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Abstract. New spectrophotometric observations of the Wolf-Rayet
system HD 50896 are presented and interpreted in terms of its binary
nature. The lines of Ν V, Ν IV and C IV show moderate variations, which can
be explained using a binary model with a compact companion. He II λ4686
appears to arise from a larger region compared to other lines. The distortion
caused by the wind can partly explain its flux variations. The emission fluxes
of He I lines are generally constant indicating their non-participation in the
orbit. The results are compared with other Wolf-Rayet binaries (V444 Cyg
and CQ Cep) and the evolutionary status is discussed.
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1. Introduction
HD 50896 ( = EZ CMa, V = 6.94, WN5) is the sixth brightest star in the catalogue of
Wolf-Rayet stars (van der Hucht et al. 1981). Spectral and light variability have been
reported by many earlier investigators (Wilson 1948; Smith 1955; Ross 1961; Kuhi
1967). Night-to-night variations of He II λ4686 were reported by Smith (1968), Irvine &
Irvine (1973) and Schmidt (1974), though none of these studies led to a positive
conclusion on the binary nature. Serkowski (1970) reported strong Polarimetric
variations which were confirmed by Mc Lean et al. (1979) and Mc Lean (1980). Small
amplitude photometric variations of 3.76 d period were reported by Firmani et al.
(1979) and confirmed by Cherepashchuk (1981), although the shapes of the light curves
did not agree. The line profiles are found to vary over time scales of a few hours
(Ebbets 1979; Firmani et al. 1980; Singh 1984). More recent precision photometry
(Lamontagne, Moffat & Lamarre 1986) has revealed a complex (but stable) modulated
light curve.
The most recent and detailed spectroscopic and photometric studies are due to
Ebbets (1979), Firmani et al. (1980), Cherepashchuk (1981) and Lamontagne, Moffat &
Lamarre (1986), who point to the binary nature of the system with a compact
companion of mass about 1–2 M, although other mechanisms like nonradial
pulsations and rotation were offered as possible but less likely explanations for the light
and emission line behaviour. The binary model goes in tune with the evolutionary
scheme of a WR binary in a post-X-ray-binary stage (van den Heuvel 1976; Tutukov &
Yungelson 1979), and therefore makes it a particularly interesting system for study.
The study of emission lines offers an opportunity for understanding the envelope
structure and its asymmetry caused by the presence of the companion.
Spectrophotometric studies of CQ Cephei, a very close WN7 binary, showed that the
emission-line flux variations are dependent on the stellar wind structure and Roche
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surfaces modified to take into account the extended wind structure (Shylaja 1986a,
Paper I). In the present analysis of HD 50896, a similar investigation is carried out with
the aim of understanding the possible atmospheric stratification and the effect of the
companion on it. Section 2 describes the observations and results. The flux variations
and a possible model are discussed in Section 3. Section 4 compares the results with
other known eclipsing binaries and discusses the evolutionary status.

2. Observations and results
The observations were obtained with the spectrum scanner (Bappu 1977) containing a
600 line mm–1 grating blazed at 7600 Å, at the Cassegrain focus of the 102 cm reflector
of the Vainu Bappu Observatory, Kavalur, during 1983–85. A channel spacing of 5 Å, in
the second order blue region (λλ3800–4900) and of 10 Å in the first order green to red
region (λ4800 to 7100) were employed. The entrance aperture was about 24 arcsec in
diameter. An exit slot of 800 μm was used, corresponding to a resolution of 10 Å in the
second order and 20 Å in the first order. The spectrophotometric standards taken from
the lists of Hayes (1970) and Breger (1976) were observed every night to derive the
extinction coefficients and for the determination of absolute flux.
Although HD 50896 is within the boundary of the open cluster Collinder 121, doubts
have been expressed about its membership (cf. Firmani et al. 1980), because of the
difference between the age of the cluster Cr 121 and of the other clusters known to
contain WR stars. At the same time, the reddening of the stars in Cr 121 is small
(E(B – V) ~ 0.0), not making it a distinctive feature of HD 50896 exclusively, for which it
has been shown that the reddening corrections are small (Hillier 1984). Hence all the
flux and magnitude measurements reported here, are not corrected for reddening. Fig. 1
shows sample scans at different orbital phases.

2.1 Emission-Line Flux
The flux of some emission lines of He I, He II, Ν IV, Ν V and C IV were measured from
the scanner results. Ν III λ4640 flux was too weak to be measured. Ν V λ4603 merged
with the other Ν v λ 4620. The type of profile variations of He II λ 4686 and Ν IV λ 4058
described by the previous investigators could be clearly seen on some occasions in spite
of the lower resolution of only 10 Å. In the longer wavelength region, C IV λ5808–12
was generally stronger than He I λ5876, but only on some occasions was the latter
stronger than the former. Some line blends at λ4200 and λ4540 were also measurable,
although the individual contributors to these blends could not be resolved. The atlas of
Smith & Kuhi (1981) was used as a guide to draw the line profiles. Figs 2 and 3 represent
these flux variations.
Hillier (1984) discusses the influence of electron scattering on He II line profiles.
Bappu (1973) had attributed the red wing of the He II (7-4) line at λ5410 to an
unidentified transition, because this was not seen in the other members of the Pickering
series. Hillier shows that this is due to electron scattering and the effect is apparent in
other He II lines also. It was also noticed that these red wings can lead to erroneous
continuum and line-flux measurements. To avoid this, only the relative line-flux ratios
are compared (Table 1, Figs 2 and 3), to see the possible effect of binarity. He II λ4860
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Figure 1. Sample scans of HD 50896 in the blue region. The derived absolute magnitudes are
normalized to at 5000 Å.

was chosen for taking the flux ratios because it was generally covered on all occasions.
The scatter of the flux of λ4860 (Fig. 2) may represent an intrinsic variation of flux for
the system, which makes it difficult to isolate the variations caused by the binary nature.

3. Line flux variations and model
Many recent detailed spectroscopic investigations have established the reality of
the time-dependent changes in line profiles. Although it was not possible to see the
profile variations very clearly because of the low resolution in our scans, the phase
dependent changes in flux are clearly seen. High dispersion spectra show the finer
details of such changes (Firmani et al. 1980). Two peaks of the emission lines merge at
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Figure 2. Flux variation of the He II lines λ4860 and the flux ratio for λ4686 and He I λ6678.
Note the sudden change in flux at phase 0.68 and its absence for 4686 line. The zero phase is
calculated at JD 2,445,752.279 and 2,446,072.146 separately for each season.

phase 0.5. Ν IV λ4058, which is considered to be very stable and deemed to represent the
motion of the WN component in the narrow-lined WNL stars (Moffat & Seggewiss
1979), shows largescale profile variations in the broad lined WN5 star HD 50896
(Firmani et al. 1980). On the other hand, Ν IV λ3483 is very stable, although it is a blend
of a number of multiplets. It may also be noticed that Ν V λ4603 does not undergo this
kind of splitting and merging in profiles. The flux of this line shows a clear variation
over the 3.763 d period. Hence the phase has been calculated using this as reference. The
folding of the data was done separately for every season, choosing the minimum value
of the λ 4603 flux to correspond to phase 0.0, similar to the definition of Firmani et al.
(1980).
It is apparent from Fig. 2 that He II λ4860 shows a scatter around a mean value.
Perhaps this scatter reflects the intrinsic variations. The other lines expressed as ratios
relative to this line may be grouped into two catagories—those with no variations over
the orbital period, and those with noticeable variations. He II λλ5410, 6562 show
insignificant changes implying variations similar to λ4860. The flux of Ν V λ4603
exhibits a relatively sharp dip, from which the zero phase was defined. Ν IV λ4058 and
C IV λ5808 also show a similar dip, but of lower amplitude. It may be noticed that the
flux of He II λ4686 behaves differently with a larger scatter and exhibits somewhat
higher flux at phase ~ 0.9. The line blends at λλ4540 and 4200 have variations of flux
ratio similar to the He II lines (Table 1), possibly because the main contributor is He II
itself
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Figure 3. Flux variation of Ν V λλ4603–20, Ν IV λ4058 and C IV λ5808. All are expressed as a
ratio relative to 4860 line flux. Calculation of phases are same as described in Fig. 2.

As was seen in the case of CQ Cep (Paper I), if we were to assume that Ν V originates
closest to the core, the reduction in flux at phase 0.0 can be immediately attributed to the
possible eclipse effects. This requires the size of the companion to be large enough to
partially cover the line-emitting region. However, the estimated mass from the mass
function derived from the radial velocity curves is very small. This argument of the
higher excitation lines originating closer to the photosphere holds for the line-emitting
regions of the Ν IV and C IV also.
The observed scatter in the flux (e.g. λ4860) implies the presence of intrinsic
variations. On the other hand, the existence of orbital effects is apparent in the
variations of flux ratios, which agree with the period of 3.763 d. These facts lead to a
model of asymmetric distribution of matter around the WR component exhibiting an
intrinsic variation in addition to eclipse effects.
We may start with the model suggested by Firmani et al. (1980), which is based on
precise radial velocity measurements. None of these radial velocity curves gives a
circular orbit although the Ν V line gives a smaller value of e. The light curve also does
not clarify this point. Therefore, we start with an eccentric orbit. The classical Roche
surfaces have been found to be inapplicable in binaries with large wind velocities
(Paper I). We see a single prominent minimum in λ4603 flux variation. (Firmani et al.
(1980) have found an indication of a second minimum on one occasion, which is not
very prominent in our results.) This restricts the sizes of the line emitting regions of Ν V,
Ν IV and C IV closer to the WN component.
Although there is one spurious increase at phase ~ 0.65 on one epoch, He II λλ5410,
6562 and 4860 show no phase-dependent variation of total flux. The presence of only
random variations implies that either the line-emitting regions are varying intrinsically
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or the asymmetry is caused by the companion. The same argument holds for the He I
lines also, which show relatively constant values of flux with respect to He II λ4860.
Generally (as also in CQ Cep) all the He I lines have associated violet absorption edges
at high V∞ implying their origin in the outermost parts of the envelope. The absence of
orbital effects in He I lines agrees with their origin in a region surrounding both the
components and not participating in the orbital motion.
The behaviour of the He II λ4686 line is different from other lines. On one occasion
(JD 2,446,048 . . . ) , when there was enhancement of flux at all lines, this line did not
show an increase. Although He II λ4686 shows significant scatter the flux increases near
phase 0.0, there is a general variation of flux from season to season as seen by Firmani
et al. (1980) also. Two explanations are possible for this: (1) According to the model
shown schematically by Firmani et al. (1980), the compact star will be closest to the WN
star near phase 0.15. This could lead to an increase in the flux close to this phase. (2) The
production of He II λ4686 is not confined to any selected zone of the atmosphere, but is
produced throughout the envelope, so that at phase 0.0 we see maximum intensity of
this line, by virtue of maximum line-emitting material lying completely unocculted
towards the observer. The line profile also changes at this phase to one with a sharp
peak and extended wings.
With the radial-velocity orbital solutions and the resulting mass function, one may
derive a mass of 1–2 M for the compact star assuming the mass of the WN component
to be 10 M and i = 70°. The separation is of the order of 20 R. If we adopt the
measurements of V444 Cyg (WN5 + O) (Cherepashchuk, Eaton & Khaliullin 1984) for
the size of the core and extent of the atmosphere of the WN5 component, the extension
of the atmosphere in HD 50896 will be comparable to the separation itself. The
compact star although considerably distant from the WN core in this case, cannot cause
significant changes in either spectral line profiles, or in the continuum energy
distribution. The accretion onto it can produce X-rays but they can become degraded to
lower energies because of the dense electron envelope (Moffat & Seggewiss 1979). More
recently, Vanbeveran, van Rensberger & de Loore (1982) have considered the
production mechanism as well as the absorption of X-rays and discussed the different
reasons for the non-detection of X-rays.
Thus we may say that the binary model proposed by Firmani et al. can explain the
flux variation of emission lines. Ν V, Ν IV and C IV originate closer to the core in a highly
ionized region (Moffat & Seggewiss 1978,1979; Sahade 1980). As noted by Firmani et
al., the lines of He II at λλ5410, 6562 and 4860 originate in a region farther from the core.
This region is distorted by the companion and therefore the flux measures of the He II
lines result in a greater scatter. The region of He I line emission is outermost, probably
enclosing the companion.

4. Discussion
The well-studied binary V444 Cyg has an orbital period close to that of HD 50896.
Direct comparison between the two is not possible because of the differences in the type
of the companion. In the case of V444 Cyg, the companion is Ο type, which eclipses the
WN component at phase 0.5. All the emission lines show eclipse effects at both minima.
The concentration of the He II emitting material is clearly shown by the line profiles
(Ganesh Bappu & Natarajan 1968). In the case of HD 50896, the companion is smaller,
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not producing any noticeable eclipse effects either in the continuum or in line fluxes. Its
influence in the distortion of the extended atmosphere can be noticed only for Ν V, Ν IV
and C IV lines. Other lines show only some scatter about the mean flux.
There are some similarities between the two systems. None of the radial velocity
curves for different emission lines gives identical solutions in either case. Both the
systems show variation of polarization with orbital phase; therefore, it is possible that
HD 50896 has also a dense electron envelope similar to V444 Cyg. Such polarization
changes are noticeable in the case of CQ Cep also (Drissen et al. 1986).
The peculiarity of He II λ4686 line in CQ Cep and V444 Cyg indicates its origin in a
region extended through the wind (Paper I). The same is also true for Ν III λ4640 in
those stars. In HD 50896 this line was too weak to be measured. Ν IV λ4058 showed
stable symmetric profiles in V444 Cyg (Ganesh, Bappu & Natarajan 1968) and in
CQ Cep (Bappu & Viswanadham 1977); in HD 50896, the profile was double-peaked
and changed throughout the orbit (Firmani et al. 1980).
The wind-dominated Roche surface can explain the flux variations for CQ Cep and
also partly for V444 Cyg (Paper I). In the case of HD 50896 there is a complication
introduced not only by the intrinsic variation, but by the asymmetric distribution as
well. The eccentricity of the orbit adds to this. The value of e = 0.34 is based on the
radial velocity measures of Ν IV λ3483 emission. However, the radial velocity of
absorption edge of Ν V λ4621 gives a still smaller value of e, but shows significant phase
shift (Firmani et al. 1980), and therefore the exact value of the orbital eccentricity is
difficult to specify. It is known that the λ4686 radial velocity curve usually gives an
eccentric orbit solution in WN binaries (Shylaja 1986b) and therefore, other Ν V lines
will have to be studied for establishing the true value of e.
Smith (1973) suggested that all Population I WR stars have masses 10 M. and that
they all evolved from more massive stars. More recently, Massey (1981) has shown that
the mean value of the mass of WR stars is ~ 20 M. Since hydrogen deficiency is a
general feature of all WR stars (Sahade 1981), it was also postulated that the outer
hydrogen material has been lost. The evolutionary scheme of de Loore (1980) invokes
two stages of WR phase in a binary. The first phase corresponds to the more widely
known WR + OB phase; the second is the WR + compact phase, after a supernova
explosion. In the case of a binary, it is possible that the mass from the WR star is
accreted on to the companion, making it more massive and readily detectable
(Paczynski 1967). However, the winds are so fast that the accretion may be negligible.
When the companion is less massive and not detectable, the material is more readily lost
to the surroundings and may appear like a nebula. Therefore, Wendker et al. (1975)
attributed the presence of the nebulae in NGC 6888 to the material ejected from
HD 192163, which was considered to be a single star. Recently, its binarity has been
suggested (cf. van der Hucht et al. 1981), but remains uncertain (Vreux, Andrillat &
Gosset 1985).
In the case of HD 50896, the binary nature is postulated based on radial velocity and
flux variations, although intrinsically varying supposedly single stars also are known
(cf. van der Hucht et al. 1981). The presence of the compact companion puts HD 50896
in the class of the second WR phase in the scenerio proposed by de Loore (1980).
Another feature which would facilitate confirmation of this aspect is the space velocity.
It is generally believed that the binary pulsars with high space velocities result from
supernova explosions in a binary with dissimilar components. It is also derived that,
depending on the mass lost, the circular orbit may change to one with high eccentricity
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and a close binary may arise without being disrupted (van den Heuvel 1976; Shylaja &
Kochhar 1984). The large distance of HD 50896 from the galactic plane also favours the
idea. The association with the ring nebula S 308 (Chu et al. 1982), which indicates the
nitrogen enrichment, puts its origin to the WN star itself (Kwitter 1984). Recently, a
large interstellar structure has been detected in the line of sight towards HD 50896
(Heckathorn & Fesen 1984).

5. Conclusions
This spectrophotometric study of HD 50896 shows that the lines of N V, N IV and C IV
display moderate variations which may be interpreted in terms of a binary model of the
system. Because of the eccentric orbit and nondetection of eclipse effects in light
variations, quantitative derivations of the orbital parameters are not possible. From the
radial velocity determinations available, it appears that the companion is a compact
star. Comparison with other eclipsing systems like V444 Cyg and CQ Cep shows that
the atmospheric structures are similar. The He II lines probably arise from a region
distorted by the presence of the companion. The λ4686 line of He II has a different
behaviour as in other eclipsing systems. The He I lines generally have constant flux,
indicating their formation outside the influence of the companion.
The association with a nebulosity and the location relatively far from the galactic
plane may suggest assigning HD 50896 to the second WR binary phase as a post-SN
event. Other techniques like. systematic fast photometry and measurement of space
velocity may yield important information on the type of companion and the accreting
process.
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