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Summary. Radial velocities, equivalent widths and
profiles of the main components of the H- and K-lines
in the spectrum of HD 190073 are analyzed on a
9-spectrum sample covering the period 13-18 August
1975. The characteristics of these components are
correlated with the profiles of the Balmer lines, especially
H,, as suggested in paper I (Surdej and Swings, 1976a).
Dramatic variations occurring in the extended atmo-
sphere of HD 190073 within that short period are
further indicated by the disappearance during two
nights of the undisplaced absorption component in the
Can H-line. The mechanism described in paper II
(Surdej and Swings, 1976b), i.e. radiative forces acting
selectively via a resonance scattering mechanism of
Ca* atoms is shown to be capable of explaining the
evolution of the main features in the complex profile
of H and K in the spectrum of HD 190073.

Key words: CanH and K — complex profiles —
variable profiles — emission-line stars — infrared
excess — radiative forces — resonance scattering

A Introduction

The spectrum of the AOep star HD 190073 is remarkable
not only for the presence of emission lines, but mainly
for that of a very complex structure for the Can H and
K absorptions. During the last three decades the general
aspect of the complex pattern of H and K has remained
the following: one stationary component surrounded
by two emission wings and at least two strong absorp-
tion components displaced towards the violet by 180
and 320kms~! (Surdej and Swings, 1976a, and
references therein). Dramatic variations during the
period 13—-18 August 1975 are observed within that
pattern: they are described, analyzed (in terms of
radial velocities and equivalent widths of the com-
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ponents of the H and K lines) and shown to be strongly
correlated with night to night variations in the complex
P Cygni profiles of the Balmer lines; we then interpret
these observations in terms of our model based on the
selective effet of radiative forces.

B. The CanH- and K-lines in the Spectrum of HD 190073

Typical profiles of the H- and K-lines observed within
the last three decades in the spectrum of HD 190073
have been illustrated in our previous papers (Surdej
and Swings, 1976a, 1976b, hereafter referred to as
papers I and II respectively). Figures 1 and 2 of the
present paper readily show that although the general
pattern of the complex profiles has remained the same,
new phenomena have occurred lately such as the
disappearance of the undisplaced component in H
during a few days. A more detailed study further shows
that the high radial- velocity components (— 360,
—400km s~ ') present during the last decades were no
longer detected in 1975.

The H- and K-profile variations are studied in
greater detail in the next section.

C. The H- and K-profiles during the Period
13—18 August 1975

An illustration of the variations in the H- and K-line
profiles is given in Figure 1: the spectrograms were
obtained by the authors at the coudé focus of the Haute
Provence Observatory 152 cm telescope at a dispersion
of 20 A/mm.

1. Radial Velocities of the Components

We measured the radial velocities of the various
components appearing in the H- and K-lines for
9 spectra obtained during the period 13—18 August 1975.
The accuracy of the measurements is +7kms~! for
all the plates. The intensity tracings reproduced in

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1977A%26A....54..219S

FT977ARA © 7547 TZ1950

220

Hg

August 13.96 1975
v 14.01 1975
" 15.01 1975
n  16.04 1975
u  17.04 1975
w o 17.99 1975

u  18.04 1975
v 18.92 1975

w 18.99 1975
v 19.02 1975

J.Surdej and J. P. Swings: H and K Lines in the Spectrum of HD 190073

K3 K2 Ki

H3 H2 Hy Hg

Fig. 1. The Cau H and K lines in the spectrum of HD 190073 during the period August 13—18, 1975, observed by the authors at the coudé focus
of the 152 cm telescope at the Observatoire de Haute Provence (original dispersion 20 A/mm)

Figure 2 show typical examples of the complex profiles
in which the radial velocities were determined for the
individual components. The format of Tablel of
paper I in which the data (in kms™?) for the various
components of H and K during the period 1943—-1974
were collected is used here to group the measurements
for August 1975 (see Table 1). It is to be recalled that
E™*, Aand E~ refer respectively to the red emission wing,
the central absorption and the violet emission wing of the
“undisplaced” H- and K-lines. Under the headings
ranging from —110 to —400kms™' are grouped the
velocities of the other absorption components. The
date at which the spectrogram was obtained is given
in Column 1.

As established in paper I a short examination of
Table 1 and of Figures 1 and 2 reveals that three distinct
groups and subgroups of absorption components exist
for the H- and K-lines, ie., H;, K; (with the emission
wings E*, E- and the central absorption a,); H,,
K, (central absorption a, and inflexion in violet wing
¢,); and Hj, K5 (central absorption aj). The subgroups
for which there exists a common radial velocity are
collected in Table2 in which the different columns
indicate the mean radial velocity (in km s~ 1), and stan-
dard deviation determined from Table 1; the last two
columns give the number of spectra on which each
subgroup is present and the number of spectra for which
the radial velocity was measured.

As indicated in paper I one can readily see from the
data included in Table 2 (average values of the measure-
ments performed on the spectra where the a; component
is present in the H line) that the separation between
the emission wings in the K line is greater than that
in the H line, i.e. ~170kms™ ! compared to ~90kms™ 1.
This is due to the fact that the underlying profile of
the Balmer line H, perturbs the H line of Cam. As
written in paper I: “an emission in H, acts dramatically

on H in filling in the undisplaced H; component,
therefore reducing the separation between the emission
wings”. The occurrence of such a fact is well illustrated
by some of the intensity tracings given in Figure2
where H, may completely fill in the a; component of
the H line (August 16 and 17, 1975). Similar emission

‘components appear in H,, H;, and H8.

Merrill (1951) reported that the absorption com-
ponents of the H- and K-lines were distinctly grouped
into a lower-velocity (—150, —200kms~ ') and a
higher velocity (—300, —400km s~') system. On the
basis of a 12 spectrum sample he noted the fact that the
velocities in the higher-velocity system are within
the measurements uncertainties, precisely twice those
in the lower velocity system. From the examination of
Tables 1 and 2 we conclude, as in paper I, that the 2:1
ratio is to be considered as a statistical result only.
Furthermore the components belonging to the higher-
velocity system (lv]>300kms~') have disappeared
during these last two years, i.e. in 1974 (see Table 1 of
paper 1), and 1975.

2. Equivalent Widths of the Different Components of H
and K

We measured the equivalent width of the main absorp-

‘tion components, ie. H;, H,, H; (blended with H,),

K,, K, and K, appearing in the H- and K-lines for

.8 spectra taken during the period 13—18 August 1975.

The accuracy of the measurements is +0.03 A, the
greatest error being due to the uncertainty affecting
the choice of the continuum level. Table 3 lists the
measurements of the equivalent widths of the different
components; the night to night variations of the
equivalent widths illustrated in Figure 3 are interpreted
in the next section.
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Table 3. Equivalent widths (in A) of the different absorption components of the H and K lines in the spectrum of HD 190073

Group Line Equivalent Group Line Equivalent
width width

August 13, 1975 3 K 1.0 August 17, 1975 3 K 1.0

U.T. 22%04™ 2 K 0.7 U.T. 22046™ 2 K 0.7
1 K 03 1 K 0.2
3 H 1.1 3 H 14
2 H 1.3 2 H 1.0
1 H 0.6 1 H —

- August 14, 1975 3 K 038 August 17, 1975 3 K 0.9

U.T. 23815™ 2 K 0.7 U.T. 23b55™ 2 K 0.7
1 K 0.3 1 K 02
3 H 1.2 3 H 1.1
2 H 1.3 2 H 1.0
1 H 0.5 1 H 0.5

August 15, 1975 3 K 0.9 August 18, 1975 3 K 1.1

U.T. 23h53™ 2 K 0.7 U.T. 21817™ 2 K 0.7
1 K 0.2 1 K 0.3
3 H 1.1 3 H 14
2 H 11 2 H 14
1 H 04 1 H 0.5

August 16, 1975 3 K 1.0 - August 18, 1975 3 K 1.0

U.T. 24%01™ 2 K 0.6 U.T. 22b50™ 2 K 0.8
1 K 0.2 1 K 0.3
3 H 13 3 H 1.1
2 H 1.0 2 H 1.5
1 H — 1 H 0.5
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Fig. 3. Equivalent widths of the three main components of H and K (plates of Figures 1 and 2). K, exhibits a minimum around August 16 and 17,
whereas H,, H; and K,, K; increase after those dates. See text for interpretation
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3. Interpretation of the Night to Night Variations of the
H- and K-line Components

Since the physical model used for the interpretation
of the profiles was described in detail in paper II we
consider here only its application to the 1975 spectra.
On 7 spectra of the sample we measured the mean
wavelength and the width of the blueshifted P Cygni
absorption in H; and found respectively 1 4097.8+0.3 A,
and 44~1.5A. A similar component is visible in H,
and Hg but cannot be seen in H, because of the presence
of the Ca 11 H line. Nevertheless one can find its location
on the basis of the data given above; the absorption
component in H, lies at about 175(+30)kms~! to the
blue side of the H; component of Cam. Similarly we
find that the center of the emission component in H,
should lie at about 80(+30)kms™?! to the blue side of
the H; component of Cam. As shown in paper Il a
depletion of the radiation at wavelengths corresponding
to the absorption component of the P Cygni profile
in H, will cause an accumulation of Ca* atoms travelling
at that corresponding velocity, thus the absorption line
at wavelengths fitting H, and K,. As far as H; and K,
are concerned they correspond to a saturation velocity
of the Ca™ atoms at great distances from the photo-
sphere of HD 190073. Intensity tracings were obtained
for the spectra of Figure 1; they clearly show that
the H- and K-profiles vary on time scales ranging from
days to hours (August 17 and 18, 1975). The emission
wings and first absorption component (H,, K,) vary
as well as the other components. From Figures 2 and 3
one may readily conclude that when H, is filling in the
undisplaced absorption component H,; (August 16,
17, 1975), the extended atmosphere surrounding
HD 190073 (mainly composed of Ca®™ atoms) is
partially removed, because of an ejection of the Ca*
atoms under the enhanced selective radiative forces
described in paper II. Indeed the equivalent width of the
unblended K, component presents a minimum around
August 16 and 17, 1975 (see Fig. 3) because of a decrease
of the opacity in the extended envelope at rest. The
matter ejected from HD 190073 creates a noticeable
increase of the opacity of the moving envelopes at
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about August 18, 1975: this is shown in Figure 3 by
the fact that the equivalent widths of K, and K; (and
of H, and H;) which had remained fairly constant up
to then (especially if one considers the mean of the
equivalent widths of K, and K; ie. (K,+Kj;)/2 and of
H, and H, ie. (H,+H,)/2 start to increase after the
two-to three-day minimum of K.

D. Conclusion

Because the variations occurring in the extended
atmosphere around HD 190073 are so sudden and
rapid, we do not intend to interpret the very fine details
of the complex profile of the H- and K-lines of Ca .
However the study of the radial velocities and equivalent
widths of the different components of the Can H and
K lines observed during the period 13—18 August 1975
is strongly in favor of the model proposed in paper II,
in which selective radiative forces are responsible for
the ejection of Ca* atoms from the outer atmosphere of
HD 190073.

Observations over time scales of a few minutes and
with greater dispersion will certainly reveal new and
interesting features concerning the active extended
atmosphere of HD 190073. It is the wish of the authors
to be able to perform such observations in the near
future, especially with the use of échelle spectrographs
and/or electronic cameras or image tube equipments.
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