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Abstract. Epsilon Aurigae has been observed during ingress and totality between 1982 and 1983 at
Okayama. Analyses of profiles of Ha line and of radial velocities of neutral hydrogen and metals show that
the secondary component consists of at least three parts in structure.

1. Introduction

An eclipsing binary Epsilon Aurigae has a period of 27.1 yr and the eclipse is occurring
between 1982 and 1984. For the previous eclipses many observations were made in
optical wavelength regions. The observed results have derived various models of the
structure and physical state of the invisible secondary component (Kuiper et al., 1937,
Gaposchkin, 1954; Hack, 1959; Huang, 1965; Kopal, 1954, 1971; Wilson, 1971).
Campaign Newsletters of Epsilon Aurigae eclipse being published by Drs Hopkins and
Stencel have announced that the present eclipse continues to progress on schedule and
that many astronomers have been observing the eclipse on ultraviolet and infrared
wavelength regions as well as optical region. Observations of polarization are also being
done. We can expect that nature of the secondary is unveiled by these observations.

This report is preliminary results obtained by the 188 cm reflector of Okayama
Astrophysical Observatory for variations of Ha profile and radial velocities of atoms
with phase around the second contact. The results may give a constraint for models of
the secondary.

2. Profile of Ha Line

Figure 1 shows profiles of the Ha line on spectrograms with a dispersion of 8.3 A per
mm. The profile obtained outside eclipse, Figure la, is characterized by a relatively
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narrow absorption line with emissions at both sides. We can see that the central
absorption increases and progresses towards the red side with phase, and the central
reversal emission appears in Figures 1c and 1d. In totality just after the second contact
the emission at the red-side disappears, as shown in Figure 1d.
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Fig. 1. Profiles of Epsilon Aurigae around the Ha line. Plate No. and the date observed are: (a) C10-3636,
21 November, 1978, (b)C10-3970, 10 December, 1981, (c) C10-4082, 9 December, 1982, and

(d) C10-4104, 27 January, 1983. There is a small flaw on plate (a). A corrected profile is drawn by a dashed
curve in profile (a). The abscissas are arbitrary scale.

The disappearance of the red-side emission in totality was reported by Guinan (1983)
and Boehm and Ferluga (1983). In the last eclipse, Wright and Kushwaha (1957) found
the same phenomenon.

Figure 2 shows intensities at three phases against outside eclipse as functions of

wavelength around Ha. The decrease of continuum radiation has been estimated from
the V-magnitude light curve of Ingvarsson (1983) at each phase. We can see from
Figure 2 that (1) strong absorption of Ha line has appeared with radial velocity of
—5kms~! even at 10 December, 1981, at seven months before the first contact,
29 July, 1982 (Gyldenkerne, 1970), and the absorption gradually increases with phase,
(2) at ingress and totality, absorption has been rapidly increasing at red side with radial
velocity of 40 km s ~ !, and (3) the eclipse at the Hu line becomes almost complete by
the two absorption components, although half the continuum radiation is appearing
during totality.
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Fig. 2. Intensities around the Ha line at eclipsing phases relative to intensity of the plate C10-3636
obtained outside eclipse. Plate No. and the date observed are: (a) C10-3970, 10 December, 1981,
(b) C10-4082, 9 December, 1982, and (¢) C10—4102, 27 January, 1983.

3. Radial Velocities of Absorption Lines

Figure 3 shows radial velocity curves of absorption lines of neutral hydrogen and metals
around the second contact. The center of gravity of the binary system moves
—2.5km s~ '. Our measurements have been made for seven plates of blue and ultraviolet
regions with a dispersion of 4.1 A per mm.
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Fig. 3. Radial velocities of neutral hydrogen, denoted by open circles, and neutral metals, denoted by filled
circles. Three arrows show first and second contacts and mid-eclipse predicted by Gyldenkerne (1970).
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The Balmer line velocities slightly increase with phase. The velocity increase corres-
ponds to the development of the red-side absorption of the Hx line with phase mentioned
above. On the other hand, the radial velocities of neutral metals decrease almost linearly
with phase towards zero velocity at mid-eclipse. Profiles of the neutral metals are
asymmetrical with steeper gradient at the red side and the intensities scarcely change
during the phases shown in Figure 3 in spite of the large variations of the radial
velocities.

Such a separation of the radial velocity curves between neutral hydrogen and neutral
metals has also appeared around the second and third contacts of the last eclipse
{(Wright, 1970).

4. Model of the Secondary Component

We may consider from the results obtained in the previous sections that the secondary
consists of at least three parts in structure:

(1) Neutral metals are confined in a ring which is rotating with 20 km s ! or more,
because of the linearly decreasing radial velocity curve and of the almost constant
intensities of the absorption lines.

(2) Neutral hydrogen with radial velocities of 40 km s~ ! distributes in the ring of
metals and also inside the ring and it eclipses all over the photosphere of the primary.
The observations of Wright and Kushwaha (1957) for the last eclipse show that neutral
hydrogen layer seems to be rotating with velocities increasing towards the center.

(3) A low-density neutral hydrogen envelope extends at least twice the radius of the
ring of metals. The radial velocity of the envelope is almost equal to that of the binary
system.
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