
THE METAL-RICH UNIVERSE

Metal-rich stars accumulate their metals from previous generations of stars, and so
they contain the history of their galaxy. By studying these stars we can gain valuable
insights into how metals change the formation and evolution of stars, and why giant
exoplanets seem to be found around metal-rich stars, and explain the extraordinary
massive-star populations observed in the metal-rich region of our own galaxy.

Until now this topic has received much less attention than very metal-poor stars,
which give clues to the early chemical evolution of galaxies. Recent observations of
metal-rich regions have shown that stars hosting giant planets are generally metal-
rich, which has triggered further observations of metal-rich stars. This has led to
the discovery of new exoplanets, and advances in the study of planet formation and
the late chemical evolution of galaxies.

This book is the first on this topic, and it covers many aspects, from spectral-
line formation to stellar formation and evolution in high-metallicity regimes. It is
invaluable to researchers and graduate students in stellar evolution, extragalactic
astronomy, and planet formation.
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P. Jablonka, Observatoire de Genève, Chemin des Maillettes 51, CH-1290
Sauverny, Switzerland

P. Jakobsen, European Space Agency – ESTEC, Noordwijk, The Netherlands

Danica Kroeger, Institut für Theoretische Physik und Astrophysik, Universität
Kiel, D-24098 Kiel, Germany

Pavel Kroupa, Argelander Institut für Astronomie, Universität Bonn, Auf dem
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72000 Puebla, México
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Preface

Even though metals constitute only a few per cent of the total mass fraction of
stars, they have a huge impact on the way stars and galaxies evolve. In that respect,
metallicity in the Universe is, like the salt in a dish, a small amount that can
completely change its flavour!

The metal-rich stars have never attracted as much attention as the metal-poor
halo stars, which tell us about the first supernovae and the early chemical evolution
of our Galaxy. However, metal-rich stars are of interest in their own right and can
shed new lights on very topical subjects. For instance, it is now well established
that stars rich in metals are more likely to harbour giant planets. This awareness
has elicited careful and detailed abundance studies of ever more metal-rich stars.
As a byproduct, trends of the abundances of many elements at high metallicity
are now available and await an interpretation in terms of stellar nucleosynthesis
and chemical-evolution models. The extent to which these observed trends are in
line with what is expected from the current stellar and chemical-evolution models
largely remains to be checked and this is one of the main topics of these proceedings.

Putting the subject into a larger context, let us recall that the attainment of
adequate models of the high-metallicity regime is of great interest for the study
of the central regions of galaxies, which are thought to have higher-than-solar
metallicity. Also, it appears that many quasar environments are metal-rich out to
redshifts of at least 5. A better knowledge of star formation and evolution in central
regions of galaxies would thus appear crucial to enhancing our understanding of
these fascinating objects.

In these proceedings, the reader will find the latest observations of metal-rich
stars (in the field, clusters, bulge, planet hosts, etc.), as well as presentations of
models of atmospheres and spectral-line formation, models of stellar evolution

The Metal-rich Universe, eds. G. Israelian and G. Meynet. Published by Cambridge University Press.
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xviii Preface

and nucleosynthesis at high [Fe/H], discussions on the contribution of metal-rich
stars to nucleosynthesis, and models for the chemical evolution of galaxies in the
high-metallicity regime.

Many very interesting questions are addressed, for instance the following.

How do stars form in metal-rich regions?
What can be said on the possible variation of the initial mass function at high metallicity?
Is the upper mass limit lower at higher metallicity?
Is high metallicity a necessary condition for planet formation around stars?
Is there a minimum metallicity for planets to form around stars?
How different is the evolution of stars with higher-than-solar metallicity from that of

their solar-metallicity counterparts?
What are the consequences for the stellar populations expected and the chemical enrich-

ment of the interstellar medium?

About 100 participants from 19 countries took part and, it is hoped, enjoyed the
week they spent in La Palma. Their written contributions contained in the present
book will help to make the metal-rich Universe a topical subject for the next few
years. Some of the figures communicate little or no information in black and white,
so they have been made available in colour on the book’s website.

This conference could be organised thanks to the financial help of Cabildo Insular
de La Palma, Patronato de turismo de La Palma, DISA Corporacion Petrolifera S.A.
and Banco Bilbao Vizcaya Argentaria.

We would like to thank also the Scientific Organising Committee, which con-
sisted of S. Feltzing (Sweden), D. Garnett (USA), G. Gilmore (UK), A. Herrero
(Spain), D. Lambert (USA), F. Matteucci (Italy), A. McWilliam (USA), S. Randich
(Italy), N. Santos (Portugal), Y. Takeda (Japan) and the two undersigned.

Our warmest thanks go to Judith de Araoz for her efficient work in managing
the secretary’s office before, during and after the conference.

Garik Israelian and Georges Meynet
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