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EDITOR’S NOTE

On the cover a mandala of the laws of physics floats in the

cosmos of reality. It symbolizes the interplay between the

inner world of abstract creation and the outer realms of

measurable truth. The tension between these two is the magic and the

challenge of fundamental physics.

According to Jung, the “squaring of the circle” (the mandala) is the

archetype of wholeness, the totality of the self. Such images are

sometimes created spontaneously by individuals attempting to inte-

grate what seem to be irreconcilable differences within themselves.

Here the mandala displays the modern attempt by particle physicists

to bring together the basic forces of nature in one theoretical
framework.

The content of this so-called standard model is summarized by the

mysterious-looking symbols labeling each force: U(1) for elec-

tromagnetism, SU(2) for weak interactions, SU(3)C for strong inter-

actions, and SL(2C) for gravity; each symbol stands for an in-

variance, or symmetry, of nature. Symmetries tell us what remains

constant through the changing universe. They are what give order to

the world. There are many in nature, but those listed on the mandala

are special. Each is a /ocal symmetry, that is, it manifests in-

dependently at every space-time point and therefore implies the

existence of a separate force. In other words, local symmetries

determine all the forces of nature. This discovery is the culmination

of physics over the last century. It is a simple idea, and it turns out to

describe all phenomena so far observed.
Where does particle physics go from here? The major direction of

present research (and a major theme of this issue) is represented by

the spiral that starts at electromagnetism and turns into the center at

gravity. It suggests that the separate symmetries maybe encompassed

in one larger symmetry that governs the entire universe—one sym-

metry, one principle, one theory. The spiral also suggests that includ-

ing gravity in such a theory involves understanding the structure of

space-time at unimaginably small distance scales.

Julian Schwinger, whose seminal idea led to the modern unifica-

tion of electromagnetic and weak interactions, regards the present

emphasis on unification with skepticism: “It’s nothing more than

another symptom of the urge that afllicts every generation of
physicists—the itch to have all the fundamental questions answered

in their own lifetime.”* To others the goal seems tantalizingly close,

an achievement that may be reached, if not this year—then maybe

the next . . . .

The hope of unification depends on a second theme of this issue,

symbolized by the ants and elephants walking round the mandala.
These creatures are our symbol of scaling, the sizing up and sizing

down of physical systems. Strength (or any other quality, for that

matter) may look different on different scales. But if we look hard

*This quoteappeared in ‘[How the Universe Works” by Robert P. Crease and
Charles C. Mann (The Atlantic Monthly, August,1984), a fast-paced article
about the history of the electoweak theory.

enough, we can find certain invariance to changes in scale that

define the correct variables for describing a problem. Why do ants

appear stronger than elephants? Why does the strong force look weak

at high energies? How could all the forces of nature be manifestations

of a single theory? These are the questions explortd in “Scale and

Dimension—from animals to quarks,” a seductively playful article

that leads us to one of the most important contributions to modern

physics, the renormalization group equations of quantum field the-

ory. The insights about scaling gained from these equations are

important not only to elementary particle physics but also to phase

transition theory and the dynamics of complex systems.

All the articles in this issue were written by scientists who care to

tell not only about their own research but about the whole field of

particle physics, its stunning achievements and its probing questions.

Outsiders to this field hear the names of the [atest new particles, the

buzz words such as grand unification or supersyrnmetry, and the

plans for the United States to regain its leadership in this glamorous,

high tech area of big science. But what is the real prc~gress? Why does

this field continue to attract the best minds in science? Why is it a

major achievement of human thought? From a distance it may be

hard to te[l—except that it satisfies some deep ur[;e to understand

how the world works. But if one could be given a closer look at the

technical content of this field, its depth and richness would become

apparent. That is the aim of the present issue.
The hardest job was defining the technical level. How could the

framework of the standard model be appreciated by someone un-

familiar with symmetry principles? How could modern particle

physics research, all of which builds on the stardard model, be

understood by someone unfamiliar with what everyone in the field

takes for granted? We hope we have solved this problem by present-
ing some of the major concepts on several levels and in several

different places. We even include our own reference material, a

remarkably clear and friendly set of lecture notes prepared especially

for this issue.

As one who was trained in this field, I returned to it with some

trepidation—to deal with the subject matter, which had been so

difficult, and with the personalities competing in the field, who

sometimes ride roughshod over each other as they battle these unruly

abstractions. Much to my delight and the delight of the Los Alamos

Science staff, the experience of preparing this issue was immensely

enjoyable and rewarding. The authors were enthu:;iastic about ex-

plaining and re-explaining, about considering the essence of each

point one more time to make sure that the readers too would be able
to grasp it. Their generosity and interest made it fun for us to learn.

May this presentation also be a treat for you.

@L.#G_z-+2



Editor
Necia Gran~ Cooper

.4n Dtrcc[or
Gloria Sharp

Science U‘rilm
Roger Eckhardt

Science Ed/tor
Nancy Shera

Feafurc Ed/tor
Judilh M. Lathrop

Edi[or/a/ Coordinu!ors
Mick Scheib. Elizabeth P. White

Desjgtz and Produc[iorr
Judy Gibes

Prodltc[:on .4ss/s[an/
Mary Stovall

IIluslralors
Jim Cruz. Anita Flores. Judy Gibes,

Lenny Maninez, Mary Stovall

Pho(ogrnph.v
John FIower, LeRoy Sanchez

Black and l?’hife Pho(o Laborafor>, B’ork
William Bahan, Tom Bares. Emesto

Burciaga, Louise Carson, Gary Desharnais,
Jerry Lee Leyba, Mark Martinez,
Dan Morse. Richard Robinson,

Manuelita Valdez

Color Pho[o Lahora!ory Work
Steve Arnold, Presley Salaz

Phofol)peser/irr,g
C%ris Wesl

Prrnting
Roben C, Crook. Jim E. Lovato

Circulation
Mick Scheib

Los Alamos Science is published by Los
AIarnos National Laboratory, an Equal
Opponuni[> Employee operaled by the
Llnlversilv of California for {he Uniled
States Depar[mcn[ of Energy under
conuac[ W-74(J5-ENG-3rj.

.Address mall lo
Los AIamos Science

Los .Alamos National Laboratory
Los Alamos, New Mexico 87545

RESEARCH AND REVIEW

Scale and Dimension—From Animals to Quarks 2
fil’ (;co//i(,l B rf ‘[w

Fundamental Constan[s and the Rayleigh-Riabouchi risky Paradox 12

Particle Physics and (he Standard Nlodel ~~—
III .S’/I/drI ,J/ut31,Rtchard (” ,S’IOIIVAI, utid (;(,(!//r(,\ R Ii ‘i,\r

QCDon a Cra!: The Masses of Elemcn[ary Particles 41
}Jh{;(,ruld(; IIt-U/nIA, 7“1)111II “urncx~, olld ( ‘}7arl(\ Z(,nra(,h

Lecture Notes—From Simple Field Theories to the Standard Nlodel 54
1)1K\churd <“ .SI(IIISLI

Toward a Unified Theory: An Essay on the Role of Supergravity in the
Search for Unification 71

hl f? Icilord(’ S/an\Ll

F]clds and Spins tn Higher Dimensions 86

Supersymmetry at 100 Ge\’ 98
ht. .S/I(uI-/ RuhI

Supcrsymmctry in Quantum Mechanics 102

The Family Problem 114
/11I’ (;, I/Gft}1ut7 und ,tl/<ha(,/ .Alur[in YIOI(I

Experiments To Test Unification Schemes_ 114

/11(;tlrl 1[ Y<l)l(l[>r!

An Expcrimcntalis(’s Vicvi ofthc Standard Model 126

The Nlarch toward J{igher Energies .446
},, ,Y/’(,/(r R()\(vI

LAMPF 11and [hc High-l n[ensit! Fron[ier 152

h) llct7r\ 4 7“h1rYYcn

The SSC—.An Engineering Challenge 158
hI llah/ot7 7“ 1{’I/\{m

Science Underground-The Search for Rare Events ---m
tll 1. ,il .Slr?lr}loil$,,Ir

PEOPLE

Quarks and Quirks among Friends 172
../ ror)r)d IU/I/C It 11// P(,[rr 4 C“arr!(/h(,r\ .S/I(ur! Rub\, R/(hurd (“ .S/un\A I,

(i(YJ//i(I 1{ t{ “(,\[, and (;ror,<,c /IIi,I,~


	EDITOR’S NOTE
	CONTENTS

