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THE CHANGES OF SPECTRAL LINE CONTOURS OF P CYGNI
'(Presented by /. Einasto)

P Cygni is one of the most thoroughly investigated nonstable supergiant
stars. Because of-its brightness, P Cygni is observable with high spectral
resolution and in a large range of wavelengths. The main properties
of P Cygni can be explained in the framework of three-zonal models of
its envelope [ Unfortunately, majority of detailed spectroscopic
investigations show an inexhaustible variety of small variations of
spectral lines [ 4-B ]. Some of these papers are based on the compa-
rison of the contours obtained during a few nights, others on
the comparison of mean annual contours determined once a year in
the course of one month. From the data of these observations, it is
possible to conclude that the variations of spectral line contours are
really present, but we cannot tell how they vary. The present paper re-
presents an attempt to find a preliminary answer to this problem using
the data of the observations made during seven successive months.

Using the 2-meter reflector with coude spectrograph homogeneous
spectroscopic material was obtained at the National Astronomical Obser-
vatory of the Bulgarian Academy of Sciences in the summer of 1981,
This report includes a preliminary analysis of the spectral line profile
details and their variations found using the 9 Ä/mm spectrograms
photographed on the IlaO Kodak plates with approximate intervals of
2 weeks and covering the spectral range of 3500—4700 Ä.

For a preliminary investigation, four representative spectral lines
of hydrogen (Нб, Hg, Ню and Hu) and one line of neutral helium (Я4026)
were registered by the microphotometer. The spectral line contours (after
transforming into intensities by the ordinary procedure) are given in
Fig. 1, a, b, where the changes of these contours are markable.

The analysis of the observed changes of spectral line contours is
based on the three-zonal models according to [ l_3]. In accordance with
these models the dissipation of the mechanical energy of pulsations
in the core of a very massive star accelerates- the outer layers of this
star by the mechanism described in [ 9 - 10 ]. The accelerated material flows
out of the star and is decelerated by the force of gravity. The outflow
continues with deceleration until the acceleration caused by the radia-
tive pressure in spectral lines (the CAK mechanism [и ]) is switched in
if the density of the envelope has become small enough. In Fig. 2 the
structure of the three-zonal model is presented with the following de-
scriptive functions .being used; v{R), ne {R) and vesc {R). The function
v{R) describes outflow velocity, ne {R) electron density and u esc {R )

escape velocity as a function of stellar radius.
According to the three-zonal model, the absorption components are

formed in the inner part of the envelope, and the velocity field together
with the density distribution yields to the formation of two absorption
components. The shapes of the spectral line contours highly depend on
these structures. We may count at least two factors which can strongly
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Fig. 1. The changes of the spectral lines
Hei X 4026 and H 6 (a) and Hi 4, Ню
and H 9 (b ) in the spectrum of P Cygni
between J. D. 2444690—2444868. The sym-
bols Д, A, 9 and О mark the details
which are assumed to be of common

origin (here and in further Figures).

determine profile variations. First, if the fluctuations of outflow velocity
are present. It is even possible that in some time-intervals of the decele-
ration zone we do not have any markable decrease in outflow velocity
and the function v{r) may even be monotonously nondecreasing. In such
cases one can hardly see the two-component absorption. For example,
in the cases of £ Ori and Sco [ l2 - 13]. Secondly, the density fluctuations
due to the varying amount of material (fluctuating ne). In this case the
presence of more line components is possible. If we use the structure of
the three-zonal model given in Fig. 2 and R o =64Re [ l4 ] for rough eva-
luations of the characteristic times of such variations, it turns out that
the material passes the zone of inner acceleration in the course of 3—7
days and both inner zones during 15 to 25 days. Therefore, we suppose
that there exist variations with characteristic times .from a few days to
tens of days. The characteristic times of variations may be even longer.

Luud et al. [ls ] reported changing radial velocities with a period of
57 days. We suppose that the changes of profiles have very different
characteristic times. If we could observe the existing times of certain
spectral details, it would also be possible to analyse their origin. There-
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Fig. 2. The scheme of the three-zonal structure of the P Cygni envelope.

fore, we must analyse our contours to find the details existing during a
few days or more in their movement which changes the shape of spectral
line profiles by displacing the line details according to their outflow
velocity in changing the velocity field. Having described above our star-
ting point, we shall further analyse the changes of spectral line contours.

From Fig. 1, a, b we can see that the shapes of the profiles are
strongly changing within a characteristic time of tens of days. The
changes in the hydrogen lines H 9 and Hio are usually very similar, which
suggest that there may be real changes of velocity field or density
distribution in the places of stellar atmosphere where these lines are
formed. The H i 4 line is placed on the less dense part of the spectro-
grams, and the relatively low signal-to-noise relation made their analy-
sis very difficult. Systematic changes are also detectable in hydrogen Hö
profile. At the same time the 14026 profile also shows variations of radial
velocity and the appearance of two components. The displacements of
the marked details of the contours are shown in Fig. 3 where the same
symbols as in Fig. 1, a, b have been used.

All hydrogen lines have a component displaced approximately
—2OO km/s with variations of ±2O km/s. This component is not present
in the Hei 14026 line contours.

The second component of hydrogen lines with strongly varying dis-
placements between —l2O and —IBO km/s is also present all the time,
only around the J. D. 2444751 it seems to join the first component. This
component is also present in the contours of Hel 14026 line as a strongly
varying mean feature.

The third component appeares only in hydrogen lines between
J.D. 2444708 and 2444781. In Нб line it seems to join the second com-
ponent, but in H 9 and Hio the contours seem to vanish.

The fourth components appear as the nearest to the emission com-
ponent at J.D. 2444781. They rapidly displace to the violet, and they are
also present in the Hel 14026 lines. In the case of H 9 and Ню lines, these
components seem to join the second component of lines.

In the framework of the three-zonal model of P Cygni envelope it is
very likely that the first components are due by the fall of the density
decrease in the deceleration zone far enough from the star’s boundier
that the Hel 14026 line can form. The fluctuations of outflow velocity
in other components and the frequently recurring trends of velocity to
the largest outflow velocities are probably connected with nonuniform
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Fig. 3. The displacement changes of the spectral line details
marked in Fig. 1, a, b.

outflow in the inner acceleration zone. The characteristic times of such
variations are in the order of tens of days. This is the period of time
model evaluations have supposed to be necessary for material outflow
through the two inner ?ones.

Therefore, in the inner outflow zones the lumpy structure of the
P Cygni envelope is formed (observed with VLA for outer parts of
envelope [ l6 ]).

There is one more important phenomenon in the shapes of spectral
line contours it is the timely appearance of many small components
in the lines of easy elements. For example, the lines of N11(5) multiple!
during J. D. 2444690
changes of their displacements. These displacements for one line A 4601
are shown in Fig. 4. We cannot find each of the six components in all the
lines, they are distorted by the plate noise. Clearly detected peaks are
always present only at definite wavelengths. To persuade in the reality
of these displacements, we give the mean values of the displacements
and their dispersion as determined for all the lines from 8 spectrograms
(Table).
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Fig. 5. Time dependence of the mean
displacements of N11(5) line compo-
nents. The dispersions of the velocities
are smaller than the diameter of the

symbols.

Fig. 4. - The absorption components of
N11(5) Я 4601 spectral line show the
appearance of the peaks at the time
of definite displacements. Each peak is

not seen in all the contours.

From Table it follows that the components are well-defined and very
clearly separate from one another. Hence, the evidence of the existence
of such components is quite strong. Fig. 5 is an illustration of the depend-
ence of these six components on time. Fig. 5 also demonstrates the
nonvariability of these components.

The main conclusions of this preliminary analysis of the P Cygni
spectral line variations are listed below.
1. The absorption components of the hydrogen lines are very complica-
ted. Sometimes the hydrogen lines comprise even four components.
2. The characteristic times of variations are present in the scale of
tens of days.
3. The absorption lines of Nil (5) multiple! show multicomponent struc-
ture with well-defined time displacements non-varying in time.
4. The variability can qualitatively be explained by the lumpiness of the
öutflying material.

It is difficult to ascertain the physical significance of these results as
our observations were made during too short an observation period.
In order to find clearly established explanations for these variations in
terms of any P Cygni model, we need more extensive homogeneous
observations.

We wish to thank K. Ummik and T. Saar for their technical assistance
during the preparation of the manuscript. L. Luud is also very grateful
to the Bulgarian Academy of Sciences for their generous hospitality at
the National Astronomical Observatory.
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Nevena MARKOVA. L. LUUD

PCYGNI SPEKTRIJOONTE MUUTLIKKUS

Homogeense spektrogrammide seeria alusel on leitud järgmist: 1) vesiniku spektri-
joonte struktuur on väga keerukas, on vaadeldavad kuni neli neeldumiskomponenti;
2) kontuuride muutumise karakteerne aeg on kümneid päevi; 3) multipleti N11(5)
neeldumisjoontel on paljukomponendiline püsiv struktuur; 4) kvalitatiivselt on kon-
tuuride muutlikkus seletatav väljavoolava aine tükilise struktuuriga.

Невена МАРКОВА. Л. ЛУУД

ИЗМЕНЕНИЯ КОНТУРОВ СПЕКТРАЛЬНЫХ ЛИНИЙ Р ЛЕБЕДЯ

Анализ однородной серии спектрограмм Р Лебедя показал следующее: 1) компоненты
поглощения водородных линий имеют очень сложную структуру (вплоть до четырех
составляющих); 2) характерное время изменения контуров порядка десятков дней;
3) линии поглощения мультиплета N11(5) указывают на мультикомпонентную, не изме-
няющуюся во времени структуру; 4) изменения контуров, видимо, обусловлены клочко-
ватостью истекающего вещества.
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