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Abstract. Spectral observations of the uncommon Wolf-Rayet star EZ CMa 
(WR6) during the period 1990-1993 are presented. The analysis of the variability 
of the HelI Pickering lines revealed the existence of preferential Doppler shifts 
for the appearance of the profile deformations. The investigation confirmed the 
reported by Ivanov et al. [9] presence of changes of the red wings probably due to 
variable electron scattering. The results are discussed in the light of the peculiar 
single star and binary (WR + compact companion) hypotheses. 

1. Introduction 

WR6 (EZ CMa, HD50896) is a well-known Wolf-Rayet star, whose unique obser­
vational behaviour questioned the established (22] massive-binary star evolutionary 
scenario. Firmani et al. (2] suggested that EZ CMa is a binary system including a 
compact companion - a neutron star (NS) or a black hole (BH). The detected 3.d763 
period, existing in their spectral and photometric data, is interpreted as a consequence 
of an orbital motion. The periodic nature of spectral and photometric variations was 
confirmed [l, 13], but the latter authors noted the presence of "phase jumps" in ra­
dial velocity (RV) curve, i.e. epoch dependence of the data. Lamontagne et al. (11] 
(hereafter - LML) corrected previously used 3.d763 to 3.d766 and precised the orbital 
parameters. Recently, the binary hypothesis was questioned because of the absence of 
the expected X-ray emission produced by the accretion onto the compact companion 
(14, 18]. Another argument against the binary scenario for WR6 is the lack of any 
phase variations which may be due to the Hatchett- McCray effect [5]. P. Cyg profiles 
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in the UV do not show the predicted by Hatchett & McCray periodic modulation of 
the ionization strncture of the wind [26]. 

Robert et al. (15] reported that the shape of light curve is strongly variable, i.e. "the 
number of maxima, their amplitudes and positions" change with time. Schulte- Ladbeck 
et al. [ 16] published data from spectropolarimetric observations of EZ CMa and argued 
that the obtained results could be explained in the light of the single-star hypothesis. 
They proposed the idea of a rotating, expanding wind of a single W-R star. 

Based on 12 nights of spectral observations, Underhill & Young (21] suggested that 
the striking observational behaviour of WR6 can be easily understood if the results are 
interpreted in terms of a single rotating star surrounded by a disk-like structure with 
magnetic filaments . 

More recent rendering of the peculiar properties of the spectrum of EZ CMa is that 
of Matthews et al. [12]. The authors considered the spectral variability of the object as 
one produced by singl€ W- R star with bipolar outflow. 

St-Louis et al. [20] resumed the UV data, obtained in the last 10 years and offered 
an ad- hoc model in which the W- R star has strongly sectorized inhomogeneous wind. 

Recently, Ivanov et al. [9] have found that there are evidences for variability of 
ionization balance in the stellar wind of WR6. They assumed that the changes of 
electron density ( n e) are the reason for the observed variations of NIH- NV and Hell 
emission line intensities as well as violet absorption components of some nitrogen lines. 

Table 1. List of spectral observations of EZ CMa 

Date Number of Spectra Plate type Dispersion (A / mm) 

13.01.90 5 Kodak I 03aO+H 18 
14.0I .90a 5 Kodak 103aO+H 18 
14.0l.90b 7 Kodak I 03a0+H 18 
15.01.90 3 Kodak 103aO+H 9 
16.01.90 4 Kodak 103aO+ H 18 
03. 11.90 Kodak 103a0+H 18 
26.01.91 2 Kodak llaO+H 18 
24.01.92 5 Kodak 103a0+ H 18 
25 .01.92 4 Kodak 103a0+1-1 18 
26.01.92 4 Kodak 103aO+H 18 
27.01.92 2 Kodak JlaO+H 18 
11.02.92 2 Kodak 103aO+H 18 
12.02.92 2 Kodak I 03aO+ H 18 
13 .02.92 3 Kodak 103a0+H 18 
14.02.92 4 Kcidak J03aO+H 18 
11.03.93 I Kodak 103aO+H 18 

The aim of this paper is to investigate the spectral behaviour of EZ CMa and the 
influence of the variable electron density onto the Hell lines of Pickering series. 

2. Observations and Reduction 

The observations were performed on photographic plates using the Coude-spectrograph 
of the 2 m telescope at the Bulgarian National Astronomical Observatory - Rozhen 
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(BNAO) during January 1990-March 1993. Dates of observations, numbers of spectra 
taken, plates type and dispersion used are given in Table 1. 

Wavelength calibration was done using a comparison Fe/ Ar spectrum. All spectra 
were scanned with Joyce-Loeb! scanning densitometer and were reduced by the stan­
dard procedure realized in the software SOPHOCAL [3]. All spectra were normalized 
to the continuum by polynomial fitting of "line free" windows. 

3. Results and Discussion 

In the previous works it was mentioned that Hell lines were strongly variable both on 
the top of the profiles and in the line wings [2, 15, 17, 19]. It is apparent from Fig. 1 
that HeII>.>.4199.8, 4338.7, 4541.6 and 4685 .7 lines, available in our spectra, undergo 
considerable changes with time. The variations range over the global shape of profiles 
as well as the fine short-lived structures superimposed on the line wings. In this article 
we shall examine only the latter aspect of variability, but the fonner will be the subject 
of another paper [4]. 
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Fig. 1. Mean profiles for the nights of observations for the Hell>. 4199.8, Hell>. 4338 and 
Hell>. 4541.6 emission lines. The spectra are shifted for clarity 

The Hell Pickering emission lines all vary in the same fashion, while the 
HeII>.4685.7 behaves quite differently. Detailed consideration of this line will be pub­
lished elsewhere [9]. As it was reported by Firmani et al. [2], the profile deformations 
are phase dependent and change with the established 3.ct76 period. There are typical 
profiles which repeat themselves for a long time (weeks) at one and the same phases. 
These patterns are morphologically similar to the profiles predicted by model calcula-
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tions of Koenigsberger & Auer [ 1 O] and could be related with the presence of compact 
companion and an ionized "bubble" surrounding it. However, Matthews et al. [12] in­
terpreted identical profiles as a manifestation of bipolar outflow from an axisymmetric 
single star. 

3.1. RMS and the privileged Doppler shifts 

It turned out that for the investigation of the observed variations of the fine profile 
structure it is convenient to use the root mean square (hereafter RMS), calculated from 
the square root of the variance with respect to the mean spectrum for the entire obser­
vational season (i. e. the standard deviation of the flux in each individual wavelength 
bin normalized to the respective value of the mean spectrum). 

To improve the signal-to-noise ratio (SIN) of the data (for the nights with more 
than two spectra with low S/N) we have grouped the spectra into subsets. Each subset 
consists of two or three spectra obtained consequently and separated by more than 
1 hour in time. Fig. 2 shows the computed RMS for the three Hell Pickering lines 
>.>Al99.8, 4338.7, 4541.6 respectively. As one can see there are privileged Doppler 
shifts on the emission line profiles where the fine deformations appear. A statistical 
examination of the RMS subpeaks was done using an F-test of the ratio of the variances. 
We assumed the numbers of degrees of freedom to be both equal to 30. Then, the 
99.5 % confidence level corresponds to the value of F = 2.62 and the 97.5 % level 
corresponds to F = 2.07. Hence, if we accept the variance of the continuum to be 
(0.017)2 , then everything above a standard deviation of 0.027 could be adopted as a 
significant change. The measurements of these characteristic subpeaks of RMS and 
their F -test estimations are given in Table 2. 

Table 2. Radial velocities (km/s) of the subpeaks observed in the RMS plots 

Hell A 4199.8 F-test Hell A 4338.7 F-test Hell A 4541.6 F-test 

- 1200 3.12 -1270 3.33 -990 4.49 
-380 5.76 -400 6.67 

+no 7.94 +170 8.80 +190 10.51 
+800 3.59 +650 5.51 

+noo 3.07 +1330 4.60 +ll80 6.28 
+1850 2.83 +1800 2.95 

This result is similar to those, obtained for another peculiar WN star - WR134 
[24]. There are mainly two ways in which we could explain such an observational fact: 
A) As a manifestation of the proposed by Matthews et al. [12] and Vreux et al. [24] 
bipolar jets form a flattened, rotating single W- R star and shocks, developing in the 
dense stellar wind. If we accept this explanation, then we need to assume that a partic­
ular mechanism takes place in specific regions of the wind. Such a mechanism could 
be bipolar magnetic field whose axis is inclined relative to the line of sight. However, 
the presence of magnetic field in EZ CMa has no support from the polarimetric and 
radio observations: there is no evidence for non-thermal radio component and there is 
a lack of variable intrinsic circular polarization [15]. 
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Another treatmenet of the aforementioned result is possible in terms of corotating 
interaction regions. This ad-hoc model (hereafter CIR-model) was proposed by St­
Louis et al. [20] to explain the UV lines and continuum variability of WR6. It is 
based on the supposition that the W-R wind is strongly sectorized by the rotating 
regions with different physical properties (temperature, density, flow velocity etc.). 
These CIR's ought to produce mainly two types of line profiles (corresponding to "a 
fast wind" and "a slow wind" respectively). The CIR model predicts a life-time of 
these active (magnetic?) regions of the order of 5-10 rotations. However, St-Louis et 
al. [20] reported that the observed spectral patterns in UV are curiously similar for a 
long time. In spite of this discrepancy, the CIR-model has a great advantage over the 
binary interpretations published up to now - the epoch dependence of the variations 
is more admissible. 
B) As a consequence from the presence of the compact companion which can lead to 
interacticn effects modifying the wind structure. 

Recently, van Kerkwijk et al. [23] reported that the companion of the X-ray source 
Cygnus X-3 is a Wolf-Rayet star and thus breathed new life into the W-R + cc 
hypothesis - the "missing link" of the massive binary evolution was found. 
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In the light of the binary scenario, we could consider the consequence of the presence 
of a NS orbiting in the dense stellar wind. The observed absence of a strong X-ray 
emission is a serious obstacle to the realistic models. This problem could be diminished 
ifthe secondary in WR6 is a highly magnetized NS. Steven & Willis [18) have proposed 
that a NS in such binary system "can be spun up by the accretion of angular momentum, 
until centrifugal inhibition of accretion occurs'', and the system becomes X-ray quiet. 

Ivanov et al. [9] argued that the electron density is highly variable in the wind of 
EZ CMa. Based on a part of this photographic set, CCD observations at BNAO and 
the archival spectra of Firmani et al. [2], they concluded that a possible reason for 
the change of ionization structure could be the interaction effects, due to the orbital 
motion of a compact object. Taking into account the derived by Firmani et al. [2] 
orbital parameters (especially the adopted eccentricity e = 0.34) we could suggest that 
the subpeaks on the RMS plots may be a result of the intersection of the orbit with 
the line formation regions (LFR's) of Hell Pickering lines. The observed differences 
between the positions of the subpeaks could be due to the fact that the LFR's of the 
used in this paper lines are slightly displaced in the W-R wind [7] and hence in the 
velocity field. 

Finally, these subpeaks of RMS could reflect the influence of NIII multiplets over 
the Hell lines. Ivanov et al. [9] demonstrated that the intensity ofNIII.A 4640 multiplets 
is highly variable and possibly the other lines of this ion vary in the same fashion. 

3.2. Red wings of the Hell Pickering lines 

The attentive analysis of the RMS plots shows that the red wings of the Hell Pickering 
lines .A.>-4199.8, 4338.7, 4541.6 are more variable than the blue wings. It is apparent 
from Fig. 2(a, b) that RMS functions are asymmetric. The Hell.A 4541.6 emission line 
is influenced by the Nlll.A 4511 and absorption component of NV.A 4603.7 at >-4588 
and that is why it is inappropriate for investigations of the variability in the wings. 

We interpret the aforementioned assymmetry of RMS's as one produced by the 
variable n e. Hillier [6-8) proposed that the extended red wings of Hell lines due to 
the electron scattering of line photons in an extended, expanding atmosphere. Ivanov 
et al. [9] found, that the red wings of Hell.A 4685.7 (at about +2000 km/ s) as well as 
the intensity of the absorption components of NV.A.A 4603.7, 4620 produce periodic 
variations with the established 3.d76 period. They supposed that variations like these 
could be a consequence of the presence of an orbiting compact companion which 
changes the ionization structure. 

Although the phase coverage (using the LML ephemeris) of this observational set 
is not complete and that is why the search for periodic variations of the red wings of 
Hell Pickering lines coulcj yield unreliable results, it is obvious that the line profiles 
are strongly variable at high positive velocities. 
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