CHEMICAL EVOLUTION AND MIXING PROCESSES
IN MASSIVE STARS
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Abstract. The first results of new evolutionary calculations of massive stars are presented.
The calculations cover ZAMS masses from 20-200 M. Yields and abundances throughout
the stars are presented.
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As shown by a number of authors in recent years, the details of massive
star evolution are still rather uncertain. The problems are mainly related to
uncertain input physics, in particular mass loss rates and various convective
phenomena. This work is part of a project that intends to study chemical
and structural evolution of massive stars up to late stages, emphasising the
input physics used. The computations include: (i) A large and flexible nu-
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Fig. 1. Mixing in a star with Mz4nms = 100 M. The very complex patterns of semicon-
vective and convective zones that arise from the end of core H burning are not completely
resolved in this plot.

clear network consisting of 177 nuclear species from n and 'H to ™ Ge in
addition to e~, et and 5. Initial metallicity Z = 0.02. Simultaneous solu-
tion of nuclear network, diffusion equation and stellar equations during the
whole evolution; (ii) Modern rates for both strong and weak interaction pro-
cesses. (Caughlan & Fowler 1988; Thielemann et al. 1987; Fuller et al. 1982)

322
K. A. van der Hucht and P. M. Williams (eds.), Wolf-Rayet Stars: Binaries, Colliding Winds, Evolution, 322-323.

https://doi.org/1 0@&?9%%%1%%6‘56’5%6 yﬁfff&’ﬂ%‘é‘mme by Cambridge University Press


https://doi.org/10.1017/S0074180900202210

KNUT JORGEN ROED @ODEGAARD 323

as well as neutrino emission (Itoh et al. 1989, 1992); (iii) Semi-convection,
overshooting (0.2 H,) and mass loss. The semi-convective diffusion parame-
ter a (Langer et al. 1985) was set to 0.04; (iv) Time steps mostly restricted
by changes in the abundances. The evolutionary sequences are started just
before the ZAMS and the abundances are not assumed to be in equlibrium
initially. The mass loss rate has been made large enough to prevent the star
from becoming a red supergiant if L is above the HD limit. The grid dis-
tribution takes into account both the standard gradient method (GM) and
the curvature method (CM) proposed by Wagehuber & Weiss (1993).
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Fig. 2. The evolution of the ratio **0/'70 (Mzams = 100 Mgp).
Acknowledgements

I am extremely grateful to Norbert Langer for letting me work with and
modify his excellent dynamical stellar evolution code and for very interest-
ing discussions. This work has received support from the Norwegian Super-
computing Comittee (TRU) through a grant of computing time.

References

Caughlan, G.R., Fowler, W.A. 1988, Atomic Data and Nuclear Data Tables, 40, 283
Fuller, G.M., Fowler, W.A., Newman, M.J. 1982, ApJ Suppl. 48, 279

Itoh, N., Adachi, T., Nakagawa, M., Kohyama, Y. 1989, ApJ 339, 354

Itoh, N., Mutoh, H., Hikita, A. 1992, ApJ 395, 622

Langer, N., Eid, M. E., Fricke, K. 1985, A&A 145, 179

Thielemann, F.-K., Arnould, M, Truran, J.W. 1987, in: W. Hillebrandt, R. Kuhfu$§, E.

Miiller & Truran (eds.), Lecture Notes in Physics: Nuclear Astrophysics, Vol. 287,
p. 233

Wagenhuber, J., Weiss, A. 1994, A&A submitted

https://doi.org/10.1017/50074180900202210 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900202210

