CO MOLECULE IN TRANSITION REGION BETWEEN CHROMOSPHERE AND COOL STELLAR
WIND: A NEW PROBE ON THE OUTER ATMOSPHERES OF COOL LUMINOUS STARS
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ABSTRACT. Presence of CO layer well separated from photosphere is con-
firmed and this revealed a presence of quasi-static turbulent transition
layer in normal red (super)giant stars. This layer may be related to an
outer part of the extended chromosphere and/or a cool part of the chro-
mospheric inhomogeneity, and will play major role in stellar mass-loss.

As is well known, the circumstellar matter in outer envelope of cool
luminous stars is being lost from the stellar system( Deutsch,1956), but
it is not clear where the mass-flow starts. There is a suggestion that
the mass-loss already starts in chromosphere( Goldberg,1979), but the
observed flow velocities are smaller than the local escape velocity in
chromosphere and it is not clear if the chromospheric expansion could be
a direct origin of stellar mass-loss. Furthermore, presence of a static
layer, possibly situated above the chromosphere, 1is suggested not only
in Mira variable stars( Hinkle et al.,1982) but also in non-Mira stars(
Hall,1980). While little attention has been given to such a static layer
in recent theories of stellar mass-loss, we have found some convincing
evidences on the presence of such a static layer in normal red giant and
supergiant stars during our analysis of high resolution infrared spectra
of CO first overtone bands( Tsuji,1986a; to be referred to as Paper I).

Although CO lines originating from such a static layer show little
Doppler shift against photospheric lines, they could be recognized by
the following facts: 1) Equivalent widths of low excitation lines show
systematic excess as compared with expected ones based on model atmos-
phere(Fig.3 of Paper I), while higher excitation lines can quantitative-
ly be well understood by the same model(Tsuji,1986b). 2) The low exci-
tation lines show shifts and asymmetries that indicate excess absorption
in blue wing in some stars and in red wing in other stars( Figs.4 & 5 in
Paper I). 3) Radial velocities show differential variations between low
excitation lines( remain almost stationary in the case of o Her shown in
Fig.1l) and high excitation lines(change is larger, possibly due to small
amplitude pulsation of the photosphere). These observations suggest that
at least a part of low excitation lines should be originating in a layer
well separated from the photosphere. Further, comparison of the observ-
ed spectrum with predicted photospheric spectrum revealed residual
ebsorption for low excitation lines while there appeared no residual for

377

1. Appenzeller and C. Jordan (eds.), Circumstellar Matter, 377-378.
© 1987 by the IAU.

https://doi.org/10.1017/5S0074180900156773 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900156773

3

~
oo

T. TSUJI

3 . TABLE 1 Physical properties of the
g -36 i e quasi-static CO absorption layer
1~ . N

— 9 - °

_— -37 8. Star Sp.Type 1

Qo R .. 9 o P+ 2yp Tex vtur o8 NCO
> ® (] 0. )

5 38 o o Ori M2I,p, 1450K >9Km/s 20.1
1 L P I R u Cep M2I, 1100 >9 19.8

0.0 1.0 2.0 LEP(eV)
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high excitation lines. 1In low excitation lines, the contribution by the
CO layer has been separated by subtracting the photospheric contribution
from the observed profile. A curve-of-growth analysis on equivalent
widths of the separated CO profiles gave the results summarized in TABLE
1: note that the excitation temperature is surprisingly high( this is
based on more consistent analysis than in Paper I that gave lower tempe-
rature) and the turbulent velocity is rather large. Estimated total mass
of the CO layer based on the deduced column density is as high as lO'“aMé.

As the excitation temperature is pretty high while the CO layer
should be well separated from the photosphere as noted before, the CO
layer may be an outer part of the extended chromosphere( which has been
recognized only recently; see e.g., Linsky,1987) and/or a cool component
of the chromospheric inhomogeneity. Anyhow, the CO absorption layer
should represent a transition region between the chromosphere and the
cool wind in luminous stars of non-coronal type. Probably, deposition
of mass, momentum, and energy to the outer atmosphere from the photo-
sphere may be sufficient to form the turbulent transition layer together
with the extended chromosphere, but it may be not sufficient to be the
direct driving force of stellar mass-loss. However, once the transition
layer is formed, it provides an ideal environment for dust formation and
radiation pressure on dust could drive mass-outflow. Such a hybrid model
of mass-loss 1is well consistent with the known observations on the
outer atmosphere of aOri,for example. Also, even if dust could not be
formed, the Maxwellian tail of the turbulent motion could lead to mass-
loss, since the local escape velocity in the transition layer may be al-
ready small enough to be comparable with the observed flow velocities.

I am indebted to Drs.S.T.Ridgway and K.H.Hinkle for kind help in an
observation at KPNO FTS, for archival data, and for useful discussions.
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