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Abstract. We present the results of a spectroscopic campaign on the early-type binary £PD742. For the first time,

we unambiguously detect the secondary’s spectral signature and derive an accurate orbital solution for both components of
the system. We confirm that the orbit displays a slight but definite eccentricity @027 + 0.006) despite the short period

(P =2.44070:0.00043 days). Previous radial velocity measurements available in the literature constitute together with our new
observations a data set that spans more than 30 years. The combined primary orbital solution inferred is in excellent agreement
with our solution and gives a peridél = 2.44062+ 0.00005 days. Based on spectroscopic criteria, we derive a spectral and
luminosity classification of O9 IH B1 1ll. However, the luminosities and radii inferred from the membership of NGC 6231
rather indicate lower luminosity classes. We show that the equivalent widths of well isolated primary lines display variations
that suggest that CPB41° 7742 is an eclipsing binary. This makes CPB1° 7742 the second known SB2 eclipsing early-type

binary of the NGC 6231 cluster. We approximately constrain the inclination of the sygtem 60°. This may indicate that

the system does notfer enough room for two stars with radii typical of giant stars and lends further support to a less evolved
luminosity classification for at least one of the objects.

Key words. stars: individual: CPD- 41° 7742 — stars: binaries: close — stars: binaries: spectroscopic — stars: early-type —
stars: fundamental parameters

1. Introduction studies of binaries in open stellar clusters is of special relevance
for our understanding of star formation processes, dynamical
[Meraction in clusters and stellar evolution in general (Gimenez
%96). In this context, we undertook a multiwavelength observ-
campaign on several stars of the NGC 6231 cluster in the

Early-type stars of spectral type O and Wolf-Rayet are amo
the hottest and most luminous objects of our Galaxy and pl
a crucial role in numerous galactic issues such as the gala

evolution. Massive stars are essential sources of ultraviolet g, ¢ the Sco OB 1 association. The project combines optical
ionizing radiation. Their influence on their surroundings is alsg, 4 v X-ray data and aims ;at providing a homogeneous
mechanical and results from their huge stellar winds assogl ot gpservational constraints on the physical parameters of a
ating large terminal velocities with enormous mass-loss rat%ﬁmple of O-type stars. This first paper about GPAL® 7742

They can even trigger giant star formation events (quderiéa devoted to the spectroscopic analysis of the system. One
Meynet 1995; Deharveng eF al. 2003). Hoyvever, de.SpIte ik is to obtain contemporaneous accurate ephemerides that
importance, our understanding of these objects is still far frogpe needed to correctly interpret the X-ray data. Another is to

satisfactory and more accurate observational data are need%me reliable physical and orbital parameters of the system.
constrain the theoretical models. Indeed parameters as essential

as the mass and the mass-loss rates are still poorly constrainedcPP— 41" 7742 V= 832, Baume et al. 1999) is an

not to mention the rotation (Maeder & Meynet 2000). ThE2'y-type spectroscopic binary that belongs to the young
open cluster NGC 6231. Commonly used alternative names are

Send gprint requests toH. Sana, e-mailsana@astro.ulg.ac.be CD—41"11042, Braes 945 (Braes 1967), Seggewiss 224 (alter-
* Based on observations collected at the European SouthBafively S 224, Seggewiss 1968), V1034 Sco (Kukarkin et al.

Observatory (La Silla, Chile). 1971), Sung 505 (alternatively SBL 505, Sung et al. 1998) and
** Research Fellow FNRS (Belgium). Baume 11 (alternatively BVF 11, Baume et al. 1999). This ob-
*** Research Associate FNRS (Belgium). ject was first suspected to be a binary by Struve (1944) on the
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Table 1. Journal of the spectroscopic observations of GRE)® 7742. Column 1 reports the heliocentric Julian Date at mid-exposure. The next
three columns give the phases as calculated from theid471 orbital solution as well as the radial velocitied/§) of the primary (Col. 3)

and secondary (Col. 4) as measured from the Doppler shifts of theld#e71 line. A similar structure is adopted for the last three columns.

¢ e reports the phases computed from the averagedatution (see Sect. 3.3RV; — y,1 andRV; — v, present the values obtained by
averaging theRVs of Her lines measured on the FEROS spectra. Prior to averagindR\théhave been corrected for the systemic velocities
of the individual lines (see Table 3). The phase 0.0 corresponds to the time of periastron passage as given in the corresponding orbitz
solutions of Table 4.

Hel. Jul. Date BHer 14471 RVi RV, dmer RVi—7v1 RVa-va2
(~2 450 000) (kms)  (kms?) kmsl)  (kms?)
995.723 0.549 119 -2718
996.654 0.931 -826 -826
997.669 0.347 -79.7 267
998.657 0.751 84 -2268
999.664 0.164 -1859 2312
1000.642 0.565 1268 -2782
1299.843 0.154 -1884 2836 0.129 -1639 2891
1300.841 0.563 13% -2754 0.538 159 —-2739
1301.847 0.975 -1373 1734 0.950 -1089 1985
1302.847 0.385 a -1136 0.360 23 -405
1304.841 0.202 -1635 2181 0.177 -1371 2558
1327.863 0.635 148 -3084 0.609 1676 -2969
1668.928 0.377 4 -1015 0.350 223 -373
1669.791 0.730 98 -257.2 0.703 12581 -2307
1669.923 0.784 63 -1873 0.758 78 —-1544
1670.787 0.138 -1923 2810 0.112 -1693 2933
1670.901 0.185 -1733 2217 0.158 -1521 2654
1671.800 0.553 128 -2749 0.527 147/ —-2686
1671.926 0.605 140 —-2959 0.578 1624 —-2951
1672.782 0.956 -1227 1645 0.929 -927 1858
1672.925 0.014 -1671 2069 0.988 -1389 2441
2037.792 0.509 102 -2547 0.480 128 -2329
2037.887 0.547 123 -2786 0.519 l4e —-2726
2039.783 0.324 -65.5 n. 0.296 -56.3 544
2039.907 0.375 -232 -232 0.347 26 131
2040.788 0.736 108 -2435 0.708 1213 -2203
2040.908 0.785 71 -1465 0.757 8P -1387
2337.860 0.453 69 -1946 0.424 916 -167.8
2338.794 0.836 26 -1142 0.806 49 -722
2381.723 0.425 48 -1168 0.395 641 -1034
2382.741 0.842 16 -1042 0.812 400 -64.9
2383.738 0.250 -1314 1802 0.221 -1056 2049

basis of only two spectra. A few decades later, from a set Bérry et al. (1990, PHYB90 hereafter) published three more ra-
sixteen observations, Hill et al. (1974, HCB74 hereafter) detelial velocity (RV) points obtained in the late 1960s, but no new
mined a period oP = 2446+ 0.005 days and a low eccen-orbital solution. Finally, Ganel & Mermilliod (2001, GM01
tricity of e = 0.07 + 0.04. Only the primary component washereafter) recently claimed to have detected the secondary
detected and the semi-amplitude of the radial velocity curspectral signature on three out of their eight new medium
was found to bek; = 1625 + 8.2kms™t. These authors alsoresolution spectra. Combining these new data with the previ-
reported a photometric variability &fV = 0.45mag. Levato ous measurements reported in the literature, they proposed a
& Malaroda (1980) assigned a spectral type of O91V anfirst SB2 solution for the system. They adopted a longer period
with four more observations, Levato & Morrell (1983, hereP = 2.453087+ 0.000012 days and, contrasting with previous
after LM83) determined® = 2.430155+ 0.00001dayse = papers, derived a quite large eccentricey=(0.205) for such a
0.08+0.03,K; = 160+ 5kms™?, vsini = 130kms®. In 1990, short period. However, we will show in Sect. 4 that this option
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Fig. 1. Blue spectrum of CPB 41° 7742 as obtained on HJD 2452 383.738{ s, = 0.221). The identification of the main lines has been
indicated. He lines display a clear SB2 signature, with the blue-shifted primary and the red-shifted secondary components. The identification
ticks refer to the rest wavelengths.

is erroneous and we will provide an alternative global orbit@bservatory (ESO, La Silla, Chile). These were acquired dur-
solution for the system. ing 25 nights distributed over 7 runs between July 1998 and
This paper is organized as follows. In the next section, wgril 2002. The journal of the observations is presented in
first describe both our data set and the reduction processes Tladle 1.
we applied. Section 3 is devoted to the determination of the In July 1998, six spectra in the range 4460-4480 A 1(He
orbital motion of the system. In Sect. 4, we combine our daid471) were obtained at the ESO 1.4 m CeullUxiliary
with previous observations reported in the literature. We pdglescope (CAT), with the CoedEchelle Spectrograph (CES)
particular attention to the discrepancies between GMO1 reswdtpuipped with the Very Long Camera (VLC). The detector used
and ours. In Sect. 5, we discuss the physical parameters andthe ESO CCD#38, a Loral 2688512 pixel CCD with a pixel
evolutionary status of the binary components. The last sectisine of 15um x 15 um. The slit width was chosen to achieve
summarizes our main conclusions. a nominal resolving power of 70 000—80 000. Tlk=etive re-
solving power as derived from tHeWHM of the lines of the
ThAr calibration exposures is 65 000—75 000. Typical exposure
2. Observations and data reduction times were 40 min and the averag ratio is about 100.
Between April 1999 and April 2002, we collected 26 spec-
tra covering the whole optical range (3800-9200 A) using
The present work is based on 32 high-resolution spatte FEROS echelle spectrograph mounted at the ESO 1.5 m
tra of CPD-41°7742 obtained at the European Southemelescope at La Silla. The detector was a2k EEV CCD with

2.1. Observations
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R T T Table 2. Period search carried out with the Lafler & Kinman (L&K)
1.8 0.112 and Fourier (HMM, see text) techniques and based orRNe asso-
- b ciated with the He 14471 (upper part of the table) andi®15592
1.7 W\/W\f/‘ 0.221 (lower part) lines. The last column gives the value either of the nor-
malized L&K statistic or of the Fourier semi-amplitude at the given
W optimum period.
1.6 0.347
- 1 Dataset Method Period (d) ®;/ Anax
1.5 0.424 Her 14471:RV;  L&K 2.44084 0.036
a W\F RV, 2.44067  0.060
= RVi—-RV, 2.44067 0.055
- 1.4 0-527 RV; HMM  2.44065 164
g V\/\[«’ RV, 2.44076 291
=13 0.609 RV;-RV, 2.44075 460
g | | Omr 15592:RVy L&K 2.44052 0.084
;5 {2 0.708 RV, HMM 2.44064 162
Z - i
11 b= 0.806 for the difused background light and hence an improved deter-
' mination of the blaze functions that, in the basic reduction case,
i | displayed “oscillations” due to the flat-field calibration lamps.
1 0-929 These oscillations, not present in the stellar spectra, were there-
B 7 fore a major source of uncertainty in the determination of the
0.9 — continuum. Finally, artefacts due to the merging of the echelle
L i orders of the FEROS data are known to appear in a number of
og Lo+ I 1\ order reconnections. This problem, added to the complexity of
4905 4920 4935 5865 5880 the global shape of the spectrograph response curve, renders

i A the normalization step a non-trivial process. For these reasons,
A (A) A (A) o
we performed the normalization both on the merged spectra
Fig. 2. He1 14922 (left) and He 15875 (right) lines at various phases.and on the individual orders separately, and we carefully com-
The numbers in between the two panels give the phaggsat mid-  pared both resulting normalized spectra to avoid any anomaly
exposure. The spectra were shifted along the vertical axis for the sgi to the automatic FEROS merging. In some cases, we also
of clarity. The secondary spectral signature is clearly identified Qe g reference star with few metallic lines (either HD 152248
most spectra but the blended ones. or 9 Sgr), observed and reduced under similar conditions, to
build an instrumental response curve. This allowed us to per-

a pixel size of 15im x 15 zm. The spectral resolving IOOWerform an additional check of the normalization process.

of FEROS is 48 000. Typical exposure times were 30 min, re-
sulting in typical S/N of about 150 and 180 at 4200 A andB. CPD —41° 7742 spectrum and orbital solution
6000 A respectively. During the two runs of May 2000 an .
2001, we obtained two spectra per night, separated by a I%V\; The spectrum of CPD~41° 7742
hours (typically 3 to 4h), in order to solve the period aliasinghe spectrum of CPB 41° 7742 (see Fig. 1) is clearly domi-
that a preliminary analysis of the data had revealed. nated by the Balmer lines and by the Hend Hemr absorption
lines. Numerous metallic lines (C, N, O, Si and Mg ions) can
also be identified. The Balmer lines and all thetHimes in
the observed wavelength range present a clear SB2 signature
CES data were reduced in a standard way using the MIDA#h the primary lines being several times stronger than the as-
package supported by ESO. The spectra were then rectifediated secondary lines (see e.g. Fig. 2). No emission line is
by means of an instrumental response curve built from the atetected in the CPB 41° 7742 spectrum.
servations, obtained under similar conditions, of a metal-poor We first measured the line positions, and thus the Doppler
“reference” star (HD 203608: F6V). Finally, the spectra wershifts, and we computed the radial velociti€/) associated
normalized by fitting a low order polynomial (a straight line owith the main lines of the spectra. We then used them to deduce
a parabola) to the continuum. a new SB2 orbital solution for the system. For this purpose, we
FEROS data were reduced using the FEROS context wosklected well isolated lines and measured the line positions by
ing under MIDAS environment. We found that the starfitting Gaussians to the studied profiles. Depending on the sep-
dard pipe-line reduction failed to provide satisfactory resulésation of the double (SB2) lines, one or two Gaussians were
(Hensberge 2002). Based on the expertise of one of the aimultaneously adjusted. Whenever possible, we attempted to
thors (HH), we locally implemented an improved reductioseparate blended lines using templates of both primary and
pipe-line that allows a more accurate wavelength calibratisecondary lines built on the basis of the laRjé¢separation
(with rms residuals down t0.8x 102 A), a better correction spectra. The method has been described in Rauw et al. (2000).

2.2. Data reduction
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Table 3. Orbital solutions deduced fromfiierentRV data sets. The usual notations for the orbital elements have beersysgit the ratio of

the relative uncertainties associated to secondary and priRigyespectivelyw is the primary longitude of periastron. A “n” indicates that

the related element has no relevance as a better agreement with the data has been reached assuming a circular orbit. Quoted uncertainties are
the 1o error bars.

Lines P) s/s e w(°) Ki(kms?) Ky(kms?t) y;(kms?l) y,(kms?) rms(kms?)
Her 214009 2.44066 1.7 n. n. 157425 302.1+4.7 -28+26 -131+43 10.1
Her 14026  2.44065 2.1 0.0220.011 112+ 34 165.2+2.2 2955+4.0 -149+21 -147+30 8.4
Her 14471 2.44068 2.3 0.0460.009 139+14 168.5+1.7 291.9+29 -238+16 -226+21 8.4
He1 14922 2.44075 2.1 0.0420.008 167+8 169.8+1.5 296.6+2.6 -110+13 -340+17 6.9
Her 15016 2.44067 2.2 0.0260.005 99+16 169.4+1.2 306.5+2.2 -164+11 -297+16 5.2
Her 15048 2.44070 2.3 0.02¢0.015 190+21 169.9+2.3 310.3+4.1 -173+22 -354+31 9.8
Her 25875 2.44069 2.4 0.0260.005 122+12 168.4+1.0 304.0+1.7 -153+09 -234+12 4.2

Due to the presence of numerous metallic lines, some 8-3. Orbital solutions
teresting lines are usually blended with neighbouring ones.
In those cases where the line profiles affedively dfected

L . : We used a modified version of the Wolfe et al. (1967) al-
by the surrounding lines, we carried out simultaneous mul

. . . . abrithm to compute new orbital solutions based on various
Gaussian fits. To compute tiVs associated with the Me&ines. Beyond the general philosophy of the modifications

Iseur:gtdhsD% ?%ié?gﬁaxecgnn?g ;d?lp;%tgﬁvfggg\f;{ plemented and described in Rauw et al. (2000), new consid-
from Underhill (1994) above. For the metallic lines that are typ- ations hold in the case of a binary with two components that

icallv not present in O-star spectra. we used rest wavelen ave quite dierent luminosities. Indeed in such a situation
cally present in &-star sp , We US st wav g\5\/ ere the primary and secondary lines could not be adjusted

from Moorg (1959). A selection of HeRV measurements is with a similar accuracy (e.g. due to a significant brightness
presented in Table 1. difference), it is necessary to attribute dfetient relative
weighting to the primary and secondaR¥s. In our derived
solutions, we adopted a period value and a relative primary to
As a next step, we searched for the petiodf the orbital mo- S(_acondary weight ratio that_ yield the lowest residua!s. Table 3
tion. For this purpose, we applied both the method of LafidfSPlays the deduced orbital parameters depending on the
& Kinman (1965, L&K hereafter) and the Fourier analysi§elec_ted lines. These are in a quite acceptable agreement from
of Heck et al. (1985, HMM hereafter: see also Gosset et 3N€ line to the other.

2001 for comments). The period search algorithms were ap- Finally,

plied on the data sets associated with tha 471 and QI |i,eq py shifting the individuaRVs to a common centre, taking
45592 lines. The first set is the most extensive with 32 0bsgtz, 5 count the systemic velocities deduced from the individ-
vations and fers thus the largest time base. However, the Hg 5| o ita| solutions. This combined curve gives a better accu-
44471 lines are most of the time blended with the @465 ;. anq the fit will be adopted as our final SB2 solution for
and Mgt 44481 lines. Primary and secondary lines are al§fe’nhysical and orbital parameters, and for the ephemerides.
heavily blended near conjunction phases. On the other hagfly \5|yes of the corresponding variables are given in Table 4.
the Omr 15592 is a single line that is associated with thejq, e 3jllustrates this average Hene solution. In the follow-

primary component. It is also well isolated in the spectruify '\ve priefly compare our results with previously published
of CPD-41°7742. Consequently, though it is a fainter "n%olutions.

(EW ~ 0.16 A), its position can be well determined at all

phases. Period values, obtained with Lafler & Kinman and

Fourier analyses, based onffdrentRV sets are reproduced 1. Period:The period values deduced from ouffdient data

in Table 2. The He 14471 time base iF = 1388d, lead- sets are in excellent agreement. Their mean value is

ing to a natural width of the peak in the power spectrum of 2.44069+ 0.00003d, with a standard deviation one order
Av = 1/T = 0.00072d* and a corresponding resolution on the of magnitude below the period uncertainty deduced from
guoted period valuaP = 0.0043d. The full width at half max-  the power spectrum peak width. This period is considered
imum in the periodogram giveSP = 0.0039d, as expected as equivalent to the adopted valBe= 2.44070d reported
from the theoretical value. Adopting a final uncertainty of one in Table 4. Our period is therefore situated between the
tenth of the peak width, we obtainp = 4 104 d. Following two extreme values of LM83 (230155d) and of GMO1

a similar reasoning, the uncertainty on themOA5592 (2.45087d), but is closer to a previous determination by
associated period is6107*d. Period values given in Table 2  HCB74 (2446 d). Periods around 2.430 and 2.450 days are
do well agree within their uncertainties. incompatible with our data set.

3.2. Period determination

we computed the averaB&/s of all the quoted He
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Table 4. Orbital and physical parameters of CRRA1° 7742 as de-
duced from diferent data sets: our data on H&1471, on the average
over selected Helines (see Sect. 3) and a data set extended by pri-
200 maryRVs found in the literature (see Sect. 4).
n He1 14471 He lines Lit.
> P (d) 2.44068 2.44070 2.44062
E 0 S,/ S 2.3 2.1 n.
E my /mp 1.728+ 0.024 1.803:0.015 n.
e 0.046+ 0.009 0.027 0.006 0.030:0.017
w(°) 139+ 14 149+ 10 27+ 31
—=00 To (HID 2400.212 2400.284 2399.444
—2450000) +0.092 +0.067 +0.208
| | ‘ | | | | ‘ | | | | ‘ | | Kl (km gl) 1685i 1.7 167:|i 09 161& 25
) v1 (kms?) -238+1.6 0.7+ 0.9 -16.0+18
¢ v2(kms?l)  -226+21 -0.6+1.3 n.
Fig. 3. Phase diagram giving tHRV curves corresponding to the av- @ sini (R,) ~ 8.13+£0.08  8.05:0.05  7.77+0.12
erage He line solution in thezero systemic velocitgference frame. & sini (R,)) 14.05+0.14  14.52+ 0.09 n.

MeasuredRV points associated with the primary (filled symbols) and misinfi (My) 15.61+0.37  16.69: 0.25
secondary (open symbols) components are overplottéi&rBnt sym- mysinfi (My)  9.03+ 0.19 9.95+ 0.12
bols refer to dferent observation periods: upward triangt6SES

1998; squares FEROS 1999; circles FEROS 2000; downward tri- _Ims (kms*) 8.4 4.8 131
angles= FEROS 2001; diamondsFEROS 2002.

n.
n.

positive than secondary ones. These mean values will be

2. Eccentricity: Values for the eccentricity (resp. the lon- taken into account when comparing our average ldelu-

gitude of periastron passage) from the diferent data tion andRV points with other “uncorrected” data.

sets show some dispersion that might be related to the

difficulty to accurately determine a low eccentricity along

with corresponding time of periastron passage in such a . . .

system. However, if we except the case of therHa00g 4- An orbital solution combining (new and)

line, a better agreement between ¥ curves and the  Published data

observations is obtained adopting a slightly eccentric orljifis  section presents a combined study of the

rather than a circular one. Primary individiRV solutions  ~pp_ 41° 7742 RV measurements adding those reported

from Omr 45592 and Her 14686 confirm a moderate;, e |iterature. The journal of the published observations is

eccentricity. Though HCB74 and LM83 already suggestefiosented in Table 5. We excluded however Struve's (1944)

a low eccentricity for the system, GMO1 proposed a MUy from our survey because of their much poorer quality. As

larger eccentricitye = 0.205, clearly in disagreement withy,q re4der may have noticed at this point, there are some major
our independently derived orbital solution. We will discus§igcrepancies between our orbital solution and the one of

this discrepancy more into details in the next section. 5545 & Mermilliod (GMO1). Before attempting to combine

. " . all the data available, we first need to clarify this point.
3. Systemic velocitiesVeighted average values fapparent

systemic velocities are15.3 + 0.5 and-26.3+ 0.7kms? ) ] ) )
for the primary and secondary respectively. The quoted é-1- GMO1's data and their orbital solution

rors give the uncertainties on the mean values, while t@101 data result from CASLEO optical observations with
actual scatter (_s_tan_dard deviation) of the present samplef REOSC-SEL echelle spectrograph. They observed the
systemic velocities is about 4.5 and 6.4 krhfor y1 andy2  gpectral range between 3750 and 4861 A. The REOSC-SEL
respectively. Comparing these values with the mean erg@olying power is about14000. TheS/N ratio was be-

on the individual systemic velocities may suggest that &jj,een 50 and 80 for a typical exposure time of 30min.
ther the latter are underestimated or that our measuremeRtcerning CPD-41° 7742, they reported to have carried
sufer from some source of systematic error. Mainly, SUGt,t Ry measurements, on average, on 15 lines for the primary
non-random errors may originate from non-Gaussian pr@smponent, whereas they worked with 10, 11 and 2 lines for the
files of the studied lines or from slightly @ierent éfective  ree secondary observations. This might correspond to Balmer

rest wavelengths than those we used. For these reasonss Wé Ha lines for the secondary, adding Helines for the
choose to refer the measurels to azero systemic veloc-

ity reference frame prior to averaging. Finally, primafy ! Spectrograph Echelle &ge — jointly built by REOSC and kije
parentsystemic velocities are on average 10 klhsiore observatory and on long-term loan from the latter.
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Table 5. Journal of the observations of CRD11° 7742 reported in r
the literature. Column 1 gives the heliocentric Julian Date. Column 2 290 .~
gives the phases as calculated from the averagedr#tal solution = T
(see Sect. 3). Columns 3 and 4 report the radial velocits), re- R
spectively associated with the primary (Col. 3) and secondary (Col. 4
components. Column 5 indicates the origin of the data. cGMO1 stands
for corrected GMO1 data (see text).

ki

200 H

—400

Hel. Jul. Date ¢ pgr RwW; RV, Source

(—2400000) (kms')  (kms?)
39959.792 0.900 PT7] PHYB90 Fig.4. Phase diagrams based on the ephemerides of GMO01
40018.810 0.081 -920 (P = 2.453087d). Dfferent observational points are also plot-
40019.833 0.500 0 ted along with the orbital solution suggested by GMQlft
40807.734 0.318 -1140 HCB74 Published primary (filled symbols) and secondary (open sym-
40808.632 0.685 166 bols) RV points: diamonds PHYB90, squares HCB74, trian-
40809.479 0.032 -555 gles=LM83, circles=GMO1. Right idem but our Ha 14471
40809.568 0.069 -988 RV points have been added (downward triangles). The latter ones do
40809.690 0.119 -1322 obviously not match the orbital solution proposed by GMO1.

40810.532 0.464 -406

40812.486 0.265 -1662

40812.642 0.328 -1429 proposed solution is therefore spurious, as is the high eccen-

40813.481 0.672 148 tricity found. Once the one-day shift is applied to the last

jggg'?g; 8'%2 1£ four observations reported by GMO01, the corrected GMO1
' ' data (cGMO01) reach a good agreement with previous and new

40814.510 0.094 -1295 . . .
40815500 0499  -94 observations. The Julian Dates quoted in Table 5 have therefore

40815.595 0.538 23 been corrected accordingly to prevent further erroneous use of
40817.479 0.310 -1504 these data.

40817.677 0.391 -713

43647.711  0.909 13 LM83 . . L

43648.775 0345 -1250 4.2. Combined period determination

43649.765  0.750 14a As a next step, we tested our period and solution against pub-

43650.789 0.170 -1640

49912.743  0.808 36 cGMO1
49914.521 0.537 123

49915.538 0.954 -1278 145.5

lished RV values. This is presented in Fig. 5. A small shift
is visible between our solution and the position of PHYB90,
HCB74 and LM83 measurements. This shift might result ei-

49967537 0258 —948 ther fro_m a §mal| uncgrtainty on the period or from the ill-
50593.680 0.801 6 constrained time of periastron passage that we adopted as phase
50594.726 0.229 -1292 193.0 zero. Note that a similar shift could also arise from an apsi-
50596.827 0.090 -1628 195.9 dal motion of a slightly eccentric orbit. However all these data
50597.811 0.493 118 points seem in acceptable agreement with a shifted version of

our RV curve. The cGMO1 data are almost contemporaneous
with ours and the primariRVs present a better agreement with

primary. Excluding the point where the secondary is only deur orbital solution. However we observe a large amplitude
tected in 2 lines does not solve the observed discrepancies.difference between cGMO01 secondary points and our solution.

First of all, we tried to reproduce the GMO1 solution, whicfThis probably comes from the poorer resolution &jitll ratio
is presented in their Fig. 1 (labelled 505). However, the nuraf their spectra which prevent accurd&¥ measurements for
ber of RV points presented in their orbital solution seems to tige fainter component.
much smaller than what they claimed to have used. Our Fig. 4 In addition, we applied the L&K method and the HMM
(left panel) presents what should be an equivalent figure. ItRsurier analysis on élierent data sets, combining dR¥s with
clear that severdRV points have been discarded when GMOfublished measurements, in order to find a common value for
plotted their figure, i.e. one seconddRy point (out of three) the period. For this purpose, we only used primakypoints.
and other HCB74 points around GMO01 phase 0.7 are missidg the primary lines are much more intense than the secondary
PHYB90RYV points are not plotted on their figure either. Thenes, the bias resulting from the blending of primary and sec-
latter points clearly disagree with GMO1 orbital solution (seendary lines on lower resolution spectra should not too strongly
Fig. 4, left panel). Finally, it is clear from Fig. 4 (right panelpffect primaryRV measurements. Results are summarized in
that ourRV points are incompatible with GMO01 period and ordable 6. We observe that the values for the period deduced ei-
bital solution. ther from the combined data sé® & 2.44062d) or from our

According to Mermilliod (2003), some of the Julian Dateglifferent sets (cf. Tables 3 and 4) are in very good agreement.
reported in GMO1 are wrong by one day and should be cor- The next paragraph presents a primary orbital solution
rected by subtracting one day to the published dates. Thasr computed by combining our new data with all previous
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Table 6.Period searches carried out with the L&K and HMM methods and based on published gRkhpoynts combined with our new mea-
surements. The first column indicates the data set used. The second gives the niRMyauiofs in the set. Columns 3 and 4 provide the period
found and the relevant normalized statistic of the L&K method. The next two columns report similar values obtained from the HMM Fouri
analysis Anax is the semi-amplitude of the Fourier term. The last two columns present the time base of the set and the uncertainty on the L
period as supposed to correspond to one tenth of the natural width of the peak. The uncertainties on the HMM values are of the same or¢
magnitude. cGMOL1 stands for corrected GMO1 data as quoted in Table 5.

L&K HMM
Dataset n P (d) 0, P (d) Amax  Time base (d) op (d)
cGM01 8 2.440634 0.404 2.440586 152 686.7810°
PHYB90+HCB74+LM83 23 2.440611 0.077 2.440646 156 3691 .64 10
PHYB9O+HCB74+LM83+cGM01 31 2.440619 0.049 2.440615 155 10639.2>410°°
cGMO1+thiswork 40 2.440709 0.033 2.440683 161 2471.4>210™*
PHYB90+HCB74+LM83+thiswork 55 2.440620 0.023 2.440627 161 12424.8 54107
All the available data 63 2.440619 0.019 2.440626 160 124248 x 4075

Mermilliod (2003) solves the observed discrepancies and al-
lows us to include the corrected GMO1 data in the combined
solution. Finally, the otheRV measurements found in the liter-
ature are in excellent agreement with our results and therefore
reinforce the confidence that we have in our newly derived SB2
solution.

PRI NPl O R IR

0 0.5 1 0 0.5 1 5. Physical parameters of CPD—41 ° 7742
¢ ¢

Fig.5. Phase diagrams based on our ephemerides and orbital scﬁh‘l' Spectral types and luminosity classes

tions as given in Table 4.eft Published primary (filled symbols) andg 1 1. Primary component
secondary (open symbolB)\V points overplotted on our average He
line RV curves. Phases have been calculated from the averaginde The spectral signature of the primary component is easily dis-
ephemeridesR = 2.44070 d).Right combined primary orbital solu- cernible in the spectrum of CPP41° 7742. We adopted the
tion. Corresponding orbital elements are presented in Table 4 in #lessification criteria from Conti (1973) as adapted to late
column labelled “Lit.” P = 2.44062d). In both panels the symbolsg-stars by Mathys (1988); they are based on the equivalent
have the same meaning: diamordB8HYB90, squares H_CB?4, tr_i- width (EW) ratio of the Ha 14471 and Her 14542 lines.
angles=LM83, circles=corrected GM01, downward triangleghis Her 14471 EWs were only measured on spectra obtained at
work. largeRV separation phases. We obtain a mear\/lb%) =
0.42+0.04 which corresponds to a spectral type O9, with spec-

RV measurements that we were able to find in the literatutegl type 09.5 within br.
except those from Struve (1944). To determine the luminosity class, we adopted the criterion
from Conti & Alschuler (1971) based on tH&W ratio of the
Si1tv 24089 and He 14144 lines. We obtain Io‘v‘z}/”(vwv/%‘ﬁj) =
0.24+0.04, which leads to a giant luminosity class. We are also
aware of Mathys criterion based on 184" = log(W,43s9) +
A RV curve that combines published data with those of theg(W.4sse). However, as it is based on the product of abso-
present work is presented in Fig. 5 (right panel) and the cdute EWs and not on their relative ratio, we first need to esti-
responding orbital solution is given in Table 4. A very goothate the optical brightness of both components of the system
agreement is found with our derived solution. We emphasi¢gee Sect. 5.2).
that the literatur®V points combined with ours provide a time
baseT of 12424 days. This corresponds to a theoretical pe
width in the power spectrum afvy = 1/T = 8.0x 10°°d™?,
giving AP = 4.8 x 104 d. The observed width of the peak is inThe main spectral signatures of the secondary star
good agreement with that value. Finally, the combined data getCPD-41° 7742 are the Balmer and Hdines for which
gives a period oP = 2.44062+ 0.00005d. we were able to measure the positions &Ws with a good

In conclusion, we showed that the reported GMO1 datanfidence. We also note the absence ofiiHmes, as well
were problematic and incompatible with previous and new olas of the Qmr 15592 line, at the positions predicted by the
servations of CPD 41° 7742. This results from the use of erorbital solution (see e.g. Fig. 6). The absence ofiiHmes
roneous Julian Dates. The period and eccentricity that GM@é&finitively excludes an O spectral type and, at our detection
derived using their set of data is therefore not correct. Shiftitigreshold, most probably indicates a spectral subtype later
some of the reported HID by one day as suggested than B0.7 (Walborn & Fitzpatrick 1990, WF90 hereafter).

4.3. A global orbital solution for the primary

gklZ Secondary component
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1.05 A L L AL L B Table 7.ldentified metallic lines associated to the secondary compo-
r N nent of CPD-41°7742. First column gives the identified ion. The
1 M E second and third columns respectively report the mean equivalent
r a width (EW) of the line and the rest wavelength adoptedRM com-
v 0.95 = B putations. The uncertainties quoted in Col. 2 are thedispersions of
é 09 = E our measurements.
° 085 b Ll byl ] Line EW (A) Rest wavelength (A)
S 4670 4680 4690 4700 Sitv 14089  0.067+ 0.012 4088.863
g 1.05 (SN L L L L L Simr 24253 0.022+ 0.009 4253.593
5 { r 1 Ci 24267 0.030: 0.012 4267.02
& c ] Om 14367  0.029 0.011 4366.896
0.95 - N1 24379  0.020: 0.011 4379.09
E ] Mg 24481  0.028: 0.014 4481.228
0.9 & B Sim 14552  0.05%: 0.021 4552.654
085 ol L L 2 Most probably blended with the 0.114253.74-53.98 lines.
5390 5400 5410 5420 5430

A (R)

Fig. 6. Herr 14686 (upper panel) and He15412 (lower panel) lines

in the spectra obtained respectivelya, = 0.48 andg ;- = 0.71.  obtained a brightness ratio ¢f = = = 0.97,0.980.87

The vertical marks indicate the expected position of the secondary liggd 0.86. Mean value is thép= 0.92 15"0'06_ Note that Het

according to our orbital solution. 14686 is even more intense in CRIRI1° 7742 global spec-
trum than on average O91ll spectra and may thus rather in-
dicate a class V for the primary star. Comparing secondary in-

1;trinsic EWs with typicalEWs for B star (Didelon 1982) gives

To refine our subtype classification, we carefully searched ng 0.1, at the B1-B3 peak, for the Hdines. Together with

the presence of secondary metallic lines in our FEROS spec§a, Mgt and Balmer lines, the same test impligs< 0.14
This led us to consider low intensity lines, wilVs down to and confirms a B1-3 V-IlI cla{ss for the secondary. -

~0.02 A, and we therefore excluded spectra with too 8AM. Adoptingl; = 0.92+ 0.06, WS, = 351+ 25mA and
Numerous metallic lines associated with the primary (and thys,,c 506+ 27 r'nAz_Méth’ < Acfifgrion ive_s oWV —
statistically more intense than the relevant secondary Iin(? 4\?\36/12388 I_ Wﬂ4é86 - §34+0 06 % h prim _d
render this task even more delicate. The results that we pre eHt ( }_rog_ ( )=5. +0.00, which corresponds
in Table 7 only concern the lines that could unambiguously}%a g|_ant IunTlnos$y$fss for the primary. One n?kidio'% q4:
associated with the secondary orbital motion (see e.g. Figd07 €"Ve @ class V. The reverse criterion may also be used: a

and 8) and do not pretend to be exhaustive. CETSIEI:I:/J% tchoengtrr'ggg Irrgp\)/lilsilz d%gﬁco;f < 0.14, com-
WF90 suggest to use the 18i 14552Her 14388 (resp. " P y :

. : . L _In the previous paragraph, we compared observed pri-
St ’145528'“/./.140{39) ratio for the luminosity (resp. spec mary EWs with typical EWs of O9 giants and deduced that
tral type) classification of BO-3 stars. From our measur

ments, we obtained 4+ 0.20 (resp. 076+ 0.34). Comparing ﬁ1e primary was probably a giant. On the other hand, we may

the CPD-41°7742 secondary spectrum to the OB atlavgonderwhatclassmcanon would be found if we compared the

of WF90, the first criterion definitively excludes a supergiarﬂbservedEWS w_|th.typ|ca! class VEW?' Indeed th|§ would
. ¥|eld a larger dilution ratio for the primary and might then

the secondary @ spectrum. The same criterion, though witl?ffeCt Mathys criterion. We gt = 0.80+ 0.06 and there-

a lower confidence, also seems to indicate a giant lumindg-. IOgWPfim = 546+ 0.07. The criterion gives, in this

ity class rather than classes V or IV. Finally the ratiaifi case, a main sequence class, in agreement with the hypothe-

A4552Si1v 14089 tends to favor spectral type Bl comparesds made. In consequence, Mathys criterion does not provide

to B2. We are then left with a O9 I# B1 Il classification for igyt::;tgerr?;?S;ralgihaessi;hfnggéa'tgegs%lsf;gﬁizoEr?ﬁiﬁggss
the CPD- 41° 7742 system. P yp 9

ratio. Finally, we mention that the 8i 14089 line is much
more intense in CPB 41° 7742 primary spectrum than in typ-
5.2. Optical brightness ratio ical O9V spectra.

. ) : i Typical My for O9 stars given by Howarth & Prinja
We roughly estimated the optical brightness ratio bas?id%g) are—5.1 and—4.2 for class Ill and V respectively.
on the dilution of the primary lines in the spectruque adoptedMly = —4.54 + 0.26 for CPD- 41° 7742. This

of CPD_ 41{? 7742._Forth_is purpose, we compared meaks results from an average of the photometry of NGC 6231 and
of primary lines with typical (averagedWs of O91ll stars

(Conti & Alschuler 1971; Conti 1973). Based on the He 2 These average@Ws only take into consideration spectra that
114026, 4388, 4471 and He 4542 lines, we respectively were not obtained at conjunction phases (see Sect. 5.4).
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H“O““H“H rrTTmTTTETeT 6 \\\\‘\\\\\\\\

\\\\‘\\\\
40M, |

Fig. 7. Phase diagrams withi€14267 (left) and Q1 24367 (right)RV -
points associated to the primary (filled dots) and the secondary (open -
dots). TheRV curves associated with the averagerHiee solution =
have been overplotted in both panels. -

3
47 46 45 4.4 4.3 4.2

200 |- tog Te
Q) i Fig. 9. Position of the primary (filled symbols) and secondary (open
E symbols) components of CPP41° 7742 in the H-R diagram. The
= squares (resp. triangles) refer to the positions computed by assuming
. giant (resp. main sequence) luminosity classes. We refer to the text for
—200 a description of the quoted error bars.
R S . S
0 0.5 1 0 05 1
¢ ¢ 5.3. Location in the H-R diagram

Fig. 8. Phase diagrams with 8i 14552 (left) and Mgr 14481 (right)

RV points associated to the primary (filled dots) and the secondzﬁ’fljommg the ective temperature Ca“brat!on of Humphreys
(open dots). Th&V curves associated with the averageibee solu- & McElroy (1984), the spectral types derived above (091l

tion have been overplotted in both panels. + B1III) yield Ter = 32833KK for the primary compo-
nent andTey = 211533 KkK for the secondary. The quoted in-
tervals correspond to thefective temperatures of the neigh-
bouring subtypes. The locations of the components are plotted
) ) in the H-R diagram in Fig. 9 together with the evolutionary
of CPD-41" 7742 published in the last ten years (Perry et a}5cks of Schaller et al. (1992). For this purpose, we assigned
1991; Raboud et al. 1997; Sung et al. 1998; Baume et gf, - _454+0.26 and we assumed that the quoted uncertainty
1999). This value gives the total magnltude_ Of the Systém ap@ntains both the errors on the distance modulus of the cluster
should therefore be considered as a lower limit for the primagy,q on the light variability of the system (see Sect. 5.4).
component magnitude. Adopting = 0.92 + 0.06, we obtain . _ , Lo\ 501
Myi = —4.45+ 0.27. This is clearly far from a typical O9lll Usingly = 0.92+ 0.06, we finally get IOE{K) = 490379
magnitude. If we assume that the CRB1° 7742 primary is 44 Iog{?) — 3.4236 for the bolometric luminosity of both

indeed a main sequence star, and hdnce 0.80 + 0.06, we © 282 . .
components. The major source of uncertainty for the primary

deriveMy; = —4.30+ 0.27. In this regard, the CPB41° 7742 .
primary component is thus more consistent with a main S%tgr comes from the absolute magnitude adopted. For the sec-

guence classification, though all the spectral criteria indicaﬁgdary c_omponent, itresults from the uncertainty on the bright-
fess ratio. Due to the crude method used, the above results

a giant class. At this stage it is worth to mention that the lu- . . ) : .
minosity criteria based on lines that are sensitive to the surfasg]eou';]j be takzn_ with clautlon t<'_:1k|||ngf prohperly mtod considera-
gravity and were established for presumably single O stars n'i}l’%g tt Iioc\]/\l:\;[gr :/U;e(r:\;isszﬁpueszath); ?nrf(t)r%;t?gr?rlo?zecrogﬁ?-
not b.e adaptefj for close binary systems. straints on the stellar radii. We obta®y, = 8.73%°R, and
Finally, with v = 832 andU - B = -067 g, _ 3.856R,. These values are to be compared to “typi-
(Baume et al. 1999), CPDA41° 7742 lies at the bottom .51» 09_B1 giant radii of about 12125R,. Our values are
of the 09-09.5 Il clump in the colour-magnitude diay, s significantly smaller, suggesting that we are indeed deal-
gram (CMD) of NGC6231 (see e.g. WEBDA data base,a,r:1g with luminosity class V or IV objects.
http://obswww.unige.ch/webda/). Its position above the Therefore, if we assume that CRD}L° 7742 components

main sequence is consistent with the fact that it is an SBge jhgeed main sequence objects, the same reasoninig with
binary. The previously derived combined spectral type . Lbol 505 Lbol 420
for CPD-41°7742 is indeed O9IV (Levato & Malaroda0-80+0.06 yields IOG(K):4'944‘83’ Iog(l_—o)=4.023‘83 and

1980). From CPD- 41° 7742's position in the CMD and from thereforeR; = 851%*R, andR, = 5.8%3R,. Corresponding
the previous discussion, we conclude that both stars beldgpgical radii are in this case of 9.3 and /3 for 09 and Bl
most probably to luminosity class IV or V. main sequence stars.
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A rough interpolation of the masses from the tracks of °“ [ "1~ T T 0 eI
Schaller et al. (1992) shows that the position of the giant sec- i L ]
ondary component is incompatible with the minimal mass ob- (¢ ] 02 N
tained in Table 4. Adopting main sequence classifications, th& 1 = [ ‘ N
relevant minimal stellar masses would yield an inclinafiof =R e 1 B 4 ' ]
about 65 to 75 051 . o A 015 - .
5.4. CPD - 41° 7742, an eclipsing binary 04 bl e 0 e e

¢ ¢

Several authors reported a variable Iluminosity for

the CPD-41°7742 system. Arentoft et al. (2001), whdig.10.Hem 14686 and Qur 15592 EWs plotted against the phase
searched for new variable stars in NGC 6231, briefly di§s computed from the average Hine solution). Diferent symbols
cussed CPD41°7742 and claimed to have observelffer o diferentobserving runs (see caption of Fig. 3).
incomplete eclipses but were unable to determine the times

of mid-eclipses. We measured ta/Vs of two well isolated

single primary lines (Ha 14686 and Qu 15592) and plotted of CPD-41° 7742. We showed that the orbit is slightly ec-
these data versus the phase (see Fig. 10). A clear incregsfiric and obtained a period Bf= 2.44070+ 0.00043 days.
could be detected arounfd~ 0.35, when the primary star is e further combined our data with data from the literature in
expected to be in front of the secondary. On the other hanch@er to compute a global solution for the primary. The latter
slight dip at the other conjunction phase (i.e. around0.85) turns out to be in excellent agreement with our SB2 solution.
may also be present while the primary is behind. While doing this, we noticed that the data reported by @arc’
Assuming that the CPB 41° 7742 light curve displays two g Mermilliod (2001, GM01) were partly erroneous and should
eclipses as suggested above, constraints on the radii deduceg@iforrected before being used. The details of this issue are ex-
the previous section imply> 61+5° ori > 57+5° accordingto pjained in Sect. 4. The final set of data for the primary star cov-
either a giant or a main sequence class hypothesis. The queieds time range of more than 30 years. This combined analysis
extreme values approximately correspond to the extreme valy@sn suggests a peri®i= 2.44062+ 0.00005days in excellent
on the radiii = 61+ 5° would y|E|d absolute masses of.94 agreement with our independenﬂy derived value.
3.6 Mo and 138 + 2.0 M, for the primary and the secondary ~ The spectroscopic classification criteria that we applied
components respectively. The primary mass contains withingﬁggest that the system is composed of a primary O9 I1I star and
error bars typical masses of 0911l and O9V stars as given Bya secondary B1 I1l. However, luminosity and radii obtained
Howarth & Prinja (1989). We can therefore reasonably assufge the stars clearly disagree with typical values of giant stars
imn ~ 60, in good agreement with the constraints deducef the same spectral types. Adopting instead a main sequence

from the location of the objects in the H-R diagram. luminosity class for both objects solves much of the discrep-
ancy. Furthermore the system is most probably too close to of-

5.5. CPD— 41° 7742, a close binary system fer enough space for two giant stars, with typical radii, without
displaying a Roche lobe overflow phenomenon.

With a minimal orbital separatioasini = (a; + ap)sini = Equivalent widths of well isolated primary lines display

2257 = 0.10R, and a quite high inclination as required byariations suggesting that CRD41° 7742 is an eclipsing bi-
the presence of eclipses, CPI31° 7742 may be considerednary, in agreement with incomplete observations of eclipses by
as a close binary system. Indeed the separation betweenAfgntoft et al. (2001). Preliminary results from a photometric
stellar surfaces is most probably only half of the total okampaign partly dedicated to the core of NGC 6231 also con-
bital separation. The orbital parameters given in Table 4 yieigh this idea; the results will be presented in a subsequent pa-
(Eggleton 1983) minimal Roche lobe (RL) radiiBkL sini = per along with an X-ray lightcurve of the system. In fact, this
9.72+ 0.05R, and 743+ 0.04R; for the primary and the sec- recent discovery makes CRD11° 7742 an even more interest-
ondary respectively. Adopting an inclination bf> 60° and jng object. Combining these new constraints with the results
stellar radii obtained in Sect. 5.3, we find that the filling ratigf the present paper will provide crucial information about the
of the Roche lobes of the stars are at minimum(maximum) Slﬁysical parameters of the system.

about 49(72)% and 9(13)% respectively if giant classes are as-Finally, we emphasize that CRP41° 7742 is the sec-
sumed and of 43(67)% and 31(49)% otherwise. Typical raglhd known SB2 eclipsing early-type binary system of
of giant stars of the same spectral type would requie45’  the NGC 6231 cluster (the first being HD 152248, Sana et al.
to avoid a Roche lobe overflow phenomenon whereas eclipgg®1). The results of these papers together with other papers in

would then require > 43 preparation on the early-type objects of NGC 6231 will help to
constrain both early-type evolutionary models as well as binary
6. Conclusions formation theories of these objects.

Using high resolution spectra, we have clearly identifiegcknowledgementse are grateful to the referee, Dr. J. C.
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