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C\] ‘Abstract

C 'This paper presents the results of the analysis of the vestydigdicated X-ray observation with XMM-Newton of WR 106.i§h
— .carbon-rich WC9d Wolf-Rayet star belongs to the categonyessistent dust makers (WCd stars). The issue of the miaitipbf
™ ‘these dust makers is pivotal to understand the dust formptiacess, and in this context X-ray observations may akoreveal an
< X-ray emission attributable to colliding-winds in a binaystem. The main result of this analysis is the lack of deteaif X-rays

coming from WR 106. Upper limits on the X-ray flux are estinthteut the derived numbers are noffitient to provide compelling
I~ constraints on the existence or not of a colliding-wind eegiDetailed inspection of archive data bases reveals #ratgtent dust
makers have been poorly investigated by the most sensitirggyXbservatories. Certainly, the combination of sevapairoaches
I to indirectly constrain their multiplicity should be apgdi to lift a part of the veil on the nature of these persisteist thakers.
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1. Introduction jects (Williams, 1995, 2014). According to the classifioati
introduced by van der Hucht (2001), persistent dust makers a
——  Wolf-Rayet (WR) stars are known to be the evolved coun+,5iad as WCd stars.

f O- ith surf ital .
terparts of O-type stars, with surface abundances typital o Among the category of persistent dust makers, the WC9d star

stellar nucleosynthesis in their stellar core (Crowth€Q). o . ;
Among WR stars, the WC category includes evolved objectéNR 106 (HD 313643) is still poorly understood despite a sig-

L i ennancedcarbon abundance and deplterirogen (NG Serdevoted o s obiet e pst decaces, i one
cycle). WC stars produce very strong stellar winds, with snas the detection of a significant infrared excess (Allen ¢t al
loss rates up to two orders of magnitude larger than those ,]‘:‘)97,,_ Cohen and Voc e=|glg78) Specirosconic invest ati;bn

] their O-type progenitors (Crowther, 2007). Such dense — an < gel. - =P P Y

> carbon-rich — environments constitute privileged sitestfe . Rtl(iﬁ suggt()asg?d a S|gn|f|canft dilution of_spc?cctra;:l Imemm hi
*== .production of dustl(Williams, 1995). In particular, one mayIng o the probable presence of a companion (>-ohen.and Runl,

E distinguish between persistent dust makers (with an apfigre 1977), even though the study by Torres and Canti (1984) did

O constant dust production rate) and episguticiodic dust mak- not reveal the presence of absorption lines attributabiego-

— ‘ers (with episodes of high dust production rate followed by.tfetnhtlal nearby OB companptn. 'I.'hel?tterlautthhors. ggrcluhgtétb
7 more quiet activity regimes). The issue of the multiplioitfy It there was a companion, s signature in the visible wo

: . : : very weak. Kato et al| (2002) reported on a deep transient fad
th bjects has b d ly, with f t : ; o .
-> ©S€ ODJects nas been raised very early, with for Instance ang in the optical light curve of WR 106 but they refrained to

>2 intensive search for companions in a sample of WC stars b\ : titin t f ability due t . ”
« Williams and van der Hucht (2000) using spectroscopic tech™c/PrELIt IN terms of a varlabliity due to a companion. ‘&or

(O .niques. Even though in the case of episguitiodic dust mak- recently, the in—depth photomet_ric inyestigation by W’ﬂﬁ:s
ers one is certainly dealing with binary systems with enkdnc (2014) revealed episodes of eclipse-like events remintsok

dust production activity close to periastron passage (ie@n :Eetc_astehof the pln]:/vtt]Neel ?]/stem W_Rtlof'dlt ?ISO vlllorth b(\)/goéeg
centric orbit), the situation is not so clear for persistdnst a:j \'/T/R ioiasebo t'o OI' er perstl)s §|n t'?'sb rtnatl)lerts,
makers. If the latter are also binaries, the absence of hig n  absorption fines probably atiribuiable 1o a com-

amplitude modulation in the dust production may potentiall panipn were discovereq oy Williams and van der Hucht (?000).’
point to almost circular systems. This category includés-la lending support to the idea that the search for companions is
type WR stars, with sub-type WC9 along with a few WC8 ob_relevant in this category of objects.
In this paper, we investigate the issue of the multiplicity o
5 _ . _ L WR 106 using X-ray observations. Single massive stars (OB
ased on observations with XMM-Newton, an ESA Science Missvith and WR) are known to produce X-rays through thermal emis-

instruments and contributions directly funded by ESA Mengtates and the . . .
USA (NASA). sion due to the presence of hot plasma heated by line driving
Email addressdebecker@astro.ulg.ac.be (M. De Becker) instabilities in their stellar winds (Feldmeier et al., I99Sin-
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Figure 1: EPIC-pn image obtained between 0.3 and 10.0 ke¥/.cirhle indicates the position of WR106. A few point souragth no relation with WR 106 are
present in the field of view. The North is up and the East is erigft.

gle WC stars constitute an exception as they are not detacted each of them being at the focus of one of the three identical X-
X-rays, certainly because of a strong absorption of X-rays b ray telescopes on-board the satellite. Beside sofferdncesin
the dense wind material (Oskinova et al., 2003). In the cése dhe instrumental responses, data sets from these caméeas di
binary systems, the colliding-windgfer an additional source mainly by the fact that photons collected by the telescopd-fe
of X-rays, generally with a harder emission spectrum than si ing the pn instrument are not shared with other instrumeutts b
gle stars/(Stevens etlal., 1992; Pittard and Parkin,/]201@3yX  the two other telescopes share their photons with MOS camera
can therefore provide hints for the presence of a companion. and the RGS high-resolution spectrometers. This configurat
The investigation of the multiplicity of WR 106 is therefore explains why the sensitivity of the pn camera is better tian t
expected to benefit of the insight provided by X-rays. In Secof MOS instruments. For details on these instruments, see no
tionl2, we present the X-ray data sets, along with their protably the XMM-Newton Users Handbd®KThe exposure times
cessing. Sectidd 3 is devoted to a presentation of the sesultwere 22.4 and 20.7ks for MOS and pn instruments, respec-
Sectiori% is dedicated to a discussion of WR 106 in the widetively. Data were processed using the XMM-Newton Science
context of other persistent dust makers. We finally conclade Analysis Software (SAS) v.12.0.0 on the basis of the Observa
Section®. tion Data Files (ODF) provided by the European Space Agency
(ESA). Event lists were filtered using standard screeniitg-cr
ria (pattern< 12 for MOS and patterg 4 for pn). The event
2. Observations and data processing lists were filtered to reject about 40 % of the exposure which
was dfected by a high background level due to a soft proton

WR 106 has been a target of the XMM-Newton satelliteﬂare'

( \[_2001) during the 11th Announcement of Op: The images in dierent energy bands show c_oncentrlc arcs
i ._typical of straylight due to the presence of the bright Lovasd

portunity (AO11, rev.2334), on 7th September, 2012 (Jullars(_ra Binary SgrX-3 (RA= 18:01:32.3, DEC= —20:31:44

Date 2,455,896.375), under proposal ID 069081 (Pl: M. D Y y =9 L oA

e o

. = J2000) at about °1from the position of WR 106 (RA=
Becker). EPIC instruments (Turner ef al., 2001; Stridatlet 55 ~a. o100 : :
@) were operated in Full Frame mode, and the medium filte%8'04'43'66’ DEC= ~21:09:30.5). The impact of straylight

was used. These instruments are respectively the MOS and tI!1SemOStIy ap_p_arent to the North-West direction (see FlgDJ,re_l

. o o . and the position of WR 106 does not seem to be substantially
pn cameras, allowing to obtain images and spectra withirkc fie affected. The most striking result is the absence of any obvious
of view of about 30 arcmin diameter in the 0.3—10.0keV energy ' 9 y
range. One given XMM-Newton observation allows to obtain
simultaneously data with the pn and the two MOS cameras, Yhttp://xmm.esac.esa.int/external/xmm_user_support/documentation/ul
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Table 1: Archive ROSAT observations including the positidiwWR 106. Table 2: Estimates of the upper limits on the count rate idRIC instruments
at the position of WR 106.

Seq.ID Instr. Exp. (s) 6()

MOS1 MOS2 pn
rp500197n00 PSPCB 3248  20.35
rp400282a01 PSPCB 3801  30.34 C (cnt) 5 5 24
rp400282n00 PSPCB 7432  30.34 Cmax — C (cnt) 17.9 17.9 48.7
rp201060n00 PSPCB 9152 52.76 Eff. exp. time (s) ~ 14290 14860 11460
rp900203n00 PSPCB 1974  57.92 CR (cnts?) 9.0x10% 8.7x10* 22x10°
rh900391n00  HRI 6310 58.68 CReor (cnts™)  2.3x10° 2.2x10° 5.4x10°
rh900391a01  HRI 5642  58.68

The upper limits on the count rates were converted into fluxes
(in ergcnt?s1) using the WEBPIMMBE tool. An APEC op-

In order to investigate further the issue of the non detectically thin thermal emission modeffacted by two absorption

tion of WR 106 in X-rays, we used the data available at thecolumns (interstellar and circumstellar) was assumed.  For
High Energy Astrophysics Science Archive Research Centeil€ interstellar absorption, we estimated the hydrogearsol
(HEASARQ). Our target was in the field of 7 observations exe-USing the relation given by Groenewegen and Lamers (1989)
cuted at the beginning of the 1990s with the ROentgen SA&elli and assuming Eézgz V) ; 12 (Sa_mder el E,ll" 2012), yielding
(ROSAT), as summarized in Table 1. In this table, PSPCB andltism = 0.46x 107" cm C We defined a g”d_ of models.based
HRI stand respectively for the Position Sensitive Propoi on wo vgitzjes fgr the C|rcum0§';ella[2absorb|ng columni /N
Counter and High Resolution Imager instruments. In each,cas= 0-2%10°“cm™ and 1.0<10"°cm™.  These values are of
the exposure time (Exp.) and the angular separasiipeween the order of magnitude of wind column densities determined

the position of WR 106 and the centre of the field of view are/®f_Some WR-type objects (see elg. Oskinova etal., 2003;

specified. We retrieved all data sets and we inspected all imWVilliams etal., [ 1990). ~Extreme cases of wind absorption

ages. In each case, we did not find any count excess likely to J82Y motivate the selection of significz_intly larger valuest b
attributable to a significant detection of WR 106, consiggen € result would be an complete extinction of X-rays from
with the lack of detection with XMM which has a much better 1€ OPJeCt, whatever the nature and properties of the Bitrin
sensitivity. In the remaining of this paper, only the coaistts spectrum. The latter situation would be relevant if the obig

on the X-ray emission estimated on the basis of XMM-NeWtonSingle’ without any other source of X-rays away from the WR
data will therefore be considered star such as a wind-wind interaction region. In a binaryeyst

X-rays from the colliding-winds could escape in part thesien
wind of the WC star, translating into a not so extreme value

point source at the position of WR 106.

3. Resultsfrom the XM M -Newton observation for the local absorbing column. The grid considers alsoseve
plasma temperatures (KT between 0.5 and 2.0keV) spread
3.1. Upper limits over a range of values relevant for the thermal emission from

. - arly-type stars (single or binaries, see Secfiofs 3.2asd 3
We derived upper limits on the count rate between 0.3 an%ur results are plotted in Figure 2 for MOS and pn, either

10.0keV for the three EPIC instruments using the same o1 absorbed fluxes or for fluxes corrected for the interatell
proach as Gosset etlal. (2005) and De Beckerlet al. (2014). V\é?osorption

measured the number of counts (C) in a circular region (geadiu
of 6”) centered on the expected position of the target, and we
considered a count threshold &) corresponding to a loga-
rithmic likelihood of 12. This translates into a probalyilib 1. Upper limits derived from EPIC-MOS data are slightly
find a count number in excess of the critical value of about  higher than those derived on the basis of EPIC-pn, because
6x 107, under the null hypothesis of pure background fluctua-  Of the better sensitivity of the latter instrument.

tions. The diference between these two quantities provides the 2. The absorbed fluxes increase with increasing plasma tem-
count excess which was divided by the exposure time to yield  perature of the emission model. Warmer plasma produce

The trends shown by these plots deserve a few comments:

the count rate evaluated within the extraction region (JBKk- harder thermal spectra, with a significant fraction of their

ing into account that the selected extraction region cpoeds emission above the energies which are stronfibcaed by

to an encircled energy fraction of the Point Spread Funaifon photoelectric absorption.

about 40 % (see the XMM User’s Handbook), we finally de- 3. The model with the strongest circumstellar absorption

rived the corrected count rates (R quoted in Table 2 for all leads to slightly higher upper limits. A given count number

instruments. is made of higher energy photons when the source is more
httpy/heasarc.gsfc.nasa.gov Shttp;/ledas-www.star.le.ac.yimmsw3pw3pimms.html
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Figure 2: Upper limits on the X-ray flux assuming a thermalssioin model and two absorption columns (interstellar anchimistellar). Left panels:absorbed
fluxes.Right panelsfluxes corrected for the interstellar absorption.

absorbed, as lower energy photons are the midstted. in the inner layers of the wind to emerge from the outflow-
This results in a higher cumulated amount of energy meaing envelope. This phenomenon is also responsible for the
sured in a given time interval. under-luminosity of evolved O-type supergiants (De Becker
. The ratio between fluxes corrected for the interstellar ab2013; Owocki et all, 2013), and certainly for the non detercti
sorption and absorbed fluxes is much higher for soft emitin X-rays of more evolved massive stars (Gosset et al.,|2005;
ting plasmas than for hard emission models. Once agaie Becker et all, 2014).

the stronger photoelectric absorption underwent by lower

energy photons is substantially more significant when the !N the context of the shocked wind scenario in single mas-
bulk of the emission occurs at lower energies. sive stars, the plasma temperature should be of the order of

0.5-0.7keV (i.e. 5-& 10°K). The post-shock temperatures
The upper limits on the X-ray flux should be considered inare associated to pre-shock velocities of a few hundredskm s

the appropriate physical context, depending on the midiipl  in agreement with the typical relative velocities of outying
status of WR 106. Two scenarios will be envisaged:dimgle  shells of material colliding in individual stellar windse@ e.g.
star scenaricand thebinary scenario. Feldmeier et al. 1997). In Figure 2, the single star scenario

3.2. The single star scenario

is therefore more specifically reproduced by the left part of
the plots. This translates into absorbed flux upper limits no
higher than 1.5 10-**ergcnt?s™. Upper limits corrected for

The non detection of WR 106 with XMM-Newton is remi- the interstellar absorption spread over a range betweerd1 an

niscent of the lack of detection of single WC-type stars in X-4x 10 13ergcnt?s™, translating into upper limits on the X-
rays as discussed for instancelby Oskinovalet al. (2003). Thay luminosity (Lx) of 1.1-4.5< 10%2ergs? (assuming a dis-
absence of detected X-rays from WC stars is attributed tdéance of 3.06 kpc, Sander et al. 2012). Considering the bolo-
the very strong photoelectric absorption of X-ray photogis b metric luminosity (lyo =1.43x 10° Lo =5.58x 10°8ergs?)

the dense stellar wind material, preventing X-rays producegiven by| Sander et al. (2012), the upper limit on the/llyg
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ratio is 2—8x 1077 (depending on the assumption on the plasmaGalactic Wolf-Rayet Catalogéncludes 37 objects with the
temperature and the circumstellar absorbing column). &hesWC9d classification. Among the most studied WCd stars so
upper limits are of the order of magnitude of — or largerfar, one could mention the sample of 16 objects investigayed
than — the expected emission from single regular O-type stalWilliams (2014) in the infrared. The XMM-Newton archives
(Sana et al., 2006; Owaocki etlal., 2013). Our upper limits-sugwere carefully inspected to search for data sets includinges
gest that, as a single star, WR 106 emits less — or a similasf these objects. Relevant EPIC exposures were found in the
amount of — X-rays than O-type stars. This is not unexpectedases of WR 65 and WR 96. WR 65 is known as a binary
as we are dealing with an evolved object with a much densesystem, with an unidentified OB companion. Nine exposures
stellar wind which absorbdigciently intrinsically-produced X- including this object in the field of view were found in the
rays. The non detection of WR 106 agrees therefore with thXMM-Newton archive database, with exposure times of 10—

single WC-type star scenario. 30ks. The Wolf-Rayet system does not seem to be detected,
in spite of its confirmed binary nature expected to lead toesom
3.3. The binary scenario additional X-rays produced by the colliding-winds. The a§r

In the context of a wind-wind interaction in a binary sys- Images are dominated by the very X-ray bright supernova rem-
tem made of a WC star with an OB companion, pre—shoclf‘ant G320..4-1.2 N, prevgr_ltlng any detqlled inspection af th
velocities are expected to be significantly larger than i th part of the field. The position c_>f WR 96 is located close to the
case of intrinsic shocks of individual stellar winds (see-Se ©uter boundary of the EPIC field of four exposures of about

tion32). In short period systems (typically a few days) the20-30ks and itis not detected. _
stellar winds will interact in their acceleration zone (oally The same exercise using the Chandra archive database led to

a few stellar radii). For longer period systems, stellardgin the following findings. WR 65 (see above) was also found in
will likely reach their terminal velocities before collintj, lead- ~ the field of Chandra exposures, with no detection. This isanot

ing therefore to hotter plasma with temperatures highen thaSurprise considering the better sensitivity of XMM-Newtém
10K (>1keVﬁ. In the grid of models considered in Fig- addition, a very short exposure of about 3 ks was found for WR
ure 2, we will therefore focus on the right part of the plots.121, certainly much too short to expect any detection of such
For our range of assumed parameters we derive upper limi@" object anticipated to be faint in X-rays.
on the absorbed flux of about 1.0-x50**ergcnt?st, and It seems therefore that the current census of observations o
of about 0.5-1.5% 10 3ergcn2s? for fluxes corrected for WCd stars with the most recent X-ray facilities is quite poor
the interstellar absorption. The latter values convert int  lending further relevance to the present dedicated obsenva
of 0.6-1.7x 10%2ergs? and a lx/Lyo ratio of 1-3x 1077, If of WR 106. Probably the category of WCd stars includes ob-
WR 106 was producing X-rays in a wind-wind interaction re-jects much too faint to be reached by present X-ray observato
gion, it would be expected to be characterized by# ko ra- ries. However, additional dedicated exposures should ga&-or
tio significantly larger than 1G. This strongly suggests that no hized to clarify this idea. Considering the lack of such obae
Co||iding_winds are Strong|y Contributing to the X-ray amion tions so far, a few additional ones could constitute a Sm‘iﬁ
of WR 106, otherwise it would likely have been detected withimprovement with respect to the present situation.
XMM-Newton.

However, one should keep in mind that the infrared excess ret 2. The multiplicity of WCd stars
ported for WR 106 — in relation with its dust production — lead
to the existence of a circumstellar envelope likely to absor ~ The infrared photometric investigation by Williams (2014)
significant amount of X-rays potentially produced in a putat  revealed a large number of eclipse-like events for WR 106, pr
Co||iding_wind System_ Consequenﬂy’ the derived upp’anb Senting some similarities with WR 104. The latter system is

do not allow to reject definitely the binary scenario. known as a binary system with a period of about 240 days
(Tuthill et all, [2008). Such eclipse-like events could be at

tributed to clumps of material crossing the line of sighthwit

a recurrence time depending on their distribution. The rothe

4.1. Other persistent dust makers in X-rays WC_d sta_rs investigated by Williams (2014) present olnly-a.few

eclipse-like events over several decades, suggestingfisign

Itis known that some variable dust makers have already beeghnt diferences between the wind properties of WR 104 and

intensively observed in X-rays. The most striking example i \wR 106 on the one hand, and the other WCd stars on the other

certainly WR 140 (see e.g. Williams et al.. 1990; Pollocklgta nand. These gierent behaviours point to a potential strong dif-

2005). However, the case of WR 106 deserves to be discussggrence in the clump formation, and in particular of thei-di

in the context of other stars belonging to the same categoryipytion. A possible way to reconcile these discrepanpies

namely that of persistent (stable) dust makers. Paul Cegth posed by Williams'(2014) is the existence of some anisotiopy

the stream of clumps, with significantfiirences coming from
different viewing angles.

4. Discussion

4Note that the particular case of very unequal winds with thengest one
crashing onto the surface of the companion — with completrugtion of the
wind-wind interaction region — is not considered here. Sadtenario is for
instance discussed oy Parkin and Sim (2013). Shttpy/pacrowther.stl shef.ac.uRVRcay




The existence of the infrared excess and the occurrence oésponsible for the eclipse revealed by photometric inyast
the eclipses point clearly to the presence of circumstei@ie- tions would be produced by the stellar winds of the WC star,
rial likely to significantly absorb X-rays coming from therce  without the need of a participation of any colliding-wind re
tral object (either single or binary). If one wants to pigk a  gion. This would therefore require that dust production famd
unique picture, it is relevant to emphasize a few facts: mation of clumps on the one hand, and binarity along with the
formation of a few pinwheel nebulae on the other hand, may not
“necessarily be intimately related. In this scenario, dustipc-
tion by colliding-winds may take place on top of the intrinsi
production in the WC wind.

- all WCd stars investigated on the basis of long-term in
frared photometric time series display eclipses most pro
ably due to clumps in the circumstellar regions,

- no WCd has been detected in X-rays so far,

- afew WCd stars have been identified as binary systems.

Let us assume, first, that all WCd stars are binaries. In thi§. Concluding remarks
case, the dust production should proceed thanks to the eattan

density regions resulting from the colliding-winds, in &ions A dedicated XMM-Newton observation of the persistent dust

efficiently shielded from the WC photospheric light (Williams, maker WR 106 was analyzed in details. The main result stands

[ 3 a | HH -
199"’ Cherchrﬁet al 2000 Crowthtr, 2003). The colliding in the lack of detection of the WC9d star. Upper limits on the
wind region would be expected to produce some thermal X-

. . ﬁount rates were derived. These limits were converted ipto u
rays, but the circumstellar material would be opaque enoug

. . er limits on the X-ray flux (in physical units) on the basis of
to prevent any detection with the most recent X-ray observat P Y (in phy . ) . .
) ’ . : . adequate models relevant for the X-ray emission from massiv
ries (at least in the few cases investigated so far). Thisext

tion of X-rays produced by the colliding-wind region could b stars. These limits were discussed in the context of bothesee

: : : o ios: singl r or binar m. However, th I n
more easily explained if the stellar separation is not tegda 0s: single star or binary syste owever, the collectéor

A wide system would indeed allow hopefully some X-rays tc).r’natlon could not discriminate between these two likely scen

escape the dusty envelope. On the other hand, the escape'%?'

X-rays would be strongly dependent on the orientation of the It appears also that the inspection Of per;istent du;t raaker
system, opening the possibility that at some orbital phases (belonging to the WCd class) in X-rays is quite poor, withyonl

weak X-ray signal could be detected. In this binary systesa sc a few systems appearing in the field of view of modern obser-

nario, several hidden companions would wait to be detecte(%’.ato_”ef' d_No Y}VCE objec;_seemvsvéoGge getected n X;ag? SO
However, the diiculty to detect them would be twofold: (i) ar, Inciu ngh't el now? t')F‘aW . ) (Torelex_ten_ edin-
spectroscopic investigations would require to detect andim SPECtion of this class of objects is expected to clarify dewv

tor spectral features from the secondary, certainly sicpmifily of persistent dust .makers, notably.to constrain furt.h<_ar)¢he_
fainter than the WC star, and (ii) high angular resolutioimaas ray emission that is eXpeCt‘?d tq arise froml t.he cplhdmg@w
metric investigations are generally conducted in the neflalo- region, provided th-ey-are plnarles. In addltlon, in the bna
main, and would therefore require to detect a faint companioscenar'o’ some vangtlons in the e_lbsorptlon of X-r_ays coeld

in a nebula populated by dust particles bright in the infilare expected as a function of the orbital phase, allowing to expe

Hints for the existence of a companion may also be provide%fhanging detection probability depending on the geonudtry
by the detection of synchrotron radio emission, explaingd p the system. o . )
the existence of relativistic electrons accelerated bystieeks The question is still: do we need a binary system to persis-
in the colliding-wind region in a binary system. Among persi ently produce dust, or can it be produced in single WC-star
tent dust makers, WR 98a, WR 104 and WRA4& knownto Winds? On the basis of the current census of observational in
belong to this category of particle-accelerating collgdimind ~ formation, both scenarios are still in competition. Coesidg
binaries [(De Becker and Ralitg, 2013). Beside that, it istwort the high anticipated ﬂ.icu'.t'es. to detect putative companions in
to mention that other WCd objects are known to be binariesSUch systems, certainly indirect approaches such as dedica
such as WR 65 _(van der Hutht, 2001) and W239 (Clarklet al X-ray observations, high dynamic range and high resolutien
2017). terferometry and radio observations aiming at identifyéyg-

Let us assume now that some WCd stars might be single 0l{}_hr_otron r_aQif_ition should be combined to improve our view of
jects, in addition to the few ones known to be binaries. Itidou their multiplicity.
justify immediately the lack of X-ray detection becauselaod t
strong local absorption by the stellar wind material, which
general property of single WC stars (Oskinova et al., 2008). Acknowledgments
this context, the circumstellar dust would just constitutem-
plementary source of X-ray extinction, in addition to that a

tributed to the dense WC wind material in general. The cIump§( The author wants to warmly thank people working at the

MM-SOC for the scheduling of the XMM-Newton observa-
tions, along with the anonymous referee for constructive-co
6Direct evidence for the existence of a companion in the c¥gR112is ~ Ments on the manuscript. The SIMBAD database has been con-
still lacking. sulted for the bibliography.




References

Allen, D. A., Swings, J. P., Harvey, P. M., 1972. Infrared fahoetry of north-
ern Wolf-Rayet stars. A&A20, 333-336.

Cherchnéd, I., Le Tedt, Y. H., Willams, P. M., Tielens, A. G. G. M., May
2000. Dust formation in carbon-rich Wolf-Rayet stars. |e@fistry of small
carbon clusters and silicon species. A&A357, 572-580.

Clark, J. S., Ritchie, B. W., Negueruela, I., Crowther, P. Bamineli, A.,
Jablonski, F. J., Langer, N., Jul. 2011. A VJELAMES survey for massive
binaries in Westerlund 1. Ill. The WC9d binary W239 and iroalions for
massive stellar evolution. A&A531, A28.

Cohen, M., Kuhi, L. V., Jul. 1977. Wolf-Rayet stars. VII - Qgatl spectropo-
larimetry of WC9 stars. MNRAS180, 37—44.

Cohen, M., Vogel, S. N., Oct. 1978. Wolf-Rayet stars - VIH.t@ 4.um spec-
trophotometry of late WC stars. MNRAS185, 47-55.

Crowther, P. A., 2003. Dust Formation around Wolf-RayetrsStAp&SS285,
677-685.

Crowther, P. A., Sep. 2007. Physical Properties of Wolfd&taptars.
ARA&A45, 177-219.

De Becker, M., Dec. 2013. The X-ray under-luminosity of theéyPe super-
giants HD 16691 and HD 14947 revealed by XMM-Newton. NewAR5,
11.

De Becker, M., Hutsemékers, D., Gosset, E., May 2014. ThevXNewton

view of the yellow hypergiant IRG 10420 and its surroundings. NewA29,

75-81.

De Becker, M., Raucqg, F., Oct. 2013. Catalogue of partictekerating
colliding-wind binaries. A&A558, A28.

Feldmeier, A., Puls, J., Pauldrach, A. W. A., Jun. 1997. Asfis origin for
X-rays from O stars. A&A322, 878-895.

Gosset, E., Nazé, Y., Claeskens, J.-F., Rauw, G., Vret, JSana, H., Jan.
2005. An XMM-Newton look at the Wolf-Rayet star WR 40. Therstself,
its nebula and its neighbours. A&A429, 685—-704.

Groenewegen, M. A. T., Lamers, H. J. G. L. M., Sep. 1989. Thedwiof O-
stars. | - an analysis of the UV line profiles with the SEI methd&AS79,
359-383.

Jansen, F., Lumb, D., Altieri, B., Clavel, J., Ehle, M., Efdl, Gabriel, C.,
Guainazzi, M., Gondoin, P., Much, R., Munoz, R., Santos, Sthartel,
N., Texier, D., Vacanti, G., Jan. 2001. XMM-Newton obseovgt |. The
spacecraft and operations. A&A365, L1-L6.

Kato, T., Haseda, K., Takamizawa, K., Yamaoka, H., Oct. 20@2p transient
optical fading in the WC9 Star WR 106. A&A393, L69-L71.

Oskinova, L. M., Ignace, R., Hamann, W.-R., Pollock, A. M, Brown,
J. C., May 2003. The conspicuous absence of X-ray emissoon éarbon-
enriched Wolf-Rayet stars. A&A402, 755-765.

Owocki, S. P., Sundgvist, J. O., Cohen, D. H., Gayley, K. GarN013. Thin-
shell mixing in radiative wind-shocks and thg & Lpg scaling of O-star
X-rays. MNRAS429, 3379-3389.

Parkin, E. R., Sim, S. A., Apr. 2013. Self-regulated Shock#iassive Star
Binary Systems. ApJ767, 114.

Pittard, J. M., Parkin, E. R., Apr. 2010. 3D models of radl driven col-

liding winds in massive G- O star binaries - Ill. Thermal X-ray emission.

MNRAS403, 1657-1683.

Pollock, A. M. T., Corcoran, M. F., Stevens, I. R. and WillignP. M., Aug.
2005. Bulk Velocities, Chemical Composition, and loniaatiStructure of
the X-Ray Shocks in WR 140 near Periastron as Revealed byhbadta
Gratings. ApJ629, 482—-498.

Sana, H., Rauw, G., Nazé, Y., Gosset, E., Vreux, J.-M., 2806. An XMM-
Newton view of the young open cluster NGC 6231 - Il. The OB stapu-
lation. MNRAS372, 661-678.

Sander, A., Hamann, W.-R., Todt, H., Apr. 2012. The Galaafic stars. Stel-

lar parameters from spectral analyses indicate a new éwoeéuy sequence.

A&A540, Al44.

Stevens, |. R., Blondin, J. M., Pollock, A. M. T., Feb. 1992all@ing winds
from early-type stars in binary systems. ApJ386, 265-287.

Struder, L., Briel, U., Dennerl, K., Hartmann, R., Kendz#& E., Meidinger,

Tuthill, P. G., Monnier, J. D., Lawrance, N., Danchi, W. C.wéxki, S. P.,
Gayley, K. G., Mar. 2008. The Prototype Colliding-Wind Pimzel WR 104.
ApJ675, 698-710.

van der Hucht, K. A., Feb. 2001. The VIith catalogue of gatagtolf-Rayet
stars. NewAR45, 135-232.

Williams, P. M., 1995. Dust formation around WC stars (ledit. In: van der
Hucht, K. A., Williams, P. M. (Eds.), Wolf-Rayet Stars: Biies; Colliding
Winds; Evolution. Vol. 163 of IAU Symposium. p. 335.

Williams, P. M., Dec. 2014. Eclipses and dust formation by S\t@pe Wolf-
Rayet stars. MNRAS445, 1253-1260.

Williams, P. M., van der Hucht, K. A., May 2000. SpectroscabyVC9 Wolf-
Rayet stars: a search for companions. MNRAS314, 23-32.

Williams, P. M., van der Hucht, K. A., Pollock, A. M. T., Flookski, D. R.,
van der Woerd, H., Wamsteker, W. M., Apr. 1990. Multi-freqag varia-
tions of the Wolf-Rayet system HD 193793. | - Infrared, X-rayd radio
observations. MNRAS243, 662-684.

N., Pfdfermann, E. e. a., Jan. 2001. The European Photon Imagingr&@ame

on XMM-Newton: The pn-CCD camera. A&A365, L18-L26.

Torres, A. V., Conti, P. S., May 1984. The spectra of Wolf-Biestars. Il - The
WC 9 subclass. ApJ280, 181-188.

Turner, M. J. L., Abbey, A., Arnaud, M., Balasini, M., BarbemM., Belsole,
E., Bennie, P. J. e. a., Jan. 2001. The European Photon Ighn@gimera on
XMM-Newton: The MOS cameras. A&A365, L27-L35.



	1 Introduction
	2 Observations and data processing
	3 Results from the XMM-Newton observation
	3.1 Upper limits
	3.2 The single star scenario
	3.3 The binary scenario

	4 Discussion
	4.1 Other persistent dust makers in X-rays
	4.2 The multiplicity of WCd stars

	5 Concluding remarks

