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ABSTRACT

New data indicate that red giants are surrounded by geometrically
thick chromospheres of several stellar radii extent. Such chromospheres
occur among stars which apparently lack coronae. Maintenance of this
extended warm region may require non-compressional wave heating of a
magnetic character, and this may provide a crucial clue to the mechanism
of rapid mass loss from red giant stars.

INTRODUCTION

Red giant and supergiant stars are known from their optical spectra
to possess cool circumstellar (CS) envelopes and winds. At issue is the
nature of the interface between the warm photosphere and the cool CS
shell. New spectroscopic evidence from optical and non-optical regimes,
as well as direct imagery, is providing new insights into this question.

SPECTROSCOPIC EVIDENCE

Ultraviolet observations with the IUE satellite have made possible
the exploitation of the mid-UV lines of C II near 2325 A and 1335 A as
density and temperature diagnostics (Stencel et al. 1981). Combined
with estimates for the ionization equilibrium and abundances, one can
deduce column densities and lower 1limits to the physical thickness of
the emitting region. For Arcturus, we deduced the existence of a 5000-
10,000 K chromosphere of at least one stellar radii extent. The same
technique yields geometrically thick chromospheres (5-10 stellar radii)
for -other non-coronal red giants, but thin chromospheres (few percent
or less of a stellar radius) for G giants and the Sun (Stencel and
Carpenter 1982).

The He I 10830 A line is variably in emission and absorption in
the spectra of non-coronal red giants (Zirin 1982). 1In contrast, the
coronal-type, yellow giants show non-variable 10830 A absorption, as
is the case in the solar spectrum. However, the low upper limits on
soft X-ray emission from red giants call into question any solar-like
line formation mechanism of recombination following ionization of He by
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X-rays. Alternatively, line formation in shocks over extended regions
may explain the variable 10830 A emission of the red giant stars.

Chromospheric velocity fields can, in principle, be derived from
the profiles of the emission cores of the resonance doublets of Ca II,
Mg II and similar features. Statistics on the asymmetries of these
doubly reversed emission cores argue for a boundary in the H-R diagram
between solar-like asymmetries (among yellow giants) and outflow asymme-
tries, among red giants (Stencel 1978; Stencel and Mullan 1981). These
boundaries correlate with X-ray and transition region line statistics
(Simon et al. 1982) and CS features (Reimers 1977). However, stars like
Arcturus, which lie near these boundaries show a strong outflow asymme-—
try in Mg II, but a solar-like (and slightly variable) asymmetry in
Ca II. These "discrepant asymmetry" stars may provide the crucial clue
to the evolution of atmospheres between coronal and non—coronal states
(Mullan and Stencel 1982). Extended chromospheres can help in the in-
terpretation of this phenomenon.

Wischnewski and Wendker (1981) and Newell and Hjellming (1982) have
discussed the implications of the recently established two component ra-
dio emission of the M supergiant Betelgeuse, in terms of its atmospheric
structure. They demonstrate that the star probably possesses an extended
chromosphere in substantial agreement with the C II results. Comprehen-
sive models such as that by Jura and Morris (1981) should be re-explored
with this new information.

Additional spectroscopic evidence which suggests the existence of
extended chromospheres includes: (a) atmospheric eclipsing binaries
(Stencel et al. 1982); (b) cool star ionization equilibria (Ramsey
1981); and (c) fluorescent emission in the mid-UV (Carpenter et al.
1982) and near Ca II H and K (Stencel 1977). For details concerning
these factors, see Stencel (1982).

- DIRECT EVIDENCE

Goldberg et al. (1982) have discovered that the apparent diameter
of the M supergiant Betelgeuse increases by a factor of 5 when viewed in
narrow band H-alpha speckle interferometry, compared to broadband con-
tinuum diameters of 0.05 arcseconds. Goldberg and colleagues also re-
port changes in the intensity distribution over a three-month timescale
which are correlated with changes in polarization measurements indepen-
dently obtained by Hayes (1980). Further results are likely to be
fundamentally important.

Similar efforts involving narrow band occultation observations have
also indicated extended chromospheric emission among red giants and su-
pergiants: White et al. (1981) found a two stellar radii chromosphere
around the M supergiant 119 Tau; Radick and Africano (1981) reported the
suggestion of an increased angular diameter of Aldebaran (K5 III) in in-
termediate band occultation studies.
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CHROMOSPHERIC HEATING

Dimensional arguments suggest that extended chromospheres are or-
ders of magnitude larger than their isothermal pressure scale heights.
The average chromospheric densities imglied by the C II diagnostics for
Arcturus and Betelgeuse are 108 and 10 cm™3, respectively, and the iso-
thermal pressure scale heights in 10* K chromospheres are 1010 and 1012
cm, respectively. These are 200-500 times smaller than the dimensions
implied by five stellar radii chromospheres for these stars. It appears
that hydrostatic pressure alone is incapable of supporting these ex-
tended chromospheres.

Another source of pressure in red giant atmospheres is due to tur-
bulent and expansion velocities. The average gressure implied by the
gravitational potential of material of 108 cm™3 density suspended at 5
stellar radii corresponds to approximately 50 km s”! rms turbulent ve-
locities. Although this velocity corresponds to transient CS absorption
features seen in Arcturus (Reimers 1977), it appears too large for ve-
locities normally associated with Betelgeuse (Bernat 1981), whether
chromospheric turbulent or expansion. A plausible alternative to hy-
personic velocities involves the supgort inherent in a modest magnetic
field energy density. Assuming an r4 divergence, a surface field of
less than 10 gauss would suffice. Magnetic fields could provide forms
of non-compressional wave heating which the extended emission distribu-
tion appears to require.

At present, two hypotheses appear capable of explaining several
of the observed phenomena associated with extended chromospheres among
non-coronal red giants and supergiants. Mullan (1982) has proposed a
magnetic topology argument, with chromospheric heating and extent main-
tained by continually emerging, star-sized, discrete flux loops, which
are unable to find stable, closed configurations (as they can in coro-
nae)., Hartmann and MacGregor (1980) have proposed an Alfvén wave heat-
ing theory which predicts extended chromospheres among red giants.
Whereas the Alfvén wave theory predicts temperature and velocity dis-
tributions which could explain several observations, including perhaps
the discrepant asymmetries, the unstable loop model matches the observed
variability which is a major factor in the outer atmospheres of red

giants.

CONCLUSIONS

Extended chromospheres may provide the missing link in the evolu-
tion of the outer atmospheres of cool stars between coronal and non-
coronal states, as well as important clues to the nature of the mass
loss process. Much work remains to be done to quantitatively improve
the analysis of the spectroscopic clues listed above, including spectral
synthesis work which includes spherical symmetry and velocity fields
in chromospheres. Additional discussion of this point may be found in
Stencel (1982). The enhanced spatial resolution offered by narrow band
speckle interferometry ("speckle spectroscopy"”) ought to be pursued with

vigor.
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