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ABSTRACT

High-energy emissions are good indicators of peculiar tiehes in stars. We have therefore obtained an XNilvton observation

of HD 155806 and 1RXS J171502.333344, and derived their spectral properties for the firet t The X-ray spectrum of HD 155806
appears soft, even slightly softer than usual for O-typesg@s shown by a comparison with the O9 star HD 155889 in thesa
XMM -Newton field). It is well-fitted with a two-component thermal modeithivlow temperatures (0.2 and 0.6 keV), and it shows
no overluminosity (lodLx/LgoL]=—6.75). The high-resolution spectrum, though noisy, revedlew broad, symmetric X-ray lines
(FWHM ~ 2500 km st). The X-ray emission is compatible with the wind-shock mcaied therefore appears ufiected by the
putative dense equatorial regions at the origin of the Ossifiaation. 1RXS J171502-833344 is a nearby flaring source of moderate
X-ray luminosity (logLx/LgoL]=—3), with a soft thermal spectrum composed of narrow linesgedenting a larger abundance of
elements (e.g. Ne) with a high first ionization potentialRfFtompared to lower-FIP elements. All the evidence ind&at coronal
origin for the X-ray emission, in agreement with the dMe sification of this source.

Key words. X-rays: stars — X-rays: individual: 1RXS J171502383344 — Stars: coronae — Stars: individual: HD 155806 -sStar
individual: HD 155889 — Stars: emission-line

1. Introduction rizes the results. An appendix yields the properties of #ighn

bouring HD 155889.
Over the past decades, stars of almost all spectral types

have been identified as X-ray emitters (for a review see ) )
Gudel & Naze] 2009). However, the physical processesat tB. Observations and data reduction

origin of this high-energy emissionfiér throughout the HR di- 16 fi|4 surrouding HD 155806 and 1RXS J17150333344
agram. Coronae ple}y a large role in th‘? X-ray emission of F {Pas observed by XMM\ewton on 2008 Aug. 26 (Rev. 1596, PI
M stars, as well as in young T Tauri objects. For these SOUrcgs, o) “tor 4 total exposure time of 35 ks. We processed ttee da
flares, narrow X-ray lines, tight relation between rotatemd ., the Science Analysis System (SAS) software, version 8.
X-ray Iumllno.f,lty,_as well as changmg abundance PaUerBSeW ¢, o analysis was performed using the FTOOLS tasks aand th
detected, indicating that magnetic processes are heaildeu v spec software v 11.2.0.
X-ray plasma. In contrast, the X-ray emission from earlely =~ s the brightest star in the field (HD 155806) is rather op-
stars appears h|ghly dependent on the stellar winds. TH‘B hfﬂ:ally bright, this observation used the three Europeawtquin
energies thus uniquely probe the mass-loss processesddnd 3maging can%eras (EPICs) in the standard, full-frame modke wi
tional emission is easily spotted when two winds collideimsb ;i fitter to reject optical light. The EPIC data were first
res. Peculla_r stellar phenomgna (.. accratiecretion discs, processed with the pipeline chains (tasksroc, epproc) and
jets, magnetically-confined winds) are also shownfted the o, fitered following the recommendations of the SAS team t
X-ray emission. The X-ray domain is therefore a unique toglo, oy the best-recorded events (pattern between 0 amd 12
for analysing the physical processes at work in the envelope #XMMEA _EM filter for the EPIC MOS detectors, pattern be-
stars. _ _ _ o tween 0 and 4+ flag=0 for the EPIC pn detector). The light
This paper provides the first X-ray investigation of tWqyrve at high energies (pulse invariant channel numb@@00,
peculiar emission-line stars at two opposite extremes ef th £>10keV, and with patters0) shows no flare that could have
HR diagram: the hot Oe star HD155806 and the cogffected our dataset. A detection algorithm (tadktect_chain)
dMe object 1RXS Jl71502—.f£333440. Section 2 presents OUfyas applied to the XMMNewton dataset, with a minimum
dataset, Sects. 3 and 4 give the observed X-ray properti@8lihood of 20. The brightest X-ray source in the field is
of the Oe star HD 155806 and of the lower-mass objegkxs J171502.4333344. Comparing the derived list of X-ray
1RXS J171502.4333344, respectively, while Section 5 summaggyrces with the list of hot stars in the field-of-view (FOV@Ids
only two objects in common: HD 155806 and HD 155889. Both
* Based on observations collected with XMM-Newton, an ESAre O-type stars, the only two of the FOV, and none of the 5
Science Mission with instruments and contributions diyeftinded by B-type stars (HD numbers 155703, 155754, 155888, 155942,
ESA Member States and the USA (NASA). 319583) present in the FOV are detected in our exposureid his
** Research Associate FNRS not too surprising since B stars, especially the late-tygjedis,
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such as those present in the FOV, are known to be fainter X-ridne link (or absence of link) with the more common Be stars.
emitters than O stars (Berghofer et al., 1997; Sana e€t@062 Depending on the exact nature of the Oe phenomenderelint
The count rates of these 3 sources in the 0.4-10keV energly baehaviours could be expected. First, if the dense equéteria
and for diferent EPIC cameras are provided in Tdble 1, togethgions have little impact on the overall wind outflow, the Xtra
with the hardness ratiddR;, HR; defined as (M-S)/(M+S) and emission should appear very similar to that of “normal” @dy
(H-M)/(H+M), respectively, where S, M and H are the EPICstars, i.e. the usual wind-shock model of spherically-sytnin
MOS2 count rates in the 0.4-1.keV, 1.-2.keV, and 2.—10. keMnds would apply. Second, if the dense equatorial regioes a
bands, respectively. optically thick, but the only fect at high-energies concerns ab-
To analyse the high-energy properties of HD 155806, a cserption, some asymmetries in the line profiles could be ob-
cular source region of 40radius and a nearby background reserved, depending on the viewing angle. Finally, if the égua
gion of the same shape were used to extract EPIC spectra #gabifeature is really dominating the circumstellar enwineent,
lightcurves. Similar regions were used for the bright seurdard X-ray emission would be expected. In this context, one
1RXS J171502.4333344. For the spectral analyses, the spemay wonder whether hot/'Cas analod exist or if magnetic
tra were binned to reach at least 10 counts per bin, and bdth lsanfinement plays a role in the putative dense equatorial re-
energy bins and noisy bins akB.3keV or>10. keV were dis- gions. Indeed, for single O stars (i.e. objects withoutidib
carded. wind emission or emission from accretion by a compact com-
Our observation also consists of data from the reanion), the signature of a magnetic confinement can bendisti
flection grating spectrograph (RGS) for HD 155806 anguished from intrinsic wind shocks. The best known example o
1RXS J171502.4333344 (which is 220 west of HD 155806). such cases i§! Ori C, whose high-energy characteristics (nar-
First, the pipeline chain (taskssproc) was run with the coor- row lines, very hot plasma) are well-fitted by magnetohygrod
dinates of the objects and processed in a standard way (tas&slical models (Gagné et/al., 2005).
rgsspectrum, rgsrmfgen, rgsfluxer). No flare in the lightcurve For the first X-ray investigation of Oe stars, we focus on
was detected, as was already the case for the EPIC cameeas.tiib hottest Oe star, HD 155806, which had been detected by
RGS spectra were binned to reach at least 5 cts per bin. TR@SAT during its all-sky survey (Voges et al., 2000). Fimest r
data from the second order does not contain enough countgtsted as a Be object in 1925 (Merrill et al., 1925), it wagdat
be useful, so we discarded them from the analysis. A check wasognised as a true Oe star (Hiltner et al., 1969; Conti &l ee
made to ensure that one source was not contaminating the ofh874) of type O7.5llle or V[n[& HD 155806 indeed displays
For the background estimation of one source, the other souBalmer lines in emission (with a multiple-peak structure in
was excluded from the background region to avoid backgrouhd, see e.g. Fig. 8 in_Negueruela etlal. 2004), but alsa Fe
contamination. According to the XMNlewton user manual, the emission lines| (Walborn, 1980) and double-peaked emission
RGS point-spread-function has BWHM of 0.25 in the cross- in Cn14268A, Mg 14481A, Her114713,6678A. Its termi-
dispersion direction, but the sources are separated bynGlis nal wind velocity and projected rotational velocity were es
direction, which makes the cross-contamination rathefigieg timated byl Howarth et al/ (1997) to 2460 km'sand 91 km
ble. s71, respectively. Variations in the Balmer lines are common in
OeBe objects, and HD 155806 is no exception (see Fig. A.1
in Hubrig et al.. 2008). However, it is important to stressttha
3. HD 155806, the hottest known Oe star for this star, the 4 emission never disappears as the varia-
tions only dfect the upper part of the line (note that an archival
UVES dataset of April 2008, close to the time of the XMM
The class of Oe stars wagfgially defined byl Conti & Leep Newton observation, clearly shows the usual, strong émis-
(1974) as O-stars displaying emission in the Balmer lingb-wi sion). In addition, no velocity variation was found for tlsar
out emission in Ha 14686 or in the neighbouring M triplet  (Garmany et all, 1980), so binarity is not thought to playla i
(two signatures of a strong stellar wind). The shape of thig behaviour. Recently, a weak magnetic field has been etec
Balmer lines in these stars is reminiscent of that in Be dbjecin one spectropolarimetric dataset of HD 1558686:Bz >=
and the Oe stars are thus often seen as the continuity of #15+37 G (Hubrig et al!, 2007). Subsequent investigation may
Be phenomenon to higher temperatures. It is true that mosthafve revealed some polarity changes from one day to the next,
these stars display high projected rotational velocitie® () though these were only marginal detections (Hubrig et QD82
(Negueruela et all, 2004) but, contrary to Be stars, direct ethat await confirmatior (Petit etlal., 2009). Further obagons
dence of that disc is still lacking (see €.g. Vink etlal., 20@9 will be needed to confirm the presence of such a magnetic field
though indirect evidence, such as variability similar tattbf in this object.
Be stars, has been observed in the emission lines of several O
stars/(Rauw et al., 2007). It should also be noted thatthé@@® s ! |n X-rays, the Be staryCas displays variability, a high over-
are quite rare: only eight members of this class are known leminosity (loglLx/LgoL]=-5.4), a dominant plasma extremely hot
far and all appear to be of late O-type (09-30, Neguerueldl et €12 keV), a strong continuum component, and rather narraaydines
2004), with the sole exceptions of HD 155806 (O7.5) and maybéhough not as narrow as for some B stars (Smith ‘et al..| 2004g.
HD 39680 (08.5). This is taken as evidence that high tempefisc here, presumably, plays a non-negligible role, as &ceoof ab-
tures are incompatible with the Be characteristics, a amich \?voergl?gu?go!’n p;?:\',?'g’t r?grsgrzi;(s_irgr): riSSIon. (%I;T:g/ ;‘iﬁeggﬁs
that agrees Wlt.h the pred_lctlons of Maeder & Meyret (“EOOOI’.Qpes de Oliveira et al., 2006, 2007), which prompted thenitein of
who notably point out the influence of strong mass loss and

ina | f I in th ew subclass of X-ray active Be stars, the so-calfétis analogs’.
;cacrcs)mpanylng 0ss of angular momentum in the most massive Negueruela et all (2004) favour the original giant clasaiftn of

L. . |Conti & Leep (1974), but they recognise that the star’s lwmity is

The X-ray emission of the Oe stars has never been invesy the low side’. This is probably why Walborf (1973) rathesed
tigated, and their properties in this domain are thus tptati- the dwarf classification. In this paper, we follow Neguealsthoice,
known, despite the fact that X-rays could help for showinkgeping in mind the above caveat.

3.1. The Oe category
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Table 1. Hardness ratios and count rates of the studied sources.

Source MOS1 MOS2 pn HRy HR,
ctss? ctss? ctss?

HD 155806 0.07@0.002 0.06920.002 0.3130.003 -0.620.02 —0.940.03

HD 155889 0.0320.002 -0.280.05 -0.440.09

1RXS 0.464.0.004 0.4840.004 1.7430.008 -0.1€0.01 -0.560.01

Table 2. Best-fit models and X-ray fluxes at Earth for the two O-typessta

Source Ny kT, normy kT, norm, kT; normg x> (dof) f2rs fynaps
10%cm?  keV  10%cm?® keV  10%cm™® keV  10%cm® 10 % ergenr?s

HD 155806 (EPIC) §o3  0.19L 4518 0482 1.80% 1.54(410) 4.78  9.16
HD 155806 (ERRGS)  0.04% 022 235719 073872 0.6L%2 1.36(869) 461  8.69
+ abundances compared to solar=0N5%53, 0=0.2103¢, Ne=0.4252

HD 155889 (EP, 2T) 0428 009Y 4747 0681 2.14%F 1.30(38) 1.84  3.14
HD 155889 (EP, 3T) 008" 0121 349% 0632 06GY 3022 068% 1.20(36) 221  3.49

3.2. The observed X-ray emission of HD 155806 The strongest lines, @QulLya and the triplets of Qu,

were the sole ones to provide enough counts to be fitted using

In the XMM-Newton data, the X-ray spectrum of HD 1558065aussians with a fixed central energy (SPEX v2.0: 0.6533keV
immediately appears soft, with basically no counts detectfPr Ovmlya and 0.56101, 0.56874, 0.57395keV for thetD
above 2keV (Fi@ll). It is thermal in nature, as proven by tﬁgpletgboThe relsultlng line widths were estlmatengg(\)/HM s
appearance of the RGS spectrum (see below), and the EBRIGT50km s for OvmLya and FWHM = 320G750km s

data were thus fitted by a sum of absorbed optically-thin-th pr_the Ovr triplet, i.e. values comparable to the terminal ve-

mal components. Two temperatures were needed to obtaifPgty (2460km s*, Howarth et all 1997). A slightly poorer fit
good fit, and the models thus take the fomabs(ISM) x Was found for O/m Ly« in the case of a width of 1400knT’s
wabs x ,(apec + apec), with N'SM fixed to 1.2%10?! cm2 with a lower limit of the confidence interval of about 1000 km

(Diplas & Savade, 1994, in agreement with the value deriver: Sme}II widths <400km s* like those ofy Cas(Smith etal.,
from the B — V colour excess). Tab@ 2 lists the derived spe004), 0~ OriC (Gagne etal., 2005), afCar (Naze & Rauw,
tral parameters in that case: the indices and exponentd faste '2008), are clearly excluded.

each parameter correspond to the lower and upper limitseof th
90% confidence interval (derived from tkeeror command un-

derxspeec), respectively; the normalisation factors are defined

As these properties are typical of “normal” O-type stars, we
%%rther attempted to fit the @u Ly« line with an exospheric line

14 9 . ofile model following the formalism of Owocki etlal. (2001)
107 [ nenydV/4rD?, whereD, ne, andny are respectively the | hic model, the X-ray emission originates in material-dis

distance to the source, the electron, and proton densit@edf tp, \teq throughout a homogeneous spherical wind, aboee a r

emitting plasma; the abundances were kept solar, and thesflug; sy > Ro > R, and the hot plasma follows the same ve-

are given in the 0.5-10keV band. Using the bolometric Ce”%city law as the cool wind. Doppler broadening due to macro-

tions of_/Martins & Plez|(2006) for an O7.5lll star, a distarice ; ; ; ; ;
= ' "~ scopic motion therefore provides the main source of linebfo
Sco OB4 of 1.1kpc.(Piskunov etlal., 2007), and a v magnltuic—;.'ing. The line emissivity is assumed to scale asp?, which

. S s
of 5.61, the bolometric luminosity was evaluated 710*%erg is equivalent to the assumption of a constant filling factbr o

s ! and thely /Lgoy ratio is therefore-6.75. This value is quite he X-rav blasma throuahout the wind. The free parameters of
normal for an O-type star (Nazé, 2009), and there is thusno Bﬁ 3’ F h g q Y h hp L
ray overluminosity for HD 155806. this model are thusy andr,. = the characteristic

4rve R, ?

optical depth at wavelength. For the Ec{*erminal wind veloc-

Because of the relative faintness of HD 155806, the highy, we adopteds,, = 2460km s’ as derived by Howarth et al.
resolution X-ray spectrum is quite noisy and only a few ledit (1997). In our fits, we accounted for a (pseudo)-continuum be
conclusions can be drawn from it. Some X-ray lines are gleaieath the oxygen line with a level of6103ctsstcm2A-L.
detected (Fid.l1): Lyman-lines of hydrogen-like neon and oxy-The best fit to the line profile with default binning (resudfin
gen (Nex A12.13A, Ovin 118.97A), as well asir triplets of He-  from the taskrasrLuxer: 3400 bins between 4 and 38.2A) is
like ions of the same elements (Me113.5A, Ovii121.8A). For obtained forR, ~ 2.05R, andt,. = O corresponding to a
these triplets, thé line clearly has a much lower amplitude tharilat-topped profile. The 90% confidence intervals on these pa-
ther andi lines, as expected for such a hot star emitting a wealthmeters are approximately.f13.0] and [Q0, 1.0] for Ry and
of UV photons (see_Gudel & Nazé, 2009, for a discussionisf thr,, respectively. The fits to a higher signal-to-noise fluxegicsp
effect). The noise prevents us from deriving strong consgairitum composed of 1000 bins nicely confirm this picture, tHoug
from them, but only yieldsf/i < 0.1, corresponding to an X- the best-fit value oRy is now=~ 1.85R, (Fig.[d). These values
ray source situated belowl0R. from the stellar photosphereof the opacity and onset radius are not exceptional amorgst h
(Raassen et al., 2008), for the brightest triplet, that efiifOA  stars! Leutenegger et al. (2006) fouRgl= 1.25- 1.67 R, and
simultaneous fit of the EPIC and RGS data provides hints of re-= 0 — 1 for a sample of closeby, X-ray bright O-type stars.
duced abundances in N, O, and Ne (Tdble 2), but these valOé&®ugh their X-ray spectra had a much better signal-toenois
should be independently confirmed because of the large undban in our study, we may note that the parameters@fi re-
tainties introduced by the noise in the RGS data. semble most those of HD 155806.
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Fig.1. Left: EPIC spectra of HD 155806 (pn data shown as the uppengearve, MOS data as the lower red and black curves).
Right: Fluxed RGS spectrum of HD 155806 (from tagisrLuxer, RGSH-2, orders %2) with the main lines identified. The data
were smoothed using a sliding box, to highlight the X-ragdn

A final comment can be made on the (a)symmetry of the 0.06
X-ray lines. This property is important in the debated ques-
tion of the origin of the X-ray emission from massive stars,
with notably dense winds producing blueward-skewed limes a
porous winds more symmetric lines (see Gudel & Nazé, 2009,
for a review). For HD 155806, the sole line that is both isedat
and strong enough to perform such an analysis is thet Oy«
line. First, the Gaussian fitting within Xspec shows no digni
cant trend in the residual that would indicate an asymmédry (

a contrasting case, see _Cohen etlal., 2006). It is also abviou
from the above fitting that the best exospheric model is sym- Radial velocity (km s7)

metric =0). Finally, the first three moments were calculatediy, o The pest-fit exospheric line-profile model (with the X-
for the RGS spectrum derived from the taslsrLuxer on the ra)%é emitted above, = ESSR* and F; wind opacit§/ of . =
interval [-Ve...Veo] (@S was also done on Chandra data by €.8.) gverplotted on the RGS data of thes@Lya line (binned

in |Cohen et al., 2006, but we do normalise the 3rd-order MR get 1000 bins for the entire wavelenath range
ment). The first moment indicates no line shift = —0.03 g g ge).

to —0.09 with a 1¢ error of 0.045 and the x-axis defined as
(% - 1) é The second- and third-order moments, calculated

with respect to the rest Wavelengths of thengpmponents (i-e. However, given the limited quality of our data, we preferted
18.977 and 18.971A) and for thefidirent binnings (default 3400 it the profile with a simple homogeneous wind model.
binning, custom 1000 binning), yield; = 0.21x 0.05 (a re- The XMM-Newton lightcurve was investigated with? and
sult in agreement with the FWHM calculated above) a80= o tests [(Sana et all, 2004). No significant variations were
—O.QZ t0-0.06 + 0.05-, i.e. not S|gn|f|(?ants!>/2dferent from zero. detected. For investigating long-term variations, we caty o
Equivalently, the derived skewnessig/y;,” = -0.2t0-0.6 £ compare our XMMNewton observation with the sole previ-
0.5. Within the limitations of our data, the lines of HD 155806, ROSAT detection. Within the RASS faint source cata-
should thus be considered symmetric. However, we note ihat (ogue (Voges et all, 2000), HD 155806 is recorded as 1RXS
because of the noise in our data, only large asymmetriesdvoyh 71518.9333250. This source presented a PSPC count rate
have been detected, if present; and (2) even for bright ssurgf (4.40:1.45)x102ctss. The best-fit model from Tablg 2
with much better RGS spectra, conflicting results are sonesti predicts a ROSAT-PSPC count rate of 41D2cts s, which
found (see e.g. the caseri in Waldron & Cassinelli, 2001; agrees with the previous detection. To the best of our kriyee
A soft X-ray spectrum, broad X-ray lines, the absence of

Over recent years, it has been shown that the assumptiomay overluminosity, and lack of variations: all the euvide
of a homogeneous wind might not be entirely appropriate fagrees with the ‘classical’ wind-shock model as the oridithe
treating the absorption of the X-ray emission by the stellad high-energy emission. HD 155806 resembles ‘normal’ Osstar
of O-type stars and that clumping or porosity (Oskinova st abuch as HD 155889 (see Appendix), and is certainly not a hot
2004; Owocki et al., 2006) likelyfect the wind opacity. This y Cas analog, though one Oe star apparently belongs to tkis cla
is probably why our best-fit optical depth is consistent véith. HD 119682 (09.7e, Rakowski et/al. 2006): it is still uncleduyw
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some O¢Be do present similarities with Cas, while others do
not. A dedicated multiwavelength survey of a large sample of
such objects would help to better constrain the physicarpar
ters responsible for the various Be phenomena.

In addition, our observations do not indicate a strong con-

@

IS

Ct Rate pn (0.4—10keV)

tribution from magnetic phenomena, such as magnetically- ol
confined winds (exemplified bg* Ori C). On the basis of the a O
single magnetic detection of Hubrig el al. (2007), the eated %’2'4
magnetic confinement parameter (see ud-Doula & Owocki, :T:O's

2002, for a full definition) for this star is about 0.4, i.e.ilgu " o8 b
close to 1, the limit where magnetic phenomena dominate.
However, changes in polarity were reported by Hubrig et al.
(2007), and the single observed value, rather uncertairg th
might not reflect the actual strength of the overall stellagm
netic field of HD 155806. To explain the X-ray characteristic
and pinpoint the magnetic field properties, a new, sensfiee-
tropolarimetry campaign covering the likely rotation pekiof
the star, i.e. spanning several days, should be undertaken. g
In conclusion, in the case of HD 155806, the putative dense 08 ;
equatorial region apparently plays a minor role in the X-ray 0 imﬁk %%m‘ﬁffj'@%gﬁfi
emission. fime

Fig.3. The evolution of the EPIC-pn count rate (top) and hard-
4. 1RXS J171502.4—333344 nfe;g(;atios for 1RXS J171502.333344, shown with a time bin
0 S.

The brightest source in the field is neither HD 155806 nor
HD 155889 but a nearby source detected previously by ROSAT:
1RXS J171502.4333344 (TablEll). As it has never been studied
in detail, it is valuable to present here the results of ajghlity in the Sun and a few other coronal sources (Wargelinetal. ,
observation of this source. Its coordinates (Eq. 2000.8yer 2008), 1RXS J171502-833344 thus being a new, rare exam-
fined to 17h15m2.3s33°3343.2". The formal error on the co- ple of such cases. The optical monitor being closed durieg th
ordinates is 0.03 but we note that the position of HD 155806 irexposure, no opticAlV lightcurve is available.
the X-ray data is fiset by 1.3 with respect to the GSC2.3 coor- ~ Since the source is close to the optical axis, its RGS spec-
dinates of the latter star. The closest counterpart is #ecstt- trum could be extracted, and it clearly reveals the presefice
alogued as USNO-B1.0 0564-0551957 or 2MASS 17150218res, without a strong continuum (Figl 4): the X-ray enussi
3333398, with magnitudeR ~10.3,1=8.6, J=7.92,H=7.28, thus appears thermalin nature. The fitting procedure waitasim
K=7.07. The ROSAT source was indeed considered associatedhat of the O-type stars, but a faint high-energy tail resfl
with this 2MASS objet/(Riaz et al., 2006), but we note thasit ian additional, third thermal component to get a good fit to the
situated at 3.7-3/8from the XMM source, which is a large po-data. The EPIC spectra before (i.e. the first 30ks of the ghser
sitional error for an X-ray source close to the centre of t&/F tion) and during the flare were at first analysed separatelyl€T
However, the 2MASS star is situated at a distance of only 31fd). As was indicated by the lightcurve, the spectra are iddee
so it displays a relatively high tangential velocity of 25lemt  brighter (a factor of 5 increase in flux) and harder (the twalha
(Riaz et al.| 2006), which could (at least partially) acdofon ~ est components now dominate, the soft component remaining
the separation between the 2MASS coordinates of this objgetatively unchanged) during the flare.
and the position of the XMM source. One remarkable feature of the fits is the low overall metallic

The lightcurve of 1RXS J171502:833344 sharply con- ity needed to reproduce the spectrum at all times, with sefarg
trasts with those of the O-type stars, and instead resertfidesabundance needed during the flare (Table 3). We thus deaided t
lightcurve of AT Mic (Raassen et al., 2003). It displays aytar investigate this property further by fitting abundancesrougs
flare towards the end of the 35ks observation and a modutd-elements, i.e. elements with similar first ionizationeuutal
tion of much smaller amplitude during the whole exposuragpl (FIP). As in\Wargelin et al.| (2008), we grouped together CNOS
a very small flaring event near the beginning of the exposulMgAISi, CaFeNi, and NeAr. The first three groups present-simi
see Fig[¥). Though the source is then bright, the EPIC-pa d&tr abundances, but they are definitely lower than the amoeta
are not &ected by pile-up, and the contamination of the EPI1Gf the fourth group, NeAr, the two elements which have théhig
MOS data is very limited, as was checked by a run of the taskt FIPs. Also, the abundances do not vary significantly &etw
epatplot. Unfortunately, the decay phase has not been obsentbd quiescence and the flaring state (Elg. 5), except mayle fo
by XMM-Newton but it is interesting to note that the rise ofslight increase in the CaFeNi group during the flare (thotgh i
the flare presents a much steeper slope than the beginningafie is still marginally consistent with the abundance NIGIS
the decaying phase. In addition, the hardness ratios ai@l@r and MgAISi). A simultaneous fitting of the whole EPIC and
with a small, but definite, hardening during the flare. Finas RGS (order 1) datasets was also undertaken, yielding agerag
for Ross 154/ (Wargelin et all, 2008), the hard X-ray lighteur properties (Tablel3 and Figl 5).
peaks before that in the soft X-ray band. This is reminiscent As the change in the overall spectral shape is only detextabl
of the Neupert ffect, which is explained by the radio, opticaljn the EPIC data at the highest energieg keV), the RGS data
and hard X-ray emissions tracing the rate of energy depositiremain largely unfiected by the flare, and the whole exposure
while the soft X-rays scales with the cumulative thermal emnvas thus analysed, to get the best signal-to-noise ratgp[4yi
ergy in the beginning of the flare. Thiffect has been observedThe fir triplets appear quite fferent from those of the O-type

(H-M)/(H+M) HR

708

(H-S)/(H+8) HR,
s‘:
IS
T T

‘I’

HR,
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Table 3. Same as Tabld 2 for 1RXS J171502383344.

Source Nu kT, normy kT, norm kT; normg x> (dof) f2rs fynaps
10%2cm?  kev  10%cm?® keV  10%cm™®  kev  10%cm™® 1013 erg cm?st
IRXS (EP, quiet, 20.28%) 0092  03Q3L 11528 0.7§% 11933 148% 05392  121(768) 219  21.9
1RXS (EP, flare, 20.4@%5 02 Boos 0.3%3; 16.?&;‘ 09892 21¢% 3032 53 cggg 0.94(850) 987 987
1RXS (ER-RGS, 2-0.242 0.33003 033% 15083 0.9%33 16.2}3;;3 254% 1243 117(1816) 327 327
1RXS (EP, quiet) g o023 8 47§%§ 06%% 13.0°1 1515 10.5@%@ 1.09(765) 220 220
+ abundances compared to solar : CNDZ28, MgAISi=0.242, CaFeNi0.1$2L, NeAr=0.8:
1RXS (EP, flare) @07 03038 2082 094% 16417 2 8722? 57.3%4  0.92(847) 987  98.7
+ abundances compared to solar : CNOE3, MgAISl 0.2%14, CaFeNi0.4432, NeAr=0.7

1RXS (ER-RGS) 0001 0227 7.3¢%4 0645 13451 1 93}_ 18491  1.08(1813) 325 325
+ abundances compared to solar : CNO%31, MgAISi=0. 2%20, CaFeNi:O.ZQ24 NeAr=1. 0%;‘7‘

20"

1RXS J171502.4—333344: EPIC—pn (quiet phase & flare) 0.001 Nelx 0.002
. e e ! . T T
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Fig.4. Left: The EPIC-MOS2 spectra of 1RXS J171502383344 (upper curve: during the flare, lower curve: in qeese).
Right: fluxed RGS spectrum.

stars, with a quite strong line: there is thus no bright sourcenents) and the shifted maximum of the hard X-ray lightcurve
of UV photons in the vicinity of the X-ray emitting regionpin are also indicative of a coronal source (Wargelin etlal. ,8200
are they of high density (Gudel & Nazé, 2009). Unfortuhgate Second, the luminosity. Adopting the above estimate of the d
the noise prevents us from performing a quantitative aisbfs tance, we evaluate a quiescence luminosity.65210°°erg s*.
these triplets. However, as for HD 155806, the strongest, linThis value increases tollx 10*°ergs? during the flare. The
OvmlLya, was fitted by a Gaussian with a fixed central emgquiescence luminosity is very similar to the typi¢al of other
ergy (0.6533keV). The resulting line width was estimated @Me stars|(Mitra-Kraev et al., 2005; Robrade & Schmitt, 2005
FWHM = 18¢¢/°km s, and is lower than for PMS T Tauri stars or RS CVn interacting
Given the Galactic coordinates of our fielgh (= 35259, binaries. Moreover, the lofik/LgoL) ratio amounts te-3.3 in
b, = +2.87°) and the fact that the X-ray spectrum of sourcquiescence and2.6 during the flare, which is the typical ra-
1RXS J171502.4-333344 shows no evidence of a substantialtidy observed at the saturation limit for coronally-actieeisces
sorption, we can exclude the possibility that this sourcéldo (Riaz et al., 2006).
be associated with a background object. On the other hand, Finally, the observed peculiar abundance pattern is also
the 2MASS colours of the nearest counterpart candidatei®f tfound in other dMe stars (Wargelin et/al. , 2008, and refezenc
source are actually consistent with the near-IR sourcegb@in therein). The overall subsolar abundance is typical of mest
early M-type star (it was in fact classified as type MO, Riaalet stars, though a detailed comparison with the particulatgho
2006), whose red spectrum shows signs of mild chromosphegjsheric abundances of 1RXS J171502.4—-333344 must wait for
activity (EW[H,] = 3A,[Riaz et all 2006). new, high-resolution spectroscopy in the optical range ifh
Several points indeed hint at this X-ray source being @ease in the coronal metallicity during the flare has alssnbe
coronally-active dMe object. First, the flare, since magnebbserved in some cases, e.g. Ross 145, and it might well re-
cally active M dwarves frequently present flares in theiray-r flect the arrival of fresh chromospheric or photospheric ma-
emission (e.g. Raassen et al., 2003; Robrade & Schmitt,;206&ial (Wargelin et al. | 2008). The abundance distributigm
Wargelin et al. ; 2008). The hardening during the flare (asspears flat from Si to N (i.e. the abundances ratios are similar
ciated with a higher emission measure of the hottest compo-the solar mixture), but shows a pronounced enhancement fo
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lower-resolution data unveil the hardening of this souroe d

ing the flare. This coronal source, associated to a dMe dsar, a
i ] displays an inverse FIPffect. The observed characteristics of
1 1RXS J171502.4333344 are quite similar to those reported for

f f other dMe stars.
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Appendix A: The neighbouring star HD 155889 as
an example of a “normal” O-star

HD 155889 (O9lV) is a poorly studied, hot star situated some
13 southeast of HD 155806. Garmany et al. (1980) did not find
any velocity variation and concluded that the star is likely

be single. However, an optical companion exists at ‘0. 5d
was demonstrated to be a true, physical companion in an el-
liptical, >500yrs orbit/(Mason et al., 1998; Turner et al., 2008).
The nature of this companion is unknown, but it is about 1 mag
fainter than HD 155889 in the I-band. The observed colours of
HD 155889 (B=6.51, V=6.57) reveal an extinction similar to
that of HD 155806: the same interstellar absorbing colums wa
thus used for this star.

The extraction was more filicult for this star than for
HD 155806 since the X-ray counterpart appears at the edge of
the FOV. Only half of it can be seen with EPIC-MOS1, there-
fore EPIC spectra and lightcurves were only extracted inJ=PI
MOS2 (pn data were unusable). The regions used were a aircula
source region with a radius reduced td’30r MOS2 (because
of crowding in the area) and a nearby background region 6f 30
radius.

Overall, the EPIC-MOS2 spectrum of HD 155889 appears
quite typical of O-type stars (Fig._A.1). It is mostly softjtkap-
pears slightly harder than that of HD 155806. The unabsorbed
flux in the 1.-2.5keV band is a third of the unabsorbed flux in
the 0.5-1. keV band, whereas it was one tenth for HD 155806. A
faint high-energy tail required 3 temperature componeattie
best fit (see Tablel 2). With the same assumptions as befere, th
bolometric luminosity was evaluated tbX 10°%erg s* and the
Lx/LgoL ratio is therefore-6.68, again quite typical of O-type
stars [(Nazé, 2009). There is thus no X-ray overluminosity f
HD 155889 and the companion is obviously not the dominant
X-ray emitter in the system. In addition, the lightcurveewmo
significant variations during our observation: the X-rayigsion
is therefore in reasonable agreement with the expectaticthe
wind-shock model.
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