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One hundred and sixty-one members, spouses, and guests gathered at the
Loews Anatole Hotel in Dallas on December4, 5, and 6 for the Society’s 155th
anniversary meeting. President William D. Seybold had organized a timely
program with plenty of opportunity to enjoy the many seasonal events in
Dallas. The Friday reception and dinner was held at the Dallas Country Club,
during which President Seybold introduced 14 distinguished Texans as new
members of the Society and presented them with their certificates of member-
ship. The new members are Daniel C. Arnold, Houston; Frank N. Bash, Austin;
John B. Connally, Houston; Terry Hershey, Houston; Diana Hobby, Houston;
Kay Bailey Hutchison, Austin; Marguerite Johnston, Houston; Tom Luce,
Dallas; Thomas R. Phillips, Austin; Harry Reasoner, Houston; Walt Whitman
Rostow, Austin; Roy F. Schwitters, Dallas; Marilyn Wilhelm, Houston; and
Paul Woodruff, Austin.

Working with Dr. Roy F. Schwitters of the Superconducting Super Collider
Laboratory, a newly elected member of the Society, President Seybold had
organized a thought-provoking program for Saturday on the Superconducting
Super Collider. Lunch was served in the Peacock Terrace Room, and the
reception and annual banquet was held that evening in the Wedgwood Room
of the Loews Anatole Hotel.

At the annual business meeting, First Vice-President Robert Krueger
announced the names of the eight members who had died during the past year:
Edward A. Clark, Ballinger Mills, Howard Boyd, J. R. Parten, Mark Andrews,
Newton Gresham, Thomas Sealy, and Zollie Steakley. Vice-President Krueger
also announced that the topic for the Society’s 156th anniversary meeting
would be the “North American Free Trade Agreement’” and that the site for the
meeting would be Laredo on December 3-5, 1993. He also announced the 1993
President’s Award of $2,000 to be given to the senior or graduate student in a
Texas college or university presenting the outstanding original essay on the
topic of the annual meeting. The following officers were elected for the coming
year: Robert C. Krueger, president; Steven Weinberg, first vice-president;
William H. Crook, second vice-president; James Dick, treasurer; and Ron
Tyler, secretary.

President Seybold declared the annual meeting adjourned following the
Sunday morning discussion, to be reconvened on December 3, 1993.




8 The Philosophical

ATTENDANCE AT THE 1992 MEETING

Members registered included: Miss Hayes, Hill; Mesdames Hutchison,
Johnston, Lancaster, Lee, McDermott, Randel, Rhodes, Rostow, Wilhelm,
Isabel Wilson; Messrs. Anderson, Arnold, Ashby, Atlas, Paul G. Bell, Bryan,
Caldwell, Calgaard, Christian, Conger, Cook, Crim, Cunningham, Curtis,
Doyle, Dunagan, A. Baker Duncan, John Duncan, Fehrenbach, Durwood
Fleming, Jon Fleming, Galvin, Gordon, Greenhill, Hackerman, Hargrove,
Harrison, Hay, Hill, Howe, Inman, Dan Kilgore, W. J. Kilgore, Krueger,
Lawrence, Levin, Locke, Margrave, Mark, McCombs, McGinnis, McKnight,
Moseley, Mullins, Randall, Reavley, Reynolds, Rostow, Rutford, Schwitters,
Seybold, Shuffler, Frank C. Smith, Jr., Sparkman, Sprague, Storey, Sutton,
Trotti, Tyler, Wainerdi, Woodruff, Wozencraft, Charles Wright, James S.
Wright

Guests included: Mrs. Thomas D. Anderson, Mrs. Dan Arnold, Mrs. Lynn
Ashby, Mrs. Morris Atlas, Charles Barnes, Joe Barton, Mr. and Mrs. Dick
Bass, Mrs. Paul G. Bell, Mrs. J. P. Bryan, Tom Bush, Mr. and Mrs. Trammell
Crow, Mrs. Clifton Caldwell, Mrs. Ron Calgaard, Mrs. Roger Conger, Mrs. C.
W. W. Cook, Connie Copley, Mrs. Billy Bob Crim, Mrs. Greg Curtis, Mrs.
Gerry Doyle, Gerald Dugan, Mrs. J. Conrad Dunagan, Mrs. A. Baker Duncan,
Mrs. John Duncan, Mrs. T. R. Fehrenbach, Mrs. Durwood Fleming, Mrs. Jon
Fleming, Peter Galison, Mrs. Charles Galvin, Eli Glatstein, Mrs. William E.
Gordon, Mrs. James W. Hargrove, Mrs. Jess Hay, Mr. and Mrs. Ross
Hemphill, Mrs. John P. Howe III, Ray Hutchison, Raphael Kasper, Mrs. W. J.
Kilgore, Mrs. Dan Kilgore, Mr. and Mrs. Don Koons, Mrs. Robert Krueger,
Olin Lancaster, Mrs. Lee Lawrence, Mrs. William Levin, Mrs. John Locke,
Mr. and Mrs. Bill Magee, Mrs. John L. Margrave, Mrs. Red McCombs, Mrs.
Robert C. McGinnis, Mr. and Mrs. Peter Mclntyre, Mrs. Joe McKnight,
Morton Meyerson, Tony Montgomery, Mrs. John D. Moseley, Jon Mosle,
Mrs. Charles B. Mullins, Peter O’ Donnell, Jr., Mrs. Risher Randall, Mrs. Tom
Reavley, Mrs. Herbert H. Reynolds, Alec Rhodes, Mrs. Robert H. Rutford,
Mrs. Roy F. Schwitters, Mrs. William D. Seybold, Mrs. Frank C. Smith, Jr.,
Mrs. Robert S. Sparkman, Mrs. Charles C. Sprague, Louise Spurgin, Mrs.
Charles Storey, Mrs. John F. Sutton, Jr., Mrs. Robert S. Trotti, James C.
Wainerdi, Mr. and-Mrs. Peter Wiggins, Wallace Wilson, Ellen Wilson, Mrs.
Frank Wozencraft, Mrs. James S. Wright, Mrs. Charles Alan Wright, Mrs. H.
B. Zachry
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WELCOME AND INTRODUCTION

WrLiaM D. SEyBoLD

WELCOME TO THE 155TH ANNIVERSARY MEETING OF THE PHILOSOPHICAL SOCIETY
of Texas. I am William D. Seybold and I have the honor to be President of the
Society in 1992. The theme of our program today is Discovery—the discovery
of new knowledge about the structure of our universe, the structure of minute
particles that make up the whole of it—more specifically about the role of the
Superconducting Super Collider (SSC) in that quest.

Nineteen ninety-two is the year we are also celebrating two discoveries that
changed our world: the 500th anniversary of the discovery of the New World
by Christopher Columbus in 1492 and the 400th anniversary of the appoint-
ment of Galileo to the faculty of the University of Padua. Columbus set out to
discover a new route to India. What he found was infinitely more valuable.
Galileo set out to study the motion of a few planets. Along the way he invented
the telescope and made discoveries about our universe that changed our
concept of the world completely. Such is the great excitement about the search
for truth. In that search unexpected rewards are commonplace, and mankind
always comes out ahead.

The work of Galileo is having a direct effect on our attendance today. On this
very weekend, Doctor Steven Weinberg, our second vice-president, Nobel
Laureate in Physics, is at the University of Padua for a celebration of Galileo’s
appointment to its faculty in 1592. He is there to give the keynote speech and
to receive an honorary degree from that venerable institution. I might add that
he was a great help in planning this program and in recruiting some of the
outstanding scientists and educators who are to address you. He regrets that he
is not here.

The perpetual promise of the rewards of new knowledge, of new understand-
ing, is what brings the Superconducting Super Collider into being. It is the
largest, most complex, and mostambitious scientific instrument yet conceived.
It is under construction right here in our midst.

The WHY, the WHERE, the WHO, and the WHAT of the SSC, as described
for us today by some of the foremost men in the endeavor, constitute our
program today.

It promises to be a fascinating, stimulating presentation, one that should
provoke great interest and lively discussion.

There are four panels. Our first panel deals with the WHY of the SSC. Dr.
Roy F. Schwitters, who’s one of our new members, by the way, is the director
of the laboratory. And he’s been most helpful to me in putting this program
together. As a matter of fact, without him, we wouldn’t have the fine program
we have today. He is a former professor of physics at Harvard. He is the former
associate editor of the Annual Review of Nuclear and Particle Science and a
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fellow of the American Physical Society, the American Association for the
Advancement of Science, and the Academy of Arts and Sciences. He was
awarded the 1980 Allan T. Waterman Award of the National Science Founda-
tion. He is an eminent physicist, and I present him with great pride as our
moderator this morning and our keynote speaker for this conference on
Discovery. Dr. Roy Schwitters.
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THE SUPERCONDUCTING SUPER COLLIDER
WHY?
I
Roy SCHWITTERS

SoME 200 FEET BENEATH THE PRAIRIES AND FARMS OF ELLIS COUNTY, TEXAS, A
tunnel is under construction that, when completed a few years from now, will
stretch 54 miles in circumference to house the world’s largest scientific
instrument, the Superconducting Super Collider, or SSC. Large even by
Texas’s standards, such a scale is normally associated with mankind’s largest
structures, like highways encircling major metropolitan centers, rather than the
smallest distances that can be imagined. Yet the SSC is being built to explore
the structure of subatomic matter and the nature of forces at distances far
smaller than a single proton.

When completed at the end of this decade, the SSC will become the principal
research focus for a major fraction of the 2,000 American high energy
physicists and many more from abroad. Its detectors and accelerators will
provide unique scientific opportunities well into the next century. The SSC is
already developing and will continue to develop as a resource for science
education at all levels.

Befitting its huge scale, the story of the SSC has reached epic proportions.
The stakes—scientific, economic, and political—are high. For the past genera-
tion, the scientific need for the SSC has been clear, but the worldwide
competition to discover new physics beyond our current understanding is stiff.
For the past decade, the U.S. high-energy physics community has placed the
SSC at the top of its priorities, but institutional imperatives at existing
laboratories and harried researchers in other areas of science view SSC funding
as a threat. For the past five years, the SSC has been a presidential initiative and
many states offered to host the new laboratory, but recent budget pressures felt
by Congress have created shortfall and uncertainty in funding. For somewhat
less than four years, the SSC Laboratory has been in existence; and despite all
the many challenges, technical and otherwise, excellent progress is being made
toward constructing this great machine. It is entirely appropriate that the
Philosophical Society of Texas examine this story.

SCIENTIFIC IMPERATIVE

High-energy physics is the ultimate extension of mankind’s curiosity about
what things are made of and how they work. The main goals of this science are
to find the most basic building blocks of all matter and to describe quanti-
tatively the forces and interactions between the building blocks. Progress in
high-energy physics takes place through the interplay of theoretical insight,
experimental discovery, and advances in technology. The development of
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accelerators and particle detectors during the twentieth century has been
crucial to our current understanding of the subatomic world. Accelerators of
ever-increasing energy have been used to collide subatomic particles, such as
protons and electrons, to reveal underlying structures and forces. Detectors
record and analyze the collisions. It is generally agreed that major new
accelerator facilities like the SSC are required to explore beyond the horizon
of current knowledge.

Today, physicists are on a remarkably broad and rich plateau in the
understanding of the physical world. Discoveries of the past 30 years have
resulted in a great synthesis known as the standard model, which describes
matter inall its diverse forms as composed of just two classes of building blocks
called quarks and leptons. The standard model then explains all interactions of
everything in the universe in terms of a few fundamental forces acting among
the quarks and leptons.

To currentexperiments, quarks and leptons appear structureless and indivis-
ible, the modern embodiment of the ancient idea of atoms. It is thought that
there are six different kinds of quarks and six different kinds of leptons. In
ordinary matter, quarks reside in atomic nuclei and are responsible for most of
the mass. The sizes and chemical properties of atoms and molecules are due
largely to electrons—the most familiar of the leptons—orbiting the nucleus.

For over 50 years, physicists have recognized four basic forces that govern
the interactions and motions of material objects: gravity, electromagnetism,
the weak force responsible for certain radioactive decays, and the strong force
that binds atomic nuclei. Two great triumphs of today’s standard model were
the recognition of electromagnetism and the weak force and, the successful
description of the strong force in a mathematical framework similar to the
electro-weak force.

The apparent range of validity of the standard model is astounding. It is
consistent with all existing observations ranging from high-energy accelera-
tors to more familiar laser and atomic physics laboratories. Indeed, the
standard model is thought to have played a major role in the biggest laboratory
of them all, the evolution of the entire universe from the first moment of
creation, the Big Bang. The experimental conditions studied in today’s
accelerator experiments are thought to be similar to those that dominated the
universe fifteen billion years ago when it was roughly one nanosecond old.

Despite its great successes, the standard model revealed important questions
at its inception that we are no closer to resolving today than we were then, and
new questions continue to arise. A key idea in the standard model is that of
symmetry, a special symmetry that would have all particles massless. But the
world we live in evidently violates this symmetry. Our theories can accommo-
date this breaking of symmetry, but the mechanisms by which nature actually
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accomplishes the task of giving mass to objects is of paramount interest to our
understanding of the physical world, yet completely outside what guidance the
standard model can give us. Other crucial questions, such as how many quarks
and leptons there are and why the constituents and forces have the particular
properties they possess, are also beyond the scope of the standard model. Such
questions can only be reconciled by a more fundamental theory. Further,
beyond the standard model, we want to know: if there are new kinds of matter,
not built out of quarks or leptons, are they themselves composite objects built
out of a smaller number of even more fundamental constituents? Can all known
forces be interpreted within some super-unified force? The standard model
may be the mostsuccessful theory thus far in the history of science, but we know
it is incomplete and even inconsistent when extrapolated to high enough
energies.

The strategy for addressing these questions is to seek new experimental data
outside the current range of validity of the standard model. To understand how
new experimental results can advance theory, it is useful to recall the situation
in physics at the end of the last century. At that time an extremely successful
theoretical picture encompassed most existing physical knowledge. We now
call it classical physics. Classical physics accounted for everything as being
composed of the 92 or so chemical elements interacting through gravity and the
recently unified electromagnetic theory of Maxwell and Faraday according to
the mechanical laws of Newton and Galileo. While the patterns of the periodic
table and certain phenomena such as spectral lines of the elements could not
be understood within classical physics, many eminent scientists of the day
believed that classical physics completely incorporated the fundamental laws
of nature and that further work in physics would be reduced to understanding
the “last few decimal places.” Then within the few years around the turn of the
century came a series of astonishing experimental discoveries revealing such
phenomena as x-rays, electrons as indivisible subatomic particles, radioactiv-
ity, and superconductivity. These experimental discoveries revolutionized
physics, leading to the “modern” foundations of twentieth-century physics,
quantum mechanics and relativity, and ultimately the standard model. We now
believe that the path beyond the standard model to a more complete under-
standing is obscure and that experimental guidance is again required. The SSC
is the most technically certain and cost-effective means to acquire this
necessary data in a timely way.

THE MACHINE

In the SSC, beams of very high-energy protons are brought into head-on
collision and the debris of these collisions is studied with large detectors. The
protons can be pictured as loose bags containing three quarks and particles
related to the strong force known as gluons that hold the quarks in their proton
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bags. When the protons collide, occasionally a quark or gluon in one proton
will suffer a violent collision with one in another proton. These very violent
collisions of quarks and gluons are what physicists want to study; the proton
collisions per se are of lesser interest. New forms of matter may be created out
of the energy of collisions, and internal structures or forces will affect the
pattern of scattered debris. By examining many examples of these violent
collisions, the underlying physics can be discerned. It is a general property of
nature that the more energetic the collision, the more deeply a measurement
probes the structures of the colliding particles. Requirements concerning the
energy of the quark and gluon collisions needed to observe new phenomena
specify the beam energy of the colliding protons.

The interesting aspects of high-energy particle collisions take place over
immeasurably small distances, but the scattered objects eventually give rise to
hosts of stable or nearly stable particles that emerge from the inner reaches of
the proton beams and can be detected by the tracks they leave in sensitive
materials in much the way a high-flying jet aircraft can be “seen’ by its contrail
alone. While the detected secondary particles give a faithful representation of
collisions of quarks and leptons, measurement errors and ambiguities dictate
the need for statistical analyses of collision data. To collect enough collision
events to make meaningful conclusions within a reasonable period of time puts
requirements on the rate of collisions, which in turn specifies the luminosity of
the device providing the proton-proton collisions.

Beam-energy and luminosity are thus the key parameters controlling the
design of any high-energy physics collider. In the case of the SSC, the beam
energy requirement is the most critical determinant of the overall size and cost
of the facility. The SSC’s beam energy will be 20 TeV, 20 times that of the
highest energy accelerator in the world today, the Fermilab Tevatron. This
energy was chosen to ensure that some experimental manifestation of the
symmetry-breaking or mass generation phenomena anticipated by the standard
model will be observed. A sharp threshold where such phenomena appear is
not expected, but judgment and the desire to have as wide an opportunity as
possible for detecting totally new and unexpected physics dictated the large
increase over today’s accelerators.

To achieve the desired beam energy, the SSC will employ superconducting
magnet technology that was pioneered at the Tevatron. Because of engineering
limitations on the field strength of accelerator magnets, the extraordinary size
of the SSCisrequired to contain the 20 TeV proton beams within the racetrack-
shaped rings of magnets. There are two such rings housed in the underground
tunnel already mentioned, one placed 80 cm above the other. The beams
circulate in opposite directions at the speed of light within a vacuum in 5-cm-
diameter pipes running through the centers of the magnets making up the
collider rings. Accelerator magnets bend and focus the beams so that they stay
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within the beam pipes. At four locations around the rings, two on the east side
and two on the west, the beams are made to cross through each other at a small
angle so that they collide. These collision points are where experimental
detectors are mounted to observe the products of the proton-proton collisions.
We expect at least two and as many as four detectors to be operated
simultaneously at the SSC.

The proton beams will continue to circulate and collide for periods of about
a day until their intensities diminish and it is necessary to replenish them. This
is accomplished with an injector system consisting of several lower-energy
accelerators cascaded together to supply beams that can be injected into the
collider rings at 2 TeV energy. The collider rings then accelerate the beams to
full collision energy. A complete injection-acceleration cycle is expected to
take one to two hours. Experiments will operate around the clock for periods
of months to years. Even though 100 million collisions will take place every
second in a typical experiment, the yield of events telling us something
radically new may be mere handfuls per year.

THE PROJECT

The SSC Laboratory was formed in January 1989 when Universities
Research Association (URA), a not-for-profit consortium of 79 universities in
the United States and Canada with research programs in high-energy physics,
contracted with the U.S. Department of Energy to manage and operate the new
laboratory in Texas. Earlier design studies, demonstrating the technical
feasibility of the SSC and providing the conceptual plan for its construction,
had been carried out by a central design group in Berkeley under the aegis of
URA.

Also that January, the formal Record of Decision by the Department of
Energy confirmed the Texas site for the SSC, completing a national site
competition that had started two years before and involved 43 proposals from
26 states. The proposals were evaluated against criteria such as geology and
tunneling, regional resources, environment, setting, regional conditions, and
utilities. The Texas site was selected from a group of seven proposals that a
National Academy of Sciences site evaluation committee had judged as best
qualified.

A unique aspect of the proposal was the establishment of a state commission,
the Texas National Research Laboratory Commission, with authority to issue
up to $1 billion in bonds to support the SSC. TNRLC has since become a vital
partner in the SSC. The independent funding provided by the State of Texas
has already proven invaluable by permitting increased flexibility in the
management of the project and supporting educational and university research
programs on a national basis. A great strength of our national laboratories,
starting with Los Alamos, is the federal government-private sector partnership
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embodied in the government-owned, contractor-operated concept on which
these laboratories are managed; with the partnership of the state in the SSC, we
are seeing a new model for scientific, research, and development laboratory
management that will almost surely become more important in the future.

The laboratory staff has now grown to about 2,000, close to the eventual size
when operations begin. The staff is housed in temporary offices on the southern
edge of Dallas, a large converted warehouse in Ellis County, and in new
laboratory buildings constructed on the site. About one-half the staff consists
of scientists, engineers, and technicians, while the remainder provides the
necessary administrative support. There are 193 Ph.D.’s on the staff, and more
than 18 nationalities are represented among our scientists.

The main task during our first year was to adapt the conceptual design to the
specific Ellis County site and to new developments in accelerator design. That
effort indicated that a number of substantial changes in design would be
required to meet the scientific goals, and it was clear that the proposed changes
would increase the total cost of the project. After careful review by the
Laboratory, the scientific community, and government, it was agreed to raise
the total project cost ceiling to $8.249 billion from $5.894 billion. This has
been the only substantive increase in the total projected cost of the SSC, despite
many reports to the contrary.

The State of Texas, through TNRLC, has acquired essentially all of the
16,299 acres of land needed for the SSC. Where surface access to technical
systems or campus buildings is not needed, underground easements were
secured so that the collider rings will pass under existing farms and other
properties with no impact on the surface environment. Civil construction on
our first building, the magnet development laboratory, began in the fall of
1990. The MDL and several other buildings are now occupied. The tunnel
housing the collider rings will be 14 feet in diameter and 54 miles in
circumference at an average depth of about 200 feet below the surface. Over
one-half of it is now under contract, with three large tunnel-boring machines
set to go early in 1993. We are currently one of the largest civil construction
projects under way in the country, and we are receiving very favorable bids for
new construction.

Development of the superconducting accelerator magnets has been the most
important and challenging technical activity for the new laboratory. The
magnets use special superconducting cable that must be maintained at a
temperature just four degrees Celsius above absolute zero; very high magnetic
forces are present and tolerances of a thousandth of an inch over the fifty-five-
foot length are required. The effort involves collaboration with Fermilab;
Brookhaven National Laboratory; Lawrence Berkeley Laboratory; the Saclay
Laboratory outside Paris; KEK High Energy Physics Laboratory in Tsukuba,
Japan; and contracts with major U.S. companies. The scientific principles for
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the magnets were established by the success of the Tevatron and the recent
commissioning of a new accelerator, HERA, in Hamburg, Germany. Our job
has been to engineer magnets to the more demanding specifications of the SSC,
especially in areas of reliability and manufacturability, at a cost we can afford.
The sheer size of the SSC dictates that industry produce our magnets.
Prototypes of the various kinds of magnets needed have been built by industrial
workers, and they meet or exceed our specifications. On August 14, 1992, six
weeks ahead of schedule, a major milestone of the project was met when we
successfully tested a string of magnets and associated systems that represents
the basic building-block of the collider rings. Where just two years ago there
was only poor grazing land, we now routinely operate a 100-yard-long, super-
cold prototype of the SSC.

Physicists from across the United States and abroad will carry out scientific
experiments on the SSC. Proposals for detectors and experiments are made to
the laboratory and reviewed by an international program advisory committee.
Much attention is focused now on plans to construct two large, complementary
detectors to be ready when the collider begins operation in late 1999 or 2000.
The international consortia proposing these detectors already comprise over
700 U.S. scientists and comparable numbers of foreign physicists. A tremen-
dous amount of prototype and development work is already in progress to
prepare the way for the building of these enormous instruments that will each
weigh more than 10,000 tons and use approximately 1,000,000 channels of
sensitive electronics to record the tracks from the products of the SSC’s
colliding protons. We expect to make commitments to begin constructing the
large detectors in 1993; smaller experiments are also being planned, but final
decisions need not be made until we are closer to the startup date for the SSC.

BENEFITS OUTSIDE HIGH-ENERGY PHYSICS

Construction of the SSC is a scientific imperative for high-energy physics,
butits large cost must be justified by the overall scientific, technical, economic,
and cultural return to our nation and to those who join with us in this endeavor.
The principal arguments for supporting the SSC are: 1) possible long-term
revolutionary changes in science and technology that emerge directly from
major scientific discoveries; 2) enhancement of the nation’s overall capabili-
ties in science and technology that derives from the exceptional cadre of
scientists and technologists drawn by the challenges of the SSC and its research
potential; and 3) scientific and technological spin-off to other sciences and
high-technology activities.

The scientific goal of the SSC, as we have seen, is to gain a deeper and more
complete understanding of the structure of all matter and the nature of all
forces. There are many examples of similar basic exploration seemingly far
removed from ordinary experience that have led to profound innovations and
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benefits to all mankind. Indeed, most of today’s technology is based on
fundamental discoveries made in the nineteenth and early twentieth centuries.
A characteristic of this kind of advance is the long time scale, running years to
decades, between the basic scientific discovery and its practical application.

No one can predict the impact on future generations of discoveries made at
the SSC. It can be anticipated, however, that the SSC will open up uncharted
waters in our understanding of the subatomic world with new lands that await
the firstexplorers. If these lands hold anything like the riches previously found,
the rewards of launching the SSC will far outweigh all investments.

On a more certain and immediate level, the “doing” of the SSC enhances the
nation’s posture in science and technology to an extent that fully justifies the
costs. The very high scientific potential of the SSC attracts the best scientific
talents worldwide, who, in turn, will assemble the technology necessary to
achieve their scientific goals. By this process, the nation acquires a highly
motivated, talented, and productive team of scientists, engineers, and technical
staff who work together with foreign partners in solving some of the most
fundamental and difficult problems in all of science and technology. The
ability of the nation to form and deploy such teams and to find solutions to
problems of this kind is essential if we are to interact effectively in the modern
technical-industrial world.

The SSC has an important education and training role that benefits our
country as well. The great machine presents the kind of dramatic appeal that
inspires young people to enter careers in science and technology. For the
graduate students who participate in the research program, there will be
unparalleled opportunities to work with top scientists, other students, and first-
rate technical people on challenging problems in instrumentation and analysis,
and to participate in major scientific discoveries. This can be an outstanding
training ground for such students, many of whom will go on to positions of
leadership in our universities, industry, and government. Well before commis-
sioning, the SSCis already aresource for science education at all levels because
of the broad range of technical activities under way that are being opened to
interested educators and the public. These activities will only grow to meet the
demand. We believe that being a resource for science education at all levels is
so important that it, along with becoming the premier international high-energy
physics laboratory in the world by the year 2000, is one of the two principal
goals of the SSC Laboratory.

The tools and methods of high-energy physics have been applied to many
other areas of research, development, and manufacturing. The pattern contin-
ues with the SSC. Examples include the development of synchrotron radiation
sources, uses of accelerators in medical and energy-conversion processes, and
applications of high-speed data-acquisition systems to process control. In
addition to detection methods and magnet technology, some of the basic ideas
of data analysis and large solid-angle detection arising in high-energy physics
have found their way into modern medical diagnosis instrumentation such as
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CAT and MRI scanners. The very large scale of the SSC means that industrial
quantities of superconducting materials and other equipment must be pro-
duced, and these will be available to other applications previously hampered
by the higher prices associated with availability in only small quantities. The
SSC Laboratory is engaged in a joint program with the Southwestern Medical
Center of The University of Texas to use excess protons from the linear
accelerator of the injector systemin cancerresearch and therapy. Achieving the
high quality-assurance standards required of vendors to the SSC improves the
ability of those companies to compete in other markets.

Much is made of “technology transfer” in debates over U.S. R&D policy. I
believe it is important to distinguish the “science-pull” kind of development
that is taking place at the SSC from what I would call the “technology-push”
development that is characteristic of much technology-transfer activity today.
The clear scientific challenges of the SSC demand that new inventions and
developments be made. Subsequently, the new tool or idea, which is already
known to be useful, can often find application outside high-energy physics. In
contrast, the technology-push approach seeks to find uses for technologies
thought to be useful, but at least partially developed without a specific need.
Of course, the most effective technology-transfer activity of themall is drawing
talented young people into exciting technical programs, educating them to
meet high standards, and having them move into leadership positions in other
research, teaching, or commercial activities.

The fundamental questions addressed by high-energy physics are basic to all
science. Hence, the research findings of the SSC will benefit other sciences.
Some of the strongest ties are with cosmology, where SSC results will be used
in studies of the evolution of the universe. The quark structure of the nucleus
is of direct relevance to nuclear physics. There is strong synergism between
theoretical activities in high-energy physics and areas such as mathematics and
condensed-matter physics. High-energy physics has been one of the first
experimental sciences where large collaborative efforts are required to make
progress. SSC experimental collaborations may involve up to a thousand
scientists. New management and scientific procedures are being developed to
ensure that the best science is performed with proper accountability for the
large expenditures of public funds. The lessons learned about maintaining
opportunity for individual creativity and high scientific standards in large
groups can be applied elsewhere as other experimenters increasingly turn to
large facilities.

OUTLOOK

Large colliders where forefront research is carried out today include
Fermilab’s Tevatron, the Large Electron-Positron (LEP) facility at the CERN
laboratory near Geneva, Switzerland, and HERA at Germany’s DESY labora-
tory in Hamburg. The Tevatron and LEP have been operating for several years,
and various upgrades have been proposed or carried out that will extend their
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productive lives for at least several more years. HERA is just beginning its
research program. At one-twentieth the energy of the SSC, the Tevatron is
likely to remain the world’s highest energy collider until the SSC era. LEP is
the largest collider in the world today with a tunnel circumference about one-
third that of the SSC. However, technical differences between electron and
proton accelerators result in a maximum energy for LEP about one-two-
hundreth that of the SSC. CERN is considering placing superconducting
magnets in the LEP tunnel to permit proton-proton collisions at energies up to
about one-third that of the SSC. This is known as the LHC project, but no
decision has been made to go forward to construction, nor is one expected
before the end of 1993 at the earliest. LHC magnet research and detector plans
are at preliminary stages. HERA is a novel electron-proton collider providing
collision energies intermediate between LEP and the Tevatron. All three of
these operating colliders provide important new data that test the Standard
Model and could discover new physics. Any scenario where new phenomena
are discovered at one of these machines predicts a rich and exciting program
for the SSC.

So we are building the SSC, and its scientific promise is, if anything, greater
today than when the project was proposed a decade ago. Unfortunately,
continued funding for the SSC is uncertain. On June 17, 1992, the House of
Representatives voted to eliminate essentially all funds for fiscal year 1993.
Funds were eventually restored by Senate and joint Congressional actions, but
the international scientific community and many others were shocked that a
project so advanced and so important to science could face the threat of
cancellation largely because of political considerations. Continued chronic
shortfalls in planned funding and uncertainties over the very existence of the
project will have deleterious effects on the overall cost and schedule of the
project, on our ability to recruit and retain qualified staff, and on our ability to
secure commitments from international partners who have been invited to join
in the scientific program and construction of the accelerator. When costs are
being considered, it is important to include the costs of lost opportunities and
the lost vision of national purpose should we stop building the SSC after
already investing so much capital, both financial and human.

The major engineering and management challenges presented by the SSC
are being met. Its construction is going well. People have left their farms and
homes to make way for the SSC, while many scientists from around the world
have moved to the new laboratory, drawn by its scientific importance. Now,
with a new administration coming to Washington and the great progress and
promise already realized, the time is here to reaffirm our commitment to this
great resource of science and education for the next century.
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I
Davip Gross

STEVE WEINBERG CALLED ME ABOUT A YEAR AGO AND ASKED ME TO STAND IN
for him at this meeting. I was very pleased to do so. I thought I would have
about an hour to explain to you in great detail the theoretical imperative for the
SSC. And then last week, Roy informed me that I had ten minutes. So I realized
that I would have to cut out my usual jokes, which is a great loss.

As Roy explained, we have succeeded in this century in constructing a
successful theory of matter and force. We have done this by exploring nature
with experiments that probe down to distances of a billionth of a billionth of
an inch. Based on these discoveries, we have constructed a theory which
identifies the constituents of matter as quarks and leptons, and explains the
forces between them. This theory is called the standard model. It’s called a
model, by the way, because when it was first proposed, the physics community
was only tentative aboutits truth, so we covered ourselves by calling ita model.
I've been trying to get people to call it the standard theory, but it’s very hard
to change terminology.

Now this model, this standard theory, is extraordinarily successful. It
appears to be consistent with all present-day observation as the precursors of
the SSC, and it has passed all experimental tests. It is, in fact, an incredible
intellectual achievement. But this success does not make us very happy. You
have to realize that physicists don’t really like success. Success is nice, but we
really appreciate problems. And, so far, the standard model hasn’t presented
us with many direct problems or paradoxes.

This success does not leave us happy for other reasons as well. In fact, we
can identify within the standard model the seeds of its own destruction. The
very success of the theory prompts us to ask new questions that were previously
unthinkable. The progress of physics or any science can be measured by the
nature of the questions that we ask. First, when we explore a new scientific area,
we ask what questions. What is the phenomenon? What'’s going on? Once we
understand what’s going on, we ask how. How does it work? How is it put
together? And once we understand how it works, we began to ask why
questions. Why is it so?

Now, in elementary particle physics, we’ve arrived at this last stage. The
standard model certainly deals with the what questions and with most of the
how questions, but it is powerless to answer the new why questions. As for the
how questions, the most important remaining how question relates to the origin
of mass which was already discussed by Roy; namely, what is the precise
mechanism of symmetry-breaking that gives a mass to the electron and to the
quark? Now I don’t have an hour to describe to you symmetry-breaking, but
there’s one analogy about symmetry-breaking that might be useful. You all
know what a symmetry is; for example, if you’re seated around a lunchroom
table and napkins are placed between the plates, there’s often a symmetry
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between the clockwise and the counter-clockwise direction. In fact, you will
often look around and you’re not sure whether to choose the napkin on your left
or the napkin on your right. So that’s a symmetry. The laws of nature, the
pattern, are symmetrical. But that symmetry has to be broken; otherwise, you
can’teat. Someone chooses a napkin, say the one to his right, and then it’s clear
everyone has to choose the napkin to his right and the symmetry pattern is
broken. Everyone has chosen the one on the right.

That’s what happens in the real world. Much of the structure of the world,
the laws of nature, has an incredibly large symmetry, but the actual pattern of
how they are manifested in the world we see around us breaks the symmetry.
It is the breaking of the underlying symmetry that is one of the most important
ingredients of the standard model. This symmetry-breaking produces the very
mass of all or most of the particles in the universe. Now, we’re pretty sure that
we understand how that symmetry is broken, the mechanism that produces the
mass, but it has not been thoroughly tested by experiment and surprises might
await us.

The standard model also raises many why questions. Why are there three
families of quarks and leptons? Atoms are made of protons, neutrons, and
electrons. The proton is made out of two kinds of quarks and in addition we
have the electrons (which are leptons) rotating about it. What we discovered
was that this pattern of quarks and leptons repeats itself three times. There are
particles just like the quarks that make up the proton and the electron, but
they’re different. We call these “families.” When the muon, the first of the new
leptons was discovered, I I. Rabi asked, “Who ordered that?”” And we’re still
asking, who ordered that? Why are there these repetitions? We have no
explanation. The families of quarks and leptons come in a very strange pattern
of masses, for which we have no explanation.

So why are there these families of quarks and leptons? Why this strange
pattern of masses? Why are the various numbers that come into the theory?
Why? Why? Why?

Most of these questions relate to the 19 parameters that enter into the
standard model. So far, all of these numbers have to be fixed by experiment.
The theory itself cannot determine these numbers nor answer these why
questions.

Now it is a fundamental article of faith among physicists that questions like
this are answerable. And that our understanding of nature will not be complete
until we understand the origin of these numbers and answer these why
questions. The standard model, therefore, cannot be the final fundamental
theory of nature.

In addition, our understanding allows us to begin to ask even more profound
questions. For example, the forces that we’ve identified and understood; the
electroweak force, which is responsible for electricity and magnetism on the
one hand and radioactivity on the other, and the strong nuclear force are, so far,
treated separately. But they show many, many similarities, which cry out for
greater unification.
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How does this unification occur? We don’t know. The specific pattern of
matter and forces that embodies the standard model must have a reason, a
simple and rational origin. What specifies this pattern? We don’t know. The
origin of matter itself is an interesting question. One component of matter is
essentially the matter that is responsible for force. For example, the quanta of
light, the photons that we observe around us, are responsible for and connected
with the origin of the force of electricity and magnetism. These elements of
nature, the particles associated with forces, photons, light rays, and their
heavier partners, W and Z bosons recently discovered at CERN, as well as the
gluons, the partners of the light rays that provide the nuclear force, are
understood. For these particles and these forces, we have a reason for their
existence. We have a symmetry principle which is responsible for the existence
of these forces. For matter, electrons and quarks, we have no such principle.
They exist, of course, but for no good reason from a theoretical point of view.
We need a more comprehensive theory, with greater symmetry, that can
explain the origin of quarks and leptons.

We expect that the SSC will enable us to transform some of these why
questions into what questions and how questions. And that’s how we will begin
to answer them. At the SSC, in a sense, we’re in a no-lose situation. We can
compare our situation to that of Columbus, as our chairman started to do,
starting out on his voyage of discovery 500 years ago. At that time, there were
three theories of the world. The first theory, the standard model, was that the
world was round and Columbus would end up in India, although many people
thought that he couldn’t make it because it was too far and Congress threatened
to cut off his funds. The second theory was that the world was indeed round,
but Columbus was mistaken and there were many New Worlds between Spain
and India and he would discover new worlds. Finally, the third theory was that
the world was not round and that Columbus would come to its edge.

Now, I think we’re in a similar situation. I actually believe in the first theory,
that the world is round, and we will find the mass-producing mechanism as
predicted by the standard model, in roughly its expected form. However, it is
conceivable that the standard model is wrong and then the mechanism is much
more complicated. All the more interesting. You see, we’re guaranteed to
discover something, either America or the edge of the world, with the SSC. The
trip cannot be boring. Beyond the shores of the standard model, I, and many
of my colleagues, have reasonable hopes that new continents will be discov-
ered with the SSC. What might these look like?

In the construction of the standard model, we have discovered that so far all
of the forces of nature emerge as consequences of profound symmetries. Most
of those symmetries are broken or hidden, which is why it’s so hard to discover
them. But they turn out to underlie everything we have learned to understand.

This really is the primary lesson that we have learned in our voyage of
discovery. The secret of nature is symmetry. This notion is also at the heart of
Einstein’s theory of gravity which governs the dynamics of space and time and
remains to be integrated with the standard model.
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Now, in attempting to understand more, to answer the why questions posed
by the standard model and to achieve further unification of the forces of nature,
theorists have invented many new things. Let me just describe briefly one of
my favorites—a new kind of symmetry called supersymmetry. (Notice how
physicists love the superlative “super.” Everything is super—supersymmetry,
superconductivity, supercollider.) Supersymmetry represents a beautiful ex-
tension of the ordinary notions of space-time symmetries. Most importantly it
offers a possible answer to one of the why questions I posed before—why does
matter exist? It also answers another fundamental question—what sets the
scale of masses in the universe?

However, if supersymmetry exists, then it’s badly broken, like the right-left
napkin symmetry, in the microscopic world we have already explored. The
only way we can hope to see this supersymmetry and its implications is by
building powerful microscopes to explore smaller and smaller distances. And
the most powerful microscopes we build today are particle accelerators.

If supersymmetry is to play its imagined role in nature, then we expect its
traces to be visible precisely at the scale of distances to be explored at the SSC.
The discovery of something like supersymmetry would be incredibly pro-
found. Now if T had five more minutes, Icould explainto youhow supersymmetry
arises from the existence of new dimensions of space. The tricky part is that
these new dimensions are not exactly the same as the ordinary dimensions that
you are acquainted with. This inner space, by the way, is called superspace.
Thus, the discovery of any one of many, many particles predicted by
supersymmetry would greatly enlarge our conception of the world, much more
so than the discovery of America. It would be very nice, in fact, if the
supercollider would reveal the existence of superspace.

The consequences of this discovery, as well as many others that might be
anticipated, as well as the many surprises that, of course, we cannot anticipate
(except that history suggests that we might very well expect surprises) are likely
to be very profound; profound in their implications not just for particle physics,
but for many other areas of science and perhaps even for society.

For example, we must understand the laws of nature that govern the very
small if we are to understand the structure of the universe as a whole—the laws
that govern the very large. The very pattern of the cosmos was set by conditions
that existed very early in its history, billionths and billionths of a second after
the big bang. At those very early times, the processes that took place were
controlled by physics that we can only recreate at the SSC. So, therefore, in
Texas, in 1999, we might, in fact, unravel the mechanism that led to the pattern
of the universe as a whole 15 billion years ago.

In conclusion, I regard the SSC as a great and exciting adventure. I'm
enormously appreciative of the heroic efforts of my experimental colleagues
to make it work and of the very generous support of our fellow citizens that



Society of Texas 25

makes it possible. And I have no doubt that history will look back and regard
this project as one of the most memorable achievements of the end of this
century. Thank you.

Schwitters: Super talk. I think it is appropriate to look at the history of this
kind of activity and relate it to what’s happened in the past. I would like to now
turn it over to Peter Galison.
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111
PETER GALISON

At first, when I was asked to say something historical about the SSC, I
thought I might discuss the development of accelerators from the time that
Lawrence first built his cyclotrons. I would then have traced for you the various
ways that the machines have been expanded through the many accelerators
leading to the SSC. But then I thought that perhaps another approach might be
more useful for this occasion, and that is to step back a bit from the specific
problems of building accelerators and the technical and physical difficulties
that went with their establishment, in order to look at the “standard model” that
we now face. For as my colleagues have just mentioned, this model has been
so enormously successful in compiling, predicting, and helping us to under-
stand the particle physics world around us that it seems to leave us defeated by
success.

The question that Roy Schwitters asked me to address, then, was this: why
go beyond the standard model? To look at this from an historical perspective,
I"d like to step back quite a bit to the start of the seventeenth century and say
a little about times in the past when physicists were persuaded that they had
come to the end of physics. Perhaps from the words of history we might draw
some small lessons.

Descartes, one of the originators of modern science, wrote in one of his great
books, modestly called The Universe, that he would set out the many rules that
determine how much an object’s motion is diverted, augmented, or diminished
by its collision with other objects. Taken together, these rules would comprise
all of the effects of nature from the beginning of the universe to the details of
the human body. Descartes left the detailed working out of all of the effects to
others who worked with or for him. But he thought he had understood the
universe, and, indeed, in many ways, he made tremendous advances, not only
in geometry and the application of mathematics to the world, but by also doing
away with many of the old Aristotelian notions such as the existence of special
properties of wetness, density, and heaviness. Descartes thought that every-
thing could be explained solely in terms of extension and the motion of matter.
There was only one stuff in the world for Descartes: you shuffled it around in
different ways and it explained things. For example, gravity was the great
vortical motion, spinning like a great whirlpool around the sun, and the planets
were pulled around it. Magnetism was explained by little tubes that, like
screws, went out from a magnet and pulled other things back toward it. Heat
was explained by the motion of particles with respect to one another. Some of
these ideas have survived, some have not. The ambition, though, was there and
Descartes thought he had come to the end of physics.
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Newton didn’t. Sir Isaac devoted a large portion of his earlier work to
showing how the theory of gravity that Descartes had put forward had to fail.
He set out new, mathematically superior laws that could be used to predict the
motion of the planets with great accuracy. Laplace, in the eighteenth century,
impressed by the success of Newton's laws, thought that they were complete
and that the universe could be explained simply by applying, in some
sufficiently difficult way, Newton’s laws.

Similarly, in the nineteenth century, many famous physicists thought that
physics had come to a halt. One of them, Albert Michelson, the first American
to win the Nobel prize, wrote in 1894:

While it is never safe to affirm that the future of physical
science has no marvels in store even more astonishing than
those of the past, it seems probable that most of the grand
unifying principles have been firmly established and that
further advances are to be sought chiefly in the rigorous
application of these principles to all phenomena which
come under our notice. It is here that the science of measure-
ment shows its importance—where quantitative results are
more to be desired than qualitative work. An eminent
physicist has remarked that the future truths of physics are
to be looked for in the sixth place of decimals.'

His program, the one that Michelson subscribed to, was that the world was
mechanical at its root, and nothing else. He believed that all of the fantastic
discoveries about light and electromagnetism, all of the new electromechanical
industries, including light and trolleys, could be understood by underlying
motions of some mechanical substance. Mechanical reductionists thought that
his all-pervading ether and its dynamics would explain everything to us.

In 1900, this mechanical reductionism was reversed by some of the leading
physicists of the time who said, no, it was actually electromagnetism that
provided all of the answers.

In 1925 Bertrand Russell, the famous philosopher, mathematician, and
logician, reflected on doubts physicists had about the old quantum theory:

Physical science is thus approaching the stage when it
will be complete, and therefore, uninteresting. Given the
laws governing the motions of electrons and protons, the
rest is merely geography—a collection of particular facts
filling their distribution throughout the portion of the world’s
history. The total number of facts of geography required to
determine the world’s history is probably finite; theoreti-
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cally, they all could be written down in a log book to be kept
at Somerset House with a calculating machine attached
which, by turning a handle, could enable the inquirer to find
out the facts at other times than those recorded. It is difficult
to imagine anything less interesting or more different from
the passionate delight of incomplete discovery. It is like
climbing a high mountain and finding nothing at the top
except a restaurant where they sell ginger beer, surrounded
by fog but equipped with a wireless. Perhaps in the times of
Ahmes the multiplication table was exciting.?

So, held Bertrand Russell, from the old quantum theory of the atom, you
could deduce everything else. And, again, it would be left to the lesser lights
to work out, crank the machine, and produce the details. Ordinarily, you might
think that this was simply the result of Russell not being himself a physicist, but
that’s not at all the case. Just a few years later, Leon Rosenfeld, one of the
foremost theoretical physicists, commented on some of the new thinking about
quantum mechanics. After reading Dirac’s paper on the theory of the electron
(this was part of the new quantum mechanics and Dirac had created a
relativistic equation of the electron that was quantum mechanical), he said,

After Dirac’s great paper on the theory of the electron one
had the impression that all the fundamental features of
atomic physics had been neatly incorporated into the new
conceptual structure, and with characteristic eagerness the
other pioneers of the atomic world Heisenberg and Pauli,
leaving to the lesser fry the polishing off of details [this gets
to be a theme], turned to the major remaining task of
applying the new methods of quantization to the electro-
magnetic field. It is difficult to those who did not witness it
to imagine the enthusiasm, nay the presumptuousness,
which filled our hearts in those days. I shall never forget the
terse way in which a friend of mine (now a very eminent
figure in the world of physics) expressed his view of our
future prospects: “In a couple of years,” he said, “we shall
have cleared up electrodynamics; another couple of years
for the nuclei, and physics will be finished. We shall then
turn to biology.™

Max Born, who in 1926-27 had provided the statistical interpretation of
quantum mechanics, wrote after 1928, “Physics as we know it will be over in
six months.”
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We must turn to more recent times, and to our colleague Sheldon Glashow,
who in 1980 introduced a workshop on grand unification with the following

words:

... we have for the first time an apparently correct theory
of elementary particle physics. It may be, in a sense,
phenomenologically complete. It suggests the possibility
that there are no more surprises at higher energies, at least
at energies that are remotely accessible. . . .Theorists still
expect novel high-energy phenomena, but only at absurdly
inaccessible energies. Proton decay, if it is found, rein-
forced the belief in the great desert extending from 100 GeV
to the unification mass of 1014 GeV. Perhaps the desert is
ablessingindisguise. Ever larger and more costly machines
conflict with dwindling finances and energy reserves. All
frontiers come to an end. You may like my scenario or not;
it may be true or false. But it’s neither impossible, implau-
sible, nor unlikely.

The last quotation I'd like to read is from Steven Hawking, who was talking
about yet another set of theories having to do with gravity. He wrote even more
recently, of

the possibility that the goal of theoretical physics might be
achieved in the not too distant future, say, by the end of this
century. By this I mean that we might have a complete,
consistent and unified theory of the physical interactions
which would describe all possible observations.

After cautioning that others had made this prediction before, he continues:

Nevertheless, we have made a lot of progress in recent
years and, as I shall describe, there are some grounds for
cautious optimism that we may see acomplete theory within
the lifetime of some of those present here.’

Now what do we make of this provocative set of remarks by some of the
leading physicists of the last 300 years, each foreseeing the prospect of the end
of physics in the near future? I think that the deepest lesson is not just that
people can be in error about where the boundaries of physics, will be, (for the
same is true of the present time), but rather that the remarkable thing about
physics is the fantastic diversity of approaches that have been applied success-
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fully. Itis not surprising that there have been a variety of speculative ideas about
where a discipline should go; there are lots of examples of disciplines with a
whole lot of bad ideas that didn’t work out. No, the surprising thing is that each
of these moments in history of physics—Cartesian mechanism, electromag-
netic reductionism, quantum theory, and unified field theory—reorganized the
goals of physics. And despite the widely divergent goals and the diversity of
ideas that have proliferated in physics, each of these generations has in fact
deeply contributed to our knowledge of the world.

So, while I think that we cannot know in advance what will come out of the
SSC, what we can hope for is a continuation of this proliferation, this
heterogeneity of thoughts, and this diversity of goals that has accompanied
each new generation of physical thoughts. There is nothing that concentrated
our collective mind better than the prospect of an imminent end of physics.
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