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Foreword to Earlier Series Editions

More than a generation of German-speaking students around the world have worked
their way to an understanding and appreciation of the power and beauty of modern
theoretical physics ~ with mathematics, the most fundamental of sciences — using
Walter Greiner’s textbooks as their guide.

The idea of developing a coherent, complete presentation of an entire field
of science in a series of closely related textbooks is not a new one. Many older
physicists remember with real pleasure their sense of adventure and discovery
as they worked their ways through the classic series by Sommerfeld, by Planck
and by Landau and Lifshitz. From the students’ viewpoint, there are a great many
obvious advantages to be gained through use of consistent notation, logical ordering
of topics and coherence of presentation; beyond this, the complete coverage of
the science provides a unique opportunity for the author to convey his personal
enthusiasm and love for his subject.

The present five-volume set, Theoretical Physics, is in fact only that part of
the complete set of textbooks developed by Greiner and his students that presents
the quantum theory. I have long urged him to make the remaining volumes on
classical mechanics and dynamics, on electromagnetism, on nuclear and particle
physics, and on special topics available to an English-speaking audience as well,
and we can hope for these companion volumes covering all of theoretical physics
some time in the future.

What makes Greiner’s volumes of particular value to the student and professor
alike is their completeness. Greiner avoids the all too common “it follows that ...~
which conceals several pages of mathematical manipulation and confounds the
student. He does not hesitate to include experimental data to illuminate or illustrate
a theoretical point and these data, like the theoretical content, have been kept up to
date and topical through frequent revision and expansion of the lecture notes upon
which these volumes are based.

Moreover, Greiner greatly increases the value of his presentation by including
something like one hundred completely worked examples in each volume. Nothing
is of greater importance to the student than seeing, in detail, how the theoretical
concepts and tools under study are applied to actual problems of interest to a
working physicist. And, finally, Greiner adds brief biographical sketches to each
chapter covering the people responsible for the development of the theoretical ideas
and/or the experimental data presented. It was Auguste Comte (1798-1857) in his
Positive Philosophy who noted, “To understand a science it is necessary to know
its history”. This is all too often forgotten in modern physics teaching and the
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Foreword to Earlier Series Editions

bridges that Greiner builds to the pioneering figures of our science upon whose
work we build are welcome ones.

Greiner’s lectures, which underlie these volumes, are internationally noted for
their clarity, their completeness and for the effort that he has devoted to making
physics an integral whole; his enthusiasm for his science is contagious and shines
through almost every page.

These volumes represent only a part of a unique and Herculean effort to make
all of theoretical physics accessible to the interested student. Beyond that, they
are of enormous value to the professional physicist and to all others working with
quantum phenomena. Again and again the reader will find that, after dipping into a
particular volume to review a specific topic, he will end up browsing, caught up by
often fascinating new insights and developments with which he had not previously
been familiar.

Having used a number of Greiner’s volumes in their original German in my
teaching and research at Yale, | welcome these new and revised English translations
and would recommend them enthusiastically to anyone searching for a coherent
overview of physics.

Yale University D. Allan Bromley

New Haven, CT, USA Henry Ford II Professor of Physics
1989




Preface to the Third Edition

Again, we take this opportunity to correct misprints and errors and add new exam-
ples and exercises.

We thank several colleagues and students for helpful comments, particularly
Dr. Joachim Reinhardt who helped me to improve some exercises and examples
and Dipl.-Phys. Constantin Loizides who helped in the preparation of this third
edition. Finally, we acknowledge the agreeable collaboration with Dr. H. J. Kélsch
and his team at Springer-Verlag, Heidelberg.

Frankfurt am Main Walter Greiner
July 2000 :



Preface to the Second Edition

We are pleased to note that our text Gauge Theory of Weak Interactions has found
many friends among physics students and researchers so that the need for a second
edition has arisen. We have taken this opportunity to make several amendments
and improvements to the text. A number of misprints and minor errors have been
corrected and explanatory remarks have been added at various places. In addition to
many other smaller changes the Sects. 6.4 on Cabibbo’s theory of flavour mixing,
7.4 on the properties of allowed beta decay, 9.3 on the SU(5) Gauge Theory, and
9.5 on the scale of the SU(S) symmetry breaking have been expanded. Several
pew examples and exercises in Chaps. 6, 7, and 9 have been added, e.g., on parity
violation in inelastic lepton—nucleon scattering or on the running coupling constant
in quantum field theory.

We thank several colleagues and students for helpful comments. We also thank
Dr. E. Stein and Dr. Steffen A. Bass who have supervised the preparation of the
second edition of the book. Finally we acknowledge the agreeable collaboration
with Dr. H. J. K6lsch and his team at Springer-Verlag, Heidelberg.

Frankfurt am Main and Durham, NC, USA Walter Greiner
December 1995 Berndt Miiller




Preface to the First Edition

Modern theoretical physics has, over the past twenty years, made enormous
progress, which may well be compared to the dramatic developments that oc-
curred during the first few decades of this century. Whereas the discoveries of the
early twentieth century (quantum mechanics, special and general relativity) con-
cerned the foundations of modern physics, remaking the very concepts on which
our view of the laws of nature are based, the recent breakthroughs have provided
an almost complete understanding of the basic principles of the fundamental inter-
actions among elementary particles. These principles are laid down in the so-called
“Standard Model of Particle Physics” which successfully describes all established
experimental data in physics.

At present, we know four fundamental interactions among elementary particles:
the strong nuclear interaction (mediated by the exchange of mesons or — at a deeper
level — of gluons), the electromagnetic interaction (mediated by photon exchange),
the weak nuclear interaction (mediated by the exchange of the recently discovered
W and Z bosons and, like the strong interaction, of short range), and gravity.
Experimental searches have so far failed to uncover forces other than those four,
although we cannot exciude the existence of other, very weak or short-ranged
interactions.

The search for a common origin of all interactions is an ultimate (maybe the
ultimate) goal of physics. Ever since Einstein’s failed search for a unified field the-
ory, it has been the dream of theoretical physicists to condense all laws of physics
into a single fundamental equation, which contains all known interactions as spe-
cial cases. This development had had its first dramatic success with Maxwell’s
theory of electromagnetism, which had combined the laws of electricity and mag-
netic interactions into a single set of equations which, in modern notation, take
the beautifully simple form: 8, F4* = j#, §,F*” = 0. The disparate phenomena
of electricity and magnetism suddenly had become recognized as inseparable parts
of a more general interaction. Maxwell’s equations had predicted the existence of
electromagnetic waves. These were discovered shortly afterwards and today form
the basis of the global communication network, without which modem life and
modern science could not be imagined.

A comparable breakthrough occurred twenty. years ago when Glashow, Salam,
Weinberg, and others recognized a deep relation between the electromagnetic and
the weak nuclear interaction and showed that they could be derived from a unified
theory. These lecture notes deal with the ideas and insight that led to this modern
unification, and introduce the student to the phenomena that played a central role
in this development. We begin with a detailed exposition of Fermi’s theory of
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beta decay and discuss the successes and shortcomings of this remarkable theory.
The importance of the consideration of fundamental symmetries is illustrated by the
violation of parity invariance, leading up to the (V—A) theory of weak interactions.
Numerous solved problems and examples demonstrate various aspects of the weak
interaction and provide an opportunity to apply the newly learned material.

The central part of the lectures introduces us to the concept of gauge theo-
ries, based on the generalization of the symmetry principle to local symmetries.
The present volume may be regarded as continuation of volume 2 of this series:
“Quantum Mechanics—Symmetries”, extending the concepts of continuous symme-
try groups to gauge transformations. The application of the gauge principle to weak
isospin and hypercharge results in the unified electroweak gauge theory. The con-
cepts of spontaneous symmetry breaking, charged and neutral currents, and mixing
angles, are introduced and discussed in broad detail. Many aspects are illustrated
with examples selected from current research fields, such as.the problem of neu-
trino mixing with its application to the solar neutrino flux. Additional chapters are
concerned with the applications of the electroweak gauge theory to hadronic decays
and to the nuclear beta decay, where the presentation is systematically based on
the quark model first introduced in volume 2. A separate chapter deals with the
phenomenon of CP violation.

Only a few years after the formulation of the electroweak gauge theory, it
was discovered that the strong interactions are also based on a set of equations
that closely resembles those of the unified electroweak theory. This immediately
fostered speculations that electroweak and strong interactions could be the low-
energy manifestations of a “grand unified” gauge theory. The last section of our
book contains an extended introduction on the principles underlying the search for
such unified theories. We discuss the SU(5) model of Georgi and Glashow, the
simplest unified gauge theory, and show how model building is constrained by
experimental data. The presentation is broad and self-contained as usual in this
series, introducing the student to the new concepts and formal techniques without
unnecessary ballast. A detailed derivation of proton decay is presented, and the
question of anomaly freedom is discussed. The book concludes with an outlook
on supersymmetric unification in the light of recent precision measurements of the
electroweak and strong gauge coupling constants.

These lectures make an attempt to familiarize the student with the developments
of modem particle physics by providing a conceptually simple, yet rigorous intro-
duction combined with hands-on experience through exercises and examples. They
grew out of advanced graduate courses presented at the Johann Wolfgang Goethe-
Universitit in Frankfurt am Main and the Vanderbilt University in Nashville, Ten-
nessee during the years 1982-85. The volume is designed as a self-contained in-
troduction to gauge theories. Of course, much of the material is based on the
framework of relativistic quantum field theory; it is desirable that the student has
at least a working familiarity with the theory of quantum electrodynamics (vol-
ume 4 of this series). Some important and often used equations and relations are
collected in appendices.

Our special gratitude goes to Dr. Matthias Grabiak and Professor Dr. Andreas
Schifer for their help with the examples and exercises. Several students have helped
to convert the material from the stage of informal lecture notes to a textbook. For
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XI

this first English edition we have enjoyed the help of Dipl.-Phys. Jiirgen Augustin,
Dipl.-Phys. Maria Berenguer, Dr. Oliver Graf, Dipl.-Phys. Christian Hofmann,
cand. Phys. Markus Hofmann, Dipl.-Phys. André Jahns, Dipl.-Phys. Kyong-Ho
Kang, Dipl.-Phys. Ullrich Katcher, Dipl.-Phys. Jiirgen Klenner, cand. Phys. Yaris
Piirsiin, cand. Phys. Matthias Rosenstock, Dipl.-Phys. Jiirgen Schaffner, Dipl.-Phys.
Alexander Scherdin, cand. Phys. Christian Spieles and Dipl.-Phys. Mario Vidovic.
Miss Astrid Steidl drew the graphs and pictures. To all of them we express our
sincere thanks.

We would especially like to thank Dipl. Phys. Raffaele Mattiello and Dr. Béla
Waldhauser for their overall assistance in the preparation of the manuscript. Their
organizational talent and advice in technical matters have contributed decisively to
the successful completion of this work.

~ Frankfurt am Main, July 1993 Walter Greiner
Durham, USA, July 1993 Berndt Miiller
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