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ABSTRACT. I t i s shown how empirical ly derived constraints a f f ec t models 
of the outer atmospheres and winds of Κ g i a n t s , taking α Boo (Κ 2 I I I ) as 
an example. The importance of empirical approaches pr ior to making 
semi-empirical models i s s tressed . The r e l i a b i l i t y of recent wind mod-
e l s i s assessed. 

1. INTRODUCTION 

The majori ty of coo l , luminous stars ( i . e . cooler and br ighter than the 
sun) are giants (luminosity c lass I I I ) between spectra l types ~ G5-K5. 
For such s t a r s , the only observational "evidence 1 1 for substant ia l mass 
loss ($1 ^ 1 0 ~ 1 0 M^yr" 1) i s the redward asymmetries of resonance l ines of 
e . g . Mgll and Cal l ( e . g . Ref. 1 . ) , since narrow 'c i rcumste l lar ' absorp-
tion components are observed in giants only la ter than ~ K4. The 
interpretat ion of redward asymmetries i s known to be ambiguous ( e . g . Ref. 
1 . ) , and the mass-loss interpretat ion i s an extension of work by Hummer 
and Rybicki (Ref. 2 . ) . I t has never been demonstrated that the outflow-
ing material has ν > v e s c in a Κ giant . The present paper assesses th i s 
interpretat ion and the r e l i a b i l i t y of recent semi-empirical modelling 
based on the asymmetric p r o f i l e s in the l ight of recent ly derived empir-
i c a l constraints (Ref. 3 . ) . 

2 . EMPIRICAL CONSTRAINTS 

An important resu l t from studies of UV emission l ines observed with IUE 
in the spectra of cool giants i s that the regions where the l ine fluxes 
are created are c lose to hydrostat ic equilibrium (Refs . 3 , 4 ) . The con-
clusion i s based on measurements of l inewidths, e lectron d e n s i t i e s , 
column densi t ies and emission measures. The emitting regions are sup-
ported largely be the pressure of non-thermal motions ( e . g . waves) lead-
ing to geometrical thicknesses > those of early hydrostat ic models (Ref. 
5 ) . , with A h e m £ s s ^ o n < 0 . 3 R* ( and not ~ R* as suggested in Ref. 6 ) . 
The success of the hydrostat ic models implies that the large-sca le 
ordered flows inferred from l ine symmetries are unimportant ( to f i r s t 
order) in the momentum balance of the emitting regions: the asymmetries 
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in Mgll k must be associated with flowing regions overlying the emitting 
regions which scatter the resonance radiation. A further important result 
for α Boo is the empirical evidence for strong temperature and density 
inhomogeneities in the chromosphere (Ref. 7, 3) implied by CO absorption 
and CII] emission lines. 

3. EMPIRICAL CONSTRAINTS: HOW DO THESE AFFECT S EMI-EMPIRICAL MODELS? 

Semi-empirical models are required for the interpretation of line pro-
file asymmetries, since assumptions concerning the atmospheric structure 
(e.g. spherical symmetry) must be made to perform radiative transfer 
calculations. Recently, Drake (Ref. 8) has attempted to model the T w i n d f 

of α Boo using the calculations of Mgll k profiles in spherically sym-
metric outflowing wind models. 

Spherical symmetry restricts flowing material to one degree of freedom 
only: with steady-state outflows the matter must eventually reach the 
local escape velocity (at distances >> R * ) . The empirical evidence of 
inhomogeneities in the flux creation regions shows that spherical 
symmetry cannot be correct. At worst, the extra degrees of freedom will 
allow circulation of matter in the chromosphere, leading to very small 
mass loss rates. This must be regarded as a serious possibility given 
that the flow velocities implied from the line asymmetries are << v e s c 
(R*). Comparisons show that the model of Drake (Ref. 8) has electron 
densities which are substantially lower than those derived empirically, 
and that the model is too extended geometrically in the regions where 
the UV line fluxes are created. The validity of the model where the 
line asymmetries are produced must therefore also be in question. The 
interpretation of radio fluxes in terms of spherically symmetric winds 
(Ref. 9) must also be re-examined in the light of the empirical con-
straints. It may be possible to reproduce observed asymmetries and radio 
fluxes with circulating models radically different from the wind models. 

4. CONCLUSIONS 

In conclusion, sufficient empirical evidence exists to question the use 
of semi-empirical methods in interpreting line profiles in one-component 
models of Κ giants. Current mass loss estimates may be seriously in 
error. Direct imaging of CS shells in e.g. Mgll k with HST (suggested 
in Ref. 8) is required to confirm or reject current wind models. 
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