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in the Spectrum of the AOep Star with Infrared Excess HD 190073
I. Line Profiles and Variations during three Decades (1943f1974)
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Summary. Radial velocities and profiles of the com-
ponents of the H- and K-lines in the spectrum of
HD 190073 are analyzed on a 24-spectrum sample
covering the period 1943-1974. A 2 to 1 ratio in the
radial velocities of some components is shown not to
be significant on a spectrum to spectrum basis, contrary
to suggestions by Merrill (1951) and Scargle (1973).

The details of the H- and K-complex structure are
correlated with the profiles of the Balmer lines, especially
H.. The same correlation is found in a series of emission-
line stars with infrared excess.

Key words: Can H and K-complex profiles — variable
profiles — emission-line stars — infrared excess

A. Introduction

The spectrum of the AOep star HD 190073%) is re-
markable for the presence of a complex structure for
Can H and K absorption lines. During the last three
decades the general aspect of the complex pattern has
remained the following: one stationary component and
at least two strong components displaced to the violet
by 180 and 320kms~!. The dramatic variations
(long as well as short term) observed within that pattern
are described and analyzed in the present paper, where
they are also shown to be correlated with variations in
the profiles of the Balmer lines.

Besides the remarkable Can lines, the spectrum of
HD 190073 is characterized by emission components
in the Balmer lines (complex P Cygni type structure),
in the D,- and D,-lines of sodium and in metallic lines.
For the latter, no correlation is found between the
separation of the emission wings and the excitation
potential of the line. A detailed description of the
spectrum of HD 190073 from the near ultraviolet to the
near infrared is in preparation and will soon be submitted
for publication (Surdej and Swings, 1976a).

It should also be mentioned that emission lines due to
the Ca triplet at A4 8498-8542-8662 A (indicative of an
extended atmosphere around HD 190073) have recently
been observed by Andrillat and Swings (1976).

Scargle (1973) has proposed a pure scattering model in
order to explain the ejection of Ca* ions from the
atmosphere of the star: he attempts to explain the 2:1

1y HD 190073=BD +5°4393=MWC 325; o(1950)=
20"0076; 6(1950)= + 5°35'8.

m,~17.9;

ratio between the radial velcities of some components
of the H- and K-lines. Such a ratio, however, does not
appear to be significant if one considers the 24 spectrum
sample for which we measured the radial velocities of
the different Car components. On the contrary, we find
a correlation between the aspect of the structure of the
H- and K-lines and the complex profile of the Balmer
lines, especially H,. In the present paper, we describe
the evolution of the structure of the H- and K-lines and
the measurements of the radial velocities of their
components for 24 spectra covering the period
1943-1974. In paper II (Surdej and Swings, 1976b), we
shall interpret the observations in terms of a model
based on the selective effect of radiative forces.

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

A typical profile of the H- and K-lines in the spectrum
of HD 190073 is illustrated in Fig. 1 where one readily
sees the variations occurring between two spectra, the
upper one from 1970, the lower from 1974. The three
main absorption components in H and K are called H,,
H,, H; and K, K,, K; respectively, H; and K, corre-
sponding to the rest velocity wavelengths; additional
components between H, and Hj, K, and K are visible
on the 1974 spectrum.

The first description of the H- and K-profiles, essentially
of K since H is perturbed by the Balmer line H,, was
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Fig. 1. The complex profile of the H- and K-lines in the spectrum of
HD 190073 exhibits variations with time. The upper is from July 23,
1970 (20 A/mm) and the lower from Sept. 30, 1974 (10 A/mm). Both
plates were obtained at the coudé focus of the Observatoire de Haute
Provence 193 cm telescope

given by Merrill (1933) on the basis of fairly low dis-
persion plates (23 A/mm): “The ionized calcium lines H
and K are very abnormal. K consists chiefly of two
absorption components, one a narrow line of moderate
intensity in its normal position, the other a much stronger
line 3A wide, displaced 3.2A toward shorter wave-
lengths .. The edges of both components are sharply
defined ... Between the two absorption components is
a maximum whose effective center lies 1.1A toward
shorter wavelengths from the normal position of K.
Within the broad displaced component is a very narrow
weak maximum 2.9 A toward shorter wavelengths from
the normal position of K”. As can be seen from Fig. 1
this “emission” actually represents a separation between
absorption components K2 and K3.

Variations in the H- and K-profiles were established
a few years later (Swings and Struve, 1940; Struve, 1942).
Merrill’s “emission” seemed to oscillate from one
spectrum to the other. The H- and K-profile variations
are studied in greater detail in the next chapter.

C. The H- and K-profiles during the Period 1943—1974

An illustration of the variations in the H- and K-line
profile is given in Fig. 2: the spectrograms were obtained
by several observers at the coudé foci of the Mount
Wilson 100-inch (1943—1952: by the late P. W. Merrill;
1949: H. W. Babcock; 1959: P. Swings; 1971: J. P.

and J. P. Swings) at dispersions ranging from 4.5 to
20 A/mm.

1. Radial Velocities of the Components

For 24 spectra covering a period of 30 years we measured
the radial velocities of the various components ap-
pearing in the H- and K-lines. The accuracy of the
measurements is +5km s~ ! and + 10km s~ for plates
having a dispersion of respectively 10 or 20 A/mm.
Figures 3 and 4 show typical profiles on which radial
velocity measurements were performed. Table 1 collects
the data (in kms™!) for the various components of
H and K:E*, A and E~ refer respectively to the red
emission. wing, the central absorption and the violet
emission wing of the “undisplaced” H- and K-lines.
For the other components the velocities are grouped
under headings ranging from —110 to —400kms™?!
in order to readily see which blueshifted components
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Fig. 2. The H- and K-lines in the spectrum of HD 190073 between
1943 and 1974. Details about observers and telescopes are given in
the text
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Fig. 3. Density tracings (normalized with respect to the depth of H,) of the first 13 plates of Fig. 2 showing variations in the H- and K-line structure

appear most often. The date at which the spectrogram
was obtained, as well as its dispersion, are given in
column 1.

Before considering the radial velocities of the ab-
sorption components, a word should be said concerning
the H- and K-emission wings. From the data collected
in Table 1 it appears that the separation between the

emission wings in the K-line is greater than that in
the H-line, ie. 184 kms~! compared to 86kms~?!

Such a discrepancy is due to the effect of the underlying
profile of the Balmer line H, which perturbs the H-line
of Cai: an emission in H, acts dramatically on H in -
filling in the undisplaced H; component, therefore
reducing the separation between the emission wings.

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


http://adsabs.harvard.edu/abs/1976A%26A....47..113S

FT97BARA - 47. “I13T]

116 ) J. Surdej and J. P. Swings

JUL 28,51 ‘—-\1

J

SEPTS, 52

AUG16,7

j?

0CT 29,71 T

—

JuL 23,70

SEPT 28,74

U
T

Fig. 4. Density tracings of a heterogeneous sample of plates of Fig. 2 showing dramatic variations in the profiles and intensities of the components

of the H- and K-lines

This is easily seen when one considers an intensity
tracing of the H+ H, blend (see Fig. 1 of paper II).
From Figs. 1 and 2, and from Table 1, it appears that
during the entire period of three decades 1943-1974
three distinct groups of absorption components exist
for the H- and K-lines, ie. Hy, K;; H,, K,; Hj, K.
Furthermore an examination of Table 1 reveals that
these groups may be split into subgroups for which
there exists a common radial velocity. For H; and K,
there are the emission wings referred to as E* and E~
in Table 1; for H,, K, and H,, K there exist inflexions
in the wings of the strong absorptions.

In the rest of this chapter we consider the following
subgroups: a, for H,, K, i.e. the core of the undisplaced
Can absorption; a,, b,, ¢, for H,, K,; as, bs, c3, d; for
H;, K;. These subgroups are listed and characterized in
Table 2, in which the different columns indicate for
each subgroup (for either H or K) the mean radial
velocity and standard deviation (in km s~ !) 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 is
measured.

On the basis of a 12 spectrum sample Merrill (1951a)
reported that the absorption components of the H- and
K-lines were distinctly grouped into a lower-velocity
(=150, —200kms~!) and a higher-velocity (— 300,
—400kms~!) system. As stated by Scargle (1973):
“Merrill noted the remarkable fact that the velocities
in the higher-velocity system are, within the measurement
uncertainties, precisely twice those in the lower-velocity
system. He felt that this result was significant, but was
unable to find a satifactory explanation”. Scargle’s (1973)
interest in HD 190073 came mainly from the fact that:
“A number of stars, Seyfert galaxies and quasi-stellar
objects are ejecting gas at discrefe velocities which, in
some cases, form arithmetic sequences. This mass loss
is probably driven by radiation pressure; the discreteness
and ordered velocity structure can be understood as the
result of the presence of opacity in closely spaced pairs
of lines. The value of the “quantum” of velocity in a
number of specific cases predicted by the theory (pure
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Table 2. Groups and subgroups to which belong the different ab-
sorption components of the Hand K lines in the spectrum of HD 190073

Group Line Subgroup #(kms~!) dv(kms~') Present Measured

(rms.)
1 H aq 1 4 24 22
1 K a 0 3 24 2
2 H b, 146 3 18 18
2 K b, 148 4 18 12
2 H a, 176 4 .23 23
2 K a, 178 5 23 23
2 H ¢ 204 2 6 6
2 K ¢ 206 5 6 6
3 H b, 303 3 12 12
3 K b 307 6 12 10
3 H a, 322 4 14 14
3 K a 323 5 14 14
3 H ¢ 359 4 8 7
3 K ¢ 359 4 8 8
3 H d, 397 6 4 4
3 K d, 395 8 2 2

Notes: a,, a,, a; correspond to the core of the three strong absorptions
inHand K;

by, by correspond to inflexions in the long wavelength wing of a, and a, ;
€3, C3

dod }correspond to 1nﬂex10ns in the blue wing of a, and a5 .
2543,

scattering) is in good agreement with the observations”.
One can easily see from Table 2 that there indeed seems
to exist a 2:1 ratio between the mean radial velocities
(v) of some subgroups, such as

- bz and b3 ;
—a, and c¢y;
and dj.

_c2

this last ratio being however of very little significance.
In our opinion the 2:1 ratio is to be considered only as a
statistical result. Indeed the appearance of such a ratio
in any one spectrum (see Table 1) is not significant:
it appears either occasionally or only for a very limited
number of components (see e.g. column 6 of Table 2).

‘2. Variations of the Profiles of the H- and K-Lines.

Density tracings were obtained for the spectra of Fig. 2.
A few of them (normalized with respect to the depth of
H,) are reproduced in Figs. 3 and 4; they clearly show
that the H- and K-profiles vary on time scales going
from years (e.g. Jul. 8, 44; Jul. 13, 46; Jul. 23, 70; Sept. 28,
74) to months (e.g. Sept. 13, 49; May 23, 50), days
(May 23, 50; May 29, 50) and even hours (several
20 A/mm plates of Sept. 28, 74 of which only one is
given in Fig. 4).

The emission wings and the absorption of the first
component(H,,K,) vary as well as the other components.
This indicates that the extended atmosphere surrounding
HD 190073 in which the emission lines are taking

place suffers strong variations. The latter, which are
observed not only in H and K, but also in the Balmer
lines, are important in explaining the profiles of the
components H,, K, and H;, K; of the Ca lines, as will
be demonstrated in Paper II.

A qualitative study of the profiles of the Balmer lines
H, and H; was performed for all the spectra on which
the Can H- and K-lines were analyzed. Figure 5 re-
produces portions of the spectra around H,, aligned
with respect to the Feu emission line with central
absorption 4435176 A. It shows that the complex
structure of H, consists essentially of a broad (up to

NOV. 13 1943
JUL. 8 1944
JUL. 13 1946
SEPT 15 1946
JUN. 30 1947
SEPT12 1948
JUN. 12 1949
AUG. 6 1949
SEPT13 1949
MAY.23 1950
MAY.29 1950
SEPT.25 1950
SEPT26 1950
SEPT 27 1950
JUL.28 1951
SEPT.8 1952
AUG. 26 1959
JUL.23 1970
AUG.16 1971

0CT.29 197

JUL. 5 1973
JUL. 8 1973
SEPT.11 1974

SEPT.28 1974

SEPT 28 1974

SEPT 28 1974

SEPT 30 1974

Fig. 5. H, in the spectrum of HD 190073 between 1943 and 1974.
Same plates as for Fig. 2
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Table 3. Stars with infrared excess whose spectrum reveals P Cygni profiles of the Balmer lines and complex structure of the Ca 1 lines

Star Sp. Type Vis. mag. LR. excess Cai lines Notes and reference
1.6p—2.2u
AB Aur B9q 7.0 0.90(1) Variable
HD 31648 A2q 1.7 0.66(1) 2 comp. on Sept. 28, 1974
variable
HD 45677 B21IVep 8.5 1.87(1) variable 2
U Mon F8—KO 8.5-6.8 4.003) 2 comp. in Jan. 1963
1 comp. in Oct. 1971 4)
HD 87643 Bep 8.5 1.17(1) 2 comp.
GG Car Bep 8.8 1.03(1) 2 comp.
CD-52°9243 Be 9.3 1.29(1) 2 diff. comp.
XX Oph A Symb ~10 0.46(5) variable see Paper I1
HD 190073 AOep 79 0.79(1) several comp.
variable
V 1057 Cyg var <10, var 0.44(1) { several comp.
variable
HD 200775 Be ~ 7 0.86(1) 2 comp. in Sept. 1974 .

(1) Allen,D.A. 1973, Monthly Notices Roy. Astron. Soc. 161, 145
(2) see Swings,J.P. 1973, Astron. & Astrophys. 26, 443

(3) color index: L(3.5 u)—O(11.0 4)=4.0 from Gehrz,R.D., Woolf,N.J.

(4) Preston,G.W. 1972, Astrophys. J. Letters 172, L 105
(5) Swings,J.P., Allen,D.A. 1972, Publ. Astron. Soc. Pacific 84, 523

60 A) shallow absorption on which are superimposed
emission and absorption components (sometimes
multipe and complex), the former located mainly near
rest wavelength whereas the latter is blue shifted.
A comparative examination of the profiles of H, and
H; and of the Can H- and K-lines leads to the following
correlations:

(i) A fusion between K, and K5 tends to appear when the
blue shifted absorption component in H, and H; is
strong and wide (see e.g. spectra of Sept. 28, 1974 in
Figs. 4 and 5).

(i) K5(H;) is stronger than K,(H,) when a distinct
blueshifted emission is present in the hydrogen lines H,
and H; (see e.g. spectra of June 12, 1949 in Figs. 4 and 5).
These correlations are explained by the mechanism
proposed in Paper II.

D. Stars Exhibiting Similarities to HD 190073

A non exhaustive list of stars whose spectra reveal P
Cygni profiles of the Balmer lines and a complex and/or
variable structure of Can H- and K-lines, as well as an
excess of continuous radiation beyond 1 micron is
given in Table 3. To that list should be added the two
symbiotic stars AG Pegasi and Z Andromedae for
which the profile of the He1 line 4 3888 is variable as is
the underlying Balmer line Hg.

Contrary to the stars of Table 3, Bestars without
infrared excess, without apparent P Cygni profile of H,
do not have discrete absorption components of the
Can H- and K-lines. This was checked on the basis

1970, Astrophys. J. Letters 161, L.213

of 10 A/mm plates obtained at Mt Wilson in 1971-72 of
the following Be stars: HD 83953, HD 85860, HD 86612,
HD 89884, HD 91120.

It appears from Table 3 that the profile of the Balmer
lines modulates that of other lines of about the same
wavelengths (Caun(H) and H,; He13888 and Hg...).
This will be explained as in the case of HD 190073 by
selective radiative forces acting on the atoms considered.
There further seems to exist a correlation between the
presence of an infrared excess and the fact that atoms
are ejected from the central star; such ejections of
atoms can naturally lead to the formation of circumstellar
envelopes in which dust grains form.

Acknowledgements. We are greatly indebted to Dr. H. W. Babcock
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