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PREFACE

In recent years, it has become clear that the red-giant phase 1is
one of the most dramatic periods in a star's life, when all of its parts
become involved in ways that have both direct and indirect observational
consequences,. This 1s most particularly true of low- and intermediate-
mass stars during the second ascent of the giant branch. Such stars bring
to their surfaces products of nucleosynthesis currently taking place in
their deep interiors, they pulsate as Mira variables, develop extended
outward-flowing atmospheres that may exhibit maser properties, and shed
great guantities of matter, sometimes highly processed, into the inter-
stellar medium.

The manner in which processed matter is brought to the surface is far
from being completely explained, and the precise mechanism or mechanisms
whereby matter is ejected from the stellar surface (whether by deposition
of Alfven waves, radiation pressure on grains, or as a consequence of so-
me large scale envelope instability) has yet to be elucidated to every-
one's satisfaction.

The purpose of the second workshop in Astrophysics, organized by the
"Advanced School of Astronomy", was to bring together experts on all the
physical processes occurring in red giants in an effort to emphasize the
interrelatedness of these individual processes, and to encourage a dia-
logue among experts that might serve to initiate a synthesis, or at least
sharpen ocur understanding of the most important problems to address in the
future.

The workshop was held in Erice, Sicily, at the "Ettore Majorana Cen-
tre for Scientific Culture", during the period September 3 through 13,
1980, and was organized about a sequence of review lectures, each followed
by contributed talks related to the preceding review. Discussion during
and after talks was spirited, and all participants were urged to incorpo-
rate, in the written versions of their contributions, insights they may
have gained as a consequence of their participation.

It is hoped that this volume will reflect some of the excitement in
learning new things that many of us experienced during the workshop, and
that many of the articles, though written ostensibly by one person, exhi-
bit those positive characteristics of multiple authorship that the orga-
nizers hoped to promote. This volume also includes the review lecture
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1 Iben Jr. and A. Renzini feds.), Physical Processes in Red Giants, xi—xii.
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xii PREFACE

that Dr. J.M. Scalo would have given if he had not been impeded from
coming at the last minute to attend the meeting.

Icko Iben Jr. Alvio Renzini
Editor, Editor,
Director of the Workshop Director of the

"advanced School of Astronomy"
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ON THE INTERIOR PROPERTIES OF RED GIANTS1

Icko Iben, Jr.
University of Illinois at Champaign-Urbana

I. INTRODUCTION

If one focuses solely on the excursions which they make in the
Hertzsprung—Russell diagram on an evolutionary, nuclear-burning, time
scale, red giants are perhaps among the least interesting objects in
the sky. They do practically nothing! Low luminosity red giants sin-
ply grow uneventfully brighter at nearly constant surface temperature
(when viewed in a diagram that contains main-seguence stars and white
dwarfs) for a period of perhaps 108 yr. They then transform into
brighter red giants, which also grow steadily brighter at nearly con-
stant surface temperature over a period of perhaps 106 YT.

If, however, one examines their behavior on ever shorter time
scales and takes a careful look at phenomena occurring in their inte-
riors and at their surfaces, one finds that red giants are incredibly
complex and fascinating objects. They pulsate acoustically, on occa-
sion they blow up in their central cores, and some of them are veri-
table factories for the synthesis of dozens of new elements that are
subsequently convected to the surface, where they enrich the spectral
distributions which we view through our telescopes. In the "surface”
regions of the red giant which we can "see,"” matter is being expelled
permanently from the star, perhaps as a consequence of shock heating,
the action of Alfvén waves, the pressure of radiation on grains form-
ing in the cool atmosphere, or perhaps by some combination of all of
these processes.

All stars whose initial mass on the main sequence Myg is less
than Mpgg = 8 - 10 My effectively end their lives as consumers of nu-
clear fuel while on the red giant branch. In a last burst of rapid
mass loss on the red giant branch, a low mass star in this range ex-—
pels most of its hydrogen-rich envelope. The expelled envelope be-
comes a planetary nebula and the remnant core evolves rapidly to the
white dwarf stage. A more massive star in this range may explode to-
tally as a supernova, provided that the mass in its hydrogen- and
helium-exhausted core reaches a value of about 1.4 My before its outer

3
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Copyright © 1981 by D. Reidel Publishing Company,




