
CONCLUDING REMARKS 
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SISSA, Trieste, Italy 

Since I am here, I have been asking myself why on earth 
have I been chosen by the Organizing Committee to this final 
and quite uneasy job to formulate some concluding remarks to 
the enormous complexity of this conference. And the only rea 
son I can find, is that I am the least competent person to 
do so among all the people gathered in this room, as I have 
never directly put my hands, nor very deeply speculated, on 
any of the items which have been here discussed. I feel how 
ever somewhat encouraged by the belief that the secret wisdom 
which has dictated my choice was precisely to select an out 
sider whose function should essentially consist to look at 
things from a certain distance, with no a priori opinions r£ 
lated to so many unsettled questions. And therefore I shall 
mostly try to keep myself in such a role asking in advance 
for forgiveness for all the shortcomings to which my lack of 
specific differentiated knowledge may have induced me to com 
mit . 

I wish moreover to stress that what I present is not a 
"summary" of the conference, a too much impressive word for 
my capacities, but only some "concluding remarks" as they we 
re termed in the earlier announcements of the meeting. And 
according to this definition of my task, I shall use the pri 
vilege to concentrate only on some main basic points of int£ 
rest: mass loss in itself, and effects of mass loss on evolu 
tion for large, intermediate, and low mass stars; to my re
gret, I am obliged to leave by side everything related to 
the last two sessions as there has been no time gap between 
their ending and now, in order for me to prepare anything. 

According to this program, I think I would summarize the 
present situation concerning the phenomenon of mass loss by 
underlining the main phases which have successively characte 
rized its evolution. Almost since the beginning, it was sur
mized, perhaps a little arbitrarily, that two completely dif 
ferent mechanisms had to be considered as responsible in the 
two cases of early and late type stars. And, while for the 
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red giants and supergiants, following the suggestion offered 
by the solar wind mechanism, almost all investigations did 
rely on the verification of the formula introduced by Rei-
mers, with a single value for the arbitrary constant, there 
appeared to be an increasing general consensus towards the 
interpretation of mass loss from early type stars as due to 
the radiation pressure effects as in the line driven wind 
theory, especially in the form given to it by Castor, Abbot 
and Klein; the main reason for this consensus being that 
this theory appeared to predict not only the right order of 
magnitude for the mass current observed, but also because 
this current did depend only on the total luminosity of the 
star according to a rather low power, 1.1, (Barlow and Co
hen). I think that it is to this phase that Dr. Conti did ve_ 
fer when he presented his brief summary of current beliefs 
about winds. 

It is not much earlier than one or two years ago that a 
new set of data on mass loss from early type stars due to 
Conti and Garmany, de Loore, Lamers and others, has acted a 
bit as an earthquake in the apparently settled situation. 
The reason was that while up to that moment most data obtain_ 
ed did refer to stars already evolved, the new data were ex
tended also to main sequence objects, and did show that in 
this case, for the same absolute luminosity, the rate of mass 
loss appeared to be much lower than for the evolved ones, and 
did gradually increase along the transition from OV to 01, 
then 'to Of and likely also to WR stars. This discovery has 
acted as a strong stimulus towards the development of two 
main lines of new approaches to the problem: a) from one si_ 
de, the belief that the line driven wind theory, even when 
one agrees that radiation forces do in fact modulate the 
flow, is unable by itself to determine the value of it; and 
in order to achieve this aim, the opportunity of reconsider 
ing some older theories intended either to complete, or to 
almost substitute the line driven wind mechanism; such as 
the approach of Cannon and Thomas, which considers that any 
perturbation on the velocity field must necessarily lead to 
a general instability of the star surface and place the ori 
gin of matter flux in a subatmospheric non thermal kinetic 
energy storage; and the elaboration of models such as the 
warm corona one of Lamers and Rogerson, or the small hot co 
rona model of Hearn, and Cassinelli et al.; or the more re
cent statistical theory proposed by Andriesse and worked out 
as a direct application of stochastic variations in the outer 
layers of the stars. These different approaches mostly share 
the common tendency to reject the dichotomy assumed since 
the beginning as to the physical cause responsible for mass 
loss for early and late type stars, and to consider it as a 
general phenomenon valid in all cases, b) From the other s_i 
de , next to the theoretical stimulus, the new data has been 
used as the source for a phenomenological analysis, as done 
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3) The helium may ignite only when the star is back to 
the blue after its possible excursion into the red. 

4) On the whole, in order to fi£ the data, it appeared 
in all cases that large values for M should be chosen. 

Now, the phenomenological new formulae obtained by Chio 
si and Lamers have in some sense imposed as a first urgent 
problem the revision of all the evolutionary tracks, using 
a loss rate changing with evolution phase, and much lower on 
the main sequence, so that on the whole one could expect that 
the effects of loss should be less important as up to now sur 
mized. And in fact this has turned out to be the case, accor 
ding to the results now obtained by several authors and par
tly presented during the conference. And these results are 
such as partly to raise or stress some difficulties, and par 
tly to lead to new outlooks, especially concerning the latest 
stages of evolution. 

For what concerns first the difficulties, I would initial_ 
ly mention the apparent contrast between the new results, for 
which the H-burning region in the HR diagram is much more ex 
tended towards the right, and the upper limit in the composi_ 
te diagram of Humphreys for the supergiants, which appeared 
to be much better interpreted by the older tracks. However, 
the difficulty has been by-passed in a paper of Chiosi and 
Greggio, who construct artificially a composite HR diagram 
by assuming stochastic birth formation of stars according to 
a given mass dependence law, and, by populating accordingly 
the isochrones, do demonstrate that even by assuming a small 
mass loss rate, the probability of observing stars for a not 
very densely populated diagram, in a region beyond the upper 
border of the Humphreys diagram, is practically zero, and 
that therefore this upper border should appear even in cases 
of no mass loss at all. 

As a second point, a more severe difficulty already focus 
sed by Lamers when he did present his parametrized formula 
for M, has now emerged also from the use of the new evolutio 
nary tracks in order to experimentally .determine the mass of 
the stars; it can be shown in fact that the new values thus 
deduced for the mass lead to a new slope for the mass loss 
rate as a function of the evolutionary state, which again 
does not coincide any more with the theoretical formula of 
Andriesse. 

If now however we leave by side any theoretical question 
connected to the real physical cause of the phenomenon of 
mass loss in itself, and just try to use it in any possible 
parametrized form as a tool to refine the agreement between 
theoretical evolutionary and observed data, can we conclude 
that this pursued agreement can lead to impose constraints 
on the rate and the behaviour of M? The answer is yes, accor 
ding to the results presented by Chiosi in his summary, the 
most sensible indicator being the location of the He burning 
phase in the HR diagram, which can, by changing M, be moved 
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from left to right and made to coincide with the most crow
ded area . 

If now we accept this kind of best fitting in order to 
calibrate on it the later phases of evolution, what has been 
said concerning the correspondence between the theoretical 
tracks and the observed stages of large mass stars? Not much, 
if I am not wrong, concerning the problem of the Of stars, 
whose physical evolutionary state has been once much debated. 
Are they still in a late H-burning phase, or are they placed 
on the returning track after the red phase, in a He-burning 
situation? 

Much more attention instead has been shed on the Wolf-
Rayet stars; concerning both the meaning of their sequence 
and their dependence on composition. That they should form a 
unique sequence, in the sense that for single stars any star 
moves from WNg - to WN3 and then from WCg to WC3 has been de_ 
nied by Niemela; and this is not at all in contrast with the 
scenario outlined tentatively by Chiosi, according to which 
larger mass stars, when partially spoiled of their H envelo
pe should go through the sequence WNg to WN5, while lower 
mass stars almost entirely spoiled from H (although Conti has 
stated that there are exceptions to such a rule) should run 
the sequence WN3 to WN5. A further important result has been 
presented by Maeder showing that the ratio NRQ/ N W R (RG = Red 
Giant) strongly decreases with increasing mass, thus justify^ 
ing the absence of very large mass red supergiants. 

Much attention has also been given to the problem of the 
effect of chemical composition on the behaviour of evolutio
nary tracks, which have been studied by Hellings, with again 
most emphasis on the Wolf-Rayet stage. The main findings on 
this subject have been brought by Bisiacchi, Maeder and Van 
beveren; all of whom, with different methods, using data from 
the Galaxy and Magellanic clouds, arrive at the same conclu
sion that both the ratios NWR/NRQ and N^c/NwN a r e strongly 
dependent on composition, in the sense that both increase 
with increasing metallicity. I think I should add, in order 
to be more complete, that the russian school has adopted a 
quite different outlook on the whole subject, based on the 
idea that mass loss does not practically alter the conserva 
tive evolution, but I am too short of time to enter on fur
ther details. 

Let us now turn to the third main item: the effects of 
mass loss on the evolution of low and intermediate mass 
stars, much more complex, owing to the very involved phases 
which are foreseen for the last end of objects smaller than 
about 4 initial solar masses. In the frame of the mass con
serving theory, in all cases in which the ejection of the 
outer envelope due to instability and leading as final stage 
to the planetary nebula state occurs before degenerate carbon 
ignition takes over in the centre of the core, the ascent 
along the asymptotic branch is intermingled with different 
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tion for most of the properties of the planetary nebula pha_ 
se, obtained with a moderate continuous mass loss; while the 
preparation to this planetary ejection has been very stron
gly focussed by Willson to be the Mira pulsating phase, with 
a drastic request for an extra mass loss due to pulsation, 
which to my mind could very well be the forerunner of Renzi_ 
ni's strong supplementary wind. So I think that on the who
le this conference has brought a definite advance in the un_ 
derstanding of the ejection phase, with the complementary 
evidence on the importance of the winds brought by Weidemann 
with his systematic study of the remnants. 

Quite apart from any other contribution, the very intere 
sting paper by Zinnecker on accretion during the T Tau phase, 
may be considered as a hint to foresee in a future conferen
ce a session on mass loss with reversed sign. 

Referring now only to the papers connected directly with 
the mass loss, I would say that the afternoon session has 
been mostly focussed, following the pioneering works in this 
field of Iben, and more recently, of Renzini and Voli, on the 
combined effects of Iben's third dredge-up mechanism with 
mass loss to yield the anomalous compositions of the C and 
S stars. Iben has mostly shown how these combined effects 
can be tested by the ratio of white dwarfs to supernova fi
nal states, and by the enhancement of carbon and nitrogen in 
the envelope of the planetaries, while Wood has put into ev_i_ 
dence the strong dependence from the composition of the min_i_ 
mum mass, below which the dredge-up mechanism no longer works 
and no carbon stars are formed, which decreases as Z decrea
ses, a fact which is confirmed by the strong excess of C 
stars in the Magellanic clouds in respect to the Galaxy. 

At this point, while I again apologize for my inability 
to improvise an the last sessions whose almost continuous 
run has ended only a few minutes ago, I am only left with so 
me general conclusion for these remarks. The most usual one 
would be to say that everything was all right, very well o£ 
ganized and that the conference has been a great success. 
That it has been a success, I have no doubts personally, j u d_ 
ging by the extreme interest with which I have followed al
most all talks and discussions; a circumstance which is by 
no means very frequent, according to my experience. But just 
to say it has been a success would be much too commonplace; 
it is more than a success: it is a paradox in itself. Becau
se, on the one hand, it has turned out that we do not under
stand anything of stellar winds, and that we haven't the 
least idea of which their real physical cause is: on the 
other hand, it has also turned out that a lot of observed 
facts are explained and connected to each other by the pure 
assumption of a mass loss rate parametrized according to the 
simplest formulae (even if there are some exceptions which 
do not enter in the rule). How must we behave in such a con 
tradictory situation? Dr. Andriesse has suggested to me an 
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analogy, which has been confirmed by the intense participa
tion of so many scientists to this symposium, and that I can 
formulate as a final sentence to this talk. We accept that 
the question of the origin of stars differs from the question 
of their properties: we have to accept that the question of 
the origin of stellar winds differs from the question of 
their properties. 
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