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ABSTRACT

Context. Many massive stars are part of binary or higher multiplicity systems. The present work focusses on two higher multiplicity
systems: HD 17505A and HD 206267A.
Aims. Determining the fundamental parameters of the components of the inner binary of these systems is mandatory to quantify the
impact of binary or triple interactions on their evolution.
Methods. We analysed high-resolution optical spectra to determine new orbital solutions of the inner binary systems. After subtracting
the spectrum of the tertiary component, a spectral disentangling code was applied to reconstruct the individual spectra of the primary
and secondary. We then analysed these spectra with the non-LTE model atmosphere code CMFGEN to establish the stellar parameters
and the CNO abundances of these stars.
Results. The inner binaries of these systems have eccentric orbits with e ∼ 0.13 despite their relatively short orbital periods of 8.6 and
3.7 days for HD 17505Aa and HD 206267Aa, respectively. Slight modifications of the CNO abundances are found in both components
of each system. The components of HD 17505Aa are both well inside their Roche lobe, whilst the primary of HD 206267Aa nearly
fills its Roche lobe around periastron passage. Whilst the rotation of the primary of HD 206267Aa is in pseudo-synchronization with
the orbital motion, the secondary displays a rotation rate that is higher.
Conclusions. The CNO abundances and properties of HD 17505Aa can be explained by single star evolutionary models accounting for
the effects of rotation, suggesting that this system has not yet experienced binary interaction. The properties of HD 206267Aa suggest
that some intermittent binary interaction might have taken place during periastron passages, but is apparently not operating anymore.

Key words. stars: early-type – binaries: spectroscopic – stars: fundamental parameters – stars: massive –
stars: individual: HD17505 – stars: individual: HD206267

1. Introduction

Binary systems are important tools for observationally determin-
ing the masses and radii of stars. However, the binarity also
implies far more complex and diverse evolutionary paths for
these systems (e.g. Vanbeveren & Mennekens 2017; Langer et al.
2008; Langer & Petrovic 2007). This is especially relevant for
massive stars since the incidence of binary or higher multi-
plicity systems is high among these objects (Duchêne & Kraus
2013, and references therein). In close binaries, the exchange of
mass and angular momentum between the stars leads to vari-
ous observational signatures such as over- or under-luminosities,
peculiar chemical abundances, and asynchronous rotation (e.g.
Linder et al. 2008; Mahy et al. 2011; Raucq et al. 2016, 2017).
The evolution of the inner pair of stars in gravitationally-bound
hierarchical triple systems is even more complex, since the

? Based on observations collected with the TIGRE telescope (La
Luz, Mexico), the 1.93 m telescope at Observatoire de Haute Provence
(France), the Nordic Optical Telescope at the Observatorio del Roque
de los Muchachos (La Palma, Spain), and the Canada-France-Hawaii
telescope (Mauna Kea, Hawaii).
?? FRS-FNRS Postdoctoral Researcher.

Lidov–Kozai cycles can modulate the eccentricity of the inner
binary, leading to modulations of the binary interactions (Toonen
et al. 2016). Observational constraints on these phenomena can
be obtained through in-depth analyses of the spectra of such sys-
tems using spectral disentangling methods coupled to modern
model atmosphere codes (e.g. Raucq et al. 2016, 2017). In this
paper, we apply this approach to the spectra of two close mas-
sive binaries, HD 17505Aa and HD 206267Aa, which are part of
higher multiplicity systems.

HD 17505 is an O-star system dominating the centre of the
cluster IC 1848 within the Cas OB6 stellar association at a dis-
tance of about 2.3 kpc (Garmany & Stencel 1992; Massey et al.
1995), which was revised to 1.9 kpc by Hillwig et al. (2006).
Previous studies suggested that HD 17505 is a multiple system
consisting of at least four O stars (with a total mass approach-
ing 100 M�) that are apparently gravitationally bound (Stickland
& Lloyd 2001; Hillwig et al. 2006, and references therein), and
up to six visual companions that have not been shown to be
gravitationally bound (Mason et al. 1998), at angular separations
ranging from 2′′ to 124′′. The inner binary (HD 17505Aa; see
Hillwig et al. 2006) is composed of two O7.5 V stars with a short
orbital period of 8.57 days. The inner binary spectra are blended
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with that of a third component (HD 17505Ab), which is classi-
fied as an O6.5 III star with an orbital period of less than 61 years
(Hillwig et al. 2006).

HD 206267 is a trapezium-like system (e.g. Mason et al.
2013) dominating the young open cluster Trumpler 37 and the
H II region IC 1396, embedded in the Cep OB2 association. The
system was first studied by Plaskett (1923), who noted that its
spectrum displays rather diffuse lines, some of which were dou-
ble and showed variable strength and profile. Stickland (1995)
showed the main component of the system (HD 206267A) to
be triple, and presented an orbital solution of the inner binary,
HD 206267Aa, based on high-resolution, short-wavelength IUE
spectra. He derived an orbital period of 3.71 days for the inner
binary system. The third component, HD 206267Ab, was found
to display a constant velocity. Burkholder et al. (1997) sub-
sequently revised the orbital solution of the inner binary and
inferred spectral types of O6.5 V and O9.5 V for the primary and
secondary, respectively.

This paper is organized as follows. Section 2 describes the
spectroscopic observations and data reduction. Revised orbital
solutions are derived in Sect. 3. Section 4 presents the prepara-
tory work on the sample of spectra aiming at the reconstruction
of the individiual spectra of the components of both binary sys-
tems. The resulting spectra are then used in Sect. 5 to derive
the fundamental stellar parameters, notably through fits with a
model atmosphere code. Finally, Sect. 6 summarizes our main
results and discusses their implications.

2. Observations and data reduction

Fifteen high-resolution optical spectra of HD 17505A and 22
spectra of HD 206267A were obtained with the HEROS spec-
trograph, mounted on the 1.2 m TIGRE telescope at La Luz
Observatory (Mexico; Schmitt et al. 2014). The HEROS spec-
trograph covers two spectral domains, ranging from 3500 Å to
5600 Å (the blue channel) and from 5800 Å to 8800 Å (red chan-
nel), with a resolution of ∼20 000. The spectra were reduced with
an Interactive Data Language (IDL) pipeline (Schmitt et al. 2014)
based on the reduction package REDUCE written by Piskunov
& Valenti (2002). The spectra of HD 17505A had a signal-to-
noise ratio (S/N) of ∼100 between 4560 Å and 4680 Å, whilst
this number was ∼150 for HD 206267A.

We complemented the HEROS spectra with a series of data
from various archives. One reduced spectrum of HD 17505A
and one of HD 206267A were extracted from the ELODIE
archive. The ELODIE échelle spectrograph was mounted on the
1.93 m telescope of the Observatoire de Haute Provence (OHP,
France) between 1993 and 2006. It covered the spectral range
from 3850 Å to 6800 Å with a resolution of ∼42 000. Six spectra
of HD 17505A and five of HD 206267A were obtained as part
of the IACOB project (Simón-Díaz et al. 2011a,b, 2015) with the
FIES échelle spectrograph. The FIES instrument is mounted on
the 2.5 m Nordic Optical Telescope located at the Observatorio
del Roque de los Muchachos (La Palma, Spain). This spectro-
graph covers the spectral range from 3700 Å to 7300 Å with a
resolving power of ∼46 000 in medium-resolution mode.

For HD 206267A, we further took one spectrum from
the ESPaDOnS archives and nine spectra from the SOPHIE
archives. The ESPaDOnS échelle spectropolarimeter has a
resolving power of ∼68 000 over the complete optical spectrum
and is operated on the 3.6 m Canada-France-Hawaii Telescope
on Mauna Kea, whereas the SOPHIE spectrograph is mounted
on the 1.93 m telescope at OHP, and covers the wavelength

Table 1. Heliocentric radial velocities of the interstellar Na I lines.

HD 17505A HD 206267A
Na I D1 Na I D2 Na I D1 Na I D2

(km s−1) (km s−1) (km s−1) (km s−1)
FIES −15.0 ± 1.4 −16.5 ± 1.5 −13.3 ± 1.2 −15.0 ± 1.3

SOPHIE – – −13.6 ± 1.5 −15.7 ± 0.1
HEROS −13.0 ± 1.6 −14.9 ± 1.6 −11.1 ± 0.6 −13.3 ± 0.8
All data −13.5 ± 1.8 −15.4 ± 1.7 −12.0 ± 1.5 −14.1 ± 1.3

range from 3872 Å to 6943 Å at a resolution of ∼40 000
(high-efficiency mode).

Since our analysis combines spectra collected with different
instruments, one might wonder about systematic differences in
the wavelength calibration of the spectra. To quantify this, we
measured the velocities of the interstellar Na I D1 and D2 lines
for those instruments where more than one spectrum had been
taken. The highest resolution spectra (FIES, SOPHIE) reveal
that these lines actually consist of several components that are
heavily blended. Yet, since they are not resolved on the HEROS
data, which make up the bulk of our data, we simply fitted a
single Gaussian to each line. The results of these tests are shown
in Table 1. Within the errors, the velocities determined with the
different instruments overlap with the mean value determined
from all data. Systematic differences are found to be less than
2 km s−1, and part of these differences are most likely due to the
non-Gaussian shape of the lines seen with the different resolving
powers. These systematic differences are much smaller than the
typical errors on the measurements of the stellar radial velocities
(RVs). The journals of the observations of HD 17505A and
HD 206267A are presented in Tables 2 and 3, respectively.

The vast majority of the spectra listed in Tables 2 and 3
have very similar S/N ratios. For the spectral disentangling, we
thus considered all data with equal weights. The spectra were
continuum normalized using a spline-fitting method under the
Munich Image Data Analysis System (MIDAS) software. For
each system, we adopted a single set of carefully chosen contin-
uum windows to normalize all spectra in a self-consistent way.
Finally, for the purpose of spectral disentangling, all spectra were
rebinned with a wavelength step of 0.02 Å.

3. New orbital solutions

3.1. HD 17505Aa

Using our set of observations, we revised the orbital solution
of the inner binary system of HD 17505A. To do so, we
concentrated our efforts on the strongest absorption lines that
are essentially free from blends with other features. In this
way, we measured the RVs of the Hγ, He I λλ 4471, 5876,
7065, He I + II λ 4026, and He II λλ 4542, 5412 lines via a
multi-Gaussian fit. We adopted the effective wavelengths from
Underhill (1995) and Ninkov et al. (1987). The primary and
secondary stars of the inner binary, HD 17505Aa, apparently
display the same spectral type, which leads to some difficul-
ties in distinguishing the two stars. For each observation, the
RVs of the primary and secondary stars quoted in Table 2 were
determined as the mean of the corresponding RVs measured for
each of the above-listed lines in that given observation. Since
all our data points were obtained with the same set of lines, we
obtain a coherent set of RVs that should be free of any bias due
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Table 2. Journal of the observations of HD 17505A.

HJD−2 450 000 Instrument Exp. time φ RV(Aa1) RV(Aa2) RV(Ab)
(min) (km s−1)

3327.473 ELODIE 60 0.75 –191.0 114.3 –31.3
5447.762 FIES 15 0.19 115.5 –193.3 –31.7
5577.414 FIES 13.7 0.32 90.8 –163.3 –1.15:
5812.692 FIES 11.8 0.78 –208.3 113.0 –13.6:
5814.677 FIES 9.2 0.01 –28.1 –28.1 –13.6:
5816.755 FIES 8.3 0.25 106.3 –200.4 –13.6:
6285.436 FIES 15 0.95 –128.1 43.0 9.1:
6895.965 HEROS 60 0.20 126.2 –160.5 –37.6
6897.853 HEROS 60 0.42 36.3: –88.5: –37.6
6907.940 HEROS 60 0.60 –36.1 –4.1: –37.6
6910.888 HEROS 40 0.94 –136.1 80.5 –37.6
6911.915 HEROS 60 0.06 –38.2 –38.2 –37.6
6918.869 HEROS 60 0.88 –168.5 126.3 –37.6
6925.891 HEROS 60 0.69 –127.1: 94.7 –37.6
6939.829 HEROS 60 0.32 139.1 –152.3 –37.6
6941.814 HEROS 60 0.55 –28.2 –28.2 –37.6
6943.801 HEROS 60 0.79 –171.4 136.1 –37.6
6945.770 HEROS 60 0.01 –26.4 –26.4 –37.6
6947.861 HEROS 60 0.26 144.8 –166.1 –37.6
6949.855 HEROS 20 0.49 –21.8 –21.8 –37.6
6953.787 HEROS 20 0.95 –126.8 85.6 –37.6
6955.785 HEROS 60 0.18 128.8 –142.9 –37.6

Notes. The phases (φ) are computed according to the ephemerides of the new orbital solution (labelled “This study” in Table 4). The typical
uncertainties on the RVs are 5–15 km s−1. The colons indicate uncertainties larger than 20 km s−1. For the third component, we calculated the mean
value of the RVs over each run of observations, given its long orbital period.

to the choice of the lines under consideration1. For most data
points, the uncertainties on the RVs are about 5–15 km s−1. In
some cases (indicated by the colons in Table 2), the uncertainties
however exceed 20 km s−1.

We then performed a Fourier analysis of the RV(Aa1) and
RV(Aa2) data using the Fourier-method for uneven sampling of
Heck et al. (1985), modified by Gosset et al. (2001). This analysis
yielded the highest peak around ν = 0.11670 ± 0.00003 d−1, i.e.
Porb = 8.5690± 0.0022 days, which is consistent within the error
bars with the orbital period determined in the study of Hillwig
et al. (2006), Porb = 8.5710 ± 0.0008 days. For completeness,
we also performed the same Fourier analysis with our RVs
combined to those reported by Hillwig et al. (2006) and found
again the highest peak at ν = 0.11670 ± 0.00002 d−1, indicat-
ing that our period determination Porb = 8.5690 ± 0.0014 days
is consistent with their work.

Adopting an orbital period of 8.5690 days, we computed
an orbital solution with the Liège Orbital Solution Package
code (LOSP, Sana et al. 2009, and references therein). The RVs
were weighted according to their estimated uncertainties. The
result is shown in the left panel of Fig. 1 and the corresponding
orbital elements are provided in Table 4. We further computed
an orbital solution combining our newly measured RVs with
those of Hillwig et al. (2006). The RV curve is shown in the
right panel of Fig. 1 and the corresponding orbital elements are
also given in Table 4.

The RV amplitudes of both our single and combined
solutions are lower than reported by Hillwig et al. (2006), and
our determined eccentricities are slightly larger than reported

1 We note that such biases should be rather small for binary systems
consisting of detached main-sequence stars (Palate et al. 2013).

by these authors (see Table 4). The lower RV amplitudes result
in lower minimum masses compared to the solution of Hillwig
et al. (2006).

3.2. HD 206267Aa

For the inner binary system of HD 206267A, we derived a new
orbital solution based on the RVs of the strongest absorption
lines that are essentially free from blends with other features.
For each observation, the RVs of the primary and secondary
stars were computed as the mean of the RVs of the He I λλ 4471,
5876, 7065 and He I + II λ 4026 lines determined by a multi-
Gaussian fit on the observed spectra. Broader spectral features
such as He II and Hγ lines of the primary, secondary and tertiary
stars were too heavily blended to be measured. Again, we used
the effective wavelengths of Underhill (1995) and Ninkov et al.
(1987). The results are provided in Table 3. The uncertainties
on these RVs are about 10–20 km s−1 for most observations,
but exceed 30 km s−1 for some spectra, indicated by the colons
in Table 3. We also obtained a mean RV of −7.0 ± 7.8 km s−1

for the tertiary component of the system. The dispersion of this
value is comparable to the typical uncertainty on the individual
tertiary RVs. All tertiary RV data points fall within 2σ of the
mean.

A Fourier analysis of the RV(Aa1) and RV(Aa2) data
yielded a highest peak around ν = 0.269502 ± 0.000015 d−1,
i.e. Porb = 3.710534 ± 0.000208 days, which is close to
the period of Porb = 3.709838 ± 0.000010 days proposed by
Stickland (1995), although the values do not agree within
their error bars. We also performed a Fourier analysis on our
RVs combined with those measured by Stickland (1995) and
Burkholder et al. (1997). This time, the highest peak was
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Table 3. Journal of the observations of HD 206267A.

HJD−2 450 000 Instrument Exp. time φ RV(Aa1) RV(Aa2)
(min) (km s−1) (km s−1)

0710.4441 ELODIE 22.3 0.42 –166.64: 279.78
5494.3031 FIES 3.3 0.95 163.71 –298.86
5729.1077 ESPaDOnS 7.5 0.24 –144.38 95.92
5812.5828 FIES 2.1 0.74 107.95 –113.76:
5816.4969 FIES 2.1 0.80 116.34: –141.13:
5817.5170 FIES 2.6 0.07 70.20: –233.19
6285.3231 FIES 3.4 0.17 –7.10 –7.10
6527.4539 SOPHIE 5 0.44 –160.71 294.96
6527.5577 SOPHIE 5 0.47 –160.47 291.80
6528.4396 SOPHIE 5 0.71 –13.17 –13.17
6528.5550 SOPHIE 5 0.74 –13.17 –13.17
6529.4943 SOPHIE 5 0.99 180.19 –301.36
6530.3561 SOPHIE 5 0.22 –137.16 80.18
6530.5523 SOPHIE 5 0.28 –149.83 164.45
6531.4081 SOPHIE 5 0.51 –170.80 251.79
6531.5479 SOPHIE 5 0.54 –140.55 221.30
6895.7500 HEROS 30 0.72 –4.52 –4.52
6897.7738 HEROS 30 0.26 –133.61 128.00
6907.7219 HEROS 30 0.95 123.25: –312.95:
6909.7156 HEROS 30 0.48 –147.36 291.91
6911.7011 HEROS 30 0.02 149.51 –279.74
6920.6768 HEROS 30 0.44 –162.35 276.12:
6926.6468 HEROS 30 0.05 159.82 –252.97
6939.6036 HEROS 30 0.54 –145.36 223.14
6941.6020 HEROS 30 0.08 167.72 –227.50
6944.6560 HEROS 30 0.90 160.05 –278.83
6957.5806 HEROS 30 0.38 –146.99 273.99:
7236.7624 HEROS 15 0.64 –142.53 164.15
7236.7729 HEROS 15 0.64 –117.50 165.15
7238.7444 HEROS 30 0.17 –3.96 –3.96
7264.8159 HEROS 30 0.20 –3.96 –3.96
7271.7659 HEROS 30 0.08 161.57 –229.72
7286.6714 HEROS 30 0.09 162.89 –180.75
7288.6617 HEROS 30 0.63 –145.56 131.03:
7290.7237 HEROS 30 0.19 –3.96 –3.96
7292.6865 HEROS 30 0.72 –92.04: 158.66
7308.6686 HEROS 30 0.02 170.45 –278.45
7323.5769 HEROS 30 0.04 178.21 –257.39

Notes. The phases (φ) are computed according to the ephemerides of the combined orbital solution listed in Table 5. The typical uncertainties on
the RVs are 10–20 km s−1. The colons indicate uncertainties larger than 30 km s−1. The mean value of RV(Ab) is −7.0 ± 7.8 km s−1.

found at ν = 0.269558 ± 0.000008 d−1, i.e. Porb = 3.709777 ±
0.000103 days, which is in better agreement with the value of
Stickland (1995), but does not agree with the value obtained from
our data only.

Adopting orbital periods of 3.710534 and 3.709777 days, we
then computed two orbital solutions with the LOSP code. The
RVs were weighted according to their estimated uncertainties.
The resulting RV curves are shown in Fig. 2 and the correspond-
ing orbital elements are provided in Table 5, together with those
found in the previous studies of Stickland (1995) and Burkholder
et al. (1997).

The RV amplitudes, minimum masses, mass ratios and
eccentricities of both our single and combined solutions are in
good agreement with those of previous works. We note how-
ever that in the orbital solution based only on our dataset,
there is one observation (taken with the ELODIE instrument on
HJD 2 450 710.4441) that seems to be at odds with the computed

RV curves, while it is well integrated in the curves for our
combined orbital solution. This is by far the oldest data point
among our new data, which could hint at apsidal motion as the
cause of this discrepancy. Indeed, tidal interactions in a close
eccentric binary system can lead to a secular variation of the
argument of periastron ω (e.g. Schmitt et al. 2016, and refer-
ences therein). We used the method of Rauw et al. (2016) to
fit the RV data accounting for the existence of the ω̇ term. In
this way, we find the existing RV data of HD 206267Aa to
be consistent with ω̇ = (1.24 ± 0.84)◦ yr−1. However, given
the complexity of the spectrum of this triple system, additional
data over a longer epoch are needed to establish the rate of
the apsidal motion firmly. Meanwhile, we note that the sigma
of the fit of the combined orbital solution is significantly bet-
ter than the one of the orbital solution based on our RVs only.
We thus chose to base our subsequent analysis of the inner
binary system of HD 206267 on the orbital solution based on
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Fig. 1. Radial velocities of HD 17505Aa1 (filled circles) and HD 17505Aa2 (open circles), assuming a period of 8.5690 days. The left panel shows
the RVs corresponding to the new measurements (Table 2), while the right panel shows the solution obtained by combining our measurements
with those of Hillwig et al. (2006). The solid and dashed lines indicate the orbital solutions from Table 4.

Table 4. Orbital solution of HD 17505Aa computed from our RV data, assuming an eccentric orbit and a period of 8.5690 days, compared to the
orbital solution proposed by Hillwig et al. (2006) and an orbital solution obtained by combining our RVs with those measured by these authors.

This study Hillwig et al. (2006) Combined solution
Prim. (Aa1) Seco. (Aa2) Prim. (Aa1) Seco. (Aa2) Prim. (Aa1) Seco. (Aa2)

Porb (days) 8.5690 ± 0.0022 8.5710 ± 0.0008 8.5690 ± 0.0014
T0 (HJD −2 450 000) 3329.656 ± 0.313 1862.696 ± 0.016 3328.910 ± 0.173
e 0.128± 0.037 0.095± 0.011 0.118± 0.018
γ (km s−1) −27.8 ± 4.7 −27.6 ± 4.5 −25.8 ± 1.8 −26.3 ± 1.2 −27.7 ± 2.3 −25.9 ± 2.3
K (km s−1) 156.7 ± 6.3 146.7 ± 5.9 166.5 ± 1.8 170.8 ± 1.8 162.8 ± 3.2 160.8 ± 3.1
a sin i (R�) 26.3 ± 1.0 24.6 ± 1.0 56.8 ± 0.4 27.4 ± 0.5 27.0 ± 0.5
q = m1/m2 0.94 ± 0.05 1.03 ± 0.02 0.99 ± 0.02
ω(◦) 257.4 ± 14.0 252 ± 6 271.5 ± 7.5
m sin3 i (M�) 11.7 ± 1.2 12.5 ± 1.3 17.1 ± 0.6 16.6 ± 0.6 14.6 ± 0.7 14.8 ± 0.8
RRL/(a1 + a2) 0.37 ± 0.01 0.38 ± 0.01 0.38 ± 0.01 0.38 ± 0.01
RRL sin i 19.0 ± 0.6 19.6 ± 0.6 20.6 ± 0.3 20.7 ± 0.3
σfit (km s−1) 3.18 1.86

Notes. T0 refers to the time of periastron. The values γ, K, and a sin i denote the apparent systemic velocity, the semi-amplitude of the RV curve,
and the projected separation between the centre of the star and the centre of mass of the binary system, respectively. The value ω is the longitude
of periastron measured from the ascending node of the orbit of the primary. The value RRL stands for the radius of a sphere with a volume equal to
that of the Roche lobe computed according to the formula of Eggleton (1983). All error bars indicate 1σ uncertainties.

our RVs combined to those measured by Stickland (1995) and
Burkholder et al. (1997).

4. Preparatory analysis

Once the orbital solutions of the close binary systems had been
determined, the natural step to follow would have been to dis-
entangle the spectra of the three components of HD 17505A
and HD 206267A, considering a non-moving tertiary object.
This is a rather good approximation since the orbital period of
the third component of HD 17505A around the inner binary is
much longer than the time span of the observations. Moreover, a

physical link between the inner binary of HD 206267A and the
third component has not been established yet.

However, when we applied our disentangling routine adapted
to triple systems (Mahy et al. 2012), we observed the appearance
of artefacts in the resulting reconstructed primary, secondary,
and tertiary spectra. Indeed, the wings of broad features in
the resulting tertiary spectrum appear in emission and have a
profile very similar to a mirrored profile of the wings of the
corresponding lines in the primary and secondary spectra.

The appearance of such artefacts is inherent to the disentan-
gling code itself. Indeed, this method is based on the Doppler
shift of the lines of the different components of a system due
to their orbital motion (see Sect. 4.2). In the systems studied
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Table 5. Orbital solution of HD 206267Aa computed from our RV data assuming a period of 3.710534 days, compared to the orbital solutions
proposed by Stickland (1995) and Burkholder et al. (1997), and a solution obtained by combining our RVs with those measured by these authors.

This study Stickland (1995) Burkholder et al. (1997) Combined solution

Prim. (Aa1) Seco. (Aa2) Prim. (Aa1) Seco. (Aa2) Prim. (Aa1) Seco. (Aa2) Prim. (Aa1) Seco. (Aa2)
Porb (days) 3.710534 ± 0.000208 3.709838 ± 0.000010 3.709838 ± 0.000010 (f) 3.709777 ± 0.000103
T0 (HJD−2 450 000) 5494.385 ± 0.128 9239.720 ± 0.067 9239.720 ± 0.067 (f) 5494.503 ± 0.069
e 0.1303 ± 0.0231 0.119 ± 0.012 0.119 ± 0.012 (f) 0.1306 ± 0.0149
γ (km s−1) −19.4 ± 5.0 9.9 ± 6.3 −24.8 ± 1.4 −10.7 ± 9.4 −6.8 ± 8.3 −14.9 ± 3.1 0.1 ± 4.0
K (km s−1) 184.0 ± 6.2 275.4 ± 9.2 161.1 ± 2.5 288.0 ± 11.5 187.5 ± 5.7 307.6 ± 3.8 186.1 ± 3.6 295.5 ± 5.7
a sin i (R�) 13.4 ± 0.4 20.0 ± 0.7 11.7 ± 0.18 13.6 ± 0.4 22.4 ± 0.3 13.5 ± 0.3 21.5 ± 0.4
q = m1/m2 1.50 ± 0.07 1.79 1.64 1.59 ± 0.04
ω(◦) 31.2 ± 12.7 13.1 ± 6.7 13.1 ± 6.7 (f) 21.3 ± 6.9
m sin3 i (M�) 21.8 ± 1.8 14.5 ± 1.1 22.1 ± 2.5 12.3 ± 0.8 28.4 ± 1.5 17.3 ± 1.5 25.7 ± 1.2 16.2 ± 0.7
RRL/(a1 + a2) 0.41 ± 0.01 0.34 ± 0.01 0.42 ± 0.01 0.34 ± 0.01
RRL sin i 13.8 ± 0.4 11.6 ± 0.3 14.7 ± 0.2 11.9 ± 0.2
σfit (km s−1) 6.08 2.28

Notes. The notations have the same meaning as in Table 4. All error bars indicate 1σ uncertainties. The “(f)” in the orbital solution derived by
Burkholder et al. (1997) stands for values adopted by these authors from the previous determination of Stickland (1995).

Fig. 2. Radial velocities of HD 206267Aa1 (filled circles) and HD 206267Aa2 (open circles). The left panel shows the RVs corresponding to
our new measurements (Table 3), assuming a period of 3.710534 days, while the right panel shows our measurements along with those taken by
Stickland (1995) and Burkholder et al. (1997), assuming a period of 3.709777 days. The solid and dashed lines indicate the orbital solution from
Table 5.

in this work, the wings of the lines of the (stationary) tertiary
star are always partially blended with the neighbouring wings
of the lines of the primary and secondary stars. This leads
to ambiguities in the determination of the line profiles, which
translate into the above described artefacts.

We thus adopted a different approach, in which we first adjust
the ternary spectrum via the combination of three synthetic spec-
tra (see Sect. 4.1), and then subtract the tertiary spectrum from
the actual observations.

To assess the relative contributions of each star to the com-
bined spectrum of the triple systems, and therefore to normalize
the synthetic spectra before combining them, we evaluated the
dilution of prominent spectral lines in the observed spectra as
follows:

li
li + l j + lk

=
li

l j

(
li
l j

+ 1 + lk
l j

) (1)

with

li
l j

=

(
EWi

EW j

)
obs

(
EWS T j

EWS Ti

)
mean

, (2)

where i, j, and k represent either the primary, secondary, or
tertiary stars, depending on the contribution we were calculating.
The value EWi represents the equivalent width of the studied
line of star i referring to the combined continuum of the three
stars and EWS Ti the same quantity measured on the synthetic
CMFGEN spectrum of a typical single star of the same spectral
type as star i.

For HD 17505A, we considered the spectral types
previously determined by Hillwig et al. (2006): i.e.
O7.5 V((f)) + O7.5 V((f)) + O6.5 III((f)). This way, we obtained
that the primary, secondary, and tertiary contributions to the
total flux of this star are 29%, 34%, and 37%, respectively,
which is close to the values of 30%, 30%, and 40% inferred
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by Hillwig et al. (2006). For HD 206267A, we considered
the spectral types previously determined by Burkholder et al.
(1997): i.e. O6.5 V((f)) + O9.5: V for the close binary system and
O8 V for the tertiary component as determined by Harvin et al.
(2003). This way, we estimated that the primary, secondary,
and tertiary contributions to the total flux amount to 60%, 15%,
and 25%, respectively. Our estimated light contribution of the
third component is in good agreement with the 1.314 ± 0.090
magnitude difference between the binary system and the third
component as found by Aldoretta et al. (2015) with the Fine
Guidance Sensor on the HST.

4.1. Adjustment of the ternary spectrum

We combined synthetic spectra of each component of the triple
systems, shifted by the appropriate RVs for each observation,
and scaled according to the brightness ratios inferred above. We
then compared the resulting synthetic ternary spectrum to the
observations of the system. To construct the synthetic spectrum
of each component of the triple systems, we used the non-
LTE model atmosphere code CMFGEN (Hillier & Miller 1998).
This code solves the equations of radiative transfer and statisti-
cal equilibrium in the co-moving frame. The CMFGEN code is
designed to work for both plane-parallel and spherical geome-
tries and can be used to model Wolf–Rayet and O-type stars, as
well as luminous blue variables and supernovae. The CMFGEN
code further accounts for line blanketing and its impact on the
spectral energy distribution. The hydrodynamical structure of
the stellar atmosphere is directly specified as an input to the
code. A β law is used to describe the stellar wind velocity, and
a super-level approach is adopted for the resolution of the equa-
tions of statistical equilibrium. The following chemical elements
and their ions were included in the calculations: H, He, C, N,
O, Ne, Mg, Al, Si, S, Ca, Fe, and Ni. A photospheric structure
was computed from the solution of the equations of statistical
equilibrium, and was then connected to the same β wind veloc-
ity law. We assumed a microturbulent velocity in the atmosphere
varying linearly with wind velocity from 10 km s−1 at the photo-
sphere to 0.1 v∞ at the outer boundary. The generated synthetic
spectra were then combined and compared to the spectra of the
triple system to constrain iteratively the fundamental properties
of the three stars.

As a starting point, we assumed that the fundamental param-
eters of the stars and their winds have values close to those
typical for stars of the same spectral type. We thus took the
surface gravities, luminosities, and effective temperatures from
Martins et al. (2005), mass-loss rates and β of the wind velocity
law from Muijres et al. (2012), and wind terminal velocities from
Prinja et al. (1990). To obtain a first approximation of the line
broadening, we performed a multi-Gaussian fit of some lines on
the least blended observed spectra. For HD 17505A, we used the
He I λλ 4471, 4922, O III λ 5592, and C IV λ 5812 lines, whereas
in the case of HD 206267A, we used the He I λ 4471, He I + II
λ 4026, and O III λ 5592 lines.

Starting from these first approximations, we then constrained
the physical properties of each star by an iterative process
because each adjustment of a given parameter leads to some
modifications in the value of others, and each modification in
the spectrum of one of the three stars may require some modifi-
cations in the spectrum of one of the other two. For each star, the
following process was used to adjust the fit of the spectra.

The first step consists in adjusting the effective tempera-
ture. This parameter is mainly determined through the rela-
tive strengths of the He I λ 4471 and He II λ 4542 lines (e.g.

Herrero et al. 1992; Martins 2011). Next comes a first approx-
imation of the surface gravities through the width of the
Balmer lines, which were approximatively reconstructed with
a multi-Gaussian fit on a number of observations at different
phases. The next logical step would be to adjust the wind param-
eters. The diagnostics of the terminal velocities, β and the
mass-loss rates are the strength of Hα, the width of He II λ 4686
and Hα, and the strengths of Hγ and Hδ, respectively, while the
clumping filling factors and the clumping velocity factors are
based on the shape of the Hα and Hβ lines. The He II λ 4686 and
the Balmer lines of the inner binary could be polluted by some
emission from a wind-wind interaction zone within the inner
binary. The adjustment of the models onto the observed spectra
may thus lead to an underestimate of the terminal velocities, and
an overestimate of the β of the velocity law, the clumping filling
factors, the clumping velocity factors, and the mass-loss rates of
the primary and secondary stars. The values obtained with such
a fit should thus only be considered as lower and upper limits of
the real properties of the corresponding stellar winds.

Once the fundamental stellar parameters were established,
we investigated the CNO abundances through the strengths of
associated lines. We performed a normalized χ2 analysis to deter-
mine the best fit to selected diagnostic lines, following Martins
et al. (2015) and Raucq et al. (2016, 2017). The list of suitable
lines for CNO surface abundance determination was established
based on the results of Martins et al. (2015) and by restricting
ourselves to those lines that are present in the spectra of our stars,
given their spectral types.

For HD 17505Aa, we used the C III λλ 4068-70, 4156, 4163,
4187; N II λ 4379, and N III λλ 4511, 4515, 4525; and O III
λλ 5508, 5592 lines to constrain the C, N, and O abundances,
respectively. For HD 206267A, the same abundances were esti-
mated by means of the C III λλ 4068-70; N II λ 4379, N III
λλ 4511, 4515, 4525; and O III λλ 5508, 5592 lines for the pri-
mary star. For the secondary star, the C III λλ 4163, 4187 and
N III λλ 4530, 4535 lines were included in addition to the line
list for the primary.

In Figs. 3 and 4 we show parts of the observed spectra of
HD 17505A and HD 206267A, respectively, at different orbital
phases along with the corresponding recombined synthetic spec-
tra of the triple systems.

4.2. Spectral disentangling of the inner binaries

Once we obtained a good fit of the triple system for all the
observations, we subtracted the synthetic tertiary spectrum from
each observation to recover the spectra of the inner binary. After
removal of the third object, we then treated the spectra with our
disentangling code (Mahy et al. 2012; Rauw et al. 2016) based
on the method introduced by González & Levato (2006), in the
same way as for HD 149404 (Raucq et al. 2016) and LSS 3074
(Raucq et al. 2017). In the spectral disentangling procedure, the
individual spectra are reconstructed in an iterative way by aver-
aging the observed spectra shifted into the frame of reference of
one binary component after having subtracted the current best
approximation of the companion’s spectrum shifted to its cur-
rent estimated RV. Improved estimates of the RVs of the stars
can then be evaluated by cross-correlating the residual spectra,
obtained after subtracting the companion’s spectrum, with a syn-
thetic spectrum. The same steps are performed alternately for
the primary and secondary star. This method allows in principle
to reconstruct simultaneously the primary and secondary spec-
tra and determine their RVs. In the present case, the RVs of
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Fig. 3. He I λ 4471 (left panel), He II λ 4542 (middle panel), and O III
λ 5592 lines (right panel) of the recombined synthetic spectrum (red)
of the triple system HD 17505A for different observations (black). The
phases of the different observations, according to the ephemerides of
Table 4, are presented on the right side of the figure. The normalized
spectra are shifted upwards to improve the clarity of the plot.

the binary components were kept fixed to the values used for
deriving the orbital solutions.

As any spectral disentangling procedure, our method also
has its limitations (see also Pavlovski & Hensberge 2010; Mahy
et al. 2017). In the present case, the most severe problem arises
from the difficulties to reconstruct accurately the wings of the
lines notably due to the blending with the lines of the ter-
tiary component. This problem was at least partially solved via
the subtraction of the synthetic tertiary spectrum in Sect. 4.1.
Another issue stems from the fact that small residual normal-
ization uncertainties lead to low-frequency oscillations in the
reconstructed spectra. Therefore, we re-normalized the disen-
tangled spectra using the same continuum windows as for the
normalization of the original spectra. Moreover, any spectral fea-
ture that does not follow the orbital motion of either star (e.g.
emission from a wind interaction zone located between the stars)
is erroneously distributed between the primary and secondary
spectra. In the systems investigated here, we did not observe any
such emission. Finally, the intrinsic spectra of the stars could
be variable as a function of orbital phase (e.g. because of the
temperature distribution over the surface of a distorted star).
However, Palate et al. (2013) have shown that, as long as the
binary is not in a contact configuration, spectral disentangling
provides a very good description of the mean spectra averaged
over the individual stellar surfaces.

Fig. 4. Same as Fig. 3, but for HD 206267A. The phases of the different
observations are computed with the ephemerides of Table 5.

4.3. Spectral types

Once we obtained the individual reconstructed spectra of the
primary and secondary components of the close binary systems,
we determined their spectral types. To do so, we applied
Conti’s quantitative classification criteria for O-type stars
(Conti & Alschuler 1971; Conti & Frost 1977; van der Hucht
1996) and we used a comparison with the catalogue of
Walborn & Fitzpatrick (1990). For HD 17505Aa, we classified
the primary and secondary as O7V((f)) stars, in excellent
agreement with the spectral types given by Hillwig et al.
(2006) who proposed an O7.5 V((f)) classification for both stars.
Applying the same approach to HD 206267Aa, we found that
the primary and secondary are of spectral types O5.5 V((f))
and O9.5 V, respectively. Our determination of the spectral type
of the secondary exactly matches that proposed by Burkholder
et al. (1997), but we obtain a slightly earlier spectral type for
the primary component (O5.5 versus O6.5 in the study of these
authors).

4.4. Brightness ratio

Whilst the spectral disentangling yields the strength of the
lines in both primary and secondary spectra compared to the
combined continuum, it does not permit us to directly establish
the relative strengths of the individual continua. We thus used
a similar technique as above based on the dilution of the
spectral lines. We measured the equivalent widths of a number
of selected spectral lines on the reconstructed spectra of the
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Table 6. Determination of the brightness ratio of the close binary
system HD 17505Aa from the dilution of prominent lines.

Line EW (Å) l1/l2
Primary (Aa1) Secondary (Aa2)

He I + II λ 4026 0.11 0.15 0.73
He II λ 4200 0.09 0.10 0.94

Hγ 0.51 0.52 0.98
He I λ 4471 0.12 0.14 0.88
He II λ 4542 0.14 0.17 0.87

Mean value 0.88 ± 0.09

Table 7. Determination of the brightness ratio of the close binary system
HD 206267Aa from the dilution of prominent lines.

Line EW (Å) l1/l2
Observations Synth. spectra

Pri. (Aa1) Sec. (Aa2) O5.5 O9.5

He I + II λ 4026 0.27 0.09 0.74 1.02 4.22
He II λ 4200 0.32 0.02 0.76 0.16 4.18
Hγ 1.27 0.19 2.11 2.52 8.16
He I λ 4471 0.18 0.11 0.41 1.04 4.29
He II λ 4542 0.48 0.02 0.92 0.13 2.87

Mean value 4.75 ± 1.79

primary and secondary stars, but referring to the combined
continuum of the two stars.

The results of our measurements are listed in Tables 6 and 7.
From these numbers, we calculated the brightness ratio as

l1
l2

=

(
EW1

EW2

)
obs

(
EWS T2

EWS T1

)
mean

(3)

with the same notations as in the previous section. In the case
of HD 17505Aa, since the spectral types of the primary and sec-
ondary are identical, the second term of the equation reduces to
1, and the brightness ratio of the two stars can be simply evalu-
ated as the ratio of their respective equivalent widths, averaged
over the selected lines. In this way, we obtained for HD 17505Aa
a primary over secondary brightness ratio of 0.88 ± 0.09,
which is very close to what we inferred from our prelimi-
nary study of the contributions of the different components to
the observed spectra of the triple system, based on the multi-
Gaussian fit, i.e. l1/l2 = 0.85. Our estimate is slightly lower than
the brightness ratio of 1.00 proposed by Hillwig et al. (2006).
For HD 206267Aa, we found a mean primary over secondary
brightness ratio of 4.75 ± 1.79, coherent, within the error bars,
with what we inferred from our preliminary study based on the
multi-Gaussian fit, i.e. l1/l2 = 4.00.

The compilation of Reed (1998) yields a mean V magnitude
of 7.07 ± 0.02 and a B − V colour index of 0.40 for the entire
HD 17505 system. Maiz Apellaniz (2010) measured an angular
separation of 2.153 ± 0.016 arcsec and a magnitude difference
of 1.70 between the A and B components. For the HD 17505A
triple system, we thus obtained V = 7.27 ± 0.02. Because the
intrinsic (B − V)0 of O7 stars is −0.27 (Martins & Plez 2006), we
inferred an extinction AV of 2.07 ± 0.01, assuming RV = 3.1.
For a distance of ∼1.9 kpc (Hillwig et al. 2006), we derived
an absolute magnitude MV = −6.19 ± 0.11 for the triple sys-
tem, where we included a 10% error on the distance. Accounting
for a flux contribution of 37% by the tertiary component and

Table 8. Projected rotational velocities (v sin i in km s−1) of the primary
and secondary components of HD 17505Aa and HD 206267Aa.

HD 17505Aa HD 206267Aa
Line Prim. Sec. Prim. Sec.

He I λ 4922 49 55 166 99
He I λ 5016 53 57 195 96
O III λ 5592 62 62 171 -
Mean value 54.7 ± 5.4 58.0 ± 2.9 177.3 ± 12.7 97.5 ± 1.5

using our above-determined l1/l2 brightness ratio, we then cal-
culated individual absolute magnitudes of MP

V = −4.87 ± 0.13
and MS

V = −5.00 ± 0.12.
The mean V magnitude of HD 206267A as evaluated from

the measurements compiled by Reed (1998) is 5.67 ± 0.06,
and the mean (B − V) colour is 0.21 ± 0.01. The large disper-
sion of the V magnitudes could hint at photometric variability2.
HIPPARCOS photometric measurements indeed confirm the pres-
ence of variability. A Fourier analysis using the Heck et al.
(1985) method leads to the highest peak at ν = 0.3398 d−1 with
an amplitude of 0.013 mag. This corresponds to a period of
2.94 days, which is not compatible with the orbital period of
HD 206267Aa, but is close to our best estimate of the rotation
period of the secondary. We thus conclude that, whilst there
is probably low-level photometric variability, it is not due to
eclipses in the inner binary system. Adopting a mean (B − V)0
of −0.27 for the system (Martins & Plez 2006), we determined
an extinction AV of 1.49 ± 0.03, assuming RV = 3.1. With a dis-
tance modulus of 9.9 ± 0.5 (Burkholder et al. 1997), we inferred
an absolute magnitude MV = −5.73 ± 0.50 for the system.
Using the previously determined brightness ratio, we then calcu-
lated individual absolute magnitudes of MP

V = −5.21 ± 0.51 and
MS

V = −3.52 ± 0.61. Based on a correlation between the strength
of interstellar Ca II lines and distance, Megier et al. (2009) esti-
mated a slightly larger distance modulus of 10.11 ± 0.38. This
estimate leads to MP

V = −5.42 ± 0.39 and MS
V = −3.73 ± 0.51

The reconstructed normalized primary and secondary optical
spectra of both systems are shown and discussed in Sect. 5.2.

5. Spectral analysis

5.1. Rotational velocities and macroturbulence

The reconstructed individual spectra also allowed us to estimate
the values of the projected rotational velocities and macro-
turbulence of the primary and secondary stars. To assess the
projected rotational velocity, we applied a Fourier transform
method (Simón-Díaz & Herrero 2007; Gray 2008) to the profiles
of isolated lines in the disentangled spectra. Since our spectra
reveal very few suitable metallic lines (basically O III λ 5592 is
the only one, and this line is not available in the secondary of
HD 206267Aa), we also considered the He I λλ 4922, 5015 lines.
We note that these two lines are less affected by Stark broaden-
ing than other He I lines present in the optical spectrum of O-type
stars. The results are summarized in Table 8.

To estimate the importance of macroturbulent broadening,
we used the auxiliary program MACTURB of the stellar spec-
tral synthesis program SPECTRUM v2.76 developed by Gray

2 There are six magnitude determinations of this star in the compilation
of Reed (1998): three at V = 5.62, one at 5.70, one at 5.71 and another
one at 5.74.
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(2010) and based on the radial-tangential anisotropic macrotur-
bulent broadening formulation of Gray (2008). The MACTURB
program provided us the following values: 60 and 65 km s−1 for
the primary and secondary stars of HD 17505Aa, respectively,
as well as 80 and 120 km s−1 for the primary and secondary
stars of HD 206267Aa, respectively. However, since most of our
measurements are based on He I lines, these numbers should
only be considered as upper limits on the actual value of the
macroturbulence.

Both rotational and additional broadening effects were
applied on the synthetic CMFGEN spectra before comparing
the latter with the reconstructed spectra of the primary and
secondary stars of both systems.

5.2. Fit of the separated spectra with the CMFGEN code

In this section, we undertake a quantitative spectral analysis
of the reconstructed spectra by means of the CMFGEN model
atmosphere code (Hillier & Miller 1998). In addition to the for-
mal fitting errors, our parameters could be affected by possible
systematic errors. The systematic errors of model atmosphere
codes are difficult to estimate in an absolute way, but some
insight comes from comparison of different model atmosphere
codes applied to the same stars. Massey et al. (2013) compared
the best-fit parameters for a set of 10 Magellanic Cloud O-stars
obtained with the CMFGEN and FASTWIND (Santolaya-Rey
et al. 1997; Puls et al. 2005) model atmosphere codes. These
authors reported differences in Teff of about 1000 K that are
larger than the uncertainties in determining these parameters
with each code, but they found no systematic difference. On
the other hand, they found a systematic difference of 0.12 dex
between the log g values obtained with these codes. More
recently, Holgado et al. (2018) compared the results of their
FASTWIND analyses against the CMFGEN analyses available
in the literature. For about 30 Galactic O-type stars in com-
mon, they found that the CMFGEN parameters yield Teff that
are lower by ∼800 K and log g higher by about 0.09 dex. These
results contrast with the analysis of 14 Galactic O-type stars by
Berlanas et al. (2017). These authours found no systematic dif-
ference in Teff or log g between their CMFGEN and FASTWIND
analyses. In their study of rapidly rotating Galactic O-type stars,
Cazorla et al. (2017a) compared the parameters inferred with the
CMFGEN and DETAIL/SURFACE (Butler & Giddings 1985)
codes for three O9–O9.5 stars. Differences on Teff and log gwere
found to be less than 500 K and 0.1 dex, respectively. Moreover,
Cazorla et al. (2017a) found no significant difference between the
He and CNO abundances determined with both codes.

The results obtained may also depend on the wavelength
domain considered for the spectral analysis. For instance,
Berlanas et al. (2017) emphasized the importance of the Hγ line
to correctly infer the log g of O-type stars. Whilst this line is
included in our analysis, we stress that its wings could be subject
to uncertainties due to the spectral disentangling. To circum-
vent this problem, we have thus adopted a somewhat different
approach (see Sects. 5.2.1 and 5.2.2).

5.2.1. HD 17505Aa

Using the reconstructed primary and secondary spectra of
HD 17505Aa, the brightness ratio, rotational velocities, and
macroturbulence velocities, we improved our determination of
the fundamental properties of both stars with the CMFGEN
code. We followed the same procedure as described in Sect. 4.1
to constrain the different stellar parameters.

Table 9. Best-fit CMFGEN model parameters of the primary and
secondary stars of HD 17505Aa.

Prim. Sec.

R (R�) 9.7 ± 0.8 10.4 ± 0.9
M (M�) 19.4 ± 7.4 21.8 ± 8.3
Teff (kK) 37.0 ± 1.5 36.7 ± 1.5

log L
L�

5.20 ± 0.05 5.25 ± 0.05
log g (cgs) 3.75 ± 0.15 3.74 ± 0.15

BC −3.40 −3.38
β ≤1.07 ≤1.07

v∞ (km s−1) ≥2200 ≥2500
Ṁ (M� yr−1) ≤7.3 × 10−8 ≤1.65 × 10−7

f1 ≤0.1 ≤0.2
f2 (km s−1) ≤250 ≤180

Notes. The quoted errors correspond to 1σ uncertainties. The bolomet-
ric corrections are taken from Lanz & Hubeny (2003) based on our
best-fit Teff and log g. The wind parameters, in the lower half of the
table, are subject to very large uncertainties and should thus be taken
with caution. The values f1 and f2 represent the clumping filling factor
and the clumping velocity factor.

Unfortunately, the Balmer lines are too broad to be correctly
recovered by the disentangling process, and their wings are thus
not reliable to adjust the surface gravities. We instead used an
iterative process to constrain the luminosities together with these
gravities. From the first estimate of log g given by the fit of
the triple system, performed in Sect. 4.1, and our determina-
tion of the effective temperatures, we inferred the bolometric
corrections (Lanz & Hubeny 2003) and hence the individual
bolometric luminosities, using the absolute V magnitudes of the
components derived in Sect. 4.4. These bolometric luminosi-
ties and the effective temperatures then permitted us to compute
the ratio of the stellar radii RP

RS
. Together with the assumed sur-

face gravities, this ratio yielded the spectroscopic mass ratio MP
MS

,
which we compared to the dynamical mass ratio inferred from
the orbital solution (Sect. 3). The difference between these mass
ratios then resulted in a revised estimate of the surface gravities.
This iterative process was repeated until the spectroscopic and
dynamical mass ratios agreed with each other, and the CMFGEN
synthetic spectra produced for the new surface gravities matched
the observations as well as possible.

Figure 5 shows the best fit of the optical spectra of the
primary and secondary stars of HD 17505Aa obtained with
CMFGEN, and Table 9 lists the corresponding stellar parame-
ters. Table 10 compares the chemical abundances of these best-fit
models with the solar abundances taken from Asplund et al.
(2009).

Figure 5 shows that the H, He, C, and N lines are well repro-
duced by the models for both stars. The case of oxygen is more
problematic. Indeed, while the O III λλ 5508, 5592 lines are well
adjusted, several other lines (e.g. O III λλ 4448, 4454, 4458) are
present in the synthetic CMFGEN spectra of both stars, but are
neither visible in the separated spectra, nor in the observed spec-
tra before the disentangling procedure. We encountered similar
problems with the same lines in the case of HD 149404 (see
Raucq et al. 2016).

Combining the spectroscopic masses obtained with
CMFGEN (Table 9) with the minimum masses obtained from
the orbital solution (Table 4), we compute an inclination of the
orbit of i ∼ 57◦. With this inclination, we can see from our
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Fig. 5. Part of the normalized disentangled spectra of the primary (P, shifted upwards by 0.5 continuum units) and secondary (S) stars of
HD 17505Aa along with the best-fit CMFGEN model spectra (red).

determination of the stellar radii with CMFGEN compared to
the radii of the Roche lobes obtained in the orbital solution
(Table 4) that both stars are well inside their Roche lobes: they
have Roche lobe filling factors of 0.42 ± 0.07 and 0.45 ± 0.07,
respectively.

There is a slight enhancement of the N/O and N/C surface
abundance ratios of both stars. These modest abundance modi-
fications are fully compatible with predictions from single star
evolutionary models accounting for rotational mixing, and there
is no need to assume a past mass-exchange episode in the system
(see also Sect. 6.1).

From the inclination we estimated, we can derive the abso-
lute rotational velocities of 65.2 and 69.2 km s−1 for the pri-
mary and secondary stars, respectively. Combining these rota-
tional velocities with the stellar radii obtained with CMFGEN
(Table 9), we find that the primary and secondary stars of
HD 17505Aa are in nearly perfect synchronous rotation with
each other: PP = 7.53, PS = 7.61 days. These estimated rotation
periods are shorter than the orbital period of Porb = 8.569 days.

This could indicate that the system is not fully synchronized
yet, although we stress that this could also stem from the
uncertainties on the projected rotation velocities or hint at a
possible misalignment between the orbital and rotational axes.
If we calculate the critical rotational velocities of the stars,
vcrit =

(
2GM
3RP

)1/2
, based on our results from the CMFGEN fit, we

find that the current rotational velocities of the primary and sec-
ondary stars correspond each to 0.13 × vcrit, which is close to
the median value of birth rotational velocities for stars of similar
masses, according to the study of Wolff et al. (2006).

5.2.2. HD 206267Aa

We applied the same method to HD 206267Aa. Here, we encoun-
tered a problem because the spectroscopic masses depend on
the stellar radii which in turn are set by the stellar luminosities
and thus the distance of the binary. Indeed, adopting a dis-
tance modulus of 9.9, we obtained best-fit spectroscopic masses
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Table 10. Chemical surface abundances of the primary and secondary
stars of HD 17505Aa.

Primary Secondary Sun

He/H 0.1 (fixed) 0.1 (fixed) 0.089

C/H 1.91+0.37
−0.40 × 10−4 1.97+0.39

−0.42 × 10−4 2.69 × 10−4

N/H 1.37+0.25
−0.21 × 10−4 9.70+1.1

−0.84 × 10−5 6.76 × 10−5

O/H 3.87+1.2
−0.92 × 10−4 4.73+2.2

−1.5 × 10−4 4.90 × 10−4

Notes. Abundances are given by number as obtained with CMFGEN.
The solar abundances (Asplund et al. 2009) are quoted in the last
column. The 1σ uncertainty corresponds to abundances that yield a nor-
malized χ2 of 2.0 (Martins et al. 2015). The values of the He abundances
have been fixed in the models.

Table 11. Best-fit CMFGEN model parameters of the primary and
secondary stars of HD 206267Aa assuming DM = 10.11.

Prim. Sec.

R (R�) 11.7 ± 2.3 5.9 ± 1.5
M (M�) 27.8 ± 10.8 17.7 ± 8.9
Teff (kK) 41.0 ± 1.5 35.5 ± 1.5

log L
L�

5.54 ± 0.16 4.70 ± 0.21
log g (cgs) 3.75 ± 0.15 4.14 ± 0.15

BC −3.68 −3.28
β ≤0.85 ≤0.50

v∞ (km s−1) ≥2300 ≥3500
Ṁ (M� yr−1) ≤4.0 × 10−8 ≤5.02 × 10−7

f1 ≤0.2 ≤0.3
f2 (km s−1) ≤100 ≤300

Notes. The notations are the same as in Table 9.

Table 12. Chemical surface abundances of the primary and secondary
stars of HD 206267Aa.

Primary Secondary Sun

He/H 0.1 (fixed) 0.1 (fixed) 0.089

C/H 1.21+0.06
−0.06 × 10−4 1.53+0.17

−0.18 × 10−4 2.69 × 10−4

N/H 4.15+0.32
−0.30 × 10−4 2.32+0.75

−0.82 × 10−4 6.76 × 10−5

O/H 4.52+0.80
−0.57 × 10−4 2.00+0.64

−0.49 × 10−4 4.90 × 10−4

Notes. The notations are the same as in Table 9.

that were lower than the minimum dynamical masses inferred
from the orbital solution. We thus favour the solution corre-
sponding to DM = 10.11, which leads to a better agreement
between the spectroscopic masses and the minimum dynamical
masses. Figure 6 indicates the best fit of the optical spectra of
the primary and secondary stars of HD 206267Aa obtained with
CMFGEN. The H, He, C, N, and O lines are well reproduced by
the models for both stars. The corresponding stellar parameters
and abundances are listed in Tables 11 and 12, respectively.

Comparing the spectroscopic and minimum dynamical
masses (Tables 5 and 11), we then estimated an orbital inclina-
tion of i ∼ 76◦. From the stellar radii determined with CMFGEN
and the radii of the Roche lobes obtained in the orbital solution,

we estimate mean Roche lobe filling factors of 0.77 ± 0.21 and
0.49 ± 0.16, respectively, for the primary and secondary stars
of HD 206267Aa. At periastron, these Roche lobe filling fac-
tors become 0.89 ± 0.22 and 0.56 ± 0.17 for the primary and
secondary stars, respectively. Whilst the secondary star is well
inside its Roche lobe, the primary star, within the rather large
error bars, might either be well inside its periastron Roche lobe
or fill it up.

The chemical abundances indicate an enhancement of the
N/O and N/C abundance ratios at the surface of both components
of the binary. We come back to these abundances in Sect. 6.1.

From the inclination determined above, we derived absolute
rotational velocities of 182.7 and 100.5 km s−1 for the primary
and secondary stars, respectively. By combining these rota-
tional velocities with the stellar radii obtained with CMFGEN
(Table 11), we estimated that the rotational periods of the
primary and secondary stars of HD 206267Aa are 3.24 and
2.97 days. Whilst the rotation of the primary is likely in a pseudo-
synchronization state with the orbital motion (Hut 1981), the
secondary star appears to rotate at a slightly higher rate. The
primary and secondary stars rotate at 0.33 × vcrit and 0.16 ×
vcrit respectively, which is close to the median value of birth
rotational velocities for stars of similar masses (Wolff et al.
2006).

6. Discussion and conclusions

6.1. Evolutionary status

In this section we compare the results of our study with sin-
gle star evolutionary models from Ekström et al. (2012) and
Brott et al. (2011)3. We stress that the purpose of this compar-
ison is mainly qualitative. Indeed, the evolution of the rotational
angular momentum in these single star theoretical models is
most probably not representative of the stars in our study. In the
close binaries studied here, tidal coupling between the angular
momentum of the orbital motion and that of the stellar spins
affects the evolution of rotation rates. Therefore, it would be
a mere coincidence if one of our stars were entirely described
by these models. Nevertheless, this comparison can bring us
some interesting pieces of information about the properties of
our targets.

6.1.1. HD 17505Aa

In Sect. 5.2.1 we found that the spectra of the components of
HD 17505Aa display the signatures of a slight modification of
the CNO surface abundances. Figure 7 compares our inferred
N/C and N/O ratios with the predictions for evolutionary tracks
of single massive stars from Ekström et al. (2012) without rota-
tion and with an initial rotational velocity of 0.4× vcrit, as well as
with models from Brott et al. (2011). As demonstrated by Cazorla
et al. (2017b), these abundance ratios allow a more robust com-
parison with theoretical models than absolute abundances with
respect to hydrogen.

This figure shows that the current surface abundances of
both stars are difficult to explain with models without rotation.
Indeed, for such models, no modification of the CNO abun-
dances is predicted on the main sequence for stars of initial mass
below 60 M�. The spectroscopic masses of the components of
HD 17505Aa are significantly lower than this number. On the

3 Whilst the models of Ekström et al. (2012) assume Z� = 0.014, those
of Brott et al. (2011) instead assume Z� = 0.008.
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Fig. 6. Part of the normalized disentangled spectra of the primary (P, shifted upwards by 0.5 continuum units) and secondary (S) stars of
HD 206267Aa, along with the best-fit CMFGEN model spectra (red).

other hand, the abundances of both stars can be perfectly well
explained with single star models of the right initial mass when
rotation is accounted for. We used the BONNSAI tool (Schneider
et al. 2014) to identify the single star rotating evolutionary tracks
of Brott et al. (2011) that best match Teff , log g, and v sin i of
the stars investigated in this work. The results are provided in
Table 13. As becomes clear from this table, these models fail
however to predict the currently observed abundance ratios.

In Fig. 8 we present the positions of the components of
HD 17505Aa in the Hertzsprung–Russell diagram (HRD) and
the log g – log Teff Kiel diagram, along with the evolutionary
tracks from Ekström et al. (2012) with an initial rotational veloc-
ity of 0.4 × vcrit and those of Brott et al. (2011) with initial
rotational velocities that are nearest to those found in Table 13.

The positions of the primary and secondary stars in the HRD
suggest initial evolutionary masses near to 30 M�, which is larger

Table 13. BONNSAI results using Teff , log g and v sin i as input
parameters and evolutionary tracks from Brott et al. (2011).

HD 17505Aa HD 206267Aa
Prim. Sec. Prim. Sec.

Minit (M�) 29.0+1.8
−1.5 30.2+1.8

1.6 42.0+7.8
−5.6 21.0+2.3

−2.0

Age (Myr) 3.2+0.6
−0.6 3.3+0.5

−0.5 2.0+0.5
−0.5 1.3+1.1

−1.1

vrot,init (km s−1) 70+58
−23 80+56

−28 200+114
−55 110+74

−19

log (N/O) −0.91+0.04
−0.04 −0.90+0.05

−0.05 −0.60+0.32
−0.32 −0.91+0.02

−0.02

log (N/C) −0.50+0.04
−0.04 −0.48+0.05

−0.05 −0.1+0.34
−0.34 −0.49+0.02

−0.02
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Fig. 7. N/C and N/O ratios obtained from our spectral analysis. Squares and circles stand for the components of HD 17505Aa and HD 206267Aa,
respectively. The filled (resp. empty) symbols correspond to the primary (resp. secondary) star. The coloured tracks show the predictions from
solar metallicity single star evolutionary models of different initial masses. The left panel illustrates the comparison with models of Ekström et al.
(2012) without rotation, whereas the tracks in the middle panel correspond to the models of the same authors but assuming an initial rotational
velocity of 0.4 × vcrit. The right panel shows the comparison with the models of Brott et al. (2011) accounting for rotation. In the right panel, initial
rotational velocities are 111, 110, 109, and 213 km s−1 for the 20, 25, 30, and 50 M� models, respectively.

than, but relatively close to, their current spectroscopic masses
of 19–22 M�. The stars may be located on a common isochrone
between 3.0 and 5.0 Myr.

Our results in Sect. 5.2.1 and the Figs. 7 and 8 show that
the current properties of the primary and secondary stars of
HD7505Aa can most probably be explained by single star evo-
lutionary models accounting for rotation. These considerations
suggest that HD 17505Aa has not yet experienced a Roche lobe
overflow (RLOF) binary interaction during its evolution.

6.1.2. HD 206267Aa

In Sect. 5.2.2, we reported a modification of the CNO sur-
face abundances of the primary and secondary components of
HD 206267Aa. Comparison with single star models in Fig. 7
reveals that the abundances we determined are once again dif-
ficult to explain without rotational mixing, but are close to the
predictions of rotating single star evolutionary models for initial
masses close to 30 and 20–25 M� for the primary and secondary
stars, respectively, which is reasonably close to the spectroscopic
masses we have inferred (Table 11).

Their positions in the HRD and Kiel diagram (see Fig. 8)
suggest an initial mass slightly above 20 M� for the secondary,
which is well within the errors of its current spectroscopic mass
of 17.7 ± 8.9 M�. The position of the primary star in the HRD
and in the Kiel diagram suggests an initial mass between 40 and
50 M�, which is significantly higher than the spectroscopic mass
of this star.

Considering the slightly higher rotation rate of the secondary
star of HD 206267Aa inferred in Sect. 5.2.2 and the fact that
the primary is close to filling its Roche lobe around periastron
passage as well as our analysis of Fig. 8, the system may have
encountered some kind of binary interactions during its evolu-
tion. However, the CNO abundances are only mildly altered; this
suggests that the system did not yet experience a full case-A
RLOF process, which should have affected the surface abun-
dances of the donor star in a much stronger way (see e.g. the
cases of HD 149404 and LSS 3074, Raucq et al. 2016, 2017)
and should also have led to orbital circularization, which is cur-
rently not the case. One way to explain the current status of

HD 206267Aa would be an intermittent RLOF process around
periastron, where mass transfer occurs temporarily, and is then
interrupted until the next periastron passage. Tidal interactions
in eccentric binaries actually lead to a more complex picture
than what we can estimate based on the conventional Roche
lobe model applied to a system with changing orbital separa-
tion (Moreno et al. 2011). Indeed, the tidal interactions around
periastron can force oscillations that could help set up an inter-
mittent transfer of matter. At this stage, we stress however that
our existing spectra of HD 206267 do not reveal any obvious
observational signature of such an interaction, such as Hα emis-
sion, which would appear at phases near to periastron. Therefore,
if such intermittent RLOF has taken place, it might have ceased
now, although a more dense spectroscopic monitoring of the
phases around periastron is probably required to unveil a very
short-lived periastron event.

One possible reason for the interruption of such a process
could be the dynamical influence of the third component in a
hierarchical triple system. Indeed, the presence of a third com-
ponent in the system can lead to the appearance of Lidov–Kozai
cycles (Toonen et al. 2016, and references therein). In such cases,
angular momentum exchange between the inner and outer orbits
occurs owing to a mutual torque between these orbits. Since
the orbital energy, and therefore the semi-major axes, are con-
served, the orbital eccentricity of the inner binary system and
the mutual inclination between the two orbits can vary peri-
odically. This Lidov–Kozai mechanism could therefore lead to
a periodic modulation of the binary interaction at periastron
passage.

Given the angular separation of 0.1 arcsec at an assumed dis-
tance of 1050 pc, we find a separation of at least 105 AU between
the inner binary system and the third component. The orbital
period of the third component would thus be at least 135 yr. Since
the timescale of the Lidov–Kozai cycle scales with the square of
the ratio of the outer to inner orbital periods (Toonen et al. 2016),
we estimate a minimum timescale of the order 1.75 Myr. The fact
that this timescale is very long and the wide separation between
the inner binary and the third component make a strong influ-
ence of the tertiary on the evolution of the close binary rather
unlikely.
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Fig. 8. Position of the stars in the Hertzsprung–Russell diagram (upper panels) and in the Kiel log g–log Teff diagram (lower panels). Squares and
circles stand for the components of HD 17505Aa and HD 206267Aa, respectively. The filled (resp. empty) symbols correspond to the primary (resp.
secondary) star. In the left panels, evolutionary tracks for single massive stars at solar metallicity and initially rotating at 0.4 × vcrit from Ekström
et al. (2012) are overplotted. The dashed red lines correspond to isochrones of 1.0, 3.2, and 5.0 Myr. The right panels illustrate comparison with
evolutionary tracks from Brott et al. (2011). The solid lines yield tracks with initial rotational velocities near to 100 km s−1 (112, 111, 110, 109, and
109 km s−1 for the 15, 20, 25, 30, and 35 M� models) whilst the dashed tracks correspond to initial rotational velocities near to 200 km s−1 (216,
214, and 213 km s−1 for the 35, 40, and 50 M� models).

6.2. Summary and conclusions

We have studied the fundamental properties of the inner binary
systems of the triple systems HD 17505A and HD 206267A. We
first improved the orbital solutions of the inner binary systems.
We then fitted the spectra of the triple systems with a combi-
nation of synthetic CMFGEN spectra of the three components
shifted by their associated RVs for each observation to subtract
the third component from the observed spectra and recover the
spectra of the inner binary. We subsequently used our disentan-
gling code to recover the individual spectra of the primary and
secondary stars for both systems. From these reconstructed spec-
tra, we determined a number of stellar parameters, partly with the
CMFGEN model atmosphere code, and used them to constrain
the evolutionary status of the systems.

We found that the CNO abundances and the properties of
the primary and secondary spectra of HD 17505Aa can be
explained by single star evolutionary models of initial mass of

about 30 M� accounting for rotational mixing. At this stage of
its evolution, this system has thus not yet experienced binary
interactions.

Whilst the CNO abundances of the components of
HD 206267Aa can be similarly explained by single star evo-
lutionary models accounting for rotational mixing, we found
that the secondary star of this system displays a slightly higher
rotation rate. Furthermore, the primary appears slightly overlu-
minous for its mass. This suggests that the system could have
experienced intermittent binary interactions around periastron in
the past, but has not yet experienced a complete RLOF episode.
In future studies, it would be highly interesting to collect pho-
tometric data of HD 206267A. Indeed, with a period near to
3.7 days and an estimated inclination of 76◦, it appears likely that
the inner binary system displays ellipsoidal variations that might
help to further constrain its parameters. Moreover, establishing
whether or not the third component seen in the spectrum is grav-
itationally bound to the inner binary and deriving its orbital

A60, page 15 of 16

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201732376&pdf_id=0


A&A 614, A60 (2018)

parameters would be important to check whether or not Lidov–
Kozai cycles played a role in shaping the properties of the system
as we observe it today.

Acknowledgements. We acknowledge financial support through an ARC grant
for Concerted Research Actions, financed by the Federation Wallonia-Brussels,
from the Fonds de la Recherche Scientifique (FRS/FNRS) through an FRS/FNRS
Research Project (T.0100.15), and through an XMM PRODEX contract (Bel-
spo). We are grateful to Pr. D.J. Hillier for making the CMFGEN model
atmosphere code available. Computational resources have been provided by the
Consortium des Equipements de Calcul Intensif (CÉCI), funded by the
FRS/FNRS under Grant No. 2.5020.11. We thank the anonymous referee for a
careful and constructive report.

References
Aldoretta, E. J., Caballero-Nieves, S. M., Gies, D. R., et al. 2015, AJ, 149, 26
Asplund, M., Grevesse, N., Sauval, A. J., & Scott, P. 2009, ARA&A, 47, 481
Berlanas, S. R., Herrero, A., Martins, F., et al. 2017, in Highlights on Spanish

Astrophysics, IX, 453
Brott, I., de Mink, S. E., Cantiello, M., et al. 2011, A&A, 530, A115
Burkholder, V., Massey, P., & Morrell, N. 1997, ApJ, 490, 328
Butler, K., & Giddings, J. R. 1985, Newsletter of Analysis of Astronomical

Spectra (Univ. London), 9
Cazorla, C., Morel, T., Nazé, Y., et al. 2017a, A&A, 603, A56
Cazorla, C., Nazé, Y., Morel, T., et al. 2017b, A&A, 604, A123
Conti, P. S., & Alschuler, W. R. 1971, ApJ, 170, 325
Conti, P. S., & Frost, S. A. 1977, ApJ, 212, 728
Duchêne, G., & Kraus, A. 2013, ARA&A, 51, 269
Eggleton, P. P. 1983, ApJ, 268, 368
Ekström, S., Georgy, C., Eggenberger, P., et al. 2012, A&A, 537, A146
Garmany, C. D., & Stencel, R. E. 1992, A&AS, 94, 211
González, J. F., & Levato, H. 2006, A&A, 448, 283
Gosset, E., Royer, P., Rauw, G., Manfroid, J., & Vreux, J.-M. 2001, MNRAS,

327, 435
Gray, D. F. 2008, The Observation and Analysis of Stellar Photospheres, 3rd edn.

(Cambridge: Cambridge University Press)
Gray, R. O. 2010, http://www.appstate.edu/~grayro/spectrum/
spectrum276/node38.html

Harvin, J. A., Gies, D. R., & Penny, L. R. 2003, in BAAS, 35, 1223
Heck, A., Manfroid, J., & Mersch, G. 1985, A&AS, 59, 63
Herrero, A., Kudritzki, R. P., Vilchez, J. M., et al. 1992, A&A, 261, 209
Hillier, D. J., & Miller, D. L. 1998, ApJ, 496, 407
Hillwig, T. C., Gies, D. R., Bagnuolo, Jr. W. G., et al. 2006, ApJ, 639, 1069
Holgado, G., Simón-Díaz, S., Barbá, R. H., et al. 2018, A&A, 613, A65
Hut, P. 1981, A&A, 99, 126
Langer, N., & Petrovic, J. 2007, ASP Conf. Ser., 367, 359
Langer, N., Cantiello, M., Yoon, S.-C., et al. 2008, IAU Symp., 250, 167
Lanz, T., & Hubeny, I. 2003, ApJS, 146, 417
Linder, N., Rauw, G., Martins, F., et al. 2008, A&A, 489, 713
Mahy, L., Martins, F., Machado, C., Donati, J.-F., & Bouret, J.-C. 2011, A&A,

533, A9

Mahy, L., Gosset, E., Sana, H., et al. 2012, A&A, 540, A97
Mahy, L., Damerdji, Y., Gosset, E., et al. 2017, A&A, 607, A96
Maiz Apellaniz, J. 2010, A&A, 518, A1
Martins, F. 2011, Bull. Soc. Roy. Sci. Liège, 80, 29
Martins, F., & Plez, B. 2006, A&A, 457, 637
Martins, F., Schaerer, D., & Hillier, D. J. 2005, A&A, 436, 1049
Martins, F., Hervé, A., Bouret, J.-C., et al. 2015, A&A, 575, A34
Mason, B. D., Gies, D. R., Hartkopf, W. I., et al. 1998, AJ, 115, 821
Mason, B. D., Hartkopf, W. I., & Hurowitz, H. M. 2013, AJ, 146, 56
Massey, P., Johnson, K. E., & Degioia-Eastwood, K. 1995, ApJ, 454, 151
Massey, P., Neugent, K.F., Hillier, D.J., & Puls, J. 2013, ApJ, 768, 44
Megier, A., Strobel, A., Galazutdinov, G. A., & Krelowski, J. 2009, A&A, 507,

833
Moreno, E., Koenigsberger, G., & Harrington, D. M. 2011, A&A, 528, A48
Muijres, L. E., Vink, J. S., de Koter, A., Müller, P. E., & Langer, N. 2012, A&A,

537, A37
Ninkov, Z., Walker, G. A. H., & Yang, S. 1987, ApJ, 321, 425
Palate, M., Rauw, G., Koenigsberger, G., & Moreno, E. 2013, A&A, 552,

A39
Pavlovski, K., & Hensberge, H. 2010, in Binaries - Key to the Comprehension

of the Universe, eds. A. Prša, & M. Zejda (San Francisco: ASP), ASP Conf.
Proc., 435, 207

Piskunov, N. E., & Valenti, J. A. 2002, A&A, 385, 1095
Plaskett, J. 1923, Publ. Dom. Astrophys. Obs. Vic., 2, 269
Prinja, R. K., Barlow, M. J., & Howarth, I. D. 1990, ApJ, 361, 607
Puls, J., Urbaneja, M. A., Venero, R., et al. 2005, A&A, 435, 669
Raucq, F., Rauw, G., Gosset, E., et al. 2016, A&A, 588, A10
Raucq, F., Gosset, E., Rauw, G., et al. 2017, A&A, 601, A133
Rauw, G., Rosu, S., Noels, A., et al. 2016, A&A, 594, A33
Reed, B. C. 1998, ApJS, 115, 271
Sana, H., Gosset, E., & Evans, C. J. 2009, MNRAS, 400, 1479
Santolaya-Rey, A.E., Puls, J., & Herrero, A. 1997, A&A, 323, 488
Schmitt, J. H. M. M., Schröder, K.-P., Rauw, G., et al. 2014, Astron. Nachr., 335,

787
Schmitt, J. H. M. M., Schröder, K.-P., Rauw, G., et al. 2016, A&A, 586,

A104
Schneider, F. R. N., Langer, N., de Koter, A., et al. 2014, A&A, 570, A66
Simón-Díaz, S., & Herrero, A. 2007, A&A, 468, 1063
Simón-Díaz, S., Castro, N., Garcia, M., Herrero, A., & Markova, N. 2011a, Bull.

Soc. Roy. Sci. Liège, 80, 514
Simón-Díaz, S., Garcia, M., Herrero, A., Maíz Apellániz, J., & Negueruela, I.

2011b, in Stellar Clusters Associations: A RIA Workshop on Gaia, 255
Simón-Díaz, S., Negueruela, I., Maíz Apellániz, J., et al. 2015, in Highlights of

Spanish Astrophysics VIII, 576
Stickland, D. J. 1995, The Observatory, 115, 180
Stickland, D. J., & Lloyd, C. 2001, The Observatory, 121, 1
Toonen, S., Hamers, A., & Portegies Zwart, S. 2016, Comput. Astrophys.

Cosmol., 3, 6
Underhill, A. B. 1995, ApJS, 100, 433
Vanbeveren, D., & Mennekens, N. 2017, ASP Conf. Ser., 580, 121
van der Hucht, K. A. 1996, in Wolf-Rayet stars in the framework of stellar evo-

lution, eds. J.-M. Vreux, A. Detal, D. Fraipont-Caro, E. Gosset, & G. Rauw,
Liège International Astrophysical Colloquium, 33, 1

Walborn, N. R., & Fitzpatrick, E. L. 1990, PASP, 102, 379
Wolff, S. C., Strom, S. E., Dror, D., Lanz, L., & Venn, K. 2006, AJ, 132, 749

A60, page 16 of 16

http://linker.aanda.org/10.1051/0004-6361/201732376/1
http://linker.aanda.org/10.1051/0004-6361/201732376/2
http://linker.aanda.org/10.1051/0004-6361/201732376/3
http://linker.aanda.org/10.1051/0004-6361/201732376/3
http://linker.aanda.org/10.1051/0004-6361/201732376/4
http://linker.aanda.org/10.1051/0004-6361/201732376/5
http://linker.aanda.org/10.1051/0004-6361/201732376/6
http://linker.aanda.org/10.1051/0004-6361/201732376/6
http://linker.aanda.org/10.1051/0004-6361/201732376/7
http://linker.aanda.org/10.1051/0004-6361/201732376/8
http://linker.aanda.org/10.1051/0004-6361/201732376/9
http://linker.aanda.org/10.1051/0004-6361/201732376/10
http://linker.aanda.org/10.1051/0004-6361/201732376/11
http://linker.aanda.org/10.1051/0004-6361/201732376/12
http://linker.aanda.org/10.1051/0004-6361/201732376/13
http://linker.aanda.org/10.1051/0004-6361/201732376/14
http://linker.aanda.org/10.1051/0004-6361/201732376/15
http://linker.aanda.org/10.1051/0004-6361/201732376/16
http://linker.aanda.org/10.1051/0004-6361/201732376/16
http://linker.aanda.org/10.1051/0004-6361/201732376/17
http://www.appstate.edu/~grayro/spectrum/spectrum276/node38.html
http://www.appstate.edu/~grayro/spectrum/spectrum276/node38.html
http://linker.aanda.org/10.1051/0004-6361/201732376/19
http://linker.aanda.org/10.1051/0004-6361/201732376/20
http://linker.aanda.org/10.1051/0004-6361/201732376/21
http://linker.aanda.org/10.1051/0004-6361/201732376/22
http://linker.aanda.org/10.1051/0004-6361/201732376/23
http://linker.aanda.org/10.1051/0004-6361/201732376/24
http://linker.aanda.org/10.1051/0004-6361/201732376/25
http://linker.aanda.org/10.1051/0004-6361/201732376/26
http://linker.aanda.org/10.1051/0004-6361/201732376/27
http://linker.aanda.org/10.1051/0004-6361/201732376/28
http://linker.aanda.org/10.1051/0004-6361/201732376/29
http://linker.aanda.org/10.1051/0004-6361/201732376/30
http://linker.aanda.org/10.1051/0004-6361/201732376/30
http://linker.aanda.org/10.1051/0004-6361/201732376/31
http://linker.aanda.org/10.1051/0004-6361/201732376/32
http://linker.aanda.org/10.1051/0004-6361/201732376/33
http://linker.aanda.org/10.1051/0004-6361/201732376/34
http://linker.aanda.org/10.1051/0004-6361/201732376/35
http://linker.aanda.org/10.1051/0004-6361/201732376/36
http://linker.aanda.org/10.1051/0004-6361/201732376/37
http://linker.aanda.org/10.1051/0004-6361/201732376/38
http://linker.aanda.org/10.1051/0004-6361/201732376/39
http://linker.aanda.org/10.1051/0004-6361/201732376/40
http://linker.aanda.org/10.1051/0004-6361/201732376/41
http://linker.aanda.org/10.1051/0004-6361/201732376/42
http://linker.aanda.org/10.1051/0004-6361/201732376/42
http://linker.aanda.org/10.1051/0004-6361/201732376/43
http://linker.aanda.org/10.1051/0004-6361/201732376/44
http://linker.aanda.org/10.1051/0004-6361/201732376/44
http://linker.aanda.org/10.1051/0004-6361/201732376/45
http://linker.aanda.org/10.1051/0004-6361/201732376/46
http://linker.aanda.org/10.1051/0004-6361/201732376/46
http://linker.aanda.org/10.1051/0004-6361/201732376/47
http://linker.aanda.org/10.1051/0004-6361/201732376/47
http://linker.aanda.org/10.1051/0004-6361/201732376/48
http://linker.aanda.org/10.1051/0004-6361/201732376/49
http://linker.aanda.org/10.1051/0004-6361/201732376/50
http://linker.aanda.org/10.1051/0004-6361/201732376/51
http://linker.aanda.org/10.1051/0004-6361/201732376/52
http://linker.aanda.org/10.1051/0004-6361/201732376/53
http://linker.aanda.org/10.1051/0004-6361/201732376/54
http://linker.aanda.org/10.1051/0004-6361/201732376/55
http://linker.aanda.org/10.1051/0004-6361/201732376/56
http://linker.aanda.org/10.1051/0004-6361/201732376/57
http://linker.aanda.org/10.1051/0004-6361/201732376/58
http://linker.aanda.org/10.1051/0004-6361/201732376/58
http://linker.aanda.org/10.1051/0004-6361/201732376/59
http://linker.aanda.org/10.1051/0004-6361/201732376/59
http://linker.aanda.org/10.1051/0004-6361/201732376/60
http://linker.aanda.org/10.1051/0004-6361/201732376/61
http://linker.aanda.org/10.1051/0004-6361/201732376/62
http://linker.aanda.org/10.1051/0004-6361/201732376/62
http://linker.aanda.org/10.1051/0004-6361/201732376/63
http://linker.aanda.org/10.1051/0004-6361/201732376/64
http://linker.aanda.org/10.1051/0004-6361/201732376/64
http://linker.aanda.org/10.1051/0004-6361/201732376/65
http://linker.aanda.org/10.1051/0004-6361/201732376/66
http://linker.aanda.org/10.1051/0004-6361/201732376/67
http://linker.aanda.org/10.1051/0004-6361/201732376/67
http://linker.aanda.org/10.1051/0004-6361/201732376/68
http://linker.aanda.org/10.1051/0004-6361/201732376/69
http://linker.aanda.org/10.1051/0004-6361/201732376/70
http://linker.aanda.org/10.1051/0004-6361/201732376/71
http://linker.aanda.org/10.1051/0004-6361/201732376/72

	Fundamental parameters of massive stars in multiple systems: The cases of HD 17505A and HD 206267A
	1 Introduction
	2 Observations and data reduction 
	3 New orbital solutions
	3.1 HD 17505Aa
	3.2 HD 206267Aa

	4 Preparatory analysis 
	4.1 Adjustment of the ternary spectrum
	4.2 Spectral disentangling of the inner binaries 
	4.3 Spectral types
	4.4 Brightness ratio

	5 Spectral analysis 
	5.1 Rotational velocities and macroturbulence
	5.2 Fit of the separated spectra with the CMFGEN code
	5.2.1 HD 17505Aa
	5.2.2 HD 206267Aa


	6 Discussion and conclusions 
	6.1 Evolutionary status
	6.1.1 HD 17505Aa
	6.1.2 HD 206267Aa

	6.2 Summary and conclusions

	Acknowledgements
	References


