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Chapter 1
Introduction

The research described in this thesis concerns the evolution and properties of stars on the
Thermal-Pulsing Asymptotic Giant Branch (TP-AGB, usually simply denoted by AGB). This
is a short-lived phase at the end of the active life of stars with initial masses between ~1 Mg
and ~8 Mg. Scaled to human proportions it would be the last month in a 100 year life time.
After the AGB, (most) stars evolve to Planetary Nebulae (PNe) and eventually end as White
Dwarfs (WDs). Although short-lived, the AGB phase gives rise to interesting phenomena related
to several aspects of astronomy.

1 The evolution of AGB stars

Before reaching the AGB, a star goes through the phases of core hydrogen burning, shell hydro-
gen burning and core helium burning which are described in any textbook on stellar evolution
(e.g. Kippenhahn & Weigert 1990).

After exhausting helium in the core, the star enters the Early-AGB phase (E-AGB) where the
energy production is provided by helium shell burning. The duration of the E-AGB depends on
the mass and compositionof the star, and is typically 107 yrs for a 1 Mg star (see e.g. Vassiliadis
& Wood 1992). In due course the hydrogen burning shell is re-ignited and the star enters the
TP-AGB phase, where the energy production takes place alternately in a hydrogen burning and
a helium burning shell. For most of the time the hydrogen burning shell provides the energy.
Hydrogen is converted into helium which is added to the helium shell which is located below
the hydrogen shell. At some point the temperature and density in the helium shell become so
high that the energy production of the triple-a process (3 “He — '?C) exceeds the outflow rate
of energy and a thermonuclear runaway occurs. This event is called a Thermal Pulse (TP) or a
helium shell flash.

Most of the energy released by a TP is used to expand the star. The hydrogen burning shell is
pushed outwards to cooler layers and is extinguished. The energy production is mainly provided
by helium shell burning which now occurs at & much lower rate than during the TP. In due
course, the star reaches approximately its pre-flash size and the hydrogen burning shell takes
over from helium burning again. The time between two consecutive TPs is called the interpulse
period. When the total energy output of the star is considered as a function of time and relative
to the pre-flash value, the luminosity is increased by about 0.5 magnitudes for about 1% of the
interpulse period after a TP, then the luminosity drops by about 0.8 magnitudes below the pre-
flash luminosity for about 20% of the interpulse period and finally the star asymptotically reaches
the pre-flash luminosity during the remaining 80% of the interpulse period (e.g. Boothroyd &
Sackmann 1988a). :

From evolutionary calculations it follows that important quantities like the interpulse period and



































































































































































































































































































































































































































































































































































































































































































