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Preface

This report on elementary-particle physics is part of an overall
survey of physics carried out for the National Academy of Sciences by
the National Research Council. The panel that wrote this report had
three goals. The first goal was to explain the nature of elementary-
particle physics and to describe how research is carried out in this field.
The second goal was to summarize our present knowledge of the
elementary particles and the fundamental forces. The third goal was to
consider the future course of elementary-particle physics research and
to propose a program for this research in the United States.

It is the hope and intention of the panel that this volume will be read
and found useful outside the physics community. Therefore the text
does not assume that the reader has any special knowledge of mathe-
matics or of physics beyond an acquaintance with general notions such
as mass and energy. Nor do we assume that the reader has any
previous knowledge of the techniques of elementary-particle physics
rescarch, namely. accelerators and particle detectors. Indeed we have
presented basic introductions to these techniques.

In the last two decades there has been a revolution in our knowledge
of elementary-particle physics. We have identified three types of
elementary particles—the quarks, the leptons, and the force-carrying
particles: we have learned a great deal more about three of the
fundamental forces: and the weak force and electromagnetic force have
been unified in a beautiful and powertul theory. Major innovations
have been made in the technologies of accelerators and of particle
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Vili  PREFACE

detectors. In order to present all of this in a few chapters, we have had
to limit ourselves to describing the main ideas and the major experi-
mental and theoretical accomplishments. We apologize to our col-
leagues for leaving out descriptions or even mention of so much other
important and beautiful work in elementary-particle physics.

Elementary-particle physics is an international science, and in
describing its content and its methods we have used the work of all the
world’s elementary-particle physicists. In looking to the future needs
and future opportunities of elementary-particle physics we have mostly
limited our work and our presentation to the United States. We have
done so because this was the charge to the Physics Survey Committee
from the National Academy of Sciences of the United States and
because we are constituted primarily as a panel of physicists from the
United States who are not qualified to speak for physics abroad. Since
one of the audiences for this report consists of members of the federal
government of the United States who are concerned with science
policy, in describing needs and opportunities we have naturally tended
to use examples from the elementary-particle physics community in the
United States. We hope that our colleagues abroad will understand that
this was one of the purposes of the report and will not feel slighted by
our inability in this limited space to present more examples from work
of the elementary-particle physics community abroad.

The Elementary-Particle Physics Panel acknowledges the help it has
had from many physicists who have graciously given their time for
discussions on the contents of this volume, who have read and
reviewed individual sections. and who have been kind enough to
review and make suggestions for the entire volume. We are very
grateful to John Ellis of CERN, who attended the early meetings of the
Panel and wrote some of the first drafts of this report. We have tried to
represent the views of the elementary-particle physics community as a
whole, but of course it is only panel members who bear the responsi-
bility for the material in this volume. We thank the Chairman of the
Physics Survey Committee, William F. Brinkman, for his guidance,
leadership. and wisdom. We express our gratitude to the Staft Director
of the Board on Physics and Astronomy. Donald C. Shapero, who was
so patient and generous in passing on to us his knowledge and
experience of how to represent the views of a scientific community and
of how to prepare a report of this nature. Finally, we thank the
technical typists and illustrators who so patiently worked and re-
worked the many drafts of this report: Lydia Beers, Edythe
Christianson, and the members of the Publications Office of the
Stanford Linear Accelerator Center.
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Executive Summary

Elementary-particle physics. the science of the ultimate constituents
of matter and the interactions among them, has undergone a remark-
able development during the past two decades. A host of new experi-
mental results made accessible by a new generation of particle accel-
erators and the accompanying rapid convergence of theoretical ideas
has brought to the subject a new coherence and has raised new
possibilities and set new goals for understanding nature. The progress
in particle physics has been more dramatic and more thoroughgoing
than could have been imagined at the time of the 1972 survey of
physics, Physics in Perspective (National Academy of Sciences, Wash-
ington, D.C., 1972). Many of the important issues identified in that
report have been addressed. and many of the opportunities foreseen
there have been realized. As a result, we are led to pose new and more
fundamental questions and to conceive new instruments that will enable
us to explore these questions.

Elementary-particle physics is the study of the basic nature of matter,
energy. space, and time. Elementary-particle physicists seek the funda-
mental constituents of matter and the forces that govern their behavior. In
common with all physicists, they seek the unifying principles and physical
laws that determine the material world around us.

The atom. the atomic nucleus, and the elementary particles of which
they are composed are too small to be seen or studied directly.
Throughout this century, physicists have devised ever more sophisti-



