


Astron. Astrophys. 331, 1022{1036 (1998) ASTRONOMY
AND

ASTROPHYSICS

Wolf-Rayet stars and O-star runaways with HIPPARCOS

II. Photometry ?

S.V. Marchenko1, A.F.J. Moffat1, K.A. van der Hucht2, W. Seggewiss3, H. Schrijver2, B. Stenholm4, I. Lundstr •om4,
D.Y.A. Setia Gunawan2;5, W. Sutantyo6, E.P.J. van den Heuvel7, J.-P. De Cuyper8, and A.E. G�omez9
1 D�epartement de Physique, Universit�e de Montr�eal, C.P. 6128, Succ. \Centre-Ville", Montr�eal, Qc, H3C 3J7, and

Observatoire du mont M�egantic, Canada (sergey,moffat@astro.umontreal.ca)
2 Space Research Organization Netherlands, Sorbonnelaan 2, 3584 CA Utrecht, The Netherlands (k.vanderhucht,j.schrijver,diah@sron.ruu.nl)
3 Universit•ats-Sternwarte Bonn, Auf dem H•ugel 71, D-53121 Bonn, Germany (seggewis@astro.uni-bonn.de)
4 Lund Observatory, P.O. Box 43, S-22100 Lund, Sweden (bjorn,ingemar@astro.lu.se)
5 Kapteyn Astronomical Institute, P.O. Box 800, 9700 AV Groningen, The Netherlands
6 Observatorium Bosscha and Jurusan Astronomi, Institut Teknologi Bandung, Jalan Ganesha 10, Bandung 40132, Indonesia (winardi@ibm.net)
7 Astronomical Institute \Anton Pannekoek", Kruislaan 403, 1098 SJ Amsterdam, The Netherlands (edvdh@astro.uva.nl)
8 Koninklijke Sterrenwacht van Belgi•e, Ringlaan 3, B-1180 Brussel, Belgium (jean-pierre.decuyper@oma.be)
9 Observatoire de Paris-Meudon, D.A.S.G.A.L., F-92195 Meudon Cedex, France (anita@mehipa.obspm.fr)

Received 19 September 1997 / Accepted 2 December 1997

Abstract. AbundantHIPPARCOSphotometry over 3 years of
141 O and Wolf-Rayet stars, including 8 massive X-ray binaries,
provides a magni�cent variety of light curves at the� � 1-5%
level. Among the most interesting results, we mention: opti-
cal outbursts in HD 102567 (MXRB), coinciding with perias-
tron passages; drastic changes in the light curve shape of HD
153919 (MXRB); previously unknown long-term variability of
HD 39680 (O6V:[n]pe var) and WR 46 (WN3p); unusual 
ar-
ing of HDE 308399 (O9V); ellipsoidal variations of HD 64315,
HD 115071 and HD 160641; rotationally modulated variations
in HD 66811=� Pup (O4Inf) and HD 210839=� Cep (O6I(n)fp);
dust formation episode in WR 121 (WC9). In a statistical sense,
the incidence of variability is slightly higher among the WR
stars, which might be explained by the higher percentage of
known binary systems. Among the presumably single WR stars,
the candidate runaways appear to be more variable then the rest.

Key words: stars: activity { stars: variables: other { stars: Wolf-
Rayet

1. Introduction

In this paper we conclude the description of the results obtained
in the framework of ourHIPPARCOSprogramme. Our sample
of 141 stars in total (see Moffat et al. 1997 - Paper I - for more
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details), comprises the bulk of the known Galactic Wolf-Rayet
stars for v<� 12 mag, as well as a pre-selected (peculiar radial
velocity componentj(vr )pecj > 30km=s) group of Galactic O
stars, and 8 high-mass X-ray binaries (MXRB) known at the
time of application (1982).

2. Data reduction and period search

All stars in our sample were observed byHIPPARCOS(ESA,
1997) between HJD 2447835 and HJD 2449063, from 40 to 270
times each. The observations are spread, often not uniformly,
over the entire 3.3-yr period. The broad band photometric sys-
tem (� c � 5100�A, � max � 4500�A, FWHM� 2200�A: Hp mag-
nitudes) was calibrated to provide Hp=VJ for B-V=0 (VJ stands
for broad band Johnson magnitude).

We deleted problematic points (around 2-3 points per star on
average) marked by warning 
ags (mainly `poor attitude recon-
struction', `perturbations' and `Sun pointing') from the original
data; calculated the standard errors of the individual observa-
tion ass = [

P
(mi � �m)2=(n � 1)]0:5; converted s into peak-

to-peak amplitude Am=3.289� s (Perryman 1996), and plotted
Am vs. Hp in Fig. 1. Applying the 99.9% detectability limits
recommended by theHIPPARCOSconsortium, we found that
all stars in our sample should be treated as variable, while many
of them are actually known to be constant. As a more realistic,
but tentative variablity threshold we use twice the recommended
level. Then exactly 50% of the stars fall in the `variable' cate-
gory. We then analyse this variable subsample in more detail. In
general, analysis of the stars falling below our revised, tentative
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Fig. 1. Dependence of the peak-to-valley amplitude of the variabil-
ity Am = 3:289� � Hp on Hp. The� 99.9% detectability threshold
is marked by a dashed line. Circles are O stars, triangles WR. The
brightest and the most variable stars are identi�ed.

detectability threshold provides no conclusive results, and we
pay less attention to them.

We searched for periodic variations in the frequency range
f=0-1.0 d� 1 (i.e. somewhat beyond the effective Nyquist fre-
quency) for all stars with Hp> 6.0 mag, and 0-3.0 d� 1 for
Hp� 6.0 mag (if the data were abundant enough, usually n>� 100
points). The reason for this split is the steep rise of the variabil-
ity detection threshold starting from Hp� 6 mag, which makes
the search for high-frequency components practically hopeless.
In performing the frequency analysis, we implement the ap-
proach that minimises the bias introduced by uneven data spac-
ing: for the pre-selection of spurious periodicities we used the
CLEANed frequency spectra (Roberts et al. 1987) along with
the original Scargle (1982) periodograms - see also the detailed
discussion in Antokhin et al. (1995). While CLEANing the data,
we choose the gain parameter g=0.2-0.4 and the number of it-
erations at 250-500. Once found, the periodic signal(s) is(are)
further assessed via (a) calculation of the false alarm probability
(FAP: Scargle 1982), usually neglecting those with FAP> 0.005,
and, �nally, (b) by comparing the folded light curves with the
known instrumental scatter. However, the calculated FAP should
be regarded only as indicative, being seriously biased by many
factors, with the uneveness of time series among the most in
u-
entional. Thus the temporal distribution of the data deserves an
additional comment. All our program stars have one big time
gap at HJD 2448750(� 50) - ... 8950(� 50). Among all stars
listed as variable in Table 1, we mention some cases of particu-
larly bad sampling: HD 34078 (Fig.3), HD 245770 (Fig. 2), HD
39680 (Fig. 3), HD 148937, 150136, 151804, 152408, 152667,
153919, 156212, 158186, 160641; WR 78, 79, 97, 103, 121

(Fig. 7). Under `bad sampling' we speci�cally mean the cases
when the data form 6-8 compact clusters, separated by big time
gaps exceeding the cluster's length ( cf. HD 34078 or HD 39680:
Fig. 3). Neglecting the in
uence of small variations in the to-
tal length of the observations (T) for a given star, we adopt
a uniform accuracy of� f=0.001 d� 1 (� 1/T) in all frequency
estimations. Thus de�ned,� f overestimates the real error by a
factor which depends on many parameters: temporal uneveness,
signal-to-noise ratio, number and spectral distribution of the fre-
quency components (Kov�acs 1981; Horne & Baliunas 1986). In
each individual case this factor should be estimated via detailed
extensive modeling, which is far beyond the scope of this paper.
Hence, we retain a simpli�ed, but uniform approach.

We summarize all results in Table 1, which includes only
stars with detected variability. We list: HD/other names; HIP
(HIPPARCOScatalog number); spectral type; mean observed
Hp magnitude; s - standard deviation of one measurement; pe-
riod(s) and full (peak-to-peak) �tted amplitudes (for a quasi-
sinusoidal signal only) of the periodic signal(s). It is worth
mentioning that among the 71 variable stars listed in Table 1,
only 15 (HIP 24575, 26565, 27941, 35412, 38430, 44368,
57569, 58954, 64737, 82911, 83499, 85569, 100214, 102088
and 111633) were derived as variable in the `Hipparcos Vari-
ability Annex' (ESA, 1997, SP-1200).

3. Results

We discuss all preselected stars in the following order: (a) mas-
sive X-ray binaries (MXRB); (b) runaway O-type candidates;
(c) WR stars. In each group the objects are reviewed in order of
HIP number.

3.1. MXRB

HD 5394 =
 Cas is claimed to harbour a white dwarf (Mu-
rakami et al. 1986; Haberl 1995) or a neutron star compan-
ion (Frontera et al. 1987; see also Parmar et al. 1993). How-
ever, there is no indication of binary motion. The star is no-
torious for its spectacular long-term photometric and spectral
variations. Our data show no signs of secular variability, de-
spite persistent long-term brightening of the star during the last
20 years (Telting et al. 1993). A period search in the range
f=0-3.0 d� 1 yields rather marginal results. Two possible pe-
riods emerge: P=1.634 d (f= 0:612 � 0:001 d� 1 ), peak-to-
peak amplitude A=0.010 mag, and P=1.045 d (f=0.956 d� 1 ),
A=0.011 mag, both with FAP� 10� 6 (Fig. 2). These periodic
light variations are probably induced by the axial rotation of the
star rather than by any phenomena related to the binary revo-
lution. For the latter, the expected period falls in the range of
months to years. Note that Smith (1997) reports X-ray vari-
ations with tentative period P=1.12499� 0.00001 d, which is
compatible with the expected axial rotation rate.

HD 24534 = X Peris a well studied MXRB with a slowly
rotating pulsar (Pp=835 s: Leahy 1990) in a P=580.5 d orbit
(Hutchings 1977, but see also Penrod & Vogt 1985). The sys-
tem is known to be photometrically variable on timescales from



1024 S.V. Marchenko et al.: Wolf-Rayet stars and O-star runaways with HIPPARCOS. II

Fig. 2. Photometry of the 8 massive X-ray binaries: plotted versus time (HD 24534, HD 245770, HD 102567) and folded light curves (HD
5394, HD 77581, HD 152667, HD 153919, HD 226868) - see text for more details. HD 5394: we shift the upper curve by -0.1 mag for clarity.
HD 77581 and HD 226868: �lled (open) dots correspond to the �rst (second) half of the data sets. HD 245770: open dots correspond to the
data from Hao et al. (1996). HD 245770 and HD 102567: thin lines mark the times of periastron passage. HD 153919: thin full line marks the
average light curve as derived by van Paradijs et al. (1984). In the upper right corner of each �gure containing the folded light curve we provide
the 2� rms error bars of an individual observation, extracted from the originalHIPPARCOSdata. Individual 2� error bars are assigned to each
data point on the time-plotted light curves.

seconds to years. The correlation between optical and X-ray
activity is rather feeble (Roche et al. 1993). TheHIPPARCOS
observations were secured during a low state of the system (both
in activity and mean 
ux level - cf. Roche et al. 1993, 1997),
i.e. during the presumable loss of a circumstellar shell with
subsequent build-up of a new envelope. We note the gradual
brightening of the system (Fig. 2) along with the absence of
any trace of the P=580 d orbital modulation. Also, there are no
hints of the P� 0:94 d variability (stellar rotation?) suggested
by Hutchings (1977).

HD 245770 = 4U 05335 + 26. The long quest for any coher-
ent manifestations of orbital motion in this outbursting, transient
X-ray binary have not led to any consensus (cf. the dedicated
review by Giovannelli & Graziati 1992), with efforts to �nd a
universal orbital `clock' ongoing (Hao et al. 1996). We supple-
ment theHIPPARCOSdata by the time-overlapping photom-
etry of Hao et al. and use the ephemeris of Janot-Pacheco et
al. (1987): the orbital period P=111.5 d, and the time of peri-
astron passage at T0=2442724.5 were derived by re-analysing

the data from Hutchings (1984), supplemented by additional
observations. With these data, and this ephemeris, we can claim
someoverlap between the times of periastron passage and opti-
cal outbursts (Fig. 2). We also note the following: (a) not every
periastron passage is accompanied by an optical/X-ray outburst;
(b) as with the X-ray 
aring (Giovannelli & Graziati 1992), the
optical bursts are distributed practically over an entire orbit, with
some clustering around periastron passage. This directly points
to the intrinsic variability of the Be companion. Its variable cir-
cumstellar shell along with the phase-related orbital separation
might control the rate of accretion onto the neutron star, intro-
ducing some randomness into the optical/X-ray 
aring.

HD 77581 = Vela X� 1. We use the orbital period
P=8.96442 d from Nagase (1989) and the time of the X-ray
eclipse at T0=2441446.533 (� = 0: Nagase et al. 1983; Sadakane
et al. 1985) to fold theHIPPARCOSdata (Fig. 2). The general
shape of the light curve matches well the combined data of van
Genderen (1981), allowing for the signi�cant spread caused by
the epoch-related variability. To illustrate the latter, we subdi-
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Fig. 3. Photometry of 4 O stars: time-plotted data for HD 16429, HD 39680, HDE 308399, HD 34078, and folded light curve for HD 34078.
If not noted from any previously known ephemeris, from here on the zero epoch of any folded light curve is arbitrarily assumed to be at HJD
2447500.0.

vide our dataset into two equal parts. Note the difference be-
tween these subsets around� = 0:5 (neutron star in front),
probably caused by recon�guration of the stellar surface (cf.
the discussion of microvariations by van Genderen 1981).

HD 102567 = 4U 1145� 61undergoes periodic X-ray out-
bursting caused by a steep increase of accretion during peri-
astron passage. We use the ephemeris of Watson et al. (1981)
and �nd that the X-ray outbursts are accompanied by signi�-
cant growth of the optical 
ux (Fig. 2). The amplitude of the
optical 
ares depends on the current mean 
ux of the system,
with a clear saturation effect, up to complete disappearance of
the optical outbursts during the stage of maximum mean light
level.

HD 152667 = V861 Scoexhibits� Lyr-like variations with
two clear minima of unequal depth (ellipsoidal variations) for
P=7.84825 d. The shape of the light curve has been stable for
20 years (Bunk & Haefner 1991), and remains so in our data
(Fig. 2).

HD 153919 = 4U 1700� 37. The extreme characteristics of
the Of companion (O 6.5 Iaf+; cf. Stickland & Lloyd 1993) result
in an unstable light curve with changes occurring on timescales
from a few hours to months (van Paradijs et al. 1984; Balona
1992). The minima are caused by tidal distortion of the primary
star without signi�cant heating by the X-ray source. We use
the ephemeris from Sazonov et al. (1995) to produce the folded
light curve in Fig. 2. Overplotting the mean light curve from van
Paradijs et al. (1984), we immediately note outstanding changes
in the light curve shape.

HD 226868 = Cyg X� 1 has a well established orbital pe-
riod of P=5.59985 d (Kemp et al. 1987; Nadzhip et al. 1996)
with an additional long periodicity of P=294 d suggested by the
X-ray observations (Ninkov et al. 1987). We �nd no trace of

the latter in theHIPPARCOSdata. Folding the light curve with
the orbital period and arbitrarily subdividing the data into two
equal parts, we immediately note (Fig. 2): (a) growth (� 1:5� )
of the total amplitude of the optical light curve compared to
previous epochs (Khaliullin & Khaliullina 1981); (b) long-term
distortions of the light curve, with frequent �lling-in of the sec-
ondary (� = 0:5) minimum (cf. Walker & Rolland Quintanilla
1978; Voloshina et al. 1997); and (c) possible 
aring around the
� = 0:75 light curve maximum (cf. Walker & Rolland Quin-
tanilla 1978).

3.2. Candidate O-star runaways

HD 16429 = V482 Casis a suspected� Cep-like variable with
P1=0.37822 d and P2=0.28282 d, both with fairly large ampli-
tude A� 0.04-0.05 mag (Hill 1967) and large RV changes oc-
curring on a short timescale. If there is any period in RV, it must
be less than 4 d (Gies & Bolton 1986). We searched for periodic-
ities in the range of f=0-4.0 d� 1 in keeping with the suggestion
of Hill (1967). Despite apparent long-term variations (Fig. 3),
there are no convincing constraints on the periodic 
uctuations
down to A=0.025 mag.

HD 24912 =� Per: Gies & Bolton (1986) �nd periodic vari-
ations in RV with P=7.3876 d and very low amplitude, K=5.9 km
s� 1 , suggesting binary motion as a cause. We found a slightly
better solution, folding their data with P=11.1841 d, yielding
K=6.4 km s� 1 . On the other hand, Bohannan & Garmany (1978)
detected no periodic variations, placing a less restrictive upper
limit of K < 30 km s� 1 ; and Stone (1982) claimed long-term RV
changes, suggestive of an orbital period of P> 185 d.� Per has
been found to be an ideal object for study of the phenomenon of
discrete absorption components (Henrichs et al. 1994). The star
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Fig. 4.Photometry of 9 O stars: all folded light curves. HD 158186 and HD 219286: the bottom curves are shifted by +0.25 mag for clarity.

is photometrically variable, being just above the detectability
threshold (Fig. 1). Searching in the range 0-3.0 d� 1 , we �nd
no conclusive periodicities. With the present data, we are able
to place a stringent upper limit of A=0.011 mag on the presence
of any coherent periodic variations.

HD 34078 = AE Aurhas con�rmed runaway status (Blaauw
1993), and was suspected as a photometric variable. Neverthe-
less, there are no hints of binary motion down to the limit K< 2.5
km s� 1 (Gies & Bolton 1986). We �nd the star clearly variable
(Fig. 3). After a period search in the CLEANed data we �nd the
best period P=213.7 d (Fig. 3). In a quite preliminary fashion,
we suspect this star to belong to the MXRB group. However,
search for radio pulsations from a neutron star has yielded neg-
ative results (Philp et al. 1996; Sayer et al. 1996).

HD 37737cannot be regarded as a variable in accordance
with our selection criteria. We �nd only weak and inconclusive
traces of the P=2.490 d period mentioned by Gies & Bolton
(1986).

HD 38666 =� Col is a `bona �de' runaway star (Blaauw
1993), extensively observed by Balona et al. (1992), who made
no further comments. We searched for periods in the range
0-3.0 d� 1 with negative results. We place an upper limit of
A=0.008 mag on any periodic component.

HD 39680is an extreme emission-line object with the en-
tire Balmer sequence exhibiting double-peaked emissions (Gies
& Bolton 1986). Suspected long-term changes (decades) of the
emission spectrum are not accompanied by signi�cant RV vari-
ations. The star is listed as micro-variable with� =0.023 mag
(Ruefener & Bartholdi 1982). We �nd spectacular long-term
variations, recalling the trends frequently seen in Be stars
(Fig. 3).

HD 52533falls in the category of variable stars, but the cur-
rent data cannot be treated as reliable - all points are marked
with warning 
ags in the originalHIPPARCOS�le.

HD 57060 = 29 CMa: for this well known binary system, we
simply fold the data with the ephemeris provided by Stickland
(1989; see also Wiggs & Gies 1993). This demonstrates the reli-
ability and robustness of theHIPPARCOSphotometry (Fig. 4),
along with the long-term stability of the light variations in this
close binary system.

HD 60369. Despite the abundant data (173 measurements)
and promising location of the star above the detectability thresh-
old, we �nd no signi�cantperiodicvariations.

HD 64315: RV variability was suspected by Crampton
(1972) and con�rmed by Solivella & Niemela (1986), with the
announcement of a SB2 (O6+O6) orbit, Porb =1.34 d. Only one
period completely dominates the CLEANed power spectrum,
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Table 1.Summary of pertinent data for the variable O and WR stars

HD/DM Other HIP Sp Hp � (Hp) P A Remarks

mag mag day mag
4004 WR 1 3415 WN5 10.20 0.040 11.6 ? SB1?
5394 
 Cas 4427 B0Iab 2.14 0.009 1.045 MXRB(+WD? or +c?)

1.634
6327 WR 2 5100 WN2 11.24 0.064 long-term
16429 V428 Cas 12495 O9.5II((n)) 7.82 0.018 long-term P=0.38 d and 0.28 d
24534 X Per 18350 O9.5pe 6.82 0.014 long-term MXRB, P=580 d ?
24912 � Per 18614 O7.5III(n)((f)) 4.03 0.006 variable? Porb = 7:4 d or 11:2d?
34078 AE Aur 24575 O9.5V 6.05 0.019 213.7 d 0.040 runaway
E245770 4U05335+26 26566 Bpe 9.27 0.078 outbursts? MXRB, Porb = 111:5 d(?)
39680 27941 O6V:[n]pe var 7.90 0.041 long-term
50896 WR 6 33165 WN5 6.63 0.028 3.77 periodic and secular var.
52533 33836 O9V 7.68 0.030 variable? see text
56925 WR 7 35378 WN4 11.44 0.052 long-term
57060 29 CMa 35412 O7Iafp var 4.91 0.133 eclips. bin., Porb = 4:4 d
60369 36706 O9III 8.14 0.019 no periods variable
62910 WR 8 37791 WN6+WC4 10.21 0.048 114.6 SB2?
63099 WR 9 37876 WC5+O7 10.63 0.036 atmosph. ecl. SB2, Porb = 14:3 d
64315 38430 O6ne 9.25 0.039 2� 0.51 0.084 ellipsoidal var.?
66811 � Pup 39429 O4Inf 2.14 0.009 2.56 0.012 rotat. modulation?
68273 WR 11 39953 WC8+O9I 1.70 0.012 78.5 SB2, Porb = 78:5 d
69106 40328 O5e 7.11 0.010 1.484 0.009
77581 Vela X-1 44368 B0.5Ib 7.00 0.031 ellipsoidal var. MXRB, Porb = 9:0 d
86161 WR 16 48617 WN8 8.30 0.022 11.7 ?

20.9 ?
75.2 ?

89358 WR 18 50368 WN5 10.73 0.058 long-term
90657 WR 21 51109 WN4+O4-6 9.76 0.031 atmosph. ecl. SB2, Porb = 8:2 d
92740 WR 22 52308 WN7+O6.5-8.5 6.38 0.013 0.67 or 5.20? SB2, Porb = 80:3 d
96264 54175 O9.5IV 7.57 0.017 variable? see text
96548 WR 40 54283 WN8 7.67 0.036 2.39 ? +irregular(?) var.
E308399 CP-61 2163 55078 O9V 10.95 0.136 
ares!
102567 4U1145-61 57569 B1Vne 8.94 0.080 outbursts MXRB, Porb = 187:5 d
104994 WR 46 58954 WN3p 10.81 0.096 long-term! SB1?(+c?), P=0.28-0.31 d
E311884 WR 47 62115 WN6+O5V 10.89 0.060 atmosph. ecl. SB2, Porb = 6:2 d
112244 HR 4908 63117 O8.5Iabf 5.37 0.015 1.156 ? 0.021

3.286 ? 0.023
4.518 ? 0.022

113904 WR 48 64094 WC6+O9.5I 5.48 0.011 18.05 SB2, Porb = 18:3 d
115071 64737 O9Vn 8.02 0.033 2� 1.36 0.078 ellipsoidal var.?
117688 WR 55 66142 WN7 10.55 0.065 8.84
122879 HR 5281 68902 O9.5I 6.46 0.015 1.58 0.027 eclipsing bin.?
123008 68995 O9.5I 8.93 0.026 4.50 ? 0.027
134877 WR 66 74634 WN8 11.46 0.057 long-term SB1?(+c?), P=0.15 d
136488 WR 69 75377 WC9 9.29 0.032 2.29 0.044
143414 WR 71 78689 WN6 10.02 0.054 long-term 
ares?
148937 81100 O6.5f?p 6.81 0.011 variable?
150136 HR 6187 81702 O5IIIn(f) 5.74 0.031 variable? see text
151804 V973 Sco 82493 O8Iaf 5.25 0.008� weeks irregular variations
151932 WR 78 82543 WN7 6.50 0.012 2.24 ?

13.28 ?
152270 WR 79 82706 WC7+O5-8 6.66 0.009 atmosph. ecl. SB2, Porb = 8:9 d?
152408 HR 6272 82775 O8Iafpe 5.83 0.011� weeks irregular variations
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Table 1. (continued)

HD/DM Other HIP Sp Hp � (Hp) P A Remarks

mag mag day mag
152667 V861 Sco 82911 B0Iae 6.27 0.080 ellipsoidal var. MXRB, Porb = 7:8 d
153919 4U1700-37 83499 O6.5Iaf 6.57 0.021 ellipsoidal var. MXRB, Porb = 3:4 d
156212 84588 O9.7Iab 8.02 0.018 5.8 ? 0.035 runaway
158186 85569 O9.5V 7.00 0.031 2.52 or 3.48 or 8.77? eclips. binary?
E320102 WR 97 86197 WN3+O5-7 10.98 0.041 irregular? SB2, Porb = 12:6 d
160641 V2076 Oph 86605 O9.5Ia 9.86 0.048 2� 0.45 0.091 ellipsoidal var.?
164270 WR 103 88287 WC9 8.80 0.023 variable? SB1?
AS 320 WR 121 91911 WC9 12.20 0.303 light minimum dust formation
173820 92210 O9I 9.97 0.032 10.87 0.056
177230 WR 123 93626 WN8 10.98 0.067 2.35 � 0.15
186943 WR 127 97281 WN4+O9.5V 10.26 0.039 atmosph. ecl. SB2, Porb = 9:6 d
187282 WR 128 97456 WN4 10.43 0.042 1.12 ?
E226868 Cyg X-1 98298 O9.7Iab 8.99 0.028 ellips. var. MXRB, Porb = 5:6 d
190918 WR 133 99002 WN4.5+O9.5Ib: 6.82 0.018 1.24 SB2, Porb = 112:4 d
191765 WR 134 99377 WN6 7.96 0.022 614 � 0.02 SB1?(+c?)
193077 WR 138 99982 WN6+a 8.07 0.020 irregular? SB2, Porb = 4:2 y
193576 WR 139 100214 WN5+O6 8.07 0.080 eclipsing SB2, Porb = 4:2 d
197406 WR 148 102088 WN7+B(c?) 10.44 0.038 irregular SB1(+c?), Porb = 4:3 d
210839 � Cep 109556 O6I(n)fp 5.13 0.011 0.63 0.016 rotational modulat.?
211853 WR 153 110154 WN6+O 9.09 0.034 eclipsing SB2, Porb = 6:7 d
214419 WR 155 111633 WN7+O9 8.90 0.137 eclipsing SB2, Porb = 1:6 d
AC+60 38562 WR 156 113569 WN8 10.92 0.037 10.05 � 0:1 `transient' periodicity
219286 114685 O9 8.82 0.023 1.16 0.031

1.34 0.034
219460 WR 157 114791 WN4.5 9.72 0.059 1.79 ? vis.comp. B0III

2.03 ?
193928 WR 141 120155 WN6+O4-5 9.87 0.033 21.03 SB2, Porb = 21:7 d

Notes: HIP = HIPPARCOS Catalogue #.
Hp: � B+V magnitude
A refers to the peak-to-valley amplitude of a sine-wave �t to the data; relevant for some stars only.

P=0.5095 d with A=0.084 mag. Interpreting this as probable
ellipsoidal variations, we plot the data folded with Porb ? = 2� P
in Fig. 4.

HD 66811 =� Pupis traditionally used as a prototype in hot
star wind modeling (Pauldrach et al. 1994; Schaerer & Schmutz
1994). Balona (1992) has found P=5.21 d (with� 1 d alias at
1.21 d) from his 1986-1989 photometry. This period (usually
interpreted as due to axial rotation: Moffat & Michaud 1981)
was not present in the entire dataset of Balona. However, we
�nd P=2.563� 0.005 d (A=0.012 mag) in theHIPPARCOSdata
(Fig. 4), which is exactly half (within the quoted errors) of the
period cited by Balona. This points to large-scale inhomogeneity
of the stellar surface modulating the structure and kinematics
of the stellar wind in this rapidly rotating (for a supergiant) star
(Howarth et al. 1995; Reid & Howarth 1996).

HD 69106can be classi�ed as marginally variable, being
slightly below the detectability limit. We �nd the most probable
period P=1.484 d with A=0.009 mag, with unacceptably high
FAP=0.038.

HD 96264lies just over the variability threshold, but any
conclusions should be drawn with extreme caution, owing to the

numerous warning 
ags in theHIPPARCOS�le. We tentatively
give P=1.367 d and/or P=1.159 d.

HDE 308399 = CP� 61� 2163has the most unusual light
curve among all the stars under consideration. Big 
ares
(Fig. 3) occur at irregular intervals. The star was not detected
as an X-ray source during the EINSTEIN mission (Chlebowski
et al. 1989) and is not known to be a binary. Its spectrum (O9V)
fails to show anything extraordinary.

HD 112244is situated well above the detectability thresh-
old. We single out 3 possible periods with no preference
to any: P=4.518� 0:020 d , A=0.022 mag; P=3.286� 0:011 d
, A=0.023 mag; P=1.156� 0:001 d , A=0.021 mag, all with
FAP� 10� 9.

HD 115071is suspected to be a SB2 system with total RV
amplitude K1+K2 � 260 km s� 1 (Penny 1996). However, noth-
ing is known about its orbital period. Searching in the range
0-3.0 d� 1 , we �nd a strong case for P=1.366 d and plot the
light curve for P=2� 1:366 d (Fig. 4), interpreting the varia-
tions as ellipsoidal.

HD 122879is listed as having constant RV (Gies 1987).
We �nd that the star is variable with P=1.580� 0:002 d,
A=0.023 mag and FAP� 10� 6 (Fig. 4).


















