462± 0.835 9.210± 1.557 0.232± 0.198 0.099± 0.185
168? 11:39:12.799 -63:28:39.13 11:39:13.249 -63:28:39.54 1.538± 0.457 2.202± 0.546 5.996± 0.921 0.651± 1.940 0.966± 0.056
169 11:37:43.688 -63:25:46.97 11:37:44.138 -63:25:47.380.923± 0.278 0.543± 0.221
170 11:38:04.260 -63:33:45.89 11:38:04.710 -63:33:46.300.514± 0.385 0.428± 0.354 3.438± 0.684 −0.492± 0.174 −1.000± 0.445
171 11:39:37.741 -63:29:13.73 11:39:38.191 -63:29:14.141.121± 0.412 0.969± 0.395 2.897± 0.779 0.144± 0.251 −0.445± 0.409
172 11:38:08.646 -63:12:15.40 11:38:09.096 -63:12:15.81 0.910± 0.373 1.709± 0.635 −0.777± 0.270 −1.000± 1.815
173 11:38:25.812 -63:26:49.78 11:38:26.262 -63:26:50.191.418± 0.295 1.110± 0.275 3.463± 1.573 1.000± 0.277
174 11:37:40.070 -63:19:05.91 11:37:40.520 -63:19:06.32 0.065± 0.354 2.588± 0.542 0.158± 0.238 −0.204± 0.253
175 11:39:27.194 -63:26:57.66 11:39:27.644 -63:26:58.070.856± 0.323 1.160± 0.343 1.999± 0.573 −0.411± 0.274 0.058± 0.471
176 11:39:02.262 -63:22:57.45 11:39:02.712 -63:22:57.860.939± 0.283 0.648± 0.220 2.462± 0.481 −0.114± 0.207 −0.229± 0.281
177 11:38:04.720 -63:26:54.64 11:38:05.170 -63:26:55.051.041± 0.271 0.845± 0.243 2.747± 1.023 −0.365± 0.486 0.490± 0.430
178 11:38:21.976 -63:27:37.73 11:38:22.426 -63:27:38.140.731± 0.215 0.279± 0.174 2.059± 0.804 −1.000± 0.203
179 11:37:08.855 -63:22:48.09 11:37:09.305 -63:22:48.500.603± 0.284 0.608± 0.263 2.379± 0.723 0.266± 0.216 −1.000± 0.685
180 11:37:03.194 -63:19:06.20 11:37:03.644 -63:19:06.611.146± 0.381 0.760± 0.278 3.701± 1.671 −0.713± 0.354 0.142± 1.070
181 11:39:40.956 -63:27:00.54 11:39:41.406 -63:27:00.951.220± 0.407 1.872± 0.606 4.080± 0.780 0.230± 0.200 −0.330± 0.243
182 11:38:14.972 -63:23:09.19 11:38:15.422 -63:23:09.600.521± 0.221 0.530± 0.220 1.346± 0.440 −0.117± 0.329 −0.494± 0.477
183? 11:38:11.844 -63:12:04.80 11:38:12.294 -63:12:05.21 0.876± 0.416 4.296± 0.982 −0.120± 0.222 −0.426± 0.354
184 11:36:29.462 -63:17:30.41 11:36:29.912 -63:17:30.821.831± 0.731 0.918± 0.545 3.936± 1.305 0.667± 0.298 −0.369± 0.404
185 11:39:43.155 -63:29:46.40 11:39:43.605 -63:29:46.811.902± 0.514 2.419± 0.568
186? 11:38:04.782 -63:08:10.55 11:38:05.232 -63:08:10.96 2.178± 0.707 3.509± 1.319 0.278± 0.379 0.023± 0.438
187 11:37:06.520 -63:15:25.19 11:37:06.970 -63:15:25.601.996± 0.534 1.200± 0.429 4.764± 0.922 0.460± 0.169 −0.641± 0.269
188? 11:39:53.009 -63:28:01.26 11:39:53.459 -63:28:01.67 1.847± 0.568 1.714± 0.503
189 11:37:50.098 -63:12:27.42 11:37:50.548 -63:12:27.831.135± 0.429 0.849± 0.353 1.666± 0.591 −0.337± 0.288 −1.000± 1.188
190 11:37:19.677 -63:22:49.52 11:37:20.127 -63:22:49.931.080± 0.343 1.016± 0.309 1.579± 0.447 0.128± 0.271 −0.919± 0.358
191 11:37:27.453 -63:23:15.17 11:37:27.903 -63:23:15.580.774± 0.250 0.689± 0.280 1.973± 0.532 0.208± 0.276 −0.174± 0.347
192 11:37:13.007 -63:17:05.20 11:37:13.457 -63:17:05.611.232± 0.388 0.642± 0.321 2.483± 0.693 0.063± 0.287 −0.034± 0.362
193 11:38:20.400 -63:18:04.48 11:38:20.850 -63:18:04.890.656± 0.217 0.391± 0.189 2.019± 0.598 0.617± 0.281 −0.412± 0.340
194 11:39:02.271 -63:34:30.75 11:39:02.721 -63:34:31.160.288± 0.295 1.831± 0.579 3.992± 0.958 −0.237± 0.190 −1.000± 0.750
195 11:37:13.370 -63:19:27.22 11:37:13.820 -63:19:27.631.314± 0.376 0.762± 0.301 2.255± 0.723 0.011± 0.316 −0.240± 0.464
196? 11:38:15.833 -63:11:43.62 11:38:16.283 -63:11:44.03 0.705± 0.298 2.573± 0.802 −0.358± 0.287 −0.452± 0.640
197 11:39:41.905 -63:16:33.00 11:39:42.355 -63:16:33.411.363± 0.383 0.950± 0.356 2.548± 0.653 −0.125± 0.229 −0.574± 0.492
198 11:38:34.494 -63:14:42.50 11:38:34.944 -63:14:42.91 0.608± 0.238 1.259± 0.468 −0.023± 0.362 −1.000± 0.350
199 11:40:11.553 -63:22:20.31 11:40:12.003 -63:22:20.721.195± 0.420 1.603± 0.474 3.138± 0.830 −0.391± 0.232 −0.043± 0.481
200 11:38:08.375 -63:20:02.25 11:38:08.825 -63:20:02.660.493± 0.206 0.429± 0.193 1.566± 0.420 −0.056± 0.269 −0.339± 0.401
201 11:38:08.047 -63:12:45.69 11:38:08.497 -63:12:46.10 1.180± 0.399 4.827± 0.856 −0.064± 0.179 −0.145± 0.255
202 11:38:17.085 -63:31:35.42 11:38:17.535 -63:31:35.830.442± 0.254 0.445± 0.302 2.490± 0.528 0.071± 0.197 −1.000± 0.295
203 11:39:13.987 -63:18:57.43 11:39:14.437 -63:18:57.841.198± 0.313 1.623± 0.571 6.048± 1.653 −0.211± 0.233 −1.000± 0.711
204 11:38:16.418 -63:24:54.41 11:38:16.868 -63:24:54.820.410± 0.175 0.243± 0.191 2.052± 0.445 −0.372± 0.204 −0.512± 0.444
205 11:39:30.137 -63:21:10.65 11:39:30.587 -63:21:11.060.315± 0.246 0.721± 0.242 1.115± 0.408 −0.306± 0.351 −0.379± 0.727
206 11:38:11.451 -63:22:57.73 11:38:11.901 -63:22:58.140.452± 0.209 0.705± 0.252 1.835± 0.465 0.184± 0.317 −0.146± 0.279
207 11:38:38.617 -63:24:57.65 11:38:39.067 -63:24:58.060.483± 0.187 0.601± 0.231 1.417± 0.379 −0.085± 0.264 −0.698± 0.390
208 11:38:42.090 -63:27:21.31 11:38:42.540 -63:27:21.720.428± 0.218 0.174± 0.171 1.383± 0.381 −0.131± 0.261 −0.863± 0.434
209 11:39:53.804 -63:30:22.01 11:39:54.254 -63:30:22.422.197± 0.596 2.106± 0.575
210 11:37:14.025 -63:23:42.48 11:37:14.475 -63:23:42.890.543± 0.262 0.462± 0.265 2.628± 0.626 −0.822± 0.186 −1.000± 2.760
211 11:36:13.533 -63:19:28.44 : 11:36:13.983 -63:19:28.85 6.143± 1.443 −0.351± 0.215 0.170± 0.343
212 11:38:48.529 -63:28:18.49 11:38:48.979 -63:28:18.900.266± 0.247 1.393± 0.368 3.482± 0.613 0.231± 0.173 −0.444± 0.233
213? 11:38:32.330 -63:11:27.44 11:38:32.780 -63:11:27.85 0.975± 0.387 4.849± 1.298 0.155± 0.427 0.393± 0.253
214? 11:38:21.207 -63:11:11.17 11:38:21.657 -63:11:11.58 0.976± 0.382 2.100± 0.843 0.384± 0.472 −0.058± 0.446
215 11:38:32.348 -63:29:28.60 11:38:32.798 -63:29:29.010.406± 0.234 0.769± 0.367 2.612± 0.575 0.211± 0.213 −0.368± 0.303
216 11:39:42.061 -63:13:23.57 11:39:42.511 -63:13:23.98 1.828± 0.506 4.428± 1.029 0.581± 1.079 0.894± 0.123
217 11:39:13.832 -63:28:08.12 11:39:14.282 -63:28:08.530.323± 0.248 1.547± 0.407 1.488± 0.520 0.968± 0.188 −0.622± 0.397
218 11:38:25.845 -63:24:18.40 11:38:26.295 -63:24:18.810.800± 0.211 0.790± 0.220 0.942± 0.330 1.000± 1.427 0.728± 0.298
219 11:39:51.449 -63:22:45.55 11:39:51.899 -63:22:45.960.933± 0.361 1.405± 0.401 5.090± 2.241 0.240± 0.383 −1.000± 0.698
220 11:37:48.609 -63:21:17.49 11:37:49.059 -63:21:17.900.669± 0.237 0.670± 0.215 2.163± 0.537 −0.034± 0.243 −0.389± 0.385 18
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Table 3. Continued.

XID RA DEC RA(cor) DEC(cor) CR(MOS1) CR(MOS2) CR(pn) HR1(pn) HR2(pn)
221 11:39:02.103 -63:31:41.19 11:39:02.553 -63:31:41.601.151± 0.375 0.714± 0.296 3.095± 0.764 0.159± 0.301 0.248± 0.260
222 11:39:29.209 -63:30:13.84 11:39:29.659 -63:30:14.251.297± 0.429 1.354± 0.449 2.366± 0.640 −0.027± 0.246 −0.890± 0.477
223 11:38:33.504 -63:23:09.92 11:38:33.954 -63:23:10.330.569± 0.205 0.384± 0.186 1.709± 0.422 −0.120± 0.257 −0.223± 0.354
224 11:38:09.867 -63:27:04.90 11:38:10.317 -63:27:05.310.793± 0.255 0.828± 0.253 2.049± 0.445 −0.104± 0.215 −0.428± 0.339
225 11:37:46.716 -63:16:42.04 11:37:47.166 -63:16:42.450.290± 0.242 0.574± 0.239 2.415± 0.542 1.000± 0.315 0.599± 0.191
226 11:38:00.471 -63:18:27.03 11:38:00.921 -63:18:27.440.455± 0.232 0.500± 0.212 1.424± 0.433 0.592± 0.344 −0.441± 0.321
227 11:37:43.057 -63:28:37.36 11:37:43.507 -63:28:37.770.177± 0.185 0.506± 0.235 1.826± 0.507 0.101± 0.235 −1.000± 0.546
228 11:39:30.055 -63:22:58.18 11:39:30.505 -63:22:58.590.809± 0.270 0.423± 0.237 1.758± 0.449 −0.165± 0.227 −1.000± 0.516
229 11:37:55.855 -63:09:39.66 11:37:56.305 -63:09:40.071.945± 0.632 1.899± 0.576 4.822± 1.098 0.030± 0.211 −0.494± 0.374
230 11:39:05.943 -63:21:17.30 11:39:06.393 -63:21:17.710.480± 0.219 0.261± 0.156 1.671± 0.428 0.704± 0.230 −0.821± 0.254
231 11:39:02.552 -63:23:56.74 11:39:03.002 -63:23:57.150.614± 0.223 0.659± 0.232 1.476± 0.395 −0.216± 0.252 −0.597± 0.504
232 11:38:30.084 -63:27:48.49 11:38:30.534 -63:27:48.900.355± 0.200 0.141± 0.122 1.270± 0.374 −0.291± 0.269 −0.615± 0.605
233 11:37:43.467 -63:24:41.48 11:37:43.917 -63:24:41.890.288± 0.214 0.888± 0.263 1.125± 0.401 1.000± 0.086
234 11:39:12.631 -63:13:17.46 11:39:13.081 -63:13:17.87 1.086± 0.335 3.725± 0.775 0.108± 0.226 0.038± 0.249
235 11:37:23.330 -63:30:45.05 11:37:23.78 -63:30:45.461.795± 0.599 1.933± 0.582
236 11:39:08.898 -63:31:25.41 11:39:09.348 -63:31:25.821.302± 0.438 0.776± 0.367 2.432± 0.729 −0.087± 0.356 0.329± 0.319
237? 11:35:57.345 -63:24:46.75 11:35:57.795 -63:24:47.16 6.272± 1.573 0.115± 0.242 −0.046± 0.328
238 11:38:21.591 -63:19:12.88 11:38:22.041 -63:19:13.290.352± 0.195 0.565± 0.220 0.593± 0.291 1.000± 0.531 −0.539± 0.491
239 11:39:00.438 -63:21:03.93 11:39:00.888 -63:21:04.340.692± 0.246 0.413± 0.186 2.214± 0.454 0.087± 0.190 −1.000± 0.296
240 11:38:46.618 -63:16:55.48 11:38:47.068 -63:16:55.89 0.449± 0.200 1.891± 0.418 −0.229± 0.205 −0.804± 0.397
241 11:37:01.731 -63:21:08.48 11:37:02.181 -63:21:08.890.677± 0.348 1.040± 0.349 2.391± 0.685 −0.328± 0.255 −0.221± 0.553
242 11:39:35.094 -63:23:13.26 11:39:35.544 -63:23:13.670.722± 0.310 0.313± 0.269 2.098± 0.553 0.507± 0.402 0.291± 0.246
243 11:39:16.891 -63:28:20.63 11:39:17.341 -63:28:21.041.258± 0.384 1.053± 0.397 3.017± 0.724 1.000± 0.506 0.527± 0.199
244 11:39:02.427 -63:18:35.69 11:39:02.877 -63:18:36.101.147± 0.310 0.526± 0.213
245 11:39:44.386 -63:24:11.47 11:39:44.836 -63:24:11.881.410± 0.499 1.083± 0.339 3.805± 1.195 0.014± 0.311 −0.185± 0.453
246 11:40:13.184 -63:25:01.40 11:40:13.634 -63:25:01.810.529± 0.336 1.900± 0.491
247 11:37:33.637 -63:25:31.02 11:37:34.087 -63:25:31.430.932± 0.334 0.317± 0.184 2.427± 0.461 −0.026± 0.183 −0.951± 0.227
248 11:38:55.921 -63:19:13.69 11:38:56.371 -63:19:14.100.262± 0.186 0.887± 0.262 1.211± 0.421 0.430± 0.291 −1.000± 0.528
249 11:39:14.775 -63:14:59.86 11:39:15.225 -63:15:00.27 1.310± 0.359 6.181± 1.223 0.413± 0.203 −0.234± 0.233
250 11:36:49.809 -63:16:21.58 11:36:50.259 -63:16:21.990.680± 0.439 0.917± 0.456 3.593± 0.786 −0.124± 0.205 −1.000± 0.309
251 11:37:38.606 -63:29:01.06 11:37:39.056 -63:29:01.470.837± 0.322 0.893± 0.333 1.340± 0.546 1.000± 0.616 0.624± 0.275
252 11:39:22.003 -63:19:19.77 11:39:22.453 -63:19:20.180.465± 0.254 0.569± 0.638 2.556± 0.548 1.000± 0.159 0.573± 0.179
253 11:38:46.830 -63:27:58.14 11:38:47.280 -63:27:58.550.589± 0.240 0.381± 0.206 1.278± 0.445 0.326± 0.365 −0.232± 0.428
254 11:38:56.075 -63:17:11.80 11:38:56.525 -63:17:12.21 0.467± 0.226 1.522± 0.439 −0.209± 0.293 −0.121± 0.458
255 11:39:33.463 -63:29:36.62 11:39:33.913 -63:29:37.030.834± 0.377 0.789± 0.337 2.682± 0.660 −0.174± 0.218 −0.851± 0.511
256 11:38:43.913 -63:20:54.36 11:38:44.363 -63:20:54.770.408± 0.182 0.196± 0.165 1.472± 0.362 −0.066± 0.223 −1.000± 0.433
257 11:37:52.245 -63:17:34.25 11:37:52.695 -63:17:34.660.899± 0.299 0.532± 0.231 2.007± 0.508 0.218± 0.317 0.113± 0.279
258 11:37:52.875 -63:13:01.19 11:37:53.325 -63:13:01.602.409± 0.527 0.707± 0.333 4.107± 0.832 0.229± 0.196 −0.339± 0.278
259 11:39:33.544 -63:20:36.47 11:39:33.994 -63:20:36.880.600± 0.284 0.607± 0.238 0.909± 0.397 0.172± 0.404 −0.692± 0.693
260 11:40:18.637 -63:27:08.10 11:40:19.087 -63:27:08.511.831± 0.626 2.270± 0.598
261? 11:38:51.552 -63:15:12.68 11:38:52.002 -63:15:13.09 0.659± 0.274 1.691± 0.475 0.069± 0.261 −0.883± 0.432
262 11:38:53.048 -63:18:40.86 11:38:53.498 -63:18:41.270.435± 0.214 0.787± 0.263 1.182± 0.354 −0.230± 0.269 −1.000± 0.596
263 11:37:44.851 -63:18:15.32 11:37:45.301 -63:18:15.730.102± 0.374 0.935± 0.275 1.727± 0.481 0.291± 0.278 −0.782± 0.333
264 11:37:57.668 -63:23:54.60 11:37:58.118 -63:23:55.010.472± 0.212 0.453± 0.195 1.275± 0.378 1.000± 0.480 0.762± 0.260
265 11:38:54.500 -63:15:54.84 11:38:54.950 -63:15:55.25 0.227± 0.179 1.820± 0.498 −0.257± 0.266 −0.370± 0.510
266 11:39:04.931 -63:28:10.81 11:39:05.381 -63:28:11.221.093± 0.320 0.933± 0.337 1.162± 0.808 1.000± 0.389 −1.000± 0.377
267? 11:38:35.092 -63:19:47.39 11:38:35.542 -63:19:47.80 0.307± 0.208 0.142± 0.162 1.248± 0.377 0.036± 0.366 0.072± 0.353
268 11:36:42.796 -63:22:49.97 11:36:43.246 -63:22:50.381.459± 0.513 0.549± 0.395 3.480± 0.903 0.057± 0.225 −0.494± 0.452
269 11:39:12.860 -63:21:33.46 11:39:13.310 -63:21:33.870.355± 0.204 0.640± 0.234 1.500± 0.411 0.291± 0.348 0.062± 0.296
270? 11:39:00.553 -63:27:36.18 11:39:01.003 -63:27:36.59 0.676± 0.265 0.318± 0.247 1.715± 0.489 0.311± 0.334 0.098± 0.311
271 11:37:49.773 -63:21:39.58 11:37:50.223 -63:21:39.990.443± 0.209 0.792± 0.258 1.471± 0.772 −0.616± 0.446 −1.000± 2.694
272 11:37:59.613 -63:26:47.59 11:37:60.063 -63:26:48.000.480± 0.288 0.075± 0.292 1.466± 0.493 0.163± 0.270 −0.598± 0.611
273? 11:36:23.536 -63:29:47.44 11:36:23.986 -63:29:47.85 4.668± 1.363 0.147± 0.320 0.238± 0.307
274 11:36:11.576 -63:30:01.71 11:36:12.026 -63:30:02.12 5.566± 1.375 0.115± 0.213 −0.373± 0.399
275? 11:38:23.794 -63:21:38.24 11:38:24.244 -63:21:38.65 0.300± 0.196 0.438± 0.220 1.639± 0.477 −0.742± 0.272 0.087± 0.77019
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Table 3. Continued.

XID RA DEC RA(cor) DEC(cor) CR(MOS1) CR(MOS2) CR(pn) HR1(pn) HR2(pn)
276 11:39:51.943 -63:21:39.93 11:39:52.393 -63:21:40.340.212± 0.212 1.012± 0.329 2.100± 0.622 0.106± 0.268 −0.413± 0.468
277 11:39:27.304 -63:29:35.52 11:39:27.754 -63:29:35.930.705± 0.354 1.172± 0.394 1.841± 0.685 0.223± 0.444 0.246± 0.376
278? 11:39:10.883 -63:21:08.06 11:39:11.333 -63:21:08.47 0.446± 0.189 0.434± 0.222 1.573± 0.429 −0.106± 0.272 −0.383± 0.422
279 11:38:18.898 -63:09:37.49 11:38:19.348 -63:09:37.90 0.664± 0.349 2.798± 0.894 −0.718± 0.261 0.315± 0.655
280 11:36:45.189 -63:11:23.84 11:36:45.639 -63:11:24.25 3.027± 0.866 0.080± 0.273 −1.000± 0.335
281? 11:39:31.166 -63:17:01.09 11:39:31.616 -63:17:01.50 0.840± 0.322 2.590± 0.645 0.698± 0.250 −0.177± 0.270
282 11:38:02.751 -63:09:46.23 11:38:03.201 -63:09:46.640.613± 0.476 0.758± 0.366 3.689± 0.999 −0.128± 0.284 0.103± 0.355
283 11:39:11.425 -63:21:52.70 11:39:11.875 -63:21:53.110.302± 0.195 0.497± 0.223 1.673± 0.442 0.038± 0.279 −0.108± 0.353
284 11:37:53.096 -63:26:06.14 11:37:53.546 -63:26:6.550.644± 0.214 0.632± 0.245 1.991± 0.431 0.094± 0.202 −1.000± 0.292
285? 11:38:39.078 -63:07:37.03 11:38:39.528 -63:07:37.44 2.799± 0.732
286 11:38:31.924 -63:24:07.88 11:38:32.374 -63:24:08.290.605± 0.234 0.976± 0.254 1.743± 0.431 −0.027± 0.314 0.167± 0.293
287 11:38:29.069 -63:35:50.10 11:38:29.519 -63:35:50.51 1.559± 0.584 4.680± 1.125 −0.503± 0.208 0.316± 0.341
288 11:37:42.007 -63:19:45.87 11:37:42.457 -63:19:46.280.709± 0.273 0.684± 0.265 0.229± 0.311 −1.000± 0.602
289? 11:37:23.713 -63:30:12.38 11:37:24.163 -63:30:12.79 0.781± 0.375 1.207± 0.474 3.768± 1.219 1.000± 0.902 0.696± 0.207
290 11:37:20.583 -63:15:55.05 11:37:21.033 -63:15:55.460.348± 0.344 0.978± 0.362 1.756± 0.529 −0.677± 0.280 −1.000± 1.263
291 11:39:09.452 -63:19:09.57 11:39:09.902 -63:19:09.980.453± 0.221 0.292± 0.183 2.306± 0.529 −0.606± 0.240 0.461± 0.325
292 11:38:36.812 -63:30:19.67 11:38:37.262 -63:30:20.080.513± 0.262 0.965± 0.352 1.941± 0.560 −0.018± 0.482 0.606± 0.247
293 11:38:06.029 -63:32:08.03 11:38:06.479 -63:32:08.440.801± 0.335 0.123± 0.262 2.509± 0.952 0.405± 0.353 −0.047± 0.444
294 11:37:26.497 -63:28:24.60 11:37:26.947 -63:28:25.010.594± 0.290 0.566± 0.308 2.882± 0.667 −0.124± 0.276 0.298± 0.260
295? 11:40:03.187 -63:14:57.47 11:40:03.637 -63:14:57.88 1.757± 0.538
296 11:38:52.866 -63:21:23.99 11:38:53.316 -63:21:24.400.406± 0.204 0.923± 0.249 1.682± 1.084 0.179± 0.556 −1.000± 1.137
297 11:38:16.693 -63:16:33.79 11:38:17.143 -63:16:34.200.002± 0.103 0.203± 0.133 1.670± 0.405 −0.196± 0.232 −0.606± 0.422
298? 11:38:02.798 -63:17:44.40 11:38:03.248 -63:17:44.81 1.028± 0.320 0.348± 0.224 2.454± 0.557 −0.294± 0.250 0.049± 0.330
299 11:37:16.779 -63:17:47.43 11:37:17.229 -63:17:47.840.639± 0.320 0.638± 0.281 1.656± 0.567 −0.051± 0.326 −0.288± 0.538
300 11:37:50.378 -63:27:23.90 11:37:50.828 -63:27:24.310.656± 0.249 1.224± 0.460 1.942± 0.497 −0.255± 0.962 0.913± 0.130
301 11:39:26.070 -63:25:54.70 11:39:26.520 -63:25:55.110.375± 0.228 0.415± 0.218 1.539± 0.429 −0.535± 0.241 −1.000± 0.702
302? 11:37:40.631 -63:30:39.96 11:37:41.081 -63:30:40.37 0.756± 0.376 0.804± 0.379 1.505± 0.568 0.096± 0.351 −0.887± 0.582
303? 11:38:29.156 -63:13:49.20 11:38:29.606 -63:13:49.61 0.830± 0.315 2.397± 0.586 1.000± 0.194 0.080± 0.236
304 11:37:53.385 -63:11:49.03 11:37:53.835 -63:11:49.440.189± 0.281 0.603± 0.342 2.423± 0.708 −0.154± 0.265 −0.429± 0.544
305 11:38:15.472 -63:28:32.38 11:38:15.922 -63:28:32.790.603± 0.236 0.465± 0.292 2.012± 0.507 1.000± 7.599 0.973± 0.131
306 11:39:32.176 -63:21:50.32 11:39:32.626 -63:21:50.730.919± 0.335 0.778± 0.316 0.198± 1.055 1.000± 3.678
307 11:40:10.354 -63:24:01.51 11:40:10.804 -63:24:01.920.985± 0.442 1.369± 0.463
308 11:38:06.904 -63:28:47.60 11:38:07.354 -63:28:48.010.206± 0.148 0.821± 0.311 1.010± 0.353 −0.049± 0.330 −1.000± 0.465
309? 11:39:10.235 -63:10:32.33 11:39:10.685 -63:10:32.74 1.533± 0.599
310 11:36:55.037 -63:26:54.89 11:36:55.487 -63:26:55.301.048± 0.418 1.772± 0.481
311 11:37:36.229 -63:30:38.80 : 11:37:36.679 -63:30:39.21 0.965± 0.382 0.657± 0.316 2.316± 0.689 0.090± 0.280 −0.456± 0.461
312 11:36:19.402 -63:23:58.18 11:36:19.852 -63:23:58.596.572± 2.175 7.956± 1.545 −0.437± 0.653 0.936± 0.089
313 11:37:33.640 -63:17:51.58 11:37:34.090 -63:17:51.990.125± 0.203 0.417± 0.243 1.791± 0.482 −0.546± 0.235 −0.807± 0.813
314 11:38:23.791 -63:15:49.67 11:38:24.241 -63:15:50.08 0.469± 0.212 1.775± 0.460 0.949± 0.332 0.307± 0.237
315? 11:36:09.416 -63:22:03.20 11:36:09.866 -63:22:03.61 2.995± 1.212 −0.748± 0.401 −0.151± 1.539
316 11:37:45.197 -63:09:49.92 11:37:45.647 -63:09:50.330.094± 0.349 0.952± 0.398 3.139± 0.796 −0.009± 0.241 −1.000± 0.320
317? 11:38:19.553 -63:31:16.08 11:38:20.003 -63:31:16.49 0.294± 0.224 0.207± 0.273 1.496± 0.577 0.358± 0.281 −1.000± 0.749
318 11:36:28.821 -63:24:07.26 11:36:29.271 -63:24:07.671.359± 0.534 1.546± 0.596 3.217± 1.055 0.320± 0.301 −0.218± 0.435
319 11:37:30.997 -63:13:25.05 11:37:31.447 -63:13:25.460.640± 0.367 0.507± 0.424 3.220± 0.697 −0.019± 0.193 −1.000± 0.398
320? 11:39:42.121 -63:28:32.29 11:39:42.571 -63:28:32.70 0.354± 0.260 0.149± 0.320 3.203± 0.765 −0.023± 0.231 −0.961± 0.263
321? 11:39:02.146 -63:12:16.26 11:39:02.596 -63:12:16.67 0.588± 0.444 2.076± 0.587 −0.649± 0.263 −1.000± 1.017
322? 11:39:01.678 -63:10:34.29 11:39:02.128 -63:10:34.70 1.221± 0.454
323? 11:39:54.082 -63:28:48.41 11:39:54.532 -63:28:48.82 1.843± 0.531 0.557± 0.348
324? 11:38:26.665 -63:14:43.92 11:38:27.115 -63:14:44.33 0.287± 0.243 1.726± 0.515 −0.986± 0.179 0.975± 0.312
325 11:37:32.044 -63:09:10.76 11:37:32.494 -63:09:11.170.943± 0.578 1.221± 0.570 5.624± 1.328 −0.567± 0.189 0.174± 0.437
326 11:37:31.059 -63:21:00.71 11:37:31.509 -63:21:01.12 0.505± 0.465 1.962± 0.516 −0.278± 0.281 −0.016± 0.407
327 11:36:37.181 -63:24:32.77 11:36:37.631 -63:24:33.180.495± 0.399 1.029± 0.468 1.978± 0.631 −0.120± 0.309 −1.000± 0.317
328? 11:38:30.132 -63:33:32.09 11:38:30.582 -63:33:32.50 1.086± 0.466 0.808± 0.358 1.241± 0.520 −0.812± 0.272 −0.357± 2.556
329 11:37:00.898 -63:16:26.16 11:37:01.348 -63:16:26.570.622± 0.381 0.787± 0.385 1.857± 0.741 0.650± 0.280 −1.000± 0.668
330 11:39:57.861 -63:21:49.10 11:39:58.311: -63:21:49.51 0.990± 0.368 0.382± 0.247 1.342± 0.515 0.842± 0.273 −0.625± 0.437 20
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Table 3. Continued.

XID RA DEC RA(cor) DEC(cor) CR(MOS1) CR(MOS2) CR(pn) HR1(pn) HR2(pn)
331 11:36:49.297 -63:28:27.88 11:36:49.747 -63:28:28.290.885± 0.481 1.224± 0.463
332 11:38:53.872 -63:11:38.84 11:38:54.322 -63:11:39.25 0.400± 0.307 4.019± 0.876 0.454± 0.196 −0.446± 0.289
333? 11:38:46.526 -63:15:37.77 11:38:46.976 -63:15:38.18 0.000± 0.143 1.641± 0.483 −1.000± 0.272 1.000± 0.486
334 11:37:42.749 -63:12:28.11 11:37:43.199 -63:12:28.521.042± 0.381 0.296± 0.253 2.699± 0.793 −0.064± 0.359 0.332± 0.319
335 11:38:58.264 -63:24:45.74 11:38:58.714 -63:24:46.150.370± 0.193 0.672± 0.232 1.369± 0.434 −0.266± 0.335 −0.036± 0.469
336 11:40:05.958 -63:21:38.28 11:40:06.408 -63:21:38.690.947± 0.431 1.393± 0.544 2.087± 0.690 1.000± 0.138
337 11:40:11.053 -63:25:54.15 11:40:11.503 -63:25:54.560.925± 0.532 1.767± 0.539
338 11:36:41.306 -63:23:27.53 11:36:41.756 -63:23:27.940.592± 0.368 0.941± 0.431 3.245± 0.954 0.440± 0.284 −0.180± 0.356
339 11:38:48.825 -63:20:48.54 11:38:49.275 -63:20:48.950.392± 0.187 0.368± 0.185 1.260± 0.376 1.000± 0.687 0.499± 0.263
340? 11:36:57.602 -63:17:10.48 11:36:58.052 -63:17:10.89 0.163± 0.218 0.074± 0.182 1.879± 0.528 −0.889± 0.183 −1.000± 2.657
341 11:37:30.683 -63:31:26.88 11:37:31.133 -63:31:27.290.465± 0.313 0.513± 0.337 2.224± 0.733 0.291± 0.299 −0.427± 0.479
342? 11:38:50.982 -63:14:44.51 11:38:51.432 -63:14:44.92 0.382± 0.321 1.765± 0.485 0.130± 0.260 −1.000± 0.327
343 11:38:19.171 -63:20:25.21 11:38:19.621 -63:20:25.620.810± 0.368 0.367± 0.300 2.494± 0.675 0.213± 0.267 −0.703± 0.290
344 11:38:00.410 -63:25:22.10 11:38:00.860 -63:25:22.510.204± 0.171 0.296± 0.166 1.537± 0.417 0.139± 0.267 −0.384± 0.386
345 11:37:50.819 -63:20:34.63 11:37:51.269 -63:20:35.040.945± 0.280 1.502± 0.321 4.224± 0.643 0.445± 0.197 −0.058± 0.160
346? 11:39:14.917 -63:29:17.72 11:39:15.367 -63:29:18.13 0.394± 0.259 0.982± 0.370 2.287± 0.684 1.000± 0.851 0.826± 0.191
347 11:38:09.707 -63:27:54.66 11:38:10.157 -63:27:55.070.398± 0.170 0.423± 0.265 0.567± 0.354 −1.000± 0.147
348? 11:38:05.670 -63:22:14.85 11:38:06.120 -63:22:15.26 0.703± 0.218 0.556± 0.280 0.081± 0.272 −1.000± 4.576
349 11:39:01.461 -63:21:27.97 11:39:1.911 -63:21:28.380.470± 0.211 0.428± 0.192 1.995± 0.498 0.141± 0.329 0.045± 0.277
350 11:38:54.348 -63:25:32.28 11:38:54.798 -63:25:32.690.390± 0.221 0.670± 0.265 1.174± 0.397 0.261± 0.332 −0.494± 0.467
351? 11:37:07.298 -63:25:39.86 11:37:07.748 -63:25:40.27 0.399± 0.238 0.609± 0.306 2.042± 0.651 0.876± 0.312 0.045± 0.313
352? 11:36:38.107 -63:13:23.81 11:36:38.557 -63:13:24.22 2.827± 0.957 −0.035± 0.302 −1.000± 0.638
353? 11:38:09.113 -63:08:19.49 11:38:09.563 -63:08:19.90 0.349± 0.472 5.409± 1.715 −0.622± 0.288 −0.032± 0.778
354? 11:38:29.537 -63:24:16.30 11:38:29.987 -63:24:16.71 0.558± 0.240 0.356± 0.205 0.754± 0.301 1.000± 0.253 −0.613± 0.427
355 11:39:20.907 -63:22:52.49 11:39:21.357 -63:22:52.900.362± 0.212 0.550± 0.229 1.918± 0.788 1.000± 0.218
356 11:37:40.902 -63:14:33.73 11:37:41.352 -63:14:34.140.210± 0.212 0.369± 0.216 1.434± 0.465 −0.083± 0.298 −1.000± 0.539
357? 11:39:07.572 -63:12:54.35 11:39:08.022 -63:12:54.76 0.946± 0.378 1.782± 0.631 0.028± 0.316 −0.561± 0.620
358? 11:37:46.107 -63:20:02.17 11:37:46.557 -63:20:02.58 1.076± 0.345 0.599± 0.274 2.458± 0.577 −0.746± 0.223 0.282± 0.533
359 11:40:02.483 -63:23:54.65 11:40:02.933 -63:23:55.060.768± 0.353 0.663± 0.308 2.279± 0.737 0.011± 0.303 −0.501± 0.529
360 11:36:34.248 -63:16:10.44 11:36:34.698 -63:16:10.852.945± 0.805 0.097± 0.267 1.705± 0.987 0.395± 0.614 0.033± 0.632
361 11:38:10.633 -63:22:06.58 11:38:11.083 -63:22:06.990.288± 0.227 0.884± 0.249 0.850± 0.419 −0.675± 0.482 0.331± 0.896
362? 11:38:17.611 -63:12:02.67 11:38:18.061 -63:12:03.08 0.729± 0.384 4.623± 0.965 0.271± 0.249 −0.023± 0.235
363 11:38:57.748 -63:22:38.75 11:38:58.198 -63:22:39.160.772± 0.245 0.633± 0.214 1.159± 0.704 0.278± 0.633 −1.000± 0.481
364? 11:36:09.884 -63:22:18.05 11:36:10.334 -63:22:18.46 3.471± 1.252 0.243± 0.344 −0.610± 0.542
365 11:37:11.321 -63:31:11.59 11:37:11.771 -63:31:12.001.010± 0.472 0.826± 0.471 2.898± 0.930 1.000± 0.166
366? 11:38:26.192 -63:19:03.60 11:38:26.642 -63:19:04.01 0.763± 0.399 0.247± 0.335 1.413± 0.633 −0.002± 0.445 −1.000± 0.194
367 11:38:25.993 -63:19:10.68 11:38:26.443 -63:19:11.090.717± 0.260 0.786± 0.246 1.579± 0.473 −0.534± 0.273 −1.000± 1.101
368? 11:38:46.743 -63:28:49.72 11:38:47.193 -63:28:50.13 1.283± 0.514 0.313± 0.251 1.397± 0.484 −0.133± 0.353 −0.171± 0.528

Notes. A ‘?’ indicates probably spurious sources, whereas ‘ext’ refers to an extended source. The count rates are given in cts ks−1 for the total band (0.3–10. keV energy band) ; uncertain values are
indicated by a “:” (source partially in a gap) ; missing values could not be calculated (e.g., the source is in a gap, over a bad column, or out of the field-of-view for that instrument). The hardness ratios
HR1 andHR2 are computed as (M − S )/(M + S ) and (H − M)/(H + M), respectively, whereS , M, andH are the count rates recorded in the soft (0.3–1.0 keV) energyband, medium (1.0–2.0 keV)
energy band, and hard (2.0–10.0 keV) energy band, respectively.
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Nazé et al.: X-rays from HM1 and IC 2944/2948

Table 4. Counterparts of the X-ray sources of IC 2944/2948 in the 2MASS, McSwain & Gies (2005b), and Simbad catalogs.

XID d(”) 2MASS d(”) MG WHα (Å) d(”) Simbad Info
1 0.782 11382038-6322219 0.94 HD 101205 O7IIIn((f))+?,P ∼ 2 d
2 0.427 11374844-6319235 0.45 HD 101131 O6.5V((f))+O8.5V,P ∼ 10 d
3 1.043 11380992-6311486 0.99 HD 101190 O4V((f))+O7V, P ∼ 6 d
4 2.269 11394996-6328435 2.33 HD 101436 O6.5V+O7V, P ∼ 37 d
5 1.307 11390329-6325472 1.32 HD 101298 O6III((f))
7 0.713 11381216-6323268 0.78 72 2.9 0.77 HD 101191 O8V+?,P > 100 d
8 1.810 11382277-6312028 1.78 HD 101223 O8V
9 1.224 11382269-6322530
10 1.745 11391084-6326288
12 1.517 11385556-6324056
13 0.953 11385797-6328390 0.99 HD 308829 B5
14 1.736 11390012-6328402
15 0.368 11383475-6320264
16 1.129 11372812-6317175
17+ 0.928 11393894-6321483
18 0.955 11382006-6327213
19 0.338 11380947-6318157
20 1.518 11365618-6323525 1.55 HD 101008 B1II/III
21 0.706 11380641-6319035
24 1.417 11375723-6308573
26 0.624 11372525-6320033
28 0.752 11375384-6324459
29 0.796 11384910-6325545
31 0.520 11381731-6320180
32 1.719 11371208-6333010
33 0.794 11380411-6324419
34 1.862 11384974-6333355
35 2.758 11382068-6320344 2.71 35 2.9
36 1.529 11382101-6319463
37 0.544 11382986-6322057
38 1.132 11380185-6317354
39 1.718 11371812-6313222 1.71 GSC 08976-03815
40 1.006 11391102-6324103
41 1.188 11383542-6311321 1.12 HD 308806 F5V
43 0.566 11375679-6320522
44 0.441 11381244-6322164
45 0.655 11381635-6319530
46 1.152 11381791-6321318 1.15 2MASS J11381791-6321318
47 2.106 11374896-6320258
48 1.459 11391348-6323244
49 2.340 11400472-6324584
50 1.235 11393568-6327510
51 1.314 11382551-6318565
52 2.074 11382426-6323026
56 2.271 11394498-6327268
57 0.201 11391786-6324438
59+ 1.238 11392398-6328281
61 1.945 11385807-6324105
62 0.730 11385123-6326557
63 2.739 11375518-6321453 2.82 47 4.2 2.68 HD 308818 B0V
64 1.237 11384924-6327308
65 0.285 11381877-6311312
66 1.519 11374212-6321565
67 1.655 11392351-6327445
68 0.932 11371030-6321429
69 1.121 11373723-6321049
70 1.738 11394905-6324094
71 2.007 11392016-6328346
72 0.457 11370951-6320055
74 1.223 11370265-6313279
75 2.154 11390231-6321443
77 1.053 11394585-6328401 1.21 HD 101413 O8V+B3:V, P ∼ 150 d
79 1.799 11383473-6322012 1.86 54 2.6 1.75 2MASS J11383473-6322012
80 2.039 11392911-6324384
81 1.445 11391277-6331135 1.41 HD 101333 O9.5V
82 1.736 11381556-6323425
83 1.377 11382126-6324033
84 1.331 11374099-6318422
85 0.960 11381762-6317211 0.85 8 −14.5
86 2.011 11374173-6320067
87 0.374 11385818-6318340
89 0.873 11383982-6323106
90 1.686 11390604-6312121
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Table 4. Continued.

XID d(”) 2MASS d(”) MG WHα (Å) d(”) Simbad Info
91 1.392 11365924-6329067
92 0.843 11375818-6321251
93 1.854 11391037-6322514
95 1.069 11381191-6320226
96 1.252 11382230-6332021
97 1.622 11370142-6320439
98 2.828 11371107-6319198
99 2.421 11375989-6319594
100 0.922 11381200-6319148 1.34 22 −11.1
101 0.896 11381153-6325376
102 0.815 11374375-6322348
103 2.606 11380361-6325001
105 0.827 11390727-6319005
106 0.327 11375844-6318594 0.30 19 3.5 0.38 HD308813 O9.5V+?
108 1.208 11371335-6321260
109 2.003 11370561-6327151
110 0.671 11385610-6322474
111 2.953 11380714-6317322
113 2.162 11375241-6329302
115 1.431 11373512-6321479 1.46 48 −29.4
117 0.521 11381622-6320581
118 2.101 11373384-6332083
119 1.647 11382187-6326057
120 1.825 11385865-6329469
121 1.293 11373871-6330240 1.48 TYC 8976-2364-1
122 1.909 11391878-6319304
123 2.348 11362645-6325049
125 1.163 11382846-6325135
126 1.956 11372189-6330245
127 2.233 11385903-6328109
130 0.996 11391193-6314295
131 2.261 11391965-6325162
132 1.228 11375151-6330594
133 0.515 11383591-6329206
135+ 2.193 11395595-6325528
136 1.737 11383158-6328256
137 2.075 11375390-6318596 2.61 18 −1.9 2.11 2MASS J11375390-6318596
139+ 1.937 11383979-6314145
140 1.590 11380451-6322477
141 1.981 11383189-6327271
142 2.490 11400147-6323432
143 0.113 11375033-6323583
144 1.975 11380921-6310517
148 1.042 11375723-6316433
149 1.253 11391206-6317571
150 0.998 11374677-6315505
153 1.333 11372270-6308585 1.37 HD 101070 B0.5IV
154 2.871 11394528-6324512
156 2.416 11380063-6317212
157 2.735 11381152-6321443
160 1.223 11382910-6314156
161 1.817 11384249-6322082
162 0.390 11385311-6319241
163 0.477 11385607-6328589
164 1.206 11382734-6320326
165 1.913 11384248-6324578
166 2.783 11373732-6320052
167 0.704 11364070-6314159
169 1.019 11374406-6325464
170 1.690 11380456-6333449
171 2.816 11393786-6329123
174 2.547 11374014-6319062 2.56 20 −10.4 2.56 2MASS J11374014-6319062
175 1.109 11392755-6326590 1.01 HD 308831 B1.5V
176 2.571 11390303-6322565
177 0.340 11380521-6326551
178 1.876 11382214-6327380 1.92 107 −28.6 1.67 HD 308828 F2
180 1.885 11370392-6319066 1.81 GSC 08976-01143
181 1.700 11394164-6327003
182 1.953 11381514-6323091
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Table 4. Continued.

XID d(”) 2MASS d(”) MG WHα (Å) d(”) Simbad Info
184+ 1.088 11363007-6317309
187 1.912 11370695-6315275
189 1.443 11375071-6312287
190 1.507 11371996-6322488
191 0.407 11372795-6323157
192 0.840 11371355-6317061
193 1.222 11382067-6318051
195 0.935 11371374-6319283
197 2.300 11394205-6316323
198 0.549 11383488-6314432
199 1.198 11401217-6322204
202 0.621 11381753-6331352
205 1.123 11393042-6321110
207 1.353 11383886-6324582
209 2.531 11395445-6330245
211 1.519 11361403-6319273
212 2.104 11384886-6328169
215+ 2.131 11383289-6329310
217 1.768 11391404-6328077
219 0.748 11395181-6322464
220 0.748 11374910-6321185
222 1.336 11392970-6330129
223 1.948 11383383-6323120
224 2.005 11381003-6327046
226 0.686 11380102-6318273
227 2.786 11374317-6328394
228 1.557 11393033-6322596
229 0.438 11375636-6309400
230 2.993 11390595-6321180
231 1.777 11390277-6323580
232 1.614 11383029-6327489
234 2.109 11391325-6313196
235 0.842 11372370-6330448
238 1.556 11382206-6319148
240 0.434 11384703-6316562
241 1.652 11370236-6321099
242 2.567 11393525-6323153
243 1.999 11391757-6328198
245 0.897 11394470-6324118
246 1.431 11401369-6325004
247 2.105 11373389-6325297
249 2.451 11391489-6314592
250 1.475 11365017-6316233
252 2.901 11392288-6319199
253 2.045 11384737-6327565
254 1.003 11385658-6317112
255 2.293 11393388-6329347
256 0.861 11384423-6320549
258 0.855 11375328-6313024
259 2.160 11393397-6320390
260 2.116 11401877-6327086
262 0.964 11385360-6318406
263 2.422 11374496-6318149
264 0.950 11375810-6323559
266 0.756 11390545-6328118
268 0.494 11364324-6322498
269 0.896 11391338-6321331
271 1.697 11375010-6321385
272 2.292 11375972-6326484
277 1.390 11392781-6329346
279 2.798 11381969-6309394
283 0.964 11391178-6321538
284 1.622 11375337-6326077
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Table 4. Continued.

XID d(”) 2MASS d(”) MG WHα (Å) d(”) Simbad Info
286 1.618 11383228-6324097
287 2.692 11382937-6335480 2.85 HD 308839 F8
290 0.710 11372112-6315557
291 1.628 11391005-6319087
294 2.496 11372666-6328266
297 1.569 11381736-6316337
299+ 0.404 11371723-6317482
304 2.418 11375358-6311511
305 1.067 11381597-6328317
310 2.238 11365566-6326533
311 1.313 11373652-6330384
316 0.695 11374561-6309509
319 2.053 11373173-6313248
325 1.206 11373263-6309119
326 2.689 11373114-6321022
327 0.798 11363768-6324324 0.84 HD 308713 A3V
330 2.889 11395790-6321503
332 2.758 11385465-6311408
334 1.628 11374312-6312269
335 0.759 11385873-6324454
336 1.273 11400652-6321377
337 0.919 11401138-6325541
339 1.864 11384942-6320473
341 1.600 11373115-6331256
343 2.794 11382002-6320249
344 0.640 11380080-6325230
345 0.543 11375123-6320345
347 1.848 11380991-6327559 1.71 110 −22.0
349 0.899 11390185-6321292
350 2.387 11385483-6325303
356+ 0.506 11374127-6314340
359+ 1.965 11400265-6323555
363 2.482 11385824-6322416
367 1.743 11382628-6319097
Potentially spurious sources
128 1.061 11385931-6328546
134 0.933 11382455-6322009
146 2.292 11394677-6328344
183 2.806 11381269-6312059 2.83 GSC 08976-05121
186 1.124 11380507-6308112
188 1.264 11395348-6328004
214 0.916 11382154-6311121
261 2.516 11385234-6315141
267 2.158 11383524-6319485
270+ 2.152 11390069-6327372
273 2.153 11362430-6329483
278 2.166 11391112-6321101
298 1.473 11380303-6317451
303+ 1.194 11382946-6313488
324 2.842 11382700-6314415
328 1.444 11383079-6333324
333 1.606 11384718-6315389
353 2.286 11380955-6308221
354 1.855 11383024-6324174
357 2.193 11390803-6312569
358 2.634 11374623-6320040 2.56 32 4.1 2.59 CPD−62◦2153 B1V

Notes. A ‘+’ indicates the presence of a second 2MASS counterpart within 3”, at a larger distance than the first one listed here. Equivalent
widths W are positive for Hα absorption, boldface indicating strong Hα emitters. Note that for XID 100, there is a second counterpart in the
McSwain & Gies (2005b) catalog: MG 23, at 2.38”, which has an equivalent widthW = −13.0 Å. Spectral types come from Sana et al. (2011) for
O-stars, from Simbad otherwise.
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Table 5. Spectral parameters of the best-fit thermal models to EPIC data of IC 2944/2948 (see Table 2 for definition of errors).

XID NH kT1 norm1 kT2 norm2 kT3 norm3 χ2/dof (dof) Fobs
X Labscor

X log(LBOL) log(Labscor
X /LBOL)

1022 cm−2 keV 10−3 cm−5 keV 10−3 cm−5 keV 10−3 cm−5 10−13 erg cm−2 s−1 1032 erg s−1 (L⊙)
1 0.19+ (0.32± 0.03) 0.153± 0.004 5.83± 1.50 0.601± 0.015 0.50± 0.04 1.23± 0.04 0.188± 0.014 1.57 (274) 6.73 8.10±0.06 5.63 −6.305± 0.003
2 0.19+ (0.20± 0.03) 0.188± 0.004 1.39± 0.32 0.77± 0.02 0.188± 0.010 1.45 (191) 3.64 4.93±0.06 5.43 −6.320± 0.005
3 0.19+ (0.06± 0.05) 0.154± 0.012 0.32± 0.18 0.73± 0.02 0.102± 0.013 1.50 (81) 1.97 2.72±0.06 5.53 −6.679± 0.010
4 0.19+ (0.10± 0.08) 0.148± 0.017 0.61± 0.77 0.77± 0.03 0.144± 0.042 2.38± 0.50 0.115± 0.018 1.38 (99) 3.73 4.36±0.11 5.31 −6.254± 0.011
5 0.19+ (0.39± 0.06) 0.045± 0.011 1902± 32335 0.24± 0.02 0.58± 0.30 0.96 (89) 0.79 1.19±0.03 5.14 −6.647± 0.011
6 0.19+ (1.42± 0.14) 21.7± 11.7 0.156± 0.008 0.88 (111) 2.17
6- 2.15± 0.27 1.73± 0.13 0.059± 0.014 0.84 (111) 2.07
7 0.19+ (0. ± 0.34) 0.24± 0.06 0.047± 0.440 0.99± 0.30 0.0086± 0.0020 0.94 (62) 0.41 0.62±0.02 4.85 −6.641± 0.015
8 0.19+ (0.23± 0.11) 0.155± 0.024 0.30± 0.50 0.61± 0.10 0.033± 0.011 0.95 (22) 0.44 0.62±0.03 4.77 −6.561± 0.022
9 0.19+ (0.38± 0.16) 0.22± 0.04 0.12± 0.32 2.45± 0.33 0.043± 0.005 0.86 (53) 0.50
9- 0.34± 0.04 2.75± 0.18 0.027± 0.004 1.08 (55) 0.47
10 0.19+ (0.06± 0.06) 3.97± 0.71 0.046± 0.004 1.06 (38) 0.63
10- 0.39± 0.08 2.18± 0.19 0.023± 0.005 1.07 (38) 0.63
11 0.19+ (1.22± 0.24) > 14.2 0.37± 0.09 1.31 (44) 5.28
11- 1.52± 0.39 1.43± 0.26 0.088± 0.040 1.30 (44) 5.27
12 0.19+ (0. ± 0.04) 3.37± 0.42 0.0371± 0.0019 1.17 (44) 0.49
12- 0.34± 0.07 2.44± 0.19 0.021± 0.004 1.12 (44) 0.47
13+14 0.36+ (0.96± 0.17) 0.25± 0.07 1.97± 1.27 3.17± 0.92 0.0090± 0.0014 1.48 (84) 1.12 1.02±0.05 3.40 −4.975± 0.021
15 0.19+ (0. ± 0.05) 0.34± 0.30 0.0021± 0.0030 3.97± 0.59 0.0261± 0.0017 1.39 (35) 0.39
15- 0.23± 0.06 2.17± 0.21 0.012± 0.002 1.25 (37) 0.38
16 0.19+ (0. ± 0.59) 0.58± 0.47 0.003± 0.502 4.46± 1.10 0.039± 0.003 0.59 (30) 0.63
17 0.19+ (0. ± 0.04) 4.59± 0.91 0.041± 0.003 1.14 (36) 0.61
17- 0.33± 0.09) 2.14± 0.25 0.019± 0.005 1.08 (36) 0.58
30 0.19+ (3.27± 0.45) > 13.0 0.180± 0.011 0.97 (51) 2.16
30- 5.99± 1.32 2.30± 0.38 0.19± 0.17 0.83 (51) 1.90
31 0.19+ (0.85± 0.09) 0.85± 0.09 0.047± 0.012 1.47 (21) 0.15
35 0.19+ (0.61± 0.16) 0.11± 0.02 4.88± 45.2 1.55± 0.16 0.028± 0.005 1.06 (26) 0.23
77 0.19+ (0.32± 0.07) 0.14± 0.02 1.52± 3.83 0.56± 0.10 0.083± 0.046 1.05 (62) 0.82 1.16±0.05 4.89 −6.409± 0.017

Notes. The fitted model has the formwabs×wabs×
∑

apec, where the first, interstellar absorption was fixed to 1.9× 1021 cm−2 except for XID 13 (since HD 308829 displays a stronger absorption,
with E(B − V) ∼ 0.62). A symbol ‘-’ gives the results of the alternative fittingby a power law, with no absorption fixed and the third column corresponding in these cases to the photon index.
Fluxes refer to the 0.5–10. keV energy band, luminosities were corrected for the interstellar absorption only, and abundances of the thermal emission component and additional absorption are solar
(Anders & Grevesse, 1989). When the 1σ confidence interval is asymmetric, the largest value of the 1σ error is here given.
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Fig. 5. The EPIC light curves of the nine brightest X-ray sources (pn=green asterisks, MOS1=black dots, MOS2=red circles) with
1 ks time bins (top) and 5 ks time bins (bottom). The x-axis is the time elapsed, in seconds, since the beginning of the MOS1
observation, and the XID of each source is quoted to the rightof each lightcurve.χ2 tests do not find significant (at the 1% level)
and coherent variations in these light curves (XID 6 is foundto vary at the 10% level, and XID 2 is slightly better fitted by atrend
than by a constant line). The color version of this figure is available online.
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Fig. 9. Same as Fig. 5 for the brightest X-ray sources of IC 2944/2948. XID 1, 9, 16 and 30 are marginally variable (significance
level between 1 and 10%, whereas XID 7, 10, 12, 15, 31, 35 are significantly variable (significance level<1%). The color version
of this figure is available online.
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Fig. 9. Continued.
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