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ABSTRACT

Observed spectra of the long period eclipsing binary VV Cephei
show emission [eatures of Balmer and some lonized metial lines.
These features were interpreted as the result of the extended en-
velope activity surrounding the secondary star. Radial velocities
and equivalent widihs were caleulated from some metal lines.

1. INTRODUCTION

VV Cephei has the longest period among { Aurigae type eclipsing binaries with the period
of 7450 days (McLaughlin 1952). This binary system consists of a M type supergiant as a
primary (Keenan and Wright 1957) while the secondary is an early B type.

Speciroscopic observations of VV Cephei show the complexity due to the rapid change
of line intensilies and features. McKellar et al. (1957) obtained high dispersion spectrum
during the 1958 eclipse, and found a quite marked change in TiIl lines at A375¢ and A3761.
Cutside of the eclipse, red part of speclrum is normal. However, blue side of spectrum
showed that absorption lines are much weaker than in a nermal M type stars (Keenan and
Wright 1957).

From the study of combined photomeiric, spectroscopic and astrometric observations,
Fredrick (1960) derived 90° as an inclination of the orbit of VV Cephei and estimated the
size of the giant M component as 600Rg. Peery (1966) estimated the size of M star as
1962Rg and 88Rg for B star from the sludy of 1958-58 eclipse. He found that permittied
and forbidden emission lines like Fell at A4233 and [Fell] at A4244 are presented af all phases
and interpreted the Balmer emission as a result of the gas falling upon the B compenent in
VV Cephei.

Batten (1968) assumed ihe VV Cephel as the most massive known binary system with
masses of 84,8 and 41.3 Mg. From the orbital study of VV Cephei, Cowley (1969) estimated
that component masses are in the excess of 830445. Her high dispersion spectrum indicates
the sleady mass loss from the primary component.
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Infrared observations of M gilant indicate the existence of the circumstellar dusi shell
(Gelrz and Wooll 1971). From the study of the emission line feature of Hyg, Wiight (1977)
suggested an extensive envelope surrounding B star and a séream of gas flow from M star.
Mallenhoft and Schaifers (1978) assumed that the hot companien is surrounded by an ex-
tended Balmer line emitting envelope. They interpreted intensity variations of Hz and H.,
as the result of the gradual disappearance of the hot companion and the rotating ring shaped
envelope behind the primary.

From the study of H, emission during 1876-78 eclipse, Saljo (1981) suggested the ax-
isymmetric flat disk around the early type component with radius of 500Rg. The variation
of H, emisgion inlensiiy was interpreted as the result of the atmospheric 1ime variation of
M star (Kawabata et el 1981).

All spectral features of VV Cephel clearly indicate that there are strong atmospheric ac-
tivities. In this paper we present spectrum of VV Cephei in the blue region (3,8[]01—?&~5,UUOA)
and calculate physical parameters like radial velocities and equivalent widths.

2. OBSERVATIONS AND REDUCTIONS

Observations were made using the 122cm reflecting telescope equipped with the Casse-
grain A spectrograph at Aslago Observatlory, Italy. Focal distance of the camera was 287
mm and the linear dispersion at H, was 424 /mm, Used plates were 103a-0 with the size
of 9 cm x 12 em . In Table I we list the observed spectroscopic plates with exposure times.
The comparison light source was Fel arc with 20 minules exposure.

Table 1. Observed plates

Plate number  Date U. T Exposure time
18233 Aug. 1,1989  22%28™ 10 min
18235 Aug. 1, 1989  22%55™ 40 min
18237 Aug. 2, 1989  23%45™ 40 min
18238 Aug. 2, 1989 24%42™ 70 min

All reductions were made using the PD}S microdensitometer 10104 at the Padova Obser-
vatory. Scanning size was 12.5 x 50 microns and the scan speed was 10mm/sec with the
density mode. Measured density was reduced using 1HAP FITS format.

Comparison line identification, wavelength calibration and the normalizalion of line in-
tensity were made using the same method described by Song and Chun (1991). The intensity
versus the calculated wavelenglh of VV Cephei spectra is plotted in Figure 1.
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Figure 1. Normalized spectra of VV Cephei wavelength region A3800 ~ ABG00. There are

many emission line features in 1his spectra.
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3. SPECTRAL PECULIARITY

Balmer lines of V V Cephel show the ernission feature during the most of the lime, but
these hydrogen emission lines disappear at the time of eclipse. These phenomena were in-
terpreted as the result of the infalling matter from the primary M slar to the B companion
{McLaughlin 1952, Peery 19668, Hutchings and Wright 1971, Wright 1977, Saijo 1981). How-
ever [(awabata et al. (1981} noticed that the H, emission intensity varied abrupily with
the time interval of hours to a few days. They interpreted this change as the atmospheric
time variations of the M star.

In Figures 2a-c, we plotted Hpg, H., and H; Balmer emissions [or each plates. These
features show the intensity variations of emission lines. It is quite noticeable of the varation
of Hp and H; emission features from plate to plate. These sudden changes might come from
the gas Bow from the primary M star to the envelope of the secondary star.

The variation of emission features was also found on the permitted iron line Fell A4233
and the forbidden line [Fell] A4244. Figure 3 shows these emission lines for each observed
plates.

4. RADIAL VELOCITIES AND EQUIVALENT WIDTIIS

The Gausslan fitling method was used to calculale radial velocilies of VV Cephei. The
gpectrunt lines used in this work are metal lines which are assumed to come from the pri-
mary M star. Table 2 listed identified lines, referenced wavelengths, chserved wavelenglhs,
calculated radial velocities and equivalent widths.

Figure 4 is the fitling example of the sample of Fel line A3813. The mean radial velocity
of VV Cephel was estimaled as —25.7 & 6.60 kim/sec, which value was plotied in Figure 5.

Table 2. Calculated radial velocities and equivalent widths

Line  Vref Vobs Vr(Km/sec) E.W.(A)
Fel 4271.16 4270.601£0.010 - 27.69 0.20
Crl 4403.37 4403.01640.009 - 12.59 0.13
TFe I 4809.94 4809.266+0.014 - 30.43 0.16
Fel 3815.851 3815.196+£0.008 - 40.42 0.13
Fel 4325597 4325.391£0.010 - 14.83 0.55
el 4938.18 493740140010 - 35.80 0.87
Til 4449.14 4448.700£0.005 - 18.22 0.26

Mean Velocity -25.72+6.60
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Figure 2 a-c. Balmer line emissions for each plates. The shape and intensity varied from
plate to plate, which is connected with the envelope aciivity {possible infalling gas

from the primary star) in the secondary star.
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Figure 3. Ionized iron spectrum show strong emission fealure as the result of the atmospheric
aclivity in VV Cephel.
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Figure 4. Gaussian fitting of Fel line to get the radial velocity, Filled circles are the observed

intensities and
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Figure b. Radial velocities versus the phase of VV Cephei. Filled square is the caleulated

radial velocity

of -25.7 km/sec, which value is in good agreement at the phase of

0.59. The straight line indicates the system velocity of -18.9 km/sec.
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Figure 6. The Gaussian fitbing of 5 emission line to get the radial velacity. Filled circles are
Lhe observed intensities and open circles represent artificial smooth points. Straight
line is the filting curve to get the radial veloeity.

The calculated mean radial velocily (filled square) is in good agreement with the phase at
0.59. The straight line represents the system velocity of VV Cephei as -18.9 km/sec (Peery
1966).

The radial velocily of the secondary component was eslimated from the Gaussian fitting
of Hg emission lines. Figure 6 shows ihe fitting of Hg line where filled circles are the observed
spectrum and open circles represent artificial smooth points of Hy emission line. From this
fitting we can get radial velocities of the secondary component as -45.9 kin/sec {plate 18237)
and -70.6 km/sec (plate 18238) with the mean value of -58.3 km/sec.
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5. CONCLUSIONS

From the observed spectrum of VV Cephei we confirmed stiong emission features in
Balmer lines. These emissions are also found in ionized iron lines. The observed emssion
features change abruptly, which can be interpreted as the result of the atmospheric activity
of the primary M star or the envelope of the secondary star.

The calculated radial velocity was -25.7 kin/sec, which is in good agreemenl with the

phase of 0.59.
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