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Abstract. NW Ser is a bright ' =6 1-8" 2), active Be star (though this photometry is not without problems of its own:
which is known to vary photometrically on a time scale of houttke distribution of the time intervals between observations is
to days. Using botliHipparcosand ground-based photometrypften quite non-random). Hubert & Floquet (1998) have very
and using light curve, autocorrelation, power spectrum analysiently derived periods for many bright Be stars (including
and phase dispersion minimalization techniques, we have cbiW Ser) fromHipparcosdata.
cluded that the period is close t6 @6 — a period typical of
stars of this type, and in good agreement with the value! of
488, recently determined by Hubert & Floquet frétipparcos
data. It is possible that the period is near twice this value, bpke have used two sets of photometric data: overlapping ground-
the evidence is not strong. We also find a period of ab®& 5based UBV data from Hvar Observatory (Pavlovski et al. 1997)
from both the ground-based ahtipparcosdata. and North America (Percy et al. 1997), and photometry which
was obtained in a wide-barfd, system by thélipparcossatel-

Key words: stars: early-type — stars: emission-line, Be — stanite between 1989.85 and 1993.21. For some purposeslifhe
variables: general parcosphotometry was transformed to Johngomith the help
of Harmanec’s (1998) formula.

The data were analyzed using four techniques: (i) inspec-
tion of the long-term ground-based aHgpparcoslight curves,
and the short-terniipparcoslight curves, in cases in which
NW Ser (HR 6873, HD 168797, BD-#3704, MWC 601)/=6» the photometry was continuous over a day or two; (i) the
1-6% 2, B — V=—0" 02,U — B=—0" 62) is a bright, active date-compensated discrete Fourier transform (DCDFT) (Ferraz-
B3-4Ve star, the brightness of which has been systematica#!l0 1981), asimplemented in acomputer program kindly pro-
monitored for over two decades (Pavlovski et al. 1997 (the dtded by Dr. E.P. Belserene; (iii) autocorrelation analysis (AC;
are published in Harmanec et al. 1997), Percy et al. 1997 &f$ Percy et al. 1993, for instance); and (iv) phase dispersion
references therein). Variations iri and B on time scales of Minimalization technique (PDM hereafter; Stellingwerf 1978).
months to decades appear to e @b or less (see Pavlovski
et al. 1997, Fig. 8, and Percy et al. 1997, Fig. 4). Also earligr
U BV observations, found in the astronomical literature, do not
indicate any pronounced long-term brightness or color chang&bere are two intervals in which théipparcosphotometry is
However, there are variations of up t8 @0 on time scales of sufficiently continuous, over one to two days, to define a short-
hours to days. Many Be stars show variations on time scafégm light curve. (i) JD 2448656.3-57.7: There are 14 obser-
of 0.3 to 3 days (see, for example, Percy 1983); they may w@tions. The cycle-count period i§ @4 (Fig[1). The DCDFT
either due to non-radial pulsation (Bolton 1982, Percy 1987), @ives two peaks of comparable height: 106 and 0.245. (ii)
rotation (Harmanec 1983, 1984, 1991, Balona & Engelbrech? 2448661.2-62.4.: There are 12 observations. The cycle-count
1986, Balona 1990); see Baade & Balona (1994) and Bad@gsiod is 0.43. The DCDFT gives several peaks of compara-
(1998) for brief reviews. Such time scales can be difficult tole height: 0.143, 0.220, and 0.459 day. The DCDFT of the
identify and study using ground-based photometry from os@mbined data gives several peaks of comparable height: 0.142
site. Even combining data on NW Ser from Europe and Nor@id 0.147, 0.224 and 0.238, 0.433 and 0.476 day. These pairs
America, we had difficulty identifying the period, if any. THg, of peaks reflect the 5-day interval between the two groups of
photometry from thédipparcosmission (Perryman et al. 1997)observations, and the first two pairs are submultiples of the third.
provides new information about the time scale of the variability The most useful result was the autocorrelation analysis of
the Hipparcosdata (Fig[2). There is a clear minimum &t 0.
Send offprint requests 1d.R. Percy 47 £0! 01, and a minimum near!@8; this one is less well
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Fig. 1.Thelightcurve of NW Ser, in thdipparcosphotometric system,
over slightly more than one day

Fig. 3. The phase curve of NW Ser, using tHgpparcosdata, and a
period of twice 8.477622. The double-wave appearance of the phase
curve is more apparent than real
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At (days) Fig. 4. The phase diagram of the merged ground-basddta and the

Fig. 2. The autocorrelation diagram for NW Ser, using Hiipparcos transformecHipparcosdata (Harmanec 1998), for a period 61

data. Thefilled circles have higher weight. The minima suggest a period
of about .46

has also been used to search for periods iftttata; the best
defined because there are relatively few pairs of observatigresiod between®45 and 0.50 is 0. 4958887. Analysis of the
which are 0.9 to X 1 apart. Note that autocorrelation analysimerged ground-basdd and transforme#fipparcosdata gives
produces minima at integral multiples of the basic time scakebest period neaf'G159.
The autocorrelation diagram clearly rules out time scales less We also used the PDM, autocorrelation and power spectrum
than 0.4. analysis to search for periods greater than 2 days. A period close

The autocorrelation analysis of the ground-based data was! 5 was found by all techniques, independently in both the
complementary in the sense that, although there were no pagirsund-based aridipparcosdata. This suggests that the period
of observations ©4 apart, there were many pair$@to X 1 is not an artifact. Using the ground-basédlata, merged with
days apart. The minimum occurs &t@25+ 07 025. All of the the transformedipparcosdata (Harmanec 1998), we found
autocorrelation results are consistent with variation on a tiraebest period of 5491. The phase diagram for this period is
scale of 0.46 + 0% 01. shown in Figl#.

The DCDFT of theHipparcosdata has a highest peak 4t 0.  The long-term light curve of thelipparcosphotometry is
477996, but there are peaks at periods fron#06 to 0.522 dominated by the short-term variations. Autocorrelation analy-
which are almost as high. In particular, the peak‘a#®7662 sis of this and the ground-based data shows a weak minimum
was only marginally lower. All of them give reasonably cleaat 100 days, but the corresponding full amplitude is less than
phase curves. 0™ 01. There is also a weak minimum at 250 days, with com-

In Fig[3, we show the phase curve for a period of twite (parable amplitude. In the power spectra, the peak! & Was
477622. The two highest points give the impression of a doubhauch higher than any peak for longer periods. Furthermore,
wave curve, but the mean curve shows little evidence for suittere was no evidence for longer-term variations, in ke
behavior. parcosphotometry, greater than about @1. The meanV”

The DCDFT of the ground-based data is strongly affectedagnitude derived from transformation of tHgparcospho-
by aliasing, because of the one-day spacing of the data. Tometry was about"6.15. The seasonal medn magnitudes
highest peak is around 84, depending on the segment of datbound by Pavlovski et al. (1997) and Percy et al. (1997) varied
used, but the alias peaks are almost as high. The PDM metffiman 6 12 to 62 17.
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0.022 | . 1 creases and decreases, and the projected rotational velocity of
ooro L 1 the star. According to Briot (1986), NW Ser has a&in i of
' 295 km s '—a projected rotational velocity at which some other
0.016 F * | Be stars show little or no long-term variability (Hubert & Flo-
% . ’ . quet 1998, Fig. 7). See also Moujtahid et al. (1998) for a compre-
g 0.01sr ° . . | hensive survey and discussion of long-term spectrophotometric
T ooiol ° . 1 behavior of Be stars.
¥ o According to our results, NW Ser has a period between 0.
0.007 ¢ : ‘ 1 45 and 0.50. There is some evidence that the period may be
0.004 | . . | twice this value, and the light curve may be double-wave, but
the evidence is not compelling.
0.001 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Very regrettably, the Hipparcos parallax of NW Serz

0.00 0.02 0.04 0.06 0.08 0.10 012 014 0.16

At (days) 0700097+ 0700083 (Perryman et al. 1997) cannot be used to

a reliable radius determination because of its large error. Fol-
Fig. 5. The autocorrelation diagram for the ground-baBeata for HR  |owing Harmanec (1991), we can only estimate the minimum
6900, showing the minimum at a period &t 07. In autocorrelation and maximum period of rotation of NW Ser using its spectral
diagrams, the first minimum is the most significant; higher m}nlmpe (B4V; Mouitahid et al. 1998), projected rotation velocity
may or may not_ocg_ur, depending on t_he coherence of the_ varlat|0(§95 km s) published by Briot (1986) and the mass and ra-
Therefore the significance of the minima &t 10 and 6.13 is not di libration derived by H 1988 hich is the best
clear. A similar minimum is seen in thdipparcosphotometric data at Ius calibration derived by Harmanec ( . ), which is the bes
a period of about®06 currently ava|laple. The minimum perloq i$ 83 for thg Roche

model or 0.45 if the radius of the star is not modified by the
rapid rotation while the maximum period i$ 86. These values
are rather uncertain since we know neither the radius nor the
mass accurately enough. Note also that other sources give B3
forthe spectral type of NW Ser. Itis interesting to note, however,
Three comparison stars were used in the ground-based phat the observed period (about46) is close to the expected
tometry: HR 6900, HR 6925, and HR 6928. The scattgrin( period of Keplerian rotation near the stellar surfaceg6+0?
their Hipparcosphotometry were, respectivel{*@10, ¢ 007, 15).
and @ 008. HR 6925 was classified as “constant”, the other Although there are stars like NW Ser which have periods in
two were unclassified. For the magnitudes of these stars, sutheasame range:(Cen, for instance, see Rivinius et al. 1998),
scatter corresponds more or less to that found for constant sttirg,double period would fall closer to Balona’s (1990) period —
perhaps with the exception of HR 6900. rotational velocity relation for early B stars.

We, therefore, examined thelipparcos photometry of The short period is not strict enough to appear, clearly, in
HR 6900 (B9V) in more detail. The light curves for individuathe power spectra of the large body of ground-based data from
days suggested that the time scale of variability — if real — wagrious sources, but this is not surprising, given the complexity
of the order of hours. The autocorrelation diagrams confirmeéithe photometric variations in Be stars. It is also possible that
this; there were significant minima at 07 and its multiples. the short “period” is only a pseudo-period, which would not
The power spectrum showed peaks at abdud®4, 0. 137, show up clearly in a Fourier analysis of a very long dataset.

0! 204, and ©.255. The best period neat 07 was 0.064138. Periods as long as?% days are not found among the
This period gave an acceptable phase curve, with a peak-to-ptsiiort-term” variability of Be stars, but are occasionally found
range of @ 02 in H,. Autocorrelation analysis of the ground{as phase-locked light variations) in binary systems such as
based (Hvar Observatory) and B data (Fig[®) also showed CX Dra (period 8.696; Koubsk 1978). In this case, the period

a minimum at a period of about!@6. The PDM technique would be a strict one, but the variability might be complicated
finds 0. 203 as the best one. We urge observers at good phy-non-periodic phenomena such as episodic mass ejection or
tometric sites to check on this suspected variability. If reallyansfer.

variable, the star might bed@Scuti variable, though such stars

tend to have spectral types of AS to F2, or even a member of & owledgementsIRP acknowledges, with thanks, a research grant
elusive “Maia variables” — short-period variables with spectrgbm the Natural Sciences and Engineering Research Council of
types around AO IV-V. Two apparent members of this class haganada. MM was supported by the Summer Career Placement Pro-
recently been discovered by Balona & Laney (1995, 1996). gram of Employment Canada. JRP thanks Dr. E.P. Belserene for pro-

viding the DCDFT software. PH acknowledges the support from the

) ) grant 205/96/0162 of the Granting Agency of the Czech Republic. The

5. Discussion final reduction of the Hvar data was made possible thanks to the in-

nlike m B rs. NW Ser r how little or no lon rnal grant of the Czechoslovak Academy of Sciences No. 30304 to
Unlike most Be stars, Serappears to show little orno lo H. This research has made use of the SIMBAD database, operated at

term vz_:mablhty. Hubert & Floquet (1998) noted tha_t there WaSps, Strasbourg, France.
a relation between the amplitude of long-term brightness in-

4. Possible variable comparison star
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