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6 A. Nebot Gómez-Morán et al.

Table 4. Parameters

Name SpT Teff [K] Rad [R⊙] AV NH MK d [kpc] Count Rate [cts s−1] LX[erg s−1]
[×1022 cm−2] 0.2 – 12 keV 0.2 – 12 keV

3XMMJ174347.4-292309 M0III 3800 40+9
−7 ∼ 26 4.6 -4.2± 0.4 0.31+0.07

−0.05 0.022 ± 0.006 5.5+4.3
−2.9 × 10

30

3XMMJ180920.3-201857 WN7-8h 35000 30± 10 23± 3 4.1 ± 0.5 -6.682† 2.3+0.3
−0.4 0.012 ± 0.006 1.5+1.61.0 × 10

32

3XMMJ184541.1-025225 Ofpe/WN9 20000 79 26± 3 4.6 ± 0.5 -7.9± 0.1 2.4± 0.3 0.047 ± 0.007 7.0+4.0
−3.0 × 10

32

3XMMJ185210.0+001205 M2I 3500 350± 10 30± 1 5.4 ± 0.2 -8.8‡ 4.0± 0.2 0.009 ± 0.002 4.1+1.5
−1.3 × 10

32

3XMMJ190144.5+045914 09e-B3eIa 26000 45± 10 15± 2 2.7 ± 0.2 -7.1+0.7
−0.4 7.0± 0.5 0.033 ± 0.002 3.1+0.8

−0.7 × 10
33

Notes.We adopted absolute magnitudes from Crowther et al. (2006)† and Covey et al. (2007)‡.
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Figure 3. Top left: Ten arc-minute RGB image centred around source 3XMMJ174347.4-292309 (red = 24 µm, green = 8 µm GLIMPSE, blue = EPIC-pn
XMM-Newton). The position of 3XMMJ174347.4-292309 is pointed with an arrow. Top right: observed spectral energy distribution (coloured dots) compared
to the best fitting model (solid grey line).

5.2 3XMMJ180920.3-201857

The WHT J, H and K band spectra reveal very broad emission
lines, in particular from the complex at 12788 – 12818Å, formed
by C III, He I, He II, and H I (see Fig. 4), and the complex at
21652 – 21663Å, formed by He II, He I and H I. The presence of
such emission lines is typical of WR stars (Shara et al. 2009). The
strong emission He II λ21891Å indicates anWN7-8h spectral type.
The FWHM at 21663Å is ∼ 115Å, corresponding to a wind ve-
locity close to 1600 km s−1. We estimated the ratio of the EW of
the 21891Å He II line to the EW of the complex at 21663 Åto be
0.1, and between the 21891Å and the 21126 Å He IIlines to be 0.5.
This values are in agreement with a WN8 spectral type (Figer et al.
1997).

We followed the approach presented by Crowther et al. (2006)
to determine the distance to the source. We calculated the col-
our excess E(J –Ks) and E(H–Ks) from 2MASS colours are (J –
Ks)= 4.204 and (H –Ks = 1.506) and assuming the intrinsic colours
of WN7-8h stars from Crowther et al. (2006). We used extinction
relations AK = 0.67+0.07−0.06× E(J –Ks) and AK = 1.82

+0.30
−0.23×E(H–Ks)

from Indebetouw et al. (2005) to derive two values for the extinc-
tion AK, from which we obtained the mean value AK = 2.63+0.35

−0.28.
Using the extinction relation AK = 0.114×AV for RV = 3.1 from
Cardelli et al. (1989) we estimated AV = 23± 3. From the observed
Ks magnitude and the mean AK and assuming an absolute value of
MK = −6.682, corresponding to the mean value of WN7-9h stars
from Mauerhan et al. (2010), we estimated a distance to the source
of 2.3+0.3

−0.4 kpc.
There is no WISE source within 20 arc-seconds from

3XMMJ180920.3-201857. The SED is not consistent with a black
body curve (see Fig. 4) with Teff = 35 000K, typical of WN7-8h
stars. In particular GLIMPSE magnitudes I1 and I2 disagree with
any black body. We relate this discrepancy to a possible contamin-
ation by the surrounding nebular emission in the GLIMPSE pho-
tometry. We fixed the extinction and distance to the source to fit a
black body to the observed SED. If we fix the Teff to 35 000 K we
obtained a radius of 30 ± 10R⊙. We nevertheless realise that a dif-
ferent radius would be obtained under an assumed different stellar
temperature.

In Figure 4 we show a 10 arc minute composite color im-
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Figure 4. Top left: Ten arc-minute RGB image centred around source 3XMMJ180920.3-201857 (red = radio 20-cm, green = I3-GLIMPSE filter, blue =
EPIC-pn XMM-Newton). The position of 3XMMJ180920.3-201857 is pointed with an arrow. Top right: observed spectral energy distribution (coloured dots)
compared to the best fitting black body distribution (dashed grey line). Bottom: WHT infrared spectra in the J, H and K bands from left to right.
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Figure 5. Top left: Ten arc-minute RGB image centred around source 3XMMJ184541.1-025225 (red = radio 20-cm, green = 24-µm, blue = EPIC-pn XMM-
Newton). The position of 3XMMJ184541.1-025225 is pointed with an arrow. Top right: observed spectral energy distribution (coloured dots) compared to the
best black body distribution (dashed grey line). Bottom: WHT infrared spectra in the J, H and K bands from left to right.

age around 3XMM J180920.3-201857. The X-ray source is in the
infrared dark cloud SDCG10.156-0.340 (IRDC, Peretto & Fuller
2009), embedded in an infrared bubble (N 1 from Churchwell et al.
2006; Deharveng et al. 2010). According to Deharveng et al.
(2012) this bubble is in an H II region that forms part of
a more complex structure, the star-forming region W31 at
spectrophotometric distance 3.4 ± 0.3 kpc (Blum et al. 2001).

3XMMJ180920.3-201857 is about 1.5′ to the northwest (in
Galactic coordinates) of source 3XMMJ180926.9-201930 which
was detected by the XMM-Newton as an extended X-ray source.
This extended source has a very hard spectrum with emission line
at 6 keV and is associated to the O-B cluster (Bica et al. 2003), aka
G010.1615-0.3623 (Urquhart et al. 2008). Stead & Hoare (2011)
estimated the cluster to be formed by about 35 candidates with
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Figure 4. Top left: Ten arc-minute RGB image centred around source 3XMMJ180920.3-201857 (red = radio 20-cm, green = I3-GLIMPSE filter, blue =
EPIC-pn XMM-Newton). The position of 3XMMJ180920.3-201857 is pointed with an arrow. Top right: observed spectral energy distribution (coloured dots)
compared to the best fitting black body distribution (dashed grey line). Bottom: WHT infrared spectra in the J, H and K bands from left to right.
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Figure 5. Top left: Ten arc-minute RGB image centred around source 3XMMJ184541.1-025225 (red = radio 20-cm, green = 24-µm, blue = EPIC-pn XMM-
Newton). The position of 3XMMJ184541.1-025225 is pointed with an arrow. Top right: observed spectral energy distribution (coloured dots) compared to the
best black body distribution (dashed grey line). Bottom: WHT infrared spectra in the J, H and K bands from left to right.

age around 3XMM J180920.3-201857. The X-ray source is in the
infrared dark cloud SDCG10.156-0.340 (IRDC, Peretto & Fuller
2009), embedded in an infrared bubble (N 1 from Churchwell et al.
2006; Deharveng et al. 2010). According to Deharveng et al.
(2012) this bubble is in an H II region that forms part of
a more complex structure, the star-forming region W31 at
spectrophotometric distance 3.4 ± 0.3 kpc (Blum et al. 2001).

3XMMJ180920.3-201857 is about 1.5′ to the northwest (in
Galactic coordinates) of source 3XMMJ180926.9-201930 which
was detected by the XMM-Newton as an extended X-ray source.
This extended source has a very hard spectrum with emission line
at 6 keV and is associated to the O-B cluster (Bica et al. 2003), aka
G010.1615-0.3623 (Urquhart et al. 2008). Stead & Hoare (2011)
estimated the cluster to be formed by about 35 candidates with
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Figure 6. Top left: Ten arc-minute RGB image centred around source 3XMMJ185210.0+001205 (red = MIPSGAL 24 µm, green = GLIMPSE 8.0 µm, blue
= EPIC-pn XMM-Newton). The position of 3XMMJ185210.0+001205 is pointed with an arrow. Top right: observed spectral energy distribution (coloured
dots) compared to the best fitting model (solid grey line). Bottom: WHT infrared spectra in the J, H and K bands from left to right.

implying an X-ray luminosity of 4.1+1.5
−1.3 × 1032 erg s−1 (at a distance

of 4± 0.2 kpc).

5.5 3XMMJ190144.5+045914

The infrared spectra of 3XMM J190144.5+045914 show the H I
Bracket and Pfund series in emission, which together with the He I
also seen in emission, indicate that the source is probably an early
type Be star, with spectral type O9e –B3e (Clark & Steele 2000;
Steele & Clark 2001), where the X-ray and UV photons originat-
ing from the hot Be star ionise the circumstellar disc giving rise
to hydrogen recombination emission lines. In the K band spectrum
photospheric absorption lines are visible. Emission lines of He II,
and Fe I are also present in the spectra.

The GLIMPSE and MIPSGAL images at 8-µm and 24-
µm respectively revealed an extended dark cloud in the direc-
tion of 3XMM J190144.5+045914 (see RGB composite image
in Fig. 7). At 8-µm emission is dominated by poly-cyclic aro-
matic hydrocarbons, and at 24-µm emission is dominated by very
small dust grains. The emission from this warm dust can explain
the high extinction observed for 3XMM J190144.5+045914, for
which we derived AK = 1.69+0.21

−0.15 (AV = 15 ± 2) magnitudes as-
suming the intrinsic colours of O9.5 stars from Martins & Plez
(2006) (note that this colours are independent of the stellar lu-
minosity class). According to Marshall et al. (2006) the extinction
AK reaches the range of values 1.5 − 1.8 in the Galactic direc-
tion (lII,bII)= (38.5◦,0◦) at a distance of about 7 ± 0.5 kpc. If
3XMM J190144.5+045914 is at a distance of 7 ± 0.5 kpc from the
Sun, the determined absolute magnitude is MK ∼ −7.1+0.7−0.4, i. e. MV
in the range −7.2 to −8.3 using the tabulated bolometric correction
of O9.5Ia stars fromMartins & Plez (2006), a range of values com-
patible with the absolute magnitudes observed in Westerlund 1 blue
supergiant stars (Crowther et al. 2006; Negueruela et al. 2010). We
fit the SED of a B0I (Teff = 26000K, log(g)= 2.84) stellar model

from Castelli & Kurucz (2004) to the observed SED. Assuming a
distance to the source of 7 ± 0.5 kpc, using the scaling factor from
the fit of to the BOI model to the observed SED, we derived an
stellar radius of about 45 ± 10R⊙.

X-ray emission from 3XMMJ190144.5+045914 was firstly
detected by ASCA, AX J190144+0459 (Sugizaki et al. 2001), as
extended diffuse emission, diffuse emission which was not con-
firmed by the XMM-Newton detection (Yamaguchi et al. 2004).
From a spectral fit of a power law model with Γ= 1.7 to
source 3XMM J190144.5+045914, Yamaguchi et al. (2004) de-
rived NH = 3.3 × 1022 cm−2 and a NH corrected flux of 5.1 ×
10−13 erg cm−2s−1 in the 0.5-10 keV band. At a distance of 7 ±
0.5 kpc, this implies LX ∼ 3 × 1033 erg s−1. With a count rate
0.033 ± 0.002 cts s−1 in the 0.2 – 12 keV band we estimated
LX = 3.1+0.8

−0.7 × 10
33 erg s−1. We remark the consistency between

Yamaguchi et al. (2004) results and ours.

6 DISCUSSION

In this section we discussed the possible origin of the hard X-ray
emission observed in these five X-ray sources, where infrared coun-
terparts pointed to two low-mass stars and three high-mass stars.

6.1 Low-mass stars

Single evolved low-mass stars are not expected to be hard X-ray
emitters, and accretion of matter from the red giant onto a compact
object is frequently assigned to be the cause of hard X-ray spectra.

The origin of the X-ray emission in 3XMM J174347.4-292309
is not clear. Neither GLIMPSE or WISE counterparts reveal
IR excess with respect to an M0III, excluding the possibility
of 3XMM J174347.4-292309 being a YSO. The probability of
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Figure 7. Top left: Ten arc-minute RGB image centred around source 3XMMJ190144.5+045914 (red = MIPSGAL 24 µm, green = GLIMPSE 8.0 µm, blue
= EPIC-pn XMM-Newton). The position of 3XMMJ190144.5+045914 is pointed with an arrow. Top right: observed spectral energy distribution (coloured
dots) compared to the best fitting model (solid grey line). Bottom: WHT infrared spectra in the J, H and K bands from left to right.

the 2MASS source being a spurious association to the XMM-
Newton source is very low (Pid = 0.99). From the measured HRs
(HR2= 0.094 ± 0.642, HR4= 0.789 ± 0.178), and the total NH in
the line of sight an extragalactic origin for the X-ray emission
is not excluded. Although the WISE colour W1 –W2= 1.340 ±
0.057 is consistent with values expected for quasars, the colour
W2–W3= 0.136 ± 0.057 is out of the quasar region (Wu et al.
2012). Colours J –Ks = 4.986 and Ks –W3= 2.177 are consist-
ent with AGB stars (Tu & Wang 2013). Symbiotic binaries, i.e.
wide binaries in which a white dwarf accretes matter from the
wind of a companion red giant star, have soft X-ray spectra, and
show emission line spectra. Recent studies, based on Swift/XRT
observations, have nevertheless shown that this class of objects
can also have hard X-ray spectra (Luna et al. 2013). Although
we did not detect any emission line in the infrared spectra of
3XMM J174347.4-292309, which would rule out a possible symbi-
otic nature of the source, there are a few symbiotic binaries lacking
emission lines (Munari & Zwitter 2002; Hynes et al. 2013). The
X-ray luminosity of 3XMM J174347.4-292309, LX = 5.5+4.3

−2.9 ×

1030 erg s−1, is within the values observed in symbiotic binaries.
We tentatively classify the source as a symbiotic binary.

We classified 3XMMJ185210.0+001205 as a M2I based on
the IR spectra taken at the WHT of 2MASS 18521006+0012073.
Red supergiant stars are descendents of OB stars that went through
episodes of strong mass loss during their evolution in the asymp-
totic giant branch. So far no RSG has been detected in X-rays. In
the infrared spectra of 3XMMJ185210.0+001205 no emission line
was observed. The probability of association between the 3XMM-
DR4 and the 2MASS sources is rather low, being Pid = 0.67, a
value at which the fraction of spurious associations is expected
to be 10%, i.e. in our sample of five observed sources we ex-
pect to have about one wrong association. We thus considered
2MASS 18521006+0012073 being a likely spurious infrared iden-

tification of 3XMM J185210.0+001205, and the nature of the X-ray
emission of 3XMM J185210.0+001205 remains unclear.

6.2 High-mass stars

The origin of hard X-ray emission in massive stars is still in debate.
There are mainly three competing scenarios: intrinsic X-ray emis-
sion, wind accretion into a compact object and colliding winds in a
binary system. These three scenarios have been discussed in great
detail in Mauerhan et al. (2010). We here briefly summarised the
main properties of systems in the different scenarios.

Intrinsic X-ray emission in massive stars is typically thermal
and soft and is due to radiative shocks within the wind of the single
star of between winds of the components of a binary system (?).
Hard X-ray emission, although rare, has been detected in single
massive stars (e.g. θ1-Orionis C). As a possible explanation to the
hard X-ray emission (kT∼ 3 keV) it has been suggested that the
high magnetic fields observed (! 1 kG) would confine and chan-
nel the stellar wind from the poles into the equator where a shock
would heat the plasma up to 107 K, producing thus hard X-ray emis-
sion (Gagné et al. 2005). Mauerhan et al. (2010) calculated that the
strength of the magnetic field would need to be " 5 kG in order to
be able to confine the fast winds observed in the WR and O stars
from their sample, a sample similar to ours. Since so far there is
no observational evidence of such high magnetic fields in WR stars
we disregard this scenario as a possible explanation for the X-ray
emission observed in the three massive stars found in our sample.

Supergiant high-mass X-ray binaries (SGXBs), i.e. a neutron
star or a black hole accreting from the strong radiative wind of
a OB supergiant or a WR star, have persistent X-ray luminosit-
ies LX ∼ 1035 − 1036 erg s−1, show rapid variations and are rather
constant in the long time scale (see Sguera et al. 2006, and ref-
erences therein). The X-ray luminosities observed in our sample
of massive stars are too low to be compatible with SGXBs. Su-

Fig. 2: Composite RGB images centered around 
the five observed targets and followed by their 
infrared WHT J, H and K spectra. 

The nature of the low to intermediate X-ray luminosity of hard (> 2 keV) sources revealed in the Galactic 
Plane by different X-ray missions is still poorly unconstrained. This is so due to the lack of large and 
representative samples and due to the high absorption in the Galactic Plane which makes the identification 
of the X-ray counterpart difficult. As part of the ARCHES project (see poster by C. Motch), we investigated 
the nature of the hard (> 2 keV) X-ray content of the Galactic Plane seen by XMM-Newton and conducted 
an infrared study of the detected sources. We report here on the results of a pilot survey in which we 
obtained infrared spectra of five sources in the William Herschel Telescope. 

What kind of sources do we expect? !
While stars dominate by numbers the low luminosity soft (< 2 keV) 
Galactic X-ray sky, low- and high-mass X-ray binaries account for most of 
the high-luminosity hard (> 2keV) Galactic sources. At intermediate 
luminosities different types of sources have been detected, such as 
cataclysmic variables and RS CVn binaries. Nevertheless the number of 
O and B high-mass stars and of Wolf-Rayet stars, isolated or in 
binaries, discovered in this luminosity range is constantly increasing 
(Mauerhan et al. 2010, Anderson et al. 2011).

The Pilot Study!
We studied the content of the 3XMM catalogue in 
the Galactic Plane. We crossmatched the detected 
sources with the 2MASS and the GLIMPSE 
catalogues and found high probability counterparts 
for 690 sources. The majority of the soft sources 
have infrared and X-ray to infrared flux ratios 
compatible with active coronae, while hard sources 
are compatible with Wolf-Rayet, Be stars and HMXB 
(see Figure above). We tentatively classified sources 
on the basis of their infrared and X-ray colors and 
preselected five sources for spectroscopic follow-up 
observations. 

Based on the infrared spectra and X-ray luminosities we classified three sources as Wind colliding binaries 
or Super-giant fast X-ray transients and one as a symbiotic binary. One of the five sources is likely a 
spurious identification. This pilot study demonstrates the validity of the selection method and should allow 
us to gather a significant number of hard sources for population studies.

Abstract !

The results

Fig. 1: Infrared versus X-ray to infrared ratio of soft 
(small light gray) and hard (big dark gray) X-ray 
sources compared to stars (large light gray), HMXB 
(red), Be stars (green) and WR stars (blue). Targets 
of the pilot study are shown with a star symbol. 
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Figure 2. Infrared-infrared and X-ray-infrared colour-colour diagrams of 3XMM-DR4 sources with bright 2MASS and GLIMPSE counterparts (small grey
dots), hard X-ray sources (dark grey), known hard X-ray HBXBs (red), WRs (blue) and Be stars (green), and soft X-ray stars (light grey). The colour criteria
developed for the selection of high-mass stars avoiding the soft stellar locus is shown in grey in the lower right panel. See text for a more detailed explanation.
The five systems studied in this paper are shown as black stars and are labelled from 1 to 5 as listed in Table 3 (in the column ’References’). In the upper left
panel a reddening vector with AV = 20 is shown.

Table 2. Statistics of source type

Total WR Be HMXB LMXB Nova Stars AGN Unid

Hard 173 3 3 11 1 1 5 1 148
2% 3% 6% 1% 1% 3% 1% 83%

Soft 517 7 0 0 1 0 85 0 424
1% 0 16% 82%

ray-infrared colour-colour diagrams, highlighting the position of
the hard X-ray sources and high-mass hard X-ray stars and binaries.
We compared infrared and X-ray colours with those of the stellar
sample from Nebot Gómez-Morán et al. (2013) and found that hard
HMXBs, WR and Be stars are positioned in a different location in
the X-ray versus infrared flux ratio fX/fKS (see bottom right panel
of Fig. 2). We calculated the X-ray flux from the count rate in the
0.2 – 12 keV band and using a count rate to energy conversion factor
(ecf ), which we computed assuming a thermal Bremsstrahlung
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