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Abstract :
@‘ I review the developement of particle physica from the viewpoint
- of theoretical methodology. Particle physics has gone through certain
characteristic periods in the course of discoveries and accumulation of
knowledge, both factual and theoretical.'Tv analyze this situation, I draw
on-the theses of three stages and three modes, and illustrate the points
with historical examples, up to the present Standard Model and the
speculative theories of unification. As an exercise in this analysis, 1
propose a possible regularity in the quark masses, ‘

1 INTRODUCTION

By nature, scientists are optimists. They aré forward-looking. 1 have
been told that the main theme of the conference was not to look back, but
to look forward and try to anticipate the physics of the twenty-first century.

~ But I do not think I am up to such an ambitious task. Prediction is always -
' ) difficult, especially prediction of the future, as Niels Bohr was fond of quoting,

So I will first look back 50 years of particle physics. They coincide with the
post-war years which also more or less covers the bulk of the most important
developments of what we call now high energy or particle physics. If my tone

- sounds rather philosophical, it may be as much due to my age as it is due to
the education I received in my early years. .

Indeed the title of my talk reveals my age and my background. When I
became a physics student at the University of 'Tokyo some 55 years ago, the
Bohr atom was 28 years old, and quantum mechanics was only 15 years old.

: @ Compare this with the present day. The main achievement of particle physics
is encoded in the Standard Model, which is almost 30 years old., Then the
supersymmetry is 23 years old, and the superstring. 15 years. Do the youngest
generation of theoretical physicists look upon the Standard Model as I had
looked upon the Bohr theory? Do they look upon the superstring theory as I
had looked upon quantum mechanics? 1 do not know, but 1 would not be too
surprised if some of them do. On the other hand, even they would admit that,
unlike quantum mechanics, supersymmetry and superstring are still speculative
theories. I must say that the time scale of progress has lengthened compared

to those tr‘ul.y revolutmnary days, \B \7 Y. )(’a’m bu ( 1 9 9 72
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It is a pleasure and an honor to speak at this wonderful symposium devoted to.
the future of physics. The subject of my talk is quite apporpriate, for I shall
discuss the future of elementary particle physics,

@ Does elementary particle physics retain the scientific vitality that has char-
acterized it for the last fifty years? At the very moment that elementary par-
ticle physics, after fifty years of intense experimental and theoretical effort,
has succeeded in developing a comprehensive theory of the known forces—the
standard model—claims are made that the field is dead. The very success of
the standard model has led some to experience boredom. The experimental
facilities needed to explore beyond what we now know are bigger, more ex-
pensive and more difficult to exploit. The time scale of experimental particle
physics has perhaps doubled, so that it takes approximately fifteen years from
the planning of an experiment to its completion. The size of the collaborations
involved in these experiments has also greatly expanded with some unfortunate
consequences. On a more fundamental level, we canh now identify new scales
of energy, where new physics surely occurs, but which at the moment seem
frustratingly unattainable.

@ - In view of all this, the biggest danger to particle physics is that it will dry
up and that will cease to attract the best and the brightest young people. A
scientific field requires at least two things to remain vital. First, it requires good
questions, interesting questions, important questions, and accessible questions. ]
Second, it requires new experimental instruments and techniques that can be

: used to probe and answer these questions.

@ Below I review the state of particle physics and argue that the ingredients
for the continued vitality of the field exist, that the questions that we can
ask at this point in time are as exciting as they have ever been, if not more
80. Furthermore in the coming decade the instruments necessary to address

“some of these questions will be built, and exciting discoveries are likely to be

made. Finally we have the beginning of an exciting new theory which portends
to alter the conceptual structure of microscopic physics, to revolutionize our
notions of space and time, and to provide the framework for a unified theory
of all the forces of nature.

~ @ I start by reviewing, very schematically, the deep conceptual lessons that
we have learned over the past fifty years. Then I enumerate some of the
questions that we can now ask and hope to answer and address the challenges
that confront us—immediate and long term. Finally, I discuss the status of
string theory.

@ Elementary particle physics began in earnest after World War II with the
advent of modern accelerators that could probe the microscopic structure of
matter to incredibly small distances. By the middle of the 1970’s the many -
discoveries made by these instruments had prompted theorists to develop a
comprehensive theory of the fundamental constituents of matter and the laws
that govern their interactions— the “standard model.” This theory describes
the forces of electromagnetism, the weak interaction responsible for radioac-
't.lv1ty, and the strong nuclear force that governs the structure of nuclei, as
consequences of local (gauge) symmetries. These forces act on the fundamen-
tal constituents of matter, which have been identified as pointlike quarks and
leptons. In the following decades this theory has been subjected to precise
tests, and its theoretical structure has been greatly developed and understood.

@ What have we learned in fifty years? There are four important lessons,
that I feel are more fundamental than the precise details of the standard model:

o Quantum field theory works;
¢ The secret of nature is symmetry;

"o The standard model teaches us little about the fundamental theory of
physics;

¢ We have learned many new questions.

By D.J: Gross (1997),




