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Abstract. An analysis of seven different spectroscopic anthat the observed levels of X-ray emission were not consis-
eight photometric sets of observations of the WN5 stént with the hypothesis of an accreting compact companion
HD 50896=EZ CMa, distributed over more than 15 yeaf¥anbeveren et al. 1982; Stevens & Willis 1988). Furthermore,
is used to refine the known 3.76 days period. The value ROSAT IPCS variations reported by Willis & Stevens (1996)
P = 3.7650 £ 0.0001d yields variations which have coher-do not show any modulation on the 3.76 day cycle. Hence, the
ent phase-dependence. Although not conclusive, this coherevesy binary nature of HD 50896 began to be questioned, and nu-
in the 3.7650 day periodic variations over such a long time neerous alternative scenarios for producing the variability in the
vives scenarios in which HD 50896 consists of a binary systegystem were put forth. These alternative scenarios include wind
a hypothesis that had been nearly completely discarded overitigabilities and non-isotropic wind structures. Reviews of the
past few years. A binary scenario is not in contradiction with thfferent scenarios and the observations which have been accu-
presence of a non-spherically symmetric wind distribution or imulated over the years of this system can be foundin Morel et al.
stabilities in the WR star's wind and, in fact, mechanisms su¢h997, 1998) and St-Louis etlal. (1995).
as these are probably responsible for the difficulty in having un- EZ CMais a WN5 star (van der Hucht et al. 1981) with very
til now obtained a period which yields coherent variations. Thetrong emission lines present in its spectrum. The notable emis-
low X-ray fluxes suggest that the possible companion may rsn line profile variability lead Firmani et al. (1980) to identify
be a collapsed object, or that the accretion process is inhibitacperiod of 3.76 days for these variations, a period which was
later confirmed to be present in the photometry (Cherepashchuk
Key words: stars: binaries: spectroscopic — stars: Wolf-Ray&881) and polarimetric observations as well (McLlean 1980). Al-
— stars: variables: general — stars: individual: HD 50896 = EHough this basic period is maintained within most data sets, a
CMa =WR6 coherent phase dependence is apparently not present from one
data set to another one, when timescales are larger than a few
weeks. This is the most damaging argument against the binary
scenarios, since variability due to orbital motion would not be
expected to present phase jumps between different observing

The Wolf-Rayet (WR) star EZ CMa=HD 50896=WR6 is one o¢pochs.

the brightest WR stars in the sky. It started to receive a great deal Recently, howevei, lvanov atlal. (1999) have argued that
of attention soon aftér van den Heuvel (1976) proposed that figne of the features in the spectrum of HD 50896 undergo
evolution of massive stars is expected to lead to the formatione®@ctly the same variations at all epochs, and discuss the im-
binary systems in which WR stars have a closely orbiting corlications of this for the various non-binary scenarios. Also,
pact companion (cc). The periodic variability discovered in thidorel et al. (1997) confirm the persistent nature of the varia-
star (Firmani et al., 1980), its large distance from the galactiens in the strength of the P Cyg absorptions of the NV 4604-20
plane, and its surrounding ring nebula made HD 50896 an dixes. In this paper we combine different data sets, and using an
cellent candidate for such a WR+cc system. However, as furtfi@proved period for the variability in HD 50896, we show the
observations were made, it was discovered that the variabiNgtiations to be coherent over long timescales thus reopening
seemed not to be coherent over long timescales (Robert et possibility of a binary scenario for this intriguing object.
1992). In addition, analyses were performed which indicated

2. An improved period: coherent variations over 15 years
Send offprint requests th. Georgiev (georgiev@astroscu.unam.mx) ) ] ) . ]
* Table 3 available in electronic form only at the CDS via anonylhere is no question that the winds of hot stars are variable in

mous ftp to: cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdswebgeneral|(Howarth and Prinja 1989), and thus, non-periodic vari-
strasbg.fr/Abstract.html ability is expected to be present even in the most established
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Table 1. List of the photometric data.

Observatory  wavelength Date HJD-2440000 number S/N  Reciprocal reference
range of spectra Dispersion
[A/pX]
SITI 4480-4800 Jan 1977 3170-3253 48 800 0.7 1
SITII 4480-4800 1977-1978 3431-3570 69 300 0.7 1
SPM 4450-5000 Jan 1991 8280-8291 268 450 1.0 2
BNO 3800-4800 1990-1992  7905-8667 30 b25 05 3
IUE 1200-2000 Sep 1983 5581-5587 34 ¢ 3 0.1° 4
IUE 1200-2000 Dec 1988 7503-7508 107 ¢ 5 0.1° 5
IUE 1200-2000 Jan 1992 8643-9649 66 ¢ 5 0.1° 6
IUE 1200-2000 Jan 1995 9730-9746 146 €10 oO0.r° 6

# Based on photon statistics.

" Improved by averaging several spectra.

¢ Calculated as average/st.dev. in the windows used for continuum normalisation.

4 Binned onto fixed wavelengt grid o0t5A intervals

¢ Binned onto fixed wavelengt grid of1A intervals

(1) Firmani et al. 1980; (2) Cardona et al. 1999; (3) lvanov et al. 1996; (4) Willis et al., 1989;
(5) St. Louis et al., 1993; (6) St. Louis et al., 1995;

of binary star systems. The variability due to non-sphericalbn the A4604 emission, making any variations in its strength
symmetric wind distributions, wind instabilities and/or otheeasy to detect. Hence, we have started the analysis with the
mechanisms intrinsic to the stellar winds is expected to actids/ 4604-20 doublet, first in order to analyze the problem of
noise superposed on the periodic trends in the data. The relativecoherence of the variations in HD 50896, and thus to deter-
amplitude of the periodic vs. the non-periodic variations withine whether any support for the presence of a binary compan-
determine whether the observed spectral feature predominaidly can be found. TéN V 4604-20 has been shown to present
displays phase-dependent effects, or non-periodic wind vanersistent variations from epoch to epoch (lvanov at al.,1996;
tions. This amplitude is related to the amount of wind materiab99).

involved in each of the different processes. Clearly, a perturba- The observations that were used include two of the most
tion involving a small fraction of wind material cannot provideomplete optical data sets in existence for HD 50896, obtained
as much flux variability in the observed spectrum as a perturlzd-the Observatorio Astronomico Nacional (OAN) in Tonanz-
tion involving a significant fraction of the wind. Let us assummtla in 1978 and 1979 (Firmani etlal. 1980) and in San Pedro
for a moment that the star is a binary. The variations due to biartir (SPM) in 1991 [(Cardona et al. 1999). These data have
nary interaction effects, by their very nature, arise in a limitdzeen complemented with observations obtained at the Bulgarian
portion of the stellar wind. Thus, if the companion is not comNational Observatory between 1990-1993 (Ivanov at al. 1996).
parable to the primary, its perturbing effects on the primary¥e mesuared two parameters from the optical spectra: a) Win-
stellar wind are not very prominent. Intrinsic wind variationgjow averaged flux (WAF) - the average flux in a given spec-
however, are expected to arise throughout the wind, not justl range - is calculated for two windov(&58674590),& for

in the region between the two stars nor the line-of-sight to thé1/4604 and (4603, 4609)A for NV 4620 centered on their P
companion. Thus, spectral features which arise in very extendgyty absorption components; b) The kurtosis defined as:
regions of a stellar wind in which intrinsic variations are present, N-1
will tend to mask the periodic variations. This is the case, Q¢ rtosis = 1 Z( i~ T -
example, of the resonance lines in the UV spectra of these stars. N =0 V variance(z)

Foyveger, f_or sp:ctr;l Imez Wh|chhar(;formed ina smaller, MO{€calculated for the Hell 4686, using only the line profile at level
Imite reg;on, the € e?ts. g? tot I:'I' inary c(chmlflnanlch]n are ,mqﬁrgherthan 2.5 times the continuum level. In order to reduce the
comparable to those of wind instabilities, and allow the periodify, e tainty, additional parameters and additional sets of data are

variations to be more easily detected. used. We measured the skewness of the N IV 1718 line from
In the optical spectral region,¢hN V 4604, 4620 doublet the IUE archival data. defined as:

provides an excellent diagnostic tool because the majority of this

oy —

3

line’s emission arises very close to the stellar core in HD 508%6}%11}”688 _ 1 Nz_:l( T; —T 2
(Hillier| 1988), and both transitions disgla P Cygni-type ab- N = /variance(x) '

sorption component. The P Cygni absorption components arise

only in the column of wind projected onto the stellar continuun{i€re we used only the line profile at level higher than 2 times
emitting core, and thus reflect physical conditions in an evf continuum level. This provides a totally independent pa-
more limited region of the wind than the emission componenf@meter, calculated from an independent set of data, obtained

This absorption component for thel620 line is superposed OVer the years 1983-1995, including the IUE MEGA campaign
(St-Louis et al. 1995).
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In Table 1 we list the characteristics of these data sets. L L s B B BB L L

Because the data in the three sets are clustered around - 1
ferent epochs and are not distributed uniformly in time, the ste
dard period-searching routines are not applicable. Thus, insti
we use the fact that the 3.76 day period is accurate for sh
time intervals. This period has been shown to exist in all deQ 1.
sets published by diverse autors (see the introduction) and i
unigque (Antokhin et al. 1995). We searched for periods closel
this value which produce a coherent phase-dependence in~
different sets of data. We refined the period using the same eve
of the phase curve, using the fact that the curves for the NV dc 1.
blet WAFs are similar in shape at different epochs. Followir
Massey and Niemela (1981) and Massey (1981), we first det
mine the time at which the ascending branch of the NV 46: o 0.5 1 1.5 2
WAF reaches half its maximum intensity (Hf AF' = 1.87),
which for the SIT spectra occurs &f = 2443448.77 + 0.01.
Then, we select the points with similar values of the WAF, aga
in the ascending branch of the curve for the SPM data, and tl .o .o
determine the second tin1@ = 2448286.79 + 0.01. Using the A R ot R i
first approximation to the perio®l766, we determine the pos- °
sible integral number of cycles betwe&n andT; to be 1284 L1 28
and 1285. The corresponding possible periods3aré79 and é
3.7650 days. The same procedure was applied to the 1988 z: -
ke
3

B8

1992 epochs of IUE data. The times dte= 2447503.94 and
T, = 2448648.41, and with the corresponding humber of cy 1 L% PRI
cles 303 and 304 yields the periodl§771 and3.7647 days, |§§' ° EOE"
respectively. The consistent period between the two pairs ° °

times ((3,73) and ((3,74) is P = 3.7650 days so we adopt this
as the refined period. Taking into account that the precision
T, andTs is on the order 06.01 days and that 1285 cycles have 7o 0.5 1 1.5 2
passed between them, the formal error of the period should

better thar®).00005 days. We adopt the more conservative value ,
of 0.0001 days. Fig. 1aand b.Window Averaged Flux of the NV 4628and NV 4604

. line as a function of phase using P=3.7650 days&arnd 2443199.53.
In Figs. 1a .and 1b.We plot thNV%?O and N'V4604 .Circles correspond to SPM data (1991), filled-in diamonds to the
WAFs, respectively, using all optical spectral data, and wi T-Tonanzintla data (1977-78), and squares to the BNAO data
P = 3.17650 andT, = JD2443199.53. A clear modulation (1990_1993).

of the data is evident, despite the fact that the different data sets
span a timescale of 15 years (1977-1992) and were obtained

with different instruments and by different observers. scattering contribution to the formation of this line. This could
Two maxima are present in these figures (near phases &ifher result from an intrinsic variation at the base of the wind

and 0.6) as well as one pronounced minimum (between phage$roposed by Morel et al. (1998), or an interaction effect due
0.6 and 1.1), and a second narrower minimum near phase @#he presence of a very hot companion.

The maxima in the values of the WAFs indicate that there is a |n Fig.2 we present a montage ofettN V 4604-20 line
larger area contained between the flux levels inthe NV 4604 liggofiles corresponding to the two OAN data sets (SPM - left
and the continuum. This occurs when the the P Cygni absorptigid SIT-Tonanzintla - right), side by side, plotted in order of
components are weaker. On the other hand. Morellet al. (19f&reasing phase with the same ephemeris. One can appreciate
1998) have recently shown that there is a correlation betwafnhis figure that both sets present stronger P Cyg absorptions
the strength of the P Cyg absorption components in this lifiethe phase interval 0.8 to 1.0 and weaker P Cyg absorption
and the intensity of the continuum, in the sense that a m@f@mponents in the phase interval 0.1 to 0.3, consistent with the
intense continuum is associated with weaker P Cyg absorptiggaF measurements on Fig. 1.

(and hence the larger WAF). It is important to note that for The data of the WAF’s and the kurtosis used for Figs. 1 and
a line which is formed primarily by absorption processes, thg&are given in Table 3a,b,c available in electronic form only.
strength of the P Cyg absorption component increases when theCoherent variations over the entire 15 year timespan are
underlying continuum increases, assuming constant ionizatigfgsent also in other features in the optical spectra. In Figs. 3a
structure. Thus, #@a N V variations indicate that the ionizationand 3b we plot the Kurtosis of the He Il 4686 and He Il 4530
structure does not remain stable or that there is a SIgnIfICﬂﬁbS as a function of phase' with the same ephemeris as above,
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Fig. 2. Plots of tte N V 4604, 4620 dou-
blet stacked in order of increasing phase
computed as in Fig. 1. Phase increases
s ~—{  from bottom to top; SPM data are on the
0.0 B==¢ rightand the SIT-Tonanzintla data are on

4580 4600 4620 4640 4580 4600 4620 4640 the left. The vertical dashed lines mark
A the wavelength regions within which the
Wavelength {A}I WAFs plotted in Fig. 1 are computed.

and for the same data sets as in Fig. 1, illustrating a fairly staloletained in 1983 and 1995, while Fig. 4b contains data obtained
pattern of variability with one maximum near phase 0.5 andirm 1988 and 1992, and although each panel of this figure dis-
minimum near phase 0.9. plays a regular behavior of the skewness with phase, there is a
Thus, the spectral variations in the optical lines preseciear difference in the number of maxima present. The top panel
in data obtained over a 15 year timespan can be plotted(kig. 4a), which contains the data obtained in the IUE MEGA
yield coherent phase curves adopting the revised period @dmpaign, display 3 maxima per cycle, while the bottom panel
P = 3.97650. (Fig. 4b) displays only one. Thus, we conclude that there are at
least two variability states in the system which are recurrent,
N one “active” state in which more variability is present per cy-
3. Several variabililty states? cle, and a second, more “passive” state. The remarkable aspect
Fig. 4 presents the skewness calculated for the line N8 A of this shift from one state to another is that each state retains
present in the IUE wavelength range, plotted as a function @fherence in the variability, despite being separated by many
phase computed with the new ephemeris. Fig. 4a contains dateles from a previous, similar state.
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Fig. 3a and b.Kurtosis measurements of the two He Il optical lined;9- 4a and b.Skewness of the N IV 1718 line as a function of phase

plotted with the same ephemeris and symbols as in FigHe [1 4686  With the same ephemeris as in Figal'Active” state illustrated by
andb He 1l 4540. data obtained in 1983 (open circles) and in 1995 (filled circles, IUE

MEGA campaign)b “Passive” state illustrated by data obtained in

) . ~ 1988 (filled-in diamonds) and in 1992 (open squares).
The photometric variability of EZ CMa has a behavior sim-

ilar to that of the skewness in that the light curve is variable

in shape and amplitude (Duijsens et al., 1996). However, haame phases, although the maximum near phase 0.2 is much
also one can identify patterns in the shape of the light curvemre pronounced. We emphasize that the phases computed for
which recur, and one can thus extend the concept of difféhe data plotted in Figs. 5 and 6 have ganeinitial epoch and

ent variability “states” to the photometric behavior. For exanperiod as all the rest of the data in this paper, and no artificial
ple, the data of Cherepashchuk (1981)land Robert et al. (1998)ase shift has been introduced to match up the data. Hence,
obtained respectively in 1980 and 1990 have almost identicaice again, it is remarkable that when the light curves are very
phase-dependent behaviors, as can be seen in Fig. 5a. Thaséar, they display coherent variations (as in Figs. 5a and 6c),
light curves have a maximum near phase 0.5 and a trend despite being separated by numerous cycles. Furthermore, it
wards a maximum at phase 0.0 which is broken by a minimuis.interesting to note that there are two sets of phase intervals
The other two light curves plotted in Fig. 5b and 5c (data okvithin which a maximum can occur: (0.2, 0.65), “state” A; and
tained in 1988[(Robert et al., 1992) and 1987 (Drissen et 4D,0, 0.5), “state” B. The photometric data used are described
1989), respectively) have maxima near phase 0.0, with onlyraTable 2.

hint of a maximum near phase 0.5 A similar story is illustrated What is responsible for the maxima in the light curves?
in Fig. 6: the data of Balona et al. (1989a), obtained in 1988/hat physical process can switch the system from one state to
and| Lamontagne et al. (1986), obtained in 1985, have almasbther one, and yet retain coherent variability within each of
identical shapes as illustrated in Fig. 6¢, with a prominent matke two different states? It is beyond the scope of this paper to
imum near phase 0.65 and a hint of a maximum near pha&sen attempt providing aswers to these questions. All we are
0.2. The other light curves in this figure, corresponding to dadile to conclude at this time is that the phase coherence of the
obtained in 1993 (Antokhin et al., 1995) (Fig. 6a) and 1990/%hta, separated by many years, points to a common underlying
(Duijsens et al., 1996) (Fig. 6b) also have maxima near thgseriodic process with stableephemeris.
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Table 2. List of the photometric data.

JD-2440000.0 Dates No. of obs. Amplitude State Filter reference
4321-4392 Mar 80-Jun 80 23 0.083 B Jonson V b1
6149-6166 Mar 85—-Apr 85 42 0.083 A Jonson V 2
6761-6774 Nov 86—-Dec 86 177 0.060 A @trgren b K]
6865-6897 Mar 87—Apr 87 54 0.092 B Jonson V 4
7437-7455 Oct 88-Oct 88 19 0.090 B Jonson V 5
7930-7971 Feb 90-Mar 90 32 0.066 B 5388 5
8150-8294 Sep 90-Mar 91 286 0.110 A dBagreny 6
9038-9089 Feb 93—-Apr 93 154 0.110 A 5140 7

# See text for details
b Shifted by 0.015 mag to fit the data of Robert et al. (1992)
¢ Shifted by 0.820 mag to fit the rest of the data

(1) Cherepashchuk 1981; (2) Lamontagne et al. 1986; (3) Balona et al. 1989b; (4) Drissen et al. 1989;
(5) Robert et al. 1992; (6) Duijsens et al. 1996; (7) Antokhin et al. 1994;
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. Y . : - Fig. 6a—c.Same as Fig. 5 but for different sets of data, obtained in the
Fig. 5a—c.Light curves plotted with the same ephemeris as in Fig. 1 for rs21993:b 1990/91; and: 1986 (open circles) and 1985 (filled-in

the sets of data summarized in Table 2. The plotted data were obtaihg . ) .

in the yearsa 1980 (filled-in circles) and 1990 (open circlek)1988: circles). These light curves all display maxima near phases 0.2 and/or
€ 1987. These light curves all display maxima near phases 0.0 an&bers'

0.5.

curves which have coherent properties over a timespan of 15
years. This shows that the underlying process responsible for
the periodic variations has a high degree of repeatability, and
We have refined the period for the variability in HD 5089@&hus cannot be associated with wind instabilities or any other
P=3.7650 days, which produces a phase-dependent modulasiach mechanism which would not yield coherent variations over
of three different spectral quantities and the photometric lightich long timescales. This does not mean that wind instabili-

4. Conclusions
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ties are absent, nor does it mean that other potential phendaferences

ena such as magnetic structures and non-spherically Symm.%ﬂ?okhin I.l., Bertnand J.-F., Lamontagne R., Moffat A.F.J., 1994, AJ
outflows cannot be present. In fact, some of these mechanlsmsm?’ 2179
must be present, as is evident from the secular variations @tokhin 1.1., Bertnand J.-F., Lamontagne R., Moffat A.F.J., 1995, In:
served, but the coherence over such a long timescale can onlyyan der Hucht K.A., Wiliams P.M. (eds.) IAU Symp. No. 163, WR
be compatible with a binary scenario or one of a rotating star Stars: Binaries, Colliding Winds, Evolution. Reidel, Dordrecht,
with a fixed, non-spherically symmetric wind distribution. The p. 58

rotation scenario requires a spatially stable structure displad&sdona L.A., Egan J., Marang F., 1989a, MNRAS 240, 103

from the rotational axis in order to produce the variations (dpalona L.A., Egan J., Marang F., 1989b, SAAQ Circ. 13, 55

the jets proposed by Mattews ef al. 1992). To be stable, thég@dona O., St.-Louis N., Koenigsberger G., et al., 1999, Rev. Mex.
structures would be expected to be symmetric with respect to AStron. Astrofis., submitted

the rotational axis, which would produce a double wave in tf@.erepasmh“k AM., 1981, MNRAS 194, 755 .
phase-dependent variations. There is, indeed, evidence for R/\r/gfgggLAiogjg L(lzz.éLamontagne R., Moffat AF.J., St-Louis N.,
maxima and minima, at least ingN V 4620 WAF and the He Il AP ’

. Duijsens M.F.J., van der Hucht K.A., van Genderen A.M., et al., 1996,
4686 kurtosis phase curves, butthey are notequally spaced. TWOxgas 119 37

maxima are at times present in the photometric light curves @gmani c., Koenigsberger G., Bisiacchi G.M., Moffat A.,F.J., Issersted

well. A discussion of mechanisms which could give rise to non- 3., 1980, ApJ 239, 607

spherically symmetric outflows from a star such as HD 50896Hmtchett S., McCray R., 1977, ApJ 211, 552

given in[Morel et al. (1998), although it is yet to be shown thatdillier D.J., 1988, ApJ 327, 822

such mechanisms can remain stable over such long timeschlegarth 1.D., Prinja R.K, 1989, ApJS 69, 527

as the ones we now have shown to persist_ Ilvanov M.M., GeorgieV L.N., Valchev T., 1996, Bul. J. of PhySiCS, 23,
The coherent variations allow us to revisit the binary hy- 51. ) )

pothesis for HD 50896. According to this scenario, the peﬂ?fanfvo'}AlsMh;s?Ciorig'E\r’e"ég" Keonigsberger G., VaichevT., 1999, Bul.
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