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Foreword

The decades between 1960 and 1980 represent a Golden Age for elementary
particle physics. Central to the progress made during this period was the
development of the theory of the strong force. At the beginning of this period, it
was almost unthinkable that in twenty years there would be a comprehensive under-
standing of this force, now concisely expressed by the acronym QCD.

This book traces this development with great accuracy and skill. Important to
me, a working physicist interested more in the inner details of the subject than in
the philosophical implications, is that the author has a firm command of the
physics, with a high level of scientific accuracy as well as a comprehensive grasp
of the historical details. Equally important to me is that the subject matter goes
well beyond that level, into issues of how science is done as well as the
implications of the results for the philosophy of science. While this is less
comfortable territory for me, I am very fascinated with the issues which are raised
in the last chapters.

As is described in detail in this book, the evolution of QCD involved several
conceptual revolutions. In 1960, the theoretical setting was strongly influenced by
S—matrix theory ( Chapter2). As I see it in retrospect, this approach was born out
of a sense of despair that a fundamental theory for the strong force—like QCD—
ever could appear. It made do with skillful exploitation of general principles (e. g.
“microscopic causality”, “analyticity”, “unitarity” ). This approach anchored

the theory and produced real progress. But the most important consequence, in my
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opinion, is that S—matrix theory set the stage for Gell -Mann’s current algebra
(Chapters 2 and 3). While current algebra was itself anchored in S —matrix
concepts from the past, current algebra pointed the way far into the future.
Indeed, as we now search for the future theory that extends beyond the Standard
Model, there may well be important lessons from this historical account that should
be heeded today.

The building blocks of current algebra — currents and their associated
charges—were phenomenologically defined, both for the strongly interacting
particles known as hadrons ( protons, neutrons, mesons, etc. ) and for others
known as leptons ( electrons, neutrinos, etc. ). The properties of the lepton
currents and charges were quite unambiguous. Gell-Mann skillfully exploited the
idea that perhaps the hadron currents and charges might have analogous
properties. In the long run, this lepton—hadron correspondence at the current—

algebra level led to an especially rich set of consequences.

One of the richest areas turned out to be what is known as deep —inelastic
scattering processes ( Chapters 4—6). It is an area in which I myself participated ,
and thereby obtained some notoriety. In the book, the author is quite generous
with regard to my own role in this story, perhaps overly so. That is not for me to
judge. But no matter what, | am pleased and proud to have been part of the
genuine revolution that took place. The origin of the revolution lay in concentrating
on the implications of the Gell-Mann current algebra scheme in the limit of short
distances, where high energy processes, especially those involving mutual
interactions of leptons with hadrons, provided crucial new insights. By the end of
the revolution, the idea of pointlike constituents within protons and neutrons had
emerged from this mix. In the midst of this development, Richard Feynman

entered the picture. His contributions greatly enriched this description, and led to
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a rapid rate of progress thereafter.

This revolution was supplemented by a parallel revolution, also initiated by
Gell-Mann. It originated in the spectroscopy and classification of the bewildering
plenitude of hadron resonant states that had been discovered and catalogued by the
experimentalists. The organizing principle that turned out to have the greatest
longevity was his introduction in 1964 of fractionally charged quarks as the basic
building blocks of the hadrons ( Chapter 2). At the time this was a rather bizarre
hypothesis, and it took everyone quite some time to get used to it. But within a
decade of its introduction, it became an anchor point for the deep—inelastic phe-
nomenology as well as for the spectroscopy. Furthermore, the introduction of
quarks led as well to the introduction of the field theory of the strong interaction,
QCD, within the same decade.

Thus in the span of just 15 years, the theoretical perspective shifted
greatly. In 1960 there was the dismissal of local field theories such as quantum
electrodynamics ( QED ) as a prototype for the theory of the strong force. In
1975 there was already considerable confidence that a generalized version of
QED, namely QCD, was in fact the correct, fundamental theory of the strong
force.

This rapid change in perspective was indeed greatly aided by the
experimental developments, both in spectroscopy and in deep — inelastic
processes. But equally important were purely theoretical developments. These o-
riginated not only in the context of the theory of the strong force, but also in the
developments occurring within the theory and phenomenology of the weak force.
identify four landmark developments, all of which overlap in their evolution and
their implications. They are (1) non-Abelian gauge theories, (2) spontaneous
symmetry breaking and the Higgs mechanism, (3 ) renormalizability of such

theories, and (4) the confinement mechanism. How these four developments
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evolved historically is a very rich subject, and forms in my opinion the centerpiece
of this book ( Chapters 7—-8). While | am tempted to say more about how these
ideas interlock, I will not do so. It seems simply to be too rich a subject to be ad-
dressed in this brief foreword.

Nevertheless, I must again emphasize that these developments were not mere
theoretical constructions. They were to a large extent data—driven. And one reason
the ideas developed so quickly was that there was a high rate of experimental
progress, which itself was driven by a high rate of technological progress,
especially within the field of particle—accelerator physics.

In any case, from 1980 onward the description of the strong force in terms of
quarks, gluons, and a local Lagrangian fleld theory ( QCD ) akin to the
extraordinarily successful quantum electrodynamics ( QED ) became the lingua
franca of the field. Although QCD is in retrospect a natural and logical
generalization of QED, which itself was a rather mature subject in 1960, the

conceptual revolution was not at all anticipated by what was understood at that

time. And these new concepts—most notably the confinement property possessed
by quarks and gluons — have raised interesting issues for the historians and
philosophers of science. For example, can quarks be regarded as “real” , given
that they cannot in principle be observed in isolation? This question is neatly
addressed in Chapter 9 of this book. And I only will add *of course they are as
real as anything else in elementary—particle physics. ”

However, I personally try to avoid as much as possible the general question of
deciding what entities in physies are truly “real” . My definition of science is
perhaps too modest. But, for better or worse, I define science as “a concise
description of nature. " [ prefer the word “ description” to the alternative

“explanation” | for the obvious reason that, when we probe any subject deeply

enough, we end up not really knowing what we are talking about. But for me the
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essence of good science lies in the other crucial word in my definition—
“concise” . The standard model of particle physics originates in a few pages of
equations, but accounts for the description of a vast variety of extremely detailed,
precise observations. Highly useful physical entities usually have the property of
allowing greater conciseness of description. As long as such entities continue to do
so as the subject evolves, they will remain as central elements of the concise de-
scription, and can be designated as “real” . In this regard, the quark and the
gluon richly deserve the attribution “real”.

One of the clear benefits of historical insight is the opportunity to learn from
the past. In my opinion, there exist important lessons within the content of this
book which are very relevant to the problem of creating the next revolution in
physics. I must of course resort to guesswork as to how this revolution will occur. 1
will here suppose that the recent observation of the Higgs boson will be the
catalyst. It is fresh data which already creates a sharper focus on the extant
problems of the Standard Model. And the most important focus may well be on the
question of family structure ( the puzzling problem of why there are three
generations of quarks and leptons). It seems reasonable to me that this problem is
entangled with that of understanding the nature of the Higgs sector.

One strategy for dealing with this question has been, in my opinion,
underutilized. It is to apply the methodology of current algebra to the problem.
There is no shortage of current operators and charge operators which can be
constructed as bilinear products of the sundry quark and lepton fields. And from
these currents, one can construct correlation functions and create analogues of the
old sum rules of current algebra. Even for the simplest class of such sum rules, the
Weinberg sum rules, there are literally thousands to consider, and in particular to
contemplate the way in which they might be saturated. Serious examination of this

problem just might bear fruit in a way which is not totally dissimilar to what has
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been recounted in this book. If this were to turn out to be the case, a very good
strategy for the young researcher would be to take a lesson from history. And I can

think of no better starting point than the careful study of this excellent book.

James Bjorken
Professor of Physics
Emeritus, Stanford University
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