arxXiv:1202.6215v1 [astro-ph.SR] 28 Feb 2012

Astronomy & Astrophysicsnanuscript no. hd150136 lang © ESO 2017
February 29, 2012

Evidence for a physically bound third component in HD 150136
L. Mahy!, E. Gossét, H. San3, Y. Damerdjt, M. De Becket, G. Rauw, and C. Nitschelrh

1 Institut d’Astrophysique et de Géophysique, Universi¢eliege, Bat. B5C, Allée du 6 Aolit 17, B-4000, Lieged@em
e-mail:mahy@astro.ulg.ac.be

2 Sterrenkundig Instituut "Anton Pannekoek”, UniversityAahsterdam, Postbus 94249, NL-1090 GE Amsterdam, The Natoks

3 Instituto de Astronomia, Universidad Catolica del Npfeenida Angamos 0610, Antofagasta, Chile

Received ...; accepted ...
ABSTRACT

Context. HD 150136 is one of the nearest systems harbouring an O3Adtiaough this system was for a long time considered as
binary, more recent investigations have suggested thély@esxistence of a third component.

Aims. We present a detailed analysis of HD 150136 to confirm théetripture of this system. In addition, we investigate thesptaf
properties of the individual components of this system.

Methods. We analysed high-resolution, high signal-to-noise dali@cied through multi-epoch runs spread over ten years.pfvkel

a disentangling program to refine the radial velocities andhtain the individual spectra of each star. With the rad@bcities,
we computed the orbital solution of the inner system, and gseidbe the main properties of the orbit of the outer stah stscthe
preliminary mass ratio, the eccentricity, and the orbitatiod range. With the individual spectra, we determinedstillar parameters
of each star by means of the CMFGEN atmosphere code.

Results. We dfer clear evidence that HD 150136 is a triple system compofead ©3V((f))-3.5V((f*)), an 05.5-6V((f)), and an
06.5-7V((f)) star. The three stars are between 0-3 Myr oleldéfive dynamical masses of about 64, 40, an¥13%or the primary,
the secondary and the third components by assuming anaticinof 49 (sin®i = 0.43). It currently corresponds to one of the most
massive systems in our galaxy. The third star moves withiaghér the range of 2950 to 5500 d on an outer orbit with an ety

of at least 0.3. However, because of the long orbital penaddataset is not $iicient to constrain the orbital solution of the tertiary
component with high accuracy.

Conclusions. We confirm the presence of a tertiary star in the spectrum ofl5l136 and show that it is physically bound to the
inner binary system. This discovery makes HD 150136 thedasfirmed triple system with an O3 primary star.
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1. Introduction between the primary and the secondary stars was measured to b
. ) equal to 1.8 (unpublished, see Garmany &t al. 1980). The anal
NGC 6193 is a young open cluster surrounded by arrégion yjs of Niemela & Gamerl (2005) allowed the authors to refine
in the AraOB1 association. The core of the cluster hosts WQese values to 2.662 d for the orbital period and 1.48 for the
bright and massive stars separated by abott 0 150135and 555 ratio. Moreover, the possibility of a third componentrid
HD 150136-_ o o ) to the system was envisaged (though no clear feature was de-
~ Several investigations in fierent wavelength domains (op-tected) to explain that the Héines in the spectra did not follow
tical, radio, and X-rays) allowed to improve the knowledde Qe orbital motion of any of the binary components.
HD 150136. In the optical domain, Niemela & Gamen (2005) | the radio domain, HD 150136 was reported as a non-
reported this star as a binary system composed of an O3 RRarmal radio emitter (Benaglia et al. 2006; De Bedker 2007)
mary and an O6 secondary. Indeed, spectral absorptiondinegyhich suggests the presence of relativistic electronslacted
N1v 45203 and N 114603~ 19 (wavelengths are hereafter exiy shocks issued from a wind-collision region. This nonkthal
pressed in A), as well as the emission linevN4058, were ob- source could be of aboutZi.e., the resolutiori, Benaglia eflal.
served in the composite spectra. These lines are consitieregdo0é) and could be associated with a close visual component
be typical features for 02-O3 stars (Walborn et al. 2002)s Thseparated from HD 150136 by abou6l (Mason et all 1998),
is a rather rare category in which only a few of these stars are. about 0.01 pc if we assume a distance of about 1.3 kpc. So
reported as binary systems. Therefore, even though these fa, there has however been no indication that this starysiph
jects are considered, with the WNLh stars, as possibly lgelortally bound to the binary system.
ing to the most massive objects, their actual masses areetgar  The Chandra X-ray observations of the young open clus-
known. ter NGC 6193 revealed that HD 150136 is one of the X-ray
Located at a distance of32 + 0.12 kpc (Herbst & Havlen prightest O-type stars known (lag (erg s') = 33.39 and
1977), HD 150136 would thus harbour the nearest O3 star and/,,, = 1054, [Skinner et dl 2005). Its emission proba-
would constitute a target of choice for investigating theda- ply results from a radiative colliding wind interaction aag-
mental parameters of such a star. Initially, the orbitalqgeof pears to be slightly variable on a timescale smaller thardaye
the system was estimated to about 2.7 d whilst the mass rafigcording td Skinner et al. (2005), the discrepancy betvtben
orbital period and the timescale of the variation in thisax-r
Send offprint requests to: L. Mahy emission is probably an occultatioffect either linked to the
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stellar rotation or to a putative third star with a ratherrsip@- adopted the rest wavelengths from Conti etlal. (1977), fer th

riod. lines with a rest wavelength shorter than 5000 A, land Underhi
All these investigations thus suggest that HD 150136 is(&994), for the other ones.

multiple system rather than a binary one, even though ecilen

is still lacking. In this context, an intense spectroscapion-

itoring at high resolution in the optical domain, first iatied 3. Third component and disentangling

to study the binary itself, was performed to bring new light o . . . .

this sys?{[em.We ogganize the p?esent paper as fogllows.(ﬁqﬁti On the basis of the high-resolution spectra analysed in the

describes the observations and the data reduction teaanidiJ€SENt Paper, we report the unambiguous detection of @ thir
Section[B reveals the existence of a third star in the data Df (T) signature for the system HD 150136 (fig. 1). The data

: ; : deed exhibit a clear variation in the third component careg
HD 150136 and focuses on the disentangling process in avde ;
compute the individual spectra of the components. A firstidet Eﬂg the rest Wﬁvellengtg (He15$7562) sf_hown Ey the Qa(\js.h.edge.
mination of the orbital solution of the known short-perigdtem \@ziraet(i)(\)/r?r,shgeg;sst?n% tsri;':/?rt\lgthi? dn slr[?rsist zgls%egomlg:;yba E)f
based on an SB2 configuration is presented in $éct. 4. We '
demonstrate that these parameters can be optimized byiagsu inary Syftﬁm' Although seyer]ral analyszte)s have suipgﬁ(th
the external influence of a third component. The possibli ofb Istence of this component, it has never been unveile n
this third star is addressed in Sédt. 5 and an SB3 partialisolu
is derived. This discovery makes HD 150136 one of the first sys o L A S e S S

tems where it is demonstrated that the third component isphy - S TP 1
ically bound to the inner system (see also Tr16-104, Rauw et a 1.8 WWWWWW wvlm 13279031
2001, and HD 167971, Blomme et al. 2007). However, it is the I . : o 5037 9247
first time that the primary is an O 3 star. We thus in Selct. 6 use WMWMW /W“AT W
the CMFGEN atmosphere code (Hillier & Miller 1998) to derive 16 . ° 2382.6532
the fundamental properties of the stars to improve our knowl . WW [T
edge on the O 3 star parameters. Moreover, the configuration o 2 ° ! ° R782.6246
the short-period binary seems to suggest a wind interaztior g w W‘
possibly detectable through the Hel4686 and K lines. We N4 wmm ﬂm e 3131.6332
devote Secf]7 to the analysis of the variability observeti@se g r . ‘ N 1 3511 8788
lines by applying a Doppler tomography technique. Finailg, 5 W m V] '
discuss the implications of our results in SE¢t. 8 and weigeov = © . o | 3797 7931
the conclusions in Se¢f 9. L2 W ™ '

| 36863.6503
2. Observations and data reduction 1 5022.7219
A multi-epoch campaign was devoted to observing HD 150136. RSN N T EE | S

Between 1999 and 2009, we collected 79 high-resolutiorh hig 5860 5870 5880 5890 5900
signal-to-noise spectra of this star with the échelle Ffd Wavelength [4]

Extended Range Optical Spectrograph (FEROS) successi g)l Normalized s
. 1 pectra of HD 150136 zoomed on the [5860
mounted at the ESO-1.5m (for spectra taken in 1999 and 2o§; 0] A region and vertically shifted for clarity. The H@5876

and the ESOMPG-2.2m (for observations between 2002 an e displays a clear triple signature. Primary (P) and sdaoy

2009) telescopes at La Silla (Chile). This instrument has-a r, : :
solving power of about 48000 and the detector was a 2k g?))egt(i)\;g%onents are represented by filled and open circles, re

EEV CCD with a pixel size of 1&m x 15um. Exposure times
were between 2 and 10 min to yield a signal-to-noise ratio ove
200, measured in the continuum on the region [48@@25] A. To separate the contribution of each star in the observed
FEROS is providing 39 orders allowing the entire optical @«av spectra, we apply a modified version of the disentangling pro
length domain, going from 3800 to 9200 A, to be covered. Thgram of_ Gonzalez & Levalta (2006) by adapting it to triple-sys
journal of the observations is listed in Table 1 (includihg tn- tems. This method consists of an iterative procedure that al
dividual signal-to-noise ratios). For data reduction gsx; we ternatively uses the spectrum of a first component (shified b
used an improved version of the FEROS pipeline working undiés radial velocity) and then the spectrum of a second com-
the MIDAS environment.(Sana et/al. 2006). The data normalizaonent (also shifted by its radial velocity) to succesgivel-
tion was performed by fitting polynomials of degree-% to move them from the observed spectra. The obtained result is a
carefully chosen continuum windows. We mainly worked on thmean spectrum of the remaining third star. This program also
individual orders, but the regions around thevS114089, 4116, allows us to recompute the radial velocities of each stah wit
Hen 14686, and K emission lines were normalized on thecross-correlation technique, even at phases for whichities |
merged spectrum. We also note that the flatfields of the 208& heavily blended. The cross-correlation windows ark bni
campaign presented some oscillations of unknown origies€h a common basis that gathers the positions of ther #4200,
oscillations represent about 3% to 5% of the continuum flux. WHer 14471, Har 24542, Ha 14713, Ha 14921, Om 15592,
applied a filter to smooth these flatfields and thus to limit tHéiv 2115801- 12, and He 25876 spectral lines. In addition, we
effects of the undesirable oscillations on the observed spectr add the Nv 114603—- 19 lines for the primary star. The radial
Equivalent widths (EWs) and the Doppler shifts were egelocities obtained with this technique are listed in Tédbl&he
timated on each spectrum by fitting Gaussian profiles on thesulting spectra are disentangled in a [4608900] A wave-
spectral lines. For the computation of the radial velosjtise length domain and at4l Though the Ha 14686 and k lines
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Table 1.Journal of observations.

HJD S/N RVp RVs RVt HJD S/N RVp RVs RVt
—-2450000 [kms!] [kms?] [kms™] | —2450000 [kms!] [kms?] [kmsT]
1327.9031 311 173.5 -368.8 25.4| 3511.8816 308 -182.1 247.7 -54.6
2037.7746 214 -234.8 263.1 14.3 35125377 243 114.6 -217.9 -48.5
2037.9247 231 -246.8 292.5 13.2 3512.8633 344 193.7 -344.7 -53.0
2381.6519 384 167.6 -355.2 -6.4 | 3512.8663 281 193.7 -347.6 -50.6
2381.8167 404 156.4 -314.5 0.2| 3796.7553 210 152.1 -255.5 -70.3
2382.6532 346 -184.6 232.9 -2.3 | 3796.7576 204 154.0 -251.6 -70.4
2382.7995 380 -222.9 280.8 -0.7 | 3797.7890 219 -211.3 334.1 -72.4
2383.6582 339 164 -71.8 -3.0 | 3797.7931 207 -2125 331.3 -72.9
2383.8118 434 84.2 -158.7 5.8| 37979131 271 -206.0 318.1 -70.1

2782.6246 538 172.7 -332.9 -19.3 | 3797.9161 307 -203.6 317.8 -71.7
2783.6661 461 -139.0 152.8 -18.4 | 3798.7598 294 131.4 -229.7 —-66.2

2784.6897 389 -70.9 354 -18.3 | 3798.7628 243 130.5 -232.6 —-68.3
3130.6387 399 167.7 -329.1 -33.9 | 3798.9088 376 173.4 -302.5 -69.3
3130.6407 355 169.1 -325.8 -32.5| 3799.9158 241 -75.4 86.0 -63.2

3131.6332 374 -216.6 292.9 -28.1| 3800.7716 262 -163.5 254.6 -71.8
3131.6351 443 -211.1 296.6 -27.6 | 3800.7746 308 -163.4 249.1 —-70.9
3131.9266 391 -215.6 306.8 -26.3 | 3800.9192 374 -113.9 156.9 -74.1
3131.9286 396 -223.7 303.3 —28.7 | 3861.6554 278 -158.9 239.1 -72.8

3132.6081 290 52.3 -110.1 -30.4 | 3861.9066 339 -210.5 3241 -68.1
3132.6101 380 531 -1121 -31.2 | 3862.8769 322 113.4 -171.7 —-69.6
3132.8874 460 1446 -294.1 -32.9 | 3863.6503 357 147.8 -243.0 -69.2
3132.8893 479 149.8 -287.3 -29.2 | 3863.8683 336 51.0 -85.6 -73.6
3133.6779 418 48.9 -109.2 -38.2 | 3864.6371 353 -218.1 329.3 -70.8
3133.6798 451 525 -107.3 -36.1| 3864.8531 341 -193.5 298.4 -72.6
3133.9098 376 -73.6 59.9 -30.0 | 5021.4921 578 172.2 -356.7 10.9
3134.6256 379 -222.1 304.4 -29.4 | 5021.5611 527 157.0 -3424 9.2
3134.6275 474 -213.7 302.9 -29.4 | 5021.6147 519 145.3 -315.3 7.9
3134.9164 295 -138.4 155.4 -34.4| 5022.4910 461 -211.5 257.4 9.9
31349183 318 -135.0 146.7 -34.0 | 5022.7219 548 -252.6 306.6 8.9
3135.6251 317 164.2 -329.6 -33.8 | 5023.4973 378 29.2 -117.8 9.1
3135.6271 346 164.5 -323.3 -36.7 | 5023.7349 419 118.2 -278.0 9.4
3135.8725 356 190.3 -355.7 -31.9 | 5025.5220 386 -236.7 283.7 7.9
3135.8744 376 189.5 -352.8 -33.3 | 5025.7098 474 -188.9 211.0 10.4
3509.5753 237 -28.0 13 -49.2 | 5028.5145 472 -142.5 133.9 3.6
3509.5784 220 -31.6 11.2 -48.9 | 5028.7328 342 -57.7 -15.7 8.2
3510.7732 273 62.8 -135.0 -50.3 | 5029.4986 455 167.5 -354.3 7.9
3510.7762 263 61.3 -131.0 -51.6 | 5029.7368 330 120.2 -269.5 3.5
3511.5647 306 -229.1 316.3 -45.8 | 5031.4953 487 109 -99.6 12,5
3511.5677 316 -229.3 319.7 -45.9 | 5031.6685 391 92.6 -228.8 6.0

3511.8786 300 -186.6 249.9 -53.8

Notes.RVp, RVs, andRV+ are the radial velocities measured by cross-correlatixpressed in the heliocentric reference frame (no cornedtio
the systemic velocities has been applied). We stress taartbr bars on these values are about 5 ki s

present particular variations along the orbital phase,ngkide O3V((f*)). However, the Nv 14058 line has an intermediate EW
them in the process. However, the assumption of constaes lifi~ 160 mA) between the values measured on the N634 (~
(onwhich relies the disentangling method) is no longesiati, 140 mA) and N 14641 ~ 250 mA) lines, thereby indicating
thus making these line profiles unreliable. a spectral type between O3V{((f and O3.5V((f)). The ((f))

. T reports a spectrum with the i 14058 emission line stronger
To obtain the final individual spectra, we have to correct th@an, the Ni 114634— 41 lines and a weak He 14686 ab-

disentangled spectra by the brightness ratio. For thatqsetp sorption line whilst the ((f)) refers to a spectrum with medium

we use the disentangled and the observed spectra to medsUrR|yy, 114634 41 emission lines, the weak hel4686 line, and

EWs and constrain the spectral classification of the thre®e® e gy 114089- 4116 lines in emission. To compute théeli-

nents of HD 150136. This determination is based on the q@antign prightness ratios required to determine the relativeriosi-

tive cIassp‘ ication criteria presentediby Conti & AlsChUlE®71) e of the stars, we compare the EWs measured on the observed
and Conli (1973b), which uses the EW ratios of the 471 (Si‘;)ectra with the theoretical values issued from synthetidets

and Hen 14542 lines to define the spectral type. This leads {ghose spectral classification is the same as for our disgle@n

an 03-03.5 primary star, an 05.5-06 secondary star and@ja tra \We stress that these models are computed fronsgolar
06.5-07 third star. The weak N 114634— 41 emission and fg?ié ' b

e ce abundances (except for the nitrogen abundance). Td @avo
the strong He 14686 absorption lines of the secondary ang{ossible bias due to fierences between fits and models, we also

the tertiary components suggest adding the ((ffjisuo their - ¢.,5 on tables of Conti & Alschuler (1971), Conti (1973a)da
spectral types. In addition, the criterion givenlby Walbet@l. [conti & Leep (1974) for the secondary and the tertiary compo-

(2002) confirms.the classification of the prim_ary. Indeesd, it\ants (the spectral type of the primary is not available &s¢h
spectrum is reminiscent of that of HD 64568, i.e., close to an
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Fig. 2. Best-fit CMFGEN models (red) of the disentangled opticatspen (black) of the primary component of HD 150136.

tables). This comparison between the “observed” EWs and tinaer binary. Figuré]5 displays the radial-velocity curvasd
“canonical” EWs for isolated single stars is performed antie- Table[2 lists the orbital parameters determined for an SB2 co
lium and oxygen lines, yielding brightness ratiodgs = 2.54, figuration. The system shows no significant deviation (tést o
Is/lt = 1.51, andlp/lt = 3.87. An error bar at 1 e of about |Lucy & Sweeney 1971) from circularity, so we thus adept 0.
0.14 is estimated between the “obserwasonical”’ ratios mea- As a consequencédy represents the phase of the conjunction
sured from the dferent spectral lines. The individual spectrawith the primary in front. We see that the dispersion of sote o
corrected from the brightness ratios, are shown as blaek im servational points around the theoretical radial-vejoaiirves is

Figs[2 td4. rather large, which is probably due to the influence of thedthi
star.
. . Consequently, we compute the averages, for the primary and
4. Inner short-period binary system the secondary stars over each epoch, of tifferdinces between

With the radial velocities refined by the disentangling peag, the observations and the fitted radial-velocity curves. V§e a
we compute the orbital solution of the short-period systeffld to these values the constant systemic velocities quoted
formed by the primary (P) and secondary (S) components. \ﬂ'@ble_[_}. Moreover, we compare these results to the systemic
first re-estimate the orbital period of the short-term bjnay ~ Velocities of the primary and the secondary components com-
using the Heck-Manfroid-Mersch technique (hereafter HMMPUted on each individual observing campaign. Both metheds r
Heck et al[ 1985, as revised by Gosset et al. 2001) on the BRIt comparable global trends of the velocities for the mays-

sis of RVs — RVp values. We obtain an orbital period of aboutém. The adopted values are reported in Table 3. By plotiag t
2.67456+ 0.00001. We then use the Liége Orbital Solutiofean systemic velocities of the inner system (see Tdble ®) an

Package (LOSH to determine the SB2 orbital solution of the
on the generalization of the SB1 method_of Wolfe etlal. (1%67he

1 LOSP is developed and maintained by H. Sana and is availal¥B2 case along the lines describef in Rauw et al. {2000) amal &aal.
at/http//www.science.uva.pthsandosp.htm|. The algorithm is based (2006).
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Fig. 3. Same as for Fid.]2 but for the secondary component of HD 150136

40 orbit. Therefore, we suggest that HD 150136 is at least an SB3
system.

w
o
o

N
o
o

i
(=]
o

5. The outer system

RV (km %)
o

_100 5.1. The outer system as an SB2

-200 We use the mean systemic velocities of the inner system-deter

mined from each epoch as a primary component, and we con-
sider the third component as the secondary companion. These

-300

o1 02 03 o4 05 06 07 08 09 1 velocitiesdo notallow us to determine the real orbital peiof

® the wide outer system with accuracy. However, we can estimat

Fig. 5. Radial-velocity curves corresponding to the short-peridis value between roughly 2950 and 5500 d, i.e, between 8 and
inner SB2 system as a function of the phase. Filled circlpsifp 15 years. Consequently, computing an orbital solution & us

represent the primary (secondary) component (see Sect. 4!@$s without further high-resolution monitoring of HD 136l
details). Nonetheless, the measured velocities can provide inféomat

about the orbit, as well as on the mass ratio between the inner
system and the third component. To estimate the mass ragio, w
calculate the average between the systemic velocitieeqfith
the mean radial velocities of the third component computed mary and the secondary stars and we take these values ds radia
each epoch as a function of time (Hig). 6), we detect a cleadtrevelocities of the inner system {S). We focus on the radial ve-
toward a periodical motion which is reminiscent of an additil locities of both outer system components by fitting the folftgy
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Fig. 4. Same as for Fid.]2 but for the third component of HD 150136.

Table 2. Orbital solution for the short-period binary system congolivith LOSP and an SB3 program as described in Selcts. 4
and’.

SB2 solution SB3 solution
Primary  Secondary Primary  Secondary

P [day] 2.67454+ 0.00001 2.6745% 0.00001
e 0.0 (fixed) 0.0 (fixed)
To [HID — 2450 000] 1327.164 0.003 1327.16% 0.006
q(My/My) 1.615+ 0.021 1.586t 0.019
y [km s -19.7+15 -17.8+1.8 -26.1+25 -244+25
K [km s 208.9+1.7 337227 211.2+15 3350+1.5
asini [Ry] 11.0+0.1 17.8+ 0.1 11.2+ 0.1 17.7+ 0.1
M sin®i [Mg] 279+ 05 17.3+ 0.3 277+ 04 17.5+ 0.3
rms [km s 13.15 795

Notes.The given errors correspond to ar-

relation by a least-square method: the masses of the inner system and the third star, respgctive

_ The linear regression gives us values of abgut —2.60 and
RVT(9) = C1 RVp.s(9) + C c, = —79.58 km s. Fromc,, we deduceyr ~ —20 km s.
where RVp,s(¢), RVr(¢) are the systemic radial velocities ofTo verify the impact of the period on the value of the mass ra-
the inner system and the radial velocities of the third comptio, we have also computed several orbital solutions byrassu
nent, respectively, whereag = —MML;S with Mp,s and My ing different orbital periods sampled between 2950 and 5500 d.
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Table 3. Systemic velocities of the primary and secondary companerst well as the mean value over each epoch (for more
explanations see SeLt. 4).

HJD #obs Primary Error Primary Secondary Error Secondary arMe
—-2450000 [km st] [km s [kms™ [km s [km s
1327.9031 1 -326 - -36.1 - -34.4
2037.8496 2 -382 12.5 -49.1 27.0 -437
2382.7319 6 -222 4.6 -24.0 5.5 -231
2783.6601 3 -275 2.2 -239 25 -25.7
3133.4644 21 -206 14 -16.0 1.7 -183
3511.4421 11 -16.9 0.8 -138 1.2 -154
3798.7490 13 -85 1.2 -22 1.5 -54
3863.3497 7 -2.7 1.3 -52 1.7 -39
5025.8661 15 -322 1.2 -336 1.8 -329

Notes.The quoted errors correspond to &.-Second column represents the number of observations peh emd the last five columns give the
systemic velocity of the primary, the error on this values gystemic velocity of the secondary, the error on this vednel the average on the
primary and secondary systemic velocities, respectively.

velocities of the third component. Therefore, we performatin

the three sets of data (P, S, and T) a global least square ffit wit

20t ] an assumed circular orbit for the inner binary. For bothesyst,

° we follow the same procedure. We first deduce the approached

°l ° 2 ] orbital solution using the keplerian periodogram introeliby

T ol H | Zechmeister & Kirster (2009). This method consists in affit o

§ : simple sine function in the true anomaly domain. The approxi

= —aop . ] mate orbital solution is then globally refined using a Leengb

* ° Marquardt minimization. We search the period in [D,8.0T]

] for the outer orbit wherd is the total time span of the observa-

tions. We use a constant step of frequency for both systerrad eq

to 0.01/T. Figure[T exhibits the orbital solution for the short-

; e oy e T e term binary system by considering the influence of the thid s
HiD-2450000 We report in Tablé€12 the refined orbital parameters (SB3 solu-

Fig. 6. Radial velocities of the outer system represented adi@n)- Among these values, we notably observe a decreabein t
function of the time. Filled circlgfilled stars correspond to the €Tor bars. Following an F-test on the ratio of the twoof the
systemic velocities of the primafsecondary component, whilstfits (SB2 and SB3 solutions, see Table 2), we conclude thst thi
the open circles report the mean radial velocities of thedthiSolution is clearly improved in comparison with the one com-

component (more details are provided in SEct. 4). puted in Sect[]4 (see Fif] 5). The improvement iffisiently
marked to remain significant even though the F-test is ndy ful

valid due to the non-linearity.

*e
o
-

All these solutions led to a mass ratio of about 2.94. However
among the velocities exhibited in FId. 6, the point corresting

to HID=2452037.8496 (i.e., to the observing campaign mar'~ ,,
in 2001) displays a clear deviation probably due to the sigart
of observations during this campaign. If we remove this poir
we obtain by the linear-regression method a mass ratio aftab 209
3.1 and by the other method a mass ratio of about 3.2. We tt | |
conclude on a mass ratio of abou®2 0.3 between the inner "»
system and the third star. Similarly, from this sample ofitatb < \
periods, we derive an eccentricity higher than 0.3 for theeou & -100 %
system.

300~

0

-200

-300

5.2. HD 150136 as a triple system

. . . 0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1
To better constrain the orbital parameters of the inneresyst @
we take the influence of the third component into account tﬁ

—40 L L L I

g. 7. Radial-velocity curves corresponding to the short-period

fitting all the components together. For that purpose, Werdetinner system as a function of the phase according to the SB3 fit

mine with another method the orbital parameters of the innlgﬁI . :

. . . . . ed circles (open) represent the primary (secondary o
system. This technique provides the approximate orbital-so . ‘e velocities are expressed in the frame of the cefitre
tions for the two SB2 systems in HD 150136, i.e., the inner SYS\ass of the RS system (see Sefl. 5)

tem composed of the primary and the secondary stars and the
outer one represented by the mean systemic velocities chara
terizing the centre of mass of the inner system and the radial
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6. Atmosphere analysis of the three stars imurmyminimum value of the possible chemical composition.
Carbon abundance is estimated to be solar for the three stars
whilst oxygen abundance is not determined because of the
lack of diagnostic lines.

The three components of HD 150136 are then modelled sepa-
rately by using the CMFGEN atmosphere cade (Hillier & Miller
1998). Non-LTE models including winds and line-blanketimg

computed. The computations are done in spherical geonadry a

. . . o . — the rotational and macroturbulent velocity: the synthetic
in the co-moving frame. A more detailed description of tlude y y

. g e B, - : spectra are successively convolved by a rotational profile
is provided ir Hillier & Miller (1998). For the velocity stature, aE]d then by a Gaussiar¥ profile represyenting the ma?:rotur-

we use TL.USTY hydrpstatic structures in the photosphere a5~ pulence. First, the projected rotational velocity is cotneplu
sociated with g-velocity lawv = ve(1 — R/r)* for the wind with the method of Simon-Diaz & Herréro (20)67) ba?fd on
part (., being the wind terminal velocity). The TLUSTY mod- 0 £ yrier transform. Then, the macroturbulent velogity i
els are taken from the OSTAR2002 grid .of models computed determined so that the shape of theré713 line is repro-
by [Lanz & Hubeny(2003) ang = 0.8, typical for O dwarfs, — g,0aq hest. When this line is not visible in the spectrum, we
is adopted/(Repolust et'ial. 2004). The models include the fol | < iha He 15876 angor the Crv doublet115801— 12 as
lowing chemical species: H, He, C, N, O, Ne, Mg, Si, S, Ar, second indicator
Fe, and Ni with the solar compositionlof Grevesse et al. (2007 '
except for N where the abundance is kept free. This is also the FromV = 5.5 + 0.12 (Niemela & Gamen 2005), a mean
case for C and O abundances, but we see below that they are(Bot V) = 0.16 + 0.01, measured from Reed’s catalogue (Reed
well constrained and so are fixed to the solar values. We &80 2005), and aB — V), = -0.28 (Martins & PleZ 2006), we
the superlevel approach to limit the required computatiemm compute an absoluté magnitude for the entire system equal
ory. When the model atmosphere has converged, the synthejiov, = —6.47°23¢ by assuming a distance of abouB2 +
spectrum is generated through the formal solution of thérad0.12 kpc. From the dierent brightness ratios, we then obtain
tive transfer equation. For that purpose, a microturbulefic- My, = -5.9170% My, = —4.90723% and My, = —4.44733¢ for
ity varying linearly (with velocity) from 10 kms, in the photo- the primary, t?ie secondary and the tertiary stars, res@dgti
sphere, to 0.X V.., in the outer boundary, is used. The emerginghe bolometric correction is computed on the basis of the ex-
spectra are compared to the disentangled ones, correctéteefo pression given by Martins etlal. (2005) from a typicfieetive
brightness ratios, in order to constrain the main pararsetere temperature determined as a function of the spectral tyjpleeof
accurately. three stars (see Talile 4). These values coupled with théuddso
We thus determine theffective temperaturél¢g), the logg, v magnitude of the three stars yield the bolometric luminosi-

the luminosity, the N content, the projected rotationabe#y, ties of about lodLp/Ls) = 5.86731%, log(Ls/Lo) = 5.327312,

and the macroturbulence of each component with the follgwin 4 log(Lt/Lo) = 5.01:% for the three stars. These luminosi-
diagnostics: ties are in good agreement with the ones of main-sequente sta

— the effective temperature: Ter is computed on the basishaving similar spectral classifications. _
of the ratio between the He.i4471 and Hea 14542 The best-fit model spectra of the three components are dis-

lines. However, other lines of helium such asiHel026, Played in red in Figd.]2 tbl4, whilst the derived parametees ar
Hen 14200, Ha 14388, Ha 14713, Ha 14921, and 9diven in TableL#. However, the optical spectra do not give us
Her 15876 are also considered as indicators. Generally, w8ough information to constrain the wind properties of éhes

estimate the error in the models on the determination of tHg@mponents. We accordingly limit our investigation on tted-s
parameter to be equal to 1000 K. lar parameters. Indeed, thexthnd Hen 14686 lines are likely

to be dfected (to some extent) by the colliding-wind interac-

— the gravity: we use the wings of the Balmer lines {H tion zone, at least for the primary and the secondary compo-

Hy, and HB) as main diagnostics to constrain the tpg hents. Since the disentangling generates mean spectra en-h
We refrain from using the Hl line because it forms, at tire dataset, the reSUItingd"hnd Her 14686 line prOﬁleS could

least partially, in the stellar wind. For the tertiary stégwe therefore be dierent from those of single stars with the same

determination of the gravity is more uncertain becaus®ectral classifications. We stress that, as we see ifJFipta,
of the disentangling process (see S&tt. 8). Therefore, {ies display P Cygni profiles for the primary, which mearetth
uncertainty on the log is equal to 0.1 dex for the primarythe stellar wind of this star could be rather strong in cornpar
and the secondary and to 0.25 dex for the third componengon to its spectral classification. Therefore, we also inyate
the UV domain, but the small number and the poor resolution of
— the luminosity: the luminosity is constrained by the V-bandUE datain the archives do not allow us to separate the iddaii
magnitude by adopting a distance of 1.32 kpc and a colog@ntributions of the three components. Given the largeziogi
excesE(B-V) of 0.44 as explained in Se€d. 3. The accura:z?“x generated by an O3 star, we thus assume that the flux col-

on the luminosity depends on the uncertainty on the distarlésted in UV is mainly from the primary, whilst the hie14686
of HD 150136. and Hr lines in the optical range serve to constrain the wind pa-

rameters of the secondary and the third components. Therefo

— the surface abundances: the nitrogen abundance is deterwe recommend considering the wind parameter valdesud
mined on the N triplet in the 4500~ 4520 A range but V) listed in Tabld¥ as preliminary ones useful for computing
also on the Nv 14058 and Ni 114634— 41 line profiles. the model atmospheres.

The typical uncertainty on the CNO surface abundances
is of about 50%. To estimate these uncertainties, we rgn
models with several dierent values of N and compare
the corresponding spectra to the observed line profiléghe O3V((f)) — 03.5V((f")) + 05.5-6V((f)) inner system with
When a clear discrepancy is seen on all lines of the sait@small separation between both components likely favour
element, we adopt the corresponding abundance as the ntaractions between the stellar winds. If we look closer at th

Doppler tomography of the inner system
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Table 4. Stellar parameters of the three components. transform is used in astrophysics. However, this technipse
the disadvantage of generating “spikes” in the tomograrhef t
Parameters Primary Secondary Tertiary observations do not densely sample the entire orbital cyicle
Sp. type o3Vv((f)), 05.5-6V((f) 06.5-7V((H) limitthese artefacts, we thus apply another Doppler torapky
03.5V((f)) program based on the resolution of the matricial syséd g
Terr [K] 46500+ 1000  4000Q= 1000  3600Q: 1000  whereA is the projection matrixf is the vector of emissivity,
log() 5.867013 5.327013 50131  andg is a vector concatenating the observed spectra. The ele-
R[Ro] 13.14362 9.54'19%8 82415  ments of the projection matrix are equal to 1 if the projettd
logg [cgs] 400+ 0.10 400+ 0.10 350+ 0.25 the S-wave onto thevt, w) plane is verified or to O otherwise.
Mspec[Mo] 63.9373 332277 7.8423 The solutions of thé\f = g system are computed from an itera-
Mevol [Mo] 70.6%344 36.2°32 270732 tive process calle@ RT (Simultaneous Iterative Reconstruction
M sir®i [Mo] 27.7+04 175+ 0.3 —  Technique, Kak & Slaney 2001). This technique starts from an
N/H [x107] 8.0+4.0 3.6:1.5 3.6:2.0 Initialisation of the solution vector and computes a caicecat
V sini [km s7] 171+20 136:20 72:10 each iteration that improves the solution of the previoagait
Vinac [km s74] 65+10 41+10 14+5 tion. These corrections are given by
M [M, yr ] 1.0x10°® 7.0x10°® 30x10°
Voo [km 5] 3500+ 100  2500:100 1200+ 100 frrd) = £ 4 ﬁAt (9-Af™)
N_otes.The given errors correspond to b= The solar abundance for wherey is a constant so that @ u < 2 and|| - || is the matri-
nitrogen is NH = 0.6 x 10°%. cial norm. This method converges to a least-square solbtion

requires more computational time than the Fourier-filtdyack-

observed spectra, we clearly see that HD 150136 displayk W‘g%olj%:tion (for more information on that technique, see yah

emissions in the He 14686 and k lines. To better represent the .
The tomograms are computed from multi-epoch spectra.

emissivity of the inner system and notably the possibleratte " h i + th dial velociti
tions between the wind of the primary and that of the second onsequently, we have 1o correct the radial velocl |es_tng)r
e spectra to the same systemic velocity on the entire cigmpa

star, we use a Doppler tomography technique on those line h ) S .
files. This techniqﬁg maps th% fc?rr%lation rggion of theseslinep e Hen 14686 resulting Doppler map (Figl 9) exhibits a single

velocity space. The absorption line profiles of the primarg a region of emissio_n concentrated near the velocity_ Of. thetr_een
the secondary as well as the presence of the third compamer tmgsst of the prlgnoarylgt?r.kThelmgmThumksfl_emlsswlty is lo-
the spectra do not simplify the representation of the enitgsi cat€d at¥x. ) ~ (50,-137) km s™. For the Hr line, we see a
in the inner system (see left panelin Hi§. 8). Thereforegdimpr s!mllar pattern as for the He14686 !'m?' However, the analy-
inary treatment to eliminate these contributions in theeobsd SIS Of the S-wave of the highest emission peak reveals aréeatu
spectra must first be applied. To realize this "cleaning’cpss,

at (v, W) ~ (—24,-155) km st. These resulting tomograms
the disentangled spectrum of the third star, shifted byaitkal d_o not show any structures reminiscent of a Wind-\_/vin_d irera
velocity, is subtracted from all the spectra in our datag. tion or of a Roche lobe overflow. Although the emission peaks
also take the He 14686 line profiles of the synthetic spectra ofife not clearly centred on the centre of mass of the primagy, w
the primary and the secondary obtained with the CMFGEN COE|

an assume given the size of the stars that the emissiong of th
(Sect[). We thus subtract them by shifting them with their r en 14686 and Kt lines appear to be formed in an unperturbed
spective radial velocities to remove the absorption pafrth®

part_of the p_rimary wind. Th!s result qoupled with the P Cygni
lines. The resulting restored line profiles only take thession profiles obtained from the disentangling thus suggeststtteat

art of the Har 14686 line into account (Fidl8. right panel wind of the primary star could be relatively strong for itesp
IF-)|owever, such a process must be used \(Nit?];]cauti%n, gspegigl?l type. We notice that these Doppler maps are close t@thos
for the Hx line. This line is indeed particularly dependent on thgomputed by Rauw et al. (2002) for HDE 228766.
mass-loss rate and on the terminal velocity of the star.&fbes,
this cleaning process requires fully reliable absorptina pro- g piscussion
files, which is not the case for our three stars. The recoctgttu
emissions of the He 14686 and H lines are nearly symmetric 8.1. The inner system
and follow the orbital motion of the primary component. Takn T
yse their entire profiles, we apply a Doppler tomography-tecg
nigue to these two lines.

The Doppler tomography technique assumes that the ra
velocity of any gas flow is stationary in the rotating frame o
reference of the system. The velocity of a gas parcel, aslgeer‘ti
the observer, can be expressed by a so-called “S-Wave’icl’mr,]ctf

he projected rotational velocities and the radii quotetable4
uggest that both components of the inner system of HD 150136
qar in synchronous rotation, i.e., the angular velocityirisi-s
f‘ffor both stars. Moreover, from the minimum and evolution
ry masses reported in Tablgs 2 and 4, we derive an inclina-
on of about 472°*32 for the primary and of about 53°*37
or the secondary. Consequently, by assuming that oumstell
V() = —Vx COS(2r) + Vi SIN(21g8) + Vs, parameters are close to the reality, we estimate the inidima
of the inner system to be about®49 5°. This value favours a
whereg represents the orbital phase,,() are the velocity co- non-eclipsing system and agrees with the previous inatinat
ordinates of the gas flow and is the systemic velocity of the of about 50 given by Niemela & Gamen (2005). We then fo-
emission line. This relation assumesanaxis situated between cus on the possible synchronous co-rotation of the inng¢esys
the stars, from the primary to the secondary, ayebais point- From the orbital period and the radii, co-rotational veliesi of
ing in the same direction as the orbital motion of the secondaabout 27637 km s and 18735 km s for the primary and the
star (see e.gl, Rauw etlal. 2002; Linder et al. 2008). Usuthlly secondary components, respectively, are found. Suchitiekc
method of the Fourier-filtered back-projection based ondR&d require an inclination of about 38 and 47+3{ to agree with
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Fig. 8. Left: The observed He 14686 line profiles in the HD 150136 spectruRight: The restored He 14686 line profiles in the
HD 150136 spectrum when corrected for the absorption lines.

the measure¥ sini. These inclinations are close to the value esnation must be taken with great care and needs to be confirmed

timated from the masses. Therefore, we may conclude that thefuture observing campaigns.

inner system is probably in synchronous co-rotation. Although HD 150136 is now established as a triple system, it
By adopting a mass ratio of@d.and arasini = 289 R, we could still have a higher multiplicity. Indeed, the possillose

estimate the minimal radii of the Roche lobes of the primauy a visual component located at abou6 could be also bound to

the secondary from the expression given_ by Eggleton (1988)e system. In order to determine whether HD 150136 is a dy-

We find Rge sini)p = 121 R, and Rr. sini)s = 9.8 R,. If this  namically stable hierarchical triple system, we use thbilsta

result confirms that the secondary does not fill its Roche, logiterion quoted by Tokovinin (2004):

the case of the primary depends on the inclination of theegyst P (1 3.5p

By assuming an inclination of 4% 5° and by taking the radius ou(1 = €out)” > 5Pin

given in Table 4, this component would not fill its Roche lobghereP;, and P, are the orbital periods of the inner and the

either. outer systems, respectively, aegl; is the eccentricity of the

outer orbit. Even though we do not know precisely the exaet va

ues of the parameters of the external orbit, we can stillntepo

the worst case, that this criterion is satisfied for the caméiion

Previous investigations such as that of Niemela & Gamengp0o®f HD 150136.
or IBenaglia et al.| (2006), mentioned the existence of a third
componentin HD 150136. Sometimes, the close visual compays
ion located at about.&” (Mason et al. 1998) was quoted as this™
tertiary star. However, from the present analysis, we agdel The stellar parameters determined with the CMFGEN atmo-
that this close visual star cannot be this third component rgphere code allow us to give the positions of the three stars i
vealed by our analysis. First of all, the spectral clasdificeof the Hertzsprung-Russell (HR) diagram. As shown in [Eig. 110, a
the close visual companion is estimated to be later than BBew these components are located relatively close to the ZAMS. T

we clearly report here an 06.5-7V((f)) classification. Morer, isochrones reveal an age of about @ Myr for the primary and

if we assume an orbital period in the range of 8 to 15 years ftite secondary stars, whilst the tertiary would be slighttieo

the outer orbit, the possibkesini separation between the thirdwith an age of about £ 3 Myr. Even though this discrepancy is
component and the inner system is estimated between 3500 batkly significant, such afilérence in age was already observed
9100R, i.e., between about 16 and 43 AU. With such a separ several studies. Indeed, Martins et al. (2011, and ratere
ration and assuming a distance of 1.3 kpc for HD 150136, @leerein) reported that a possible reason to see tlisrdnce in
calculate a typical angular separati@acfsi) between 14 and the inferred age could be attributed to &elient rotational rate

38 mas, much smaller than6! as estimated for the close vi-between the components. By taking an inclination of #fo

sual companion reported by Mason et al. (1998). On the baaicount for the primary and the secondary component and by
of the spatial separation associated with a mass ratio leetwassuming that the tertiary is in the same orbital plane aimthe

the inner system and the tertiary component of about 2.9, tier binary, we measure rotational velocities of about 23D, 1
third component should be detectable by interferometrpatc and 95 km st for the primary, the secondary, and the tertiary
ing to the scheme given by Sana & Evans (2011). An obsen@mponents, respectively. To represent them togethersevehe

tion made with SAMNaCo (Nasmyth Adaptive Optics Systemevolutionary tracks computed with an initial rotationaloaty
Paranal, Chile) in March 2011 allowed detecting a possible oof 300 km s (Fig.[1I0). However, evolutionary tracks based on
ject at the limit of being significant (Sana et al. in preparat the individual rotational rates are also investigatedthistdoes

This object would be located below 25 mas. Of course, thirinf not change the conclusions: the discrepancy does not seem to

8.2. The tertiary component

Evolutionary status

10
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1000 we see that, due to the broadness of the Balmer lines, theeabec
separation between thefidirent components is too small to sam-
ple the full width of these lines. Therefore, the deducedealf
the logg could be #ected by the disentangling process.
500
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Fig. 10.HR diagram reporting the position of the three compo-
nents of HD 150136. The evolutionary tracks computed for an
initial rotational velocity of about 300 knT$, and the isochrones

are from Meynet & MaedEkl (2003).

V, (kms™!)

Moreover, the parameters of the third star also show an evo-
lutionary mass that is higher than the spectroscopic oren ev
though both values are lower than what the mass ratio between
—1000 ¢ N the inner system and the third star seems to indicate. Weenoti

—1000 —500 o 500 1000 that the spectroscopic mass is derived from the radius aad th

V= tm <) logg of the star. Consequently, a wrong estimate ofg@ffects

Fig. 9. Top: Doppler map of the He 14686 line of HD 150136 the determination of the spectroscopic mass. If we consiuer
computed after removing the absorption line profiles of thie p evolutionary mass of the inner system (primary and secgfdar
mary and secondary stars, as well as of the third compone#e find a total mass of about 104,. By adopting the mass ratio
The crosses correspond to the radial velocity amplitudesenf W€ have derived between the inner system and the third star, w
primary and secondary stars. The shape of the Roche lobe?f{ain a mass of about 34, for the tertiary component. This
velocity space (thick dashed line) was calculated for a mass value is close to_the evolutionary mass, Whlch Woul_d show tha
tio (primarysecondary) of 1.6. The Doppler map was computdf® Spectroscopic lagwould be wrong. This dynamical mass
with v, = 0 km s. On the colourscale, red (blue) indicates thy(_)uld also lead to a logvalue of about 4.1, which is more rem-

maximum (minimum) emissivityBottom: Same as for the upperiniscent of a main-sequence star. _
panel, but for k. Finally, if we assume that the disentangling does not af-

fect the true value of the logy we have to look for the real

phenomena that could explain such a value. From tlfferdi
come from a dferent rotational rate. It has to be stressed thaht evolutionary schemes of Eggleton & Kiseleva (1996)sit i
the evolution of the rotational velocity, hence th@ency of however unlikely that the third star has a giant luminosiass.
rotational mixing, is probably quite fierent in a close binary Indeed, according to these authors, a massive triple sysem
system where the stars corotate synchronously, on the ok has HD 150136, i.e., wittMp > Ms > My, should first undergo
and in a rather isolated third star, on the other. a Roche lobe overflow in the inner binary. Since the primary

This discrepancy in age is strengthened by determining thtar is more massive than the other ones, it should be the first

stellar parameters (see Sddt. 6). Even though the paranudterto evolve, thus implying the mass transfer in the inner syste
the primary and the secondary stars agree with those ofatarsTherefore, the tertiary component could not be evolved|swhi
the main sequence, we observe for the third component thattite primary and the secondary still remain on the main-secgie
luminosity corresponds to a main-sequence star, whilgiréig- band. Furthermore, the absence of modified surface chemical
ity is more reminiscent of an evolved star. However,dag de- abundances and the low sini derived for the third compo-
termined on the basis of the wings of Balmer lines, and iis eshent also do not support an alternative scenario where tree th
mate could be wrong if the wings of these lines are poorlyaeprcomponent would have been captured by the inner system after
duced by the disentangling process. In the case of HD 150186@ying been ejected by a supernova kick or by dynamical-inter

11
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actions in the neighbourhood of HD 150136. All in all, it thus

appears that the tertiary component and the two other sears b~ 1000 [T T T g 1000
long to the main sequence and that the most probable cause of a L } ]
wrong estimate of log is the disentangling process. 8o | - 800
n |

& 600 ! - 600

8.4. Colliding wind and non-thermal radio emission = L 1 ]
|- | .

The presence of an O3V{[J—-03.5V((f")) star in the inner sys- L 400 - ! -] 400
tem seems to be mainly responsible for the variations observ = r ; ]
in the Hen 214686 and K lines. However, the proximity of the 200 - P B T 200
05.5-6V((f)) secondary could imply a wind-wind interactio - [ T
zone between the two stars, even though the disentangliohg an o S T SR Tt ot el R s A Y
the Doppler tomography render that unlikely. Accordinghe t 0 5 10 15 20 25
formalism of Stevens et al. (1992) and the parameters given i Wavelength (em)

Table[4, we expect that the powerful wind of the primary star. ) i

crashes onto the surface of the secondary star. This sodgarit19- 11.Dependence of the radius of the= 1 radio photosphere

in line with the finding of Skinner et al. (2005). The collisiof &S & function of wavelength for the primary (P), the secopdar
the primary wind with the secondary surface could genernate &) @nd the tertiary (T) components. The vertical lines are |
X-ray emission associated with the secondary inner surfege  cated at 3.6, 6, 13, and 20 cm corresponding to the wavelgngth
short timescale X-ray variability could then result fromcal ~ INVestigated by Benaglia etal. (2006). We stress that tharse
tation fects very much like those observed for GREI° 7742 tion between P and S is estimatedaaini = 289 R, whilst the
(Sana et &l. 2005). Though this scenario seems to agreehgith{eParation between {5) and T is between 3500 and 91RQ
results of the Doppler tomography where we have seen that the

emission is only due to the primary star, the position of the-c
tact zone remains unknown because the wind parameters of th

secondary star are uncertain. Therefore, we use the ms_{g&o emission from the SPC could contribute to the measured

rate of aboutM = 10-°M,, yr-! derived by Howarth & Prinja non-thermal radio flux. The curves in Higl11 are dominated by
- (0] 4

(1996) as a function of stellar luminosity, and we assume gp]e primary contribution, which is easily explained by iigtn

haprm : ass-loss rate. The radii at 3.6 and 6 cm are of the order of
inclination of 49 for the system. These assumptions lead : .
a probable radiative primary wind, with a cooling parametg60 and 37®, for the primary. The projected stellar separa-

x = 0.87. On the basis of fierent values for the fundamental ion (a sini + & sini) is of about 28.%,, which translates into a
param.ete.r<; Skinner et 41, (2005) deriyee 0.2, also in agree- stellar separation of the order of B§ for an inclination of about
ment with a non-adiabatic regime for the X-ray emission froﬁ]‘u?: (IseehSel)I. Thle rﬁdlolphotospheres at 3.6 and 6 cm over-
the inner wind-wind interaction region. On the other harmy; g Whelm thus completely the close primasysecondary system,

X-ray contribution coming from the colliding wind region-lo and consequently the SPC is deeply buried in the opaque wind.

cated between the inner system and the third star shoulda pr}rhIS fact clearly rejects the possibility that the non-thef ra-

be produced in the adiabatic regime, at least in a very lagge f g'&g?g;nigfnmg;reonr?stk:tgfggsg?n t?\itwc?;ur:dﬂl%rpr)\”emad] an
tion of the long eccentric orbit. y p : Yy, they fitoen

The confirmation that HD 150136 includes a third star {5 The radii of the radio photosphere at 6 cm constifuteethe
worth discussing in the context of its non-thermal radiosmi'o ¢ Mmimum boundaries for the distance between the LPC and

. . o . ; tively, the primary (solid curve in Fig.]11) and the te
sion. The stellar wind material is quite opaque to radio phst respec .
: . . . iary (long-dashed curve). The sum of these two radii (beua
which are unlikely to escape if the absorbing column aloreg t QgRi) s%\ould be consi)dered as a lower limit for trge stellar
line-of-sight is too thick. The radius of the= 1 radio photo-

; . : aration between these two stars. That value is indeetd muc
sphere can be estimated on the basis of the formula g|ven|5c%5 ; . ;
: , " : .~ 'lower than the stellar separation estimated in . 8.2ent
pnght & Barlow (1975) and Leiierer et (1999), 10N pasis of the probable oeriod of the wide systeﬁ more strin-
the same approach &s De Becker &tal. (2004) in the case of @%t lower limit could be derived using values at 20 cm, since
candidate lc_)lnary system HD 168112. Using the s_tellar wind e free-free absorption increases as a function of wagéten

rameters given in Tablgl 4, we calculate the radio photogph

radii, respectively for the primary, the secondary, andéingary Wg\\yj\e’ﬁr‘ t:]hg 28?'t32:?nigggtgretﬁ; tshigﬁg:?n%g?(t?gsgeghat
components. These radii are plotted as a function of wagéen 9 9 y P P

in Fig.[d1. When discussing the radio emission from massix?’eenag“a et.81..(2006). We note that the radio photosphada r

stars, one should keep in mind that stellar winds are radit e stimated here intimately depend on the assumed stellat win

ters, but in the thermal regime. On the other hand, the wiirdiw P2rameters, which should be considered with caution. I par
interaction in massive binaries could produce non-theramwit ficular, the mass loss rate of the primary may be signifigant

ation in the form of synchrotron radiation. Benaglia et/20d6) underestlmgted here. However, our conclusion relies osegen
reported on a clearly non-thermal spectral index betweén é/_auve margins.

and 6 cm, but the spectral index at longer wavelengths (13 and

20 cm) is more typical of a thermal spectrum. We thereforesﬁocg Conclusion

on the values derived at shorter wavelengths. While we ak de™

ing with a triple system, let us separately consider two ipess The analysis of high-resolution, high signal-to-noiseagdabl-
wind interaction regions: a first one within the short pedod- lected over several epochs with FEROS, has allowed us totdete
system (hereafter, SPC for short period collision) and asgc a third component physically bound to the inner system fer th
one involving the third star (hereafter, LPC for long peraud- first time in the spectrum of HD 150136. In addition, we have
lision). We can easily check whether any putative non-tlarnrevised the spectral classification of the three comporterdaa
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O3V((f*))-3.5V((f")) primary, an 05.5-6V((f)) secondary andHerbst, W. & Havlen, R. J. 1977, A&AS, 30, 279
an 06.5-7V((f)) tertiary. We also estimated their evolnéiny :icl)“er,tﬁ- IJ IS?L gilFl)er,_D- IFE' 1K9Si%g/gpi: 42?5,54(2);7 125
: warth, . D. rinja, R. K. , , ,
Masses as equal to 71’. 36, and.\ﬂg’ respec.tlvely. . Kak, A. C. & Slanéy, M. 2001, Pr?nciples of Computerized Taraphic
We refined the Orb'tal_ solution O_f the inner bmary system Imaging (Classics in Applied Mathematics) (Society of Isttial and
by fitting the radial velocities of the flerent components of the  Applied Mathematics)
SB3 system together. The results have improved the accofacyanz, T. & Hubeny, I. 2003, ApJS, 146, 417, erratum: 147, 225
the majority of the parameters reported/by Niemela & Gaméfitherer, C., Chapman, J. M., & Koribalski, B. 1995, ApJ04289

X . : : Linder, N., Rauw, G., Martins, F., et al. 2008, A&A, 489, 713
[ ’ ’ ’ ’ ’ ) ’ ’ )
(2005). Moreover, we found that the inner system is probﬂblyl_ucy, L. B. & Sweeney, M. A. 1971, AJ. 76, 544

synchronous co-rotation. The agreement between the @melut yany, L. 2011, PhD thesis, University of Liége
ary and the Keplerian masses would suggest a probableancliNartins, F., Mahy, L., Rauw, G., & Hillier, D. J. 2011, ArXiv-grints /
tion of about 49, implying dynamical masses of about 64, 40, 1110.4509
and 35M Martins, F. & Plez, B. 2006, A&A, 457, 637
o . . Martins, F., Schaerer, D., & Hillier, D. J. 2005, A&A, 436,49

From the system|c_velocmes _measured on each epoch,_w&on' B. D., Gies, D. R., Hartkopf, W. I., et al. 1998, AJ, 1851
estimated that the orbit of the third star should have a peri@eynet, G. & Maeder, A. 2003, A&A, 404, 975
between 2950 and 5500 d and an eccentricity higher than O¥@mela, V. S. & Gamen, R. C. 2005, MNRAS, 356, 974

More data are necessary, however, to achieve an accuréti orﬁaxgkeéggr%"‘étge“ P.A., Eenens, P.R. J., Manfroid, J., &M J.-M. 2002,
solution of the outer orbit. A possible alternative would tbe Rauw, G.. Sana, H., Antokhin, I. 1., et al. 2001, MNRAS, 32649

observe HD 150136 by interferometry to constrain the mgsiauw, G., Sana, H., Gosset, E., et al. 2000, A&A, 360, 1003
orbital parameters. Reed, C. 2005, VizieR Online Data Catalog, 5125, 0
The determination of the individual stellar parametershef t Repolust, T, Puls, J., & Herrero, A. 2004, A&A, 415, 349

: p : : ana, H., Antokhina, E., Royer, P., et al. 2005, A&A, 441, 213
three stars has yielded a luminasity and a gravity correspo ana, H. & Evans, C. J. 2011, in IAU Symposium, Vol. 272, IALh§ypsium,

ing to main-sequence stars for the primary and the secondar¥q ¢ Neiner, G. Wade, G. Meynet, & G. Peters, 474
components, but these parameters are trickier for the fit@nd Sana, H., Gosset, E., & Rauw, G. 2006, MNRAS, 371, 67
Indeed, we observed a clear discrepancy between its luityno$imon-Diaz, S. & Herrero, A. 2007, A&A, 468, 1063

(comparable to main-sequence stars) and itgtigpical of gi- Sk?gler,lg.lL., Zhekov, S. A, Palla, F., & Barbosa, C. L. D2H05, MNRAS,
ant stars). The origin of such affirence is thus unclear, but itstevens, I. R., Blondin, J. M., & Pollock, A. M. T. 1992, APBE 265

seems that it could come from the dise_ntangling procedwre, Mokovinin, A. 2004, in Revista Mexicana de Astronomia y Afisica
tably because the spectral separation is nfiicdent to sample  Conference Series, 21, 7

the full width of the broadest lines, such as the Balmer linednderhill, A. B. 1994, ApJ, 420, 869

: alborn, N. R., Howarth, I. D., Lennon, D. J., et al. 2002, 223, 2754
for the three components. Consequently’ HD 150136 is pmbaWolfe, Jr., R. H., Horak, H. G., & Storer, N. W. 1967, The maghcomputation

composed of at least three O-type stars located on the main S&g spectroscopic binary elements, in Modern Astrophysicsnemorial to
quence and with inferred ages between 8 Myr. Finally, we Otto Struve, ed. M. Hack (New York: Gordon & Breach), 251

showed that the non-thermal radio emission should come frd¥nght, A. E. & Barlow, M. J. 1975, MNRAS, 170, 41

the wind-wind interaction region between the third star el Zechmeister, M. & Kirster, M. 2009, A&A, 496, 577

inner short-period system, region that should be the sitpdo

ticule acceleration in this multiple system.
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