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Abstract. The main purpose of this paper is to demonstrate the be simulated as an interference of several periods, the second
extreme complexity of the observed variations of Be stars on the most significant period being close t&3b. Several reasons
example of a well-observed bright Be staiCMa. A detailed are given why the explanation in terms of one variable period
analysis of all published radial velocities and a representative appears more probable.

set of photometric and spectral observations of this star led te With the help of both, real and artificial data it is demon-
the following firm conclusions: strated that the slow variation of thé3r19 period — if
unrecognized — may be misinterpreted for a multiperiodic
variation with several close periods betweéB and 145.

This constitutes a methodological warning for the period

— Atleast three and possibly four different time scales of vari-
ability of w CMa, ranging from 437 to more than 40 years,

could be identified. ;
I f nseCep, B “slowly pul ”
— The correctneanperiod of the RV and line-profile changes gn;;/rsses of data on so ep, Be and "slowly pulsating

] . :
Is 1.371906, not 13667 as derived earlier. — The cause(s) of the variations with thé37. (and £345)

B Th? bf'gh“"esst of the object and the strength of the Balmer period(s) and/or the 35 d cycle remain unexplained. It is
emission vary In an apparent cycle of Sever al thousands of obvious, however, that these three periods are not mutually
days. The long-term brightness and emission-line Changesindependent. The 3675 period may be either a real phys-
can be understood as consequences of the formation andical period or a beat period between tH812 and 1345
gradual dispersal of a gaseous envelope which _is flat- periods. In the former case,CMa could be a 34 binary in
tened and seen more face-on than equator-on. During eaChan eccentric orbit and the periods twice longer than the two

zplsﬁ dte, thhe en\t/elope growst frc:jm dan 3pt'C? "y”th'tf]'.( pseu- periods near® would represent the sidereal and synodic
ophotosphere to a more extended and optically thin enve- . ...\ periods of the Be primary.

Igp_ei ¢ h I isod ¢ liaht briahtening Finally, some speculations are offered in terms of a hierar-
— EXistence of much smaller episodes ot fig ngntening: chical multiple system of three or even four stars.
which can have the same cause (though on a more limited

scale) has clearly been demonstrated. . . il i anling
. . . Key words: stars: emission-line, Be — binaries: eclipsing —
— The amplitude of the®B7 RV curve varies on a time scale, y psing

somewhere between 10 and 300 d. stars: individualw CMa, HR 2733

The following conclusions are less certain and represent possi-
ble alternatives to be tested by future, systematic and homoge— .

. ) . Introduction
neous observations:

— Some evidence is presented that the amplitude oftB@2L. The BZe starw CMa (28 CMa, HR 2749, HD 56139,

RV variations, local mean RV and brightness of the objec D_26 4073) has long b_een known to be a light and radial-
. - Vélocity (RV hereafter) variable (cf., e.g., Frost, Barrett & Struve
prewhitened for the long-term changes, all vary on a ti

scle ofahout 350, possbly it aperd ofcts, 020 CSTARELE Looe 199, iy 1956, o eren
— The O-C deviations of the local epochs of RV maxima from . ' ' Y

; . ! M Ster Baade's (19794, b, 1982 a, b) discovery of its remarkable
linear ephemeris for the! 372 period seem to be undergoin . . o . .

; S ; V, VIR and line-profile variation with a period 0f365. Baade
aslow and probably cyclic variationintime, being shortest

982a) also found that the RV of the Balmer emission lines

tlme_s when the star is brightest and when a new Be envel Waied in antiphase to that of the absorption lines. Baade (1984)
begins to grow. However, the same O-C deviations can al

0 . o
be reconciled with the 3675 period. Whatever the true&emo.nstratedthatthe outerwings ofthe ab;orpuonlmes sh_owed
timescale of the O-C deviations is, their behaviour can alog!y little or no RV changes. H.e used all his RV observations

’ T8 improve the value of the period t§36673+ 0100005 and

Send offprint requests t®. Harmanec noted that the RV curves from various seasons looked different.
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Baade (1982b) obtaineebby photometry of the star and con-Table 1.Journal of RV data sets of CMa
cluded that the light variations cannot be reconciled with the

spectroscopic period but rather with a shorter period'dB6. | Dispersion  Weight Epoch No.of S
However, Stagg (1987) obtainédBV photometry of the star (Amm™) (HJD-2400000) RVs
which could be reconciled with th€ 365 period and noted that 30 0333 16450.8-18301.8 6 A
the period 8435 is an alias of the spectroscopic 1.37-d periodp 37.4 0.267 16481.8-17612.7 9 B
Balona et al. (1987) obtained a long serieshalbservations 3 20.3 0.493  17957.7-18996.9 6 B
of the star from Sutherland and La Silla Observatories. They 12.3 0.813  40607.5-40608.8 6 C
found a monotonic decrease of the brightness over one yedr. 16.9 0.592  42033.0-42887.6 16 D
Moreover, they found a low-amplitude periodic variation with 4 12.3 0.813  43091.8-43096.9 12 E
a period of $471 from the 1986/87 data when the star was sec® 42 0.238  43499.6-43510.6 15 E
ularly rather stable, and about B fainter than at the beginning 4 12.3 0.813  43884.5-43895.8 44 E
of the 1985/86 season. Clarke (1990) analyzed polarimetry a 12.3 0813 44951.7-44955.9 r F
HG scans and suggested that the true period of variations is 13 1.000  45245.9-45247.9 3 G
1.3 1.000 45351.8-45357.7 17 G

twice the value found by Baade! 2335. Mennickent, Vogt &
Sterken (1994) reported I_arg_e Io_ng_-term b”ghtness Varlathps?ruments in column “I": 1... Yerkes 1.02-m refractor, Bruce prism spg.; 2... Chile Lick
and the presence of quaS|per|0d|c Ilght changes with ‘? CyCIGOQEQ—m reflector, one-prism spg.; 3... Chile Lick 0.929-m reflector, two-prism spg.; 4...
about 25 d at the phases of increased bfightneSS- Bethveath, ESO La Silla 1.52-m reflector, coadyrating spg.; 5... KPNO coédeed 1.0-m, cousl

& Aerts (1998) analyzed a series of high-resolution electronjgting spg.; 6... Calar Alto 1.23-m, Nasmyth grating spg.; 7... ESO 1.4-nécmudliary
spectra from January 1996 and confirmed the presenct8af ltelescope, cotilechelle spectrometer with a Reticon 1872 detector.

period in the line moments of He | 6678. They were unable fgurces in column “S™ A... Frost et al. (1926); B... Campbell & Moore (1928); C... van
model the Varying Shape of the line proﬁ'e with either Spot teof (1975) remeasured by Baade (1982a); D... Abt & Levy (1978); E... Baade (1982a);
NRP model and had to assume a patch with intrinsic line widfth Baade (19820); G... Baade (1984);

differing from that outside it. FinallyStefl et al. (1998) ana-

lyzed long series of Heros spectrawiCMa and reported the Table 2.Periodic signals with largest amplitude found in the Hipparcos
presence of two periods: a stable one #87,.and a transient H, photometry of the four stars used as comparisons foMa. Errors

one of 149 seen only in the lines affected by the Circumstellglfthe last decimal digit of the period and semi-amplitude (in brackets)
emission and the rms error of a single observation calculated from a sinusoidal

Giventhese contradictory results, | decided to checkwhetr?é;or the respective period are given

an independent analysis of available data which would also iz

clude the older RV data could resolve the question of the trué ar Period Semi-amplitude  rms

period(s) of the star. Results of this analysis led me far beyon@Y CMa  1'6682(4) 0:0028(9) 00066
my original plan. They demonstrate an extreme complexity ofHR 2733 1£0247(1) °0054(6) g.0112
the variations observed and may have some important implHR 2774 18035(4) ~ (:0034(7) 0.0071
cations for the understanding of the variability of Be stars inHR 2756  13789(2) ~ 0:0033(6) 0.0058

general.

2. Observational data used spectra (cf., e.g., Horn et al. 1996). The only exception is the last

Since | have had no chance to obse@&Ma myself, this study data set, based on high-dispersion Reticon spectra, for which |

is based solely on the observational data either publishedsomewhat arbitrarily adopted weight 1 (instead of 7.7 which

kindly provided in advance of publication by several colleaguesould come out from a straightforward calculation) since these

RVs rest on asingle line and since putting such a large weight on

21. RV data two localized data sets could overweight them in the combined
o fits. Note that the weights only played a role in least-square fits

Basic information about the data is summarized in Table 1td the data. They are given explicitly in Talple 1.

used either the mean RV or the mean He | triplet RV to be able

to employ all available observations. It is necessary to watr.

however, that the Lick velocities from Chile are based on thé:éz' Photometry

H~ emission Yerkes early RVs are based on absorption lin&toy (1959) reported that CMa is a light variable. Since then,

but the emission RV is also given for the first two spectra. llarge number of photometric observationsxd@Ma has been

all cases | derived heliocentric Julian Dates (HJDs hereaftagcumulated. | collected and homogenized a representative set

if they were not given in the original source. Since neither thef photometric observations which were — or could be — cal-

exact number of lines measured for RV nor the S/N ratio aiterated to the standard BV or uvby systems. An interested

known for some of the data sets, | only assigned all RVs bgader can find the details on the individual data sets and their

weights inversely proportional to the dispersion of the originAbmogenization in the Appendix.
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Table 3.Equivalent widths and peak intensities of the &hd H3 emis- ig ig ESO 1.52—m January 1979
sion lines compiled from various sources ° 8:2 W gig
82 Yerkes & Lick emission RVs g;
JD—-2400000 EWi. lHa EWug  lug S 00565 0,67 0,69 071 0.73 0.75 0.77 0.79 0.81 *00.65 0.67 0.68 0.7 0.3 0.5 0.7 0.79 061
1.4 1.4
43540t 30 —14.2 396 -155 134 1 1af 1.2} ESO1.52-m Docamber 1981
4381330  —129 403 -165 138 1 ° a% ce e A
45245.9 - - - 1.286 2 o} keno o2
45246.9 — — — 1289 2 00565 0,67 0.69 071 0.73 0.75 0.77 0.79 0.81 00,65 0.67 0.69 0.71 0.3 0.5 0.7 0.79 081
45247.9 - - - 1.308 2 141 E501.52—m November 1976 1215501 .4=m GAT/GES Oot.1582 & Jan.1983
45352.8 - - - 1271 2 > 08 o8
45356.7 - - - 1.286 2 o4 M o4
0.2 0.2
jiggﬁ i _Zolg gi; _(J:_)IZ 122 2 0'06.3_5 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81 oo 0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81
T : e : | 4 Calor Alto T.23—m Decem 7 140 —m anual on
4502930 118 344 — - 3 1.2} Cop{ARe 1 23-m Decemberte77 1.2} ESO1.4-m GAT/CES January 1983 only
45394-30  -9.98 337 -1.26 118 3 ° O g W
45226.9 —10.7 3.745 - - 4 o7 o2
468357 _192 554 —_ —_ 5 O'O(T..G_S 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81 O'OIT..G_S 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81
47532 - 593 - 137 6 fled=)
47808 - 513 - - 6 Fig. 1. Stellingwerf’s PDM periodograms af CMa for various RV
48633 - 3.38 - 1.01 6 data Subse’[s
48705 - 2.96 — — 6
49095 - 3.29 - - 6
48995.7 - — — 1.08 7

3. Periodic changes with the 437 period

Notes: Data sources are identified in column “S” as follows: 1... Dachs et al. (1981);
2... Baade (1984); 3... Dachs et al. (1986); 4... Hanuschik et al. (1988); 5... Dachs eBall. IS there a secularly stabl€37 period?
\(letg: S) 'ai';j' Hanuschik et al, (1996); 7... Zborl et al, (1997). In cases when the equ'valg]ltrst, | analyzed the available RVs. For all least-square fits dis-
peak intensities were not tabulated in the original papers, | measured the peak
intensities in the published line profiles cussed below, | formally used the program FOTEL (Hadrava
1990, 1995a) which is designed for orbital (and light-curve) so-
lutions of spectroscopic (eclipsing) binaries, uses the simplex
method and calculates realistic errors based on the covariance
matrix. | verified that Baade’s RVs can indeed be best reconciled
with periods close toR7. Other periods, including both 1-d
aliases, seem to give much worse phase diagrams. On the other
hand, the scatter is not significantly reduced for the double-wave
It is useful to consider the true noise level of the existingeriods near4, advocated by Clarke (1990). I, therefore, re-
photometric data. To this end | extracted the observations of giiticted my initial data analyses to the neighbourhood of the
four comparison stars used by various observers from the Hii37 period.
parcos catalogue. Atime plot of these observations immediately Fig. I shows Stellingwerf’s (1978) PDM periodograms
shows that HR 2733 varies with a cycle of (353 d and a full (structured into 5 bins with 2 ‘covers’) for the individual RV data
amplitude of 8:029. Individual observations of the remainingsets for periods betweef25 and $54. Itis seen that the resolu-
three comparisons scatter withift@3. | calculated Fourier pe- tioninfrequency is inevitably low for the short data strings while
riodograms for all four comparisons for periods frofd@ 20 the longer strings of data suffer from aliasing problems. Yet, it
and the results for the highest peaks found are summarizegé&ems clear that the only period common to all periodograms is
Table[2. For HR 2733, | analyzed the O-C deviations from tleeperiod close to'B72 (frequency 0.7289 cd), i.e. a one-year
353-d cycle. They define the amplitude limits of the periodialias of the 136673 period derived by Baade (1984). It is a bit
signals over that range of possible periods. curious that the RVs which best show tH&812 periodicity —
without too much aliasing - are the Kitt Peak RVs published
by Abt & Levy (1978) who concluded from them that the RV
of w CMa is constant. (During preliminary analyses, | was ob-
| also compiled the equivalent widths and peak intensities w@fining a different period from the Reticon RVs published by
the Hx and H3 emission lines ofv CMa from more recent Baade 1984. Upon a closer examination, | came to the conclu-
spectral observations. These are listed in Table 3. Additionakyon that the correct HIDs of the three October 1982 Reticon
Dr. T. Rivinius very kindly put at my disposal thecHpeak spectra must be higher by 1 day than what is given in Table 1a of
intensities derived from the unpublished measurements in Ba@ade 1984. Upon my request, Dr. Baade very kindly checked
Heros spectra. These measurements will later be publishedhismoriginal records and confirmed that it is indeed so. After this
detail by their authors. correction of dates (already applied in Table 1 and[Big. 1), also

2.3. Balmer line profiles
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vidual subsets of data covering no more than 400 d (for Abt
and Levy's data) and much less for all other data sets obtained
since HID 2440608 This way, the particularly chosen exact
value of the 437 period played a negligibly small role in the
determination of locally derived semi-amplitudes and systemic
velocities of individual RV subsets. Using these locally derived
values, | then transformed all RV data (H3R440607) into an
interval< —1,1 > and subjected this homogenized data set to
a period analysis. Clearly the best period was indicated in the
neighbourhood of13719. A sinusoidal fit led to the following
linear ephemeris:

Tmaxry = (HID 42805.884 + 0.016)
+ (19371906 4 07000013) x E.

1)

(The best fit period in the neighbourhood of the period derived
by Baade (1984) is'B66791. It gives amuch worse phase curve
than the period of1371906.)

3.2. Cyclic changes of a single period or an interference of
several short periods?

A phase diagram of the transformed RVs for ephemgEtis (1) is
shown in the upper panel of Fig] 3 where the individual data
subsets are denoted by different symbols. Comparing this plot
to Fig.[2, one can see an increased scatter in the phase diagram
based on all RVs. (Note, however, that the scatter in the trans-

(P = £.372) from two consecutive observing runs by Baade withyymed RVs is a bit confusing since, say, a deviation of 0.1 from

the same instrument. The upper one is based on data secured

P mean curve represents 1.5 ki $or a subset with a semi-

tween HID 2443884 and ...895, the lower one on data taken between

HJD 2444951 and ...955. A large difference in the amplitudes of t

two curves is clearly seen

the RVs from Baade’s 1982-83 Reticon observations seem to

best reconciled with a period 0f372.)

The problem of the determination of an accurate value
the 2137 period is not trivial, however. This is not only becaus
of the heterogeneity of the data but also due to the fact that {
amplitude and mean RV of the apparent RV changes varies R
only with the dispersion and resolution of the spectrograms (gs
already pointed out by Baade) but probably also from physi
reasons. This is best illustrated by Fig. 2 where the RV curv
based on two consecutive observing runs by Baade thi¢h
same instrumentare compared. The semi-amplitudes of th
two curves are (30.6% 0.34) km s ! and (14.5+ 1.3) km s!,
respectively, the rms of the fit per 1 observation being 3.1kfns
in both cases. As Baade remarked, the Balmer emission A3$
decreased between these two epochs. Therefore, the chan
the amplitude of the ®B7 RV curve can indicate either tha
the variation of the line cores is affected by the strength of t
circumstellar matter or that it is controlled by more than orf

period close to44.

gmplitude of 15 km s! but 3.5 km st for another one, with
a semi-amplitude of 35 km=<.) On a closer inspection, one
clearly sees that the individual subsets are slightly shifted in
phase with respect to each other. This indicatesttteperiod
'%8hanging with time
To check on this suspicion, | used the best-fit period

8%371906 to re-calculate local epochs for the individual data
ubsets. Then | derived the O-C deviations of these epochs from
g linear ephemerigl(1). Their plot vs. time (see the upper panel

Fig. [6a=dl) shows that the change is smooth and indicative
a slow and possibly periodic change of tHt872 period.
pte that if one assumes a strictly sinusoidal variation of the

-C changes, the best-fit period is (5650400) d, the semi-
amplitude of the variation is'a74+ 01017 and the mean O-C
amounts to 0940. This latter value implies that the epoch of
maximum RV of ephemeri§](1) for the mean period should be
corrected to HID 2442805.802. One should adopt this result
tentative one, however, since the O-C variations — even if
eyvary strictly periodically — need not follow either an exact

gmusoid or the period found from a few data points only.

e As atest of internal consistency of the procedure, | analyzed
ree subsets of more recent RVs, each of them spanning more
than 400 d, namely (in HID-240000): 40607 — 42452, 42724 —

Putting aslide the early RVs I.theref'ore adopted a period Trial non-sinusoidal fits were first carried out only to find that the
of 143718 which resulted from trial period searches over albviations of any of the available local RV curves from sinusoidal shape
more recent RVs, and calculated local sinusoidal fits to indire negligible
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phase phase
2 T T T T T T T Fig. 4. The O-C from the 1.372-d RV curve (normalized RVs) plotted
oy & oy & 1 vs. phase of the®B48548 period. A calculated epoch of the maximum
e a ﬁ%:; ° & 5%2! 1 residual RV, HID 2442805.817, is used as phase zero
& ¥ g YO
% ok ° e x 9%< ° ® | Table 4.Results of a multiperiodic fit to theriginal more recent RVs
3 E’?& 7 4 of w CMa (the rms errors of the last 2 digits of the periods are given in
_E E";% &gé” brackets; the rms per 1 observation of the fit is 4.28 ki) s
il o ? 5|
5 <:> Ei Period Frequency Amplitude wEx RV
2t o 5| | (days) (cdh) (kms™)  (HJD-2400000)
A G1
A @2 1.371925(15) 0.7289027 21.14 42981.449
—3 L L L L L L L L 1.346368(18)  0.7427389 11.27 42982.363
-62 o0 02 04 06 08 10 1.2 1.353607(26)  0.7387668 6.81 42981.817
phase 38.047(25) 0.0262834 5.63 42980.071
Fig.3. A RV curve of the KPNO, La Silla and Calar Alto ob- 0.6178363(55)  1.6185518 4.85 42982.238
servations, transformed locally into an interval —1,1 >. 0.6239372(62) 16027253 3.84 42982.346

Upper panel: RVs plotted vs. phase of the linear ephemeris (1).
Bottom panelRVs re-plotted vs. phase of a periodically varyifg12
period (see the text for details). Individual data subsets localized in

time and denoted by various symbols in both plots refer to the fOHO‘With the numerical values derived above, formlla (3) predicts
ing epochs (in HIB-2400000): C: 40607.5-40608.8; D1: 42033.0=4 . ’ :
42452.8; D2: 42724.9-42887.6; E1: 43091.8-43096.9; E2: 43490 5o 20 13721 and 13716, in a reasonable agreement with the

pove results of the local fits if one realizes inevitable inaccu-

43510.6; E3: 43884.5-43895.8; F: 44951.7-44955.9; G1: 452459~ ; )
45247 .9 G2: 45351.8-45357.7 racies of the tentative model function used.

Finally, | derived the phases of thé3[72 variation, assum-

] ] ing its slow sinusoidal change, from el (2) and re-plotted all
43895, and 44951 — 45357. The resulting local periods of thgigrmalized RVs in the bottom panel of Fig. 3. Note that the
sinusoidal fits were“B7196=+ 0700004, £37192+ 0700003 remaining larger deviations all come from photographic spectra

and 137162+ 0100006, respectively. Itis possible to compargt moderate dispersions.

that the O-C varies sinusoidally, then | first searched for periodicity the O-C residuals from the nor-
@) malized RV curve for @onstanperiod of ephemerig]1). | used
Breger’s program PERIOD (Breger 1990), searching over the
whereT is the time of observation?,, T, and P, T; are the whole range of frequencies up to 20c'dl indeed found a peri-
period and time of maximum of the short and long variatioedic variation with a period close to thé3719 period, namely
respectively, A is the semi-amplitude of the long variation anlf 348548+ 01000026. The phase curve for this period is shown
Eisageneralized epoch, i.e. cycle and phase of the observatiorkig.[4. However, the fit of normalized RVs with these two pe-
Since P, >> Py, one can substitute, with a high accuractiods gives a larger rms error per 1 observation than the fit with
T = T, + Py x E into the cosine term in eq[{ 2). For theone periodically variable period.
instantaneous period one then obtains | also analyzedhe original RV<or multiperiodicity to see
whether the amplitude change could be due to interference of
several frequencies. In every step, | fitted the original data with
all the frequencies found and analyzed the new residuals from

T(E)—Ty— Py x E= Acos (2nP] '(T(E) - T1)),

P(T) = dT(E)/dE = (3)
Py — 2r AP Py *sin (20 Py Y (T(E) — Th)).
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the fit again. The results of this analysis are summarized in Ta- 0.002 Fr—— T T

ble[4. The rms errors of individual original RVs range from 3 to
6 km s~ which is comparable to the rms from the multiperi- 0.001 F . 1
odicfit. I repeated this analysis for two data subsets, coveringthe * ° *

first, and the last about 3000 d, respectively. The first two periods 1 .

with largest amplitudes (in brackets) wert87196 (22.6) and , 0.000 F - i
1936933 (7.7) in the former, and'37189 (24.0) and*B4631 ' o o o ° o o
(12.7) in the latter subset. Further frequencies with smaller am- I
plitudes, found in each subset, differ totally from each other and _j 44 ®
from those of TablEl4. The rms error of the fit for the second sub-
set (containing solely Baade’s data) was only slowly decreasing
with more frequencies added. | verified, however, that the first _q ggo L . . . . . .
two periods of Tabl&]4 also fit the first data subset quite well. -62 00 02 04 06 08 10 1.2
Since these two frequencies are clearly essential to modelling phase

of the amplitude changes, this may in turn indicate thate Fig 5 A phase plot of the Stokes parametewith respect to intrin-
is some regularityn the amplitude changes of the RV curvessic stellar axes (from Clarke 1990) for th&3¥. period. Phases were
At the same time, it is obvious that the instrumental effects odiculated using ephemeris (1)

the very different spectral resolutions used also affects the actu-

ally measured amplitude of each RV curve from heterogeneous ;. tentative conclusion is that one observes a combination

sources. | calculated RV amplitudes for about 1-d !ong sugfa slow and probably cyclic small variation of té372 pe-

sets of the Iongest.set of homogen.eo.us RV observatlons. (HIRS and of an amplitude variation on a time scale dt-4m0' d
2443884-895) to find that any variation of the RV amplitudg,i-h may be related to changes in the Be envelope, as already
must occurona time scale muc_:h I_o_nger than _10 d. Onthe Otgﬁbgested by Baade and as may be suspected frofEig. 6a—d be-
hand, Figl 6a-d shows that a significant amplitude change tqgi, \e\y systematic spectral observations are clearly needed to

part within 300 d. Note that the beat period between the ﬁrc?rlieck on the possible true periodicity of the amplitude changes
two periods of Tabl&l4, 7274, is indeed within these limits. P P y P ges.

| also created artificial data using the first two periods of Ta- _ . _ _ _
ble[2 and calculated local RV fits exactly as for the real dat&3- Polarimetric and light changes with thé3r2 period

for the £.371906 period fixed. This gave an approximate (f&y 5 shows the polarimetric observations by Clarke (1990)

from ideal) reproduction of the run of the O-C deviations for thﬁlotted vs. phase of the meafRT2 period from ephemerigl(1).
local epochs, a rather fair reproduction of all local amplitudeg o mild variability may be suspected.

and a poor reproduction of local mean velocities. Moreover, the a fm detection of photometric variations with théar2

a_lrtificial local RV curves showed significant systematic variasariod is seriously hampered by the presence of light variations
tions over the intervals covered by real data subsets as wel,ds, |east two different longer time scales which are discussed
significant deviations from the sinusoidal shape —in contrast@|q\ | carried out various trials only to find out that tH&12

real observations. periodis notconvincingly present in accurate photometric data

~ Atthis stage | decided to carry out a numerical test. Usats after their proper prewhitening for changes on longer time
ing the sinusoidal fit to the O-C changes (cf. the upper pangly|as (see below).

of Fig.[6a=dl), | constructed a model function describing a si-

nusoidal variation with the mean period of371906 which ) . o .
periodically varies with a period of 5644 d and generated 4n /AN Overview of photometric and emission-line
artificial data set for HIDs identical to those of real RV ob- Varations of w CMa

servations. Then | subjected the model function to a Fourigfven the evidence of the slow cyclic change of tA872 pe-
analysis over the range of frequencies from 0.0@02 ¢ d'.  rjod, it was deemed important to identify the timescales of spec-

This analysis indeed led to the detection of several periods in 3§ and light changes af CMa and investigate their possible
neighbourhood of the'B719 period, the second largest amplirg|ations.

tude being detected for a period 6364, reminiscent of what

| obtained from the Fourier analysis of the real RVs - both nor-

malized and original ones (note that my model is close to, tirl- Photometry

not identical to the real data since it is based on pure sinusoidge 1V -magnitude time variations are compared with variations
with no scatter added). | also verified that if the normalized R\&gen in some other quantities in Fig. 6 while Fi. 7 is a plot
were pre-whitened for the periodically variable period, no othgf the B observations vs. time. Using some overlappihgnd
periods close to’B — 114 were detected in the residuals. Somg observations, | decreased almagnitudes for 01 to bring
remaining power was found in the frequency range of abalem on the scale aB magnitudes. It is seen that the long-
0.01t0 0.1 cd’ but | was unable to find any clear periodicityterm variations of, CMa are characterized by rather regular
in these residuals. major brightenings, with an amplitude as large %4 0and by
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?‘; 0 o weeks, are no doubt real. This is clearly documented by Fig. 8
3 where the independent ESO and Hipparcos observations of one
TE:L 2ol ] such episode are compared. This very fact shows how difficult
E . . the search for the periodic components of the light changes of
g 10f * * 1 Be stars can be.
There is some indication that the luminosity of the object
40000 42000 44000 46000 48000 50000 in the periods outside the brightenings is secularly decreasing
HJD—2400000 in time over the whole period of about 44 years covered by

Fig. 6a—d. Several measured or deduced quantities plotted vs. tin@é).sgrvatllons. BeS|d¢s .aII that, there ar,e also Ipwer-amplltude
From top to bottoma The O-C of locally derived epochs calculated foYCliC brightness variations of the star, first explicitly noted by

a constant periodfd® = 1°371906: The O-C deviations are expresselflennickent, Vogt & Sterken (1994).
in fractions of the period, i.e. as phases of the local RV maxima with
respect to ephemeris (Y;TheV magnitude: Differential observations4.2_ Balmer line profiles
are shown by dots, all-sky measurements by crogseeak intensity
of the Hx emission line;d The semi-amplitude of the locally fitted The most numerous peak-intensity measurementsiafid also
13719 RV curves (only data from spectrograms with a dispersigiotted vs. time in Fig. 6. One can see that the intensity of the
better than 28\ mm™" are shown); The last data point at JD 2450108 3imer lines seems to vary on a time scale similar to the cyclic
comes from a preliminary report by Balona et al. (1998) who giMgriations of the 43719 period and brightness of the object.
2K =~ 100kms A series of H3 profiles obtained by Baade (1984) indicates (as
pointed out by the author and as seenin Table 3) that the emission
occasional smaller brightenings. It is important to stress thettength is fairly constant on shorter time scales. This is not quite
these smaller brightenings, taking place within less than a fésue for the recent Herosdddata.
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-2 | ' ' ' ' ' ' ' Earth and the object brightens. Later, as the envelope gets larger
11 F 8ol 4 and more rarified, it becomes optically thin so that the bright-
© | Bova g : ) o
: N N, Blla {1 ness gradually decreases again while the Balmer emission gets
-1.0 _— B1vV l\\\ \EEESIG —- Stronger. . . .
_nao L B2V A, AN | | tentatively suggest that also the smaller brightenings (such
0.9 \ \: B4la g
i B3V A\ N { asthe one shown in Figl 8) are caused by the same process oc-
-0.8 | \ +l \\ B5la -1 curing on a smaller and shorter time scale since - for a given star
+ . . . .
[ Bavy, .} ++°\ Bbla 1 -the character of all such episodes is the same (either brighten-
~ =07 | RSN +f~ B7la 1 . . . . .
> | N \\ | ings or fadings from a certain light level) which seems to point
E _os | ™, NB8la ] towards the geometrical interpretation in terms of either more
e B5V ™Bgla { pole-on or equator-on orientation of each particular star (see
2 0sr BEV X 1 Harmanec 1983 for details).
0.4 k- B7V Y, i A new and exciting result of this study is that also the value
. 1 ofthe 237 RV period changes cyclically and quite possibly in
=03 |- BaV N\ 1 phase with the major light brightenings, being shortest at the
—o2 F N ] light maxima.
-1 BovV ] Little can be concluded from Fig. 6 about the changes of the
-0.1 _(') T _(') R _(') ; . 0'0 amplitude and mean velocity of thé3Z RV curve besides the
’ ) ’ ) fact that they occur on a much shorter time scale. For instance
B-V(mag.) the mean velocity based on Baade’s (1984) Reticon observations

secured with the same instrumentation and for the same He |

Fig.9.TheU — B vs. B — V diagram forw CMa. Individual all-sky .
observations are shown by crosses, differential ones by black dots. e some 100 d apart (JD 2445245-7 vs. JD 2445352-8) differ

standard main and supergiant sequences are also shown. It is seelP¥ha@s much as 14 knTs.
w CMa moves from the main to supergiant sequence. The same trend

can also be seen for the existingby observations (not shown here). 5.2. Are the long-term changes cyclic or periodic?

In spite of the amount of data presented in Fig. 6 it is impossible
5. The long-term changes at present to make any firm conclusion whether the long-term

. L ) changes observed are cyclic or truly periodic ones. | verified that
5.1. Their character and phenomenological interpretation ¢ existing data (37 period variation, brightness and emission

As already noted, the secular light changes &Ma are char- strength) canindeed be reconciled with several long periods, e.g.
acterized by occasional larger or smaller brightenings fromAgout 2700 d, 3500 d, 5600 d or 8100 d, but the decision if this is
certain more or less undisturbed level. There may also bdngeed a regular clock can only come from future observations
correlation between the major brightenings and the strength@ffrom an independent piece of evidence.
the Balmer emission (found for several other well-observed Be
stars). Note, however, that the maximum brightness corresponds
in both so far recorded cases to rather early stages of the
emission-line episode, i.e. that the maximum strength of
emission lags behind the maximum brightness. Mennickent et al. (1994) called attention to the fact that the
This behaviour can be qualitatively well understood if ongtar exhibits cyclic brightness variations with a pseudoperiod of
adopts Harmanec’s (1983) concept of an optically thick pseabout 25 d in the epoch when it brightens. My analysis of the
dophotosphere, as recently developed semi-quantitatively sgmiaplitude and mean RV of the loc&B¥2 RV curves also
KoubsK et al. (1997): The process of the formation of a new eimdicated that these variations occur on a time scale of weeks.
velope starts close to the stellar photosphere. It means thatltétempted to find a consistent periodicity in the range from
envelope begins to grow first as an equatorially flattened ad@d to 50 d which would give a meaningful phase curve. | used
optically thick region which mimics the stellar photospheranly local determinations from data sets spanning no more than
Clearly,w CMa is a typical example of the positive correlatiombout 10 d. A period of 34675+ 01037 was detected not only
between the brightness and emission strength as defined by litathe mean RVs and semi-amplitudes but also in the O-C from
manec (1983): the object indeed moves from the main towattie local RV maxima with respect to th&372 which were an-
the giant sequence in the colour-colour diagram when it briglatlyzed earlier and which were suggested to vary with a cycle of
ens (see Fid.]9) and this agrees with the viewth@&Ma (v sini  about 5600 d! A formal orbital solution for a fixed eccentricity
~ 80 km s™1) is a rapidly rotating star seen under a relativelygf 0.8 (a free solution is unstable because of a small number of
small angle between the line of sight and the rotational axis déita points) leads to the periastron passage at HID 2442788.088.
the star. Thanks to this geometry, the formation of an extend@dbte that the position of the periastron passage is not substan-
pseudophotosphere near the equatorial regions effectively tintly affected by my rather arbitrary choice of the valuecof
creases the apparent radius of the star for an observer ondinee it is the shape of the RV curve which basically defines it.)

%E.ew/ariations on a time scale of a few weeks



566 P. Harmanec: On the nature of the Be phenomenon. |
30.0 T T T T T T T ! ! ! ! ! ! ! !
28.0 I A -0.10 | .
. 260 1 _g'gz ! 1
W 240f ® . ] —oosk ]
£ ° ’
& 220 . 1 & -002fF . : . ‘4 . ]
> o ., . . } ] o,
€ 200¢ 1 £ ooof had.Ami P A WM. R
g 180 ] i < 0.02 F . . H ]
_f 16.0 | . 0.04 ]
8 140} A 0.06 | ]
120 * * g'fg
10.0 | , , , , \ \ \ T 0.1 2 1 1 1 1 1 1 1 1
—0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 T -02 00 0.2 0.4 0.6 0.8 1.0 1.2
40.0 1 1 1 1 1 1 1 _0 10 | I I . I I I I I I .
- . ° -0.08 | . .
= 35.0f e . . i . o ]
b -0.06 1y ... -, R L
£ 30.0 —0.041 * eet ,M e ]
g o —0.02f ‘;\ . 1% 4 B ‘,‘ .
S o 0.00 } M S i n: M ]
Z 250}t { E ’ . Vil s,
g < ooz} & R § o o ]
E % . ‘ "-. n‘! ‘ ®e .
.E 0.04 } ] e85 4 T ] ]
$ 20.0F h 0.06 F v | B
@ ° .
g 0.08 |- . 1
8 150} . . 010k ]
[ ] 0‘1 2 1 1 1 1 1 1 1 1
10.0 L= - - - - - - -02 00 02 04 06 08 1.0 1.2
-02 00 02 04 06 08 1.0 1.2 phase
1.07F o ' ' ' ' . ' . Fig. 11. The residual brightness af CMa after prewhitening for
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E 1.02} ° 1 HJD 2442788.088 as phase zero. Data from epochs without, and with
g large secular changes are shown in the upper and bottom panels, re-
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2 o097} i spectively
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T 092 1 recorded by Hipparcos (see above). One can note, however, that
2 the O-C residuals vary systematically over a period of several
¢ 087f 1 weeks. The period search was, therefore, carried out over the
© period range from 15 to 50 d. It indicated a number of possible,
[ [ ] .
o8¢, ., ., ., . . . . 4 butweakly detected periods between 18 and 50 d. On the other
-02 00 02 04 06 08 1.0 1.2 hand,the bestperiod detected inthe data from active epochs is

Fig. 10.Mean RV, semi-amplitude and O-C deviations of the RV ma>§4q666i 0?011_* |dent|(_:al to that found from spectral data. Sev-
ima from the local 4372 fits plotted vs. phase of the?®%5 period, €ral other possible periods between about 35 and 42 d were also
with HID 2442788.088 as phase zero detected. There are no comparably good periods in the range
from 0!4 to 15'0.

Given this, | tentatively plotted in Fig.11 the residual light
Fig.[10 is the phase plot for all three considered quantities, withanges with the same period and epoch as the spectroscopic
the calculated periastron passage adopted as phase zero. quantities shown in Fig.10.

Using the program HEC13, based on Voaks (1969,

1977) smoothlng technique | prgwhnen(_ad_all blue and yelloy\{ Other short periods?
observations for the long-term light variations. Then, | com-
bined the more numerous blue-magnitude O-C residuals witlsing various segments of photometric data prewhitened for
the yellow residuals from the Hipparcos observations to obtaiariations on timescales of weeks and longer, | checked on the
the largest possible data set. | subjected these O-C residualsrésence of periods in the range frof#@o 3'0. | found that
a period analysis, separately for the data from epochs withdl 1986-1987 observations by Balona et al. (1987) can indeed
large changes and from active epochs. It is useful to realize that best reconciled with a period of4749 + 010029 and a
all the residuals from quiet epochs lie withifi@3 which is the semi-amplitude 00045 which is only about 1.5 times higher
range identical to the range of the most stable comparison stiian the semi-amplitudes detected for the constant comparison
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stars. However, this periodicity cannot be detected in anothveould be 0028 — @’060. Clearly, the binary interpretation of
subset, also from the same phase of strong emission (arothmllong-term changes afCMa is not ruled out and continuing
HJD 2447900), where a period ot 2428, reminiscent of the interferometric observations are desirable.

period advocated by Clarke (1990), is formally detected.

8.2. What causes the changes with th872 period?

8. Speculations in the absence of firm answers The true nature of the periodi¢372 (or 2744) changes re-

The analyses presented above indicate several (in some cH3i§S unexplained. One seeks an explanation for the large-
mutually exclusive) ways to possible speculative interpretationplitude RV variations of the absorption-line cores, accom-
Since they can only be tested by new dedicated observatiorRapied by lower-amplitude RV changes of the Balmer emission
find useful to mention them explicitly. lines, occurring in antiphase to the absorption RV curve (Baade
1982a), and by virtually no variability of either brightness or the

) RV of the outer wings of the absorption line. All quantitative at-
8.1. Alternative models of CMa tempts to explain these changes by a low-mode of photospheric
The result displayed in Fif-10 is potentially quite exciting sindallsations, corotating structures or orbital motion in a close bi-
it may indicate that the semi-amplitude of tf8T2 RV curve hary led to serious problems but it is conceivable that a more
is |argest around the phases Of the periastron passage of%ﬂSticated Version Of one Of these mOde|S will Succeed.
putative 34675 binary system. This hypothesis offers an expla- A natural explanation of the fact that the RV of the Balmer

nation of the 4372 period as the tidal pulsational mode. ~~ €mission lines ofu CMa varies inexact antiphaseo that of
Note also that the absorption lines would be to assume th&@Ma is a close
2x 346751 + 193719067 = 1934531, binary with an orbital period of*R72. Taken at face value, the

The 1.345 period is reminiscent of the periods found from th&emi-amplitude of the emission RV changes (of 5.1 km s
multiperiodic analyses of the RV data. This can be interpreteddfly) leads to rather extreme assumptions about the nature of
at least two different ways. One possibility is that the mediurf2€ binary components and the binary model does not appear
term light changes represent a beat period of the two short p&gpable. However, before the binary origin of tH872 period
ods. This seems to contradict the simulations with artificial dat, definitively ruled out, one should apply some disentangling
however. Another is to assume that the true physical periods Eehnique, like Hadrava’s (1995b) KOREL program, to spetral
twice |onger7 |e?74 and 269 and represent in fattte Synodic observations from a limited pel’iOd of time (tO eliminate the
and sidereal periods of rotatioof the primary starinthe 3475 effects of varying emission strength). If two binary components
binary system. For a high eccentricity of the!845 period, 27  With similar relatively broad-lined spectra were present, then the
could be the proper value for the spin-orbit synchronization @@served RV amplitudes would certainly be affected by both,
periastron. the mutual blending of the two sets of lines and by the secularly
It will be important to decide whether thé372 period un- varying strength of the emission. Note that for the binary system
dergoes a slow cyclic change or a periodic change with tAEtwo B stars V436 Per (1 Per) Harmanec etal. (1997) found that
341675 period. If the former is confirmed, such a variation couf@e direct RV measurements gave a RV curve with an amplitude
— in principle — be explained in terms of the light-time effec®f some 10 km s' only while the disentangling revealed that
in a wide binary. Already in 1981 I suggested (Harmanec 1989 true RV curves for both binary components have amplitudes
that the recurrent shell phases observed for Be stars like BU Ti@bout 100 kms'.
(HD 23862), V832 Cyg (59 Cyg) oy Cas (HD 5394) could be
causally related to the fact that these Be stars might be Iorég
periodic binaries. Duplicity of BU Tau was indeed discovered
by Gies etal. (1990) during a lunar occultation of the star and tiidaelkens & Rufener (1985) and Waelkens (1991) reported dis-
authors explicitly suggested that the shell episodes of BU Taoveries of multiperiodic light variations of some apparently
are driven by tidal interactions near periastron. Duplicity afon-emission B stars, with periods in the range fré@it0.4'4.
V832 Cyg was discovered by McAlister et al. (1984) by mear¥hey called them “slowly pulsating B stars or SPB” to distin-
of speckle interferometry but no relation to the spectral variguish them fron3 Cep variables with much shorter periods (
tions of the star has been demonstrated as yet. There is a Stis— 0'25). By its periodw CMa would also qualify into this
picion that the major emission episodesdnd (HD 217675) category. Clearly, one of the results of this paper represents a
occur with a period of its closer speckle-interferometric conmethodological warning that the detection of an apparent mul-
panion (see Harmanec et al. 1987 and references therein). @periodicity with several rather close periods, typical not only
speckle-interferometric observationfCMa was obtained in for the SPB stars but also for thieCep stars and some other
the spring of 1996 (JD about 2450300) and no binary compBe stars (cf., e.g4 Cen: Rivinius et al. 1998) shouklso be
nent at distances fronf035 to 1'5 was found (Hartkopf 1997, testedagainst the hypothesis of a single and slowly periodically
priv.com., Mason et al. 1997). | estimate that for the Hipparceariable period. This is even more desirable after the finding that
parallax of 00353 and orbital periods from 2700 to 8100 d, the number of the3 Cep and SPB stars are members of binary
angular projection of the semimajor axis of the putative binagr multiple systems of stars (cf., e.g., Pigulski & Boratyn 1992,

"A methodological remark
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Table Al. Journal of photometric observationswiCMa

Source Epoch No. of Instr. Phot. Comparison / Check
(JD-2400000) obs. system

Cousins & Warren (1963) 32634.3-37081.2 42 K¥'Pg  all-sky

Feinstein (1968, 1975, 1976) 38104-42397 8 2 UBV  all-sky

Johnson et al. (1966) 38383.9-38721.9 3 BV  all-sky

Johnson et al. (1966) 38417.8-38455.6 5 BV all-sky

Feinstein (1968, 1975, 1976) 38470-39080 3 5 UBV all-sky

van Hoof (1975) 40591.7-40611.7 11 6 V HD 55857 / —
Deutschman, Davis & Schild (1976) 4173815 1 5 UBV  all-sky

van Hoof (1975) 41757.5-41772.5 5 7V HD 55857 / —

Baade (1982b) and priv.com. 44957.8-44962.9 210 by HD 56876 / HD 55595
Mennickent, Vogt & Sterken (1994) and priv. com.  45312.7-48292.6 106 uBby HD 56876 / HD 58612
Stagg (1987) and priv.com. 45749.5-45756.7 35 OBV  HD 55856 /HD 56876
Balona et al. (1987) 46374.7-46381.8 40 ® HD 55857 / HD 56342
Balona et al. (1987) 46390.4-46458.6 297 10 HD 55857 / HD 56342
Balona et al. (1987) 46761.3-46787.6 320 10 HD 55857 / HD 56342
Perryman et al. (1997) 47901.5-48798.2 174 1v all-sky

) JDs only known tat15 d;  *) JDs only known tat0.1 d;

Column “Instrument”: 1: Cape Observatory, a Fabry photometer prior to 1952, photoelectric photometry thereafter, transformed toBphknisaifrlata 0.80-m reflector, RCA 1P21

tube; 3: Catalina, RCA 1P21 tube; 4: Tonantzintla 1.0-m reflector, RCA 1P21 tube; 5: Cerro Tololo Inter-American Observatory 0.41-m reflector, RCA 1P21 tube; 6: La Silla Zeiss 0.15-m;
7: Boyden 1.5-m reflector; 8: ESO La Silla Danish 0.5-m reflector; 9: Cerro Las Campanas University of Toronto 0.4-m reflector, S25 tube; 10: South African Astronomical Observatory,
Sutherland 0.5-m reflector; 11: Hipparchg, observations corrected to Johnson magnitude: The correktisr, + 07052 was found from a comparison with overlapping La Silla

data; observations coded as uncertain in the Hipparcos catalogue (with-coiwere omitted

Aerts et al. 1998) since for such stars the slow periodic varigested that even this variation could be due to duplicity. At the
tions of the principal period of oscillation due to the light-timenoment, these suggestions are speculative, some even mutually
effect do inevitably occur. More generally, one should realizxclusive. However, they can be tested and either confirmed or
that many Fourier terms would be needed for a complete dksproved by future well-planned observations.

Sprlpt!on Of. the very complicated signal which one 0bservesAr(]:knowledgementsJ. thank Drs. Dietrich Baade, Chris Stagg and
situations like this one.

Chris Sterken who kindly provided me with their photoelectric ob-
servations ofv CMa and with further pieces of information about their
10. Conclusions data. | am also very obliged to Dr. W.1. Hartkopf, who kindly informed

. me about their speckle-interferometric observation prior to publication,
This study of a well-observed Be star shows the enormoisyy p, North who communicated the date of the spectrum 6Ma

complexity of the variations observed. Several timescales wWe{@lished by Zboril et al. (1997) and to Drs. D. Baade, A. Kaufer, Mr.
identified. There are periodic RV variations with a period of. Rivinius, and Drs. O. Stahl, Stefl and B. Wolf who provided me
19372 and a variable amplitude. There are also long-term cyoliith a rich series of unpublisheddHpeak intensities ab CMa. | am
changes in the emission strength, and brightness and colourgrefeful to Dr D. Holmgren for a careful propfreading of the text, and
the star. There are strong reasons to believe that the exact véaugm and Drs. C. Aerts, P. Koubgland S.Stefl for valuable com-

of the 1372 RV period varies. Most probably it undergoes gents and criticism. My special thanks belong tg the referee, Dr. D.
slow variation, possibly correlated with the long-term change&2ade whose very helpful report led me to re-think the whole paper.
The observed amplitude variation of thé3Z2 RV curve can ;h's rese?rﬁh E’:Vas iugportsl‘.j by ghelgrabnt ZhOS/ 96/ 016510552'36(35?
be formally described as the beating effect of two short perioﬁencyo the Czech Republic and aiso by the project K1-003-

. L . trophysics of non-stationary stassthe Academy of Sciences of the
d
19372 and 135. Light variations prewhitened for the Iong'tem?:zech Republic. The use of the computerized bibliography from the

changes and also the local mean RVs and locally derived RYashourg Astronomical Data Centre is also gratefully acknowledged.
amplitudes can be reconciled with a period of&45. There

is also the possibility that even the value of tH872 period
varies with this period.

One tentative interpretation considers a hierarchical system
of three or even four stars. The long-term changes could be du@urnal of photometric observations is presented in Table Al.
to the most distant companion. It is noted that periods twidableA2 contains the values of the standard magnitudes of the
longer than the two short periods could be identified with tr@omparison and check stars used by various observers which |
sidereal and synodic periods of a putativé@Zbs binary system. adopted to bring the data onto a comparable scale. To transform
The nature of the?B72 RV variation is not clear and it is sug-Cousins & Warren's (1963%’ Pg magnitudes into JohnsaB

Appendix A: Appendix: details on photometric data sets
used
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Table A2. Comparison and check stars and their standard magnitudes adopted here

Star HD Vv B-V U-B b—y u-b» v SourcelU BV [ uvby

HR 2733 55856 6.359 -0.174 -0.819 -0.086 0.125 6.277 Stagg (1986)/Hauck & Mermilliod (1980)
GY CMa 55857 6.128 -0.23 -1.01 -0.089 -0.121 6.011 BSC/Balonaetal. (1987)

HR 2756 56342 5.365 -0.17 -0.65 -0.071 0.386 5.324 BSC/Balonaetal. (1987)

HR 2774 56876 6.431 -0.138 -0.598 -0.061 0.461 6.410 Stagg (1986)/system 7, Sterken (1993)
HR 2841 58612 5.797 -0.10 -0.39 -0.032 0.845 5.828 BSC/system 7, Sterken (1993)

magnitudes | adopted the correction BfAZL, recommended by References

the authors. Moreover — for the purpose o_f the study of IongiJt H.A. Levy S.G., 1978, ApJS 36, 241
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