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ABSTRACT

Aims. Following the advent of increasingly sensitive X-ray olvsgéories, deep observations of early-type stars becam&hpes
However, the results for only a few objects or clusters haté mow been reported and there has been no large surveyaraivip to
that based upon the ROSAT All-Sky Survey (RASS).

Methods. A limited survey of X-ray sources, consisting of all publidv¥1-Newton observations (2XMMi) and slew survey data
(XMMSL1), is now available. The X-ray counterparts to hoggsive stars have been searched for in these catalogs.

Results. About 300 OB stars were detected with XMNewton. Half of them were bright enough for a spectral analysis tpdssible,
and we make available the detailed spectral propertiesiteed derived. The X-ray spectra of O stars are representédywow
(<1keV) temperature components and seem to indicate thatsanglon column is present in addition to the intersteltartdbution.
The X-ray fluxes are well correlated with the bolometric flsixeith a scatter comparable to that of the RASS studies argllénger
than found previously with XMMNewton for some individual clusters. These results contrast withsé of B stars that exhibit a
large scatter in théy — Lgo, relation, no additional absorption being found, and theifitécate a plasma at higher temperatures.
Variability (either within one exposure or between mukipixposures) was also investigated whenever possibld:teior variations
are far more rare than long-term ones (the fornfégcs a few percent of the sample, while the latter concenvedam one third and
two thirds of the sources).

Conclusions. This paper presents the results of the first high-sensitimitestigation of the overall high-energy properties oizable
sample of hot stars.
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1. Introduction tably NGC 6231 (XMMNewton, |Sana et al. 2006), Carina
. o B1 (XMM-Newton, |Antokhin et al. | 2008), Westerlund 2
Soon after the discovery of X-ray emission from hot stars 38 -\ [Naza et 4. 2008), and Cyg OB2 KGwra
years ago, gvlvas prc_)pcl)sec_i that a correlation %xstsl beltwfenAlbacete Colombo et &l. 2007). For the clusters with the most
X-ray and bo ?metnc UT'T]OS;UGS u(r%bgs' Harn7 eneta "h“_l'97well constrained stellar content (NGC 6231 and Carina OB1),
Pa”?"'c'”' etal.l 1981), of the formy,"™® ~ 10°" X Lygl. T 'S the derived_x — Ly relations are far tighter (dispersions of only
relation probably reflects the dependence of the X-ray eamiss 40%) than in the RASS analysis
on the properties of the stellar winds, which are in turnrsgip The diference between the R-ASS and XMN&wvton results
Imk.ed. to th‘? total Iummosﬂy of the star, since t_hese winds may be caused by two factors. First, the datasets and data han
Irat<_j|at|_or][—hdr|vefn. Knowing a?d understanding this— LsoL '&-  jjings are not directly comparable: on the one hand, the RASS
ation 1s thus ot prime m(wporl ance. . . study is based on a large sample of stars with approximately
Berghofer et al. _(19)7) investigated this s_callng Iaw_for own properties (count rates, spectral type): on the dthed,
large sample of objects (237 OB stars). Their study relied gnl' oot studies have considered a small sample of wedn
da}tha fr(r)]m the ROSAT dAIIESkytSur\éey (RASSE’ évmcf}.prg\&ded 3tars with precisely known properties (derived from X-rpgs
ratner c])(moge_nemis a atshe ,;n represeqﬁ d e |rsL tge tra and optical monitoring). Second, the nature of the sampl
survey of massive stars inthe X-ray range. The derivedleoL 5154 difer: mixed field and cluster stars on the one hand, and
relat:contexgwt)_)lts a I(‘?I)ge sI((:at(';ef ()fé).ﬁlon a Ilogsgrlthmlf Sca'e* a homogeneous stellar population from a single cluster en th
orafactor <. ), and breaks down belays ~ er9s% 1€ other. Metallicity and age could indeedfect the star’s X-ray
for mid and late B stars. groperties
‘car!gngce;gle'nﬁesllaet?grs{ ﬂg\‘;ve stbuedelﬁs 'g‘:?osrtrfggngu;ms Sggt::illl d To determine which factor is the most important, | decided
observations of rich open clustgrs and éssocigtions qg_investigate the high-energy properties of a large sawiiet
P ’ rJs(?ars, in a similar way as Berghofer et al. (1997) but by eyl

* Based on observations collected with XMM-Newton, an ES. g the highe_r sensitivity and resolution of XM"MGMO”‘ At
Science Mission with instruments and contributions diyeftinded the present time, two XMMNewton surveys are available: the
by ESA Member States and the USA (NASA), and accessed via tR&MMi catalog and the XMM slew survey (XMMSL1) catalog.
2XMMi and XMM slew survey catalogs. In Sect. 2, | describe the main properties of the 2XMMi cat-
** Postdoctoral Researcher FNRS alog, in Sect. 3 the sample of hot stars detected in the 2XMMi
*** \fisiting astronomer, UNAM-Morelos (Mexico) catalog, and in Sect. 4 the sample of hot stars detected in the
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XMMSL1 catalog. Sections 5 and 6 present the discussion atined on or because the source fell on a CCD gap). Time series
conclusion, respectively. and spectra are extracted for each detection of a givenedfurc
it presents at least 500 EPIC counts.
) It must be underlined that this catalog should not be consid-

2. The 2XMMi catalog ered as a complete, homogeneous all-sky survey. Firstntire e
oget of the regions observed by XMMewton cover only 420
Jquare degrees, or 1% of the entire sky, and this coverageyis v
gptchy. Second, these regions were not randomly choserg-but
guested by dferent PlIs for their specific needs, which means

At the catalog is certainly biased: for example, about 5%
tB,leeobserved regions have large Galactic latitydes 20° be-
ause of the strong interest in extragalactic fields. Rmétle
Xxposure times range from shorter than 1000s to 130 000s, and

The XMM-Newton observatory was launched in Decemb
1999 (Jansen etal., 2001). Its main instruments are three n
dispersive cameras, EPIC MOS1, MOS2, and pn (Strider, et
2001; Turner et al., 2001), and two grating spectrograp@SR
and 2 (den Herder et al., 2001). The EPIC cameras are sensi
to the 0.15-12.keV band, whereas the RGS studies instead
0.35-2.5keV band. While the RGS provides the highest sapiect(f‘
resolution R=300 at 1keV), medium-resolution spectroscop refore the detection limit varies greatly from one arean-
(R=10 at 1keV) can also be obtained using the intrinsic ener {; " it 48 it g ht% . o
resolution of the CCDs that make up the EPIC cameras. In addi- €r. However, as Imperfect as it might be, it nonetheless c

tion, time series can be derived from EPIC data, enabling va? itutes the most sensitive X-ray catalog available at tesent
ability studies of the detected sources. ime in the observed regions, surpassing the RASS in eveyy wa

Since pointed observations often detect many serendiit VLY'th ~220000 unique detections, the 2XMMi catalog is the

sources in addition to the main target, the XMM Survey Scéaen%argeSt X-ray catalog ever produced: it contains twice asyma

Centre (SSC) consortium compiled a catalog of serendipitogjlscrete sources than previous surveys, notably the RASS.

X-ray sources using 4117 XMNewton archival datasets. This
was developed to help fully e_xploit the capabilities of XMM 3. Finding hot stars in the 2XMMi catalog
Newton, by means of a dedicated, homogeneous processing
of all available data. The second main release of this cafes find the hot stars detected by XMMewton, it is necessary
log, called the 2XMM catalog, was published on-line in 200%® correlate the 2XMMi catalog with a catalog of hot stars. To
(Watson et al., 2009) and an incremental version (2XMMijhis aim, the Reed catalog of hot stars (Reed, 2003) was nhose
more complete, was made available in the following yearim sl because it is one of the most complete for this type of ohjects
version of the 2XMMi catalog, containing the most importanthe catalog version of January 2009 was kindly provided &y it
information, can be queried using Viz[Bwhile the full version author. It contains-19 000 objects, mostly O and B stars, plus a
can be downloaded from the Vizier ftp sgeDetailed informa- few emission-line stars (WRs, T Tauri, H/&e,...).
tion (images, spectra, time series) as well as a user gu&le ar The correlation between these two catalogs was measured
available at the SSC webslte twice, once using the preferred “source name” in the Reed cat
In this catalog, each source has a unique identifier basadg and a second time using the coordinates provided by Reed
upon the IAU naming convention: it starts by 2XMM or 2XMMi, (whenever Simbad was unable to resolve the provided name).
followed by the truncated position of the source at equindbhe search radius was fixed to 5”. This value represents a com-
2000.00 (JHHMMSS.8DDMMSS). If the source was detectedpromise. On the one hand, the XMMewton PSF has a FWHM
in several exposures, additional entries are availableh ba- of ~5” on-axis but this greatly increases towards the edges of
ing identified by a unique identifier (DETID) preceding thaJA the field-of-view. The position uncertainty is expected &
name. More than 300 columns follow the name. They list the digaction of the PSF, and 96% of the detections indeed have a po
tails of the observations (observation identifier, filtesed, ex- sitional error of<5”. On the other hand, residual shifts can exist
posure times,...), as well as the basic source propertmm{c between X-ray and optical observations and the opticaldieor
rates, hardness ratios) in each instrument and for sevaral eates are certainly not 100% accurate.
ergy bands. Fluxes are also available but are not consideredIf two (or more) X-ray sources were detected within the cho-
here because the count-rate-to-flux conversion used inahe Gen correlation radius, the closest one was kept only if ¢ee s
alog considers a power-law spectrum typical of backgroumed closest source was more distant by at least 1” (to avaid sp
AGNs, which indeed does not apply to hot stars. In this paious multiple detections). In addition, extended souncese
per, the count rate in the 0.5-4.5keV energy band (aka “badidcarded, since these objects can either be trfiesdi X-ray
9") is preferentially considered since this rather broaddoaas sources, sub-areas of extended emission, or spurious,icethb
used for a separate run of the SAS analysis tasks, which eetections of several stars in a dense cluster. High-masy Ki-
sured a better handling of the error values. Fortunatelydtso naries recorded in Simbad were also discarded, since therpa
where hot stars emit most of their X-ray flux and the signatonsiders only the intrinsic emission of hot stars, and heirt
to-noise ratio reaches its maximum. The four hardnesssratiateraction with compact objects. Finally, a few detectegrses
used in the 2XMMi catalog are defined BR = ﬁ where were found to be listed twice in the Reed catalog: in theses;as
S=0.2-0.5keV and H0.5-1.0keV foHR;, S=0.5-1.0keV and only the smallest number used as an identifier in the Reedgabl
H=1.0-2.0keV forHR;, S=1.0-2.0keV and H2.0-4.5keV was listed in the correlation catafbg
for HR;, and $2.0-4.5keV and H4.5-12.0keV forHR. The 2XMMi catalog provides a “quality flagS, which is
Undetermined values are quoted as “NULL", which is the caset to be zero if the X-ray source has no problem and to 1-4 if
for non-detections in one instrument (either because itvads it might be spurious. Experience showed that hot stars is-clu
ters are generally detected with a non-zero quality flagabse

1 httpyvizier.u-strasbg.fwiz-bin/VizieR?-sourcel X /40

2 ftp://cdsarc.u-strasbg/frulycatgiX /40 4 This is the case of ALS9458\.S4879, 94654887, 94684889,

3 httpy/amwdb.u-strasbg/®xmmjcatexpert and 94774894, 95084912, 95064914, 951%4918, 95264923,
httpy//xmmssc-www.star.le.ac.(Batalogug2XMMi/UserGuidexmmcat.B666=4929, 953#4930, 96045025, 96095039, 962%5046,
respectively 15858-1855, 2110811417.
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of the presence of numerous neighbours. To be as complet&akle 2. Classification of the optical sources detected in the
possible, no selection was made based on the quality flag @¥MMi catalog. The number in parentheses yields the number
all detections were kept. However, the higher quality ofsjece of sources with available EPIC spectra.

separated from the others in the discussion and tablesdadvi

below. To check whether spurious associations were a prgble Quality flag Ostars Bstars WR stars
the approach of Berghofer et al. (1996) was used. The number 0 35(16) 91(22) 7 (6)
of background objects is expected to scale with the number of #0 98 (62) 70 (28) 9(8)

detected hot stars, the area of detection (5” radius), amcth

ray source density (about 500 src per square degree, cotpargple 3. Percentage of known binaries amongst the detected hot
to the 1.5 src per square degree of the RASS): for our datg, og}ars.

one spurious source is expected. Inspecting all brightcssur

(i.e., those with available light curves and spectra) et Quality flag O stars B stars WR stars
only one really spurious detection, associated with ALS0444 0 17% (635) 5% (391) 57% (47)
(=HD316464), which is part of the PSF wing of the bright X- #0 22% (27298) 4% (370) 89% (89)

ray binary XTE J1751-305.

The result of the correlation between the Reed and 2XMMi ) )
Catak)gs is presented in Table 1 (avai|ab|e e|ectroni(a{||&]e of individual detectlons, the unabs_orbed X—ray flux in th&-0.
CDS). The first column provides the data used to query the cif. keV band (see Sect. 3.2), and finally thellggLgo. value.
alog, i.e., either the prefered name in the Reed catalogeor th If several observations were available for a given source, a
Reed coordinates. It is preceded by a letter in case two stfgan count rate was calculated for each instruréter con-
Correspond to the same X-ray source. The second column ||1‘Q%lration. Error bars were Compared foffdrent filter choices
the Reed number of the star (ALS # in Simbad), while the thi@f @ given instrument; the instrumental configuration corre
one provides the usual name of the source (HD, BD, CPDgRonding to the smallest error bar was considered as the most
identifiers). The fourth column indicates the spectral tghthe ~Suitable one and reproduced in Table 1.
source, which was chosen to be the most recent from the ReedNote for individual objects: ALS 4440 is spurious (see
catalog, except for the Wolf-Rayet stars (WRs) where ths-cl&bove); the counterpart of ALS 4592¢PD-24°6140) is real
sification of the VIlith WR catalog (van der Hutht, 2001) wabut dfected by straylight, so that its properties might not be to-
used. If no type is available in the Reed catalog, the spectfally uncontaminated; ALS 20163-(Vest 1 30) shares its X-ray
type from Simbad is reproduced here, preceded byta eas- counterpart with a sgBe star.
ily distinguish these sources. The fifth column correspands
a flag set to be Y if the source was detected as a binary.:fi
star was classified as binary if either the spectral typel-avai
able in the Reed catalog indicates the presence of a complrem the correlation performed above, 310 stars (with a know
ion, or if the star is a known binary in the 9th Binary cata©, B, or WR spectral type) were found to have an XMiléwton
log (Pourbaix et al!, 2004) ayat in|Gies (2003). The next few counterpart within 5”. Of these, 133 have a zero quality flag a
columns indicate the V magnitude-B colour, interstellar ab- correspond to 132 uniqgue 2XMMi sources (i.e., two sources ar
sorption column, and bolometric flux. The photometric data ¢ found within the PSF of one X-ray counterpart). The remain-
respond to the most recent values in the Reed catalog or; if img 177 objects are considered as potentially spuriousimvith
available, to the Simbad values (again flagged with)aFor the 2XMMi catalog; they correspond to 173 individual 2XMMi
the WRs, the interstellar absorption column and the bolemsburces, i.e., there are four pairs of stars sharing the ¥arag
ric fluxes were taken frorn_Oskinova (2005) for WN stars. Faounterpart.
O and B stars, these characteristics were calculated whenev The biases inherent to the generation of this 2XMMi cata-
a precise spectral type (i.e., not only ‘O star’ or ‘B stan)da log have already been pointed out in Sect. 2 and the condsisio
magnitude values were known. The interstellar column was deund from the performed correlation should indeed be inter
rived from Bohlin’s formula Ny = 5.8 x 10?* x E(B— V) cm™?,  preted with caution. Nevertheless, | examined the basipgyro
Bohlin et al.. 1978), where the colour excesses were catmlilaties of the detected objects. While they may not be totalfy re
from the diference between the observed colours and the isentative of the entire population of hot stars, theseatiens
strinsic ones. Because of the scarcity of accurate distaboo- certainly represent the largest sample of such stars stumjie
metric fluxes were preferred to bolometric luminositieseffh modern X-ray observatories. Note that the remainder of the p
were calculated using the usual formulae, yielding fgg() = per focuses mainly on the detailed properties of OB stass, th
—4.61— W, wherefgo, isin ergen?s2. Intrinsic  spectral analysis of WR stars being deferred to a futurerpape
colours and bolometric corrections (BC) were taken, forcibre-
sidered spectral types, from Martins & Plez (2006) for Osstak 1 1 pistribution
and Schmidt-Kaler (1982) for B stars. In the case of binatles ~
intrinsic properties (colour, BC) of the primary star wesed. The repatrtition of the detected stars amongst the main rgpect
The subsequent columns correspond to the X-ray source proypes is given in Tablgl2 and shown in Hig. 1. For sources with
erties, i.e., the distance between the X-ray source anghiisad a good quality flag, the majority display a B spectral type, as
counterpart, thefficial IAU name of that counterpart, list of theone could have expected based on the incidence of these lower
filters used for each EPIC instrument (pn, MOS1, and MOS#gass objects compared to O and WR stars. When potentially
in this order), the total count rates and their errors in tfe-0 spurious sources are included, the situation appears togeha
4.5keV band for each instrument (with pattern 0—4 for pn aritbcause the O stars now dominate. This is probably caused by
0-12 for MOS), the four hardness ratios for each instruntbat, the combination of two facts: (1) the O stars are brighter in X
total detection likelihood, the overall quality flag (seeypbus rays, and (2) these “spurious” sources are found mostlyus-cl
paragraph), two variability flags (see Sect. 3.1.2), the lmerim ters, where only bright O-type stars are easily detectethapa

Basic properties of the detected objects
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Fig. 1. Distribution of the spectral types and luminosity classebe O and B stars detected in X-rays (when detailed claasiic
is available; for binaries, only the classification of themmary was considered). The middle panels correspond topsé@arces with
a good quality flag $=0), while the upper panels show the results for “potentiafiyrious” sources!=0). The corresponding
distributions for the entire Reed catalog are shown in thegt panels, where the dotted red line indicates the scad&tbdtion of
all detected objects (zero and non-zero quality flags, witisg®dnian errors). Note that a luminosity class of 6 indisattars with
known spectral type but undefined luminosity class.

the overall background produced by the combined X-ray emigal/spectral resolution and higher sensitivity, includingaatér
sion from PMS stars, background objects, antude emission energies tharkinstein, i.e., where the wind-wind emission is
within the cluster. less prominent than at higher energies).

Interestingly, it must be noted that, excluding WR systems, Finally, the distribution of the spectral types and luminos
binarity does not seem to play an important role in the prababity classes is shown in Fig] 1. Amongst O-type stars, the more
ity of X-ray detection (see Tablg 3: onky20% of the detected humerous O6-9.7 stars constitute most of our sample. This is
O stars and-5% of the detected B stars are known binariesjso true for main-sequence systems, which are more nusierou
This result might first seem at odds with previous conclusioth general, this study being no exception. The O-star thistion
based on older data (e.dEinstein observations in_Chlebowski, well reflects that of the initial stellar catalog, as can kense the
1989). Although one cannot exclude the possibility that par bottom panels of Fid.11. However, there is a lack of detestion
the binary population remains undiscovered (especialiyffe amongst late B-type stars, while earliest B-stars as wegiast
B stars), this bias cannot explain the new result since tterol B-stars appear preferentially detected. At first sight,fdrener
data were fiected by similar uncertainties; besides, it would incesults appear in phase with the current wind-shock moae!: o
deed be unexpected that XMMewton targeted a specific areadoes expect the X-ray luminosity to drop (hence the detectio
of the sky with a low number of binaries. More importantlyfate) as the stellar wind weakens and then disappears.
it must be recalled that the preferred detection of binanas
then explained by the presence of an additional X-ray eomssi
produced by wind-wind collisions. However, it was shownttha3.1.2. Short- and long-term variations
in sensitive observations of an entire hot-star populatioy
a small fraction of the massive binaries display strong windable[4 summarizes the results of the variability study. The
wind collisions capable of emitting X-rays: only a few syste short-term variability was directly analyzed during theN2Mi
are thus truly overluminous in the 0.5-10keV rarige (Sand,et @rocessing. The first variability flag quoted in Table 1 cerre
2006). This is linked to the X-ray excess, when detected, b&ponds directly to the variability flag of the 2XMMi catalagg.,
ing possibly dependent on the bolometric luminosity and thieis defined to be 1 if the source was found to be variable with
orbital parameter$ (Chlebowski & Garmany, 11€91; Linded 2t aa significance level of 0.001% followingy& test performed on
2006). Therefore, there may be twdfdrent causes of the apparthe time series of the individual exposures. For hot starspald
ent discrepancy between more recent observations and she fie expected, very few objects vary within one exposug€@o).
Einstein results: the sample size (a few bright, peculiar objectéhree sources display a flare, which is quite typical of loass)
compared to a larger sample of mangfelient cases), as well aspre-main-sequence stars: HD37016 (B2.5V), HD33904 (B9lll
improvements in the knowledge of the physical parametegs,(eand HD37479 & Ori E, B1/2V, whose flare decay has a rather
with respect to stellar multiplicity, especially the deten of long time constant). In addition, HD120991 (B2Ve) exhilats
faint companions) and in the X-ray instrumentation (higbga- clear increase of its count rate during the observation.tiker
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Table 4. Number and percentage of variable X-ray counterparts. Woemparing several exposures, the percentages noted for
non-tested objects were calculated with respect to theeesdimple, whereas those of the variable sources refer otihettested
subsample.

Q.flag Sp. Type Within one exposure Between exposures

total single  binaries  total single binaries  not tested
0 O 0 0 0 4(25%) 3 (25%) 1(25%) 19 (54%)
0 B 4(4%) 4 (5%) 0 7 (32%) 7 (33%) 0 69 (76%)
0 WR 0 0 0 2 (50%) 1 (50%) 1(50%) 3 (43%)
#0 O 4(4%) 3(4%) 1(5%)| 44(69%) 32(67%) 12 (75%) 34 (35%)
#0 B 4 (6%) 4 (6%) 0 14 (67%) 12 (63%) 2(100%) 70 (49%)
#0 WR 0 0 0 6 (86%) 0 6 (100%) 2 (22%)

other stars, there is no obvious flare, and the variationaatanand 2.5-10. keV energy bands. They are followed by 4 similar
easily be diferentiated from those of the background signal. columns providing the unabsorbed fluxes (i.e., the X-rayetux
Long-term variability, for exampléetween exposures, can dereddened by the insterstellar component, if known, oereth
also occur, but the 2XMMi catalog does not check for its prewise by the fitted absorption column). The additional abonp
ence. A second variability flag was thus calculated for Table is given in Col. 14 K, in 10?2 cm2), followed in the next two
itis set to be 2 if there are not enough exposures (0 or 1 oasergolumns by the lower and upper limits of the 90% confidence
tion for all combinations of filtepinstruments), to 1 if g2 test  interval. The temperature Tkin keV) and normalization factors
detected variations in the count rate with a significancellet (normin cm®) of eachmekal component in turn (in order of
1%, and otherwise to 0. As is obvious from Talble 4, this type #icreasing temperatures) are then given, together with90éo
variability is far more common in hot stars, with fewfidrences confidence interval. Finally, the last column provides &ddal
between single and binary OB stars. Except for the putatige-p remarks, such as the observation identifiers (if severalsxes
ence of colliding-wind binaries or magnetic wind confinempenwere available) or, in a few cases, any modification of the-gen
the cause of these variations remains unknown. eral fitting scheme (e.g., non-solar abundances). Undetedn
values are again quoted as “NULL". Note that a comparison was
made between our results and published analyses of some hot
3.2. Spectral fitting for the X-ray bright objects stars’ spectra (Of?p stars, Nazé et al. 2004, 2007,| 20083y,

Nazé & Rauw 2008; NGC6231, Sana etlal. 2006; HD168112
About half of the detected hot stars (59% of the O stars, 31%5é Becker et Al 2004; Cyg OB2 #8A, De Becker éfal. 2006

the B objects, and 88% of the WRs) have enough counts Wit%rina OB1/| Antokhin et al. 2008) and a good agreement was

a single exposure to have their spectra automatically etetria found. It must also be em : : .
. : = : phasized that these fits provide @n ad
by the 2XMMi processing (Tablel 2). Many of these were o juate idea of the flux distribution for the spectral resolutand

served several times: the individual spectra were mergstiyr- signal-to-noise ratio considered, but they should not kertat
ment by instrument, only if the source was non-variableotalt ¢, o \a1e (especially in the case of non-solar abundarginee
332 spectra of OB stars were finally fitted. They were individy, . i e properties of the hot plasma cafiii(e.g., continuous

aI_Iy fitted, inthe 0.3-10. keV energy range, within Xspec 10 distribution of thermal components versus a few discrete- te
with absorbed multi-temperature thermal plasma modelsef tperatures)

typewabs(l SM)xwabsx (3, mekal;) with i equal to 3 at most and
solar abundances assumed. The first absorbing column wés fixe
to the ISM column derived above (see Sect. 2) if known or to O Figure[2 graphically illustrates the results. In terms @ th

otherwise. Th_e second absorblng column allows for ad(mlo”absorption, the interstellar components appear largedfstars
local absorption. A word of caution should be added: the sqfian for B stars, as expected (O stars being brighter andehenc
and hard thermal components might not be formed at the samgectable from further away). In addition, a significanigia
location |ns|d_e the wind and might thus béezted by diferent igng) absorption is needed when fitting O-star spectraceSin
local absorptions. However, we restrict ourselves to omenson s distribution does not correlate with the interstellasarp-
local absorbing column because, for the majority of thesstar  tjgp, histogram, this fect should be considered to be signifi-
vestigated in this paper, the quality of the data does néifyus cant. Concerning temperaturesfeient cases corresponding to
the use of a model of the typeabs(I SM) x (3 wabs x mekal). gifferent number ofmekal components should be envisaged. If
The number of optically-thin plasma components is the mingyy one thermal component was fitted, its temperature is usu
mum number of single-temperature components needed t0 Py quite low, 0.2 or 0.6 keV, for O stars, while the distriion
vide a good fit ¢* ~ 1 or < 2) to the considered data. Generally,s mych flatter for B stars, temperatures in half of the casérp
the 1T-models are used only when there are too few counts, ifgs|ow 1 keV and in the other half above. If two thermal compo-
only the main component is distinguishable. When the sign@lants are fitted, the first temperature is generally quite with
to-noise ratio is reasonably high, the sum of two thermal€org frequent ambiguity between 0.2 and 0.6 keV (for previous re
ponents is requested to provide a good fit. ports, see e.g., the case of HD148937 in Nazélét al.l 2008). Th
Table 5 (available electronically at the CDS) provides #te rsecond temperature is about 2 keV for O stars and B stars, but
sults of these fits. The first column indicates the Reed numibemgs a far larger dispersion than in the latter case. If tHiee t
the objects, the second column their usual name, and thet thifal components were fitted, the first temperature was always
column the interstellar absorbing columi/f¥, in cnm2). The  very low (often at the lowest limit of the permitted rangehvirit
fourth and fifth columns provide the value gt and the number Xspec, 0.08 keV), the second temperature again is 0.2 oe¥,6 k
of degrees of freedom. The next four columns list the abgbrbehile the third one is generally 2 keV. The normalizatiortéas
fluxes (in erg s' cm2) in the 0.5-10.keV, 0.5-1. keV, 1.-2.5 keV,of the additional components usually have lower values than
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Fig.2. Distribution of the spectral properties (temperaturds, IebsorptionsN'HS'V' and Ny, ratio of normalization factors
norm/normy) for the whole dataset, the O-type stars only and the B-tyjeats only. Note that, when several fits were made,
an average value was used in the computation of the histognahthat bins at the rightmost limits of the plots corresptmadll
values larger than this limit.

of the first component, except in the case of 2-temperatsrifit of the flux derived from the spectral fits. The derived unabedr

B stars, where the harder component clearly dominates. X-ray fluxes for the faintest stars can be found in Table 1.
Once the fluxes are known, the l6g/ fzo. ratios, equiva-

lent to the lod_x/LgoL ratio, were derived. They are shown in

the last column of Table 1. Note that, for the five pairs ofstar

Spectral modelling directly provides the X-ray fluxes of acSharing the same 2XMMi counterpart, the ratio is calculéted
fitted object (see Table 5), which are simply reproduced biga the total bolometric flux. The unweighted average fogfsoL

1. In the case of a varying source observed several times, fRHOS (for all stars but the pairs) were then calculategetoer
X-ray flux reported in Table 1 is the average flux. with their dispersion. The results are listed in Tdble 6 drahs

However, the objects in the fainter half of the sample do nit Fig.[d]
have spectra, and any estimate of their flux must rely only on
their count rates. To convert count rates into fluxes, the-av . .
agéthe most probable 2T-model was used. For O-type stars(,iitDeteCt'onS of hot stars in the XMM -Newton Slew
has a local absorbing column e#x10?'cm2 and tempera- ~ Survey

tures of 0.2 and 2 keV, which is represented well by the speg; - .

e etween pointed observations, XMMewton slews between
trumt(r)]f H?168112d(ALS 49%2' seconél ot§$rvat|op). thﬁlatt%'ifferent sky areas. During many of these slews, the telescopes
was therelore used as a reference. For B-ype stars, he aygl, i, open and thus perform a limited survey. The analysis o
age properties are a zero local absorbing column and tempera EPIC-pn data from 218 slews detected more than 2600 X-

tures of 0.2 or 0.6 and 2keV, and a good reference in this ¢ J .
is HD37040 (ALS 14653). The spectral properties of these t\?{?@t;g;L%esw(rﬁ?ﬁtggneéglguze(?%? .u'ls"rnzy\clr?esrtltute the XMMSL

referen(;e starsNy, KTz, flux .ratio at1 kev of 0.158 and 1.46, As for the 2XMMi catalog, the results of the slew survey
respecgvely) were used as input fqr PIMighe unabsorbed were cross-correlated with the preferred names and caatetin
fluxes (i.e., dereddened only for the interstellar componeere extracted from the Reed catalog, again for a correlatiousaaf

calculated for a unit count rate, one of the two cameras, 6ne yielding 13 detections. Extended X-ray sources andesir
the three filters, aqd a Eange of mteystellar abs_orbmgmnly Ir’eady belonging to the .2XMMi catalog were discarded from
(from 0 to 2.75<10% cn?). The resulting conversmnfactorhaaﬁ]e list, as well as wrong identifications (i.e., a hot statha

e e inco o s ot —acioQ By of an Xay Sourc, but where the hot star i ot the
9 Yofricial” counterpart listed in the slew survey catalog). Iniadd

provides the full count raté (Watson et al.. 200%jor each star, tion, counterparts were automatically identified for stiginore

the X-ray flux was calculated by taking into account its OWN Nt an half of the X-ray sources of the XMMSL1: their nature was
terstellar absorption (see Sect. 2), no value was thus dubte ’

this absorption is unknown. The results were checked agains It might at first appear surprising that the detected O an@i stis-

the bright stars and good agreement was found - in 80% of they similar bolometric fluxes. It must however be kept in chihat the
cases, the flux derived from the countrates is within a faat@r oq 1, /1, ratios for these stars are rather similar: if the X-ray sesrc

constitute a flux-limited sample, the bolometric fluxes of tletected
5 httpy/heasarc.gsfc.nasa.g@wolgw3pimms pro.html objects will also appear quite similar. Indeed, this cosidn does not
6 In addition, PIMMs considers only counts with a zero PATTERNpply to bolometriduminosities: as shown in Fig[]2, the O stars of

keyword, while the 2XMMi counts are for PATTERN keywords gan our sample are more absorbed (hence intrinsically muclitenigafter

ing from 0 to 12 (MOS) or 0 to 4 (pn). However, as most of the rded ~ correcting for the ISM absorption), and much more distdwntthe B

counts have a zero PATTERN, this uncertainty is considevésttneg- stars.

ligible compared to other sources of error. 8 httpyvizier.u-strasbg.fwiz-bin/VizieR?-source JA+A /480611

3.2.1. X-ray fluxes
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Table 6. Average Iogf;g“abs/ fgoL ratios, with their dispersions. incidences), or if a magnetic phenomenon similar to that-ope
ating in PMS stars is at work in those objects. Stochasti@avar
O stars B stars tions such as those expected from collisions between whietlss
From fits only or large clumps are not seen. Long-term variations appeae to
far more common in hot stars since thefeat about half of the

0.5-10keV -6.45+0.51 -6.27+0.98 . . .

cases. They could well be caused by e.g., wind-wind colisio
0.5-1. keV -6.69+0.45 -6.73+£0.69 unknown binaries, but will require an additional, in-depttal-
%ngoklfe\(/ :gggf g'gg :g'iéf igg ysis before a definite cause can be identified.

' U T The spectral fits have enlighted thdfdrences between O
From fits and conversion of the count rates (0.5-10keV band) and B stars. The X-ray spectrum of O-type objects requires an
all -6.66+ 0.50 -6.59+0.83 absorption in addition to the interstellar component. Ti&isot
S=0 -6.80+ 0235 6814074 an dfect of the uncertainties in the latter, which is quite well
S %0 —6.61+ 054 _6.34+ 087 constrained since the intrinsic colour of O stars is quiteisi

lar regardless of subtype or luminosity class (although itie

g;gg{éﬁs :g:‘gi 82; :g:ggi 8:2‘;' that theNy — E(B - V) plots display some scattér: Bohlin et al.

1978). It thus appears intrinsic to these stars, most pitglvab
supergiants ~ -6.75+0.36 —6.82+0.88 lated to the presence of their stellar winds. Indeed, B-Btpes,
giants —6.74+ 033 —7.13+0.85 whose winds are much weaker, need not have any additional ab-
main sequence -6.67+049 —6.33+0.77 sorption. Another dference lies in the temperatures needed to
Carina -6.54+ 0.56 fit the plasma emission. On average, O-type stars exhibifta so
NGC6231 -6.71+0.22 emission, well fitted by a thermal component with a tempeeatu
NGCE604 —6.48+048 of 0.2 or 0.6keV, with possibly a faint hard component (typi-
CygOB2 ~6.97+ 0.40

cally at 2keV). On the other hand, the spectra of B-type stars

are harder, well fitted by hot thermal components (eithena si
le one at about 1keV, or the sum of a faint warm one with a
mperature of 0.2—0.6 keV and a brighter hot componentavith

checked using Simbad, which inferred that they were 34 X-r

emitters associated with hot stars, sometimes more digtant temperature of 2 keV). These hot components are not expected

5”. Of these, those stars not belonging to the Reed catalog. I ; :
those already found in the 2XMMi catalog were discardedsTh“s?lEhe usual wind-shock model, and require the presenceétuire

o ; ; : 4 PMS star along the same line-of-sight (physical compamion
two-step trimming process finally resulted in the detectibh6 - : -
additional X-ray sources, presented in Tale 7, where ttz tolnot) or of exotic magnetic phenomena. Analyses of multiwave

X . i . ngth follow-up observations would be required to settlis t
count rates are given for the pn instrument with the medium prugstion P q

ter and in the 0.2-12.keV band, and the DL column refers to the Finally, the Ly — L ratio was also investigated
individual detection likelihoods. Y X BOL g .

As for the 2XMMi data, the optical properties of the Sta%Jnsurprisingly, the dispersion is much lower for O starantha

(e.g., interstellar reddening, bolometric flux) were dedifrom or B stars, and for the SOf.t or medium energy bg.nds th_an for
) o ) the hard band (see e.g., similar results for specific clsster
their known characteristics (e.g., spectral type, magesi The Sana et al. 2006; Antokhin etlal. 2008). The relation for the B

count rates were then converted into unabsorbed fluxes in o > o f

fars also appears shallower and might have a more compli-
0.5-10.keV band, in a similar way to the method described #rﬁ s a bpears ¢ mig P
Sect. 3.2.1, to derive the, — Lgoy ratio. cated parametrization (e.g., lag{) = a x log(LgoL) + b rather

than loglLx/LsoL) = b) but this cannot be tested here because
of a lack of accurate distances. For O-type stars, the disper
5. Summary and discussion: the X_ray propertles Of sion in theLX - LBOL_re_Iation is about 035—05 deX, or a faCT
OB stars tor of 2—3, a value similar to that fognd.m the. RASS analysis
(Berghofer et al., 1997). Note that this dispersion is nostly
Since the slew survey provided only a few additional sourceaused by uncertainties in the fluxes, since the fluxes aieeder
with poorly constrained X-ray properties, the followinghotu-  from precise fits, and those calculated from a general csiower
sions rely mostly on the detailed analysis based on the 2XMMi the count rates are similar in value. It thus seems thadlige
catalog. persion measured by Berghofer et al. is real, and the mghbteti
Since the XMMNewton observations cover only 1% of thecorrelation found for some clusters (e.g., NGC6231, Saaé et
sky, a first question arise about the possible detectiorebias2006 and Tablg]6) needs to be explained by reasons other than
For the detected O stars, the distribution of their spetyyzs a different treatment of the data. Although the dispersions are
and luminosity classes is fully comparable to that of thétiat somewhat large and the samples quite smallltheLgo, ratios
star catalog from Reed (2003), so that no bias whatsoever is #ound for diferent clusters indeed appear téfeii marginally.
pected. This is not the case for the detected B stars, whaakal It must also be underlined that no significanffeiience was
of late-type objects, as well as an excess of early-typs stadl found between théx — Lgo. ratios of objects with various
giant objects, are found. Although the consequence of sefpc quality flags, binary status, or luminosity classes, altiowe
specific celestial regions should not be disregarded, itdbg are only just below the & limit in the case of B-type stars.
ble that this &ect is real: since the very first X-ray detection ofAs discussed above (Sect. 3.1.1), binarity now appearsrtess
hot stars, it has been shown several times that early-B atars portant than advocated in the past. One possible explanatio
brighter, hence more easily detected, than late-type tshjec  for the weak impact of wind-wind interactions could be radia
Variability studies demonstrate that short-term changes dive inhibition, where the radiation of one component decel
quite rare. When they exist, they generally appear flare-bls ates the wind originating in its companion (Gayley etlal9;9
found for PMS stars. It is as yet unclear whether the emissidmtokhin et al.,. 2004). It should have more impact on short-
originates in a PMS object (true companions or line-of-sigh  period systems than on long-period binaries. Figure 4 shows
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Table 7. Additional X-ray detections of hot stars using the XMM slew\sey.

Reed name ALS# Usual name Sp. Type Bin.? \% B-V d XMMSL1 name DL our@rate log{zoL) f;'”abs log(fx/ feoL)
@) cts?t ergcm? st
HR 3129 14910 HD 65818 B1MB3: Y 451 -0.18 8.2 J075815-491444 9.7 0.580.31 -5.23 1.0le-12 -6.77
LSl +4443 11848 BD+43 3913 B1.5V 8.91 0.54 6.4 J212504412706 15.8 0.5¥0.20 -6.18 3.68e-12 -5.25
LSE 99 18922 CB359665 G 12.70 4.3  J143740-86132 1.850.58
LS 4635 4635 HD 165052 0o6V((f)) Y 6.87 0.09 3.2 J1805128&2354 -5.47
LSl +4319 11807 HD 203064 O7.511 Y 5.04 -0.06 5.0 J211827+435646 10.8 0.680.25 -5.06 1.68e-12 -6.72
HR 3860 16348 HD 83979 B5V 5.07 -0.14 1.0 J093353-4805629 0.7@0.38 -6.01 1.11e-12 -5.94
HD 157832 17479 HD 157832 B3Ve 6.66 0.00 7.7 J17275470132 20.1 1.0¥0.32 -6.25 2.57e-12 -5.34
LSV +351 7841  HD 24912 QO7.5llI(f) 4.04 0.00 7.0 J03585384731 11.4 1.550.69 -4.59 4.58e-12 -6.75
HD 212571 14728 HD 212571 B1JIvVe Y 480 -0.18 16.4 J2225174D12223 18.6 2.400.73 -5.46 4.41e-12 -5.90
HR 6510 15050 HD 158427 B3V 2.83 -0.11 5.8 J173149-8195233 154 0.840.31 -4.85 1.59e-12 -6.95
HD 133242 17476 HD 133242 B5V 459 -0.14 3.5 J150507-4470303 1.040.40 -5.82 1.66e-12 -5.96
Hbg 1339 14476  HD 155806 QO7.5llle 5.62 -0.04 8.6 J171519-4333246 17.2 0.720.25 -5.27 1.95e-12 -6.44
LS 4148 4148 WR93 WGHO7/9 Y 15.7 J172507:6341110 14.5 0.580.19
MCW 441 14798 HD46328 B1lll 433 -0.24 6.0 J063150-232509 16.6 1.400.42 -5.34 2.16e-12 -6.33
HR 3055 14901 HD63922 BOIll 410 -0.20 4.7 J074913:9162227 0.960.27 -4.98 1.82e-12 -6.76
LS 4142 4142 HD319718 O3If* 1043 1.45 4.6 J17244351201 0.620.22 -5.11 8.10e-12 -5.98
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. O stars, “‘“;"Z hibition. However, the small number of systems in this raofge
S D periods (only 2!) prevents me from drawing solid conclusion
§ -6 L. . ’ 7 § 6 [ ]
s L. 12 L . 1 6. Conclusions
u‘? 65 [ N . - é 6.5 j' :' - ) )
P PR o] This paper presents the results of the first global surveyobf h
& o 1e 7f° E stars with the highly sensitive X-ray observatory X MNéwton.
O f g : ] It relies on the 2XMMi and XMMSL1 catalogs. About 330 stars
TG o g P e e were detected, representing a sample comparable in sibeto t

Period (d) Period (d) RASS detections (Berghofer et al., 1996) but only coveliig
of the entire sky (to be compared with the full sky investight

6 o 6 ;
~ - = ‘ ] in the course of the RASS).
£ g5 [ . 18 7 * . E The derived properties of the hot stars confirm the results of
A ERAY ] the first preliminary data of the RASS and the recent in-depth
¥, . 17 ] investigations of a few clusters. The O stars have relatiseft
z . SRR . © ] spectra and exhibit a rather tighg — Lgo, relation, although
s £0° S 1 the dispersion is closer to that observed in the RASS suhagy t
- 1w 3 ] in a dedicated analysis of specific clusters. The B starsappe
8 b ‘1‘0‘ - ‘2‘0‘ - ‘3‘0‘ : a1 b ‘1‘0‘ = ‘2‘0‘ = ‘3‘0‘ . to have far harder spectra, with brighter emission for the ea
Period (d) Period (d) liest subtypes and bx — LgoL relation with far larger scatter.
0 stars, fits only However, it must be noted that on average binaries do not ap-
R s e a m ma pear significantly brighter than single objects.
3 0 . 13 | ] The detection lists and the results of more than 300 spectral
§ 6, . 1% f . fits are made available to the community.
b4 * £ [« ]
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Fig. 3. Unabsorbed X-ray flux as a function of the bolometric flux.dsrindicate the average ldg/ fzgo, ratio from Tablé®. In the
case of binaries, the luminosity class of the primary wasl @sea reference in the middle panels.
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