
MIXING BETWEEN BURNED CORE MATERIAL AND SURFACE LAYERS 

Martin Schwarzschild 
Princeton University Observatory 

Dr. Pagel has given us a fine summary of the observations rele
vant to the topic I am to cover. Drs. Michaud and Vauclair have 
described in detail the potential effects of diffusive processes which 
might well explain, at least in part, the apparent abundance anomalies 
observed in the peculiar A stars and the magnetic A stars. In the 
paper following mine, Dr. Boesgaard will present the observational 
evidence regarding the abundance of the light elements lithium, beryl
lium and boron, and relate these observations to the theory of stellar 
envelopes. With these important topics expertly covered I shall 
restrict myself to the single question: How do some reasonably common 
types of stars, such as the carbon stars and the S stars, manage to 
show off at their surfaces, for us to observe, a fair sampling of the 
products of the nuclear burning going on deep in their cores? 

In search for the answer to this question theoreticians have 
naturally first investigated the classical process of direct convec-
tive mixing. Could this simple process under special circumstances 
act all the way from the observable surface down to the burning layers? 
To the best of my knowledge no model constructed under our present 
standard assumptions has been found with such deep direct convective 
mixing -in spite of extensive searches, particularly regarding the 
shell flash evolution phases. This generally negative result does 
not apply to the particular case of the carbon isotope ratio. Models 
have been found with convective envelopes reaching down to tempera
tures not high enough for the carbon cycle to provide an energy source, 
but high enough to transmute Cl2 to Cl3. Such enrichment of 0̂ 3 at 
the bottom of the convective envelope can show up in diluted but 
observationally significant degree at the surface. This special item, 
however, does not change the fact that as yet no model seems to have 
been found in which an active burning shell is connected to the 
observable surface by direct convective mixing. 

Classical convective mixing might nevertheless bring the products 
of nuclear burning to the surface through a process other than that of 
direct convective mixing, a process we might refer to as delayed 
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depth of the photosphere -at least not when the mass loss rates are 
no larger than those indicated by the observations. Since conditions 
in the photosphere provide the boundary conditions for the stellar 
interior we may conclude that even substantial steady mass loss, 
though of great potential influence on the eventual evolution of the 
star, is not likely to alter our interior models noticeably and thus 
will probably not help us in the particular problem we are considering 
here. 

In summary then, I would feel that for stars of high and medium 
mass we have at least some concrete models in which the products of 
nuclear burning are transported out to the surface with an efficiency 
quite likely high enough to fulfill the observational requirements. 
In contrast, for low mass stars which may well include the majority 
of those stars showing nuclear burning products at their surfaces, we 
do not yet seem to have found a concrete process to explain these 
observations. What new observations then may plausibly help most to 
drive theoretical investigations in the right direction? My estimate 
at this time would be that an observational concentration on low mass 
stars with abundance anomalies likely caused by nuclear burning might 
be both the most practical and the most effective approach. Finally, 
I suspect that the most vital guidance for the theoretical resolution 
of this fascinating problem may come from observations devised to tell 
us whether the relevant abundance anomalies occur exclusively after 
helium ignition, i.e., during the helium core burning phase (horizontal 
branch) or the helium shell burning phase (the second red-giant phase 
or asymptopic branch), or can already occur in the hydrogen shell 
burning phase, i.e., during the subgiant and the first giant phases. 
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