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Abstract. We report the analysis of the first high-resolution X-ray spectra of the Wolf-Rayet (WR) object WR 25 (HD 93162,
WN6hat+O4f) obtained with thexeflectionarating spectrometersrgs) and theeuropeanrhoton imagingcameras gpic-mos

anden) ccp spectrometers on board th@M-Newtonsatellite. The spectrum exhibits bright emission lines of the H- and He-

like ions of Ne, Mg, Si and S, as well as fau to Fexx and Fexxv lines. Line fluxes have been measured. Rheanderic

spectra have been simultaneously fitted to obtain self-consistent temperatures, emission measures, and elemental abundances.
Strong absorption by the dense WR stellar wind and the interstellar medium (ISM) is observed equivdleats 10?* cm2.
Multi-temperaturerfem) fitting yields two dominant components around temperatures of 7.0 and 32 MK, respective{MMhe

intrinsic (i.e. unabsorbed, corrected for the stellar wind absorption and the absorption of ISM) X-ray luminosity of WR 25 is
Lx(0.5-10 keV)=1.3 x 10** ergs?, andL,(0.5-10 keV)=0.85 x 10**erg s, (when correcting for the ISM only) assuming

d = 3.24 kpc. The obtained chemical abundances are subsolar, except for S. This may be real, but could equally well be due to a
weak coupling to the continuum, which is strongly influenced by the absorption column density and the subtracted background.
The expected high N-abundance, as observed in the optical wavelength region, could not be confirmed due to the strong wind
absorption, blocking out its spectral signature. The presence of thevFemission-line complex at 6.7 keV is argued as

being indicative for colliding winds inside a WD binary system.

Key words. stars: individual: WR 25 — stars: early-type — stars: Wolf-Rayet — stars: binaries: general — stars: abundances —
X-rays: stars

1. Introduction The first report of X-ray emission by a WR star is
from Seward et al. (1979), who presentBihstein X-ray
Wolf-Rayet (WR) stars represent the one-but last phase in {iie2—4.0 keV) observations of the Carina open cluster Tr16
evolution of massive stars withl; > 20M,. For a review on and its environment, including six O-type stars and one WR
WR stars see, e.g., van der Hucht (1992). star, WR 25 (HD 93162, Tr16-177, WN64f; WR catalog
number and spectral type from van der Hucht et al. 1981
and van der Hucht 2001). Subsequéiimstein observations
Senq @print requests toA. J. J. Raassen, by Seward & Chlebowski (1982) of the same region show
e-mail:a.j.j.raassen@sron.nl _ _ X-rays from 15 O-type and WR stars. The data are consistent
* Bas_ed_on ot?servatlons obtained \AMM_M-I\_leWtoq an ESA sci- with the hypothesis thdt, ~ 2.0x 1077 Ly for all O-type stars
ence mission with instruments and contributions directly funded tﬁ){ this region with remarkably little scatter. Yet, WR 25 had

ESA Member States and the USA (NASA). N 7
~+ Research Associate FNRS (Belgique). x =~ 20x 107" Lyq, a factor of 30 larger than for the other WR
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stars in this region: WR 22 (HD 92740, WN7Q9III-V) and Table 1. Stellar parameters of WR 25.
WR 24 (HD 93131, WN6ha). Adopting all to be at a heliocen-

tric distance ofd = 2.6 kpc, they found for WR 22, WR 24 and quantity value ref.
WR 25 thatl, ~ 3.6,<2.5and 73.& 10°?erg s, respectively. spectral type WN6RO4f 1
Einsteinobservations of other WR stars (Sanders et al. 1985; d (kpc) 3.24 1
White & Long 1986) showedl, / Ly ~ 10~7 with considerable v (mag) 814 1
scatter, but leaving WR 25 exceptionally bright in X-rays com- T\)/I_ v (mag) 061270 i
pared with WR stars of variousfé&rent subtypes. v (mag) 6.
; A (mag) 1.79 1
Subsequent X-ray observations of WR stars by the E, (mag) 044 1
EXOSAT Ginga, ROSATand ASCA satellite observatories E - (ma '
. . B-V 0) 0.53 1
have added considerably to the X-ray view of WR stars. For Veo (kms?t) 2480 1
X-ray surveys of large samples of WR stars, see Pollock (1987) T, (kK) 31 2
and Pollock et al. (1995). For reviews on X-ray properties of log L/L, 5.97 2
WR stars see, e.g., Willis & Crowther (1996), van der Hucht M (105 Mg yr 1) 3.6 2

(2002b), and Corcoran (2003).
A uniform analysis of all 48 WR stars positively detectefeferences: 1) van der Hucht (2001); 2) Crowther et al. (1995a).
with Einstein(Pollock 1987) showed that their X-ray luminosi-
ties cover a range of more than two orders of magnitude. In
particular:(i) single WN stars exhibit,-values of about a fac- material, homogeneously distributed throughout the WR atmo-
tor of four larger than do single WC sta(@) WR+OB binary sphere, accounting for the free-free absorption of X-rays and
systems tend to be X-ray brighter than single WR stars; atfteir non-LTE transfer. The model of Baum et al. can repro-
(iii) the few WR stars with absorption lines in their spectra apguce the low-level WR X-ray fluxes, assuming a temperature of
pear significantly more X-ray luminous than single WR stargpout 4x 10° K and a filling factor of a few percent in terms of
an indication that they may be WROB binaries ROSATob- the mass. The observed X-rays are emerging from far out in the
servations of some 150 galactic WR stars confirm and detsii¢llar wind, due to the large optical depths. Further modeling
this view (Pollock et al. 1995). of X-rays from single stars is provided by, e.g., Feldmeier et al.
The X-ray-brightest Galactic WR object detected to daf@997a,b), Ignace et al. (2000) and Ignace & Gayley (2002).
is WR 43c (HD 97950-C, WN6he?, period hundreds of days, In the case of WR binaries, Cherepashchuk (1976) and
Moffat & Niemela 1984) in the cluster NGC 3603, with &Prilutskii & Usov (1976) developed the idea that the collision
Chandraacis-1 (0.3-10 keV) unabsorbed X-ray luminosity ofof two supersonic winds in a WFO binary system should
Lx ~ 8x10*ergs?! (Moffat et al. 2002). cause a bright, extensive X-ray temperature shock to form be-
X-rays may be either of thermal or non-thermal origirtween them. Therefore, GBDB and WR-OB binaries do not
Assuming a thermal generation, the observed X-rays indicaxely add X-rays generated in the individual binary components,
temperatures of a few million degrees Kelvin. Such tempetaut provide also an additional X-ray excess due to the collision
tures are not expected in the atmospheres of these-36( of the stellar winds of the binary components (e.g., Luo et al.
90 kK) stars as long as radiative equilibrium holds. Thus so890; Stevens et al. 1992; Pittard & Stevens 1997, 2002).
material must be heated by non-radiative energy transfer, e.g.,X-ray transitions involve the innermost atomic electrons
by hydrodynamic shocks. In WR binaries with a massive corand thus, in principle, provide a means of assessing chemical
panion these shocks may arise from colliding winds, wherealsundances, via both thermal emission-line and photoelectric-
in systems with a compact companion shocks could be causdégorption-edge spectra between 0.1 and 10 keV, that is not
by accretion phenomena. For single WR stars, however, thesenpromised by the ficulties at longer wavelengths concern-
shocks must be an intrinsic property of the stellar wind. ing ionization balance (Pollock 1995). They are thus of special
According to the phenomenological model proposed biglevance to the study of the WR stars that are generally ac-
Lucy & White (1980) and further elaborated by Lucy (1982)%epted to be chemically evolved.
shocks are generated throughout a radiation driven stellar As mentioned above, WR 25 had the most prominent WR
wind as the consequence of dynamical instabilities. Such BinsteinX-ray emission excess. Also iBOSATX-ray flux is
stabilities have been studied in detail by, e.g., Owocki &mong the larger ones for WR stars. Its X-ray luminosity ex-
Gayley (1995, 1999), Owocki & Cohen (1999) and Dessart €ess is suggestive of a colliding-wind binary with a very long
Owocki (2002). Model computations predict shock velocityperiod P > 10yr), like WR 140 (Pollock 1989; Williams et al.
jumps ranging from 500 to 1000 km's implying post-shock 1990; van der Hucht et al. 1992; Corcoran et al. 1995).
temperatures which could account for the observed thermal Seward & Chlebowski (1982) derived from tlignstein
X-ray production. The Owocki et al. models were developd.2—4.0 keV) data of WR 25, assuming a thermal model and
for the radiation-driven winds of OB stars, while the drivingl=2.6kpc, thatl,~73.8x 10°%?ergs?. Pollock (1987) re-
mechanism of the stronger mass-loss from WR stars is not geialyzed theEinstein (0.2—4.0 keV) data of WR 25, also as-
established. Baum et al. (1992) have modeled the obsergetning a thermal spectrum, of 1 keV, adé 2.6 kpc, found
X-ray emission of WR stars in a semi-empirical approachatL, ~137x 10°2ergs?. This over-estimation is due to ex-
, assuming a standard non-LTE WR model-atmosphere comprapolation of the 1 keV thermal spectrum from the hard IPC
nent in radiative equilibrium and a hot component of shockddnd to the soft one, neglecting wind absorption (see Sect. 4.3).



A. J. J. Raassen et aKMM spectroscopy of WR 25 655

Table 2.Log of WR 25 observations bYMM-Newton

revolution #115 #116 #283 #284 #285
obs. date 26-7-2000 27-7-2000 25-6-2001 28-6-2001 30-6-200

start [UT] 04:58 23:48 06:51 07:22 04:38

instrument integration time (hr)

RGS1 - - 10.3 11.8 10.5
RGS 2 - - 10.3 11.8 10.5
MOS 1 9.4 31 10.2 11.7 104
MOS 2 8.5 2.3 10.2 11.7 10.4
PN 8.8 2.6 9.6 11.0 9.7

ROSAT(0.2-2.4 keV) data for WR 25 yielded, again ag
sumingd = 2.6 kpc,Ly ~49x 10*2ergs* (Pollock et al. 1995;
corrected by Wessolowski 1996).

ASCA(0.5-4 keV) data discussed by Skinner et al. (199
showed no significant variability within 11 hr, and a relativel
soft spectrum with 8remsstrahlungnodel fit ofkT ~ 1.6 keV
and very little emission above 2 keV. Its derived X-ray lum il
nosity, assuming = 2.6 kpc, isLy ~ 20x 10°2 ergs*. L

The diferent results demonstrate the need for a homo¢ = =
neous analysis of all archive data of WR 25, as performed:**
Sect. 4. TR o

Basic stellar parameters of WR 25 are listed in Table 1. T/ 518
binary nature of WR 25 is still a matter of debate. WR25con = = -
bines adiluted WN6-7 emission-line spectrum (e.g., Walborr =
et al. 1985) with a strong early-type absorption spectrur®
H. Smith (1955) assigned a WND7 spectral type, confirmed' =
by L. F. Smith (1968). Subsequently, WR 25 has been classifi - b
WNB6-A by Walborn (1974), WNZa by van der Huchtetal. = =
(1981) and WN6ha by L. F. Smith et al. (1996), due to lack ¢ -
a radial velocity solution (but this could equally well indicate = A
either a single star status, or a pole-on binary orbit, or a ve * .. °
long period). For the same reason, fié (1978) and Conti
et al. (1979) rejected a binary status, although the forrr-c',__’ :
noted that the absorption component in the optical spectri ;
of WR 25 corresponds to an O4f spectral type. Van der Huc'__.-___-. el
(2001), on the basis of the diluted emission lines in th
UV spectrum of WR 25 published by Walborn et al. (198% . = 5. o S
and the absorption-component spectral type given byfafio Fie Ti SR T e
(1978), provocatively settled on WN&KD4f, the spectral type Fig. 1. Top: XMM false-color image (30<30) of the WR 25 field
which we adopt also here. Prinja et al. (1990) determinggm the combinedios1, mos2 andex exposures in revs. #283, #284,

for single WN6 stars @-wind terminal velocities averagingand #285. Axes correspond to RA and Dec. Energy bands selected
~1700km s?, while for WR 25 they find 2500knTs, a Civ-  to create this image are: 0.4-1.0 keV, 1.0-2.5 keV, and 2.5-12.0 keV.
wind terminal velocity common for O4 stars. Drissen et alabeled bright sources in the field are:ilCar (pec); 2: HD 93250
(1992) found optical polarization variability in WR 25 and sugtO3.5 V((f")), Walborn et al. 2002); 3: HD 93205 (O3¥08V); and
gested that this could be binary-induced in case of a lorgj-HD 93129A (O2If, Walborn et al. 2002) in the open cluster Tr 14.
period (years) orbit. Van der Hucht et al. (1992) emphasizglalmerous_fainter X-ray sources are p_res&_ant,_many of them also early-
the correlation between excess X-ray luminosities and nd#ee massive stars. Alsofllise emission is visible3ottom: XMM

thermal radio emission for a number of long-period WR bin%—OSl (rev. #284) contours, plotted over an optical Digitized Sky

ries. At radio wavelengths, WR 25 has been detected to date’® 'mage:

only at 3cm (Leitherer et al. 1995; Chapman et al. 1999).

Anyhow, the excess X-ray luminosity of WR 25 makes it a The here presentetMM-Newtorras andepic observations
colliding-wind-binary candidate of considerable interest (se WR 25 allow an improvement of the determination of its X-
also Pollock 1987, 1991), and worthy of multi-frequency longay luminosity and a firstindependent abundance determination

term monitoring. of the elements Ne, Mg, Si, S and Fe. The observed element
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Fig. 2. Top: first-order background-subtracted spectra of WR 25 of rev. 284 and 285, obserdddNas (5-38 A) andXMM-epic-mos (1—

15 A). The spectra are not corrected for tifietive areas of the instruments, in order to show tifedint éficiencies. Several prominent lines

are labelled with the emitting ions. Note the small error bars. The red line shows the best-fit model and the blue line the subtracted backgrc
Due to the higher resolution the lines above 10 A are more prominent ikcthgpectrum. The oxygen edge at 23 A is invisible due to lack
of flux for A > 20 A. Bottom:the XMM-gpic-mos Spectrum of rev. 284. The question mark indicates an unknown emission, which happens to b
located at the position of TiK-shell lines. The cosmic Ti-abundance, however, is low and no other confirmations for the presence of Ti h:
been found in the spectrum.

ionization stages (cf. Table 3) place constraints on the structtwe35 A with a resolution of about 0.07 A (corresponding to
of the X-ray forming regions of the star, and provide tests faelocities of 4200 to 600knT$), and a maximum féective
understanding the nature of the source of X-ray emission framea of about 140 cfraround 15 A. The first spectral order has
this Wolf-Rayet stgbinary. been selected by means of the energy resolution afdiee-
tectors (see den Herder et al. 2001). The data were processec
] ) with the XMM-Newtonscienceanalysissoftware §as, version
2. Observations and data reduction [5.3.3]) system. FoiXMM-ras the spectrum was extracted

The XMM spectra of WR 25 were recorded with theflection including 95% of the cross-dispersion. The background spec-
crating spectrometerseGss) and thesuropearehotonimaging  rum was obtained by taking events from a region spatially
camera gric) cco detectors. The log ofXMM observa- offset from the source, excluding 98%. For tK&M-mosl

tions of WR 25 is given in Table 2. For general informatiof'e SPECtrum was obtained by means of extracting the events
on XMM-Newtonand its X-ray instruments, see Jansen et Ayithin a circle around the source with outer radius of 40he
(2001), den Herder et al. (2001), Sder ei al. (2001) and background was subtracted by means of an annulus centered
Turner, et al. (2001). Theas coveré the wavelength range " the source with inner radius of 5@nd outer radius of 64
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Table 3. WR 25 emission-line wavelengths and fluxes as observed XM ras1+ 2 andepic-mos. Values within parentheses are therl
uncertainties.

RGS1 + RGS2 EPIC-MOS identificatiort
AA)  fluxP AA)  fluxP AA)  E(keV) ion typé
— — 1.86 0.05 1.87 6.63 Pav Ka
— — 3.98 0.04 3.97 3.12 S Lys

3.97 3.12 Axvio  He4

— — 5.08 0.15(.03) 5.04 2.45 S He4

— — 57 — 5.64 2.20 St He3

— — 6.2 0.14(.03) 6.20 2.00 Siv Lya

6.726(.037) 0.53(.25) 6.67 0.40(.05) 6.688 1.853 xiBi He4
8.295(.028) 0.13(.07) 8.43 0.14(.04) 8.315 1.491 xke Li3-13

8.424(.032) 0.17(.08) 8.421 1472 Mg Lya
9.224(.037) 0.19(.11) 9.22 0.17(.04) 9.170 1.352 Mg He4
9.412(.050) 0.16(.11) 9.3 1.08  Fe-L

12.136(.064) 0.32(.22) — — 12.134  1.022 RNe Lye

13.476(.041) 0.28(.09) — — 13.448 0922 Me He4

13.467 0921 Fex O1-74

14.251(.028) 0.20(.09) — — 14.260 0.869 Fer F1-56, 55, 52

14.974(.021) 0.30(.09) — — 15.013 0.826 s&e Nel-27

15.236(.032) 0.14(.08) — — 15.265 0.812 e Nel-23

15.989(.032) 0.14(.07) — — 16.002 0775 sRer Fl1-4

16.791(.023) 0.19(.08) — — 16.780 0738 ma Nel-5

17.115(.069) 0.08(.07) — — 17.055 0727 & Nel-3

17.100 0.725 Fevi  Nel-2

Notes:? Identifications from Kelly (1987) Observed average fluxes at Earth inlphoton cm? s™X. No significant diferences between line
fluxes of rev. 284 and rev. 285 have been noti€debr notation see Mewe et al. (1985), Phillips et al. (1999), and Note 1 of Sect. 3.2.

A check on solar flare protons resulted in the deletions of part In Table3 we list the wavelengths and fluxes of the

of the exposure time (see Table 5). Figure 1a shows a combireedssion lines measured with thes and theepic-mos in-

XMM-epic false-color image of the WR 25 field; Fig. 1b showstruments. Prominent emission lines arexke (1.87A),

a X-ray contour diagram, derived frompic-mosl data of Sxv (5.04A), Sixm (5.64A), Sixiv (6.20A), Sixm (6.65A),

rev. 284, overplotted on an optical DDS image. Mg xu (8.42A), Mgxi (9.17 A) in epic-mos andras, and Nex
Besides WR 25, theric images reveal a number of discret€12.13 A), Nax (13.45A), Fexvn (15.01A), Fexvi (16.78 A),

X-ray sources, most of which are associated with massive staesvn (17.10A) inraes-spectra only. Above this wavelength

in the Carina complex. The Carina region harbors several véing emitted spectrum is strongly absorbed by the dense stellar

young open clusters (Trumpler14, 15 and 16, Collinder 228nd of the Wolf-Rayet star, equivalent tdy > 2x10?tcm2

and 232) that are extremely rich in very hot and massive stgiGruddace et al. 1974).

and have varying and anomalous extinction (e.ge €hal. .
. . S We use the ternequivalent N here, because the WR 25
1980; Massey & Johnson 1993; and in: Niemela et al. 199?/?/N6 wind consists for~20% of helium (Crowther et al.

although some other investigators find the extinction nor . ; :
(e.g., Turner & MdFat 1980; Drissen et al. 1992). Many of tr?;fé%a)' In WC stars the wind consists mostly of helium,

objects seen in Fig. 1 were already among the first early-ty@nd WG-O binaries show spectacular periodic changes in the

e . . : . -
stars discovered to be X-ray sources wiistein The ob- quivalentNy during their orbit, e.g., WR 140 (Williams et al.

served difuse X-ray emission from the Carina Nebula is probal—ggo) and WR 11 (Dumm et al. 2003).

bly due to the combined action of the stellar winds of the early- We note also that the winds of early-type star are ionized
type stars on the ambient interstellar medium. The propertaasd the cross sections for photoelectric absorption are modified
of the discrete sources and theéfdse emission in the Carinacompared to neutral material (see, e.g., Waldron et al. 1998).

Nebula will be discussed in a forthcoming paper. The stronger spectral lines have been measured individu-

ally by folding monochromatic delta functions through the in-
3. Spectral analysis strumental response functions in order to derive the integrated
line fluxes. A constant “background” level was adjusted in
order to account for the real continuum and for the pseudo-
Figure 2 shows a superposition of tk&1M-ras and €pric-mos  continuum created by the overlap of several weak, neglected
spectra, together with the best-fit model spectrum. lines. We notice that below 14 A the spectrum is dominated by

3.1. Emission-line identification, line fluxes
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H-like and He-like transitions of Ne, Mg, Si, S, and above 14 Aable 4. Multi-temperature fitting folXMM spectra of WR 25.
by Fexvi and Fexvi lines.

parameter rev. #284  rev. #285

. o . d (kpc) assumed 3.24 3.24
3.2. Global fitting and emission measure modeling NH (107 ) 77:06 63+06
3.2.1. Multi-temperature fitting N3 (10** cm?) 2407 32x06
We have determined the thermal structure and the elemental Ta (MK) 71£03 69+03
composition of WR 25’s X-ray emitting plasma by means of T2 (MK) 334 30+2
multi-temperature fitting and DEM-modeling to the spectrum ~ EM: (107 cm™) 74+11 61:09
as a whole. We fitted mulfl- optically thin plasma models of EM; (10°° cm®) 30+05 26+02
the spectraras+mos) usingspex (Kaastra et al. 1996a) in com- Ly [0.5-10 keV] (168%ergs?) 128+14 129+ 12
bination with themekar (Mewe-Kaastra-Liedahl) code as de-
veloped by Mewe et al. (1985, 1995). ThexaL data base is Abundance
given as an extended list of fluxes of more than 5400 spectral  He 2.2¢ 2.27
lines, and is available on theww?. From both methods a two- C 0.1% 0.1
temperature range of plasma activity is obtained. In the multi- N 59 5.9
temperature calculations we used two temperatures which were <04 <0.24
spontaneously found by the fitting procedure. The two temper- Ne 054015  (agoil

: : *~2015 TT=-011

ature components were coupled to twéelientNy absorption M 0.670%  (.55008
column densities, which were free to vary. The temperatures _g o009 008
and the correspondirigM values are given in Table 4, together Si 08371,  0.86715
with X-ray luminosities, abundances, and statistical incer- S 1.3%2 1.133
tainties. The luminosities are model luminosities at place of  Fe 0.5670%  0.409%3
emitting plasma, i.e., corrected for absorption by the ISM and  Fe, 0.64914  0.62:010
by the dense stellar wind of the Wolf-Rayet star. The abun-
dances are relative to solar photospheric values from optical X 643619 727613

studies (Anders & Grevesse 1989) except for Fe, for which we
use logAre=7.5F (see Grevesse & Sauval 1998 and 1999) inNotes:
stead of 7.67 (Anders & Grevesse 1989). Ly values unabsorbed i.e., corrected for absorption by the ISM and

From Table 4 we notice that the emission from the “cool” Stellar wind.

: ; . @ Relative to solar photospheric number abundances (Anders &
component (7 MK) faces the high absorbing column density, GI’E\I/\éSSG 1989 E))r Gre\F/)essle &l;}auval 1;98 and 19(99 for Fe)

while the emission from the “hot” region (33 MK) is coupled Fixed on literature values given in Sect, 3.2.2
to the lowNy value. This indicates that the “hot” component e
is formed higher up in the wind. The same was noticed by
Pollock (2002) based on Doppler shifts and Doppler broaden-
ing of lines in the spectrum of the Wolf-Rayet binary WR14@as confirmed by Hamann & Koesterke (1998). No optical O-
(WC7+04-5). The emission measure of the low temperatuaddundance is available in the literature. Due to the High
component is higher than that of the high temperature. The l@@lues, resulting in strong absorption above 15A, no C, N, and
ter is highly responsible for the kav line and the hot con- O-lines have been measured from our X-ray spectra, and there-
tinuum, observed byXMM-epic-mos. The obtained values of fore no abundance values can be obtained here for those el-
observations during revs. 284 and 285 are very well compzments. For He, C, and N, the abundance values obtained by
rable. No change in physical conditions have been establistig@wther et al. (1995a,b) in the optical wavelength range have
between the two observations. been adopted. For O only an upper limit could be determined.
This value might be biased by the strong absorption.

For the other elements (Ne, Mg, Si and Fe, except S) the
obtained values are all subsolar. This might be real but could

Based on the optical spectrum Crowther et al. (1995%%‘_13"3_/ well be due to a weak coupling to the continuum,
derived abundance values for/He=4.5 (number ratio), W ich is strongly influenced by the absorption column density
while Crowther et al. (1995b) added thafHé=0.003 and and subtracted background. The relative (to each other)
C/He=0.00024. The #He ratio shows a H-depletion by a@bundances for these elements, however, are close to solar-
factor of about two compared to standard solar photosphei€ values. Except for Fe, the abundance of the elements

abundances from Anders & Grevesse (1989). This H-deplet@®i¢ coupled for the two temperature components. The Fe-
features, however, are strongly separated in temperature regime

1 http://www.sron.nl/divisions/hea/spex/ (Fexvm at 7 MK only, and Fexv at 32 MK only). Therefore
versionl.10/1line/ the abundances for these ions were de-coupled afiereint

2 Here 10gAe. is the logarithm of the Fe-abundance relative tb-e-abundances were obtained for the two temperature com-
log Ay =12.0. ponents. These fierences, however, are not significant when

3.2.2. Abundance determination
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the uncertainties in the values are taken into account. To avoid F
the influence of wavelength shift between the observed data
and the model we checked our obtained values by determining
abundances based on individual lines. No significant deviations |
from the values derived in the global fit occur. o 4

o

3.2.3. Differential emission measure (DEM) modeling  ©

To show the connectivity of the fierent temperature compo- 7 ||
nents we applied a fierential emission measure (DEM) model ~
of WR 25’s X-ray emitting plasma using the various inversion

techniques fiered byspex (see Kaastra et al. 1996b). We define

the DEM bynenydV/dlogT or integrated over one temperature _
bin: EM=ngnyV, whereng andny are the electron and hydro- ° 1 ‘ I — ‘ T
gen density, respectively. In Fig. 3 we show the resulting DEM Temperoture (MK)
as a result from simultaneous fitting of tkes andepic spectra -
of revolutions #284 and #285 with the regularization algorithm
(top panel) and with a polynomial fit of order 8 (bottom panel)
(see Kaastra et al. 1996b). We assume the same abundances as
were obtained in the Z-fit (Table 4). Although the shapes of _
the two methods are slightly fiiérent, the results are indistin- St
guishable from each other in view of the statistical uncertain- |
ties. As can be seen, the emission is concentrated in two te&m-|
perature intervals around 8 MK and 35 MK with total integrated
emission measures of 7.1 and 2 B cm3, respectively. The 7 | ]
emission measures compare well with the values obtained from |
the multi-temperature fit. I

T
o :

1 10 100

4. A search for variability

Temperature (MK)

As pointed out above, WR 25 may be a long-period binary. In
this case, we might expect variations of its X-ray flux /and Fig- 3. Emission measur&M (= nenV per logarithmic temperature
spectral shape with the orbital phase. In a binary system c@if) of WR 25 derived from thacs anderic-os spectra in units of
sisting of two stars with strong winds, at least part of its X flux®. c™ - Top: the regularization methodottom:a polynomial fit
should be produced by the wind-wind collision (Prilutskii &0f order 8
Usov 1976). It may display phase-locked variability either as
a consequence of the changing wind opacity along the line\gdy to get consistent fluxes is through fitting the spectra and
sight towards the shock or as a result of the changing orbiggliculating the model fluxes.
separation in an eccentric binary. We retrieved the(ROSATesec screened event files from the

In order to study this potential variability, we retrieved al\rnie database at Leicester University. The source spectra were
available archival spectral data for WR 25 fr®/OSATASCA extracted from an aperturé I radius. TheROSATesec has
(only s1sO andsis1 data, see below), arXMM-Newtonpublic  an on-axis resolution of 20(pse-rwam) and WR 25 is a rather
archives. Table 5 lists the log of these observations. For coolated source that lies well inside the inner ring of the wire
pleteness, we added the relevant information for our currgfgsh. The background spectra were extracted from an annular
XMM-Newtonobservations. region centered on the source and with an inner radiusarid
outer radius of 2

The ASCAscreened event files were retrieved from the
same archive (onlgricaT-mode data were used, asiGHT2-
As one of the primary goals of this archival study was to obtamode data represented a negligible fraction of all data avail-
a light curve, we had to make sure that the data were extractdde). The major problem with these data is IGMS5CA
and analyzed in as uniform and consistent way as possible. T$pgtial resolution, which leads to contamination of WR 25
includes using appropriate extraction apertures (large enowpiectra from nearbyCar and the weaker but even more nearby
to include most of the PSF yet not to degrade signal-to-noi€@8V+08V binary HD 93205 (see Fig. 1; Tsuboi et al. 1997,
ratio and to avoid contamination from nearby sources; the latfég. 1c). Forais detectors, wherever one chooses the back-
especially important for thdSCAdata) as well as consistentground extraction area, the background seems to be strongly
models to fit the spectra. Since the spectral characteristics aodtaminated by the nearby sources. This resultsds #ux
sensitivity of the three instruments are verffelient, the only for WR 25 varying by more than 50% depending on the

4.1. Data reduction
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Table 5.Log of archival and present observations of WR 25.

obs. instrument observation M3aD exposure total duration
no. ID date (s) (s)
1 ROSATrspcB rp200108n00 1991, Dec. 15  48605.41 1610 2839
2 ROSATrspcB rp900176n00 1992, Jun. 12  48785.94 24321 225050
3 ROSATrspcB rp201262n00 1992, Aug. 09 48843.93 5665 42858
4 ROSATrspcB rp900176a01 1992, Dec. 15 48971.73 14544 2096 652
5  ASCAsisO+sisl 20018000 1993, Aug. 24 49223.76 30048 74260
6  ASCAsisO+sisl 26033000 1997,Jan.24  50806.90 37712 113184
7  XMM-NewtoRmos1+pN® 0112580601 2000, Jul. 26 51751.71 31%00 36604
8  XMM-NewtoAmos1+pn® 0112580701 2000, Jul. 27 51753.50 9700 12572
9 XMM-NewtoAmos1+mMos2+pN 0112560101 2001, Jun. 25 52085.79 23900 36994
10 XMM-NewtoAmos1+mos2+pN 0112560201 2001, Jun.28  52088.81 27%00 38506
11 XMM-Newtonamos1+Mos2+pN 0112560301 2001, Jun. 30 52090.70 32%00 37474
12  XMM-NewtonRres1l+rcs2+mosl 0112560201 2001, Jun. 28 52088.81 25°300 38506
13 XMM-NewtoArGsl+rags2+mosl 0112560301 2001, Jun.30  52090.70 33300 37474

a Exposure start.

b Mmos2 was in “small window mode”, with WR 25 close to the edge of the cenrtnalwhich renders the data unusable.

¢ Some exposure time was lost due to (solar) high soft proton rate. Average exposure time is shown here, individual expasstesde®,
PN, RGs1, rgs2 are slightly diferent.

Table 6. Spectral fitting and X-ray fluxes at Earth for archival &/dM-epic data of WR 25.

obs. NH NH KT, KT, X2y N.pP f, (102 ergstcm?)

no. (16%cm?) (keV) [0.5-2.4 keV] [2.4-10.0 keV] [0.5-10.0 keV]
110302 - 042008 - 135519 063 213702 - -

2 09170 . 05010 . 17.9419 033 2147088 - -

3 09698 . 052017 . 17.2019 037 2670 - -

4 0959 - 0569 - 175519 035 23602 - -

5 10503 048042 07102 258078 406647 1.00 17315 1.46/072 31923
6 06302 0417 07908 23004 397648 1.00 24104 1.52+050 3.93:0%
7 0680 041:0% 06200 31301 1065990 0.04 28600 1.82:005 468007
8 0680% 041010 06008 20804 635607 0.16  279:0% 1.81:008 459010
9 070992 04309 06202 26501 13981325  0.06  42:0% 1.43:003 38500
10 Q71092 03809 062:001 301'919 13991242 0.0008 212003 1.49:0%3 3.92:004
11 069992 03999 0617092 272913 14081357 0.135 25002 15200 3.97+:0%
12 077’:8:82 0.24:’3:8? 0.61:’3:8% 2.83:”8:4212 643619 0.244 272fg:§; 1.75f8:ig 4.4?8:22
13 063095 03299 06002 257927 727613 0.001 27202 1.81:017 453042

a Signal-to-noise ratio in the hard part of the spectrum for this observation is so low that no reliable column density can be found. Thus, v
fixed it at a value similar to that derived frokMM-Newtonspectra.

b n.p.: null hypothesis probability, i.e., the probability that purely random deviations of the data from the model would result in obtained o
higher value of¢Z,.
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Table 7. Average absorbed and unabsorbed X-ray luminosities of WR 25 for the three mRE&#ST ASCAandXMM-Newton The absorbed
X-ray luminosity is derived from the X-ray fluxes (Table 6) using the adopted distance of WR25. The unabsorbed X-ray luminosity is the X-ray
luminosity of WR25 just outside the absorbing wind, thus only corrected for interstellar absorption.

observatory MJIR, Lx (10%?ergs?) for d = 3.24 kpc

[0.5-2.4keV] [2.4-10.0keV] [0.5-10.0 keV]

absorbed |y = 0)

ROSAT(1-4) 48802 2§ +4.9 - -

ASCA(5-6) 50015 307 +112 192+ 92 486+ 199
XMM-Newton(7-11) 51954 3B+ 12 194+ 0.9 509 + 1.8
XMM-Newton(12-13) 52089 38+ 34 224422 565 + 5.6

unabsorbedN = 3.5x10%* cm?)

ROSAT(1-4) 48802 5% +4.9 - -

ASCA(5-6) 50015 4@+ 102 194+ 0.4 655+ 10.7
XMM-Newton(7-11) ~ 51954 631+ 25 209+ 11 838+ 35
XMM-Newton(12-13) 52089 5@+ 4.2 239+ 17 830 5.9

background selection. For these reasons, we decided not toAccording to the in-flight calibration of theric-psr (XMM

use thears data in the current analysis. fiBrentccos of the report CAL-TN-0018-2-0), a reliable correction for the encir-
two sis instruments have ffierence responses. For this reasaried energy fractionegr) at the df-axis angle 7 can only be

the source spectra farsO andsis1 data were extracted from adone with reasonable accuracy (better than 5% at energies be-
part of a circular aperture 3 radius lying within a singleco  low ~1.5 keV formosl, mos2 and 4 keV foren). Above these
frame, while the background was extracted from a rectangulianits, the error may be as large as 20% or calibration is simply
area within the samecp frame. As in the 199°ASCAobser- non-existent (e.g., & > 4 keV foren).

vation WR 25 is located near the edge of the field of view, the For this reason we did not apply tmer correction to the

flux obtained for this observation may be unreliable. As a coextracted fluxes in data sets 7—11. This must allow one to ob-
sistency check, we compared our results for the 188EA tain more reliable comparison betweXNM fluxes of WR 25
observation with that of Skinner et al. (1995). Our absorbéal data sets 7, 8 and 9-11 provided that the extraction aperture
sisl flux in the 0.5-4 keV band as well as model parameteslarge enough. Indeed, e.g. for on-axis observations maéth

are practically identical to those given by Skinner et al. the eer within the aperturdcR= 1" exceeds 92% depending on
energy. We may expect a not venffdrent fraction for the 7
offset angle. Note that while formally speaking the current pa-
rameterization of theer at high energies and larg&'axis an-

The first twoXMM-epic mos1, Mmos2 andpn data sets shown
in Table 5 were retrieved from the publMM-Newtondata
32?';’53' OSZIZ T?J?r?gr :tvzlnt; O(g 1? '\’N\évr';hcgitstggrgglég?;(;r les is unreliable, according to it, thefiirence in theer cor-

S . S ctions on-axis and’ off-axis for our aperture size does not
tion of pile-up was found in the data. Only good-time 'ntervaéxceed 1% foxos]. mos2 and 2% fomx P
with low level of the soft proton background were included in In data sets 12’ and 13 (WR 25 or.1—axis) we did aoplv the
the analysis. We adopted the most up-to-date (July 2002) re- . its infl h iting fl pply
distribution matrices provided by theic instrument teams and EEF, t0 estimate its influence on the resulting UXes compared
usedsas to build the appropriate ancillary response file for eac t::)i dﬁtgﬁz(:ésn,? s_elti (()#(i)ﬁslt:u?nrznstzgn e observations as 12, 13,
observation. As the goal of this section is to get accurate e&ioud ' .

As for the second source of error, we were advised by

mates of the flux, we used a relatively large source extractign Lo .
aperture equal to’in radius; the background spectra were e){%e_XMM-_Helpdesk_that an uncertainty in the position of the
Qpcal-ams used within the SAS is currently giving an error

tracted from an annulus centered on the source region (inﬂ . o 0 0
radius of 1, outer radius 85). In the flux, estimated to be about 3%, 10%, and 8%ay1,

Mos2, anden respectively at 7off-axis for an energy of 4.5 keV.

In the first two XMM data sets from Table 5;Car was There is a small energy dependence on the above values with
the primary target, situated in the center of the field of viewpwer energies beingfiected less. There is also a 2—-4% error
Consequently, WR 25 wadfset from the center by somé.7 introduced by the samdtect on the on-axis measurements.
This may lead to systematic errors of the derived flux due to: We conclude that the error of the WR 25 absolute flux
(i) inaccuracy of the Point Spread Function of the X-ray teléor XMM data sets 12, 13 (Table5, WR 25 on-axis) should
scopes; andi() a calibration error in the vignetting. not exceed~5-7%. The fluxes in data sets 7-11 may be
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systematically underestimated by some 6-10% due to the lack [ ‘ 05-100 kev | ]
of the eer-correction. Apart from this systematic error, the er- , [ L
ror of the flux measured within olR= 1" aperture should not L ]
exceed~5-7% for the data sets 9-11 and may be somewhat2 |- {
larger for the data sets 7, 8. o . T

b 00 kev |

4.2. Spectral shape and flux variations 4

2

0-'2 erg/s/cm

All data were analyzed using thespec software (version
11.2.0). We fixed chemical abundances at values obtaineddn
the previous section. FotMM andASCAdata we used a two- % 0 T+
temperature thermal plasmaxaL model (Mewe et al. 1985; =
Kaastra 1992) allowing distinct column densities for both com-
ponents. The column densities obtained in the best-fit models,
are comparable or larger than the equivalemtddlumn den-
sity (N4 =3.5+1.1x 10?tcm2, Diplas & Savage 1994). The o0
ROSATsensitivity range (0.5-2.4 keV) does not justify using
a two-temperature model, so these data were fit with a single-
temperature absorbadxaL model. The fitted model parame-Fig- 4. ROSATASCAXMM X-ray light curves of WR 25. Triangles:
ters are shown in Table 6 (including the redu;;éd/alue and ROSAT squaresASCA and dots:XMM. Note the, relatively, very
the null hypothesis probability of the fits). Table6 lists th&all error bars for thXMM fluxes.
model fluxes integrated over three energy ranges (0.5-2.4 keV,
2.4-10.0 keV, and 0.5-10.0 keV).

It can be seen indeed that thee-corrected fluxes in data jnqguce variability due to inclination-dependent line-of-sight
sets 12 and 13 are about 10% higher than the fluxes in déb%orption.
sets 9-11. On the other hand, thed®edénces may also reflect
calibration uncertainties betweemnc andracs. The light curves
in three energy bands are shown in Fig. 4 (fluxes from data sét8. X-ray luminosity

7-11 are plotted foXMM ).

From Table 6 it is clear that the spectral shape of WR étljsing X-ray fluxes of WR 25 obtained in previous subsections
has not changed much in the course of 10 years. The colubif determined the unabsorbed luminosities of WR 25 for ev-
density at theROSATepoch is somewhat larger than that aty missiogepoch. We did this by removing the interstellar

i ISM _ 1 —2
the XMM-Newtonepoch, but considering the errors of the for(-:OIumn densityN™ = 3.5 10* cm2 from the best model

mer the results are quite compatible. Also, part of thgedi fits and computing the resulting model fluxes. The luminosi-
ence inNy may come from the absence ofth;a high-temperat 'gs were then calculated from these “unabsorbed” fluxes for
componentin our modeling of tiROSATdata. TheASCAdata the aSSL;mhed Id|st_an0t_a_to WR ﬂ.& 3|'24 I;pc. To (ra]stl_mate the

(especially in the second observation) have very poor sign frors cr’] t et umln?sggs;\w)e(l\ill\r;lwup\astt(a: a s;l/n(tj_etlcthspe(f:trum
to-noise ratio, especially in the high energy part. This explai g each instrumen R T ' A including the ef-

i ) ) )
“too good to be true’y? values and somewhat deviating modefFCt of photon noise, using the best fit models corrected for the
parameters. ISM column density. The errors on the flux for these simulated

In the relatively short history of X-ray astronomy, the X—ra)(/jata can then be evaluated in a standard way. The average un

flux of WR 25 has not shown strong variability, as is evideﬁtbsorbed X-ray luminosities of WR 25 for these three missions
from Table 6 and Fig. 4. ThEMM fluxes obtained on time in- are shown in Table 7. _

terval of about 1 year dier by some 15%. However, provided ~Seward & Chlebowski (1982) and Pollock (1987) reported
that the calibration at high energies and largeaxis angles is Very diferent X-ray luminosities of WR 25 (see Sect. 1) using
not very good (see above), thigidirence may be related to thghe sameEinsteiniec (0.2-4.0 keV) data. The fierence be-
calibration uncertainties. On the other hand, the flledénces tWeen these authors apparently comes froffecént use of
for the soft and hard bands are quite consistent; recall that fAg (Same) data: Seward & Chlebowski used theasured
calibration for low energies is better at larg-axis angled ~ count rate in the wholerc (0.2-4.0 keV) energy range while
We conclude that we have not yet found spectral shape or flaQllock only used the hard band (0.8-4.0 keV) andrap-

variations providing a clear indication of the suspected binar@j2tedthe hard band count rate to the soft band assuming a
of WR 25. This could indicate a very-long period orbit, e.gl keV thermal model. Doing so, he neglected internal absorp-

like those of WR 146Pz 550 yr, or even WR 14Pz 1350 yr 3[‘|on in the wind of WR 25 which is evident from oMM
(Setia Gunawan et al. 2000, 2001; van der Hucht et al. 2002j!dy- In a 1 keV thermal model without wind absorption we

andor a circular orbit, although even a circular orbit coul/ould expect a significant number of counts in the sedt
band. Remarkably, though, tbbservedount rates are almost

3 Note that the XMM flux errors in Table 6 and in Fig. 4 do notdentical: 014 + 0.02 countgs for Seward & Chlebowski and
account for systematic vignetting errors and thus are underestimat8dL3+ 0.02 counts for Pollock.
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We used our best-fit model 10 (Table 6) to simulate Eable 8. Properties of the Fe-complex at6.7 keV in the XMM
syntheticEinsteinipc spectrum and then get the count ratespectrum of WR 25.
The simulatediec count rate in the 0.2—4.0 keV band is
0.12 countsd, which, in view of all uncertainties involved, is rev. HJID line energy EW
in excellent agreement with the measured value. The simulated # 2450006 (keV)  (keV)
count rate in the 0.8—4.0 keV band is 0.11 countsimdeed
ﬁ.?{j ggisr;i(t)r: total count rate due to the above mentioned 116 1753562 678003 082
. . 284 2089.055 6.620.02 0.70
We conclude that the X-ray luminosity of WR 25 at the 285  2090.914 6.660.02 0.78
Einsteinepoch is consistent with théMM Ly value.

115 1751.908 6.620.02 0.88

from Table 1 yieldsLy/Lpo =2.37x107° (i.e., loglLx/Lbo) =
5. The 6.4-6.7 keV Fe-complex: Evidence —5.62). While this ratio is large, Fig. 1 in Wessolowski (1996)
for colliding winds and thus binarity? shows that there may be other presumably single WN stars that
have similar ratios. Of course, one could argue that these other

We measured the energy and the equivalent width of this ColVstems are less well known and may also be yet unidentified

plex by fitting a power law continuum plus a Gaussian to t . : . .
spectrum extracted between 4.4 and 8.0 keV. The results?J'rn aries. Since WR 25 is the least extreme WN star, it is also

listed in Table 8. The given HID (heliocentric Julian day) aresetructwe to compare ithy/Lyol ratio with the relation for O-

corresponding to the middle of the exposures. No signiﬁcatm)e stars given by Bergtier et al. (1997): thé for WR 25

L . we derived in this study is more than a factor of 10 larger than
variability of the strength of the Fe-complex is detected bﬁie value expected fro% their relation for O-type starsg
tween the four epochs. '

. : There are a number of clues about the multiplicity of
In Table9 we list the observations of the 6.4 keV Fe\i\/R 25: on the plus side, we havid the large X-ray luminosity

svml?l(')dn I('jn_? ;(larr;plex_m YVRtZS an% okther h?; massive Sta[§ee above), well in excess of what is expected (even account-
€ divided Table = in single stars _an nown |nar!es. ing for the dispersion in the empirichk vs. Ly relations),
In fact, the temperature elevation associated with hydrody: {i) the high-temperature component: how could such a

namic shocks in the winds of single stars is usually not sy temperature emission be produced in the wind of a sin-
ficient to produce a significant Feiemission. On the other o «i2r2 On the minus side. we hai)etige lack of short-term

hand, in a wide binary system, the winds of the binary CompR 4 |ong-term X-ray variability, andij the lack of variability-

nents collide with velocities close tq, and hence the plasmag, ijence for binarity at other wavelengths, except for the opti-

in the wind interaction zone can be significantly hotter. Thegg, 5|4 iz ation-variability found by Drissen et al. (1992). The

considerations suggest that the Fe-complex is a diagnosticf]‘pgt counter-argument could be overcome by assuming that

colliding-wind binari_es with the Fe-complex originating in thgy» o5 is either a (very) long-period binary or a system that
hot plasma of the wind collision zone. is nearly seen pole on. In any case, long-term monitoring of

~Not all observations listed in Table9 were equally SeRyR 25 over a broad wavelength range will be instrumental to
sitive at 6.4-6.7 keV. And in the case of the widest “Steaarify its nature.

binary, WR 147, the binary-component separatied{7 AU,
Setia Gunawan et al. 2000) may be too large to generate a vis-
ible Fe-complex in the peak of the collision cone, while thé. Summary

non-thermal radio emission originating in the wake of the cojy,o object WR 25 (WN6h) has been observedXyM-ras
lision cone is coming from a much I_argc_ervolume. Nonethelesgﬁqd spic. A broad temperature range associated with the
Table 9 shows that the observed binaries have a larger fractipn,y, yagjation has been established by multi-temperature fit-
showing the Fe-complex than single stars do. Because of {& 5ndpem modeling of the spectra between 5 and 60 MK
small number of available data this is, of course, not stal{g maxima around 7.5 and 35 MK. In this temperature range

tically significant, but at least a stimulating indication. Thi§,4 total emission measure is about@l6% cm-3. Above 15 A
implies that the WR object WR 110 and the O-type obje

e -
HD 93129A, HD 93250 and- Ori C could also be colliding- siar and no features are observed in that region. The data
wind binaries. Incidentally, HD 93129A has recently proven e consistent with two fierentNy values: %1021 cm2 and

be a 60 mas~200 AU atd = 3.24kpc) visual binary (Walborn 3,1 2112 for the two temperature components. We notice

2003). that the column density for the softer component is larger than
the ISM value indicating that there is significant wind absorp-
tion.

No abundance anomalies have been noticed. For C and N
In understanding the nature of WR 25, one very important as values could be obtained (we used fixed literature values)
pect is clearly thé, /Ly, value of WR 25: for the first time we and all other elements were slightly subsolar (except S which
are in the position to provide a meaningful and accurate lunnas about solar).
nosity and to estimate how over-luminous WR 25 really is. In  The X-ray flux and spectral shape of WR 25 as measured
fact, using the ISM-corrected luminosities and thg, value by ROSAT ASCA and XMM do not show significant

6. Implications of results
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Table 9. X-ray spectroscopy of O-type stars and WR stars and the occurrence of the 6.4—6.7 keV Fe emission-line complex.

star HO  spectral typ@ pa d® | obser- T from X-rays 6.4-6.7 keV reference
other vatory Ty T, Fe-complex
(kpc) (MK) (MK)  observed

spectroscopic binaries and suspected binaries:
WR6,EZCMa 50896 WN4? 3.76d 0.97| AC 7 35-49 yes 1,2
WR 139 193576  WN5O6III-V 421d 190|A 7 23 yes 3
WR 25 93162  WN6RO4f 3.24 | A X 7 32 yes 4,5
WR43c 97950C WN6ha? 7 C yes 6
WR 147 AS431  WN8ROS5-7I-lI(f) ~1350 yr 0.65| A 12 >23 no 7
WR 140 193793 WC¥04-5 7.94yr 1.10| G,A 34 yes 3,8
WR11,y? Vel 68273 WC&O7.511-V 78.53d 0.26| A,C, X ~4->25 yes 910,11
nCar 93308 LBWWR? 5.52yr 3.24| AC, XS <8 54 yes 4,12, 13,

14, 15, 16
Tr16-179 93205 0O3v08V 6.08d 3.24| X yes? 17
9Sgr 164794  O4V((h)+? 152 | X ~3 >20 yes? 18
CD-58 3545 93403 05.507V 15.09d 3.24| X 3 12 no 19
V1036 Sco 159176  O6¥O7V 337d 15X ~2 ~7 no 20
L Ori 37043  O9llk-B1ll 29.13d 0.45| A 1-7 7-36 yes? 21
60riA 36486  09.51%B0.511I 5.73d 0.36| AC ~4 no 22,23
supposedly single stars:
WR 110 165688  WN5-6 1.28 X 6 >35 yes 24
Tr14-MJ198 93129A O2if 3.24 | X yes? 17
Tr16-180 93250 O3V((f) 3.24 | X yes? 17
ZPup 66811  O4I(n)f 0.45 C, X 4-16 no 25, 26
6*oriC 37022 O6pe 0.45 AC 9 ~35 yes 27, 28,29
A0ri 368613 O8III((f) 0.32| A 26 no 22
£ Ori 37742 09.7lb 0.25 A,.C >10 no 30, 31
7Sco 149438 BO0.2V 0.13 A X,C 1-2 5-16 no 32,33,34

ObservatoriesA: ASCA C: Chandrg G: Ginga S: BeppoSAXX: XMM-Newton

Notes:2 WR star spectral types, periods and distances from van der Hucht (2@¥1).-range: 30-40 MK.

yes?: 6.4—6.7 keV region has Id8/N ratio, but indication of Fe-complex present.

References: 1) Skinner et al. (1998); 2) Skinner et al. (2002a); 3) Maeda et al. (1999); 4) Skinner et al. (1995); 5) this stufiigt ) Mo

(2002); 7) Skinner et al. (1999); 8) Koyama et al. (1990); 9) Rauw et al. (2000); 10) Skinner et al. (2001); 11) Dumm et al. (2003); 12) Tsul
et al. (1997); 13) Corcoran et al. (2001); 14) Pittard & Corcoran (2002); 15) Viotti et al. (2002); 16) Leutenegger et al. (2003); 17) Antokh
et al. in preparation; 18) Rauw et al. (2002a); 19) Rauw et al. (2002b); 20) De Becker et al. (2003); 21) Pittard et al. (2000); 22) Corcoran €
(1994); 23) Miller et al. (2002); 24) Skinner et al. (2002b); 25) Kahn et al. (2001); 26) Cassinelli et al. (2001); 27) Yamauchi et al. (199¢
28) Schulz et al. (2000); 29) Schulz et al. (2001); 30) Waldron et al. (2003); 31) Waldron & Cassinelli (2001); 32) Cohen et al. (199°

33) Mewe et al. (2003); 34) Cohen et al. (2003).

variations over the last decade, although the most accurate d@fant 2100-049343). This research has made use of the Digitized Sky

from XMM, show slight flux variability £15%).

The presence of the kev emission-line complex at

Survey produced by STScl.

~6.7 keV is argued as being indicative for colliding winds ingeferences
side a WR-O binary system.
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