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Abstract. The recent eclipse of the long-periolt & 7430¢)  al.[1993). As a result of mass transfer, a disk-like envelope of a
binary star VV Cephei is studied by meanslaBV photome- radius about 500-650R(Wright[1I977; Saijo 1981) surrounds
try and optical spectroscopy. Both photometry and variationstbe B type star.

the emission lines (K and Fell\ 4233) show that the eclipse  Five eclipses of the hot star and its envelope have been
occured about 68 days later than predicted from the ephemenggorded photometrically and/or spectroscopically since 1896.
Such a sudden about 1% lengthening of the orbital period Bée present paper is devoted to the sixth eclipse, mid-point of
tween the last two eclipses implies that the generally acceptedich was expected to occur at aboutJ@s0 790 (December
model of VV Cep with the masses of both the M supergiant afigd 1997) according to the ephemeris by Gaposchkin (1937) and
the hot B star of about 20/, should be revised. The periodtimes of the previous eclipses. Extensive photometric and spec-
change due to mass transfer between the components or ni@ssopic monitoring of VV Cep which will be shortly described
ejection from the VV Cep system can be explained, if one aic-Sects. 2 and 3, respectively, revealed for our surprise that the
cepts the medium mass model for VV Cep, with the mass etlipse occured by about 68 days later. Some consequences and
the M star about 2.9/ and of the B star about 8/,. This implications of this time lag will be discussed in Sect. 4.

model implies that the cool component of VV Cep could be an

AGB star rather than a supergiant. 2. Photometry

Key words: stars: binaries: eclipsing — stars: individual: VV Ceg he U BV RI photometry of VV Cep was carried out at the
— stars: supergiants Piwnice Observatory of the TomuCentre for Astronomy, using
the 60 cm Cassegrain telescope and the one-channel photometer.
The comparison star was 20 Cep.

PhotometricU BV data for the 1997/98 eclipse were pre-
1. Introduction sented and compared to the previous eclipses by Graczyk et al.
(1999) (hereafter GMJ). Figl 1 (which is an updated version of

VV Cephei (HD 208816, HR 8383) is a well-known masg.,, Figs. 2 and 3) shows that the totality phase lasted about 450
sive eclipsing binary consisting of an M supergiant and

hot B type companion. Its optical spectrum is characterizeé1yS Iy — I3 and 475 days i3 — 1/ colour. So the last eclipse
yp P ' ptical spec as similar to the 1957/58 one (Larsson-Leander 1958,|1960),
by strong Balmer and [Fell] emission lines (Cowley 1969).

Gaposchkin(1937) derived from photometric data the orbitaﬂd different from the 1977/78 one which had a shorter totality

. = : : .~ phase and longer total duration (®aét al.”1980). Fid.l1 also
fle s;';‘d) ;ﬁ?jgs(%QeOt.zly r()lvgglljc)h was confirmed later by Wright clearly shows that the mid-eclipse occured arouné 460 858

The spectral type of the B star is still uncertain, with thfe':eb' 13, 1998)in botti — B and3 — V" colours, This s 68 days

estimates ranging from early B or even O (Hutchings & Wrigh‘?ter than expected from the ephemeris by Gaposchkin (1937).

1971; Stencel et al. 1993) to A0 (Hack et[al._1989). Adopting

an inclinationi = 76°.7, masses of the both components hav@ SpPectroscopy

be(_an estim:f\ted to be apouth (Hut_chings & Wright 197;; 3.1. Observations

Wright [1977). According to the orbital elements by Wright . _ _ _ _
(1977), the M supergiant normally does not fill its Roche lob&pectroscopic observations provide us with complementary in-
but due to the large orbital eccentricity£ 0.346), mass trans- formation on the duration and mid-point of the eclipse. Consider
fer events may take place near the periastron passage when gftisk-like envelope rotating about the hot star in the same direc-
porary Roche-lobe overflow drives a stream which forms an dt@n with the orbital motion. In the beginning of eclipse, the side

cretion disk around the hot component (Wright 1977; Stencel@tthe disk which is moving towards us and therefore emitting
the blue-shifted component of the emission lines, is eclipsed
Send offprint requests th. Leedjarv (leed@aai.ee) first. During the totality both emission components should be
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JD +2400000 Fig. 2. V/R ratio of the Hx emission line in the spectrum of VV Cep.
Times of the mid-eclipse from the ephemeris by Gaposchkin and from
-1.5 I .‘“ A the present paper are shown. Phase from mid-eclipse is calculated ap-
" 1997/98; s, plying a new possible period 7498
L Min: JD 2450856
-1r y 1 was used. Until March 1997 only spectra in the Hgion were

obtained (resolution mostly 0.2%ix~!). Since the beginning

o [ . | of the eclipse, also theéB-Iregiog (O.42&pix‘1) and the blue

3 05+ | 4 region (about 39004358, 0.47Apix ') have been monitored

< I ; continuously. Altogether, about 170 spectrograms of VV Cep
have been recorded during and around the eclipse. Here we
present only some preliminary results from the analysis of the

Ha line and the Fell and [Fell] lines. Extensive discussion of
i the spectroscopic observations remains for a forthcoming paper.
05 I 1 1 1 1 1 A
50400 50600 50800 51000 51200 3.2. Hxline
JD +2400000

_ o Ha in the spectrum of VV Cep normally is a double-peaked
Fig. 1. (Upper panel)The 1997/98 eclipse i3 — V' (black squares) emission line withi’/R > 1 (Wright[1977). Such an asymme-

and the 1956/57 eclipse in a simil&r— V" colour (solid line, Larsson- trv mav be caused by absorption in the stream of matter between
Leandei 1958, 1960) shifted according to Gaposchkin's ephemeris y y P

2x7430". (Lower panel)The 1997/98 eclipse iti — B (black squares) the M sup,ergiant and Fhe B star. As the matter MOVES towards
and the 1976/77 eclipse in 3580— 4100A colour (solid line, Sai the B star’s envelope, i.e. away from the observer, this absorp-

et al.[198D) shifted by 7430 The dashed lines are parabolic fits tdion is displaced redward from the line centre, thus suppressing
the shoulders of the eclipse setting the time of the mid-eclipse at §Ie red emission component. Also, an absorption line of the M
2450859 and2 450 856, respectively supergiant may distort theddprofile.
Fig.[2 demonstrates variations of thg¢ R ratio before, dur-
ing and after the eclipse. One can see from[Big. 2 that contin-
suppressed, while in the egress phase the blue-emitting side@fis deep decrease Bf R began at about JB450 540, in a
the disk emerges first from behind of the supergiant star. Suae agreement with the beginning of the eclipse froniftigl”
variations of thé// R ratio are well-known in cataclysmic vari- photometry (GMJ). The H emission line does not disappear
ables (Greenstein & Krait, 1959; Young et al. 1981), Algol typeompletely during the eclipse, it is probably strong enough to
binaries (Petefs 1989), symbiotic binaries (Léedpt al.1994) shine through the extended outer atmosphere of the M super-
etc. Behaviour of the Balmer lines in the spectra of VV Cep dugiant. The Hv emission line was not quite symmetric during
ing the 1977/78 eclipse was studied bylnhoff & Schaifers the totality. At the time of the mid-eclipse derived from the
(I978,1981), Kawabata et al. (1981) and S&lijo (1981), ancphiotometry, it had’/R > 0.9. It reached value 1.0 at about JD
was found to be consistent with the rotating disk model. 2450920, and thereafter rose continuously until valse2.0
Our spectroscopic observations were carried out at the Taoyu JD 2451 170. This is actually the end of the eclipse from
Observatory, using the 1.5 meter telescope and the Cassegits@rphotometry. But th&/ R ratio of the Hy line continued to
grating spectrograph equipped with a Tek 1828024 CCD vary a little around 2.0, and yet did not reach the usual out-of-
camera HPC-1 for most of the time. A few spectra before tleelipse value (1.3—-1.5) by the time of writing the present paper.
eclipse were obtained in 1994-1995 with the ST-6 type CCAlthough determination of the key moments of the eclipse from
camera, and since late March 1999 a new Orbis-16 type camiii@variations of thé’/ R ratio is not unambiguous, the general
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phase from mid-eclipse : . .
0.832 0.874 0.916 0.958 L.000 | o4z Table 1. Contact times for the last eclipse in VV Cep frdif]BV
1.0 ‘ w ‘ w ‘ i ‘ ‘ ‘ ‘ ‘ photometry and spectroscopy of thexkind Fell A 4233 emission
_ lines. The times are given in JB2 400 000

e 1st 2nd 3rd 4th mid-point  totality
contact (days)
B -V 50545 50630 51100 51180 50859 470
U—-B 50545 50620 51070 51170 50856 450
7 Ha 50520 50620 51085 51210 50848 465
i Fell 50550 50625 51110 51200 50868 485

T T Mean 50540 50624 51091 51190 50858 467
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°< g0l L LY § . the periastron passage (Cowley 1969; L&ed[1998).
= P E; “g ﬁ/' 1 In the present paper we study the narrow region in the spec-
B 60 | 1 trum of VV Cep containing the lines of FeN 4233 and [Fell]
S a0l ’*:\ : A ) A 4243. The forbidden line (which actually is a blend) is more
L T " 1 or less symmetric narrow single-peaked emission line show-
2.0 - W*\?*‘L W»«fz?’/* 1 ing no significant intensity variations during the eclipse. Profile
e of the Fell\ 4233 line is more complicated, at times showing
19600 49900 80500 S 000 0 PO 8100 additional blue-shifted (and perhaps also red-shifted) emission

component. One could suspect that the blue-shifted component

Fig. 3. (Lower panel) Equivalent width of the K emission line. ctually is the [Fell] line at — 1931.56 A which according to

Parabolic approximation yields the mid-point of the eclipse at J g : .
2450 848. (Upper panel)Ratio of the EWSs of the lines Fel 4233 ammano & Martini [196B) has been detected in the spectra

and [Fell] A 4243. Parabolic approximation yields the mid-point on the VV Cep type stars WY Gem and W Cep. Kawabata &

the eclipse at J2 450 868. Note a similarity in the variations of both S&D (1997), however, have not identified this line in their ex-
quantities, in particular around JD150 600 tensive study of the forbidden line spectrum of VV Cep. Also,

our measurements of the radial velocities show that the compo-

nent shortward of Felk 4233 emission line probably cannot be
pattern of the variations agrees well with the times determinfte!l] A 4231 line.
from the photometry. Therefore we tend to prefer the interpretation by McLaugh-

The total equivalent width (EW) of theddline should be lin (1951) and its development by Hagen Bauer et[al. (1991)

better indicator of the duration and the mid-point of the eclipsaccording to which there is a narrow emission line of Pell
Fig.[3 (lower panel) shows that the variations of EWa{Hare 4233 (and UV lines of Fell) arising in a circumsystem envelope
quite symmetric, and the parabolic approximation gives tfike the [Fell] emissions, but it is accompanied by a weaker
time of the minimum, corresponding to the mid-eclipse at Jemission with a width and structure similar to those of hydro-
2450 848 — again in a good agreement with tHé3V photom- 9en Balmer lines. This wide component most likely arises in
etry. Itis seen from Fil3 that EW has decreased already abduetating disk and the region of its origin should be eclipsed
1.5 times compared to its out-of-eclipse value by the beginnigtinilarily to that of the hydrogen lines. Many of our blue-region
of the photometric eclipse (JD450 540). The decrease startedSPectra are too noisy for monitoring the behaviour of the?
at some time between JD150 120 and2 450 300, this is about ratio of thel 4233 line during the eclipse. However, variations
550—730 days before the mid-eclipse. Assuming that EW walf the overall emission intensity (EW) are well detectable, and
behave symmetrically, one could expect the lihe to recover Fig[3 (upper panel) presents the time-dependence of the ratio
its pre-outburst EW between JD451 400 and2451 580, i.e. Of the EWs of the lines Felk 4233 and [Fell] 4243. In spite
possibly even in early 2000 only. This indicates the total durf some scatter, the general pattern of the variations is well rec-
tion of the eclipse (the atmospheric and the stellar ones togetHigizable, and it is very similar to that of thexHine. Also the

about 1100-1400 days (15-18% of the orbital period). mid-point of the eclipse J2 450 868 derived from FiglB is in
agreement with that obtained from thexHine and from the

U BV photometry. This confirms the common place of origin
of the hydrogen and the wide Fell emission lines.

Forbidden [Fell] emission lines are characteristic features of all

the VV Cep type stars. These lines do not vary ConSideraquiscussion

throughout the orbital cycle. This is indicating their originin an”

extended envelope surrounding the whole binary system. Trable[1 summarizes the important time moments for the last
permitted lines of Fell are more variable, and are present in thelipse of VV Cep. The times of the 4th contact from spectro-

3.3. Permitted and forbidden lines of Fell
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scopic data are quite uncertain, as the emission lines have bioary system, however, may enhance the mass loss and mass
yet achieved their pre-eclipse intensity. Durations of the pdransfer processes. Also, thermal pulses of the AGB star may
tial and total phases of the present eclipse were similar to theresponsible for the increasing mass loss rate.

1957/58 eclipse (Larsson-Leander 1958, 1960), while the to- One of the main goals of the present paper was to draw
tal phase of the 1977/78 eclipse was about 100 days shod#ention to the controversy between the apparent period change
(Mbdllenhoff & Schaifer$ 1981; Saitet al.198D). But the mostand the generally accepted model of VV Cep. If really some
surprising feature of the last eclipse was its late occurenca&lramatic mass transfer or mass ejection events took place in
68 days later than expected from the ephemeris by Gaposchkia VV Cep system during the last 20 years, there could be
(I937). There are two possible reasons for such a phenomersmme observable signatures of these processes, especially in the
(1) inappropriate orbital elements or (2) the real change of thigh-dispersion spectra. Allinterested observers are encouraged
orbital period. Inspection of the-©C diagram for the past five to look through the archival data on VV Cep which together
eclipses (see Fig.4 in GMJ) shows no systematic deviatiomgh future multi-wavelength observations could help to solve
from the Gaposchkin’'s elements, except the 1936 eclipse whtble problem of nature and evolutionary status of VV Cep (and
was about 25 days late. There is too limited statistics to conclyatessibly about 20 more VV Cep type stars).

from this fact that some cyclic variations of the orbital period

could take place. It seems more likely that the orbital perio%pkr_]owledgementsThe author_s are thankfu_l to Dr: J..‘Ilanowski for

of VV Cep has increased by almost 1% between the last t\;\’;@kmg part of the photometrlcal observ_atlons. This work was sup-
eclipses. ported by the Estonian Science Foundation grants No. 827 and 3166,

The orbital period of the binary stars can be changed It_he Nicolaus Copernicus University grant No. 423-A, and by the
. ish KBN grant No. 2P03D 012 17.
(1) mass transfer between the components, (2) ejection of some
mass from the system or (3) presence of a third body. The sudden
increase of the period suggests the first or the second possibiftgferences
As already discussed by_GMJ, the generally accepted mode&(,\,,ey A.P. 1969, PASP 81, 297
VV Cep withthe massratip = My /Mg ~ 1and total mass of Gaposchkin S., 1937, Harvard Coll. Obs. Circ. No. 421
the system about 4W ), implies incredibly high mass loss ratessraczyk D., Mikobjewski M., Janowski J.L., 1999, IBVS 4679 (GMJ)
for the M supergiant. When considering mass transfer betwagieenstein J.L., Kraft R.P., 1959, ApJ 130, 99
the components, arate ®f10~2Myr— ' is needed fog = 1. Hack M., Engin S., Yilmaz N., 1989, A&A 225, 143
In the second case, the total ejected mass should be of the ohthgen Bauer W,, Stencel R.E., Neff D.H., 1991, A&AS 90, 175
of 0.1 My, to account for the period change. This implies thgutchings J.B., Wright K.O., 1971, MNRAS 155, 203
mass loss rate ¢f - 10_3M@yr_1. Kawabata S., Sa)"tM., 1997, PASJ_49, 101
We think that one should not rely too much on th§awabatasS. Saijo K., SatoH., SaM., 1981, PASJ 33, 177
spectroscopic solution for the hot component of VV Cep qlfrsson-Leander G., 1958, Arkiv Astron. 2, 135

- . . . rsson-Leander G., 1960, Arkiv Astron. 2, 301
Wright (1977), as the disk surrounding the hot star may d|st(tr edirv L., 1998, AGA 338, 139

the spectroscopic appearance of the star significantly. GM_e]adjarv L., Mikolajewski M., Tomov T., 1994, A&A 287, 543

have proposed a medium mass model with the mass rafigmmano A., Martini A., 1969, In: Non-Periodic Phenomena in Vari-
0.2 < ¢ < 0.3, and masses of about®, and 2.5M, for able Stars. IAU Colloq., Budapest, p. 415

the B star and for the M star, respectively. In this case, tiveLaughlin D.B., 1951, ApJ 114, 47

mass loss rates required to explain the period change wouldWi@lenhoff C., Schaifers K., 1978, A&A 64, 253

5~10*4M®yr*1 and4- 10*4M®yr*1 forthe mass transfer andMollenhoff C., Schaifers K., 1981, A&A 94, 333

mass ejection, respectively. These rates are nearly consisk&igrs G.J., 1989, In: Batten A. (ed.) Algols. Space Science Reviews
with the estimates of the upper limits of mass loss rate from the_°0: P- 9

M-star by Stencel etal. (1993) and Kawabata & SE997). On gg?g '\}; lsz?c}'HPAggijiSI’(%I—}ayasakaT 1980, PASJ 32. 163

the other hand, a 2.8 star would be an AGB star rather tharg o'z £ 'potter D.E., Baver W.H., 1093, PASP 105, 45

a supergiant, and it is still difficult to obtain such an high MasFight K.0., 1977, JRASC 71, 152

loss rate from the AGB star. Interaction of the components in tpgung P., Schneider D.P., Shectman S.A., 1981, ApJ 245, 1035
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