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Abstract. We discuss the results of twéMM-Newtonobservations of the open cluster NGC 6604 obtained in Aprd a
September 2002. We concentrate mainly on the multiple sy$i® 167971 (O5-8V + O5-8V + (0O8l)). The soft part of
the EPIC spectrum of this system is thermal with typical terafures of about 8 10° to 9x 10° K. The nature (thermal

vs non-thermal) of the hard part of the spectrum is not ungothisly revealed by our data. If the emission is thermal, the
high temperature of the plasma 2.3 x 107 to 4.6x 10" K) would be typical of what should be expected from a wind-avin
interaction zone within a long period binary system. Thisssion could arise from an interaction between the combivieds

of the O5-8V + O5-8V close binary system and that of the maseadi O8] companion. Assuming instead that the hard part of
the spectrum is non-thermal, the photon index would be ratteep (& 3). Moreover, a marginal variability between our two
XMM-Newtonpointings could be attributed to an eclipse of the O5-8V +&¥5system. The overall X-ray luminosity points
to a significant X-ray luminosity excess of about a factor dgioly due to colliding winds. Considering HD 167971 alorithw
several recent X-ray and radio observations, we proposé¢haimultaneous observation of non-thermal radiatiaghénX-ray
(below 10.0 keV) and radio domains appears rather unlikady. investigation of ouXMM-Newtondata of NGC 6604 reveals

a rather sparse distribution of X-ray emitters. Includihg two bright non-thermal radio emitters HD 168112 and HDIia7

we present a list of 31 X-ray sources along with the resultdhefcross-correlation with optical and infrared cataleguke
more complete spectral analysis is presented for the lesgbt-ray sources. Some of the members of NGC 6604 presem som
characteristics suggesting they may be pre-main sequéarceamdidates.

Key words. radiation mechanisms: non-thermal — stars: early-typarssindividual: HD 167971 — stars: winds, outflow —
X-rays: stars

1. Introduction Some massive stars are known to display non-thermal emis-
e sion in the radio domain (see e.g. Bieging et al. 1989; Wiika

The nature of the X-ray emission from hot stars has been [f¢ga) pougherty & Williams[{2000) showed that most of the

subject of many discussions over the last three decades. [B&_thermal radio emitting Wolf-Rayet (WR) stars are bina-

bulk of the X-ray emission of single O-stars arises in a "ot 0feg gggesting that the non-thermal phenomenon migitt-be i
tically thin thermal plasma inside the stellar wind. The&Sp (i ately related to multiplicity. However, the situatioarfO-

mas are believed to be heated up to severakilly shocks re- a1 i much less clear as the binary fraction among O-type

sulting from instabilites related to the line driving meofsmn 0 ihermal radio emitters is apparently lower than for WR
responsible for the mass loss of massive stars (see e.9.KDWQE, o (see Rauly 2004).

& Rybicki 1985; Feldmeier et dl.1997). The case of massive The non-thermal radio emission. which is thouaht to be
binaries is more complex, because they harbour a wind icttera ' 9

tion zone that can produce a substantial additional X-raigsemSynChrOtron emission (While_1385), requires the presefce o

sion (Stevens et al. 1992). Such a wind collision is expetnieda population of relativistic electrons inside the radio img

heat the shocked plasma to temperatures of sevefal.10 region, as well as the existence of a moderate magnetic field.
| On the one hand, high energy electrons could be accelerated

* Based on observations with XMM-Newton. an ESA Sciencirough the first order Fermi mechanism in shocks (Pollock
Mission with instruments and contributions directly fuddey ESA 1981; Chen & Wh_'te 1991; Eichler & Usav 1993). On the
Member states and the USA (NASA). Partly based on obsenati®ther hand, the existence of magnetic fields of a few hundred
collected at the European Southern Observatory (La SihdelC Gauss has recently been confirmed in the case of a few
** Research Associate FNRS (Belgium) massive stars (Donati et Al 2001, _2002). For a discussion
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of the physical processes involved in this scenario, see exg2 x 10-°My yr~! and a terminal velocity of 3100knT$
De Becker et al.[{2005). If the ingredients required for norier the brightest third star. The study of Davidge & Forbes
thermal radio emission are present, one may wonder whetf{E888) confirmed the orbital period of the close binary sys-
the relativistic electrons could produce a signature aemthtem. Their photometric solution, which is in better agreatne
essentially higher, energies. Indeed, the intense UV flamfr with observations, has non-zero third light, suggesting th
massive stars could interact with relativistic electrdmetigh HD 167971 is indeed a multiple system. However, we note that
Inverse Compton (IC) scattering resulting in a power laat this stage there is no evidence of a gravitational linkveen
X-ray emission component (Eichler & UsQv_1993; Chen &he third star and the eclipsing binary.
White[1994). Such a scenario could apply both to single and In his review of radio emitting hot stars, Williams {1996)
binary systems, since both types of objects are believedligis HD 167971 as a hon-thermal emitter, with a radio spéctr
harbour hydrodynamic shocks that could accelerate pasticlindex of —0.6 and a 6cm flux level ranging between 13.8
There are two major questions to be addressed in orderated 17.0 mJy. It is the strongest non-thermal radio emitter
fully understand non-thermal phenomena in early-typesstareported in the study of Bieging et &l. (1989). This star @ppe
(1) one has to establish whether non-thermal X-ray emissioonsequently to be a good candidate to study the implication
really occurs, and (2) one has to check whether single starsaf binarity on non-thermal emission processes. This paper
indeed able to produce non-thermal radiation. is devoted to the analysis of tw&MM-Newton pointings
obtained in 2002. The radio results from the VLA, as well as a
In the framework of these considerations, non-thermdiscussion of archive radio data, will be presented in ars¢pa
radio emitting massive stars are a priori privileged taggbaper (Blomme et &l. 200bb, in preparation).
to search for an X-ray counterpart to this non-thermal radio
emission. We therefore initiated a joint X-ray and radio NGC6604 is a rather compact open cluster lying at the
campaign aiming at a better understanding of the emissioore of the HII region S54 (Georgelin et [@al.1973), in the
processes in non-thermal radio emitters. The first targttief Ser OB2 association (Forkies2D00). The study of Forbes &
campaign observed witiMM-Newtorwas the O4V((f)) star DuPuy [197B) revealed that it is rather young4 Myr) as
9 Sgr (Rauw et al.2002). Whilst the X-ray spectrum of 9 Sguggested also by the possible presence of pre-main sefjuenc
displays indeed a hard emission tail, the very nature of tfitMS) objects. However, the study of Barbon et[al.{2000) did
latter, thermal or non-thermal, could not be fully estaidid. not confirm the existence of pre-main sequence stars, gthou
Optical spectra of 9Sgr revealed long term radial velocithese authors also derived an age of the cluster of about
variations suggesting that 9 Sgr could indeed be a longgerb 4+ 2 Myr. The same authors derive a distance to the cluster of
binary system. The second object considered was HD 168Htbut 1.7 kpc. In addition to the study of the two non-thermal
(De Becker et al.2004b). This O5.5IIf(f star, belonging to radio emitters mentioned hereabove, the X-ray observation
the NGC 6604 cluster (Barbon et [al. 2D00), also shows sowmieNGC 6604 offers also the possibility to study the stellar
evidence for binarity although no radial velocity variatso population of the cluster. Indeed, recetiiM-Newtonobser-
were found. Indeed, De Becker et al. (2004b) report changesions of NGC 6383 (Rauw et al. 2003) and NGC 6231 (Sana
of the nature of the radio emission (going from composite & all2005) reveal a strong concentration of X-ray selected
strongly non-thermal, with a flux variation by a factor 5-7PMS stars around the most massive cluster members that are
simultaneously with a significant decrease of the X-ray fluound in the cluster core. Such mass segregated clustdrs wit
(about 30%), suggesting that a wind collision occurs in anconcentration of low-mass PMS objects could indicate that
eccentric long period binary system seen under low indbmat the most massive stars have formed through a combination of
Blomme et al.[(Z005%a) suggestal.4 yr period for the radio gas accretion and stellar collisions in the very dense cére o
fluxes. These results lend further support to the idea thhe cluster (Bonnell et &al. 1998; Bonnell & Bate 2D02; Bohnel
binarity might be a necessary condition for non-thermaiaadet all2008). TheXMM-Newtonobservation of NGC 6604 is
emission, also in O-stars. This paper is mainly devoted&o texpected to bring new insight on the existence of low-mass
study of HD 167971, another non-thermal radio emitter whidPMS stars in this cluster.
is known to be a multiple system (Leitherer et al. 1987), and
belongs also to NGC 6604. This paper is organized as follows. In SEtt. 2, we briefly
discuss the data reduction. Secfibn 3 describes the X-i& sp
HD 167971 was first classified as an O8f star (Hiltndral analysis, as well as some considerations relevanteo th
1956). This system has been a target of several photometatliding winds context. In Sedil 4 we compare our results fo
studies (i.e. Johnsdn_1965; Moffat & Vgt 1975; Leitherer &D 167971 with archival X-ray observations. Secfibn5 is de-
Wolf 1984). The IR study of Bertout et al._(1985) yieldedoted to a general discussion of HD 167971. The X-ray emis-
M ~ 94 x 100°Mgyr~! and w, ~ 2120kms’. In a sion from the other sources in the field of view is discussed in
more recent photometric and spectrometric study, Leithetre Sect[®. Finally, our conclusions are presented in Bect. 7.
al. (1987) proposed this system to consist of a close enbipsi
binary made up of 2 similar O-stars, with a third more lumis :
nous and more distant O-type companion (O5-8V + 05—8VI2+' Observations
(0O81)). Their analysis of the light curve revealed a 3.32&8d We obtained twoXMM-Newton(Jansen et dl.20D1) obser-
period for the eclipsing binary. They found a mass loss ratevations of the NGC 6604 open cluster during revolution
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426, in April 2002 (Obs.ID0008820301, JD 2452 372.477on-thermal emission arising from the Inverse Compton (IC)
— 2452372.637), and revolution 504, in September 2082attering of UV photons due to the presence of a population
(Obs.ID 0008820601, JD 2452526.694 — 2452 526.868). Thkrelativistic electrons (Pollock_ 1987; Chen & White 1991;
aim-point of these observations was set in such a way asHichler & Usov 199B), power law models were also considered.
monitor simultaneously the two non-thermal radio emitteBur grid of models therefore includes pure thermal modeld, a
HD 168112 and HD 167971 within a single EPIC field of viewthermal plus non-thermal models.

The exposure time for both observations was about 13ks. For The 2 minimization technique was used to estimate the

details on these exposures and on the reduction procedyigity of the fits described in the following paragraphs of
we refer to the paper devoted to HD 168112 (De Becker s section. The parameter values quoted in TaBles 2 and
al.2004Db). B are obtained through this method. However, to check the
The X-ray events of HD 167971 were selected from insidgnsjstency of our approach, we confronted these resutls wi
a 60 arcsec radius circular region centered on the star. kRgse obtained with other techniques. Indeed, when ons deal
background was extracted from an annular region around {gnh small count numbers the parameter estimation could be
source. The inner and outer radius of this annulus were choggnieved through the C-statistic (C4sh 1979), or alterelti
to obtain a surface area roughly equal to the source regéan agyith the 2 statistic using a Churazov weighting (Churazov et

Both regions are shown in Fig. 1 in the case of the three EPAE [1996). Both methods yield results compatible with those
fields, for both observations. In each case, the sourcenegioqyoted in TableBl2 arid 3 within the error bars.

affected by at least one gap, which was excluded by means of

a rectangular box. These boxes were adjusted followingea car

ful inspection of the adequate exposure maps. Unfortunatel

these gaps sometimes cross the source region close to its 8eh.1. Wind absorption

ter, strongly affecting the results discussed hereafte¢hd case )

of the EPIC-pn data sets, the background region is crossed"[‘)?aCh case, two separate absorption columns were used to ac

absorption respectively. The first absorption componedties

to neutral material and the hydrogen column density was fixed

3. The EPIC spectrum of HD 167971 at 0.63x 10?2 cm~2. This value was obtained through the gas
to dust ratio given by Bohlin et all{1978), usingB — V)
color index of +0.77 (Chlebowski et &l. 1989) and an intinsi
As already stated by De Becker et al._(2004b), the end of tbelor index(B — V'), of —0.31 estimated for an O8 star (see
April 2002 exposure is affected by a strong soft proton flareg. Mihalas & Binney 1981). For the second absorption col-
(see Lumlh2002). However, it appears that the background sutnn, left as a free parameter while fitting the spectra, we use
traction provides an efficient correction, and the conta@d the ionized wind model already presented by Nazé etal4R00
time interval was therefore not rejected. Indeed, the lefile  This model considers the absorption by the 10 most abundant
background is at least a factor 2 lower than the mean count ratlements (H, He, C, N, O, Ne, Mg, Si, S and Fe) fixed at their
inside the source regién solar abundances (Anders & Grevesse 1989). We used the stel-

To carry out this spectral analysis, we followed the sant@ fluxes from the Kurucz library of spectra, and a standard
procedure as already applied to other targets like HD 1591w#hd velocity law with5=0.8.
(De Becker et al.2004a) and HD 168112 (De Becker et The main problem to model the wind properties of
al.2004b). We chose a list of models including thermal angh 167971 with this model is that it only accounts for the
non-thermal emission components. Massive stars are kn@Wiygometry of a single star wind, although we know that our
display thermal spectra with strong and broad emissiors lin@rget is a triple system. The choice of the parameters ad-
(e.g.¢Pup, Kahn et al. 200%; Sco, Cohen et &l. 2003). Mostequate for our purpose is therefore not straightforward. To
current models consider that, in the case of single O-stac$} check the sensitivity of the wind opacity calculated by this
hot plasmas are produced by strong shocks inside the stefigfdel regarding the stellar parameters, we computed sev-
wind (Feldmeier et al. 1997). To model the emission spectrudfg| opacity tables covering a parameter space typical for a
arising from such plasmas, we used an optically thin thermahge of spectral types including that of the components of
plasmarekal model (Mewe et al. 1985; Kaasira 1992) availyp 167971. This grid was calculated for mass loss rates rang-
able withinxspec In the case of massive binaries, collidingng from 106 to 10-5 M, yr—!, and terminal velocities be-
winds can also heat the plasma in the wind interaction zonewghen 2200 and 3100kms. These domains cover differ-
a temperature of up to a few times*1B. The emission from ent values proposed by some authors for the parameters of
the wind interaction zone can also be modelled with opycalHp 167971 (Bertout et 4. 19B5; Leitherer efal. 1987). Weluse
thin thermal plasma codes (see e.g. the case of HD 159176 4p& three different Kurucz spectra, respectively reteteeas
Becker et al.2004a). Moreover, to account for the posgitoli |0\ (7,3=30 000; logy=3.5),mediun(Z.#=35 000; log;=4.0),

! In the case of HD 168112 (De Becker et[al.2004b), the soft prBNdhigh(Z.#=40000; logy=4.5), and we computed the optical

ton flare did not affect significantly the spectral analysisaugh the depth ¢) as a function of the energy for X-ray emitting shells
background level was of the same order of magnitude as theesodocated between 1.5 and 100 stellar radii. The opacitiadtres

count rate. ing from the normalization of by the hydrogen column of the

3.1. Spectral analysis
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See GIF figure (figl.gif)

Fig. 1. Source (circle) and background (annulus) regions seldoteithe spectrum extraction of HD 167971. Boxes were used
to exclude the CCD gaps and bad columns. We see clearly thmet sbservations are strongly affected by the presence & the
gaps. The images are displayed in detector coordinates.

Table 1. Parameters selected to compute the opacity table used F 3
for the modelling of the absorption of X-rays by the ionized 107 & =
wind material. B 1
Togr (K) 35000 R T E E

log g 4.0 = B ]
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Fig. 2. Opacity resulting from the normalization of the opti-
wind is very similar whatever the case considered withis thf@l depth by the hydrogen column density as a function of the
parameter space. Consequently, any set of parameteredoc&f€rgy for ionized (solid line) and neutral (dashed linejavi
within the boundaries discussed hereabove appears to be gerial.
quate. In the next section, we will discuss spectral fittings
ing the opacities we obtained from thegh Kurucz spectrum,
and the parametgrs quoted in Tdhle 1. The p_arameter§ werezsg-o Spectral fittings
lected on the basis of the values used or derived by Leitletrer
al. (1987) in the computation of synthetiaxprofiles for this As previously mentioned, most of our data sets are strorfgly a
star. Fig[® shows the normalizedas a function of the energyfected by the presence of gaps and/or bad columns. Only the
for the ionized wind (solid line), along with the same qugnti EPIC-MOS1 and EPIC-MOS2 observations of April, and to
for neutral material (dashed line). We see that the largedt d some extent the EPIC-pn observation of September appear to
ation between the neutral and ionized cases is observed at lie only slightly affected. In all other cases, the CCD gags li
energies. The opacity table obtained with the parametseslli very close to the center of the PSF of the source. Since tlae dat
in Tabldd was converted into a FITS table in a format suigeriously affected by gaps yield unreliable spectral fisscan-
able to be used as a multiplicative absorption model withén tsider only the spectral fits for those data that are leasttaife
xsPEcsoftware. It will be referred to as thé nd absorption Two-component models were used as a first step with some
model in the remainder of this paper. success, but it appeared that those models were unable to fit



M. De Becker et al.: AlKMM-Newtonobservation of NGC 6604 5

Table 2. Parameters for EPIC spectra of HD 167971 in the casenaftes* wi nd* ( mekal +nmekal +nekal ) model. Results
are given for MOS1, MOS2, combined MOS in the case of the Agisdervation, and for EPIC-pn only in the case of the
September one. The first absorption component is froze6as010*2 cm—2. The second absorption column, quoted\gs(in
cm~2), stands for the absorption by the ionized wind materiak Tst column gives the observed flux between 0.4 and 10.0
keV. The normalization parameter (Norm) of tirekal component is defined 430~*/(4 7 D?)) [ no nu dV, whereD, n,
andny are respectively the distance to the source (in cm), andéogren and hydrogen number densities (inéh The error
bars represent thed-confidence interval.

LogNy  kTy Norm kT, Norm, kT3 Norms X2 Obs.Flux
(keV) (keV) (keV) d.of. (ergcm?s 1)

April
MOS1 21.77 0.27 1.38 1072 0.79 2.05x 1073 3.30 6.38x10°*  0.867 1.79< 10 '2
+0.08 +0.02 +067x102 +0.08 +0.72x10% +1.32 +3.86x10°* 120

MOS2 21.78 0.24 1.68 1072 0.77 2.62x 1073 3.96 4.26x10°% 1115 1.69< 10712
+0.07 +0.02 +076x102 +0.06 +0.76x10% +268 +3.81x10* 116

MOS1 21.78 0.25 1.52 1072 0.78 2.35x 1073 3.57 521x107% 0973 1.70x10°'2
+MOS2 +0.05 +0.01 +050x10°2 +0.05 +052x10% +125 +273x10°% 243

September

pn 21.69 0.27 9.55 1073 0.77 1.87x 1073 2.40 547x107*  1.089  1.49 10 '2
+0.06 +0.01 +286x10°% +£005 +043x10° +043 +£232x10* 244

Table 3. Same as Tabléd 2, but in the case ef@s*w nd* ( mekal +nekal +power) model. For the power law component,
the normalization parameter (Nogjrcorresponds to the photon flux at 1 keV.

Log Nw KTy Normy kT, Norm, r Normg X2 Obs.Flux
(keV) (keV) dof. (ergcm?s7!)

April
MOS1 21.48 0.31 4.24 1073 0.75 1.36x 1073 3.04 8.47x 1074 0.851 1.70< 10712
+028 4005 +£577x10% +0.08 +0.78x10°® +0.282 +5.09x 10°* 120

MOS?2 21.66 0.25 9.54 1073 0.75 2.04x 1073 2.95 6.07x10°*  1.095 1.63< 1012
+014 +002 +666x10° +0.06 +0.94x10% 40426 +6.25x10* 116

MOS1 21.63 0.27 8.02 1073 0.76 1.78x 1073 2.94 6.78x10°*  0.954 1.70< 1012
+MOS2 +0.11 +0.02 +465x10°% +0.05 +0.64x103 +0.268 +4.21x10°* 243

September

pn 21.68 0.27 9.0& 1073 0.78 1.84x 1073 2.51 2.96x 107  1.072 1.5 10 '2
+007 +0.01 +318x10% +0.05 +047x10% +0.33 +278x10°* 244

data above about 4-5 keV. As a consequence, we used tHyetveen the results of the two models reveals no signifiagntd
component models, each one having tvekal thermal com- ferences in the quality of the fit. Both models are nearly e&ui
ponents, plus another thermal or power law component. Sdiamt within the error bars for the two first thernmeékal com-
abundances are assumed throughout our fitting procedp@nents. Thec? values obtained and used as goodness-of-fit
The results obtained with these two models are summarizederion are very similar for all EPIC instruments, eitloen-
in Tables[2 andd3. The last column of these tables yieldiglered independently or combined. Moreover, the fluxds est
the observed (i.e. absorbed) flux integrated between 0.4 anated on the basis of these two models are similar within the
10.0keV for each set of model parameters. The dispersionemor bars, reinforcing the idea that both models reproduee
the flux was evaluated from the range of fluxes for the modeigectral shape rather consistently. Unfortunately, thoe goal-
with parameters covering the confidence intervals quotediiy of the data above 5 keV does not allow us to unambiguously
Tables? and]3. According to this approach, the error on thkeck for the presence of the Fe K line that could help coimstra
flux in that energy band is expected to be about 5 %. the nature of the hard spectral component. These resulis sho
that the ambiguity of the nature of the hard part of the spec-

First. the EPIC-MOS1 and EPIC-MOS2 results of the Aerum (thermal versus non-thermal) can not be alleviatet wit
observation appear to be very consistent, and our modeks wpr data. This case is reminiscent of the results ofXiM-

also fitted to the two data sets simultaneously. A comparison
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EPIC—MOST and EPIC—MOS2: 3—T MODEL Table 4. Observed count rates for the three EPIC instruments
evaluated between 0.4 and 10.0 keV. The error bars on thé coun
rates represent thed confidence interval.

0.1

0.01

Observation MOS1CR MOS2CR pnCR
(ctss™h) (ctss!)  (ctssh)

1073

normalized counts/sec/keV

+ April 2002 0.146 0.143 -
e +0.004  +0.004
September 2002 - - 0.465
° +0.008
b
I 015 ‘ — 1‘ 2 ‘ ‘ 5 ‘ - 10 . .
channel energy (keV) 3.2. X-ray luminosity of HD 167971

Fig.3. Combined EPIC-MOS1 and EPIC-MOS2 spectra c:)%'z'l' X-ray variability

HD 167971 for the April 2002 observation, fitted withwhen investigating the X-ray variability of a system like
awabs*w nd* (mekal +mekal +mekal ) model between HD 167971, one has to consider several scenarios likely to
0.4 and 10.0 keV. produce variations in the X-ray luminosity. Variability wad
indeed be expected for several reasons. First, the inienauft

the stellar winds of the two components of the O5-8V + O5-8V
close binary system could vary with the phase. Since theclos
binary has a circular orbit (van Genderen et_al. 1988), the
only way to produce a modulation of the X-ray flux from the
wind-interaction zone would come from a change in the col-
umn density along the line of sight as a function of the otbita
phase. The resulting change in absorption would then mostly
affect the soft part of the EPIC spectrum. Nevertheless, no
significant change appears in the spectrum or in the absarpti
component of the model used to fit the data between the first
and the second exposure. A second possible origin couldbe th
putative wind-wind interaction due to the presence of thelth
star, if the system in indeed triple. The stellar wind of thied
component is indeed likely to produce a second interaction
zone by colliding with the winds of the stars of the close bjna
fSystem. Finally, variability could possibly result frometh
gclipse of the O5-8V + O5-8V hinary system. According to the

wabs*wi nd* ( mekal +mekal +mekal ) model between ephemeris derived by Leitherer et al. (1987), the April obse

0.4 and 10.0 keV. The three components are individuaé\?tlon was performed between phases 0.64 and 0.69, and the
displayed. eptember one between phases 0.04 and 0.12. As phase zero

corresponds to the primary eclipse, we see that the Septembe
XMM-Newtonobservation was performed when the primary
was partially hidden by the secondary, allowing us to pdgsib
Newtonobservations obtained in the case of other non-thernexipect a lower X-ray flux than during the April observation
radio emitters (see e.g. 9 Sgr, Rauw et al. 2002). when no eclipse occurred. However, the extrapolation & thi
The EPIC-pn observation of September gives results veaphemeris to the epoch of our observations must be condidere
similar to those of the EPIC-MOS ones of April. Even if somwith caution, especially for such a short period. To clatifis
systematic deviations could be expected as the EPIC-MOS apgstion, we investigated the X-ray variability of HD 16797
EPIC-pn instruments are somewhat different, we see that the the basis of the results of our twdVIM-Newtonobser-
overall spectral shape remained more or less steady betweations, along with a confrontation to archive data (se¢.Epc
the two observations. If we consider the three-temperature
model, we see that the emission measure of the soft ther- Count rates of HD 167971 between 0.4 and 10.0 keV are
mal component decreases from April to September. This geesented in Tab[g 4. Since CCD gaps (seelfig. 1) affect the
crease is responsible for the lower flux quoted in TBble 2 farea of the effective source region considered for the eseent
the September pointing. However, if we consider the model dection, the variability between our two observations canbe
scribed in TablEI3, it is the normalization factor of the poweliscussed on the basis of count rates.
law which decreases between the two pointings whilst the pa- To obtain a more consistent, although model dependent
rameters of the two thermal components remain steady.  way to quantify the X-ray emission, absorbed fluxes and fluxes

EPIC—pn: 3—T model

normalized counts/sec/keV

channel energy (keV)

Fig. 4. EPIC-pn  spectrum of HD167971
the September 2002 observation, fitted with
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corrected for interstellar absorption were evaluated am th 8

basis of the pure thermal model. The fluxes quoted in Table & ©

give a rough idea of the behaviour of HD 167971 betweené

April and September 2002. If we make the assumption thato —

we can compare the fluxes obtained separately with thaa

EPIC-MOS and EPIC-pn instruments, we observe a slightgg

decrease of the X-ray flux~(12%). However, we remind &

that the error on the flux estimate is about 5%, and thats o~ Lo Lo 1
) ) 1980 1985 1990 1995 2000 2005

such a heterogeneous comparison may introduce anothér Date

systematic error of a few percent. Therefore, the varigbili

of HD 167971 between the twXMM-Newtonobservations Fig. 5. Normalized equivalent X-ray count rates of HD 167971

is of rather low level. If this slight variation is real, it ede arising from different observatories, as a function of time

due to the eclipse occurring during the second observatonla EINSTEINIPC, March 1981. 2ROSATPSPC, September

pointed out above. We note however that the decrease of 11#93. 3:ROSATHRI, September and October 1995 XNIM-

emission measure is observed mostly for the soft componsigwtorEPIC, April 2002. 5XMM-NewtoREPIC, September

in the case of the three-temperature model, whilst the chse2002. We note that thROSATand EINSTEINpoints are aver-

V444 Cyg discussed by Pittard_(2002) shows that the eclipsged values from several observations spread over a fevg hour

would indeed be expected to reduce mainly the flux in the a few days.

hard part of the X-ray spectrum. A detailed modelling of the

effect of the absorption by the winds, of the occultation of

the colliding zone, and of the dynamic of the stellar winds

including radiative inhibitaion effects is needed to irtigate TomM 7.2x 107710 6.3x 10" respectively for the April and
the effect of the eclipse on the observed X-ray spectrum. the SeptembeXxMM-Newtonobservations. These values yield

X-ray luminosity excesses of about a factor 4.2 and 3.7 ftin bo

The variability on shorter time scales was also invest'n\t}ate0 pservatlons respectively. These values__are significarido
Light curves were generated in different energy bands betwe 1Y the scatter of the re_zlauon of Berghqfer etlal (198dp-
0.4 and 10.0keV, with time bins ranging from 100 s to 1000 gesting that HD 167971 is overluminous in X-rays.
These light curves were background corrected, and each time
bin accounts for Good Time Intervals (GTisyariability tests 4 Comparison with previous observations
(chi-squarepowvtes) were applied to all of them and no sig-
nificant short term variability was found. HD 167971 was observed with tHEENSTEINsatellite on 31

March 1981 (sequence number 4240, 5.22 ks). Chlebowski et
o al. (1989) reported an X-ray luminosity of 5810%3 ergs!

3.2.2. Overall luminosity for a 2 kpc distance. This value is slightly larger than ¥NMM-

To obtain an estimate of the overall X-ray luminosity cotegc Newtonresuilts. However, we compared BENSTEINresults

for the ISM absorption, let us consider the model paramet(%gsours following a more model independent way. We passed

obtained in the case of EPIC-MOS for the first observatio ’e model obtained in the case of the three t_hermﬁtal_
components through tHEINSTEINresponse matrix to obtain a

and EPIC-pn for the second one. This yields/an of about simulated IPC spectrum. The model parameters are taken from
4.3x 10%3 and 3.8< 10%3 1 tively for the April and . : . . N
~ an €rgs - respectively for ine April an tpe simultaneous EPIC-MOS fit for the April observation, and

September observations, for a distance of 2 kpc. According
. . . m EPIC-pn for the September one (see Thble 2). Count rates
the bolometric magnitudes given by van Genderen et al. 1)19§§ére estimated between 0.2 and 3.5keV (the energy range of

for the three components of this presumably triple systemn, ) . :
we can infer bolometric luminosities of 1:510%° ergs! for Ptﬁ'e IPC instrument) on the basis of these simulated sperir,

each star of the close binary system, and:31D*° ergs™! for we obta.\ined 0.04% 0.001cts s' and 0.047+ 0.001ctss!
the third component. This yields a total bolometric lumino espectively for the April and the September 2002 exposures
ity of about 6.0x 10°° ergs 1. Following the empirical rela- hese values are in excellent agreement with the count rate

i ; ‘ ; 1
tion given by Berghofer et al. (1907) applied to the threerme given by Chlebowski et alL{1989), i.e. 0.0300.005ctss".

bers of the multiple system, we infer expected individual X-I:-h's result suggests that at the time of BINSTEINobserva-

ray luminosities and add them to obtain a total X-ray lumino jon, HD 167971lwas in an emission state similar to XiktM-
ewtonobservations.

ity of about 1.0x 10*3ergs* ding t t
"y o abou ergs | Cormesponting ‘o an expecte This target was also observed wiROSAT A PSPC

Lx/Ly ratio of about 1.3 10~7. Following the X-ray lumi- .
nosities derived hereabove, the obserded .., ratio goes observation (rp500298n00, 9.29 ks, performed between 13
' © September and 15 September 1993) reports a count rate of
2 Even if no flare contaminated time interval was rejecteddsaead 0'12_9j: 0.004 Ctssl' By folding the three-temperature model
taken into account in every timing analysis. sponse matrix, we obtain 0.106 0.002cts s! and 0.103+
3 See Sana et al.{2004) for a detailed discussion of thishitija 0.002ctss* respectively for our twoXMM-Newtonobserva-
test. tions between 0.1 and 2.5keV (the PSPC bandpass). These re-
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sults suggest that HD 167971 was in a higher emission state at3.32 d), the winds have not reached their terminal ve-
the time of theROSATobservation. The same procedure was locities before they collide, and the temperatures are not
applied in the case of a HRI observation performed between expected to be so high. Such systems yield typical tem-
12 September and 10 October 1995 (rh201995n00, 36.3 ks).peratures of at most % 107 K. For instance, HD 159176
The reported HRI count rate is 0.0350.001 ctss!. The re- (O7V + O7V) with a period of 3.367 d displays tem-
sults we obtain by passing the model through the HRI response peratures of about 210° to 6x 10° K (De Becker et
matrix are 0.042- 0.001ctss! and 0.041 0.001ctss! re- al.[2004k), whilst the O7.5(NIll + O7.5(f)lll close binary
spectively for the April 2002 and the September 20602M- HD 152248 (5.816 d period) has plasma temperatures lower
Newtonobservations, suggesting that at the moment of the HRI than 1x 107 K (Sana et al.2004). So, if the high tempera-
observation, HD 167971 was in an emission state somewhattures we derived from our spectral fittings have a physi-
lower than that observed witkMM-Newton cal meaning, they are most probably related to the interac-
In summary, these results from archive data and from our tion between the wind of the O8I component and the com-
XMM-Newtonobservations are plotted in Fig. 5. We note that bined winds of the close 0O5-8V + O5-8V binary system.
we do not expect any confusion with other X-ray sources to We note however that high plasma temperatures can arise

affect the archive count rates quoted in this section. Thmto
rates are normalized relative to tK®&M-Newtoncount rate of
April 2002 arbitrarily set to unity. The normalized counte af

the September 200MM-Newtonobservation is determined -
following the flux ratio observed between 0.4 and 10.0 keV

for the three-temperature model. The error bars onxtkii/-

Newtoncount rates are set to about 5% in [Elg. 4. We consider

that this value is more realistic than the standard dewiatio

quoted in TablE4. We see that the X-ray flux of HD 167971 un-

dergoes a significant variability with a peak to peak amgétu

of about 40 %. However, we note that this apparent variabil-

ity relies mostly on the position of thROSATPSPC point in
Fig.d, as other count rates suggest a more or less constaht le

Moreover, we want to draw attention to the fact that the dlera

shape of the light curve plotted in FIg. 5 is very similar tatth

presented in Fig. 9 of De Becker et al. (2004b) for HD 168112,

even if the amplitude of the apparent variability was larger
that case. Consequently this apparent variability mighatse
tributed to some systematic effects affecting the varidaseo

vations (commonto HD 168112 and HD 167971) mentioned in

this section. A detailed description of this behaviour ieggia

in the winds of individual stars if the magnetic field of the
star is able to confine the stellar wind near the magnetic
equatorial plane (Babel & Montmeille 1997).

X-ray luminosity.The luminosities we derived from our
spectral fittings point to an excess attributable to a wind-
wind interaction. This is compatible with a scenario where
the colliding winds bring a significant contribution to the
overall X-ray luminosity, in addition to the emission from
the intrinsic shocks of the individual winds of the compo-
nents of HD 167971.

X-ray variability. As discussed in Sectidn-3.2.1, the ques-
tion of the variability of the X-ray flux is rather complex.
We do not detect any strong variability in the X-ray flux
between our twaXMM-Newtonobservations. Only a slight
decrease possibly due to the eclipse of the O5-8V + O5-
8V close binary system is observed. However, our discus-
sion of archive data reveals that HD 167971 possibly shows
some variability, even if the data coverage is insufficient
to constrain the time scale of this variability. If not due to
some undetermined systematic effect (see last paragraph of
Sectl¥), the amplitude of this apparent variability seems t

better data coverage than that available at the time oftiitys be rather high- 40 %). Even if there is no clear evidence
that the three stars are physically related, this varigbili
might be compatible with what could be expected from a
long period and eccentric binary system. The count rates
from ROSATand EINSTEINresult indeed from a combi-
nation of several obervations spanning different phases of
the orbit of the O5-8V + O5-8V binary system, and conse-
quently are phase averaged values. Moreover, most of the
count rates quoted in Figl. 5 point to a low level, although
it is not reasonable to think that all the pointings except
- Plasma temperatureThe results of the fittings with the  that of ROSATPSPC fall at the moment of an eclipse. For
three-temperature model point to a plasma temperature these reasons, we do not expect the eclipse of the close bi-
for the hardest component of about 2 — 4keV, i.e. about nary system to be responsible for the variability illustcht
2.3x 107 to 4.6x 107 K. Such high temperatures are usu- in Fig.[3. However, considering the lack of reliability ofgh
ally not expected for the emission from shocks due to in- putative long term variability, we decided to attributeyonl|
trinsic wind instabilities, but are expected for shocks be- little weight to this argument.
tween the winds within a binary system (see e.g. Stevens
et al[199P). These post-shock temperatures correspond toRegarding these results, we realize that we find a probable
pre-shock velocities of about 1300 — 1800 kmstyp- signature of a wind-wind collision. Some clues, like thehig
ical for winds colliding at speeds near the terminal vgslasma temperature in the context of the thermal modeltpoin
locity, as should be expected for long period wide binde a possible detection of the interaction between the dgse
ries (Pittard & Stevens 19B7). For short period binary sygem and the third more luminous companion. With the large
tems like the O5-8V + O5-8V pair in HD 167971 (P separations characterizing this interaction, the shoékfie

5. Discussion

5.1. Search for a colliding-wind signature

As HD 167971 is a multiple system whose components are
O-stars, a wind-wind interaction is expected. Do ¥MM-
Newtondata reveal the signature of colliding winds? Several
questions should be considered to address this point:



M. De Becker et al.: AlKMM-Newtonobservation of NGC 6604 9

collision zone are expected to be strongly adiabatic, tieglih - 5.3. Comparison with other early-type stars

a phase-locked X-ray variability scaling with 1/D, with D-be . ) .
ing the distance from one of the two components to the intd#P to now, our campaign devoted to non-thermal radio emit-
action zone (see Stevens e{al,1992; Pittard & Stdvens 199¢}s includes the observations of three targets: 9 Sgr (Reuw
According to this scenario, the X-ray emission should pe@2004), HD 168112 (De Becker etlal. 2004b), and HD 167971
close to the periastron passage. Such a high temperature(fgie study). The next targets of this campaign are the non-
the hard component of the spectrum, if it is thermal, was al§#grmal radio emitters of the Cyg OB2 association (#8A, # an
reported in the case of HD 168112 which is possibly a wide: See e.g. Waldron et BI..1998). Forthcoming studies based
and eccentric binary system (De Becker efal. 2004b; BlommMM-NewtonandINTEGRALobservations of these stars will
et al[20054). In the case of HD 167971, the X-ray luminosif}fing new elements to the overall discussion of the highgner
excess attributed to the wind collision is much more sigaific €Mmission from massive stars. For instance, Cyg OB2#8A is a

Quantifying the respective contributions from the two exvell known non-thermal radio emitter that has recently been
pected collision zones is not an easy task. To address sifigtified as a binary system by De Becker etal.(2D04c)lend

an issue, an accurate knowledge of the stellar properties'® further support to the scenario where binarity is a neces
the three stars along with a better idea of their relative-poS2'Y condition to observe non-thermal emission from massiv
tions is needed. We can however tentatively adopt the fatigw stars. This idea is also supported by the results of Ben&glia

semi-quantitative approach. From SECL3.2.2, we can assUfQribalski (2005) who discuss the case of four southern non-

that the cumulated intrinsic contributions from the thresrss thermal radio emitters, among which three are confirmed bi-
. As the overluminosity factor is about 4,72 systems. The need for a binary scenario to explain the no

is about 182 ergs! , ) - )
the X-rays arising from the collision zone(s) amount to abolf'€rmal radio emission has independently been demorttrate

3x 10% ergs . On the other hand, for the O7V + O7V closdY Van Loo [2005) following a theoretical approach. Several

binary system HD 159176 (De Becker efal, 2004a) rather sin‘ﬂprks has recently been devoted to the non-thermal radis-emi

lar to the eclipsing binary harboured by HD 1674the same SION fro_m massive binaries (Doughgrty etlal. 2003; Pittdrd e
considerations lead to an X-ray luminosity for the collisio@2005). These recent models take into account severatphy

zone of about 1.3 10% ergs !, If the 05-8V + 05-8V bi- ical effects likely to affect the observed synchrotron speu

nary within HD 167971 produces the same amount of X-ray&azin effect, free-free absorption, IC cooling). Futusyel-

we estimate that the putative collision zone due to the thiments of these models are expected to lead to an estimate of

companion may produce more than twice as much X-raystgg’ non-thermal high-energy emission from massive bisarie

that of the close eclipsing binary. We mention however thatt At this stage, it could be interesting to confront the ressult

highest temperature component of the thermal model used t@fitained in the case of the first three targets studied ircéns

the EPIC spectra accounts for only about 10 % of this quantipaign. The summary of the results arising from these stuslies

suggesting that the softest components account signifydant provided in Tabl€b. For these three objects, our analysks di

the putative wind-wind collision with the third star. not reveal any unambiguous power-law emission componentin
the X-ray spectra. A striking characteristic of their X-ispec-

o trais that the fit with thermal models reveals a rather handem
5.2. Non-thermal emission from HD 167971 sion, with plasma temperatures of a few’ 0 HD 167971 is

In the radio domain, the non-thermal nature of the emi Known multiple system and such high plasma temperature
sion from HD 167971 is well established (Bieging efal, 198§2uld be explained by a wind-wind interaction. HD 168112 is

Blomme et al.2005b). The high non-thermal radio flux sudlot known to be a binary system, but was proposed to be a

gests that it comes from the interaction between the clddgary candidate by De Becker et &l (2004b). The results of
eclipsing binary and the third star. However, in the X-ray ddhe Study of Blomme et al.{2005a) lend further support te thi
main, the nature of the hard component of the spectrum s 62 suggesting a period of about 1.4 yr based on archival ra
unclear. As discussed in SCEI3.1, the pure thermal model & and X-ray data, even if no unambiguous evidence of bi-
that including the power law yield results of similar qugalit narity has been_ found n the opt_lcal dqmam. !n the case of
This ambiguity is a common feature in the study of X-ray spe@->9", 1ow amplitude radial velocity variations in the optic
tra of massive stars (see e.g. De Be¢ker 2001; Rauw(et al, 20FECtrum suggest it is a binary with a yet undetermined gerio
De Becker et al. 2004b). If we make the assumption that a n¢Rauw et al.2002). If the high plasma temperatures observed
thermal emission component is responsible for the hard pg?& these three stars are indeed due to wind collisions withi
of the spectrum of HD 167971, we obtain photon index valuginary systems, the observed POSt'ShO(?k, temperatureg-are r
close to 3, which is rather steep as compared to the value, laled to rather high pre-shock wind velocities (typicaliyezst

1.5, considered by Chen & Whita (T991) for X-rays produced 1000kms ). Such high velocities can only be achieved in
through Inverse Compton scattering from relativistic efmes Pinary systems where the winds collide after they have dch

accelerated in strong shocks. For a discussion of such high Jeir terminal velocity, i.e. in systems with periods extieg
ues of the photon index, we refer to De Becker etial_(2 304bfeveral days. In this scenario, the .npn_-thermal radio eomss
Is produced by a population of relativistic electrons aeked
4 The bolometric luminosity provided by van Genderen ef&igg) in the shock due to the same wind-wind interaction. The pu-
for the latter stars is intermediate between those givendyatth & tative non-thermal X-ray counterpart to this non-thernaalio

Prinja [1989) for the O5.5V and O6V spectral types. emission has little chance to be detected, as it would pigbab
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Table 5. Comparison of the cases of 9 Sgr (Rauw €fal. 2004), HD 168h&Becker et al. 2Z004b), HD 167971 (this study), and
HD 159176 (De Becker et &l. 2004a). The question marks fonthiiplicity and the period stem from the fact that theserart
well established.

9 Sgr HD 168112 HD 167971 HD 159176
Multiplicity binary ? binary ? triple binary
Period long period ?  long period (1.4 yr) ? 3.3213d 3.367d

+ long period
Thermal X-rays soft + hard soft + hard soft + hard soft
Hard X-rays ambiguous most probably ambiguous possibleepow
thermal law tail

Synchrotron radio emission yes yes yes no

be overwhelmed by the hard thermal component produceddrg not expected to display a non-thermal radio emission be-
the wind collision. If on the contrary the period were shgrtecause of the strong absorption by the wind material. However
the pre-shock velocities would be lower and the X-ray theérmiheir rather soft thermal X-ray emission could possibly @ihv
emission would be softer, allowing consequently the pugatia power law component produced by inverse Compton scatter-
non-thermal X-ray emission to be detected in the hard partinf§ of UV photons. Moreover, the less diluted UV radiation
the spectrum. However, the shorter orbital period requicedfield in the shock region of close binary systems is expected
possibly observe the non-thermal X-ray emission could €aus lead to the production of a higher non-thermal X-ray flux,
the wind collision zone to be deeply embedded in the stell@voring its detection. In the context of this scenario, $ire
wind material, thereby leading to a severe absorption of thaultaneous observation of non-thermal radiation in theaX-r
synchrotron radio emission. (below 10.0 keV) and radio domains appears rather unlikely.
The fact that the conditions for detecting a non-thermal
emission in th_e rgdio domain may be diffe_rent fro.m those f@r_ Other X-ray sources in the field of view
such a detection in the X-rays raises an interesting questio
We may indeed wonder whether non-thermal radio emitters &€L. Source list
ideal candidates to search for a non-thermal X-ray couatérp
To address this issue, let us consider some results obtfine
other massive stars recently observed in the X-ray domain.
In the case of the short period massive binary HD 1591
(OV7 + OV7), a high energy tail is observed in the X-ra
spectrum. It can not be fitted with a thermal mdgéut can
be approximated with a power law (De Becker ef al.2D04
For that system, the typical temperature of the X-ray engtti
plasma is sufficiently low to prevent the putative power la

tail to be overwhelmed by the thermal X-rays from the colli he effective exposure time to about 9 and 6 ks for EPIC-MOS

ing wind zone. This is due to the fact that the winds coIIidgnd EPIC-pn respectively. Adding together the two observa-

as they have not reached their terminal velocities. The "YEns and considering that EPIC-pn is about twice as seasiti

det_ec_tion of HD. 1591.76 (Bieging et A1.1989) in the radio doa's EPIC-MOS, we obtain an EPIC-MOS equivalent combined
main is compatible with the rather low flux expected for pwelexlposure time of about 80 ks on NGC 6604

thermal radio emitters, and can be explained by the fact tha We first applied the source detection simultaneously to the

any putauye.synchrotron ef’““‘”g zone W.OU|d be deeply erHé%ta from the three EPIC instruments of our two observations
bedded within the stellar winds. We mention also the case

WR 110 (HD 165688) whose binarity has not yet been esta&% improve the detection efficiency. We used three energgdan
lished. Skinner et all_{2Z0D2) reported a soft thermal X-mcs H
trum, along with a high energy power law tail, whilst its radi

spectrum s purely thermal. servations, for the three EPIC instruments respectivedyotd/

Considering these recent results, we propose that the "lied a first source list using a detection likelihood thodd

thermal radio emission could ideally be detected in the o:fjlseof 40. We then inspected each source of the list by eye totrejec

binaries with periods larger than several weeks. For AN 1se detections due to background fluctuations and ingndm

the shortest period well-established non-thermal radiitem tal artifacts following the same approach as Rauw eFal#p00

is Cyg OB2#8A, with an orbital period of about 2.1'9d. (D%nd Nazé et al.(2004). Adopting the formalism described by
Becker et al.2004c). On the other hand, short period blsar§ana et al[(2005), we determined the likelihood threshadds

® Optically thin plasma model (Mewe et B[, 1985; Kaa5tra 1992) equate for individual datasets. The likelihood thresholds
colliding wind model (Antokhin et al. 2004). finally adopted are 40 for the combined EPIC data sets, 40

eside HD 167971 discussed in the previous sections, and
D168112 (De Becker et al.2004b), other fainter X-ray
? urces are observed in the field of the EPIC cameras. To-inves
igate the X-ray emission from these sources, we processed o
Yiata with the version 6.0.0 of the Science Analysis Software
AS) to benefit from the latest version of tbdetectchain
ietatask. We filtered the event lists of the April obsenratm
reject the end of the exposure contaminated by a soft proton
are (see Sect. 3.1 of De Becker efal. 20004b), thereby raduci

spectively refered to &(0.5-1.0keV)M (1.0-2.5keV), and
(2.5-10.0keV). The images in these three energy bands were
extracted on the basis of the merged event lists of the two ob-
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See GIF figure (fig6.gif)

Fig. 6. Image of the NGC 6604 open cluster from the combined EPICskit0f the two observations. The X-ray sources listed
in Tabld® are labelled. The pixel size is 2.5The right ascension is increasing from the right to the kfid the declination is
increasing from the bottom to the top. The width of the fieldlisut 30.

for combined EPIC-MQOS, 10 for individual EPIC-MOS, andvay, we find that a cross-correlation radius of 4.5arcsec in-
10 for EPIC-pn. After applying the same procedure to datdudes the majority of the true correlations while rejegtinost
sets resulting from individual instruments and/or obstoves, of the spurious correlations. With a radius of 4.5 arcsecxve e
we added a few more sources to the list obtained for the fplkct to achieve at least 23 true and only about 2 spurious cor-
combined data set. We finally obtain a catalogue of 31 X-raglations. We also assume that the position of the sourceen t
sources presented in Table 6 by order of increasing riglerascdetector has little impact on the correlation radius. Weusdho
sion. The position of these sources in the EPIC field is showowever keep in mind that this assumption is mostly validelo

in Fig.[8. All sources are identified following the naming eonto the center of the field for a given instrument, but could-pos

ventions recommended by thIM SOCand the IAU. sibly bias our source identification procedure for largeaddis
angles.
6.2. Source identification Among the 31 X-ray sources quoted in TdHle 6, five sources

(#12, #13, #14, #16 and #25) have neither a GSC, 2MASS

The position of the 31 X-ray sources were cross-correlatedr USNO counterpart. 20 (respectively 23) have at least one
with three catalogues: the Guide Star Catalogue (GSC,orerspptical counterpart in the GSC (resp. USNO) catalogue, and
2.2, the Two Micron All Sky Survey (2MASS, Skrutskie etsome sources have possibly two optical (#20, #27 and #29)
al.[1997), and the US Naval Observatory (USNO-B1.0, Monegunterparts. No other positive correlations were founth wi
et al[Z00B). We derived the optimal correlation radiusdi@l  the sources included in the photometric survey of Forbes &
ing the procedure described by Jeffries et[al.(1997). la tHPuPuy[197B) within a 10 arcsec radius. A total of 18 EPIC
sources in the field of view of NGC 6604 have a single 2MASS

® The Guide Star Catalogue-Il is a joint project of the Spadgounterpart while another 6 sources have two infrared coun-
Telescope Institute and the Osservatorio Astronomico dhdo terparts. In Fidd8, we show theH K colour-colour diagram
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Table 6. Characteristics of the X-ray sources in the field of view. Biesources are sorted by order of increasing right ascenSmrce #1 was identified as an extende:
source, and the 30 next ones as point sources. The countoatested for the exposure map are quoted for all three BRttUments. The missing values are due to a stror
deviation from those of the other instruments because of @&is. The hardness ratios are given for EPIC-pn only. Theegumunterparts are located within 4 &f the
X-ray sources. Nr is the number of counterparts within theetation radius, and is the angular separation between the X-ray source andatesiecounterpart. The error
bars on the count rate represent thé o Poissonian standard deviation.

# XMMU MOS1 CR MOS2 CR pn CR HR; HRy GSC2.2 2MASS USNO B1.0
10 3ctsst 107 3ctss ' 10 3ctss !t Nrd() Cat. id. R B \% Nr o d() J H Kg N d() Cat. id.

1 @ (3) (4) (5) (6) (7) ® (10) (11) (12) (3)| (149 (15 (16) (17) (18| (19) (20) (21)

1 1181731.4-120622°2 311.0+15.3 0.34£0.05 —0.62:0.05 1 4.4 $3001223315 106 97 1 45 73 71 69| 1 44 0778-0542759

2 J181746.1-120542.3 6.1+£1.0 5.8:1.0 13.11.9 0.55+0.14 -0.12:0.16 1 2.0  S300122014588  17.9 2 19 150 139 126] 1 23 0779-0530036
28 147 138 122

3 J181750.7-120400.4 4.4+1.0 2.6£0.9 12.41.9 0.51:0.14 —0.62:0.20 1 22 $3001220900 130 144 138 1 15 114 111 109] 1 1.9  0779-0530128

4 J181750.7-120506.3 35+0.8 4.2+0.8* 11.8+1.8 0.30+0.14 —0.4%:0.22 1 1.7  S300122015025 157 187 163 1 14 134 126 124 1 2.3 0779-0530127

5 J181806.0-1214338 | 231.4+4.4* 229.6+4.1* 673.3+8.3" 0.23+0.01*  -0.75+0.01* 1 1.6 $30012201153 8.3 76 1 1.6 55 53 51| 1 16  0777-0543906

6 J181808.4-120824.9 1.3+0.4 1.2+0.4 5.7+0.9 0.51-0.31 0.42:0.15 1 26  S300122012953  17.9 1 22 156 152 147 0

7 J181808.6-120851.2 26405 21404 3.60.8* 1.00+0.43°  0.53+0.20° 0 1 26 152 138 134| 1 32  0778-0543325

8 J181810.0-121048°5 12.5+0.8 13.1:0.9 36.6£1.9" 0.38+0.05°  —0.80+0.05* 1 21 $3001220165 100 93 1 22 7.7 75 74| 1 21 0778-0543346

9 J181810.6-120409.3 21405 2.8+0.6 7712 0.75£0.16 -0.16:0.17 1 18  S300122015589 14.3 16.8 1583 1 15 113 102 94| 1 1.5  0779-0530455

10  J181813.1-121503.1 4.6+0.7 4.2£0.7 3.8+0.9 0.89+0.16 -0.82:0.23 1 4.4 $30012209459 175 1 33 153 144 143| 1 35  0777-0544085

11 J181815.3-121148.7 4.6+0.6 45+0.6 13.4+1.2 0.72+0.08 -0.13:0.09 1 12 S300122011032 185 1 13 152 142 140 0

12 J181815.7-120842.8 1.240.4 15+0.4 2.6£0.7 1.06+0.31 0.34£0.24 0 0 0

13 J181816.9-121617.4 3.3+0.6 1.2+0.5 3.740.9* 1.0040.39  0.084+0.27* 0 0 0

14 J181819.3-121616.9 5.4+0.8 3.6£0.6 13.3k1.7* 0.54+0.12°  -0.414+0.14* 0 0 0

15 J181820.5-121736.3 1.740.5 0.6£0.3 42409 1.00+0.12 0.16:0.21 0 0 1 11 0777-0544362

16  J181822.6-121503.4 7.3+0.8 6.6-0.7 15.2+1.5* 0.85+0.17°  0.45+0.08" 0 0 0

17 J181823.2-120719.4 1.140.4 2.2+0.4 4.14+0.8 0.38+0.33 0.42-0.18 0 0 1 25  0778-0543806

18  J181827.3-120613.4 3.0+05 3.5+0.5* 11.9+1.2 0.45+0.09 -0.67-0.11 1 0.9  S300122014289  18.1 1 01 152 141 138 1 0.2  0778-0544019

19 J181830.3-121359.1 41405 35+0.5 10.4-1.0 0.61-0.08 -0.37-0.11 1 1.6 $30012209935  17.2 1 16 152 143 140 1 16  0777-0545005

20 J181832.0-121740.3 1.6+0.5 1.4+-0.5* 43+1.0 0.60+0.20 -0.60-0.27 1 24 $30012208102 152 189 177 2 14 138 129 133| 2 23 0777-0545104
28 135 126 131 29  0777-0545111

21 J181832.1-121605.0 35+0.6 2.4+0.6* 7.6+1.1 0.54+0.12 —0.510.16 1 35  S300122028708  18.4 2 26 147 138 135 1 33  0777-0545106
40 142 132 128

22 J181837.1-120601.7 1.6+0.4 1.3+0.4 8.1:1.0* 0.09+0.12°  -1.00+0.10* 1 2.6  S300122014474 141 162 15/ 1 15 135 129 129| 1 28  0779-0531112

23 J181839.5-120935.3 1.3+0.3 1.3+3.3 5.2+0.9* 0.60+0.16°  —0.30+0.19* 1 338 $30012201041 135 145 138 2 16 142 130 123| 1 35  0778-0544645
40 125 122 121

24 J181840.9-1206237 55.3+1.8 59.2+1.9 1 0.6 $3001220959 9.2 86 1 0.6 6.9 6.7 66| 1 0.6  0778-0544725

25 J181844.3-120752.3 12.14-0.9 13.5+£0.9 45.6-1.9 -0.37:0.04  -0.8%:0.06 0 0 0

26 J181901.2-120050.8 4.6+0.9 3.9+0.8 16.4+2.2 0.76+0.12 -0.06-0.14 1 1.0  S300122017698 152 185 16/ 1 12 120 110 105 1 1.0  0779-0532345

27 J181903.0-120638.4 43+0.8 3.2+0.6 12.2b15 -0.26£0.11  —0.7G:0.27 2 2.3 $3001220971 105 98 2 24 8.3 8.1 80| 1 23 0778-0546021

34 $S300122014341  12.0 42 138 129 127

28 J181904.9-1209187 2.8+0.6 7.3:1.3" 1.00+0.18°  0.54+0.13" 0 1 20 142 131 128| 0

29 J181905.2-120306.5 2.9+0.7 5.1-0.9 9.1+:1.7 0.99+0.09 -0.0%:0.18 0 2 09 150 140 135| 2 11 0779-0532614
38 153 143 140 26  0779-0532625

30  J181906.8-121018.2 5.4+0.9 7.0£0.9 18.0£1.9* 0.60+0.19"  0.60+0.08" 0 1 45 154 146 141 1 30  0778-0546278

31 J181909.9-121753.4 5.7+1.1 8.2+1.3 12.8£2.1 1.08+0.05 -0.23:0.17 1 1.0  S300122028430 17.3 1 13 151 142 139| 1 11 0777-0547481

¢ This X-ray source is associated to the O6V((f)) star HD 187@D -12° 4969). We quote the count rates obtained as an extendedestetection. The X-ray properties quoted are fron
EPIC-pn data of the April observation only, as this source mat in the field of the other data sets.

® HD 167971. The large difference between the count rateseduor this star in this table and the observed ones givenlitefthare explained by the exposure map correction appliedgiu
the source detection procedure.

¢ BD-12° 4982 (09.5I or lll, see text).

4 HD 168112 : the EPIC-pn count rate is not quoted as a CCD gasesche sources region. The analysis described by De Betakie[Z004b) was performed with different screening ite
than for the current analysis to deal with the EPIC-pn data.

¢ We note that even if no optical counterpart was found in thalagues used for the correlation, a star appears clearllyeoDSS image centered on this position.

* This value is possibly affected by a CCD gap locatee 40 arcsec, but is nevertheless quoted.
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Fig. 7. Optical normalized spectra obtained between 4000 and A9@8pectively for the sources #1 (HD 167883 spectrurh
and #8 (BD -12 4982 ,bottom spectrum

of those objects that have quality flags A or B for the meaxcess. In fact, their dereddened infrared colours aredadr
surements of all three individual near-IR magnitudes. Wadusagreement with the intrinsic colours of classical T Tauairst
the March 2003 update of the colour transformations, ilhytia (Meyer et al[.1997).

derived by Carpenter (2001) and available on the 2MASS web-

site’, to convert theJ — H and H — K, colours to the ho-

mogenized photometric system introduced by Bessell & Brett ] ) ]
(T988). We thus exclude all objects that have colours and mag Of course, a fraction of the X-ray selected objects might
nitudes that are either subject to large uncertaintiesmpaly N fact be foreground stars or background sources. NGC 6604
upper limits due to non-detections. Using the extinctiondd (/i1 = 18.26°, bir = 1.69°) lies very close to the Galactic
Rieke & Lebofsky [1985) and assumid®y = Ay /E(B — plane ar?d the tqtal Galactic neutral hydrpgen colum_n densit
V) = 3.1 (Barbon et al[2000), we also show the reddenir@ong this direction must therefore be quite large. Thisusdho

vector for E(B — V) = 1.02 as was found to be appropriatePrOduce a substantial absorption of X-ray photons fromaextr
for NGC 6604 (Barbon et &I 20D0). galactic background sources. Because of the Galactic Eoord

There are three broad groups that appear in[Fig. 8. m@tes of NGC 6604, estima_ting this column density ac_cqratel
first group consists of five sources that are clearly assatiafS @ very difficult task. For instance, tH2{RBE/IRASextinc-
with early-type stars: #1 (HD 167834), #5 (HD 167971), ##on maps provided by Schlegel et dl. (1998) yield a good es-

(BD —19° 4982) #24 (HD 168112) and #27 (89120 4994) timate of the total GalaCthE(B — V) at Galactic latitudes
In the second g’roup we find objects aroutid— K ~ 0.3 abovelbr| > 5°, but are subject to very large uncertainties near

and J — H ~ 1.0. These objects have colours that arlhe Galactic plane. With these limitations in mind, the maps

consistent with slightly reddened late type (early G to laff Schlegel et al.[{1998) sugges( B — 2/2) ~ ?2’-5 + 0.5 for

K) main-sequence or giant stars. Finally, a small group DIGC 6604 (corresponding @y ~ 2x10°* cm™=). Assuming
objects (#9, #26 and one of the two counterparts of the thid@t extragalactic background sources have a power-lae: spe
sources #21, #23 and #29) haie — K > 0.4. Assuming trum with a photo_n index of 1.4, and are subjegt to_a.total in-
that they are affected by the same reddening as NGC 6éggstellar3absorpt|on 023>< 10221 cm™?, the detection limits-
(E(B — V) = 1.02), these objects would be associated witf0x 107" and1.5x10™"ctss™ for the pn anﬂMOS de2tectlors
very late (mostly late M) main sequence stars. If these ssur&@nslate into inabsorbgd fiu_xeszbﬂ x 107" ergem s~
were normal main sequence stars belonging to NGC 66042d6-0 x 107" *ergenm*s™" in the 0.5 — 2.0keV and 2.0 —
seems rather unlikely that we would be able to detect théﬁ? keV band respectively. From theg V — log S relation of
X-ray emission. An alternative possibility could be thagyh Giacconi et al.[(2001), we would expect to first order to de-

are X-ray bright pre-main sequence stars with a moderate €t around 8 — 10 extragalactic sources over the EPIC field of
view. We emphasize that these objects should be detected as

T Rt tp: /7 www. 1 pac. cal t ech. edu/ 2Zmass/ i ndex. ht mi| rather hard sources. Hence, several of the hard sourcesdjuot
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\ \ the EWs of the He \ 4388 line (0.361) and of the Hel A
15 B i 4686 line (0.3R), we derive a supergiant Igminosity class,
LA, =316 | whilst the EWs of thtoa Siv A 4088 line (0.54\) and of the
L i Hel A 4143 line (0.2A) point to a giant luminosity class. We
- s ° R note however that the spectrum of this star is very similar to
r ° co ., ° 1 that of the 09.7lab stax Nor (HD 149038) given by Walborn
e “ © T 7 & Fitzpatrick (1990). Finally, for the source #14, possibly-
T | AO ¢ P | sociated to CI*NGC 6604 FD 61 (following the nomenclature
| L e | proposed by Forbes & DuPLy 1978) even if no optical counter-
- L [ i part is quoted in Tabld 6, we derive a G6 spectral type, with an
05 - uncertainty of about 2 spectral types. We note that thiscapti
- 1367834 . counterpart is however located at about 6 arcsec of the X-ray
i o—HD167971 ) source #14. Two possible 2MASS infrared counterparts are ap
| T?\\gﬁii sos 1 proximately_located at the position, but the precision @rth
oL HD16B112 B photometry is very poor.
d‘a ‘ 0‘5 ‘ ‘1 Source #1 : 2—T MEKAL model

Fig.8. JH K colour-colour diagram of the 2MASS counter-
parts of the X-ray sources in the EPIC field of view around
NGC6604. The heavy solid line yields the intrinsic near-
IR colours of main sequence stars following Bessell & Brett
(1988), whereas the reddening vector is illustratedAgr =
3.16. Open circles and triangles stand for EPIC sources having
respectivley a single or two 2MASS counterpart(s). Theatbtt =
straight line yields the locus of dereddened colours ofsitas

T Tauri stars according to Meyer et al. (1997).

normalized counts/sec/keV
0.01

—4-20 2 4 107°

channel energy (keV)

in Tabld® that lack an optical counterpart may actually be Fsig. 9. EPIC-pn spectrum of source #1

sociated with AGN. (HD 167834) obtained in April 2002, fitted with a
Optical spectra of the counterparts of EPIC sources #1, #8bs g\* wi nd* ( nekal +mekal ) model. The ISM

and #14 were obtained on June 22, 2004 with the EMMI ira'bsorption column was frozen at 013_022 Cm—2

strument mounted on ESO’s 3.5m New Technology Telescope

(NTT) at La Silla. The EMMI instrument was used in the

RILD low dispersion spectroscopic mode with grism # 5 (600

grooves mm!) providing a wavelength coverage from about

3800 to 702 with a spectral resolution of 58 (FWHMof 6.3. X-ray properties

the He-Ar lines). The slit width was set to 1 arcsec and the

posure times were 1 min for the two bright sources #1 and ;}?

and 40 min for the counterpart of source #14. The data w

reduced in the standard way using theng context of themi -

sing the count rates obtained in the three energy bands men-
%ned in Secf8]1, we obtained hardness ratios (see calémn
Hfd 7 of TablElB) defined respectively as

DAS package. HR;, = M-S

The optical spectrum of source #1 (HD 167834) is given in M+ 5
the top part of Fidll7. We obtain equivalent widths (EW) of®.3 HRy = H-M
and 0.69A respectively for the He A 4471 and Hel \ 4542 H+M

lines. We estimate that the typical error on the estimateld6E We find that some sources present rather extreme hardness ra-
is about 5-10 %. According to the classification criteriomegi  tios, suggesting very hard X-ray spectra. Sources #7, #12, #

by Mathys [198B), and considering that thelNA)\ 4634-41 #15, #28, #29 and #31 havé R, values larger than 0.90 as
lines are in emission and the He\ 4686 line is in strong ab- shown in column 6 of Tabld 6 for EPIC-pn. We note that high
sorption, we derive an O6V((f)) spectral type. We note ahst t hardness ratios are also obtained from EPIC-MOS instrusnent
the Ciii A 5696 line is in weak emission. In the case of sourder these sources. Some of these sources may be extragalctic
#8 (BD-12 4982, bottom spectrum of Figd. 7), the ratio of theources as discussed above.

EW of the Ha )\ 4471 and Hei \ 4542 lines leads to an 09.5 We selected the brightest sources, and performed a spec-
spectral type. This spectral type is in excellent agreemiht tral analysis of our EPIC data from the April and September
that given by Barbon et al. {2000, their source #32). Foltmwi observations.
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Table 7. Parameters for models fitted to the spectra of sources #lebat@.4 and 10.0keV, and #8 and #25 between 0.4 and
5.0keV. The data are from the EPIC-pn observation for so#ficeand from the three EPIC instruments for sources #8 and
#25. The parameters have the same meaning as in Tabled2 Bod Surces #1 and #8, two absorption columns were used
accounting respectively for the ISM and the local absorp(game ionized wind absorption model as for HD 167971, kefi a
free parameter). The ISM columns were frozen at & A%?2 and 0.55< 10%2 cm~2 respectively for sources #1 and #8. In the
case of source #25, a unique absorption column (ISM + loca$) wsed and left as a free parameter. The error bars reptiesent
90% confidence interval. The upper and lower parts of thetal®@ respectively devoted to the purely thermal modelsatitkt
model including a power law. The observed fluxes quoted inasecolumn are affected by large errors due to the largéivela
error on the normalization parameters (Nerand Norm), and no significant variability between the April and Sepiber
observations can be claimed on the basis of these values.

Source Obs. Nu kT Normy kT Norm, x2 (d.o.f.) Obs. Flux
(102 ecm™2)  (keV) (keV) (ergem?s1)
#1 April 0.9%18 019423 6.200%° x1072 1.38:32 1.20:37 x107%  0.97 (78) 8.0x 10713
#8 April 0.71%5 07138 0.26/75 x 1073 - - 0.73 (66) 6.8< 1014
September 0.69:5 0.7:8  0.36% x1073 - - 0.85(178) 7.% 1074
#25 April 0.72% 0233 11285 x1073 - - 0.63 (95) 7.9¢107
September 0.78% 02432  0.9¢ L x 1073 - - 0.87(133) 6.k 1074
Ny kT Normy, r Norm X2 (d.o.f) Obs. Flux
(10%2cm™2)  (keV) (ergenm2s™)
#1 April 0.2¢):2¢ 05858 1.4%51x1072 2.9 4.04% x107* 1.16 (78) 7.9¢10°13

Source #1 is likely associated with the O6V((f)) staspectral analysis of these sources are summarized henebelo
HD 167834 (BD-124969). This X-ray source was de-and in Tabl€l:
tected by the EINSTEIN satellite with a count rate

of 0.012+0.004ctss!, leading to a flut of about - #1. From the B — V) =0.95 color given by Forbes (2000)

3.4x 10 Bergen2s! (Grillo et al[T992). If we take into for this star, and the intrinsic color typical for an O6.5rsta

account the exposure map correction, this source is thexdeco (Mihalas & Binney 1981), we followed the same procedure

brightest X-ray emitter in NGC 6604, after HD 167971 and be- s describedin SefL.3.11.1to derveB—V) =1.26, yield-
fore HD 168112, ing an ISM Ny of 0.73x 10?2 cm™2. We used the same

S 48 h inal ; tin the th al ionized wind absorption model as for HD 167971 to ac-

use doflcj):CtT]e sm?rsc:: i?jlgrgltﬁig:tlijc?nefnadr ilsnmoest F:;%;‘gl; gg::scountfor local absorption, and we left it as a free parameter
. ’ . ; The EPIC- trum is best fitted with a two-t t

ciated to the 09.5I or Il star BD -22982. No optical or in- © bh SPECrum IS bEsL ted with a two-temperature

frared i ! found f 425 No inf i thermalnekal model (see Fidl9), with characteristic tem-
rared counterpart was found for source - Mo information peratures of about 0.2 and 1.4 keV. The rather high temper-
on the X-ray emission of these two objects has been found in

the literature ature for the hotter component suggests that the intrinsic X
: ray emission from the shocks in the stellar wind of the OB
In the case of #1, a S0radius circular region was used  star (see e.g. Feldmeier et[al. 1997) is not the only process
to extract the spectrum. The EPIC-pn spectrum was binned responsible for the observed X-rays. From this model, we
to have a minimum of 9 counts per channel. For #8 and #25, derive an observed flux of 8.0x 10~ 3 ergcnt2s™! be-
the spectra were extracted within a circular region with-a ra  tween 0.4 and 10.0keV. Assuming that the distance to the
dius of 40”. For the three sources, the background was eX- star is 1.7 kpc (Barbon et al.2000), we obtainaa cor-
tracted within an annulus centered on the source and cayerin rected for the ISM absorption of 4:410%3 ergs?. If we
the same area as the source region. Gaps and bad columns wergonsider the color excess derived above in this paragraph,
excluded by rejecting properly adjusted rectangular bokes the V magnitude from Tab[@ 6, the distance to NGC 6604
spectra were fitted following the same approach as describedprovided by Barbon et al.{Z0D0), and the typical bolomet-
in SectL3IR. For sources #8 and #25 we obtained very sim- ric correction for an O6V star (Vacca et[al. 1996), we ob-
ilar fitting results from the EPIC-MOS and EPIC-pn spectra. tain a bolometric luminosity of about 1:710%° ergs.
All spectra from sources #8 and #25 were binned to reach a This yields anLx/Ly.; ratio of 2.6x 10-6. Considering
minimum of 5 counts per channel. The main results from the the X-ray |uminosity expected from the empirica| relation
of Berghofer et al[{1997), e.e: 2.8 x 10°2 ergs !, we ob-

8 The flux was estimated assuming a thermal model with
kT=0.5keV and a neutral absorption column obtained by natieg
ing a model of the hydrogen particle spatial distributiothia Galaxy.
The procedure is described in Grillo et . {1P92).

tain an X-ray luminosity excess of about 16! We mention
that if we use the typical bolometric luminosity for a single
06V star (i.e. 9.8 10®® ergs™!, Howarth & Prinjd.1989),

HD 167834 appears a factor 30 overluminous in X-rays.
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Source #8 : 1—T MEKAL model Source #25 : 1-T MEKAL model
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Fig.10. Combined EPIC-MOS1 and EPIC-MOS2 spectra of the Septeml@02 2observation, fitted with a
wabsigsy* Wi nd* mekal model for source #81€ft) and awabs* mekal model for source #25right). In the case of
source #8, the ISM absorption column was frozen at 8.88%2 cm2.

The spectrum of this source is also compatible with a model Figure[ID shows the EPIC-MOS spectra fitted simultane-
including a thermal component and a power law, but the ously with the 1-T model.

quality of the fit is somewhat poorer than that obtained

for the purely thermal model (see Table 7). The possible S

explanations to produce additional X-rays associated tdef- X-ray variability

lasma temperature of a few ™R could be an interaction .
b P e ran theedet ect _chai n metatask on the three EPIC

between the winds of two OB stars in a binary system (Sréeét ts simult I telv for the t b i
e.g. Stevens et al. 1992), or possibly a magnetic confine- a Sels simuttaneously, separalely for the two obsengli
nd we carefully inspected the images in both cases to check

ment scenario as proposed by Babel & Montmérie (199 ; .
prop y ) gether the sources listed in Table6 are detected at both

However, the huge luminosity excess can more probably L
explained by the binary scenario. Higher quality data 3 ochs. Most of the apparent variability observed for theX-

needed to discuss the physical origin of this X-ray emigources can be explained by the fact that the effective expos

sion times of our two pointings are significantly different 6 ks
| igs,_April and ~11ks in September for EPIC-pn, and9 ks

- #8. We adopted the same approach as for source #1 to. April and ~13ks in September for EPIC-MOS), and to

tablish the value of the ISM hydrogen column density. with!
a (B — V)=0.64 (Forbe52000), we derive an 1SNl of some extent can also be due to gaps or bad columns. However,

0.55x 102 cm~2. A second absorption column was left a't appears that the sources #19 and #21 are only detected in
a free parameter to account for the absorption by the wi d::ptc_ember.2002, whiI;t sources #1.5’ #28 and #31 are de.tected
material. The best fit is obtained between 0.4 and 5.0k ly in April 2002. This strong variability suggests a flagin
with a single temperatureekal model, with a charac- ehaviour. We extracted light curves to investigate thai-v

teristic temperature of about 0.7 keV. We do not find a llity with more details, but these sources are too faiqre

significant difference in the model parameters obtained f 'tqe conclusive results. Source #31 presents apparentif-a s

our two observations. We obtain an oberved flux betwe ﬁ|ently high count rate to give a valuable light curve, b w
0.4 and 5.0keV of 7-& 10~ ergcnT2 s~1. The fact that note that this source lies very close to the border of the EPIC

this source presents a rather soft spectrum is consistdrntvvieldi Constﬁqueir:ltly, the observed iognt Irate IS ?b(;)gt gf;ctg
the rather modest hardness ratios reported in Table 6. owerthan the exposure corrected value quotedin ©
mong these targets, only #15, #28 and #31 present a very high

combined fit of EPIC-MOS spectra is shown in Eig 10. i . .
- #25. As no optical counterpart was found for this Sour(f:ardness ratid R,. A comparison of the count rates obtained

we were not able to determine a priori an ISM hydrog o_rlr_1t t?e ttvt\:o s;ahpar;a(te observatlogstre\{[ezlamrﬁ:/:g’;nf\llt\:,tant va
column density in its direction. So we used a unique abso Jlity tor the other A-ray sources detecte -Newton

tion column which was left as a free parameter. The spec- We finally searched for a short time scale variability in the
tral analysis of this source between 0.4 and 5.0 keV reveggses of the X-ray sources discussed in SeCfidn 6.3, i.#8¢1,

a very soft spectrum fitted with a one-temperature modaind #25. We extracted light curves with time bins rangingiro
with a kT of about 0.2 keV, which is very consistent withl00 s to 1000 s following the same approach as used in the case
the HR, and HR, values quoted in Tablg 6. We did noof HD 167971 (see Se€L.3.P.1). Variability tests (chi-squa
find any indication for a significant variability of the modepov-test) performed on these light curves did not reveal any sig

parameters between our April and September observatigii§cant variability during our tvoXMM-Newtonobservations
for any of the three EPIC instruments.
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6.5. Star formation in NGC 6604? 7. Summary and conclusions

As mentioned in the previous subsections, several indicle analysis of ourXMM-Newton data from HD 167971
tors (possible flaring activity, position in thé HKg dia- reveals that the soft part of the X-ray spectrum is thermal
gram...) suggest some of the X-ray emitters in NGC 66@4th typical plasma temperatures of about 0.2 to 0.8 keV,
may be candidate PMS stars (Feigelson & Montniere1999g. 2x 10° to 9x 10° K. The harder part of the spectrum is
This fact is at first sight contradictory to the statement difted equally well with a thermal or a power law component.
Barbon et al [{2000) that pre-ZAMS objects are not deteated®n the one hand, if the higher energy emission is thermal,
NGC 6604. However, this lack of detection could be partly efde plasma temperatures- (2.3x 107 to 4.6x 10" K) are
plained by the fact that the study of these authors was limiteompatible with those expected for a shock heated plasma in
to an area of only 2.k 3.3 arcmirt centered on HD 167971.a wind-wind collision zone, where the winds have reached
Most of the X-ray sources we detect are indeed located autsiPeeds close to their terminal velocities. If we consider th
this area. short period of the close binary system, such velocities are
ariOt expected at the position of the collision zone of the wind
P(I the O5-8V components. Provided the three components
are indeed physically connected, this argues in favour of an
interaction with the third more distant companion. On thesot
a simple thermal model with a kT of about 0.5 KeWe ob- hand, if the_ hard energy emission Compoﬂe”t is_ non-thermal,
tain an unabsorbed flux between 0.4 and 10.0keV of ab(%ﬂ? photon index is rather hlgh4(3)_, wh|c_h IS reminiscent of

e case of other non-thermal radio emitters like 9 Sgr (Rauw

1.0x 10~ ergcent2s~!. For a distance to the cluster of abou
> .
1.7 kpc (Barbon et &l.2000), this unabsorbed flux leads te a ut ali2002) or HD 168112 (De Becker etal. 2004b). The X-ray

minosity for the faintest source detected in our data of aboumInOSIty exceeds the value expected for the ‘canonical

0 1 . . . x /Lo relation by a factor 4. This excess is larger than that

:'3.5>< 10.3 ergs - This value is of the order of the hlghe.Sttypfound for HD 168112 (De Becker et BI.2004b). Finally, we
ical luminosities expected for PMS stars when no flare is bccu
. . : report on a weak decrease of the X-ray flux between our two
ing (Feigelson & Montmerle 1999). This suggests that oua dat . , )
) . ., Observations separated by about five months possibly due to a

only allow a detection of the more luminous PMS candldatees“ se of the O5-8Y + O5-8V close binary svstem
within NGC 6604, and possibly during flaring stages, i.e. &P y sy '

their highest X-ray emission state. Deeper X-ray obsesuati
are needed to investigate the PMS populations in NGC 660

The fact that our investigation is only able to reve
the brightest X-ray emitters harboured by NGC 6604 cou
strongly bias our investigation of PMS activity in the clst
Let us consider the faintest X-ray sources of our list. Assgm

4. By considering several results from recent observations

, o of massive stars with X-ray satelliteXNM-Newton and
Unlike the situation in NGC 6383 (Rauw et lal.2003) anpadio telescopes (e.g. VLA), we note that the non-thermal

NGC 6231 (Sana et _“" 2005), the X-ray sources in NGC 66{4i5 emitters are possibly not the best candidates toajispl
reveal no concentration around the more massive CIUSter'mea{nnon-thermal emission in the bandpass of current X-ray

bers. In NGC 6383 and NGC 6231, the fainter X-ray Sourc8§seyatories likeXMM-Newtonor Chandra In a scenario
are mainly associated to PMS stars, thereby suggestinge clgnare non-thermal radio emission requires a wind-wind

relationship between the formation of low-mass and higlssng,|jision in a binary system, wide binaries produce too hard
stars. In NGC 6604, the rather sparse spatial distributidheo a thermal spectrum to allow the detection of any putative

members Of_ the cluster already noted in the visible domajfl, .y on_thermal contribution. On the contrary, short qubri
show that th'? IS nofc a mass-segregated open cluster. Fow,in 5 ries are not expected to produce an observable symachrot
the N-body simulations performed by Bonnell & Bafe (2002)r,adio spectrum because of the huge opacity of the wind

gas accretion should indeed have led to a strong contractige i) for radio photons. They are however likely to proglu

of th? cluster resp_on&ble for a significant mass segragaio 5 gofter thermal X-ray spectrum than long period binaries,
p_oss_lble explanation for the absence of_notable mass ‘?gr?ﬂfering the possibility to unveil the expected hard noarthal

tion in open clusters was proposed by Vine & Bpnnell ("Oosk-ray emission component. In other words, the simultaneous
According to these authors, the strong stellar winds of OBINGyetection of a non-thermal emission in the radio and X-ray
stars in young open clusters result in a significant gas remoy,mains seems rather unlikely. More X-ray and radio observa
from the core, where the OB stars are preferentially formegh ¢ ot massive binaries (O and WR), whatever the thermal
Their simulations show that the changes in the gravitationg on_thermal nature of their radio emission, are needed to

potential of the core as a result of this gas expulsion is al#ﬁerpret the non-thermal emission from massive stars.
to break the mass segregaticoie dissolutio, allowing stars

to drift away from the core. The apparently different dyneahi Finally, our investigation of the X-ray emission from
stages between NGC 6604 and NGC 6383 is not unexpectec“&— !

garding their ages, i.e. respectively-® (Barbon et al-2000) C 6604 led to the detection of 29 sources in addition to
and 1.7+ 0.4 Myr (FitzGerald et aL T978). HD 168112 and HD 167971. The cross-correlation of the posi-

tion of these sources with the GSC, the 2MASS and the USNO
catalogues revealed that most of them have at least onebptic
° With an absorbing interstellar column of about 6.8022cm~2,  Or infrared counterpart. We describe a more complete sgectr

i.e. an approximate mean value of those used for the spectadysis analysis in the case of the three brightest objects of ourcsou
of HD 168112 and HD 167971. list. Two of them are associated to BD <4982 (09.5I or III)
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and HD 167834 (06.5V((f))) respectively, and the third oae h De Becker, M. 2001, Master thesis, University of Lieége
no known optical or infrared counterpart. Some indicatdrs e Becker, M., Rauw, G., Pittard, J.M., et al. 2004a, A&A, 4281

stellar formation activity suggest a few sources of ourristy

De Becker, M., Rauw, G., Blomme, R., et al. 2004b, A&A, 420610

be PMS objects. Unfortunately most of the sources detecfa@ Becker, M., Rauw, G., & Manfroid, J. 2004c, A&A, 424, 1.39

in NGC 6604 are too faint to be investigated in details in t
context of this study. Finally, the X-ray emitters of NGC @60
detected withXMM-Newtonare not concentrated close to th

most massive stars of the cluster. This rather sparse bgstia
tribution contrasts with that observed in other open chsdtke

H%e Becker, M., Rauw, G., & Swings, J.-P. 2005, Ap&SS, in press

Donati, J.-F., Wade, G.A., Babel, J. et al. 2001, MNRAS, 3Z%5
Donati, J.-F., Babel, J., Harries, T.J. et al. 2002, MNRAS3, 55

Dougherty, S.M., & Wiliams, P.M. 2000, MNRAS, 319, 1005

Dougherty, S.M., Pittard, J.M., Kasian, L., Coker, R.F.,ll\alns,
P.M., & Lloyd, H.M. 2003, A&A, 409, 217

NGC 6383 and NGC 6231 where young stellar objects detectgghier, D., & Usov, V. 1993, ApJ, 402, 271
in X-rays are mainly concentrated close to the most massiégelson, E.D., & Montmerle, T. 1999, ARA&A, 37, 363

stars.
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