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ABSTRACT

Context. Westerlund 2 is a young, massive, obscured stellar clu$tenroGalaxy. It harbors the most massive star with well deter
mined parameters, WR20a B23M,), a dozen very early O-type stars (03-7), and a wealth of PistS.sAlthough of importance,
this cluster is still not well known.

Aims. The high-energy properties of this cluster, especiallg¢hof its early-type stars are examined in details. The biitiaof the
X-ray sources is investigated.

Methods. A monitoring of the field was performed using three Chandrseokations. This dataset probes daily as well as monthly to
yearly timescales and provides the deepest X-ray view ofltreter to date.

Results. The two Wolf-Rayet stars WR20a (WN6R&/N6ha) and WR20b (WN6ha) were analyzed in detail. They ath kery
luminous and display very hard spectra, but WR20b does rmoh ge vary. On the contrary, WR20a, a known eclipsing, cioitid
wind binary, brightens in the X-ray domain during the edipsi.e. when the collision is seen face-on. This can be eqalaby the
properties of the wind-wind collision zone, whose high digrisads to a large absorbing columnX2.0?* cmr?).

All twelve O-type stars previously classified spectroscalby, two eclipsing binaries previously identified andeimewly identified
O-type star candidates are detected in the high energy doteai of them could be analyzed spectroscopically. Foupegelumi-
nous, but the others present typi€al/Lgo. ratios, suggesting that several O-type objects are agtbiméries. Variability at the- 20-
level was detected for a majority of the sources, of unknovigirofor the putatively single objects.

Faint, soft, difuse emission pervades the entire field-of-view but no cleactire can be identified, even at the position of a blister
proposed to be at the origin of the TeV source HESS J162Z8.

Finally, the X-ray properties of PMS objects were also itigaded, in particular the brightest flaring ones. They jed an additional
argument in favor of a large distance8kpc) for the cluster.
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1. Introduction of the O-type star population and on the eclipsing charisster
tics of WR20a._ Damel (2007) recently discussed the distahce o
1.1. The Westerlund 2 cluster the Westerlund 2 cluster on the basis of the CO emission of the

The young (:2Myr) stellar cluster Westerlund 2 lies in thed 9giant molecular cloud MC8 (likely associated with the clupt
region RCWA49. It is an intense star forming region with numefnd the H 21 cm absorptions along the line of sight towards
ous Pre Main Sequence (PMS) objects, as enlighted by rec\@(qsterlund_z. This autho_rfoun(_j that the clu§ter must b_etd_mi:a
Spitzer datal (Churchwell et all, 2005, and references ithjere On the far side of the Carina spiral arm and inferred a kinemat
The cluster also contains many early-type stars: at least t@istance of @ + 1.0kpc in coarse agreement with the value of
Wolf-Rayet stars, WR20a and WR20b (van der Hlicht , rooFauw et al. |(2007). An indirect argument can be added in favor
and twelve very hot O-stars with spectral types ranging f@gn ©Of a ‘high’ value, using the properties of thefitise emission
to 06.5 (Rauw et al.[, 2007). In the IR and radio domains, thedgtected by Townsley et al. (2004). The latter authors famd
stars appear surrounded by two shells, one enclosing WR2Da &-Tay luminosity of about 8-& 10° erg s* (for an adopted
the core of Westerlund 2, the other being around WR20b.  distance of 2.3 kpc). Considering that théfatse em|SS|onzfrom
There are still many uncertainties about the properties aR{Ssive star forming regions typically amounts to 218° erg
content of this cluster. For example, its distance is stithai- S Per early-type sta (To;/vnsleylet al.. 2003, 2004), we would
ter of intense debate. To cite only the most recent papef&Pect values of 3—% 10** erg s* for a cluster containing at

Ascenso et al. [(2007) and Tsujimoto et dl. (2007) proposede@st 14 objects earlier than O7 (including the two Wolf-Bay
‘low’ value of 2-5kpc, based on the X-ray and IR luminosiSystems). This is compatible with the observed emissioy ibnl

ties of PMS stars; while Rauw et hl._(2007) rather argue in ff1€ distance is rather large (4-7kpc rather than 2.3kpchim
vor of 80 + 1.4 kpc, based on the spectrophotometric properti@@pPer, we will thus adopt 8kpc as the distance to Westerlund 2
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Fig. 1. Three-color images of Westerlund 2 in X-rays (a, left: fudldi; b, right: central 8 in the middle and c, below: core o th
cluster). The red, green and blue colors correspond to@&t{. keV), medium (1.-2. keV) and hard (2.-10. keV) phaioergies,
respectively. The images were corrected by the exposurs arapadaptively smoothed prior to RGB combination.

1.2. X-ray properties Table 1. Journal of observations. Phagesfer to the ephemeris

Studying the X-ray emission of young clusters provides crl(J)—f WR20a(Rauw et al... 2007).

cial information, especially if the cluster is heavily ohsed Name Saiie e 7
as is the case of Westerlund2. PMS objects, mainly T Taursp— 20008723, 18:2123 2008924, 045356 0.34=0.46

stars, are more easily detected in the X-ray and IR domaingys 5> 200@905, 15:52:01 2008906, 06:29:22  0.28-0.44

and their high-energy flares can be analysed to get theirydecgyps 3 20009/28, 05:46:20 2008928, 20:14:43  0.41-0.57
times, which are related to the physical size of the flarimggoe.

In the high-mass range, the interacting colliding wind bies

and young magnetic objects are more easily identified arid the,r 5| three observations, the ACIS-I chips covered a simil
properties constrained in the X-ray domain. Finally, th@éa fie|q_of view but the position angle was slightlyfigirent from
scale interaction W.Ith the surroundmg me_dlqm is bettedistl o exposure to another.

through the analysis of thefelise X-ray emission. The datasets were downloaded from the CXC welbsited

. The.X-ray prop(_erties of Westerl_und 2 hav_e been StUdiEd\% have followed their recommendations for the reductiosh an
increasing detail with years. The first detection of the teus

: X - alysis of the data. As they had been processed by the latest
was made by the Einstein observatory: Goldwurm etial. .(.198?$rsion of the CIAO pipeline, we did not completely repraces
reported the presence of one X-ray emitter at the position '

RCW49, interpreted as unresolved sources or trutyge emis- em.

sion (from a supernova remnant or a wind-blown bubble). &sin

ROSAT, Belloni & Mereghetti [(1994) detected possibl6ulie 2.2. Detailed data processing

emission and 24 point sources (7 of them being in our ACI%— , .

| field-of-view), among which HD90273, MSPi&nd WR20a. ackground_flares were only detected for the first obserlvatlo
The high X-ray luminosity of WR20a was suggested as a pos@pd times with background count rates Iarger.than 0.027¢ts s
ble evidence of an on-going colliding wind phenomenon. Motiere therefore discarded. The astrometry was improvediny co
recently, Townsley et al| (2004) ahd Tsujimoto et al. (20@7) Paring the position of the bright X-ray point sources WR20d a
ported the results of a first Chandra observation. Thankssto MSP18 with their counterparts in the NOMAD catdio@hifts
high spatial resolution, this facility is the first to reseline indi- " Pixels of (-0.19,0.20), (-0.10,0.04), and (0.14,0.2@yevap-
vidual sources in the core of Westerlund 2. More than 400y-r&!i€d using the CIAQ taskves_uppare to the first, second and
sources were identified by Tsujimoto etial. (2007), mostlyPM. ird obs_ervatlon respgcﬂyely. _The event I|st§ were tj&mc-
stars and a few early-type objects. Fairffute emission is also jected without randomization, first to apply this astroroator-

present; it extends to the south-east of the cluster anéptea rection, then to match the X,Y coordinates from the last obse
soft spectrum plus a very faint hard tail (Townsley et al.0£20 vation. A merged event list was created using the CIAO task

To investigate further the high-energy properties JPMMERGE (with [subspace -expno] to avoid an uncorrect merg-

Westerlund 2, especially those of its massive star popuiatie N9 Of the good time intervals). Source detection was peréaf
have obtained acﬁ)ditiongl X-ray observations, Whi(?h ?gmtbm on this merged event list using the CIAO wavelet algonth’m. I
provide the deepest X-ray view of the cluster. It enablesous {35 ?p?liegﬂsepr)]arately tc|> éumozﬁ |frr(1)a59:es Ogthﬁ whole J}gld
study the variability of the X-ray sources on several tinaéss (PiXel of 1.4"), the central 8 (pixel of 0.5”) and the core

(short-term variations within one exposure; monthly torjyea cluste.r (pixel of 0.257). The der!ved source positions \(\med
changes between the datasets). to define sourgbackground regions for use in estimating count

The paper is organized as follows. Section 2 presents files or in extracting spectra. :
Exposure maps were then calculated for each observation

datasets and their reduction. Sections 3 and 4 focus on the O- X )
stars and WR-stars content, respectively. The search fona-c @nd €ach energy band, assuming a monochromatic source of
terpartto the recently discovered TeV source and the peesein €Nergy 1 keV (total band, 0.3-10. keV), 0.7 keV (soft band S,

diffuse emission are discussed in section 5, while section 6 C?nB_—l.keV), 1.5 keV (medium band M, 1.-2.keV) and 3 keV
centrates on the flaring sources. Finally, we conclude itiec (hard band H, 2.-10.keV), respectively. Merged exposuresma
7. were obtained using the CIAO taskerosect_mmage. The result-

ing fluxed images (in units photons cfs™* px~2) were used
to derive background and exposure-corrected photon fluxes
2. Observations and Data Reduction The merged data were also used to make the three-color images
shown in Fig[lL.
Spectrum extraction was done for each source presenting

Westerlund 2 was observed three times with the ACIS-I carfitore than 100 counts in the merged eventlist. It was perfdrme
era onboard the Chandra X-ray Observatory, first on ZTH33 5
for 38ks (Pl Garmire), then on 20@®/05 and 20080928 both httpy/cxc.harvard.edu

for 50ks (PI Rauw), see details in Table 1. The first datasst wa httpy/cdsarc.u-strasbgyfiz-bir/Cat?}297 .

taken in very faint mode, whereas the last two were taken in_FOr @ typical source with absorbed thermal emissiif} (y.q, =

faint mode; in all cases, the frame time was the 3.2s standakéf’cm? and Kr'=0.3 keV), a photon flux of 1 photon crhs* corre-
sponds at the time of our observations to a count rate of 356 &t

1 The MSP numbers come from the numbering scheme devised dy absorbed flux of 1:7.0°° erg cnt? s and an unabsorbed flux of
Moftat et all [(1991). 5.7x10% erg cmr? s,

2.1. Journal of observations
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separately on each observation. As recommended by the CX@ble 2. Properties of candidate late-O stars. The last two lines
we extracted the spectral response files with the tagksisrme  reproduces the data of two eclipsing binaries (from Rauvi. gt a
andmkarr (the latter including a mask file when the considere2i007).

source was close to a gap arfteated by the spacecraft’s dither-
ing). When there were less than 100 counts per observatien, TName RA,DEC (J2000) Yoy B—V+og v
individual spectra were merged using the FTOOLS tasks- MSP32  10:24:03.78,-57:44:39.8 15.3%5010 1.28%0.014
PHA, ADDRMF, ADDARF. Lightcurve were extracted for the brightest MSP120  10:23:58.44,-57:45:13.0  16.2D1009 1.5330.016
sources using the CIAO taskiEXTRACT. MSP165 10:23:55.18,-57:45:26.9 15.604009 1.6020.013

Throughout our analysis, we have used CIAO 3.4, CALDBMSP168 10:24:01.61,-57:45:27.8 14.820031 1.26@0.039

Src1 10:24:21 28 -57:47:27.6  14.670022 1.4120.025
Sre 2 10:24:16.25.-57:43:43.8  14.901015 1.59%0.017
Sre 3 10:24:06.64.-57-47-15.8  16.4%8011  1.6440.019
3. O-type stars Src4 10:24:02.28 -57:45:35.3  13.32039  1.37%0.059
3.1, Detection in the optical range MSP44  10:24:00.5.-57-44-45 15.67 1.25
MSP223  10:23:59.2 -57:45:40 15.75 1.50

The first spectroscopic observations of the early-type f@pu
tion in Westerlund 2 revealed six O6-7 V: stars (fiéd et all ,
1991). The presence of such ‘late’ objects seemed incobipatibinaries detected in the X-ray domain (see Talile Bhe extrac-
with the presence of a very massive binary such as WR20a (sie@ region used for each star was a circle whose radigaen
below). A new observing campaign was therefore undertakemthe second column of the table in Chandra pixels, is a com-
which led to a serious revision of the spectral types (Rauat.et promise chosen to include most source photons while avgidin
2007): at least twelve O-type objects are presentin Westd2, contamination from nearby sources; background regiong wer
with several of them displaying a very early type (O3-4). Akurrounding annuli or nearby circles devoid of sourcesoisrr
twelve O-type stars catalogued by Rauw et al. (2007) are dghr the photon rates and luminosities were estimated from the
tected in the X-ray domain (see Fig. 2), but their charasties relative error on the net counts. Hardness ratios were ledézh
differ significantly from one to another (see below). from the photon fluxes in the S, M, and H bands using H@i®1-
From the photometry of Rauw et al. (2007), we could alsgy(M+S) and HR=(H-M)/(H+M). The X-ray luminosities in
select O-star candidates: they have colors typical of egdg the 0.5-10.keV band were evaluated for a distance of 8 kpc us-
stars belonging to the cluster (B—V between 1.3 and 1.6 magg spectroscopic fits (only rough ones for the faintest ciis)e
see Fig. 7 of that paper) and absolute magnitudes smaller tld were dereddened only for the interstellar column.
-3.9, avalue typical of 09.5V stars (Martins et al. , 2005)n80 The brightest objects had enough counts to provide a de-
of these candidates are also definite X-ray emitters. The ophiled X-ray spectrum and they were thus also analyzed spec-
cal properties of this subgroup, composed of 9 objects, @€ ptroscopically. The derived best-fit parameters are shown in
sented in Tabl&]2. Their color excess was derived from the okable[4. The second column provides the origin of the spec-
served color using an intrinsic color eD.27, typical of O-type trum: Obs 1, 2, 3 oiMgd (in case the individual spectra did
stars |(Martins & Plez|, 2006). Then an estimation of theitspenot present enough counts and the individual data from the
tral type was made from their absolute V magnitude at 8k@y th3 observations had to be merged prior to analysis). The fit-
are late O-type stars, O7—09.5. The relevant bolometriecer ted model has the formabs(Ni':t)*wabs(NH)*mekal kT)
tior) from Marti.ns & Plez _(2006_) was then applied to find amlrwabs (N * [wabs (Nf') *mekal (kT1)+wabs (N}) *mekal (kT,)],
estimate of their bolometric luminosities (Table 3) . with wabs (N, fixed to the interstellar column_(Rauw etlal. ,
2007;/Bohlin et al. | 1978). In the table, quoted fluxes and lu-
minosities are in the 0-510.0keV energy range and the unab-
Fig.2. The core of the Westerlund 2 cluster seen in visible (aprbed Iuminositiesg‘(”absare corrected only for the interstellar
left) and X-rays (b, right). X-ray contours superimposed oabsorbing column. Note that lightcurves and spectra were ex
the visible image (c, below; the X-ray data were adaptivelyacted in the same regions as defined abovel At g, figure
smoothed). (Fig.[4) summarizes our findings.

We have added the O7 star HD90273 to the list of O-typgk2.1. Bright X-ray emitters

objects to analyze. Note that, since it is much more lumino ' . . . L
and less absorbed than the stars of Westerlund 2, it is piy)hab.%?nce the first detection of massive stars in the X-ray doniin

foreground object, however we have calculated its lumiyes is known that their X-ray luminosity scales with their boletric
if it v%ere an OJ7 su’pergiant at 8kpc luminosity followingLy ~ 10~ ’Lgo, (the so-called ‘canonical’
Spectral types bolometricn luminosities and a r_elatlon,hseehg.g‘ | B_erghbferrclat al: ’h1?972]' Recent resuaiie
. S . 'shown that this relation is rather tight for homogeneousigso
sorbing - columns - (derived from the _color excess usm(g? stars (NGC 6231 see Sanaetal. 2006 and Carina OB1 see

H_ 1 B ;
Niy=5.8<10”'xE(B-V), [Bohlin etall [ 1978) for the known Antokhin et all [ 2007). Outliers are generally peculiar clge

int

O-type stars (from_Rauw etal.l, 2007) and the candidates

. . I.€. magnetic stars or colliding-wind binaries. In Westad 2,
gﬁi)evtl:ﬁlsiéc%%fgéed from the photometry as explained gbares four of the bright sources clearly lie above the ‘canonica¥

lation with Lx/Lgo. ratios larger than-6.4. The brightest one,
MSP18, presents a logg/LgoL) of —5.9 (to be compared with

3.2. X-ray properties
5 Note that the values of the photon rates given in that takeeaw,

We first derived the photon rates using the fluxed images fig#. uncorrected for the encircled energy fraction, whertee X-ray
the known O-type stars, the candidates late-O and the eipsluminosity, derived from spectral fits, include that cotieg.
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Table 3. Properties of the early-type stars in the optical and X-ragndins. Background- and exposure-corrected source flixd€(°photons cm? s1) are estimated for
each observation from the fluxed images in a region of radiirs px) and for the 0.3—10.keV band. The last columns giveatrerage hardness ratios and dereddened X-ray
luminosity in 162 ergs* and for the 0.5-10.keV energy band (see text for details)l@nd;) indicates an uncertain value.

Star Sp. Type lod(gor /L) NM/10%2  r Mean ph. flux Obs 1 Obs 2 Obs 3 HR HR, Lys  log(Lx/LeoL)
WR20a WN6haWN6ha 6.28 1.13 4 11.80.17 10.20.4 11.2:0.3 13.2:0.3 0.64:0.03 0.3850.012 51.7 -6.15
WR20b WN6ha 5.86 1.04 9 3.#0.09 3.620.18 3.720.15 3.8&0.16 0.610.08 0.656:0.016 19.6 -6.16
HD90273 o7l 5.80: 0.22: 20 0.8D.06 1.030.11 0.7%0.09 0.66:0.10 -0.83+0.02 -0.79+0.24 2.82 -6.93
MSP18 O5.5V-llI 5.89 0.88 3 6.920.14 7.404 6.4:0.2 7.4:0.2 0.3&0.05 0.1920.02 35.8 -5.92
MSP32 09.5Vv: 4.61: 0.90: 3 0.025).014 0.040.04 0.0060.022 0.030.02 -0.15+0.50 -0.92+1.38 0.15 -7.02
MSP44 09.5V: 4.44: 0.88: 4 0.280.03 0.2%0.08 0.230.04 0.230.05 1. 0.1%0.12 0.53 -6.31
MSP120 09.5V: 4.58: 1.00: 4 0.0560.018 0.060.05 0.080.03 0.0%0.02 -0.07+0.47 -0.47+0.59 0.41 -6.54
MSP151 o7l 5.37 0.95 2 0.130.02 0.120.04 0.1%0.03 0.130.03 0.16:0.29 -0.28+0.16 0.57 -7.19
MSP157 0O5.5V 5.37 0.92 1.5 0.26.02 0.35:0.05 0.2%0.04 0.2@:0.04 0.240.20 -0.10+0.10 1.18 -6.89
MSP16% o7V 5.09: 1.08: 4 0.520.04 0.480.06 0.6320.09 0.45:0.08 0.540.16 -0.49+0.09 1.98 -6.37
MSP167 oe6lll 5.14 0.98 2 2.69).07 1.8@:0.12 2.250.11 2.0@0.13 0.5%0.07 000+0.04 8.85 -5.77
MSP168 o8V 4.90: 0.89: 2 0.0700.017 0.050.03 0.080.02 0.1%0.02 -0.23+0.27 -0.42+0.25 0.41 -6.87
MSP171 o5V 5.58 1.00 4 0.10.03 0.130.03 0.180.04 0.130.09 0.22:0.27 -0.93+0.35 1.09 -7.13
MSP175 O5.5V-1lI 5.49 0.91 2 0.4D.03 0.34:0.05 0.4%0.05 0.450.05 0.340.14 -0.56+0.08 1.78 -6.82
MSP182 [eZAVA[]] 5.45 0.93 4 0.10.03 0.26:0.04 0.120.04 0.22:0.06 -0.24+0.16 -0.76+0.20 0.58 -7.27
MSP183 04V 6.07 1.03 2 0.#0.04 0.640.07 0.6@:0.06 0.86:0.09 0.09:0.10 -0.44+0.06 4.49 -7.00
MSP188 [eZAVA[]] 5.93 0.96 2.5 3.43.08 3.650.17 3.4%0.14 3.280.14 0.230.05 -0.10+0.03 14.4 -6.35
MSP199 o3V 5.61 0.97 2 0.%D.02 0.1@:0.03 0.1@:0.03 0.12:0.03 0.5@:0.42 -0.56+0.18 0.57 -7.44
MSP203 Oo6V-lli 5.84 0.95 2 0.570.04 0.530.07 0.49-0.05 0.62-0.06 0.120.11 -0.35+0.07 3.17 -6.92
MSP223 08.5V: 4.80: 1.00: 2 0.0%440.015 0.040.03 0.0&0.02 0.0&0.02 0.190.41 0.180.21 0.25 -6.98
MSP263 06.5V 5.45 1.09 4 0.20.02 0.190.04 0.24-0.04 0.180.03 0.3@:0.18 -0.47+0.13 1.1% -6.96
MSP44% o8V 4.89: 0.90: 1.7 0.0840.015 0.090.03 0.00.02 0.1@:0.03 0.25:0.40 -0.07+0.19 0.30 -7.00
Src P o6V: 5.31: 0.98: 5 0.0H40.015 0.0%0.03 0.1@:0.03 0.050.02 0.150.32 -0.91+0.34 0.43 -7.26
Src 2 08.5lll: 5.22: 1.08: 6 0.460.03 0.54-0.07 0.46:0.05 0.4@-0.05 0.630.13 -0.45+0.08 1.98 -6.52
Src® 09.5Vv: 4.61: 1.10: 4 0.038.010 0.050.02 0.0380.017 0.02%0.015 > 0.95 -0.40+0.32 0.13 -7.08
Src 4 09.51: 5.46: 0.95: 1.5 0.14®©.018 0.060.03 0.250.04 0.1@:0.03 1.02.0.21 0.26:0.12 0.57 -7.28
2 from Tabld2

b OB candidate
¢ eclipsing binary
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Fig. 2. The core of the Westerlund 2 cluster seen in visible (a, &ft) X-rays (b, right). X-ray contours superimposed on tiséie
image (c, below; the X-ray data were adaptively smoothed).

Table 4. Best-fitting models and X-ray fluxes at Earth for the brightsmly-type stars in Westerlund 2. For each parameter, the
lower and upper limits of the 90% confidence interval (dedifrom theerror command under XSPEC) are noted as indices and
exponents, respectively. The normalisation factors afet as 10'* f nenudV/47D?, whereD, ne andny are respectively the
distance to the source (8kpc), the electron and proton tyesfsihe emitting plasma. Abundances were fixed to solar gifoe the

WR stars (for more details, see text).

Star Obs NfT NP KT norm X2 (dof) faps Lynaps
10%%2cm?  10%cm? keV  103%cm™® 108 ergecm?s?  10¥ ergs?

WR20a  Obs1  1.13 158  087% 157%

5744 10963 107%  1.15(33) 451 4.95
WR20a  Obs2  1.13 162 04292 4969

54827 1.30°%2 2688 1.26(97) 4.10 4.88
WR20a  Obs3  1.13 1.3 0394  06¢0

3.28% 15873 1885  1.02(119) 5.04 5.69
WR20b  Obs1  1.04 138 362% 029  1.24(24) 2.06 1.88
WR20b  Obs2  1.04 288 2478 04P%  130(35) 1.97 1.77
WR20b  Obs3  1.04 148 52872 0282  1.97(38) 2.29 2.05
MSP18  Obs1l  0.88 B8 3248 03PX  092(18) 2.88 3.70
MSP18  Obs2  0.88 B 3368 0222 110 (59) 2.54 3.24
MSP18  Obs3  0.88 P 3.04%  032F 100 (56) 2.88 3.78
MSP167 Obs1  0.98 08% 1582 0108  1.02(12) 0.52 0.77
MSP167 Obs2  0.98 g2 2322 01Q2  1.95(21) 0.72 1.10
MSP167 Obs3  0.98 048 12832 012  0.95(11) 0.56 0.78
MSP188 Obs1  0.96 088 12340 02832  156(26) 0.88 1.51
MSP188 Obs2  0.96 088 1.33% 02282  073(33) 0.88 1.49
MSP188 Obs3  0.96 09% 097% 03@®  1.52(30) 0.74 1.33
HD90273 Mgd  0.22 0.BF° 042 00217  0.88(33) 0.16 0.28
MSP157  Mgd  0.92 @ 1532 0018  0.97 (8) 0.057 0.12
MSP165  Mgd 1.08 178 0293 1662  0.59 (10) 0.088 0.20
MSP175  Mgd 0.91 1368 0202 2259  120(15) 0.057 0.18
MSP183  Mgd  1.03 0365 0632 01Q%®  0.94(20) 0.14 0.45
MSP203  Mgd  0.95 084" 09914 003%  1.09(21) 0.11 0.32
MSP263  Mgd 1.09 1.095  03P%  025%  0.89(7) 0.034 0.12
src2 Mgd 1.08 14271 0.39%  04Q77  1.20 (16) 0.088 0.19

the —6.9 of[Sana et all _2006) and a high temperatufe (k a spectroscopic monitoring in the visible domain which is-cu
1keV). The short-term lightcurves of MSP18, however, do noéntly under way.

present large, significant changes (Hi¢. 3) but the lumiposi  The other bright objects have more typical lbg(Lgo.),
dropped by 15% in the second observation (Tdble3). Due to thith values betweer6.5 and-7.3. Among these, MSP157 and
limited signal-to-noise ratio, it is ratherfficult to judge which 203 display unusually high temperatures. Some of thesetsbje
parameter has changed from one observation to another (flako exhibit 2—-3 variations: HD90273 is 36% less luminous in
temperature, absorbing column?), but the high lumino#ig, the last observation, MSP183 and 203 are 35% more luminous
hardness of the spectrum, and the variability suggest #ret in the last observation, the flux of MSP157 nearly doublehén t
be a colliding-wind binary or a magnetic object. Note that bfirst observation, whereas that of Src2 increases by 35%e
narity is also suggested by the position of the star in thecabt stars are really single, as their modest luminosity suggéise
colour-magnitude diagram of Westerlund 2 (Rauw €tlal. , 200ause for their variability is hard to define.

MSP167 and 188 present similar properties, with lgg(goL)

of —5.8 and-6.3, respectively, and a variability at the-Zevel )

between pointings. Although no large variation are seerifer 3-2.2. Faint X-ray sources

full band short-term lightcurves (Figl 3), MSP188 exhilsitgne
peculiar 2 change (an increase followed by a decrease) in
soft X-ray flux during the last observation. Finally, MSP 380
displays a rather large lobg/LgoL) of —6.4 and some variabil-
ity (at the 2r level, the source is 30% more luminous in the se
ond observation), but the source is overall quite soft. Athese
sources should be considered as potential binaries, amdvaes

The faintest X-ray emitters of this sample (13 out of 26) did n
Rwe enough counts for a detailed spectroscopic analesis (|

than 100 counts in total). We must therefore rely only onrthei
hoton fluxes and rough ‘colour’ properties. In this catggmwe

ind four O-type stars classified by Rauw et al. (2007): from

their bolometric luminosity and extinction, we would have e

pected at least 300 counts for each of these but we detect less

than 100 counts. This is especially surprising for MSP199, a
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: ) : ; : tars, thus suggesting that a significant part of the X-raigem
Fig.3. Full band background-corrected lightcurves in units Qiion of WR 20a arises in the wind interaction region. Assignin

counts per 5ks bin for the three Chandra observations ceearht t the emission arises from a radiatively cooling shoekthd
at the top, latest at the bottom). Data from MSP18 are Shown;ﬂgsma, we find that pre-shock velocities of about 1000Km s

the left panel, those of MSP188 in the middle one and those ; ; oo g
WR20b in the right one. Note that the first and last bins, whéfi® required to account for this hot plasma. This is twice the

affected by uncompleteness, were discarded and that the first Jue of the on-axis pre-shock velocity of the wind-windeiric-

. I .~ tion that we estimated from a simglerelocity law (Rauw et al. ,
servation of MSP18 wasflected by the spacecraft's dltherlngtzoori) This probably indicates t?]jat sucr:ya sirhple approxima
(thereby explaining the lower number of recorded counts). e

tion of the pre-shock wind velocity law is not appropriateaim
interacting-wind close binary system such as WR 20a. It inigh

03-4 star that should be at least as luminous as the neighb@g0 mean that the contribution from thé-axis collision, which
ing MSP183 (also 03-4) and certainly more luminous than tiggcurs at higher speed, is not negligible. In what followssivall
neighbouring MSP203, an 06 object. However, Fig. 2 clearfpus assume that the pre-shock velocity amounts to 1000kms
shows that it is not the case. Only a few of these stars aralfoun

significantly variable at the® level: MSP182 is 40% less lu- _

minous in the second observation, MSP32 is nearly undetecfel.2. X-ray lightcurve

and Src4 is 3—4 times more luminous in that same exposure;
MSP168 is 50% less luminous in the first observation, whike th! he three Chandra exposures were taken around the secondary

happens for Srcl in the last one. Overall, thsifLgo, follows €clipse: Obsl samples the descending bfgn€ibs2 corre-

the ‘canonical’ relation (Fid.]4), but some of them displagge SPONds to phases slightly before and at the beginning of the
HRs (MSP223, Src 4, MSP44). eclipse, while Obs3 covers entirely the eclipse (Elg. 5).ratfi

In conclusion, most O-type stars appear to follow tye— @mportant conclusion fror_n th@handra light curve of WR 20a
LgoL relation derived for the somewnhat later O-type stars 6% the lack of an X-ray eclipse. This result can only be exyéli
NGC 6231. The larger scatter for Westerlund 2 can largely B¥ @ rather large size of the X-ray emitting region. The absen
explained by the fainter X-ray fluxes and the poorer knowff strong variations could be explained if the X-ray emiasb
edge of their properties, notably multiplicity, compared.eo WR 20a were produced in the.lndl_vldual vymds, i.e. without a
NGC 6231 [(Sana et al, 2006). The situation appears definitéffong contribution from the wind interaction. Howevererié
more complicated than the fairgoft vs. bright-hard dichotomy aré two arguments against this assumption: first the ratigér h

suggested by Tsujimoto et Al. (2007, see also[Hig. 4). plasma temperature (see above) arjd second the X-ray luminos
ity that corresponds to ahy /Ly ratio well in excess of that

of single early-type (actually O-type) stars. Such prdpsrare
4. Wolf-Rayet stars indeed more typical of colliding wind binaries (either-O or
4.1. WR20a O_+WR). In the framework of a model where the X—ray_em_ission
i arises mid-way between the stars as a result of a wind interac

In 2002, WR20a was serendipitously found to be a binary witiPn, the absence of an eclipse sets stringent constramtiseo
P=3.7d ande=0. Follow-up analyses revealed the system t&inimum size of the X-ray emitting region. For an orb|taII|nc_
be the most massive binary known with accurately determinggtion of 745° (see Rauw et al. 2007 and references therein),
masses: it consists of two very similar components of 82-83 Mve find that the lack of an occultation implies a strict minimu
each [(Rauw et al.[, 2005, and references therein). This excggfius of the emitting region of 12R

tional object also harbors a wind-wind collision that tregg line In fact, the lightcurve not only reveals the absence of eelip
profile variability in the visible domain (Rauw et al., 200%he it also indicates a brightening of the emission near corjanc
two components have types WN6ha, but they are only ‘Woljhase, i.e. when the collision region is seen face-on. Moze p
Rayet stars in the disguise’, i.e. they are likely core-bogein cisely, on the fluxed images, WR20a appears 20-30% more lu-
burning stars with high mass loss rates, only slightly eedlaf  minous in the last observation while the photon fluxes in trse fi
the main sequence. two exposures are compatible within 2=3Table[3). During
each exposure, increasing trends are detected, but indiviihs
are generally within one or two sigma of a constant value. The
last two observations, during which WR20a was nfieeted
InlRauw et al. [(2005), the wind composition of WR20a was aivy dithering, follow each other in phase, and the behavidur o
alyzed: the amount of Helium was found to be consistent witwR20a can thus more easily be quantified when the lightcurves
solar, but the nitrogen abundance appears six times salahan are folded in phase (Fifll 5). At the beginning, WR20a presknt
carbon abundance about or less than 4% solar. We include thaisout 175 cnts per 5ks-bin, while at the end it reached 250
chemical peculiarities in the spectral fitting, and fredmedbun- cnts per 5ks-bin. If we compare the lightcurve in the hard and
dances of other elements at solar values. Two-temperatune ¢ medium band’(see Fig[F), the increase appears larger in the
ponents were necessary to obtain good fits (Table 4). Note tfermer, thereby leading to a slightly smaller hardnessiatthe
the low-temperature component seems the more variable frémst observation. The binary is thus significantly X-raygbiter
one observation to the other. and somewhat softer during the photometric eclipse.

The X-ray spectrum of WR 20a appears overall rather hard.
This is partially due to the absorption by the rather larderin
stellar column density, but reflects also the intrinsic hass of 6 Ngte that we need to be rather cautious about the resultstiiem
the spectrum. Indeed, our two-temperature fits of the ACESsp first observation, since during this exposure WR20a moveahihout
tra of this source indicate temperatures around 1.3-2.0fkeV CCD2 due to the spacecraft’s dithering.
the hotter component. We emphasize that plasma at tempesatu 7 Since WR20a is heavily absorbed, there are not enough ctants
that high is usually not found in the winds of single earlpgy make a lightcurve in the soft band.

4.1.1. X-ray spectrum
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Fig. 4. Left: X-ray luminosity vs bolometric luminosity. The solithe corresponds to the canonical relation of Sana et al0oGR0
the stars represents the Wolf-Rayet objects, the filledesithe brightest O-type stars (see Table 4) and the opdasthe faintest
ones (see Tablg 3). Right: Hardness ratios, symbols as Iefth@anel.

Fig. 5. Left: Visible lightcurve of WR20a (top figure), X-ray lightcurvesth bins of 2ks (middle figure) and 5ks (for the full energy
band, bottom figureRight: Lightcurve in the medium (M, top) and hard (H, middle) bartdgether with evolution of the hardness
ratioHR; = (H — M/(H + M) with phase (bottom), all shown in 5ks bins. The X-ray datarfithe second observation are shown
in solid black circles and those from the third one in opentrihgles; uncomplete bins were discarded. The unceytaimthe
phaser, is about 0.01, taking into account the uncertainty on thegeand the time elapsed since our optical observatie76@d,
Rauw et al. |, 2007).

4.1.3. Interpretation axis). Since the X-ray emission arises over an extendedopart
the wind interaction region, the actual (observable) gitsom
will be lower. In addition, in a highly radiative wind intestion,
various kinds of instabilities are expected téeat the shape of
%Ae interaction region_(Stevens etlal. , 1992), making itiatev

A possible explanation for this puzzling result could comgarf
the orbital modulation of the absorption in the dense windrin
action itself. Since the winds of the two components of WR 2

mhosglikely h"i‘ve the sa(;nﬁ strengr]]th,r:hed‘stagnation’ paihere  gionificantly from a simple planar region. The lattefeet will
the hottest plasma and hence the hardest X-ray emission IS &8y,ce the peak value of the column density towards the atagn

p_ected, should be Iocate_d roughly at the centre O_f mass OT H¥n point, but will also broaden the episode of high abgorpt
binary. The column density to the centre of mass is deteming,, ;nqg quadrature phases.

mostly by the density of the postshock material and by thakthi
ness of the postshock region along the line of sight. Neadigua
ture phases, the column density along the line of sight gelstr 4.2. WR20b

because the line of sight crosses the material near theeoeshtrl_i,[tle is known on WR20b[ van der Huchi (2001) assigned it

mass where the density is largest. r ]
Antokhin et all (2004) provided a semi-analytical model fog type WN6ha, whereas Shara et al._(1991) prefer WN7. As

" e . _tg/pes and ages are similar for both Wolf-Rayet stars, we have
2&2\??3\]’; z\ggﬂr:gtféﬁgiﬁnai?lﬁﬁThe(S)eo?u\ﬁtr;Osr?n? ropose to Calyge the same chemical composition for the spectral fitdg¢Tab
o/f = 0.

8/M where s X -
; ; as well as the same intrinsic color and bolometric coimact
r is the distance between the centre of the star and the Sta%forWRZOa. Combined with our photometry=(13.51+0.02,

:E'r?n p0|:1t Ibn E/?/ v |strt]hetlocal vt\ntndtr:/el_oislty "1. 1®|;m§t ’ Gdlaih B=14.98:0.02), this leads to a bolometric luminosity of about
?angded. e t_een S\-A"’.m%ﬁn 0 elln era(; lon 158{/" amil 7.3x10°L,, i.e. slightly fainter than the faintest component of
cal wind direction andM is the mass-loss rate in oY WR20a (Rauw et al|, 2007).

In the part of the interaction region around the binary atiat The photon rates and hardness ratio of WR20b are presented
is of most rele\_/an(_:e for X-ray emission, the deflection due 19 Table[3 while its spectral properties for each observatian

the orbital motion is relatively small and henge= n/2. Folr be found in Tabl&l4. Overall, the system is 37-38% less lumi-
WRd ﬁ-/lozf \gGS furit(wTeGrl\jdop‘Elz 3/2 R:) 21 Pet VI zzéggo krgi nous than WR20a both in the visible and in X-rays. The spkctra
ag f_ ‘ 'F<h' th @Iyr d (?E)GN gLév(\S/e a‘D' " than ¢ €r%%;its reveal a large extinction, typical of Wolf-Rayet obgdbut
above forv). This then leads i ~ 0.86 R,. Due to the steep also a high temperature. The hardness ratio is also larga, ev
temperature depen_dence of.the radiative qoollng,.the \mdthlarger than for WR20a (Fid]4). Such properties are only ex-
the postshock coolmg layer is of ordefo27 (A_ntokhln etal , pected for interacting binaries. However, the X-ray flux egms
2004), which then yields abo_ut 0.25 RAntokhin et al. further_ rather constant on both short and long timescales {Fig. 3 and
shpwed that the surface density of the shock region on ”my.o'nTabIeB), suggesting the star to be single. This contragicts

axis go should :)eteqlgal tto(;oli '\é{;”\’lai For WR 20(?’ this sult is important in the context of the current debate abbet t
_num er aT(?wunlf 0 al_oul ' gf ;Jmpgglgl%rpzean _E”ff'ty level of intrinsic X-ray emission from WN stars: while some
In the€ postshock cooling 1ayer of aboulfx 19 = gem = I ahharently single WN stars, like WR40 (Gosset et al. , P005),
we assume that the wind interaction region within a radius P(fmain undetected in X-rays, other objects, e.g. WR6 and 110

12 R, around the binary axis is delimited by two parallel plan Skinner et al. | 2002). clearly emit X-ravs. WR20b seemsto b
shocks, integrating the density along the direction pedfuerar aI(ong to the latter cat()a’gory Ayn optical rr):o.nitorinQ is undexyw
to the binary axis (using equation [32]lof Antokhin et al. 2P0 tol better constrain its natu're

al. '

and assuming the same chemical composition_as Rauw et
(2005) yields a (highly ionized) hydrogen column dengity
of order 2x 107*cm2. This extremely large valleover (prob- 5. HESS J1023-575 and the diffuse emission

ably) only a limited fraction of the interaction region sheothat : _
the absorption of the X-ray emission by the material of the igharonian et al. [(2007) recently reported on the discovéry 0

teraction region must indeed be quite substantial arouadiqu '€V high-energyy-ray emission in the vicinity of Westerlund 2
ture phases. Of course, this large value of the column q,enéi‘f'th the HESS Cherenkov telescope array. This emission ap-

only applies to a single point (the stagnation point on tmabj P€ars eéxtended with a Gaussian fit yielding- (0.18+ 0.02’,
equivalent to a diameter of 28 pc for a distance of 8 kpc. The

8 They cooling parameter Gf Stevens efldl. (1992) amounts to abctRUrCe centre lies 40s (or B Svest of WR 20a. Therefore, it is
0.02 for WR20a. unlikely to be associated with WR 20a alone, especiallyesinc
° Note that due to the steep dependence on the pre-shocktyelodh€ photon-photon absorptions in the wind interaction zohe

adoptingv = 500 km s would imply a column density about 60 timesthe colliding wind binary are likely to be extremely sevepeg-
larger, and a pre-shock velocity of 1500 kmh a value ten times lower. venting a putative TeV emission from escaping from the in-
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ner regions of the wind interaction zone of WR 20a. The siz&1. Flaring region
of the source is actually more typical of a wind-blown bubble )
Aharonian et al. [(2007) accordingly propose the TeV sousce The spectra and light curves were extracted for the flarersase

be associated with a blister-like structure detected inréino  tion over circular regions with a radius of at least 1.25acc&or
range west of the clustér (Whiteoak & Uchlda , 1997). isolated sources, the background was evaluated over aesourc

0a‘rge annulus around the source region. However, in the cedwd

To explain the TeV emission, Bednarek (2007) propose X
hybrid model where both leptons and hadrons contributedo gyiner regions of the cluster, we rz_;\ther evaluated the bw
quer a circular, source-free, region as close as possibiketo

y-ray emission from very young open clusters. In this mode

; burce. For the lightcurves, whenever possible, we hawr-det
the leptons are responsible for X-ray and GgVays through SY : ! ' .
synchFr)otron and invperse Compton ra}zjiation, whiI);t the bgslr mined the Jedecay times of the flaresd,) by a least square fit

produce the Tej-ray emission through® pion decay. The elec- of the exponential decay (see Table 5). Due to the limited-num

trons and the hadrons would be accelerated at the shocks re%p?r of counts, the light curves had to be binned into 5ks bins,

ing from the interaction of the stellar winds of the massitees th'us bll_m|t_|ng ?ur al?_l|l|ty to detelznglnte decay times S?Orﬂm';[]
with the surrounding matter. Whilst the relativistic elects lose IS binning time. - However, all but one source actually have
their energy inside the lower density cavity created by tiel 7obs > Sksec. On the other hand, the spectra were fitted with
of the massive stars, the relativistic protons travel oaegdr dis- an absorbediabs) single temperature, solar abundanmekal

tances and will only lose their energy when interacting it model. Unfortunately, the sources are still too faint torast

dense ambient giant molecular cloud. Hence the TeV emissitérﬁ'e'resoIVGd spectra over the duration of the flare, anejgise-

: analysis was therefore done for the whole exposure. The
)p(r_?;j;gi% l(agye{?gfneisps?égcles should be more extended than geﬁéults of the fits are provided in Table 5. The best fit plasma

, ) temperatures are all quite higkl{ > 2.2 keV) as expected for
An__alternative _explanation has been proposed ye-main sequence (PMS) stars during a flare. We note that the
Anchordoqui et al. L(2007) who suggest that the TeV emissigpst fit column densities are larger than the interstellarmn

seen towards Westerlund2 could be the result of Lorenz: 1 x 1022 cmr2) expected from the average reddening towards
boosted MeVy-rays emitted in the de-excitation of daughtefhe massive stars of Westerlund 2.

nuclei produced by the photo-disintegration of PeV cosraic-

nuclei in the radiation field of the early-type stars insitie t 2MASS point source catalogue (Cutri et al. , 2003), we find tha
cluster core. ) ) sources A, B, D, and G have a near-IR counterpart within less
In some of the scenarios discussed hereabove, the TeV erfigm one arcsecond. However, the only one with good qual-

sion is expected to have an extended counterpart in the X-igy2MASS photometry is Src A = 1547, H = 14.80 and
domain. However, in th@handraObservation, the diuse emis- Ks = 1446), the other three have h|gh|y uncertain measure-

sion pervades most of the field and appears rather featsrelegents.

our X-ray data provide no clear indication of a blister-l#teuc- . . . . .
| ) e Assuming that the flaring plasma is confined in a closed
ture (FigL1). The brightest emission is to be found to thesou coronal loop as is the case for solar flares, we can use théesimp

east of the cluster, not towards the radio blister, and nghbri ; : A :
; T : C nalytical approach proposediby Serio et al. (1991, for ati-ap
ﬁ[)zizyg%?gt I\S/I%li(re%?/ésr ?ﬁéegfg '2 ?&3253 Yr:z?(;geoefmﬁ'sl,:_-s ation of the method see e.g. Favata €l al. 2005) to express th
: ' y SP loop half-lengthl as a function of the maximum temperature at

sion appears mainly thermal although a faint, hard compion ; oo
might (or might not) be non-thermal (Townsley et &l. , 2004). He top of the loofT max and the thermodynamic decay time:

Correlating the positions of the flaring sources with the

| ~ 0.132Tth Vk max

6. Variable X-ray sources

Herel is expressed in R kT in keV andry, in ksec. When the
A photometric analysis was carried out on the 0.3-10.ke\&ftlix temperatures are determined from fits of ACIS CCD spectra, a
images of each observation using the standard proceduresdgrrection has to be applied to the observed temperatuesiied
aperture photometry available under iraf. The positionthef the maximum temperature at the top of the loop (Favata et al. ,
sources have been derived from the merged data in order to2005): Tyax = 0.068Tf}-2° where the temperatures are in K. The
crease the signal-to-noise ratio. Apertures with radiveen 1.5 observed decay time of the flare exceeds the intrinsic theymo
to 5”were used. The relative errors were estimated from the phtamical decay time due to théfect of heating that can extend
ton statistics derived from the fluxes in the uncorrectedy@sa into the decay phase of the flare. The relation between the two

To identify flaring sources, we have compared the photdr{{) = Tobs/7th, Can be determined from the slopef the flare

rates of each source in the three observations. Many objedézay in a log — log VEM diagram |(Favata et all , 2005). As
appear variable (about 6% at the 99% significance level), buentioned above, the flaring sources discussed here araitbo f
we decided to focus on those that display a pronounced inter-allow a time-resolved spectral analysis. Therefore, ae c
observation variability? > 100) and are bright enough to allowonly determiné x F (). The corresponding values ot F(¢) are
for a detailed analysis of their light curve and spectrunthis 3.0 — 4.8 R (see Tablgls). If we assume that the flaring loops are
way, we have identified eight objects that display a strong flafreely decaying with no heatingr(¢) ~ 2 (Favata et al.|, 2005)
during one of the observations (see Eig. 6). It should be emphvhich actually represents the lower limit &t/). Therefore, the
sized that we are not aiming at establishing a complete sensygpical loop sizes arg 1.5 — 24 R,. The flaring regions of the
of variable sources, but rather at characterizing the ptigseof PMS stars in Westerlund 2 are thus rather compact and typical
the brightest flaring candidates. Note that in some caseswe fof many PMS as well as active main-sequence stars that gispla
that the observation does not cover the entire flare but ¢vdy loops anchored on the stellar photosphere with no intenacti
decay phase. with an accretion disk.
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Fig.6. Light curves of the eight sources that display a strong flamind one of theChandra observations of Westerlund 2. The
sources are identified as in Table 5 and the number of the atgaT where the flare occured is also indicated. For eachlthe
x-axis shows the time (in ksec) elapsed since the beginrfitigeoobservation. The light curves were binned with a time dfi
5ksec but note that the first and last bins might fecied by uncompleteness).

Table 5. Spectral analysis of the flaring PMS candidates, orderedAy®lumns 2 and 3 yield the coordinates (J2000) of the
sources, whilst the fourth column indicates the numberefihservation during which the flare occured. Columns 5+8lésbest

fit parameters of the spectral fits withwvabs x mekal model. For each parameter, the lower and upper limits of @8é Sonfidence
interval are noted as indices and exponents, respectiviglglly, column 10 yields the /& decay time of the flare; knax is the
maximum plasma temperature during the flare (derived franditted KT') andl is the loop half-length.

Source RA DEC Obs. N KT 2 fynabs X2 (dof) Tobs  KTmax | X F(0)
# # (1¢?cm?) (keV) (10 *ergcnt?s™) (ksec) (keV) (R)
A 10:23:34.27 -57:48:09.3 2 <0.21 4052:82 1.4 1.4 1.75 (4) 2.4
B 10:23:57.20 -57:42:59.5 1 BATE 524199 88 16.1 0398 87 128 41
C 10:24:00.00 -57:44:215 1 BREL  >318 47 6.2 0479 6.6
D 10:24:00.86 -57:45:56.8 3 DR 59329 52 8.9 112(11) 62 149 32
E 10:24:01.58 -57:45:22.7 2 B6L 39134 60 10.9 0.74(16) 12.0: 9.0 4.8
F 10:24:02.05 -57:44:33.0 1 BRX 178 2.6 3.4 0.76 (1)
G 10:24:03.21 -57:45:345 2 TR 32250 30 6.1 166(8) 106 7.2 3.7
H 10:24:10.15 -57:46:359 3 ICT 21782 12 4.2 0.28(5) 107 45 3.0

6.2. Further evidence for a large distance Fig.7. (B-V, V) colour-magnitude diagram of the X-ray sources

that have an optical counterpart within a correlation raditi
Tsujimoto et al. [(2007) derived a loose constraint on the dikess than 1. The dashed lines correspond to the main-sequence
tance towards the cluster of 2 - 5 kpc, based on the mediay X-tsetween spectral types O3 and B2 for a distance modulus of
luminosity of PMS stars in the mass range 2.0 — 2,/ M fact, 14.52 and reddened with, = 4.68 (leftmost curve) or B4
it seems rather unlikely that the X-ray data can providegent (rightmost curve) and assumify = 3.1.
constraints on the distance. If we consider for instancethay
luminosity of the flaring sources, we find that their mean, ab-
sorption corrected,x amounts to & x 10%2ergs? during the

flares if we adopt a distance of 8.0 kpc. While this is a ratliggn h .
X-ray luminosity, we note that for the brightest flaring sces  2AMS turn-on. Indeed, none of our flaring soulEbseems as-

in NGC 6231[ Sana et all (2007) derived ~ 3 x 10%2ergs?. sociated with an optical source in our photometry. The aptic
In addition, the brightest flaring sources in the Orion Nepufounterparts of th(lase sourceimust thui%ecfglznéir\(ﬂ;arizl. I
Cluster observed within the COUP project display peak lumi2r Very young clusters such as e.g. : (Sanaletal.
nosities of 8x 10%?ergs*? (Favata et al.|, 2005). The luminosi-2007), the optically brightest PMS stars that display X eayis-

ties of our flaring sources in Westerlund 2 are thus not ungtpi S'O" a:je found to havgahabhsolutedma_gmtudfes/lml‘2_0.5 N 1ﬁhz;d
especially since they are probably biased towards higheesa |nS_goo agreezrge)gt Vé't t g_ pre ICtI?‘n8S(;) eVOEtllglnE?Zry o e
first, we have selected only the brightest flaring objecisosd, (S1€SS Eflt al... 20 .)'morf‘ 4|s7tange80(R. I@M—l éOO)7an A
these luminosities were corrected for the full column digessi 'Ntersteliar extinctiomy = 4.7 — 5.8 (Rauw etal.., ), the
derived from the spectral fits. As noted above, these coluena d optically brightest PMS stars in Westerlund 2 would be exgrc
sities are larger than the values estimated from the iriéast © occzukr somhewhere in the rlgrgje; '19H7_ 513? Were tZe clulsd- b
reddening of the early-type stars in the cluster core andtct € &t 2KPC, the turn-on would be brighter by 3 mag and would be

thus be that our absorption-corrected X-ray fluxes are soraewasily spotted in our data, and counterparts to our 50”“_1‘45' ¢
overestimated. be detected. Their absence therefore suggests a largecdi$ta

the cluster.

Our X-ray data might however still give hints for constrain-
ing the distance of Westerlund 2. Indeed, a total of 202
ray sources have an optical counterpart at less tlfam the

BV photometry of Rauw et &l (2007) (see Hi§. 7). The coloufn this paper, we have analyzed three Chandra observations
magnitude diagram of these sources indicates that mosteof fimed at monitoring the massive objects of Westerlund i t
X-ray sources with an optical counterpart appear along i@ m heavily obscured region, 24 O-type stars (identified or gand

sequence of the clus_ter or are foregr_ound field stars. Thar |aHates) were detected and analyzed. Most of them displagalypi
objects actually provide a large fraction of the counteipaa

fact apparently underestimated by Tsujimoto et al. (2007). 0 Note that source A falls outside the field-of-view coveredadoy
addition, the colour-magnitude diagram shows no sign of tiphotometric data.

X/. Conclusion
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values of theirLx/Lgo, ratio, though the scatter is rather largeana, H., Rauw, G., Sung, H., Gosset, E., & Vreux, J.-M. 260NRAS 377,
(about 60%) due to the rather low signal-to-noise ratio efXh 945 o

ray spectrum, but also the much poorer knowledge of theg-bof>€10. S- Reale, F., Jakimiec, J., Sylwester, B., Syestel991, A&A, 241,
metric luminosities and multiplicities. The most X-ray lmaus  giecs | Dufour, E., Forestini, M. 2000, A&A, 358, 593

objects (MSP18, 165, 167 and 188) are probably binaries aghra M. M., Smith L. F., Potter M., Miat Anthony F. J. 1991, AJ, 102, 716

need a specific follow-up. About half of the O-type stars abso Skinner, S. L., Zhekov, S. A.. Gudel, M., Schmutz, W. 200pJA579, 764

hibit variability at the 2- level or more, whose origin is unknownfé?;’;”;' '-Tmr‘?s'?e”d"} é?l"c SOI::OeCik'e ﬁ(,)\/rl{TilggTzﬁiéfrJ 3I\3gﬁtmer2 batrick

in these supposedly single .Obje(.:ts' . S. Broos ,1 Yoﬁ-l,ﬂua Chu ,3 ar?d Gord,or'1 P. Garrxire 1 The Astrsipaly
WR20a, the most massive binary, displays a hard and heaviournal, 593:874-905, 2003 August 20

ily absorbed X-ray spectrum. It brightens by about 40% in thewnsley L., Feigelson E., Montmerle T., Broos P., Chu Y,-Barmire G.,

X-ray domain during the photometric eclipses. The X-rayemi Getman K., 2004, in X-Ray and Radio Connections (eds. L.Guvggrman

. . . . . .. V& - C
sion is believed to come mostly from the wind-wind coII|S|or}sa?rﬂofbKMDyggi;éé'(‘)’haétrg p’?:vgggé‘;”_ K., Broos P. S.pBan K. V., Wang

region, which would easily explain the presence of a high-tem" ; Garmire G. P, Baba D., Nagayama T., Tamura M., Churdtfvél. 2007,
perature in the best-fit models. If the colliding wind regisn  arxiv0705.0702T
sufficiently large and opaque, a modulation will appear when thien der Hucht K. A. 2001, NewAR, 45, 135
system rotates and it should then be brighter when seen ‘fat#itecak, J.B.Z., & Uchida, K.I. 1997, A&A, 317, 563
on’, as is the case during eclipses. The other Wolf-Rayeista
the field, WR20b, is thought to be single and its flux is accord-
ingly constant. However, the star also exhibits a high te@ape
ture and a high X-ray luminosity, and its hardness ratio enev
larger than for WR20a. These latter characteristics arerypr
ical of colliding-wind binaries.
The photometry of the other X-ray sources was examined
for each observation. Many objects appear variable, ancwe f
cused on the eight brightest, flaring ones. Their lightculeeay
time and spectral properties enabled us to infer rather esinp
flaring regions. The comparison between the optical andyX-ra
properties of the X-ray sources again suggest a large disfan
Westerlund 2.
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