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ABSTRACT

Context. Plaskett’s star (HD 47 129) is a very massive O binary that belongs to the Mon OB2 association. Previouk saggested
that this system displays the Struve-Sahatiece although the measurements of the secondary radialitretoare very diicult and
give controversial results. Both components have powstéllar winds that collide, and produce a strong X-ray eioiss

Aims. Our aim is to study in detail the physical parameters of thétean, and to investigate the relation between its speutoplerties
and its evolutionary status.

Methods. We present here the analysis of an extensive set of highutesoloptical spectra of HD 47 129. We use a disentangling
method to separate the individual spectra of each star. VWeede new orbital solution and discuss the spectral classifin of both
components. A Doppler tomography technique applied tomtission lines k and Hexr 2 4686 yields a Doppler map that illustrates
the wind interactions in the system. Finally, an atmosphbectk is used to determine thefdrent chemical abundances of the system
components and the wind parameters.

Results. HD 47 129 appears to be an O8/llk O7.5 Il binary system in a post RLOF evolutionary stage, ®wheatter has been
transferred from the primary to the secondary star. The Heatundance of the secondary supports this scenario. lticexdd
the N overabundance and C underabundance of the primaryar@npconfirm previous results based on X-ray spectroscogy a
indicate that the primary is an evolved massive star. We d@dsermine a new orbital solution, witdp sin®i = 454 + 2.4 M,, and

Ms sir®i = 47.3 + 0.3 M,. Furthermore, the secondary star has a large rotationatitgl(v sini ~ 300 km s?) that deforms its
surface, leading to a non-uniform distribution ifieetive temperature. This could explain the variations sehuivalent widths of
the secondary lines with phase. We suggest that the windeofe¢hondary star is confined near the equatorial plane hechits
high rotational velocity, fiecting the ram pressure equilibrium in the wind interactione.

Key words. stars: individual: HD 47129 — binaries: spectroscopic ssfandamental parameters

1. Introduction campaign, conducted between 1956 and 1958 by Struve et al.
, . L . (1958), allowed these authors to conclude that the behaW¥ior
Pla_sketts star (HD 47129) is a ”Of"ec"ps'”g early typeayn he radial velocities of the secondary component suggleatstt
which was analysed fo_r the first time by Plaskett (192.2)' ects matter in an irregular manner, and that these ejectice
found doubled spectral lines and described the system &860n . yer over the hemisphere facing the primary star. Hugi
ing of a br|ght_ OSe primary component and a fainter Seco.ndat%wley (1976) confirmed the presence of the SA8at in the
component with weak and fliise .Ilnes..When he determlne ystem and suggested that the primary star has a stellar wind
the elements of the spectroscopic Ofb'tart_lg“? large massiof i, is stronger on the rear side of the star with respedsto i
?_);]s_tem aﬁractﬁd ["?j ast,:ent'o%ﬁ; '\t/ls) St bl - 133}9 '?4%) orbital motion. IUE data allowed Stickland (1987) to detarea
19|457re]1-59128m0 'V?We ruvle t( b')t ? re-? se|_r|ved {S " {;Bthradial velocity curve and an orbital solution for the prinaom-

_I' _ovtir 0 corc?p ee Ort' a cyﬁ_“c es/.u 5022 654‘;1 anent, but not to identify the secondary spectral linegrdalo
SOme mei n heset%(_)n ary spec rturn/( e di Ti'ﬁ' o ) et al. (1992) used a tomographic technique on the same IUE
were (\j/vea erl\lNdet?] ISSt comgomer&ew(élssregeg 'n?'h ‘Eft's data to separate the two components of the system. They &ound
nowadays called the Struve-sana (S-S dect hereafter) - o< ratio of 1.8+ 0.12 (the secondary being more massive than
and is currently defined as the apparent strengthening sbuhe the primary) and spectral types of 07.5 | and 06 | for the prima
ondary_spectrum of a binary system when .the se_condary 'S aHY the secondary, respectively. Given that they estinrate-a
proaching, and the corresponding weakening of its linestwhgyn ation around 73, they found masses equal to 42.5 dr the
It 1 _recedlng. Struve (1948) also notedfeiences in the in- rimary star and 51.0 Mfor the secondary star. The secondary
tensity of the .secondary spectrum from one cyple_ o an.Oth%[ues appeared rotationally broadenesin i = 31020 kms™)
at a given orbital phase. He explained these variations théh v, ;i 56 visible throughout the orbit. Finally they foundttttze
presence of streams of gas in the system. A third Obser\mt'ogecondary contribution to the cross-correlation funcisnrel-

Send offprint requests to: N. Linder atively constant with orbital phase. Stickland (1997) alsed
* Based on observations made at the European Southern Olosgrvd UE data and cross-correlation functions to study spediyica
(La Silla, Chile) and at the Observatoire de Haute ProveFrangce).  the S-S &ect in Plaskett’s star. The conclusion was that the sec-
** Research Associate FNRS, Belgium ondary radial velocities "make no sense dynamically”, avat t
=+ postdoctoral Researcher FNRS, Belgium they are probably due to the presence of gaseous streams or en
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Table 1. Journal of the observations of HD 47 129. The first column

7]
&

indicates the instrument used to obtain the data, the selistscthe }'2 El N E
Heliocentric Julian Date (HID), the third provides the @bphase @) 12 Wm
as computed from our orbital solution (see Table 2) and thetficand 1E NI ! '
fifth ones give the radial velocities used to compute thetakbblution, 0.8 W
respectively for the primary and secondary stars. The digpeon the ogb o by Py by s 1S
radial velocities are on average less than 2.0 #nfir the primary, and 4000 4050 4100 4150 4200
of the order of 20 km$ for the secondary component. y A (R)
E E T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T |
Instrument HJD @ RV (kms 1) - 1'2 E Hel He I He Il E
— 2450 000 Primary  Secondary SR 3
FEROS 2335565 0.28 23  -1492 £ Oé a3 E
FEROS 2336532 035 197  -1410 506k E
FEROS 2336.551 0.35 19p -1197 < 4350 4400 4450 4500 4550 4600
FEROS 2337.527 042 1®  -1178 A (A)
FEROS 2337.534 0.42 1B -1182 T — ] =
FEROS 2338.528 0.49 @ -29.2 1.6 = Fel 3
FEROS 2339.535 0.56 -284 - 1.4 & E
AURELIE  3648.675  0.49 - - 12 F Al Hel
AURELIE  3650.662  0.63 - - ey v
AURELIE ~ 3652.673  0.77 - - o S R R
AURELIE 3654.663 0.91 - - :
FEROS  3738.602  0.74 —1690 1345 1900 e ) >000 2050
FEROS 3772.629 0.10 138 -1514
FEROS 3772.640  0.10 158 -1297 Fig. 1. Normalized disentangled spectra of HD 47 129, over 3 distinc
AURELIE 3775486  0.30 - Bl wavelength ranges. The secondary spectrum was vertidaifted by
AURELIE  3776.486  0.37 ) i} 0.4 units for clarity.
AURELIE 3777.478 0.44 - -
AURELIE 3778.462 0.51 - -
AURELIE ~ 3779.318  0.57 - - tus of this peculiar system, and to determine the role played
AURELIE ~ 3780.288  0.63 ) ) by the Struve-Sahaddtect. Indeed, a better knowledge of the
Egggg g;g?g%i g'gg :g%g ﬁgg processes that take place in HD 47129 would be useful to un-
FEROS 3798510 090 -809 1471 derstand the massive+®@ binaries in general. The data have
FEROS 3799511 0.97 -232 746 been obtained between 2002 and 2007 at the European Southern
FEROS 3800507  0.04 i _ Observatory (ESO, Chile) and at the Observatoire de Haute-
AURELIE  3843.329  0.01 - - Provence (OHP, France).
AURELIE  4033.700 0.24 - - The paper is organized as follows. Section 2 describes the
AURELIE ~ 4034.692  0.30 - - observations and data reduction. In Section 3, a radialcvelo
AURELIE ~ 4035.672  0.37 - - ity curve, computed with a disentangling method, and the cor
SOPHIE 4162432 018 205  -1816 responding orbital solution are presented. We discussytbe-s
SOPHIE ~ 4164.307 031 ~ 218  -1905 tral type of HD 47 129 in Section 4, the behavior of the emissio
gggn:g ﬂgg'ggg g'gg __l;gg ig?g lines u.sing a Dopplertomogr_aphy technique in Section 5hed t
SOPHIE 4174333 000 a1 - behavior of the absorption lines in Section 6. We use a model
SOPHIE 4176.327 014 2B _1352 atmosphere code in Section 7 in order to fit theoretical spect
SOPHIE 4182.321 056 -453 10Q2 to the disentangled spectra of the components of Plaslsti's
SOPHIE 4184.350 0.70 -1645 16Q0 and discuss the evolutionary status of the system in Se8tion
Finally, Section 9 summarizes the results and gives thelagenc
sions.

velopes in the system. However, Bagnuolo et al. (1999) used t
same method and concluded that there is no evidence of the §- ; ;
offect in HD 47 129. $-Dbservations and data reduction
Both components of Plaskett’'s star are very massive amtie journal of observations is presented in Table 1. A pattief
luminous O-stars, and they thus both possess strong steflata was obtained by our team at ESO (La Silla) with the Fiber-
winds that collide, producing X-ray emission in the intdimec fed Extended Range Optical Spectrograph (FEROS), mounted
zone. An X-ray study of this object has been made by Linden the 1.5 m telescope (7 spectra in 2002, run ESO 068.D-
et al. (2006), using ne¥MM-Newton data andROSAT archival 095(A)) and 2.2 m telescope (5 spectra in 2006, run ESO 076.D-
data. The RGS (Reflection Grating Spectrometers oftiié1- 0294(A)). We have also added three FEROS archive spectra
Newton satellite) data showed a nitrogen overabondance bytaken in 2006 (PI: Casassus, run ESO 076.C-0431(A) and PI: Lo
factor of 7.44323 in 2002 and 5.495} in 2003. We detected a Curto, run ESO 076.C-0164(A)). The wavelength domain af thi
modulation of the X-ray flux phased with the orbital motiont b echelle-spectrograph is [3550-9200] A. Typical exposimes
could not find short term variability (from a few minutes toalb range from 5 to 15 minutes, with a mean signal to noise ratio
one hour) that might have been expected from hydrodynami¢8NR) equal to 150 in 2002 and 340 in 2006. The spectral re-
instabilities of the wind-wind collision. solving power of FEROS is 48000. The data were reduced us-
In this paper, we discuss a set of high resolution opticat-speng an improved version of the FEROS pipeline (see Sana et al.
tra of Plaskett’s star, in order to constrain the evolutigreia- 2003) working in the MIDAS environment.
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The second part of the data was obtained in March 2007 at \
the OHP with the new echelle-spectrometer Sophie, mounted a
the 1.93m telescope. The Sophie instrument features a 52.65
groovegmm R2 echelle grating and the spectra are projected
onto an E2V 44-82 CCD detector. Thirty-nine spectral orders
are currently extracted over a wavelength domain equal to
[3872-6943] A, with a resolving power of 40000 in the High-
Efficiency (HE) mode (Bouchy & the Sophie Team 2006). The =
mean SNR in these spectra is equal to 290. The data reduc-g
tion is done via an entirely automatic pipeline, adaptedftbe < 0
HARPS software designed at the Geneva Observatory. =

Finally, data were also obtained with the Aurélie spectrom
eter, mounted at the 1.52 m telescope at OHP and equipped
with a 2048 x 1024 CCD EEV 42-20#3, with a pixel size of
13.5um squared. All spectra were taken with a 60@rh grat-
ing with a reciprocal dispersion of 16 A nh allowing us to
achieve a spectral resolving power of 8000 in the blue rafige (
spectra in the [44504900] A domain), 9500 in the green range 0 0.5 1
(7 spectra in the [54865930] A domain) and 11000 in the red o
range (1 spectrum in the [6346780] A domain). The spectra _. _ : .
have a mean SNR equal to 300. The data reduction has been cé/ ; léﬁi‘i{'?ﬁ'g’égc\"%ﬁgr;’:gﬂ"ézry dﬁg'aprg T:gyeiaetrigéeg;gﬁ”
with the MIDAS software as described in Rauw & De Beck . ' .
(2004). Because of their lower resolution, the Aurélieadaere ols. Circles (resp. squares) stand for FEROS data (reghiSdata).

. A he RVs have been determined through a disentangling ofrthepy
not used for the disentangling and Doppler tomography tecihq secondary spectra using the method of Gonzalez & L¢28a5).

niques ap_plied in this paper (see S_ecti_ons 3 _and 5). Howewsr= 0 corresponds to the phase of the conjunction with the psimar
they provide a set of spectra well distributed in phase and weing in front.
used them in order to check the accuracy of the results found

with the FEROS and Sophie spectra. Table 2. Up: Orbital period of HD 47 129 calculated with the Fourier
technique with all data available in the literature. Midd®rbital so-
lution of HD 47 129 computed from the RVs of the primary, obéal
from the disentangling methodiy refers to the time of the primary con-
unction @ = 0).y, K anda sin i are respectively the systemic velocity,
fe semi-amplitude of the radial velocity curve, and thgquted sepa-
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3. Orbital solution

As for the main sequence early-type binary systems studiecf[

Linder et al. (2007), the radial velocities (RVs) were detiered ration between the centre of the star and the centre of masse bfnary

in an iterative way using a disentangling algorithm (Gdez&  system. Quoted uncertainties are theeror bars. Below: Derived el-
Levato 2006) applied to threeftiérent wavelength domains ofements of the secondary orbit (see text).

the FEROS and Sophie spectra ([46@220], [4366-4600] and

[4900-5060] A, presented in Fig. 1 in which the most impor- Parameter

tant lines are labeled). We choose these domains becayse the

present a lot of helium lines that are also useful for the spkc P (days) 14396257 + 0.000953
type determination, and exclude complicated emissiois kueh i

as Her 1 4686 and ki (see Sect. 5). For each of these domains, e 0 (fixed)
we built two specific masRsfor the cross-correlation with the To (kH‘]D)l 2452331.547 = 0.028
primary and secondary spectrum, respectively. This magi-is 7{’ ((kr;il)) 23(;(2)2 f %2
ferent for the primary and the secondary component because a:sini (R) 575 4+ 07
the nitrogen lines that are prominent in the primary speatru Frnase (M@o) 123 1+ 05
are quasi absent from the secondary spectrum. The lines used  ymg (km s?) 8.6

for the RV calculation are & Her 11 4388, 4471, 4921, 5016;

Hen 11 4200, 4542 and Sv A 4089. For the primary star, we vs (km s1) -60 =+ 96
also added Heaa 4009, 4026, 4120, 5048; 5i 1 4116 and Ks (km s?) 1924 + 6.7
Nm A 4097, 4196. The disentangling code converged to final Ms sir® i (km s™t) 473 =+ 03
separated spectra for each component and for each wavelengt Vs 1.05 =+ 0.05

Mp

domain, and to corresponding radial velocities.

The primary RVs show very little scatter between the three
domains and the dispersion on individual data points are’en a
age less than 2.0 kms For the secondary, the situation is unforof both the primary and secondary spectral lines. In pdeicu
tunately less clear and the dispersion is significantlydafmost this leads to an imperfect subtraction of the spectral sigea
of the time of the order of 20 kn$). For three data points, theof the primary from the cross-correlation function, thusftsh
error exceeded 100 knt’sand they have been completely exing the measured RV of the secondary toward the primary’s RV.
cluded from the analysis. There are several reasons fosithis TO circumvent this problem, we have scaled the primary spec-
uation. One is the existence of changes in the line intessitirum by the ratio between the height of the main peak in the
cross-correlation function evaluated at individual piseesed the

1 These masks are synthetic spectra equal to 0 except at tiretike equivalent in the cross-correlation function of the meamary
cal wavelengths of the lines where they are equal to 1. spectrum before subtracting the latter from the observed-sp
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trum at the individual phases. This solves the issue for tie pTable 3. Projected rotational velocities, derived using the Faueeh-
mary line variability, but the line variations of the secangstill nique for some He | and He Il lines. The errors have been etina
affect the resulting RVs (Fig. 2). Another reason for larger digrom the uncertainties on the .position of the first zero in Eoairier
persion of RV’s in the secondary star is the signifigant foteti ~transform of the observed profile.

broadening of the secondarys absorption lines, which mikes
difficult to determine the centroid of the line. Table 1 shows the vsini (kms™)
averaved RV values from the three domains for both the psimar Primary Secondary
and the secondary star. These values were then used one more
time as a fixed input to our disentangling code to derive a final

HelA4471 | 75+5 245+ 15
Hel14921 | 62+3 230+ 15

set of self-consistent disentangled spectra presented.il F He 115016 | 60+ 3 )
The second step consisted in a refining the orbital period by He Il 1 4200 - 310+ 20
considering all the data available in the literature (Ser948; He Il 1 4542 - 305+ 20

Abhyankar 1959; Hutchings & Cowley 1976; Stickland 1987;
Wiggs & Gies 1992; Bagnuolo & Barry 1996) in addition to the
spectra presented in this paper. The new orbital periodléqu lines which leads to apparently narrower iHebsorptions (see
14.396257+ 0.000953 days, has been determined with the geTable 3).

eralized Fourier technique (Heck et al. 1985; Gosset eDall R

especially adapted to unevenly spaced data. The error djuote o

here is empirical, and is equal to one tenth of the width of tfe Spectral type determination

peaks of the power spectrum. The theoretical formula of Lu

& lS\t/veen_ey (1?.713 gtive? a l'T‘maI_Itehr tehrro_r \r/]alue based ondthte S8Nowing Conti's criterion (Conti & Alschuler 1971, and sse-
ggn sci)dré?lesotla hr:rg) thue :r?nu?rigélvgrror ig w;e?eTrCé%eneous ata quent articles), which is based on the ratio between thevequi
. - P pre ' alent width (EW) of He A 4471 and Hea A 4542. We first

_The orbital solution was calculated with the program LOSRe55red the EWs directly on the observed spectra, after a
(Liege Orbital Solution Package, see Rauw et al. 2000)pke&;andard deblending of both component lines by fitting two
ing the orbital period fixed at the above value. This program &5y ssijan profiles to the data when the stars are near quadra-
a modified version of the algorithm developed by Wolfe €t alyre phases. This leads to an 09 spectral type for the primary
(1967). The calculation was made on primary data only, as 9, and 06.5 for the secondary star. The uncertaintiesaseth

an SB1 system and the solution, given in Table 2, is closego tgﬂmbers correspond to a range for the primary between 08.5

results found by Stickland (1987) with all the availablesd@nd 5n4 09, On the other hand, the possible interval of spectral
by Stickland (1997) with only the IUE data. A majorfigirence nes for the secondary star is larger, between 06 and O7.5.
between their solution and ours is the systemic velogityhich s is mainly due to the presence of nitrogen lines which
is ~ 8 km st larger in our orbital solution. Our mass function iscomplicate the secondary component measure af HMd542.
also higher than the mass function calculated with the 'uadaHowever, it is relatively close to the secondary’s spedype
From the SB1 solution, we have fitted the secondary radigtermined by Bagnuolo et al. (1992) with their tomographic
velocities to the following relatior¥; s(t) = c1Vip(t) + c2 where  separation method, which is not the case for the primary @emp
Vip andV,s are respectively the primary and secondary radigent (they found O7.5+ 06 I). The behavior of the He 4686
velocity as a function of timeg; = —m—z with Mp, Ms the masses line suggests that at least one component of the system is not
of the primary and secondary component respectively. We the main sequence star (Fig. 3). The narrow emission line in

foundQ = m_s =1.05+0.05,Ks=1924+6.7kmstandys= the Hex 1 4686 complex seems indeed to move along with

6.0+ 9.6 km 1. These results givblp Sind | = 454+ 2.4 M the primary star and would thus indicate a luminous giant or
andl\zs éin3 i = 4'7.3¢0.3 Mo If we suppose an o.rbial.incli%a- supergiant. We applied Conti's ©09.5 luminosity criterion

tion between 69.3 and 72(Bagnuolo et al. 1992), these num—ElhOg W” = log EW(Siv ?é\?fg) _dk')tg' %W(gel. /}d4143)') t(t) "
bers lead to masses between 52 and 55@d the primary com- | € _prlm?rylmeasures of EWs and it indeed yields a giant (I1I)
ponent, and between 54 and 58, Nbr the secondary compo- uminosity class.

nent. These results are summarized in the second part af Zabl_,_Furthermore, we applied the same criteria on the disentan-
. . L : led spectra, and noticed substantidfetences. Measures gave
Orbital solutions of individual spectral lines, based on d%

n O8 Il spectral type for the primary spectrum and O7.5 | for
rect measures performed on the observed spectra, havesgiso e secondary spectrum. This is not surprising since Figovs

investigated and no S|gn|f|cantfﬂ_3rences have_been noucedtw very similar spectra, even though the secondary lines ar
These measures were only possible on the primary compon inily broadened

of the system, the secondary lines being too faint to obtlin r Comparison with the criteria from the atlas of Walborn

able results with this method. & Fizpatrick (1990) (He 1 477JHen 1 4542 and
_The projected rotational velocitiew gini) were derived g, 3 4026Hen 1 4200 EW ratios) further confirms the

using the Fourier technique (Simon-Diaz & Herrero 200653 speciral type of the primary star with a huge enhancement

Gray 2005). For the primary, we found that the width of thgg the nitrogen lines. The ratio Hel 4338Hen A 4542 in the

Her A4 4471, 4921 and 5016 lines indicatesini = 75, 62 and ; i ;
P . . ' primary spectrum argues against a luminosity class bnighte
60 km s, respectively. The He .41 4200, 4542 lines cannot beynan 1} however it is interesting to note that the emission

used here because of the severe blending with the nearnby Noen in Sv 11 4486. 4504 seem to be more typical of a

lines. As far as the secondary star is concerned, thetdd 71, g\ \hergiart Most criteria thus indicate O8 Jlifor the primary

4921 and Ha 14 4200, 4542 lines yield sini = 245, 230, g5r Concerning the secondary star, the Hé77YHen 1 4542
310 and 305 km 8 respectively. Here, the latter values (ije

are likely to be the correct ones because the spectrum of the we note however, that the "selective” nature of these lisesat
secondary displays some emission in the wings of the Hilly established (Walborn 2001; Werner & Rauch 2001).

% determination of the HD 47129 spectral type can be made
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ratio in the disentangled spectra clearly shows a spectidle secondary star of HD 47 129 could thus be an O7 V star
type later than O7, while the absence ofv®mission lines that shows an apparent O7.5 Ill spectrum because of its rapid
suggests that it has a luminosity class Ill. Finally, theogetary rotation.
should be of O7.5 spectral type, rather than O8, becausesof th In conclusion, the discrepancy between the spectral type of
absence of HeaAd 4143, 4388. In conclusion, we favor thethe primary star and its absolute luminosity can be solved by
following spectral types: O8 Il for the primary, O7.5 Ill for adopting a distance modulus of 11.0 for the system. For ttie se
the secondary. ondary star this solution is not ficient, but the rest of the dis-
We derived an optical brightness ratio, by comparing th@epancy could be due to the large rotational velocity oftiae,
EW ratio between the primary and secondary disentanglttat would induce a strong gravity darkening leading to aglow
spectra and the same ratio evaluated for a sample of prestemperature (and hence apparently later spectral type)tbee
ably single stars of the same spectral type (Conti & Alschulequatorial regions. The saméext also yields a lower gravity
1971; Conti 1973). The comparison was performed for theear the equator than close to the poles, hence leading fo-an a
Her 14 4026, 4388, 4471 and Held 4200, 4542 lines, and parent giant luminosity class.
we foundt—z = 1.9+ 0.1. The primary star is thus brighter than = Nevertheless, the rather modest luminosities are stitirss+
the secondary star in the optical domain. This result islamd  ing given the minimum dynamical masses of the stars inferred
the optical brightness ratio found by Bagnuolo & Barry (1996rom our orbital solution (45 and 47 ) see Sect. 3): both stars
with their tomography algorithm. would appear underluminous for their dynamical masses. The
From the average of tHeé BV photometric data compiled by best estimate of the inclination is q8agnuolo et al. 1992),
Reed (2005), we obtaii = 6.06+0.01 andB-V = 0.04+0.03.  léading to masses of 55 and 57,Mand thus enhancing the
Assuming B — V) = -0.27 (Martins & Plez 2006), we in- discrepancy. Actually, this problem can be formulated infa d
fer E(B — V) = 0.31+ 0.03, which impliesAy = 0.96+ 0.09 ferent way: the stars have spectral types that are too late fo
if we adoptRy = 3.1. Assuming HD 47 129 to be a membetheir dynamical masses, which are more typical of giant anma
of the Mon OB2 association, the distance modulus should Bequence O3 stars. Increasing the distance would imply that
about 10.9 (Humphreys 1978). Hence, the absolute magnitdtjaskett's star does not belong to the Mon OB2 association,
of HD 47129 would beMy = —-5.80+ 0.09. From the optical Which is unlikely. Another still unknownféect might thus be
brightness ratio inferred above, we then arrive at absohatg- Present here.
nitudes ofMy p = —=5.342+ 0.105 andMy s = —4.645+ 0.131
for the primary and secondary respectively. The value fepiti L .
mary is somewhat (0.13 magnitude) fainter than typical @8 IP- The emission lines and Doppler tomography

V-band luminosities (Martins & Plez 2006) whilst ti\y of HD 47129 displays prominent phase-locked profile varigpbili
the secondary is about 0.9 magnitude fainter than the typiea the strongest emission lines ¢HHen 1 4686, Ha 1 5876)
07.5 1l magnitude and would be much more typical of a maim its optical spectrum. As becomes clear from a montage of
sequence or subgiant luminosity class. A better agreement the observed profiles (Figs. 3 and 4), the Bhd Her 1 4686
tween the absolute magnitude and the spectral type can be |gtes consist of several components: a narrow emissiorttiae
tained, at least for the primary star, by increasing theadist roughly follows the orbital motion of the primary star, anbt
of the system. Indeed, if we suppose that the primary star higad emissions (a blue-shifted and a red-shifted one)dbat
an absolute magnitude equal to a typical value of an O8 Ifl staot seem to move with the orbital cycle.
(Myvp = -5.47, Martins & Plez 2006), the distance modulus  Fuyrther insight into the origin of these variations can be ob
would be equal to 11.0, which is still compatible with the-distained from the Doppler tomography technique which allows
tance determined for other stars belonging to the Mon OBt@ map the formation region of an emission line in velocity
association (i.e. HD 46 202 and HD 47 240, Humphreys 1978hace. Here we use an implementation of the Doppler tomogra-
Taking this new distance into account, the absolute madeituphy based on a Fourier filtered back projection algorithnr(téo
of the secondary star is now equal+d.72, which is still too 1991) already used by Rauw et al. (2002, 2005) for the arsalysi
faint for an O7.5 Ill star and is more typical of an O6G7 V  of line profile variations of HDE 228 766 and WR 20a. For this
star. If we adopt bolometric corrections-68.16 and-3.25 for purpose, we adopt a reference frame centered on the centre of
the primary and secondary respectively (Martins & Plez 3006nass of the binary with the-axis pointing from the primary to
we infer bolometrlc_ luminosities of log/L, = 5.35+0.04 and  the secondary and the positiyeaxis pointing along the direc-
5.09+ 0.04 respectively. tion of the secondary’s orbital motion. The Doppler tomgumg

At this stage, it is worth emphasizing that the rapid rotatiocechnique assumes that the phase dependence of the rdoial ve
of the secondary (see Section 3) could lead to a rotationt@ifia ity v(d) of any gas flow that is stationary in the rotating frame of

ing that would make this star appear hotter near the poles thaference of the binary can be described by a so-called \&wa
at the equator. As a result, the spectral type determinad free|ation:

the Hey/Hen line intensity ratios might actually be biased. We

applied the equations given by Maeder (1999, Appendix A), ag®) = vy cos (2r @) — Vy sin (27 ) + V, 1)
suming that the inclination of the rotation axis is the sastha

orbital inclination (i.e. 71), and that the angular velocity is con-where ® is the orbital phased = 0 at conjunction with the
stant. We then found that, for an equator radius equal toR4.1 primary being in front), whilst, andv, reflect the projected ve-
(which is a typical value of an O7.5 Il star, Martins et al0%), locity components along threandy axes ands, corresponds to
the polar radius is equal to 13.2 RThe von Zeipel theorem ap- the apparent systemic velocity of the line under invesibgatA
plied to our case indicates afitirence in fective temperature Doppler map consists of a projection of the S-wave relatibn o
equal to~ 2 500 K between the pole and the equator (von ZeipEly. 1 onto the\, v) plane (for whichv, = y). Each pixel in
1924). This means that the temperature of the secondarlgs p@ Doppler map, specified by its velocity coordinates is dssoc
would be equal to 35500 K (since we deriVgr = 33000 K, ated with a particular S-wave (see e.g. Horne 1991 for alddtai
see Sect. 7), which is compatible with an O7#®7.5 V star. discussion of the method).
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T R T with patchy emission structures. This annulus is most promi
JJ\\W I ] I | nent for the Her 2 4686 line. The structure is centred on a
F

9=028 ls—097  point with coordinatesw, vy) = (0, +25) km s with innerand

$=0.60

’ outer radii of about 400 and 600 km'srespectively. This fea-
ture is responsible for the two broad, roughly stationarysem
sions discussed above. In the Boppler map, the structure ap-
pears more elongated and less well defined. In addition, the H

18 ./\/’\,i $=0.18 4 g
I ] Doppler map shows an extended ‘emission bridge’ connecting

s ]
JML
I ] - ] I ] the peak at\, w) = (-68,-198) km s with the annulus near
16 m $=0.14 1 5 L $=049 1 ¢ J\\/\‘F‘ =086 (Vx, Vy) ~ (—450,):-450) km st
M
WAVANA
BNVAN)

$=0.56 18 $=0.90

$=0.42 14 $=0.83

Normalized flux

: ] Let us now turn to the possible interpretations of the vari-
M o o.10 ous features seen in the velocity maps. First of all, we a:_imsi
14 N the peaks of the maps that occur at slightly negativevith
i ] respect to the motion of the primary star. The velocity céord
M 1 nates of this emission region hence indicate a motion fraen th
12 Fle=001 4, ¢=076  gecondary toward the primary. A possible interpretationldto
i ] 1 thus be that this emission arises from a region where the pri-

$=0.35 4 5

mary wind is compressed by the interaction with the secgondar

REIE

1 ,Af\/b/b =000 =031 |- =00 wind (which is flowing toward the primary). In terms of a col-
L ] 1 liding wind interaction, this would correspond to the heathe
S — T shock which should indeed be displaced toward the primdmg. T
4680 4700 4680 4700 4680 4700 . . . .
NS N A A) narrow emission line component thus likely forms near the re

gion where most of the X-rays are emitted (Linder et al. 2006)
Fig. 3. Hen 1 4686 line in the spectra of HD 47 129 from FEROS (F) his scenario is in agreement with the one proposed by Wiggs
and Sophie (S) observations. The orbital phases are iedidatthe & Gies (1992). Measures of radial velocities performed an th
right of each panel. FEROS, Sophie and Aurélie spectra also showed that the nar-
row emission lines come from a region of the wind close to the
R primary star. Actually, both S-waves are similar to the iys
1 RV curve presented in Fig. 2, but with a lag in phase of 0.04 for
Hen A1 4686 and 0.06 for H. This result corresponds to the col-
liding wind model of Wiggs & Gies (1992) but with an emission
zone of Hr maybe a little closer to the system’s centre of mass
than the emission zone of hiet 4686.

An alternative explanation for the narrow component could
be a 'hot spot’ due to the impact of a gas stream from a Roche
lobe filling component on its companion. However, HD 47 129
is currently likely in a post Roche lobe overflow (RLOF) corfig
uration where the primary transferred material to the sdaon
(Bagnuolo et al. 1992). Thevy, vy) components of the narrow
emissions are therefore at odds with such a scenatrio.

A striking feature is the annular-like structure seen in the
Doppler map that results from the roughly stationary double
peaked feature in the spectrum. Actually, both peaks displa

M
L W%q,:m some variation in intensity and radial velocity, but theycat
wﬂM\i
|

$=0.28

$=0.18

$=0.14

Normalized flux

$=0.10

$=0.04

S|p—

be directly linked to the orbital phase of the system (this-ph
nomenon is also observed in the absorption lines, see Sect. 6

9=031 s=070  This kind of structure could reflect the existence of an aamne

E— e disk around one of the stars. Indeed, it is believed thakgttis
GSSOA 6000 65;"’@) 6000 65;")@) 6000 star has undergone mass exchange through a RLOF of the pri-
r A mary componentin the past. However, it seems unlikely thiat t
Fig. 4. Same as Fig 3, but for thecHine in the spectra of HD 47 129. interaction would still be ongoing, especially since saléza-
tures rather hint at material flowing from the secondary towa
the primary (see above), i.e. in the opposite sense compared
To build the Doppler maps of the Hied 4686 and K what is expected for the RLOF of the primary. Another point
emission lines (Fig. 5), the data were weighted so as to aoncerns the fact that the annular structure does not appear
count for the uneven sampling of the orbital cycle. The Depplbe centered on any of the two stars. A more likely explanation
maps of both lines present their highest peak near the certorild be that the secondary star has a wind flattened by its ex-
of mass of the primary with a slightly negativg (-60.0 and tremely high rotational velocity and hence compressed iisto
-68.0 km s for Hen 1 4686 and H respectively) andy very —equatorial plane in a way similar to the 09.5 V star HD 93521
close to the amplitud&p of the primary’s radial velocity curve (Bjorkman et al. 1994). The outer regions of such a flattened
(202.5 km s'). This peak is associated with the narrow emiswrind, where the it line forms, would probably be heavily dis-
sion component visible in both lines and discussed above.tirbed by the presence of the primary star orbiting aroued th
addition, both Doppler maps reveal a roughly annular regi@econdary. However, the inner regions of the wind, where the
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=500 -

Fig.6. Schematic pole-on view of the interaction in HD 47 129 (not to
scale). The sense of the motion of the two stars is given bprtosvs.

The secondary star has a rotationally flattened wind. The Hd686

and Hr emission regions are highlighted and the wake due to the mo-
tion of the primary across the secondary wind is indicatethieythick
curve. The X-ray emitting region near the surface of the prinis also
indicated (undulated arrows).

500 —

As we have seen in Section 4, the primary star is intrinsi-
cally more luminous than the secondary star and should hence
have the stronger wind. Furthermore, the analysis of ROSAT-
HRI archive data and of XMM Newton data have shown that a
decrease in the X-ray flux seems to occur when the primary star
is in front, which also indicates a stronger primary’s wiath;
sorbing more the X-ray flux than the secondary’s wind (Linder
et al. 2006). On the other hand, both the estimation of the-com
ponent’s mass loss rate in Linder et al. (2006) and the dptica

-500 0 500 emission lines suggest that the secondary star has thegstron
v_ (km s™) wind and thus that the wind interaction zone is displacedtow
* the primary star. This apparent contradiction can be sobaesd
ily if the bulk of the secondary’s wind is indeed concentdsite
Fig.5. Top: Doppler map of the & emission Iine in the. spectrum of the equatorial plane as suggested above.
HD 47 129. The crosses correspond to the radial velocity iaumajgls of Finally, the bridge-like structure seen in the Ihap is most

the centre of mass of the primary and secondary. The shape Bidche . - .
lobe in velocity-space (thick dashed line) has been caedifor a mass likely pr%dtjffed by (tjhe_wgk(? %reated b3é the primary star mgvin
iacross the flattened wind of the secondary star.

ratio (secondariprimary) of 1.05. The Doppler map was computed wit R - Ve .
v, set to+30 km s. The black dot indicates the position of the highest A schematic view of a possible wind interaction between the

peak and the contours correspond to levels of 0.95, 0.88, 0.60, components of Plaskett's Star, where the secondary windltis fl
0.35 and 0.20 times the maximum emissivity. Bottom: Samefdu tened by the action of its rapid rotation, is shown in Fig. 6.
the Hex 1 4686 emission.

v, (km s

=500 -

6. The absorption lines and the Struve-Sahade
effect

Hen A 4686 line forms, would be lesdstacted, thus explaining The S-S &ectis known to appear in massive early type O bi-

why the feature is best seen in the Doppler map of the latiearies and impacts their fundamental parameters, suchssema
line. We performed numerical computations that showedithatand luminosity ratios. A systematic study of this partic@@ect
should be possible to qualitatively reproduce this annulits  has been made by our team on main sequence systems (Linder
a combination of the wind’s rotation velocity and the windis et al. 2007), and we have determined that the $f&cedid not
pansion velocity. However, it was not possible to obtaincilya affect all studied lines of the spectra and that in most casés bot
the same annulus because the variation of the wind’s rotatistars of the system were concerned by the phenomenon. In or-
velocity with the distance from the secondary star as wethas der to continue the study, we analyse here the optical spettr
influence of the UV primary radiation, which is supposed to rélaskett’s star which is one of the gi@upergiant O-type bina-
duce the secondary wind velocity, were unknown. ries that have been reported to display the Struve-Saltiett.e
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(a) Her 1 4026 (b) Her 24026 (c) Nmr 24197 and Hat 1 4200 (d) N 2 4197 and He 2 4200

Fig.7. Observed FEROS (a, b and c) and Sophie (d) helium lines ok&tasstar (solid line) and disentangled spectra appabgly shifted in
phase (red dotted lines). The lower panels yield the redohserved-reconstructed) in units of the normalizedspe.

Measures of equivalent widths made on all observed spéken reveal a rather complex velocity structure of this dlaid
tra (with FEROS, Aurélie and Sophie) showed first that, everutflow. If correct, this interpretation would imply thagthppar-
with high resolution and reasonabl@\Sratio data, separating ent variations of the absorption linesin HD 47 129 actuadsuit
the primary and secondary contribution to a given line is nfiom the dfect of the turbulence and other velocity perturbations
a simple task. Actually, the secondary spectrum is so broai the emissions formed in the flattened wind of the secondary
ened and sometimes so faint that the measures show a |aige. Alternatively, the variability could be tied to theational
dispersion. The method applied in Linder et al. (2007) waycle of the secondary or to non-radial pulsations of theetat
thus not optimal to check for the presence of the S¥8ckin Concerning the first possibility, we note that the uncetiegon
HD 47129. Indeed, the standard deblending of both compte rotational period of the secondary prevent us from &rréx-
nents by fitting two gaussians on the data showed that, amaggring this possibility. Non-radial pulsations in rapidbtating
all tested lines (He A4 4026, 4388, 4471, 4713, 4921, 50160 stars can induce prominent line profile variability (seg the
Hemn A4 4200, 4542 and Nr A2 3999, 4003, 4195, 4379), only case of HD 93521, e.g. Howarth & Reid 1993). However, the
two absorption lines seemed to be slightly strongeat= amplitude of the line profile variations in HD 47 129 are rathe
0.75 (when the secondary star is receding):1Hle4026 and substantial (several percent of the combined continuumm-co
Her A 4388. pared to less than one percent for HD 93521) and accounting

On the other hand, the disentangled spectra can be conépithe brightness ratio between the components of Plaskedr
ered as a mean of the observed spectra. We can thus checkvuld imply intrinsic amplitudes even about three timegéar
the presence of the S-Stect by comparing these mean pro-
files to the observed ones for each specific orbital phasehfor
purpose, we have reconstructed the spectra by shiftingsead 7 Modeling the spectra with an atmosphere code
tangled profiles of the primary and secondary by the appaitgpri
radial velocities of these components. In this way, we fired 8t We used the model atmosphere code CMFGEN (Hillier & Miller
specific orbital phases, the observed line profiles oftéieidsig- 1998) in order to derive the wind and photospheric properdfe
nificantly from the reconstructed ones. The strongest tiaria  both components of HD 47 129 from the disentangled spectra.
are clearly associated with the secondary star’s linesvwéidt CMFGEN calculates non-LTE atmosphere models that include
both in width and intensity. However, to a lesser extent, sorwinds and the treatment of line-blanketing. Its main chiamac
variations are also observed for the primary star’s linee gsg. istics and hypothesis can be found in Martins et al. (2008). |
the Nmr 2 4197 line in Fig. 7). It is not completely clear to whataddition to our optical spectra, we made a comparison betwee
degree the variations of the absorption lines are phadedbc IUE archive spectra to which we have applied our disentaggli
Indeed, whilst some observations taken at close phasebiexhnethod and theoretical spectra in order to determine the pan
similar deviations from the reconstructed profiles, othleses- rameters. We first performed the tests taking the lumiressitie
vations with almost identical phases reveal totallifatent pro- observed for the stars into account, and then luminositiesle
files. As a result, the line profile variations appear dongddty to the average value for their spectral type (O@ H O7.5 llI,
a modulation that is either stochastic or at least not tiethéo Martins et al. 2005). The results provided by these two medel
orbital phase. are not significantly dferent, and thus fall within the same un-

As stated above, the variations mostijeat the lines of the certainties.
secondary star and the strongest deviations are seen inrithsw  Table 4 gives the main results we obtained. Tlffeative
of the Hex lines. On some spectra, the observed profile appetemperatures and thefective gravity are compatible with the
broader than the average, whilst on other data the revedtse sivalues given by Martins et al. (2005) for the spectral types w
tion is observed. There are a number of possible scenar@s tofound in Section 4. The IUE spectra allowed us to calculage th
plain variations that are not linked to the orbital cycleeTact wind parameters of the primary star. Theparameter, or filling
that the variability mostly fiects the wings of the secondary’dactor, is the volume occupied by matter in the wind dividgd b
Her lines could be a hint that it actually stems from variationthe total volume of the wind. Its value has been adopted ierord
of weak emission wings. Indeed, such wings are clearly seentd best reproduce theM 11720 and O 2 1371 lines, which are
flank some of the stronger Héines (see Fig. 1). In the contextparticulary sensitive to clumping. The mass loss rate wadou
of our suggestion that the secondary of HD 47 129 is surradindeere is three times weaker than the theoretical mass loss rat
by a flattened wind, the variability of these emission winggld given by Linder et al. (2006). The uncertainty on the qugntit



N. Linder et al.: High resolution optical spectroscopy cdigiett’s star 9

Table 4. Some parameters of Plaskett’s star, determined from simula

tions with the atmosphere code CMFGEN Btands for the féective 1.4 E- ‘*:
temperatureM for the mass loss ratd, for the filling factor andv., 1.2 =
for the wind terminal velocity. The abundances of the listéginents 1k E
are in number (relative to H), and compared to the solar admeeb of F 3
Grevesse et al. (2007). %08 E
= E 0.6 & I I \\" I PR T
Primary Secondary T 4050 4100 4150 4200
N
Spectral type o8 I o7.5 Vil =
logL/Le 5.35 (fixed) 5.09 (fixed) g
Terr (K) 33500+ 2000 33000t 2000 5 .
log g 35+0.1 35+01 =, =
He/H 0.10+0.03 015+ 0.05 —
He/He, 117+0.35 176+ 0.53 ]
CH 50x10°%+15x10° 2.45x 107 (fixed)
C/Cs 02+01 10 (fixed)
N/H 10x10%+03x10°% 10x10°+03x10°
+ +
,’:‘,@a lgxllﬁ'?;(fg’x 105 O'Zfo'l 4460 4480 4500 4520 4540 4560
Mg/Mge 06+0.2 . A (A)
MMy yrt)  1.7x107+0.3x 107 -
f 0.05+0.03 -

1 Fig.8. Comparison between the disentangled optical spectra of
Veo (km s7) 2450 - HD 47 129 (solid line) and the theoretical spectra (red ddite) com-
puted with the CMFGEN atmosphere code. The secondary spectr
was vertically shifted by 0.3 units for clarity.

log lf is about 0.20.3 dex and was estimated as the change

beyond which the corresponding synthetic spectrum doefitnot
anymore the observed spectrum. This can be considered as a
3 sigma uncertainty. The abundances are listed by number rel
ative to hydrogen and the corresponding error bars are equal <
to ~ 30%. They have been determined by takinfjedient val-

ues of the abundance for each element and comparing the ré=
sults with the disentangled spectra. The nitrogen aburdaec =
found in the primary star is equal to approximately 16 timeso

1250 1300 1350 1400
the solar abundance (taking the solar abundances of Geevess: A (R)

et al. 2007). The nitrogen lines used to obtain this reswdt ar %
N A1 4511, 4515, 4518, 4523, 4528. This nitrogen enhance&
ment is consistent with the overabundance of about 6 olstaine 5 4
with XMM-Newton data for the global X-ray emitting plasma =
of Plaskett’s star (Linder et al. 2006). Indeed, in the X-daya

it was not possible to separate the contribution of the piyma
and secondary plasma in the emission, and thus the overabun-
dance reported by Linder et al. (2006) was for the entireesyst 0

L L Y B B A A
c1v He II N IV 7

2

The lines used to determine the carbon abundance in theggrima
star are Gu A4 4070, 4152, 4156, 4163. It appears that there is 1500 1550 1600 1650 1700
a clear carbon underabundance (3 % of the solar abundance) in A (R)

this component. The N enrichment and C depletion of the pri- . . )

mary component are expected from CNO processing in massive 9- Same as Fig. 8 but for the UV domain. The disentangled spectra
stars (Meynet & Maeder 2003). In the secondary star, it is th8Ve been built from IUE archive spectra of HD 47 129. The séaty
helium abundance that shows an overabundance, which is Shpctrum was vertically shifted by 1.5 units for clarity.

prisingly coupled with a large underabundance in nitrogdre
abundance in carbon has been fixed to the solar value, becagse
there is no relevant line in the secondary spectrum thatdCOld\I/
serve for a determination.

Figs. 8 and 9 show the comparison between the obser
and the theoretical spectra in the optical and UV domaipges
tively. The correspondance between the optical part ofliee t
oretical spectrum and the disentangled spectra is go_ocbltd)r b8. The evolutionary status of HD 47 129
components. For the IUE spectra, the agreement with the pri-
mary component is quite good, but the secondary star spectrBome of the most important properties of Plaskett’s Stagesig
is not correctly represented and the secondary’s wind pararthat it is currently in a post Case A RLOF evolutionary stage.
ters could not be determined, due to the puzzling shape of fhiee first one is the high rotational velocity of the secondzay.

UV spectrum of the secondary, where the classical wind linés fact, when the component that fills up its Roche lobe trans-
(Nv 21240, Siv 14 1393, 1403, Gv 11548, 1551) are not seen.fers material to its companion, there is also a huge amount of

X-ray luminosity has been taken into account in the nmdel
hich allows a better fit of the M 2 1240 line (Iog% = -7,
\galebows_ki & Garmany 1991).alth0ugh the blue part _of the line
IS contaminated by the Lymaninterstellar absorption line.
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angular momentum that is simultaneously transferred. As-a technique, are very fierent from each othe~(75 km s for

sult, the accretor is spun up, whilst the mass donor spinsidothe primary, and- 300 km s* for the secondary).

(e.g. Wellstein 2001; Petrovic et al. 2005). In a wide binsyy- The spectral types, calculated from the two disentangled
tem, the accretionfBciency can be rather low: only a fractionspectra, gave O8 Wl + O7.5 lll, which are too late spectral types
of the mass lost by the donor is actually accreted, but thisfr the dynamical masses. This discrepancy cannot be sbived
nevertheless ghicient to spin up the accretor to substantial rataking into account the large rotational velocity of thewedary
tational velocities. The accretiorffigiency is also reduced by star. Whilst this &ect indeed acts on the secondary luminosity,
the fast rotation of the accretor. Indeed, accretion woully f it is not suficient to explain such a fierence and it explains
stop if the accretor is spun up to its critical velocity (Pefc  nothing concerning the primary star.

et al. 2005). In conclusion, the secondary of HD 47129 was The optical spectra display a phase-locked variabilityhi: t
likely spun up to its present-day high rotational velocity-d strong emission lines Hed 4686 and k. A Doppler tomog-

ing a previous mass transfer event. The fact thsini remains raphy technique allowed us to obtain the Doppler maps of both
high is an indication that either the mass transfer stoppdy olines which present their highest peak near the primary @camp
very recently, or the synchronisation of the rotation dugdal nent velocity. Its velocity coordinates indicate a motioonfi the
interaction is very infficient in this case. If the average accresecondary toward the primary, which can be interpreted lmj-a ¢
tion efficiency was indeed as low as 10%, then the present-dading wind interaction, where the shock is displaced taide
properties of HD 47 129 could only be explained if the primargrimary star. The Doppler map also shows an annular feature,
was initially very massive (around 80/Mand the secondary hadalmost centered on the system’s center of mass, that seems to
about 60 M,. However, it must be stressed that a system withe another consequence of the secondary’s rotation. Indeed
as high a primary mass would be expected to undergo an LHkely represents the secondary’s wind compressed in&xjts-
phase rather than a RLOF (Vanbeveren 1991). torial plane by the fast rotation.

Second, the He overabundance of the secondary star is likely Furthermore, we used the high resolution spectra in order to
related to a previous RLOF event. Indeed, the secondary apidy the Struve-Sahadéect in this system. Actually, while
pears less evolved than the primary in terms of CNO proce$daskett’s star presents strong variations in its absmmgines,
ing: while the latter clearly shows a N overabundance anditas difficult to connect them to the 'standard’ definition of the
C depletion typical of an advanced state of chemical evatuti Struve-Sahadefiect, which is: "the apparent strengthening of
(e.g. Meynet & Maeder 2003), the former appears rather uifte secondary spectrum of the binary when it is approaching,
evolved, at least in terms of N enrichment. On the other harahd the corresponding weakening of its lines when it is reced
the secondary component has a higher He content comparethgd (Bagnuolo et al. 1999). The variations are visible irttbo
the primary for which HEH has not yet changed from its ini- stars, even though they are stronger in the secondary’trapgc
tial value. From this, one can conclude that the He enrichmeut it is not clear that they are phase-locked. They appemi-do
of the secondary star is not the result of classical evaiytiot nated by a modulation that is either stochastic or at leadfeth
must originate from a mass transfer. The only caveat in ttés sto the orbital phase. If correct, the interpretation of atdia¢d
nario is the underabundance of nitrogen in the secondarghyhisecondary wind would imply that these apparent variatieaslt
at present, cannot be explained by a RLOF event. Hunter etfabm the dfect of the turbulence and other velocity perturbations
(2008) discuss the surface abundances of a sample of earlyo@-the emissions formed in the disk around the secondary star
type stars in the LMC as a function of their projected rotagio The deformation of the star itself due to the rotation can bks
velocities. Whilst most of the objects showed a behaviost®n in this case an additional, but not determining, pertudratin
tent with the expected chemical enrichment of the surfage lahe case of the main sequence stars of Linder et al. (200), th
ers due to rotational mixing, Hunter et al. (2008) identifyot Struve-Sahadefkect was already found to be due to an inhomo-
groups of stars with peculiar properties. Their group 1 ®i8s geneous distribution of the line formation, because of #fed
of O-type stars that are fast rotators but do not show a sigmifi mation of the star aridr mutual heating, in at least three out of
nitrogen enhancement in their spectra. On the contrarymPo four studied objects (HD 100213, HD 159176 and DH Cep).
of Hunter et al. (2008) contains O-type stars that displagtlaar Finally, we compared our observations with theoreticatspe
low v sini, whilst simultaneously showing a significant nitrotra computed with the model atmosphere code CMFGEN. We
gen enrichment. The properties of these objects appear-sothen determinedfiective temperature and chemical abundances
what related to those of the components of Plaskett’s sta. Tfor both components, and wind properties for the primary. sta
rotational velocity and the surface composition of the @amiyn The nitrogen overabundance in the primary star, alreadyctied
star of HD 47 129 are reminiscent of those of the group 2 stais,the XMM-Newton data, is confirmed in the optical spectra.
whereas the secondary component of HD 47 129 has properfiés comes with an helium overabundance of the secondary sta
that would place it among group 1 objects. Furthermore, eangvhich suggests a past RLOF in the system, from the primary sta
et al. (2008) noted that mass transfer can produce rapithy-ro to its companion.
ing stars that are not strongly nitrogen-enriched if thagfar is In conclusion, we can say that most of the peculiarities in
highly non-conservative. the spectra of HD 47 129 can be explained today by the evolu-
tionary status of the system (a post-case A RLOF) and by the
fact that the projected rotational velocity of the secogdsaar
is quite important. However, the large dynamical masse®tf b

We have presented a spectroscopic analysis of the massivec@mponents are still not compatible with their spectraétyand
type binary HD 47 129. luminosities.
The radial velocities of both components have been inferred
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