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Introduction

On a clear summer afternoon in 2007, as the authors of this
book complete their manuscript, a passenger peers through
the window of an airplane. As his plane flies into Chicago’s
O’Hare Field from the west, he notices a large ring on the
ground below (see fig. I.1). Near it he sees a towering white
structure, a group of colorful smaller buildings, an expanse
of forest, open fields, and lakes.

“What is that ring?” he asks his neighbor.

“Fermilab,” she replies. “It's a physics laboratory. The
government supports research there into what the universe
is made of.”

“Why the ring?”

“It’s the four-mile-round main ring of a machine called
the Tevatron. It turns protons into tools for looking in-
side the atomic nucleus. Huge magnets steer the protons
around the ring, while high voltages accelerate them. When
they reach their peak energy they collide with targets, some-
times other particles.Teams of physicists study the colli-
sions as they explore the scientific frontier. Strangely, Fer-
milab’s site is maintained to resemble the American West
as it was a century ago. There’s even a herd of buffalo!”

k %k 3k

To this hypothetical airplane conversation, intended to in-
troduce Fermilab and its frontierlike site to a member of the
public, this book adds a historical dimension and asks why
and how Fermilab saw the birth of an approach we call
“megascience.” We draw on the powerful frontier imagery,
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1.1 Thering of the frontier, 1972. (Courtesy of Angela Gonzales.)

which the physicists who work at Fermilab themselves use, and form it
into a conceptual tool to help us tell Fermilab’s story to a broad audience
that includes historians and general readers, as well as physicists.

Many writers have used the term “megascience” interchangeably with
“big science,”! to refer loosely to research supported by large sums of
money, often in the form of government grants, and conducted over long
time spans by large groups using large pieces of equipment.? In this book,
however, the term “megascience” has a more specific meaning distinct
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from what is typically called big science. In most writings “big science”
refers to the large-scale research conducted in the decades following World
War II, when the funding for science in the United States was widely
experienced as unlimited, allowing the research to grow very rapidly, with
many parameters (e.g., size, cost, numbers of collaborators, time scales)
increasing exponentially. Megascience, however, as we use the term,
evolved in a time when the government’s funding for science was slow-
ing down. While many parameters still grew, they did so more slowly
than in the first two postwar decades, causing dramatic changes in the
nature of the research.

The scholarly focus of this book is the tension intrinsic to any pio-
neering exploration whether it occurs in a scientific field or as part of a
country’s history. Pulling the explorers forward is the call of the frontier,
a force that drives them to pursue unknown territory. In experimental
particle physcis, if funding allows, this call to exploration encourages ex-
periments to grow larger, causing some of them to become long-lasting
institutions in their own right, existing within their parent institutions.
Resisting the call of the frontier are numerous constraints, many of them
social or economic. The tension causes the exploration to take a partic-
ular form. One resisting trend is competition for limited resources at a
laboratory, a counterforce that encourages the scientists to hold on to
their precious investments, especially the larger ones, such as electronic
detectors. Thus, the most striking feature of megascience is that its exper-
iments seem no longer to “end,” in the sense described by the historian
of science Peter Galison.?

By-products of these changes and features of megascience are para-
doxes, conflicts, and ironies which, while interesting for historians to
explore, are often troubling to the scientists because they threaten to
undermine fundamental aspects of their research. One paradox in this
story of Fermilab is that every advance toward the frontier worked to
limit the focus of physicists to fewer basic problems, resulting in a nar-
rowing of the research frontier. A prominent conflict in the Fermilab
story derived from the opposition between founding director Robert R.
Wilson'’s ideal that science should be pursued by lone independent ex-
plorers and the reality that research into the heart of matter requires
large, typically more bureaucratic, team efforts. Among many ironies in
the story of Fermilab is that megascience evolved there directly out of
Wilson’s vision of small-scale research.

Out of such conflicting factors emerged the Fermilab of today, home
to some two thousand employees (including staff physicists) and an
additional two thousand five hundred “users,” physicists from many
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countries who come to Illinois to work with Fermilab’s facilities. In 1967,
when the laboratory was established under the United States Atomic
Energy Commission (AEC), it was called the National Accelerator Lab-
oratory (NAL). It was renamed Fermi National Accelerator Laboratory
(FNAL), or Fermilab, in 1974.

The site of this laboratory is unusual, for the 6,800 acres of govern-
ment land on which the laboratory lies was designed to evoke the west-
ern frontier of the United States. The land appears largely unaffected by
recent suburban sprawl around the laboratory. Such development was
anticipated in 1966 when the federal and Illinois governments ruled that
NAL's large open site would be preserved for scientific research. But while
in 1967 the site consisted almost entirely of farmland, it now includes
a vast restored prairie rich with native wildlife coexisting with state-of-
the-art research facilities, often housed in brightly painted buildings.
One finds nineteenth-century farmhouses and barns amid imaginative
sculpture and modern architecture on the site. The laboratory’s impos-
ing seventeen-story central laboratory, Robert Rathbun Wilson Hall, the
towering white structure that our imaginary airplane travelers noted,
vaguely resembles a medieval cathedral in the French countryside.

The four-mile circular tunnel at the heart of the site, the “ring” central
to our story, is the track for the racing protons, which are given their high
energy by the laboratory’s accelerator, the proton synchrotron called the
Tevatron. Particle accelerators have been described as powerful micro-
scopes, because the high-energy particles they produce can probe deeply
into the nucleus, revealing its inner structure. Accelerators have also been
compared to time machines, because they re-create conditions that ex-
isted in the early universe. The energized protons in the ring are indeed,
as one of our travelers explained, among the physicists’ powerful tools
for probing frontiers of nature. They perform a role similar to that of the
spyglass, the ax, or the plow used to explore the American West.

The story told in this book unfolds in three parts. Part 1 (chapters 2,
3, and 4) presents Fermilab’s prehistory, beginning in 1960, before the
founding of the laboratory in 1967. During this heady period of parti-
cle physics many scientific discoveries fueled a desire to break through
that era’s energy frontier of roughly 30 GeV and reach energies greater
than were available then at Brookhaven National Laboratory (BNL) on
Long Island, New York (33 GeV), or at the European nuclear research
laboratory CERN in Geneva (28 GeV).* (A GeV is a unit of energy. In
1960 physicists used the two energy measures of BeV [billion electron
volts] and GeV [giga electron volts] interchangeably in referring to the
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energy achieved by an electron energized to a billion volts. While most
Europeans preferred the term GeV, many Americans, including Robert
R. Wilson, used BeV. As GeV had become the more popular term by the
time NAL was built, we use GeV throughout this book in an effort to
avoid confusion, unless the term BeV appears in a direct quote.)’

In 1960, when American physicists still enjoyed the high level of sup-
port characteristic of the postwar period, a number of groups submitted
proposals for high-energy accelerators in the 100-1000 GeV range to the
Atomic Energy Commission (AEC), which had grown out of the wartime
Manhattan Engineer District. To evaluate the flurry of requests, an im-
portant joint panel of President John F. Kennedy’s Scientific Advisory
Committee (PSAC) and the General Advisory Committee (GAC) of the
AEC was assembled. This panel, chaired by Harvard physicist Norman
F. Ramsey, would shape the course of particle physics for the next sev-
eral decades by recommending, in May 1963, that a frontier proton
accelerator in the energy range of several hundred GeV be designed by
Ernest Lawrence’s laboratory in Berkeley, then known as the Lawrence
Radiation Laboratory (LRL) (later as the Lawrence Berkeley Laboratory
[LBL] and now as the Lawrence Berkeley National Laboratory [LBNL]).
Berkeley accelerator physicists designed a reliable 200 GeV synchrotron
with a projected cost of $340 million. Berkeley’s physicists expected to
build the machine in California, but within only a year political forces
and new ideas about how and where large-scale physics should be done
dashed Berkeley's plan.

Wilson, who had been one of Lawrence’s graduate students during
the 1930s, and later became a professor at Cornell, made his dramatic
entry into Fermilab’s prehistory in September 1965, when he offered a
well-publicized criticism of the Berkeley machine. Referring to the de-
sign as conservative, unimaginative, and far too expensive, he proposed
instead an innovative and far less costly alternative based on principles
he had employed in building accelerators at Harvard and Cornell.® The
Berkeley physicists dismissed Wilson’s proposal, but Congress appreci-
ated his lower cost projection in this time of war in Vietnam. National
politics, growing tensions between East Coast and West Coast physicists,
and arguments by physicists from the Midwest claiming that they de-
served a new accelerator in their region all affected the selection of the
new accelerator’s site. Both East and West Coast physicists were disap-
pointed when in December 1966 a site in suburban Chicago was chosen
for the new laboratory, contributing to the “postwar suburbanization of
American physics” that historian David Kaiser has described.” Berkeley
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1.2 The art, architecture, and buffalo of Robert R. Wilson’s Fermilab, 1990. (Courtesy of FNAL
Visual Media Services.)

physicists, who expected to lead the new laboratory, were shocked when
Wilson was offered the position of director.

Part 2 of the book (chapters 5-8) tells how Wilson created the new lab-
oratory his way. Since he had once aspired to be a cowboy, it was natural
for him to apply the cultural idiom of the American frontier to this build-
ing process.® He used the familiar frontier rhetoric to help his staff ac-
cept the hardships of work under primitive conditions and to encourage
them to take cost-saving risks in building the accelerator. Wilson embraced
frugality, not only as a social need but also as part of his personal aesthe-
tic and frontier ideology. He expressed his vision of research as performed
ideally by lone, independent scientists working in frontierlike condi-
tions in a limited funding environment. Hoping to redeem what the
Manhattan Project had wrought upon the world, Wilson and his deputy
director, University of Illinois physicist Edwin L. Goldwasser, planned a
utopian laboratory intended as a place of beauty (fig. [.2) devoted to the
peaceful pursuit of particle physics and contributing to cultural and so-
cial advancement.’
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A crucial component of Wilson’s laboratory was its new philosophy in
which access by outside users would be determined solely on the merits
of their research, not according to the prestige or location of their home
institution. The concept of the “truly national laboratory” (TNL)—that
a national physics facility should be governed by a democratic user
policy—had been proposed in 1963 by Columbia University experimen-
tal physicist Leon M. Lederman. It was to signify that the new laboratory
would adhere to TNL principles that Wilson named it the National Ac-
celerator Laboratory (NAL).

Slashing costs in every way, while using frontier rhetoric to encour-
age creativity and motivate his staff, Wilson argued that any technology
that worked the first time was overdesigned and thus overpriced. Despite
numerous crises, including a particularly troubling one in 1971 when a
large fraction of the accelerator’s magnets shorted out, Wilson’s new
laboratory and its accelerator were completed on time, at a lower cost
than budgeted, with almost twice their design energy, and with more
experimental areas than had originally been planned. The experimental
research under Wilson suffered because of Wilson’s imposed frugality,
but as we demonstrate, for example, in our account of the discovery of
the “bottom quark” (chapter 7), much important research was neverthe-
less conducted at Wilson’s laboratory.

Wilson turned promptly to the next frontier as soon as he com-
pleted the laboratory’s original accelerator (the so-called Main Ring). He
planned to double the energy of the accelerator by building a second ring
of magnets in the Main Ring tunnel. The novel feature of this second
ring was its use of superconducting magnets, then a new and untested
technology for large accelerators. The plan proved viable; Wilson’s En-
ergy Doubler (also called the Energy Saver, the Doubler/Saver, and later
the Tevatron) would also save power and money. But in the later years
of Wilson'’s tenure he struggled unsuccessfully to gain funding for the
Energy Doubler. Severe budgetary pressures brought him to resign and
then to step down in 1978.

Part 3 (chapters 9-13) explains how Lederman, who became Fermi-
lab’s second director, revitalized the laboratory and succeeded, at least
initially, in extending its horizons. Lederman brought Wilson’s Energy
Doubler to life, opening the trillion electron volt (TeV) energy domain.
The research under Lederman also carried Fermilab into the era of mega-
science. This venture proceeded along two tracks simultaneously, one in
the existing fixed-target program (discussed in chapter 11) and the other
based on the use of colliding beams to reach higher energies (discussed
in chapter 12). Long-lived “strings” of experiments and their follow-up
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efforts allowed the largest experimental programs to continue to operate
for decades or more. Drawing on the historical analysis of philosopher of
science Mark Bodnarczuk, we interpret these strings as part of the physi-
cists’ effort to cope with the growing investments needed for survival in
the 1980s. We illustrate with a brief analysis of the birth of a particular
experiment string, one that aimed to study charmed particles.

In approaching megascience along the colliding-beams track, Fermi-
lab built two mammoth detectors to analyze the collisions, first CDF, the
Colliding Detector at Fermilab, and then DZero, named for its location
on the Main Ring. Growing up in the shadow of CDF, DZero was given
fewer resources, but it in time grew comparable in scale to CDF. Larger
than many earlier laboratories, the experiments at CDF and DZero bore
fruit in their 1995 codiscovery of the “top quark,” arguably the outstand-
ing achievement of American megascience.

In the second half of his tenure as director, Lederman attempted to
extend Fermilab’s horizon beyond the range of the Tevatron, proposing
the 20 TeV on 20 TeV Superconducting Super Collider (SSC). Just as the
call of the frontier had motivated Wilson to propose the Energy Dou-
bler, a project that carried him into territory he could not navigate,
Lederman’s ambition to build the SSC at Fermilab brought him into
stormy seas. The storms did not subside during the tenure of Fermilab’s
subsequent directors, as we briefly outline in the epilogue.

As of this writing, Fermilab has offered high-energy physicists almost
four decades of passage into the scientific hinterland of subnuclear phy-
sics. During this time countless secrets of nature have been uncovered.
But it was only a matter of time before this adventure would end. Serious
political and economic circumstances presently threaten the survival of
the Tevatron, and perhaps of Fermilab. “The whole point of the frontier
had been to vanish,” wrote historian William Cronon in an interpre-
tation of the historian Frederick Jackson Turner’s classic work on the
frontier. The purpose, Cronon claimed, “was to prepare the way for the
civilization that would eventually replace it.”!°
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The Call of the Frontier

From the conditions of frontier life came intellectual traits of profound impor-
tance. ... That coarseness and strength combined with acuteness and inquisi-
tiveness; that practical, inventive turn of mind, quick to find expedients; that
masterful grasp of material things, lacking in the artistic but powerful to effect
great ends; that restless nervous energy; that dominant individualism, working
for good and for evil, and withal that buoyancy and exuberance which comes
with freedom—these are traits of the frontier, or traits called out elsewhere be-

cause of the existence of the frontier. FREDERICK JACKSON TURNER'

Every culture has its stories about those who were attracted
to exploring frontiers and seeking new worlds. In science,
from antiquity onward, naturalists and natural philosophers
have employed the imagery of frontier exploration to help
express their identity as pioneers who pursue the limits of
man’s understanding of nature. For experimental physicists,
their laboratory is an exploration vessel, like the sailing ships
or covered wagons of earlier explorers, or the spacecraft of to-
day’s astronauts. In high-energy physics, Fermilab has func-
tioned as a flagship for almost four decades.

Voyages of exploration need their patrons. Many of the
classic stories about exploring frontiers (e.g., of the pursuits
of Meriwether Lewis and William Clark) pivot on the ten-
sion among those who explore, those who stay behind, and
those concerned with economic gain. The United States
government’s support of weapons research during World
War II created the large national institutions that have been
funding much of American science since then. Today’s phy-
sicists routinely use the word “frontier” in their research pro-
posals because government funding agencies still respond
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well to frontier rhetoric.? In return for the support they offer, these pat-
rons shape the explorations, at least to some extent. Control is an on-
going theme in frontier narratives. In physics the wish to build costly
accelerators for research in particle physics has had to mesh with the
government'’s interest in supporting a group of technically trained re-
searchers for reasons of national security.?

The historical notion of the frontier received one of its most articulate
and influential treatments in an address delivered in July 1893 in Chicago
by the historian Frederick Jackson Turner (fig. 1.1). Speaking at the
World’s Columbian Exposition, the world’s fair held to celebrate the
four hundredth anniversary of the landing of Columbus in the Western
Hemisphere, Turner argued that when American settlers confronted the
western frontier during the eighteenth and nineteenth centuries, they
engaged in a process that cultivated social and cultural traits, such as in-
dividualism, democracy, and political equality.* To the frontier itself—
to the “hither edge of an area of free land”—Turner ascribed the power
to foster a national character. Turner claimed: “The frontier is the line of
most rapid and effective Americanization. The wilderness masters the col-
onist. It finds him a European in dress, industries, tools, modes of travel,
and thought. It takes him from the railroad car and puts him in the birch
canoe. It strips off the garments of civilization and arrays him in the
hunting shirt and the moccasin. ... At the frontier the environment is
at first too strong for the man. He must accept the conditions which it
furnishes, or perish.”’

Turner went so far as to suggest that the act of confronting the fron-
tier generated positive attitudes, such as optimism, individualism, con-
fidence, dynamism, and the courage to venture beyond the safe and
familiar, producing an “antipathy to control.”® The members of frontier
communities thus arrived, in Turner’s view, at a distinctly American out-
look which was (at least in principle) individualistic, progressive, prac-
tical, and democratic.” Subsequent historians were quick to criticize
Turner’s sweeping thesis, pointing out many overlooked aspects of fron-
tier life, for example, the brutality committed against Native Americans,
animals, or the land itself. More recently historians have noticed that
Turner’s “American” outlook is male gendered and white. While Turner’s
thesis fell into some scholarly disfavor, the rhetoric and imagery of its
grand narrative, as well as its provocative description of America’s na-
tional growth, remained alive and passed into American popular cul-
ture.® Frontier stories became part of the American mythology, and they
continue to be dramatized, not only in histories read by generations of
Americans but also in productions by the entertainment industry or in

10



THE CALL OF THE FRONTIER

1.1 Historian Frederick Jackson Turner, author of the 1893 “Frontier Thesis,” presented at the
World’s Columbian Exposition in Chicago. (Courtesy of The Wisconsin Historical Society,
image no. WHi-28376.)

actual re-creations, like Frontierland in Disneyland and countless “fron-
tier towns.”?

Ideas about the frontier have also permeated the rhetoric of Ameri-
can politics. Even before Turner’s address, President Theodore Roosevelt
published two articles on his own frontier experience (“Frontier Types”
[1888] and “In Cowboy Land” [1893], in the Century Magazine). Subse-
quently, President and Professor Woodrow Wilson glorified the American

1
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frontier in his popular articles. Politicians on both sides of President
Franklin D. Roosevelt’s New Deal found the notion useful. Proponents of
the policy argued that “the end of the frontier” meant that government
must offer the security and opportunities formerly provided by the West,
while opponents claimed that government meddling in the marketplace
would undermine American individualism and self-reliance.!®

Roosevelt connected the frontier with science when, in November
1944, he sought advice from Vannevar Bush on how the government
should proceed with science after the Second World War. Roosevelt was
optimistic about the benefits of science, for he wrote: “New frontiers of
the mind are before us, and if they are pioneered with the same vision,
boldness, and drive with which we have waged this war we can create
a fuller and more fruitful employment and a fuller and more fruitful
life.”1! An MIT professor of electrical engineering, Bush was then serving
as the director of the White House Office of Scientific Research and De-
velopment. He responded positively to Roosevelt's frontier imagery,
employing more frontier imagery when he replied in July 1945 with rhe-
toric intended to galvanize government support of basic research: “The
pioneer spirit is still vigorous within this Nation. Science offers a largely
unexplored hinterland for the pioneer who has the tools for his task. The
rewards of such exploration both for the Nation and for the individual
are great. Scientific progress is one essential key to security as a nation, to
our better health, to more jobs, to a higher standard of living, and to our
cultural progress.” Thus, in 1945 Bush painted an image of scientists con-
fronting an endless scientific frontier in the nation’s interest. He was,
however, worried about the damaging consequences of closing such fron-
tiers. In his memoirs he confessed that he became anxious years earlier,
“when [ was told [as a child in 1919] that the frontier had been occupied,
that all of man’s wants had been met, that science had come to the end
of a trail.”!2

Bush then used this frontier imagery effectively in his 1945 pamphlet
Science, the Endless Frontier, which ushered in the golden age of American
science funding. As other historians have shown, the major American na-
tional funding agencies of today (such as the National Science Foundation,
established in 1950) grew out of the discussions that Bush stimulated in
1945, and this period of well-supported government-funded research,
which lasted through the 1960s, resulted in much scientific progress and
many Nobel prizes.!® Science grew so rapidly that scholars of science, not-
ing its apparently exponential growth, used the term “big science.” Alvin
Weinberg, the director of Oak Ridge National Laboratory, popularized
the term in the mid-1960s.1*

12
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During the 1960s, heroic frontier imagery illuminated the rhetoric of
many politicians who spoke about science and technology. When John
F. Kennedy accepted his party’s presidential nomination in July 1960, he
spoke in his “New Frontier” address of “the frontier of the 1960s, a fron-
tier of unknown opportunities and perils, a frontier of unfulfilled hopes
and threats.” He referred to “uncharted areas of science and space, un-
solved problems of peace and war, unconquered pockets of ignorance
and prejudice, unanswered questions of poverty and surplus.” And as he
inspired the nation to undertake space exploration he asked Americans
“to be new pioneers on that new frontier.”!

Scientists took advantage of the imagery’s popularity and used the
rhetoric even when communicating among themselves, sometimes in
code. No physicist misunderstood when Arthur Holly Compton, the di-
rector of the Chicago Metallurgical Lab, reported to James Conant, the
president of Harvard, on December 2, 1942, “The Italian navigator has just
landed in the new world.” They knew it meant that Enrico Fermi had
achieved the first self-sustaining nuclear chain reaction.!® Three decades
later, Fermi would be a model for his Los Alamos colleague Robert R. Wilson,
when Wilson created the National Accelerator Laboratory (fig. 1.2).

References to the frontier appeared often in the writings and speeches
of Fermilab’s founding fathers. They readily tapped into the deeply rooted
spirit evoked by frontier imagery. Wilson was familiar with the imagery,
having been born in Frontier, Wyoming, and having spent some of his
early years as a cowboy. While he did not, as far as we know, ever refer
to Frederick Jackson Turner, the imagery Wilson used was remarkably
similar to Turner’s. Wilson's rhetoric, however, reflected his interest in
designing the new laboratory as a workplace for rugged, self-reliant, de-
termined researchers with a zeal for conquering the unknown with their
hands-on efforts. His imagery also differed from Turner’s in that his ideal
included equality for minorities, women, and outside users.

When Wilson brought his perspective to the final congressional au-
thorization hearings of the JCAE in 1969, Senator John Pastore asked a
witness, Paul McDaniel of the AEC, what the new laboratory would of-
fer for national defense. As Edwin Goldwasser, Wilson’s deputy director,
remembered, “the witness on the stand was dumbfounded and speech-
less.” Wilson, who was sitting beside the science statesman Norman Ram-
sey, then asked whether he might answer instead. “Norman, although he
was unaware of any precedent for audience participation in a Congres-
sional hearing, told Bob to go ahead and try to be recognized,” said Gold-
wasser.!” The message that Wilson offered became legend: “[It] has only
to do with the respect with which we regard one another, the dignity of
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1.2 Robert Rathbun Wilson in his Cornell University office, 1966. (Cornell University. Photograph
by Sol Goldberg. Division of Rare and Manuscript Collections, Cornell University Library.)

men, our love of culture. ... It has to do with, are we good painters, good
sculptors, great poets? I mean all the things we really venerate and honor
in our country and are patriotic about. It has nothing to do directly with
defending our country except to make it worth defending.”'® Against the
background of the Vietnam War, escalating urban violence, declining
prospects for scientific employment, and eroding research funding for
the first time since World War II, this message was heartening.
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Wilson’s version of the frontier rhetoric forged an identity at Fermilab
that unified his workforce.’” NAL'’s frontier theme was well articulated
by Wilson'’s first associate director, M. Stanley Livingston, who wrote in
1968, “There is in mankind a driving urge to explore the unknown.”?°
Linking the frontier with the research about to begin at the new labora-
tory, he wrote, “In past ages much of this exploration was geographical—
the search for new continents and new seas.” He then explained, “In our
generation the most challenging frontiers lie in the search for new knowl-
edge about nature and about man, and the most dramatic progress has
been made on the frontiers of science.” One search was to identify the
ultimate constituents of matter. “The frontier of high energy and the in-
finitesimally small is a challenge to the mind of man. If we can reach and
cross this frontier, our generation will have furnished a significant mile-
stone in human history.”?! Livingston was accustomed to pursuing fron-
tiers in his work using particle accelerators. He had built the first cyclo-
tron four decades earlier while in graduate school at the University of
California in Berkeley. This instrument for particle acceleration had been

1.3 M. Stanley Livingston (left) and Ernest O. Lawrence (right), standing by the 27-inch cy-
clotron magnet at the Lawrence Berkeley Laboratory, 1939. (Courtesy of American Institute
of Physics.)
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conceived two years earlier by Livingston’s mentor Ernest O. Lawrence
(fig. 1.3), who had also embraced the imagery of the frontier—for exam-
ple, in his Nobel Prize acceptance speech in December 1939, titled “The
New Frontiers in the Atom.”??

To some, Wilson'’s heroic tales of pioneers struggling on the frontier
offered relief or even hope during the turbulence of the late 1960s. But
the application of his frontier imagery to Fermilab’s site had obvious
limits. The physicists clearly did not face the physical dangers of the Old
West or of the atomic West. And even if the landscape contained vestiges
of the prairie, everyone knew the Fermilab site had once contained a
housing development and farms, and that the city of Chicago was not
far away.

Fermilab was not the only research laboratory to use the frontier
motif. For example, in the state of Washington, Hanford Laboratory and
its company town Richland, as John W. Findlay notes in his history of the
plutonium-producing community, “fashioned an identity by conjuring
up images of an Old West full of untamed nature, harsh conditions, and
individual sacrifice.”?3 Like the workers at Fermilab, those at Hanford saw
themselves as pioneers, although at Fermilab the territory being explored
was particle physics, while at Hanford it was the “industrial frontier.”?*

At the turn of the twentieth century, Turner suggested that historians
pay “attention to the frontier as a fertile field for investigation,”?® but
only a few historians of science have drawn on this imagery as a con-
ceptual tool.?® As the following chapters illustrate, historians of physics
have an especially fertile opportunity to heed Turner’s suggestion, given
the broad application that physicists, and especially particle physicists,
have made of the frontier both as image and metaphor. By unveiling the
layers of meaning within the physicists’ own use of the term “frontier,”
historians of science can forge a powerful tool to help them integrate
within general history such major developments in science as the rise of
large high-energy physics research laboratories.
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TWO

The Several Hundred GeV
Accelerator, 1959-1963

The scientists of the United States, native and foreign-born, have led the world
in high energy physics. Over the last decade, most of the major inventions and
discoveries in high energy physics have been made in U.S. laboratories. Several
of these have been recognized by the award of the Nobel Prize.

NORMAN F. RAMSEY'

In late summer of 1960, the community of high-energy phy-
sics was buzzing with surprising news. The proton beams
emerging from the first two large alternating-gradient accel-
erators were of much higher intensity than expected. Both
machines—CERN’s Proton Synchrotron (PS), operating in
November 1959, and Brookhaven’s Alternating Gradient
Synchrotron (AGS), operating in July 1960—were in the
range of 30 GeV.

The PS and AGS followed a line of important accelera-
tor technologies pioneered by Ernest Lawrence’s cyclotron,
which he invented in 1929. But while in the first circular
particle accelerator, the cyclotron, light positive ions spiraled
outward in a constant magnetic field, gradually increasing
their radius by the action of a constant-frequency alternat-
ing electric field synchronized with the circular movement
of the particles, in the subsequent generation of circular ac-
cerators, known as synchrotrons, which had been invented
by the Russian physicist Vladimir Veksler in 1944 as well
as by Edwin McMillan in 1945, the circular radius of the
particles was held constant by varying either the frequency
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of the accelerating voltage or the strength of the magnetic field. With
particles having a constant, rather than a spiraling-outward path, the
synchrotron was a vast improvement on the cyclotron, because the ac-
celerator could take the shape of a doughnut; the reduction in material
of a doughnut-shaped accerator drastically reduced its cost.

The alternating-gradient (or “strong-focusing”) principle was the next
major advance in circular accelerators after the synchroton. The princi-
ple behind it was developed collaboratively in 1952 by three Brookhaven
physicists: Ernest Courant, Stanley Livingston, and Hartland Snyder. (It
was learned later that the Greek electrical engineer Nicholas Christofi-
los had already invented strong focusing two years earlier.) The strong-
focusing principle allowed much larger accelerators to be built at lower
cost, because focusing the particle beam could be performed relatively
easily using an alternating series of converging and diverging magnetic
lenses.? The unexpected demonstration that the two first large strong-
focusing machines had high intensity as well as higher energy assured
physicists that the tradition of building ever larger and more powerful
accelerators would continue for a long time.

Proposals from MURA, Caltech, and Berkeley, 1959-1960

Soon the lure of new data at higher energies inspired the planning of ac-
celerators having much higher energy. Even with America’s increasing
military involvement in Southeast Asia, the myriad of social problems
that erupted in America during the 1960s, the continuing appreciation
of the scientific advances made by physicists in World War II caused the
United States government to be willing to fund larger accelerators.®> One
of the first viable proposals emerged during a summer 1959 workshop
held in Madison, Wisconsin, and sponsored by the Midwestern Uni-
versities Research Association (MURA). MURA'’s innovative Fixed-Field
Alternating Gradient Accelerator (FFAG), then in design form, was to
produce an intense proton beam by colliding two 10-15 GeV beams.*
MURA hoped to build the machine in the Midwest. The primary aim
of MURA’s summer meeting was to design and generate support for the
FFAG, which was also studied at the meeting in relation to other existing
schemes for achieving high energy or high intensity. As this workshop
took place before the PS or AGS began operating, many of the physicists
attending the meeting thought that the only practical route to higher en-
ergies was by colliding particle beams. High-energy fixed-target machines
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(machines whose beams were directly used in experiments), they be-
lieved, would be prohibitively expensive, and perhaps not even useful,
because above 5 GeV the particles would be confined to a narrow cone
and would therefore be difficult to distinguish.®

Alvin Tollestrup, an experimental physicist from Caltech who would
later play a major role in Fermilab’s history, was a participant in this
workshop. He recalled that MURA's physicists were so confident in their
FFAG design that they issued a challenge to everyone present to design
a technically and economically feasible fixed-target machine that could
produce the same energy at the point of collision that the FFAG would
produce (i.e., 300 GeV).% Tollestrup’s Caltech colleague Matthew Sands
took this challenge up. An iconoclast by nature, Sands reinvented a scheme
(which, in fact, Wilson and also Argonne physicist Lee Teng had sug-
gested but not implemented several years earlier) based on forming a
cascade of several accelerators. In this plan, an accelerated beam would
be injected from one machine into the next higher-energy one.” Sands
hoped to cut costs by accelerating the particles to high energy in a “boo-
ster” synchrotron and then, at a fairly high injection field, feeding the
accelerated beam emerging from the booster into the main synchrotron,
where it would reach several hundred GeV. Money would be saved be-
cause beams of particles have a smaller cross section after acceleration
and thus the largest synchrotron would be able to function with magnets
of smaller apertures.’

Most of the participants in the MURA workshop did not take Sands’s
proposal seriously, for it was thought that one could not control such a
large system or work with accelerator magnets as small as Sands speci-
fied. But in computing the details with a subgroup of participants in the
MURA study, including Tollestrup as well as Courant and M. Hildred
Blewett from Brookhaven, Sands estimated that the cost of his 100 and
300 GeV cascade designs would be about the same order of magnitude
as an FFAG accelerator of 10 GeV. Optimizing the parameters, Sands re-
alized that he could achieve 300 GeV most efficiently by injecting beam
into the main ring from a 10 GeV-range “rapid-cycling” booster syn-
chrotron. The high repetition rate of such a booster would make it pos-
sible to produce a high-intensity beam. He calculated that the magnet
aperture in the main accelerator ring could be as small as a few square
centimeters.’

After the workshop, Sands and Tollestrup worked further on achieving
300 GeV. They were joined by their Caltech colleague, Robert Walker.
To the booster synchrotron and the main ring in their proposed accel-
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erator system, they added a linear accelerator to inject protons into the
booster.!? Next, Sands, Tollestrup, and Walker invited Snyder, Courant,
and Hildred Blewett from Brookhaven, Kenneth Robinson from the
Harvard-MIT Cambridge Electron Accelerator (CEA), and Robert Hulsizer
from the University of Illinois to join their effort. Their report, “A Proton
Synchrotron for 300 GeV,” estimated the cost of the proposed machine,
including preparation of the site, salaries, and accelerator components, at
$77 million.!! In May 1960, Sands, Tollestrup, and Walker proposed that
Caltech formally support the small group that was working on the de-
sign and “initiate a project” for designing the next high-energy accelera-
tor.!?

By that time, several physicists who were part of a planning group at
Lawrence’s laboratory in Berkeley had also conceived a proton synchro-
tron in the several hundred GeV range.!® The Berkeley laboratory was
now headed by Edwin McMillan, whom Lawrence had picked as his suc-
cessor. McMillan’s interest in building a larger accelerator had been
sparked in March 1960 when CERN director John Adams visited Berkeley
bringing news about the operation of the PS. On August 12 that year,
McMillan convened an accelerator planning committee to consider
building a strong-focusing synchrotron similar to the CERN PS and the
Brookhaven AGS but of higher energy.!* Along with Luis Alvarez, Glenn
Seaborg, and Robert Wilson, McMillan had been one of “Lawrence’s
boys” (fig. 2.1), the group of young men Lawrence gathered around him
in the 1930s to help him bring the Berkeley laboratory to prominence.!s

When Sands learned about McMillan’s new accelerator planning group,
he wondered whether the Caltech and Berkeley groups should join
forces. Two months later, Berkeley physicists Lloyd Smith, McMillan,
and David Judd attended a meeting at Caltech at which the Caltech and
Berkeley groups “agreed that as much interchange of ideas should take
place as possible without setting up a formal connection, and that we
should try to reach agreement on a single proposal for the West Coast.” 16
Caltech had, in any case, judged Sands’s accelerator project too expensive
to support on its own. A sponsoring group named the Western Accelera-
tor Group (WAG) was then formed. WAG included, besides Caltech, the
University of California at Los Angeles, the University of California at
San Diego, and the University of Southern California. But the University
of California at Berkeley did not join WAG. In March 1961, Sands ex-
plained to John Blewett, a leading accelerator physicist at Brookhaven,
that the WAG effort was “still working independently but in close com-
munication with Berkeley.”!?
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2.1 Lawrence and his “boys,” 1939. Lawrence is in the center of the front row; McMillan is
fourth from the left in the middle row; Wilson is third from the right and Oppenheimer is
sixth from the right in the top row. (Courtesy of Emilio Segre Visual Archives, American
Institute of Physics.)

Meeting on Ultra-high-energy Accelerators

Discussions about building larger accelerators were also taking place in
international meetings sponsored by the High-Energy Physics Commis-
sion of the International Union of Pure and Applied Physics (IUPAP). In
1959, Soviet and American physicists explored a proposal for a joint U.S.-
USSR accelerator project as one of several cooperative ventures in unclas-
sified atomic energy research. Meetings between Soviet premier Nikita
Khrushchev and U.S. president Dwight D. Eisenhower had encouraged
scientific exchange between their countries. One result was a U.S.-USSR
information exchange agreement signed on November 24, 1959, by AEC
chairman John A. McCone and his counterpart, chairman of the USSR
Administration of Atomic Energy Vasily S. Emelyanov. When McCone
asked Emelyanov whether Soviet physicists would be interested in ex-
ploring an international accelerator collaboration, Emelyanov proposed
to McCone in July 1960 that it might be “convenient to take advantage
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of the presence of our high energy physics specialists in the USA for the
Rochester Conference to conduct a preliminary exchange of views.”18

On learning of this Soviet interest during a visit to the USSR, Robert R.
Wilson of Cornell took the initiative to organize an informal meeting at
the 1960 Rochester Conference to discuss the new “ultra-high-energy”
accelerators. Held on August 28, 1960, this meeting provided a conve-
nient forum for exploring the pros and cons, as well as the methodology,
of experimenting at much higher energy.!” While the Soviets hardly spoke
at the meeting (perhaps because of the period’s mercurial political cli-
mate), the Americans and Europeans hotly debated the proposed ultra-
high-energy accelerators. American physicists tended to be confident
about the possibility. J. Robert Oppenheimer, one of the American en-
thusiasts, felt that higher energies might reveal new unstable heavy par-
ticles. Pointing out that “we do not know what we shall find,” Oppen-
heimer considered it “likely that essential novelty will appear” at higher
energy. In any case, he added, “a knowledge of what does in fact occur
in this domain will take us a long way” toward understanding subatomic
matter. The Germans tended to be more skeptical. Werner Heisenberg
remarked that since cosmic ray data had revealed little at higher ener-
gies, they might “find nothing of great interest” at higher energies. Oth-
ers considered the disappointing cosmic ray evidence “inconclusive,”
because of the limitations of cosmic ray detection techniques and the
small number of events. In his conference summary, Wilson judged that
“the range of opinion between optimism and pessimism is fairly uni-
formly populated by physicists—but shaded a bit toward those who are
optimistically minded.”?°

A variety of accelerator designs in the range of 100-1000 GeV were
discussed at Wilson’s meeting—linear accelerators, colliding-beam ma-
chines, and proton synchrotrons. MURA members supported their FFAG,
but most of those present considered colliding beams to be a technology
“of the future,” because they required detectors having submicrosecond
time resolution, a requirement not yet met by that period’s primary de-
tection apparatus, the bubble chamber.?! Also discussed were the new
proposals from California in which protons would be accelerated to hun-
dreds of GeV in a circular fixed-target synchrotron. According to Wilson,
the group agreed that for about $100 million—or at most $200 million—
it would be feasible to push the design of a conventional alternating-
gradient proton synchrotron to 100 GeV, or even higher, and that this
sum might even cover the first round of experiments. By pushing the
tolerances, they could hope to attain 1000 GeV at a cost of less than $1
billion, “really a bargain of course,” concluded Wilson.??
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Proposals by Brookhaven, Berkeley, and
Caltech—August 1960-December 1961

The issue of building an accelerator in the 100-1000 GeV range was then
taken up by many physics advisory panels. In December 1960, a joint
panel was assembled under Emanuel Piore, IBM’s director of research,
consisting of the President’s Science Advisory Committee (PSAC) and the
General Advisory Committee (GAC) of the AEC. Piore issued the panel’s
report, which recommended approval of the electron linear accelerator
at the Stanford Linear Accelerator Center (SLAC), intensive studies of
strong-focusing proton synchrotrons, including studies oriented toward
much higher energy “within the next few years,” and continued collab-
oration with the Soviets.2® The Piore Panel was lukewarm about MURA’s
FFAG, because the unexpectedly high intensity of the Brookhaven AGS
and CERN PS had eroded the FFAG's relevance. While the AGS and PS
beams were still roughly a hundred times less intense than those proj-
ected for the FFAG, the panel pointed out that by increasing energy
instead of intensity physicists gained “the additional advantage of ex-
tending the range of study of all known primary and secondary pheno-
mena and of adding the potential of new phenomena such as undis-
covered particles.” The Piore Panel also noted that to accommodate the
next generation of accelerators, the annual high-energy physics budget
might need to be increased by as much as $200 million by 1970.24
Brookhaven’s plan to build an accelerator in the 300-1000 GeV range
was discussed at a meeting arranged by the AEC in response to the Soviet
and American plans to collaborate on an accelerator project. It was held
on September 16, 1960, at the American Institute of Physics (AIP) in
New York City. This meeting was attended by two delegations of physi-
cists: a Soviet one led by Vladimir Veksler from the Joint Institute for
Nuclear Research (JINR) at Dubna and an American delegation led by
Brookhaven director Leland Haworth. The delegations agreed that their
nations should sponsor national study groups that could later cooper-
ate. A “comprehensive intergroup discussion” was planned for the up-
coming International Accelerator Conference at Brookhaven during the
following summer, in 1961. In an effort to avoid competition with on-
going national efforts, the participants agreed that their international
accelerator should have an energy greater than 300 GeV.? John Blewett
assembled a group at Brookhaven to prepare a preliminary design study
for the American contingent of this international collaboration.
Meanwhile, the national effort to build a 200-300 GeV accelerator
continued in California. In April 1961, WAG and Berkeley submitted
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their separate proposals to the AEC. WAG requested $593,000 to support
a fifteen-month study of the design for a new proton synchrotron project
to be directed jointly by Sands and Robert Bacher, a former Los Alamos
division leader and former AEC commissioner who was then chairman of
Caltech’s physics department. The proposal included Sands’s earlier Sep-
tember 1960 report on the 300 GeV cascade synchrotron, as well as other
reports expanding Sands’s ideas.?® Among those who appreciated Sands'’s
design was Wilson, who wrote to Sands in April 1961: “I have been
watching your efforts with the 300 GeV machine with open-mouthed
admiration. It seems to me that you are working on the right problem
at the right time, and I am sure that something will come of it all.”?”

The Berkeley proposal, which McMillan submitted in late April 1961,
described a somewhat more ambitious machine than did WAG'’s, with
a higher price tag. The request was for $3 million for a two-year period
to design an expanded alternating-gradient synchrotron in the 100-300
GeV range. The research included extensive injector studies.?® The WAG
proposal was in many ways more attractive than Berkeley’s, for its design,
which had been studied longer and more extensively, stressed economy
and introduced a more innovative injector scheme. Also WAG planned
to augment its nucleus of designers with outside experts who would ob-
tain some support from their home institutions. On the other hand, Berke-
ley had an established reputation and far more experience in building
large accelerators than any of the WAG universities. As Tollestrup and
Walker recalled, the Berkeley physicists tended to discount WAG's pro-
posal, or at best see it as part of the Berkeley project.?’ Whether Berkeley
ever gave serious consideration to WAG's efforts is uncertain.

One reason Berkeley’s budget topped WAG's was that Berkeley es-
timated that 105 man-years of effort were needed to create its design,
while WAG assumed that only ten man-years would be needed to real-
ize its design. Berkeley planned to construct prototypes of all the major
components.®® By April 1961, both Berkeley and Brookhaven were argu-
ing that they were the only reasonable candidates for building the new
machine and that if the project went to an organization other than Berke-
ley or Brookhaven, it would be delayed for several years because of the
time spent gathering the necessary personnel and creating a smoothly
functioning operation. Edward Lofgren wrote to McMillan on April 6
that a strong case could be made to the AEC for choosing Berkeley over
Brookhaven “in terms of history, demonstrated competence and organi-
zation.” He also argued to McMillan that Berkeley needed a new accel-
erator to maintain its front-rank position in high-energy physics, given
that the Bevatron would soon no longer be a unique facility. As he ex-
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plained, “governments of this and other countries have built up many
new large laboratories more or less in the image of Berkeley at the de-
mand of scientists all over the world.”*! By this time it was clear that
Berkeley did not plan to join WAG. Thus, two independent California
proposals for a several GeV accelerator were submitted to the AEC, one
from WAG and the other from Berkeley.

Lofgren’s memo to McMillan also raised an organizational theme then
new to high-energy physics. He explained that the increased scale of the
proposed accelerator demanded that it be based at a “national facility”
open to users from all parts of the country. To make the facility national,
Lofgren explained, one could organize an accelerator council of rep-
resentatives having expertise in high-energy physics and appropriate
geographic representation from top universities and laboratories. In Lof-
gren’s scheme, this council would act as an advisory board and report to
the director of the laboratory, but the laboratory would be built and oper-
ated by Berkeley on a nearby site.>> WAG’s proposal that month included
a similar idea: “An accelerator in the hundred-BeV class would necessar-
ily be a national facility serving the national scientific community.”33

The AEC was sympathetic to both California proposals, as Paul Mc-
Daniel, the director of the AEC’s Division of Research, explained in a
letter to Oppenheimer. But funding more than one independent design
study seemed “especially unwarranted in view of the close geographical
proximity of the two groups in question.”** The commission decided not
to approve either design study until new procedures for handling this sit-
uation were in place. This decision led McMillan, who represented Berke-
ley’s proposal, and Bacher, who represented WAG's, to work toward
making their two studies more palatable to the AEC. In a joint letter to
McDaniel, they pledged “to work toward the objective of a single pro-
posal for the construction of a high-energy accelerator to be submitted
to the Atomic Energy Commission,” and they explained that a steering
group had been established to coordinate the Berkeley and WAG efforts.>®
Still uncomfortable with the situation, the AEC asked twenty-three
prominent physicists to review the two very different proposals. While
the reviewers generally favored both studies, many felt that the country
“can only afford one 300 BeV accelerator and indeed only one 300 BeV
study group.”3°

The discussions continued during summer studies held at both Berke-
ley and Brookhaven involving physicists from many institutions in the
United States and Western Europe. The Berkeley meeting, which ran from
June to August in the summer of 1961 and involved about thirty physi-
cists, considered experiments that could be performed in the new energy
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range. The group’s thorough examination of experimental and theoret-
ical issues helped build the scientific case for funding the project and
bolstered support for the effort within the physics community.?” The
Brookhaven meeting, with roughly two dozen participants who met
from late July through early September of 1961, focused on issues of ac-
celerator design. The invitees from the Soviet Union did not attend, per-
haps because of the Berlin crisis that summer. Nonetheless, as John
Blewett reported, the mood at the meeting was positive. The participants
enthusiastically discussed a number of the new technical ideas, includ-
ing WAG's suggestions of cascade injection and building magnets of
smaller aperture and thus of smaller size and cost. They also discussed
beam injection and extraction, and the novel idea proposed by Thomas
Collins of the CEA to leave long, empty, straight sections between the
magnets in the main ring to allow room for radio frequency (RF) utility,
beam extraction, and other accelerator functions.3®

By August 1961, Brookhaven had revised its design report to reflect the
summer study discussions. A series of papers, later to be edited by Luke
C. L. Yuan into a collection titled The Nature of Matter, spoke of the
research potential of the new machine. Part of the report, edited by Ble-
wett, included a preliminary design for a 1000 GeV alternating-gradient
proton synchrotron. Using rough estimates of the parameters for the in-
jector and radio frequency systems, and reducing drastically the amount
of steel used in magnets based on experience with the AGS, Blewett
projected that the 1000 GeV machine would cost $675 million. He
interpolated that similar 700 GeV and 300 GeV machines would cost
approximately $500 million and $300 million, respectively, including
accelerator components, buildings, site preparation, salaries, and a 10%
contingency. In his conclusion, Blewett noted that “a real machine de-
sign will emerge only when a group of competent physicists and engi-
neers is assembled for a full-scale attack on the problem.”%°

The high cost of the proposals and the consensus that the United
States could afford only one large accelerator and one study group put the
three proposals in clear competition. The WAG proposal was more com-
plete, more innovative, and less expensive than Berkeley’s, but Berkeley
could boast having an experienced team of accelerator builders and a
reputation for constructing reliable accelerators. Brookhaven also had a
solid accelerator-building tradition, but its having only recently com-
pleted the AGS (in 1960) was a disadvantage. Since the 1950s Berkeley
and Brookhaven had alternated in building the next largest machines,
and McMillan insisted that Berkeley should have the next turn.*°
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No major technical obstacles emerged during the work of designing,
but the last four months of 1961 were a tense time for all the groups,
especially as support for any of them was far from assured, despite back-
ing from the 1960 Piore Panel. SLAC had recently experienced trouble
gaining congressional approval, even with the project’s support from the
1958 Piore Panel. The situation was murky because the AEC had not yet
defined its decision-making process. And while each group’s individual
input needed recognition, it was important that the physicists present a
united front.*!

WAG and Berkeley continued to discuss the possibility of collaborating.
They convened a steering committee, which met in September, October,
and November 1961. The September meeting outlined technical assign-
ments: Berkeley would focus on designing Linac injectors and the RF
system; WAG would concentrate on synchrotron injectors. Both groups
would work on site issues and magnet design. The October and Novem-
ber meetings considered various possible Berkeley-WAG collaboration
schemes, agreeing that the working design group should “have a central
location with broad provision for national participation.” McMillan and
Bacher guessed that “some sort of national committee and/or national
study effort” would be proposed.*?

In late December 1961, representatives from Brookhaven, Berkeley,
MURA, and WAG met in Los Angeles to make further plans for the new
accelerator. Bacher and McMillan emphasized the importance of cam-
paigning for the accelerator within both the government and the physics
community. Blewett presented an organizational plan. Without too
much debate the group also agreed that there should be a central study
group at an existing laboratory authorized to prepare a design and cost
estimate. The leader of this group would be advised by a committee of
experts with nationwide representation. But in contrast to Lofgren’s plan,
this group agreed that the advisory committee would report to the AEC,
rather than to the laboratory director.*

As for where the work should be done, representatives from MURA,
Brookhaven, and Berkeley each presented arguments for why their home
laboratories should be chosen. The members of WAG made no bid, for
they realized that they stood no chance against the politically power-
ful groups at Berkeley and Brookhaven.** Brookhaven physicists argued
that they were the nation’s experts in strong-focusing synchrotrons and
could participate only if Brookhaven was the central site, for otherwise
the effort would detract from AGS development. Berkeley representatives
contended that only their laboratory possessed the necessary resources
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to host the study because Brookhaven was involved in AGS develop-
ment. The meeting ended without a resolution.*® In February 1962, both
Berkeley and Brookhaven asked to be the base of the design study. With
a technical steering committee added to its proposal, Berkeley's estimate
for the study, which would be completed in two years, was $3 million.*¢
Brookhaven estimated that its design study would cost $4 million with
completion in three years, incorporating an electron synchrotron into
its design and planning to explore schemes for accelerating protons to
energies as high as 1000 GeV. Fifteen years younger than Berkeley, Brook-
haven did not stress its history but made the argument that with its
progressive style of consortium management Brookhaven had “devel-
oped the broad views and cooperative attitude expected of a National
Laboratory.”+

The AEC’s Dilemma, 1962

The AEC worried about the “bad feelings” brewing at the “large labora-
tories” in response to the competing proposals from Berkeley and Brook-
haven. The presidential science adviser, Harvard’s Jerome Wiesner,
warned that steps needed to be taken “cautiously, but fast” before things
got “out of control.” Discussing the situation with the AEC’s chairman,
Glenn Seaborg, who had earlier served as chancellor of the Univer-
sity of California at Berkeley, Wiesner explained in February 1962 that
commissioner Leland Haworth, the former director of Brookhaven, had
been handling the matter for the commission.*® Seaborg raised a ticklish
point. As a former member of Berkeley’s staff, he had many close Berke-
ley associations; he had shared with McMillan not only the Nobel Prize
but residence at the Berkeley Faculty Club. Similarly, Haworth had many
close associations at Brookhaven. To avoid possible conflicts of interest,
Paul McDaniel of the AEC, a trained physicist and skilled bureaucrat,
assumed responsibility for the synchrotron project until mid-1963.4
On April 19, in letters sent to McMillan, Maurice Goldhaber, who in
1961 became the director of Brookhaven, and twenty-eight other scien-
tists, McDaniel made clear that the federal government was not com-
mitted to “the location or mode of operation of such a facility if it were
authorized,” and that the commission concurred in the belief that the
management of the new laboratory “necessarily should be separate from
the management of any other laboratory.” He asked for comments on
organizational issues, such as establishing a committee for policy advice,
and reminded his correspondents that “a large new accelerator facility
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for energies of several hundred BeV will receive authorization only if
the scientific community is in general agreement on the need for such a
facility.”>°

In responding on May 8, McMillan spoke against making too radical
a change. He insisted that the amount of outside participation should be
settled later and that arrangements for managing the laboratory should
be left open. He also noted that it might be most efficient for an exist-
ing laboratory to build and operate the accelerator, at least in its early
stages, and commented that if Brookhaven were chosen as the center for
the study, few Berkeley researchers were likely to go there and that he
doubted much work would be done at Berkeley, since “the main part of
the accelerator is so much of an integrated whole that parts of the design
can not be split off without serious loss of efficiency.”>! This was early ev-
idence for the conservative approach McMillan would consistently take
in subsequent discussions of the management of the new laboratory. His
tradition-bound view would soon clash with the new AEC ideas of what
was appropriate for an expensive national facility.

Goldhaber, on the other hand, expressed willingness to align with the
new AEC guidelines for siting and management. Not only did he agree
with the approach outlined by McDaniel, but he also applauded having
30%-40% of the work performed by outside laboratories, proclaiming
that Brookhaven “would strongly oppose any suggestions which would
tend to reduce this degree of multi-participation.” Moreover, despite earl-
ier comments that Brookhaven should not be involved unless the study
were located at BNL because that would detract from the AGS effort,
Goldhaber stated that the laboratory expected “to be deeply involved in
the study regardless of its location.”>? Unlike McMillan, Goldhaber never
had a particular interest in machine design. He could be more open
minded, having delegated most of the designing responsibility to Cos-
motron and AGS veterans G. Kenneth Green and John Blewett. And,
unlike Berkeley researchers, Brookhaven researchers had mixed feelings
about whether the proposed new high-energy machine should be their
top priority; some felt it was more important to promote an AGS upgrade.
Finally, even though some Brookhaven users felt that the laboratory’s
management was not open enough, as a younger laboratory, Brookhaven
was in principle oriented toward serving outside users.>

An August 1962 AEC summary of responses to the letters circulated by
McDaniel reveals overwhelming support for the design study. While sev-
eral respondents suggested that there be two focal points, and a few oth-
ers favored neutral sites, most cast a vote either for Brookhaven or Berke-
ley. Between these two, “the choice was 6-2 in favor of LRL [Berkeley],”
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chiefly because the correspondents thought “BNL should continue to be
heavily occupied with getting the AGS into full utilization, while Berke-
ley should have a greater strength of engineering talent available for the
study program.”$* McDaniel noted that the commission’s preference for
establishing the laboratory at a new site under the direction of a geographi-
cally balanced management organization would be complicated by the
difficulty of obtaining the required authorization from Congress. He re-
marked, however, that if a major laboratory like Berkeley were given cen-
tral responsibility for the study, it would be “important to have made
provisions which will insure that the study program have a national
character.” He also made clear that the location of the study would not
necessarily dictate the site or management of the facility.>> He then
recommended that there be created “a special High Energy Accelerator
Advisory Committee,” with broad national representation, eventually
to become known as HEPAP, the High Energy Physics Advisory Panel,
which would “consider the broad implications of the study program
both initially and throughout the course of the work.”

In contrast to Lofgren’s and McMillan’s official pronouncements
about the “national character” of the study group and the new facility,
Lofgren’s notes of an informal meeting that he and McMillan held with
McDaniel and his staff on September 26, 1962, reveal that the AEC was
in fact willing to tolerate a more old-fashioned arrangement. At meet-
ings held to gather information for the AEC’s presentation to the Bureau
of the Budget (BOB, later to become OMB, the Office of Management
and Budget), McMillan and Lofgren were told that the AEC planned to
request funding for a “Western Regional” accelerator.>® According to
Lofgren, after some “sparring” over the definition of such a western ac-
celerator, staff members “did not disagree with our idea that this meant
a Berkeley designed, built, and operated accelerator with safeguards to
insure proper use.” McDaniel realized that the AEC needed formally to
reserve the right to decide the site of the accelerator, as was standard
practice for large construction projects. Wiesner had already indicated
the political necessity of enforcing such a rule in this case. But in infor-
mal discussions with Berkeley representatives, McDaniel did not retract
McMillan’s traditional prerogatives. It would be up to Seaborg, as AEC
chairman, to take such action, if he so chose.%’

Brookhaven was mentioned in the AEC’s request to BOB. In a two-
track approach, a design study for a machine in the several hundred GeV
range would be conducted by Berkeley, while Brookhaven worked on the
design of a 1000 GeV machine slated for future construction. The FFAG
was also included in the budget request, although the AEC admitted
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that it would not survive if only two of the three large accelerators were
funded. The discussions were reminiscent of the earlier arrangements
for constructing the Bevatron and Cosmotron, when it was decided that
both laboratories could build machines of different energies.*®

The Ramsey Panel, 1963

Officials in Washington DC were disturbed by the number and expense
of the requests made for new particle accelerators and by tensions caused
by the dark horse MURA.>® Responding to this concern, in November
1962 Wiesner and the AEC convened another in the series of President’s
Science Advisory Committee/General Advisory Committee (PSAC/GAC)
panels to offer advice on future needs in high-energy physics. Headed
by Norman F. Ramsey of Harvard (fig. 2.2), this new panel would set the
course of high-energy accelerator development for the next decade, and
beyond.

Highly respected for his scientific capabilities, Ramsey had been a
graduate student of Columbia University’s Isidor 1. Rabi, whose experi-
ments with molecular beams had made it possible to measure the radio
frequency spectrum of atomic nuclei. Ramsey’s work with Rabi led to the
discovery of the deuteron electric quadrupole moment. Ramsey had also
worked on both the radar and atomic bomb projects during the Second
World War, aided in the establishment of Brookhaven after the war, and
served on a number of advisory boards before joining the GAC. He de-
veloped a reputation for being fair minded and diplomatic. These skills
would prove useful as he and nine other eminent scientists appointed
jointly to PSAC and GAC, and two ex officio members from other gov-
ernment agencies, worked on Ramsey’s panel to investigate the issues of
the several hundred GeV accelerator.®

In early December 1962, as the Ramsey Panel began its deliberations,
Berkeley presented a revised proposal to the AEC, requesting a much
higher budget of almost $5 million ($4,875,000) to support a two-year
design study for an accelerator in the 100 GeV range. Much of the pro-
posal focused on the use of the machine for research, providing a lengthy
discussion of experiments to be done. The new proposal estimated that
a 100 GeV machine would cost $152 million, while a 200 GeV machine
would cost $263 million, including accelerator components, architect
engineering costs, development costs and 20% technical contingency.
The proposal also mentioned that Brookhaven was proceeding with stud-
ies for a 1000 GeV accelerator.5!
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2.2 Harvard professor of physics Norman F. Ramsey, chairman of the 1963 Joint PSAC-GAC
Panel and longtime president of Universities Research Association, 1972. (Courtesy of
Fermilab Visual Media Services.)

Unlike the cautious February 1962 version of the Berkeley proposal,
the December proposal stated boldly that “LRL would assume full respon-
sibility for design, construction, and operation of the accelerator and fa-
cilities.” And in contrast with the February report, the December edition
made only passing reference to outside collaboration, remarking that
“if people and facilities are available some portions of the study could
be carried on away from Berkeley.”®? Berkeley had thus revised its pro-
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posal along traditional lines, and the AEC seemed prepared to accept it,
having obviously been in close contact with Berkeley during the docu-
ment’s preparation. The AEC transmitted Berkeley’s revised proposal to
the Ramsey Panel.

Meeting in fourteen sessions over a six-month period, the Ramsey
Panel interviewed physicists from all over the nation, heard presenta-
tions from various government agencies, met with BOB, and engaged
in constantly vigorous discussion. The panel had a number of other
issues to consider besides the several hundred GeV accelerator, including
Brookhaven’s plans for a 1000 GeV machine and for storage rings for
the AGS, MURA’s FFAG, a 10 GeV electron synchrotron proposed by
Robert Wilson at Cornell, various high-intensity meson accelerators, and
funding for various detector developments and university user groups.
The most controversial issue was the relative importance of MURA'’s
FFAG proposal.®®

After extensive discussion, the panel members decided that they could
not “encourage new high-energy accelerator construction costing mil-
lions of dollars unless a useful extension of accelerator parameters is
achieved, or a new technology advanced.” Referring to the problem of
explaining the strong interactions and working more on the weak inter-
actions using neutrinos at higher energies, following the 1962 discovery
of two types of neutrinos by Columbia physicists Leon Lederman, Melvin
Schwartz, and Jack Steinberger, the panel judged proton energy—the pa-
rameter in question for the several GeV accelerator—to be “the single
most important energy parameter to be extended.” They also expressed
hope of furthering research aimed at providing “a clue to the connec-
tions among the different kinds of basic forces.” The panel members
were aware that using high-intensity beams could allow detailed study
of interactions of such low probability that present accelerators could
not observe them, but they also recognized the difficult technological
problems associated with high-intensity accelerators, including high ra-
dioactivity levels and the high cost of such machines.®* For these reasons,
the Ramsey Panel felt obliged to recommend only one high—intensity
machine, the FFAG, but it was ranked lower than the high-energy ma-
chines.

The deliberations over Berkeley’s proposal for its 100 GeV machine
were heated. Edwin Goldwasser, a panel member from the University
of Illinois, recalled that some resisted the proposal because of Berkeley’s
conservative stance on management or because the design energy of
100 GeV was seen as too low.%s Paul McDaniel had noted in Septem-
ber 1962 that disapproval from the powerful Caltech physicist Robert
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Bacher “could kill the project.”®® By January 1963 McMillan had agreed
to raise the energy range to 150-300 GeV, thus pleasing both the panel
and Bacher. As Bacher explained to Ramsey, no one in the Caltech group
“had any real enthusiasm for a 100 BeV West Coast machine.” In light
of the increased energy range and further technical discussions, the Cal-
tech group wished to add its “enthusiastic support of the study proposal
contained in McMillan’s letter.”%”

When the Ramsey Panel issued its report on April 26, 1963, it recom-
mended “that the Federal Government—Authorize, at the earliest pos-
sible date, the construction by the Lawrence Radiation Laboratory, of a
high energy proton accelerator at approximately 200 BeV energy.”*® In
the vernacular of the time, the project became known as “the 200 BeV
project.” Berkeley was triumphant. Goldwasser later summarized the
panel’s rationale: “Berkeley had made enormous contributions to the
field and had a large number of very talented people. If you want to
optimize the success of such a large new venture, you have to get the best
people to work on it. It could be hoped that differences in management
philosophy could later be resolved.”%’

As the second priority, the Ramsey Panel recommended that Brook-
haven construct the proposed AGS storage rings and begin “intensive de-
sign studies” for an accelerator in the 600-1000 GeV range. This recom-
mendation eventually led to the Brookhaven project named ISABELLE,
a superconducting colliding-beams accelerator (discussed in chapters 8,
10, and 13).7° The panel also recommended that support be given to
Cornell’s 10 GeV machine (whose energy was later increased to 12 GeV)
and to the construction of electron-positron storage rings at Stanford.
As for MURA'’s FFAG, now estimated at $148 million, the panel recom-
mended authorizing it for the energy of 12.5 GeV, instead of the 10
GeV originally proposed, but with the constraint that this project be
authorized “without permitting this to delay the steps toward higher
energy.”’! The panel spent hours debating its wording on MURA, aware
that the recommendation would be controversial and perhaps decisive
for the continued existence of the MURA group, which had been work-
ing for over ten years to fulfill its dream of bringing a first-rate accelerator
to the Midwest. As Ramsey recalled, everyone realized that such an ex-
pensive “conditional” choice would not be kept in the current budget,
and that the panel’s recommendation was, in fact, the “kiss of death” for
MURA.”?> The Ramsey Panel also recommended “an administrative struc-
ture with national representation to assure that all proposals for qualified
scientists shall be considered on equal footing.””? This recommendation
marked a change which would be critical for the future of not only the
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new laboratory, but also of all large laboratories, including Berkeley and
Brookhaven.

The goals driving the funding requests to support the recommenda-
tions of the Ramsey Panel were, more than any specific scientific discov-
ery, based on continuing willingness by the U.S. government to support
physicists in the aftermath of the Second World War. The subsequent
Cold War, as historian Silvan Schweber wrote in 1987, then “cemented
the wartime relationship.” To the extent that the United States “saw itself
in an international technological competition with the Soviet Union,”
the country felt compelled to remain ahead of the Soviets in its ad-
vanced technology. Science, and especially high-energy physics, with
its large accelerators and state-of-the-art electronics, benefited from this
conception, as “national security and national prestige became the ma-
jor determinants for both the size and the pace of growth of the govern-
ment budgets supporting research and development in general, and the
physical sciences in particular.” These sciences were mobilized “in the
interests of national security.””* In this context, Schweber argued, the sup-
port of scientists who had been active in research during World War I,
especially those who had been associated with the Manhattan Project,
including Robert Bacher, I. I. Rabi, ]J. Robert Oppenheimer, Ernest Law-
rence, and Enrico Fermi, “were some of the most convincing advocates
of high-energy physics, and the spectacular flowering of the field owes
much to their effectiveness as proponents.” Among the arguments put
forth in the 1963 report of the Ramsey Panel was that “it is essential that
the United States maintain its leading position in this area which ranks
among our most prominent scientific undertakings.””’

It was clear both to Congress and the White House that having the
most powerful particle accelerators would yield a strategic advantage. Re-
cently, the Cuban missile crisis of October 1962 had revealed how easily
the delicate international balance could be upset. And it was known that
the Soviet Union, even with its semblance of international cooperation
in the 1959 Emelyanov-McCone agreements, was planning to build a
70 BeV proton synchrotron, UNK, in Serpukhov, a project that threatened
to wrest the worldwide lead in high energy from the United States.

The BOB approved the Ramsey Panel’s recommendations and sup-
ported the AEC’s plan to circulate Berkeley’s design study within the
community, democratically inviting input. The panel thus opened the
door to a more bureaucratic era in accelerator history, in which all pro-
posals for a large project would be circulated beforehand, often in mas-
sive detail, before construction could be considered. Once again, the
two accelerator laboratories with established reputations had attracted
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the funding to develop new accelerators. It appeared that tradition would
hold and that Berkeley would again lead the way to higher energy.

The decision in Berkeley’s favor was not universally applauded. Gold-
wasser remembers that when Rabi heard the news, there were “tears in
his eyes” because he was concerned that under Berkeley’s management
the new accelerator would not offer a democratically equitable policy for
all qualified users.”® There were definite rumblings, however, about the
possibility that the several hundred GeV machine might not be con-
structed by Berkeley. Ramsey, who had a number of long meetings with
McMillan, recalled “warning him” that if Berkeley was too insistent in
opposing the required committee with national representation, “there
was a high probability that Berkeley would lose the project.”’” Such sen-
timents would play out in novel ways over the next several years, as
the scientists and politicians who were concerned about democratic ac-
cess to the accelerator or who were disappointed over the loss of MURA
would figure critically in the decision to select a Midwestern site for the
new laboratory.
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The Berkeley Design,
1963-19635

The last centuries of science have been marked by an unabating struggle to
describe and comprehend the nature of matter, its regularities, its laws, and the
language that makes it intelligible. The successes in this struggle, from the Six-
teenth Century until our own day, have inspired the whole scientific enterprise,
and lighted the world of technology, and the whole of man’s life. They have
informed the education and the devotion of young people. They have played an
ineluctable part in the growth, the health, the spirit, and the nature of science.
We are now, despite tempting and brilliant topical successes, deep in the agony

of this struggle. ). ROBERT OPPENHEIMER'

Soon many physicists challenged Berkeley’s plan to build
the several hundred GeV accelerator. Their sentiments arose
partly from long-standing East Coast-West Coast or Coast-
Midwest scientific rivalries, and partly from the users’ dis-
satisfaction over limited access to the existing laboratories
on both coasts.? Midwestern political forces during the mid-
1960s strengthened these challenges with a move to democ-
ratize American high-energy physics.

The Truly National Laboratory

Not long after the Ramsey Panel offered its recommenda-
tions, the PSAC appointed Myron L. “Bud” Good of the Uni-
versity of Wisconsin to chair a committee of accelerator users
authorized to review the Ramsey Panel’s recommendations.
Meeting in June of 1963, the Good Panel underscored “the
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need for emphasizing the national character of new facilities,” stressing
that “access should be available not only to the accelerator, but to on-
site support activities, and that outside groups should have a voice and
responsibility in certain aspects of laboratory management.”? This facet
of the Ramsey Panel’s recommendations was a sticking point for McMil-
lan, who, in adhering to Berkeley’s traditional attitude, downplayed this
particular issue. McMillan’s continued resistance to granting such rights
to outside users of the proposed several hundred GeV accelerator was an
indication of the conflict that would soon erupt between McMillan and
his advisory committee.

Berkeley’s policy toward outside users dated back to the 1930s, when
Lawrence built his laboratory in Berkeley with private funding. Although
he accepted requests from outside researchers to conduct experiments
using Berkeley’s machines, he solicited these by his invitation. His con-
trol of the use of the machines continued even after federal funding
began during World War II, to the annoyance of many physicists out-
side the Berkeley circle.* When Brookhaven started in 1947, it planned
to give access to its Cosmotron to the physicists from the nine member
institutions of Associated Universities, Inc. (AUI), all in the northeast-
ern United States.> By the early sixties, the idea of a national laboratory
offering open access and other rights to all qualified users, regardless of
their home bases, began to gain momentum. In 1962 physicists Edwin
Goldwasser from the University of Illinois, Roger Hildebrand from the
University of Chicago, and Father Theodore Hesburgh, the president of
Notre Dame, were among those who promoted the open user access con-
cept in the course of creating the program for Argonne’s new Zero Gra-
dient Synchrotron (ZGS). MURA physicists also joined the campaign.®

The ideal of a laboratory offering democratic outside user rights
gained much wider acceptance when Leon Lederman presented the ra-
tionale persuasively at a Brookhaven summer study held in June 1963.7
The lively forty-two-year-old physicist from Columbia University, al-
ready well known for leading a number of important experiments, had
served on both McMillan’s advisory committee and the Good Panel.
He objected strongly to Berkeley’s and Brookhaven’s limitations on out-
side users. At a Brookhaven users’ meeting he presented the argument
for an outside-user-friendly laboratory in a paper on the “truly national
laboratory” (TNL). The acronym TNL was an intended pun with which
Lederman criticized BNL (Brookhaven National Laboratory) for not func-
tioning as a TNL. As Lederman noted, cooperation and enthusiasm for
the new facility would be assured only “when it is clear that the new
facilities are accessible as a right to any physicist bearing a competitively
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acceptable proposal.” The ideal laboratory, he said, would have complete
on-site facilities for outside users, resources for facilitating individual ex-
periments, an accessible and pleasant site, scheduling and advisory com-
mittees to assure fairness in the allocation of beam time, free communi-
cation between management and users, and a strong laboratory director
“responsible to a governing body of wide national representation.” Un-
like BNL, the TNL Lederman described would give young researchers
from different parts of the United States equitable access to the highest
energies at a facility organized to award beam time according to merit.
It would offer good experimental facilities and be a place where users
would feel “at home and loved.”8

Progress of Berkeley’s 200 GeV Design Study

After being authorized by Congress, Berkeley’s design effort progressed
rapidly, with Lofgren serving as director and Lloyd Smith as Lofgren’s
assistant. The staff included fifty-five full-time workers, including physi-
cists, engineers, programmers, draftsmen, and other support personnel.
Ultimately, more than 130 people contributed to creating the Berkeley
design. They were aided by a series of meetings that brought together ac-
celerator experts from Berkeley and Brookhaven, as well as from CERN,
where plans were underway for the Super Proton Synchrotron (SPS),
CERN'’s 300 GeV strong-focusing synchrotron, which would eventually
reach 450 GeV.?

The Berkeley physicists paid special attention to designing the 600-
700 magnets for the main ring of the machine, constructing prototype
models and choosing the best injector accelerator. They felt the need to
produce a reliable design, for as LBL physicist Denis Keefe later explained,
their “feet were being held to the fire.” For greater reliability the selec-
tion of a magnet design turned quickly away from the more economical
H-shaped magnets to the conventional, but more costly, C-shaped mag-
nets. As for the machine itself, Berkeley initially favored accelerating
the beam first in a linear accelerator (Linac) that directly fed its beam
into the main synchrotron. But as the studies progressed, the problems
of Linac injection appeared increasingly formidable and Sands’s idea of
injecting from a booster synchrotron appeared more attractive.!®

Despite McMillan’s resistance to the idea of appointing a national
advisory committee, he wasted no time fulfilling what he saw as his
obligation to do so. On May 10, 1963, he sent Paul McDaniel a sug-
gested list of participants, including candidates from various parts of the
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United States: four from the East, four from the West, and two from the
Midwest. He explained that all ten had “agreed to serve as such a com-
mittee, and have been informed that their appointment is subject to AEC
approval.” McDaniel assured McMillan that the AEC would probably
approve the list.!! Almost three months later, McMillan submitted the
advisory committee charter to the AEC, proposing that the ten-member
committee have national representation, be nominated by the Berkeley
director, be approved by the AEC, and report to the Berkeley director.
The committee would then “set its own agenda” and have the right to
“consider all technical, scientific, and administrative matters connected
with the high-energy accelerator design study.”!?

Back in January 1963, Lofgren had met with McDaniel and other AEC
Division of Research staff to discuss guidelines for preparing Berkeley’s
final proposal, including cost estimates and the arrangements for obtain-
ing architect-engineering services. On the question of siting, the staff of
the AEC Division of Research expressed willingness to work with Berkeley
to find a California site. Lofgren mentioned Camp Parks, a 3,636-acre site
in the Livermore-Amador Valley, thirty-seven miles from San Francisco.
AEC staff member Phillip McGee agreed to inquire whether the site was
already earmarked for national defense purposes. The AEC staff advised
Berkeley researchers to go through the proper channels but admitted
that “some simplification of the procedures may be worked out.” Lof-
gren thought it likely they would “get a very high degree of cooperation
from the Research Division Staff.”!3

An Invitation from the Midwest—MURA

Meanwhile, after learning of the Ramsey Panel’s low ranking of the FFAG,
MURA physicists threw themselves into an eleventh-hour attempt to
save their project. It was easy for MURA to elicit support from Midwestern
university presidents, who had nothing to lose and much to gain if a
prestigious facility was built in their region.!* Particularly active in the
debate were Elvis Stahr, the president of Indiana University, and Bernard
Waldman, a physicist at Notre Dame as well as MURA's staff director.
For a long time Waldman had “felt Midwesterners were not getting a fair
shake.” After all, the only Midwestern accelerator was Argonne’s weak-
focusing 12 GeV ZGS, a project born in the midst of troubles between
MURA and Argonne and advanced primarily because of the AEC’s desire
to have a machine built to surpass a new 10 GeV Soviet machine. But
when the ZGS came online in 1963, its operation was disappointing
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compared with the 30 GeV machines at Brookhaven and CERN which
had come into operation three years earlier. Waldman “wondered if the
Midwest would be a permanent step-child.”!®

Midwestern politicians realized the advantages of championing the
FFAG. By winning the nearly $150 million project for his constituents,
a congressman could promise not only new jobs, but also greater pres-
tige and new industrial opportunities for his district. With the economic
recession in 1962, these politicians expressed their long-standing con-
cern about the inequality of geographic distribution of research funding.
Minnesota’s Democratic senator Hubert Humphrey was prepared to act
on the lack of support for MURA.!® Receiving less funding for research
than East and West Coast institutions irked Midwesterners who pointed
out that their region included many internationally ranked physicists,
such as Enrico Fermi, who was based at Chicago until his death in 1954,
and John Bardeen, who in 1951 moved from Bell Laboratories to the
University of Illinois in Urbana-Champaign.

Thanks to Stahr’s efforts during the summer of 1963, President Ken-
nedy received a steady stream of form letters signed by Midwestern con-
gressmen stating that MURA “represents only a crucial first step in restor-
ing the Midwest to its rightful place—along with the East and West
Coasts—as a major center for educational research.” Similar letters were
sent to the BOB and the AEC. MURA argued that the Midwest deserved
a first-class machine and that the FFAG was an innovative design that
inspired respect among accelerator specialists.!” But in July 1963, MURA
received another jolt when it learned that the majority of the members of
the AEC’s General Advisory Committee (GAC) “felt there is not adequate
justification at this time for approval of the MURA accelerator construc-
tion.” They pointed to the high cost of the machine and to the fact that
it would not extend the high-energy frontier.'®* While many physicists
approved of the FFAG, most felt that if they had to choose between a new
high-energy or high-intensity machine, high energy was the choice."

The GAC’s damning decision placed the AEC in an awkward position.
It was time for the AEC’s chairman, Glenn Seaborg, to become more di-
rectly involved. Believing in the power of negotiation, Seaborg explored
alternative schemes, such as incorporating MURA’s design into future
plans to upgrade the Brookhaven AGS, or building the MURA machine
near Argonne, perhaps with the same management.?’ MURA's prospects
grew dimmer when in mid-November 1963 a reconvened Ramsey Panel
reaffirmed its earlier position.?! Later that month, President Kennedy,
who in the eyes of MURA researchers was on their side, was assassinated
and the nation entered a period of mourning.
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As the United States emerged from its bereavement a few weeks later,
BOB director Kermit Gordon cast the bureau’s vote on MURA. In a memo-
randum to the new president, Lyndon B. Johnson, Gordon recom-
mended that MURA not be authorized for various reasons: the lack of
“resounding scientific support” for the machine, potential adverse af-
fects on funding for the 200 GeV machine, Argonne’s newly funded
ZGS, and “current fiscal stringency.”?? The AEC made its decision later
in December, just a month before the budget was to be presented to
Congress. In a memorandum to Johnson, Seaborg explained that while
the commission still favored the authorization of MURA, the project was
not to interfere with high-energy proposals and could not be placed “in
as high a relative priority” as other items.?

The official rejection of MURA'’s project to build the FFAG occurred on
December 20, 1963, in President Johnson’s Oval Office. The president
met there with Wiesner, Seaborg, Gordon and other BOB representa-
tives, along with several Midwestern congressmen, including Senator
Humphrey (who would in January 1965 become Johnson's vice presi-
dent), and a number of MURA supporters, including Stahr, Waldman,
and Goldwasser. After listening to the advantages of building the FFAG,
Johnson read a prepared statement listing its disadvantages. Unknown to
the MURA representatives, Wiesner, who would soon return to MIT, had
prepared the statement ahead of time at the president’s insistence. After
making a vague remark about the difficulty of funding MURA, Johnson
dismissed the group. Waldman remembered: “I felt dazed. I hadn’t been
sure we would win, but I never thought it would end like this.”?*

Johnson’s decision to cancel the MURA machine sent waves of dis-
may through Congress and the Midwestern physics community. Seaborg
recorded in his diary that Johnson called him several hours after the
meeting. Acknowledging that they were “going to be in serious trouble
in Minnesota,” the president asked Seaborg to be prepared to offer some-
thing to the congressmen who, like Humphrey, were likely to be upset.
The next day, Stahr wrote an anguished letter asking Humphrey to urge
Johnson to reconsider the MURA proposal. The letter complained that
the statement read by Johnson “omitted some highly relevant matters,
and its prejudice showed on its face....I don’t know who wrote it, but
it sounded exactly as if it might have been prepared by someone from
New England or the West Coast.” An angry Humphrey quickly wrote
to Johnson, enclosing Stahr’s letter.?> On January 20, the AEC issued a
press release officially announcing MURA's fate.2® MURA representatives
felt betrayed, for they had been reassured that both Wiesner and Seaborg
supported their project. Johnson clearly did not, as he explained in his
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reply to Humphrey on January 16, 1964, and at a meeting the next day
with Wiesner, Seaborg, and Frederick Seitz. The president’s budget, sub-
mitted to Congress in late January 1964, did not even mention the FFAG.
For the first time, an existing accelerator effort had been canceled.?” After
the death of the FFAG, the physics community mended its fences as best
it could, but the bitterness that Midwestern physicists felt about MURA'’s
defeat would fuel their lobbying for a large accelerator in their region.

Reality Sets In: Management and Siting Plans Evolve

The FFAG concept continued to play a role in the discussions of high-
intensity machines. Some MURA physicists joined Brookhaven’s effort
to design its 1000 GeV machine. Many more physicists reconsidered the
200 GeV accelerator and turned their attention to the issue of deciding
its site. Most Midwestern physicists felt that it would be unfair to build
the next accelerator anywhere but in their region. Meanwhile, leaders of
the physics community, including Seaborg, Ramsey, and Seitz, launched
intense negotiations in an effort to quell the troubles in the Midwest.
Seitz, a respected solid-state physicist then head of the Department of
Physics at the University of Illinois, would soon become the first full-
time president of the National Academy of Sciences (NAS).

For government leaders the arrangements for the 200 GeV accelerator
were taking on a new complexity. The problem, as Seaborg told Gold-
wasser on January 23, was that “on the horizon” were “two accelerators
and three sites.” He warned that it might “wind up as one accelerator,
with an order for everybody to get together, if the scientists fail to come
to agreement.” The vocal dissent of Midwestern scientists and politicians
made it difficult for Seaborg to justify funding accelerators on either the
East or West Coast. As the expensive accelerator needed the unanimous
support of the entire physics community, the Midwestern physicists
would have to be appeased. In his conversation with Goldwasser, Seaborg
stated that “the site of the 200 GeV accelerator . . . is still undetermined.”

A further complicating factor was that a $100 million linear accelera-
tor was being built at SLAC. The AEC and the Stanford faculty had crossed
swords over control of the research program, including the question of
who should control user access. Although in the end Stanford refused to
allow joint appointments with the new laboratory, SLAC researchers con-
tinued to resist attempts to give guaranteed access to outside users.? In a
conversation with George Beadle, president of the University of Chicago,
Seaborg remarked that “the Stanford accelerator is the last of its kind.
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The new ones will be of the consortium management type.” As Seaborg’s
notes indicate, Berkeley’s prospects for managing and building the new
accelerator at a California site were noticeably weaker in early 1964 than
they had been only six months earlier.?’

McMillan felt the shift in mood. On April 13, 1964, Milton G. White,
director of the Princeton-Pennsylvania Accelerator, disseminated a letter
addressed “To Friends of Fundamental Particle Physics.” He proclaimed
that “realistic proponents of high energy machines. .. must strive for a
realistic goal which takes full cognizance of the political and economic
realities of the present era,” and he suggested that a “new, contracting,
managing group. .. be set up to run the laboratory for the benefit of all
scientists everywhere.” Asking “that all regional, parochial interests be
swept aside,” he proposed that the new laboratory “be located in some
central, but on the average convenient, area not previously associated
with high energy physics.”%°

On April 19, McMillan responded to White, declaring that an acceler-
ator was not “an industrial plant, to be located where economics dictate
and operated by hired hands from the region and managers exported from
the home office.” He argued that those designing, constructing, and op-
erating a large accelerator “should have a sense of identification and
continuity that is hard to establish in a new group.” Stressing that scien-
tists work best in a multidisciplinary environment close to an established
university, McMillan insisted that it would be time consuming and diffi-
cult to form a nationwide management group. On a more personal note,
he said he resented “the implication that the interest of Berkeley is re-
gional and parochial.” He explained that Berkeley researchers were only
“seeking to continue the line of development started many years ago
by Professor Lawrence,” a goal they felt was compatible with creating a
national facility. McMillan was “distressed by the bald assertion” that
Berkeley plans were “doomed to failure,” fearing that this unfortunate
opinion, which many had already expressed to him, would gain credibi-
lity from repetition. He concluded that “the best way for ‘friends of funda-
mental particle physics’ to promote the development of high energy facili-
ties” was to “support fully the recommendations of the Ramsey Panel.”3!

Ironically, a few weeks after McMillan thus evoked the Ramsey Panel,
Ramsey sent McMillan a warning based on other findings of the panel. In
a May 13 letter, written at the request of Lederman, Ramsey said that he
personally didn’t “care as to the form of the laboratory administration
provided it is fair and efficient, with favorable arrangements for visit-
ing scientists from universities deprived of the opportunity of having
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their own accelerators.” But, as he carefully explained, “a large num-
ber of physicists believe that various formal organizational requirements
must be met before they can support a unique facility laboratory.” In his
opinion such views arose because of the troubled relations between Mid-
western physicists and Argonne and because “a number of institutions
and physicists are—rightly or wrongly—jealous of the University of Cal-
ifornia.” In view of the current mood, Ramsey urged McMillan to “make
a reasonable number of concessions to assure those who might become
opponents of the accelerator that the laboratory will be fairly adminis-
tered without too much of the advantage going to a single institution.”32
While such opinions had been implied by the Good Panel, by Leder-
man’s paper on the TNL, and by White and others, McMillan had never
before been confronted so directly.

McMillan discovered the magnitude of the concessions being re-
quested in reading a May 26, 1964, letter from William “Jack” Fry, the
chairman of McMillan’s advisory committee. Noting the committee’s
“satisfaction with the technical progress” and its “high confidence in the
capabilities of the LRL group to produce a successful design,” Fry pre-
sented a management scheme reminiscent of the one discussed by the
AEC in 1962 and by the Ramsey Panel in 1965, but certainly different
from McMillan’s plan. Speaking on behalf of the advisory committee, Fry
proposed that McMillan form “a Corporation of a national group of ma-
jor universities active in the field of high energy physics.” The idea was
that this corporation, led by a board of trustees with national representa-
tion, would sponsor the proposal to construct the accelerator “based on
the results provided by the current Berkeley design study.” But although
“the talents and experience” of Berkeley scientists and engineers would
be “utilized fully” during the design and construction of the accelerator,
Fry and his committee suggested that as the facility approached its “oper-
ating and research phase,” it “should become independent of LRL.” And
while LRL could hire senior scientific and technical staff members, per-
manent appointments would require approval of the corporation, which
would eventually appoint a director “responsible to the Corporation for
the program of the laboratory.”33

As expected, McMillan opposed Fry’s suggested scheme. After the
meetings with McMillan, Fry wrote to committee member Lee Teng that
it was now “clear” that Berkeley would “not accept a National Board for
the construction stage.” In an attempt to iron out a mutually acceptable
plan, Fry planned a fall meeting between Berkeley and its advisory com-
mittee.3*
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The View from Washington

Washington’s response to these discussions must be placed into the his-
torical context of the mid-1960s, when some members of Congress be-
gan questioning both the social value of science and the role of scientists
in policy making, given the huge increase that had taken place in the
proportion of funding for basic research in relation to overall federal ex-
penditures during the previous decade and a half.3> Accelerator projects
occupied an especially visible portion of the high-energy physics budget
because of their high cost of construction. By 1963 this subfield appeared
uncomfortably costly and faced criticism from those who questioned the
merits of “big science,” the term coined in this period by the director of
Oak Ridge National Laboratory, Alvin Weinberg, and subsequently dis-
cussed at length by such historians as Derek de Solla Price.?¢ For several
years, Weinberg, a longtime proponent of nuclear reactor development,
had been issuing warnings about the dire implications of the high cost
of large-scale research. His criticism sharpened with the threat of severe
budget cuts. In a series of publications he described a method for assess-
ing the relative value of various scientific programs, remarking that if one
considered “relevance to the sciences in which it is embedded, relevance
to human affairs, and relevance to technology—high-energy physics rates
poorly.”%’

At the same time, high-energy physics was becoming a cause célebre
in the fight for equitable geographic distribution of research funding. Al-
though Johnson insisted in his January 1964 letter to Humphrey that the
Midwest had already received its fair share of funding, the president also
stated that he shared the “strong desire to support the development of
centers of scientific strength in the Midwest.”3® The Midwestern politi-
cians and physicists agreed that they deserved such scientific centers and
considered MURA'’s well-publicized defeat an example of the unfair dis-
tribution of federal monies. Thus, Midwestern physicists and politicians
were arguing for their fair allocation of resources to deserving researchers
at a time when the number of first-class facilities was dwindling. Their
combined interests formed a strong alliance for a Midwestern acceler-
ator.

Funding considerations were not lost on the Joint Committee on
Atomic Energy (JCAE), the powerful congressional overseer of the AEC
and the traditional champion of energy programs, including those of
particle accelerators. In the annual hearings on the AEC budget held in
early March 1964, Chester Holifield, JCAE chairman and the represen-
tative from California, pointed out that the high-energy physics budget
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had jumped from $53 million in 1960 to $135 million in 1964. He noted
that the AEC shouldered about 90% of the financial burden of the sub-
field but reminded the executive-branch officers that basic research ap-
propriations were “sometimes hard to sustain in the Congress. .. much
harder than it is for applied research and development.” Holifield was
concerned that “the overall budget of the AEC stays about the same, but
the high-energy part of it is increasing.” Conceding that it was “perfectly
natural” for scientists to have a limitless supply of ideas and ambition
for exploring them, he worried that in accommodating such researchers,
decision makers were “squeezing to death many fields of science.” “Very
frankly,” he concluded, “the Congress is becoming alarmed.”*’

After this warning, Holifield began to quiz Johnson’s new science
adviser, Princeton chemist Donald Hornig, about proposed accelerators.
Pointing out that the MURA accelerator had been cut from the executive-
branch budget because of tight constraints, and noting that millions
were being spent on the design of the 200 GeV accelerator. Holifield
queried: “What assurance does the executive branch provide that this
planned 200-billion-electron-volt accelerator will not also be scrapped in
time?” To champion AEC budget requests, Holifield insisted, the JCAE
needed a defensible national policy for high-energy physics which had
explicit presidential approval. The policy, which should take into ac-
count long-term projected costs for such expensive projects as the pro-
posed 200 and 1000 GeV accelerators, should not act as “arigid plan,” but
as “a general plan with a forecast of expenditures.” He added that in light
of the current high cost of accelerators it would be necessary periodically
to reassess the scientific utility of proposed projects, “what has happened
in science in the meantime, . . . and what the fiscal situation of the Nation
is.”40

At the March 1964 JCAE hearing, questions were again raised about
the increasing cost of high-energy physics and its effect on other scien-
tific fields. Holifield quoted statements by the nuclear physicist Eugene
Wigner, who was anxious to promote nuclear reactors and had com-
plained, as a member of the 1960 Piore Panel, that high-energy physics
was draining an undue amount of scientific manpower. Wigner also
pointed to the funding shortage in other areas, such as low-energy nucle-
ar physics.*! Another vocal critic of high-energy physics was the chemist
Philip Abelson, codiscoverer with McMillan of the element neptunium,
and later editor of Science. Although Abelson had served on the Ramsey
Panel and endorsed its final recommendations, he later decried the level
of physics funding for the 200 GeV accelerator. In a January 1966 ar-
ticle in the Saturday Review, Abelson proclaimed: “Never, in the history
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of science have so many fine minds been supported on such a grand
scale, and worked so diligently, and returned so little to society for its
patronage.”*? Goldwasser, a member of the Ramsey Panel, later remarked
about Abelson: “We thought we’d educated him in the course of the
meetings. . . but we were wrong.”*3

Hornig, on the other hand, believed that high-energy physics was
making rapid progress. By the end of March 1964, he submitted a three-
page policy statement to Senator John O. Pastore from Rhode Island, the
JCAE vice-chairman, in which he noted that “it has been true historically
that in the long run these understandings have had a very great impact
on science and technology and on all mankind.” Thus, he argued, it was
“in the national interest to continue vigorous exploration” of the field.
He urged supporting two accelerators, with the second eventually pro-
viding energies of 1000 GeV in about twenty years. Hornig also wrote to
Johnson, enclosing his letter to Pastore and presenting the time sched-
ules and expenditure estimates for the proposed machines. He judged
that the 200 GeV project would be up for authorization in fiscal year
1967 (July 1966 to June 1967) and cost about $280 million, with comple-
tion by June 1973. Although the figures for the 800-1000 GeV machine
were more speculative, he guessed that the larger accelerator would be
up for authorization in fiscal year 1968 (July 1967 to June 1968), cost
about $800 million, and be ready for initial operation by June 1976.
To provide a more complete national policy statement on high-energy
physics, the AEC subsequently made plans to compile a much longer
report to be ready in time for the JCAE hearings to be held the next
spring.*

To counter the opposition of Abelson, Weinberg, and Wigner, Mil-
ton White organized a special session at the April 1964 annual meeting
of the American Physical Society (APS). At the roundtable discussion
that concluded the session, Weinberg faced newly elected NAS president
Seitz, who chaired the meeting, four high-energy physicists, and George
E. Pake, a Washington University physicist who described himself as
“sympathetic” to high-energy physics. While many panel members cited
problems caused by the growing size and expense of high-energy physics,
all but Weinberg proclaimed the field’s superiority. C. N. Yang, for exam-
ple, then at the Institute for Advanced Studies, spoke of the “nobility” of
the aim of high-energy physics; Goldwasser called the field “the essence
of pure science.”*

In June, Weinberg encountered further public resistance to his oppo-
sition to high-energy physics when Physics Today published side-by-side
letters from Weinberg and Victor Weisskopf, then the director general
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of CERN. Weisskopf endorsed Weinberg's assessment criteria but argued
that high-energy physics fared well when judged by such a standard.
Agreeing with Weinberg that the field held little “technological merit,”
he insisted that its value stemmed “from the fact that this field is ba-
sic and relevant for all sciences and therefore touches questions which
all thinking human beings are deeply interested in.”*® Weinberg reiter-
ated his contention, explaining at the APS meeting: “Science which com-
mands great public support must be justified on grounds that originate
outside the particular branch of science demanding support: it must rate
high in social, technological, or scientific merit, preferably in all three.”4’

As Weinberg’s words lingered, leaders of the physics community wor-
ried about the dissension arising from Midwestern high-energy physi-
cists and from those agitating for outside user rights. And even though
Wigner’s and Weinberg’s criticisms of high-energy physics remained a
minority opinion, their dissension reinforced congressional skepticism
about the value of basic research at a time when budgets were being cut.
At the April APS meeting, Seitz sagely mused: “One is reminded of the
way in which the competition among the nations of Western Europe in
the last century has had the effect of decreasing the collective strength
of all.” He added: “Wisdom would seem to indicate that the family of
high-energy physicists must somehow learn to resolve its differences and
speak with a unified voice.”*®

The Formation of URA

The idea that a consortium might manage the 200 GeV accelerator facil-
ity was often suggested during the mid-1960s. McMillan and his advisory
committee had been engaged in intense negotiations about the issue for
over a month at the time when Goldwasser wrote to McMillan in Septem-
ber 1964, “I believe that the actual control must be in the hands of an
organization similar, perhaps, to AUI but national in its scope.” In the
same letter, Goldwasser expressed his concern about the internal dissent
in the physics community over the new accelerator: “We have now ad-
vanced one more generation to a point at which national motivation
expressed essentially unanimously by the entire scientific community is
required in order to obtain the government support that is needed.”*’
Later that month, McMillan’s advisory committee gathered in Berke-
ley for a two-day meeting to devise what they considered the best man-
agement scheme, presenting this in draft form to McMillan on October 7.
They distributed the draft to various Berkeley staff members. The scheme
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included a national management corporation, but unlike the earlier plan
suggested in May, the regents of the University of California, with whom
the corporation was to form a “joint venture,” would supervise the de-
sign and construction of the accelerator. The University of California
was allowed a vote in selecting the new laboratory director, but after
construction of the machine the laboratory would “become the sole
responsibility of the National Corporation.”°

In late October 1964, thirteen members of the design team at Berke-
ley responded to this scheme in a memorandum addressed to Lofgren.
While they supported the general idea of national access and national
participation, they were horrified by the prospect of losing the traditional
prerogatives of machine builders to use the machine they had built. Lof-
gren endorsed the memo and passed it on to his advisory committee.5!

Tensions resulting from the disagreement about whether machine
builders should have priority in using the accelerator they built were
hardly unique to Berkeley; in the 1950s at Brookhaven, Cosmotron
builders, including, ironically, Lederman, had argued for just this sort of
priority. Berkeley was facing an unprecedented clash between its elitism
and changing times. One participant remembered that the growing ten-
sion joined a more general feeling of anger. Coincidentally, tempers in
Berkeley's physics community rose just as the first major demonstrations
of the Free Speech Movement erupted on the Berkeley campus in late
September 1964 to protest regulations restricting political activities on
the campus.®?

Meanwhile, on October 29, Fry forwarded the unanimous report of
his committee to McMillan. McMillan was incensed to find this report
but a slightly edited version of the October 7 document, which included
the joint venture scheme. Three days later, McMillan complained to
Wolgang K. H. “Pief” Panofsky, his longtime colleague, first director of
SLAC, and an advisory committee member, that he was “deeply upset”
by his advisory committee’s refusal to consider his design team’s com-
plaints. In a November 3 letter to the advisory committee, Fry remarked
that both McMillan and Lofgren “were very unhappy with the report,”
and that it was now “clear that neither of them want a National Com-
mittee to administer the laboratory, which clearly is in opposition to our
views.” After minor editing, a final report was delivered to McMillan on
November 11, 1964.53

As the negotiations between the Berkeley design group and its advi-
sory committee grew heated, yet another National Academy of Sciences
panel released its conclusions on the future of high-energy physics. Dur-
ing the spring of 1964, the National Research Council (NRC) of the NAS

52



THE BERKELEY DESIGN

had convened a Physics Survey Committee, headed by George Pake, “to
identify the most significant research problem in various subfields of
physics, as a basis for estimating levels of support necessary to assure the
balanced development of the field as a whole over the next 5 to 10 years.”
Pake organized nine panels, including one on high-energy physics un-
der the direction of Caltech’s Robert Walker, a former WAG researcher.>*
Like the Good Panel, the Walker Panel endorsed the findings of the Ram-
sey Panel, but it went farther in defining recommendations for the next
accelerator facility. Three of its four points did not seriously contradict
Berkeley’s plans: that the laboratory should have (1) a written charter to
define its “national character,” (2) a strong director independent from
the control of those wishing to use the accelerator, and (3) a commit-
tee with national representation to approve experiments. The fourth,
however, stated: “The body which decides the major policies of the lab-
oratory and to which the director is responsible should be national in
representation.”>’

McMillan’s design team fully expected their leader to reject the na-
tional management scheme. It faced an even greater likelihood of oppo-
sition from Berkeley’s star team of inside users, which was just then
struggling to adjust to outside user representation in the Bevatron’s
scheduling committee. Indeed, McMillan himself saw the push for non-
Berkeley management as an unworkable idea prompted by jealousy and
opportunism.>® On November 23, 1964, McMillan wrote to McDaniel,
remarking diplomatically that the advisory committee report was in gen-
eral “a very thoughtful document.” He agreed that a national manage-
ment corporation “offers a valid mechanism for assuring national rep-
resentation, and in the present context was probably the best way.” De-
spite this concession, he urged that the matter of turning over eventual
operation of the machine to the corporation “be kept open for further
discussion.”®’

At this point, Seitz made a surprising move. He considered the new
laboratory vital for the national science program and he was worried
that the bickering between McMillan and his advisory committee would
doom the laboratory’s funding prospects. Empowered by his position
as president of the National Academy of Sciences, Seitz simply com-
mandeered the management plans and settled them. He first asked AUI
whether it might take on the project. When AUI declined, Seitz took the
decisive step himself.>® As he recalled, “We set up this organization, funded
it through the Academy to begin with, and then began forming a board
with the official view that the whole issue of the next machine should
be reviewed. That caused some difficulty with California’s delegation
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in Congress. ... But when the whole high-energy physics community—
with the exception, obviously, of the people at Berkeley—piled on it was
very hard not to move forward.” According to Seitz, Seaborg could “prob-
ably have stopped us.” But, as Seitz assessed, “Glenn was a very rational
scientist and realized that with the whole high-energy physics commu-
nity, which he respected, in an uproar, we ought to move ahead.” To help
with the legalities of creating the new consortium Seitz brought in the
NAS'’s lawyer, his friend Leonard Lee Bacon.>’

In late November 1964, Seitz invited the presidents of twenty-five ma-
jor research universities to a meeting sponsored by the NAS to draw up
future plans for the new laboratory. This special meeting, held on Jan-
uary 17, 1965, marked a turning point in planning the new accelerator.
Seitz, Hornig, and Seaborg addressed the assembled university presidents
and explained why a national organization was needed to manage the
200 GeV facility. In the course of vigorous discussion, it was proposed
that a new nationally based organization modeled on AUI be formed.
Named the Universities Research Association, Inc. (URA), its initial goal
would be to construct and administer the 200 GeV accelerator.®® The
university presidents would act as overseers of the new laboratory, while
a group of administrators and senior scientists would formulate its op-
erating policies. For the time being, Berkeley would continue its design
work on the accelerator, but the new management organization would
take charge of selecting its site through a national site contest.®!

Marshaling Support

While awaiting the Berkeley group’s preliminary design for the new ac-
celerator, due in July 1965, the AEC sought to gain the financial support
it needed from the White House and the BOB. In the previous round of
authorization hearings in 1964, the JCAE had emphasized the difficulties
of obtaining congressional approval because of the rising costs of high-
energy physics research. Seaborg and Seitz knew it was time to mount an
intensified campaign to marshal support for the 200 GeV accelerator, for
the earlier criticisms from Weinberg, Wigner, and other physicists had hurt
the prospects of funding such an expensive high-energy physics project.
In January 1965, Luke Yuan of Brookhaven published the essays he
had been gathering since mid-1961, written by twenty-eight well-known
theoretical physicists, in a collection titled The Nature of Matter: Pur-
poses of High Energy Physics. Plans for this document had emerged when
Brookhaven physicists sensed “misunderstanding of the objectives of
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high-energy physics” while they were working to design the 600-1000
GeV accelerator. They recognized that a clearer explanation was “ur-
gently needed among high-energy physicists, the scientific community
as a whole, and the general public.”®? The volume began with a foreword
by Oppenheimer, who articulated traditional accelerator justifications,
including the technological spin-offs and benefits to other sciences. He
evoked some of the famous contributions of nuclear physics, noting that
it was “not impossible” that physicists would produce “an unanticipated
discovery of profound importance to technology and to human welfare.”
He put greatest emphasis on the cultural value of fundamental physics re-
search, insisting that the struggle to understand the nature of matter had
not only enriched science and technology, but shed light on “the whole
of man’s life.”®® This justification of basic research as enrichment for
the human spirit was a natural argument for physicists who saw them-
selves as explorers at the frontiers of understanding the basic structure of
matter.

This view of science as a beacon for culture was reinforced and am-
plified in other essays. For example, Julian Schwinger proclaimed: “The
world view of the physicist sets the style of the technology and the cul-
ture of the society, and gives direction to future progress.”%* Several es-
says pointed to the success of the SU(3) classification scheme developed
by Murray Gell-Mann and Yuval Ne’eman independently in 1961, which
brought order to the confusion about particles by organizing strongly in-
teracting particles into families of eight and ten. The scheme gained gen-
eral acceptance after correctly predicting the mass and existence of the
omega minus, a new particle found in 1964 by Nick Samios and his col-
leagues at the Brookhaven AGS. As Tsung Dao “T. D.” Lee explained, an
accelerator “in the range of 200 to 1000 BeV” would “certainly be crucial”
in exploring the “detailed dynamics of this strong SU(3) symmetrical
interaction.”%

While these sentiments were being transmitted to a general audience,
the AEC was sending a similar message to government leaders. On Jan-
uary 25, 19635, Seaborg sent President Johnson the “Policy for National
Action in the Field of High Energy Physics,” a full-length AEC report writ-
ten to augment Hornig's spring 1964 policy statement. Like Yuan’s col-
lection, this report was optimistic about the future success of high-energy
physics, characterizing the field as “an exciting and vigorous field of basic
research which ranks high among our most prominent scientific under-
takings.” Describing recent advances, the research potential of extending
the high-energy frontier, and the potential for technological spin-offs, the
report also noted that the recent bounty of particle discoveries might
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“mark the beginning of one of those intensely productive and exhilarat-
ing eras in which apparently uncorrelated facts accumulated over many
years are tied together, and science makes a ‘quantum leap’ forward.”®®

The report insisted that it was “in the national interest to support
vigorous advancement of high-energy physics” and asserted that the
nation’s high-energy physics program currently required “increased fi-
nancial support, especially for the provision of advanced accelerators and
equipment.” Specific plans included improvements to several existing ac-
celerators, construction of the 200 GeV accelerator, and continued plan-
ning for the 600-1000 GeV machine. Favoring this ambitious plan, the
commission ignored congressional concern about the rising proportion
of basic research funding and projected a steady increase in the national
high-energy physics program, estimating that funding in 1970 should be
almost twice that for 1965.57

The following day, on January 26, Johnson sent Seaborg’s bold asser-
tion of the AEC’s prerogatives to the JCAE, along with his vote of con-
fidence, noting that it provided “a useful guideline for decision-making
in the development of high-energy physics.”®® One factor that probably
favored Johnson'’s support for increased funding for high-energy physics
was his close relationship with Seaborg. Seaborg saw the promotion of
basic research as an important part of his mission as AEC chairman. As
the policy report demonstrated, Seaborg was willing to lobby strongly for
high-energy physics funding, even though his own scientific specialty
was transuranic chemistry.

The public hearings of a JCAE subcommittee, on March 2, 3, 4, and
5, 1965, offered an opportunity for the physics community and the AEC
to express their opinions on the status of high-energy physics while
also giving both groups the chance to gauge the mood of the powerful
congressional committee. Numerous physicists made presentations on
overall research objectives, recent accomplishments, and the status of
research programs at various laboratories in the United States, Europe,
and the USSR. Gell-Mann explained the utility of SU(3) and amused his
audience with his explanation that the term “quark” had been taken
from James Joyce's Finnegan’s Wake. Lofgren spoke on the status of the
200 GeV design study, showing diagrams of a four-stage machine that in-
cluded a Cockcroft-Walton preaccelerator, a linear accelerator, a booster
synchrotron, and a larger synchrotron. Besides incorporating Sands’s
idea of a booster synchrotron, the design also drew on Collins’s long,
straight sections.®® Lofgren did not present a detailed cost breakdown,
which would be included in the upcoming design report, but when
quizzed on the cost of the machine, he remarked that “construction cost
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will go a little higher and the operating cost a little lower” than the $280
million construction cost mentioned in the AEC’s policy statement. The
congressmen did not object to this admission and, in general, seemed
ready to accept the broad outlines of the Berkeley design.”®

Although the atmosphere of the rest of the hearings was similarly
friendly, several issues sparked heated disagreement. Predictably, a round-
table discussion on the relation of high-energy physics to other sciences,
led by Seitz, and including both Wigner and Yuan, displayed sharply
divergent views on the social value of the field. Although the members
of the JCAE let the panel members do most of the talking, they sided sev-
eral times with those arguing the scientific merits of high-energy physics.
They took a more critical stand, however, when discussing management
plans for the new accelerator laboratories, in particular, the NAS man-
agement organization then being planned by the university presidents
gathered by Seitz.”!

At the beginning of the hearing, the JCAE questioned whether the
university presidents on the overseeing board were competent to make
technical decisions, whether the physicists in the policy-making board
would be able to tackle large-scale management issues, and whether the
new organization would dilute the AEC’s control of the project. Consid-
ering the expense of the 200 GeV accelerator, California representative
Craig Hosmer, a member of the JCAE, said it was “incumbent” upon the
JCAE “to insure that the management and organizational setup is of the
type that is designed and calculated to produce the highest return for
the taxpayers’ dollar.” He added that he did not “believe that a group of
university presidents or a group of high-energy nuclear physicists are per-
haps the best people in the world. . . to determine the final management
setup.””?

In a panel discussion on management requirements for future lab-
oratories, JCAE members pressed Seaborg to explain how the 200 GeV
facility would be managed differently from other large laboratories that
were already considered national facilities. Seaborg reiterated that they
planned a management scheme similar to Brookhaven. When questioned,
he admitted that Berkeley was “less of a national laboratory than the
other laboratories.” This negative message about Berkeley was empha-
sized by a chart presented by McDaniel showing that inside users at
Berkeley consumed 65% of accelerator time, compared with 20% and
35% at Argonne and Brookhaven, respectively.”

The JCAE was even more adamant about the new accelerator’s siting
than about its management plans. Although the broad outlines of Berke-
ley’s 200 GeV design were accepted without complaint, a discordant note
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was hit in Lofgren’s presentation after he remarked that many aspects of
the 200 GeV design, such as foundations and water and power availabil-
ity, were “very sensitive” to the specific site chosen, and that the Berkeley
group had therefore used the Camp Parks site in California as an example
“to accomplish definite design studies.” Representative Hosmer immedi-
ately asked whether Lofgren was trying to “sell” them the California site.
This was a sensitive issue because a Denver group led by physicist Edward
U. Condon had prepared a statement in February advocating a Boulder-
Denver-area site for the new accelerator and by early March the AEC had
also received recommendations for sites in Hanford, Washington, and St.
Louis, Missouri. Hosmer decried such attempts “to jump the gun...and
start a big national fight about where this thing is going to be.” He
warned that if the offenders did not stop, he would “do everything pos-
sible. .. to block the possibility of their ever getting this machine.” Since
several contenders for the site had already emerged and tempers were
already inflamed over the regional distribution of research funds, there
was no easy way to avoid a site competition. But the JCAE clearly wanted
the AEC to take firm charge of the politically volatile contest. Thus, when
summarizing the hearings, Representative Melvin Price from Illinois re-
marked that in the near future he expected “the AEC will be prepared to
tell us what they have already done in respect to site selection and what
they plan to do.””*

In light of the generally positive JCAE response to the AEC policy
statement and the affirmative stance taken on the social value of the
field, it was likely that the JCAE would champion the new accelerator
project, assuming that its concerns were addressed. But the JCAE’s lack of
enthusiasm about the new management organization created an uncom-
fortable problem for Seaborg and Seitz. They were reluctant to disband
URA, because it seemed a viable vehicle for proving to congressmen and
physicists alike that the new accelerator facility would be truly national
in character. In addition, such an organization was desperately needed to
maintain support within the physics community. Although dissenting
opinions on the value of high-energy physics had not eroded the support
of the JCAE at the March hearings, physics leaders knew that without
unified support in the physics community they had little chance of suc-
cess.

The committee’s stand on site selection also caused headaches. At the
January 1965 meeting of URA’s university presidents, the participants
discussed the possibility that the new organization would both man-
age the laboratory and select its site. AEC commissioner Gerald Tape
explained that the AEC wanted to avoid taking sole responsibility for site
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selection. The idea arose to have the NAS appoint a committee to help.
By letting the NAS group assume the task of mediating the site selection,
the AEC could avoid the sort of accusations they had suffered in the
aftermath of MURA's defeat. Because of its prestige and its national rep-
resentation, NAS and the group of university presidents were in a better
position to bear the inevitable sore feelings of losers. As the March hear-
ings made clear, however, JCAE members wanted the AEC, rather than
URA, to handle this politically volatile issue. They felt that the AEC was
more likely to make a politically responsive decision, and the JCAE had
more leverage if the AEC retained control. Seaborg, Seitz and other lead-
ers were faced with the challenge of addressing the conflicting concerns
of all those involved.” For the next few months, a working committee
directed by J. C. “Jake” Warner, president of the Carnegie Institute of
Technology, explored procedures for forming the new management or-
ganization; he served as its first president. Articles of incorporation for
the Universities Research Association, Inc., were filed on June 21, 1965,
and a fall board of trustees meeting was planned.”®

In the meantime, Seitz and Seaborg removed site selection from
the list of duties for the new management organization. An alternate
plan was drafted. Before the March hearings ended, Seaborg wrote Seitz
proposing that the academy “study the site selection problem in con-
siderable detail using facilities, information and personnel that the AEC
and its contractors will make available.” He identified general criteria, in-
cluding (1) “suitable geology,” (2) “availability of power and water,” (3)
“sufficient acreage,” (4) “proximity to a major jet airport” and a “cultural
center that includes both a large university and a well-developed research
and development base,” (5) “ability to mobilize the necessary staff,” and
(6) “regional cost variations.” He noted that he expected specific recom-
mendations for the best locations.””

On April 6, 1965, Seitz presented Seaborg with an outline of the plan
for determining the site selection. A committee of “distinguished scien-
tists” appointed by the NAS would agree on site criteria, identify whether
specialized panels were needed, study site-related material, make site vis-
its, and present a site recommendation report. At Seaborg’s direction, the
AEC had prepared a more specific set of site criteria, including a more
detailed description of desirable geographic and environmental features.
By mid-April, the AEC had formed a task group, with representatives
from the Divisions of Research and Construction, to gather preliminary
site information and screen all incoming proposals for minimum site
requirements before they were referred to the NAS. By this time the
NAS had also recruited several members of the site selection committee,
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including its chairman, IBM’s Emanuel Piore. On April 20, AEC and NAS
representatives signed a contract to formalize the arrangement, which
specified March 31, 1966, as the deadline for the site evaluation report.
An AEC press release on April 28, 1965, announced the AEC-NAS agree-
ment and requested that site proposals be submitted to the AEC by June
15, 1965.78

Many physicists saw the 200 GeV site competition of 1965 and 1966
as a bizarre spectacle of opportunistic boosterism. Traditionally, siting
for new accelerators had been handled by the physics community itself.
Now it was clear that the matter could attract considerable public and
political attention. This change was only one of many to be faced, for ac-
celerator plans no longer proceeded within the comfortable parameters
of tradition. One response was a series of songs written by Argonne physi-
cist and musician Arthur Roberts and heard in physics circles throughout
the country during 1965. Roberts, who had a knack for musical satire,
played his own piano accompaniment as he sang “The 200 BeV Accel-
erator” to the tune of a song from a musical comedy written by Irving
Berlin, “Yip, Yip, Yaphank”:”?

The AEC’s new competition

Has brought forth a wondrous refrain

A new song has captured the heart of the nation
From California to Maine.

Hear Kansas City, Detroit and Decatur
Proclaiming their grace and their civilized charm
The two hundred BeV accelerator

Gives culture a shot in the arm.

Oh—Particle physics you’ve stolen our heart
Come all and bid for this prize.

With three hundred million to spend for a start
See how it lights up the stars in our eyes.

For the beauties of Euclid our hearts may not yearn
That hard gemlike flame in our eyes may not burn
But for that kind of money we're willing to learn
So research forever we cry.

Chicago’s trees make her parks a sensation,

In Seattle the sunshine’s the thing,

Texas reads only the “Times” and “The Nation,”
Mississippi loves M. Luther King.

Ballet’s all the rage in Fort Dodge and Topeka,
In Hanford desire for Chagall is acute.
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Los Angeles’ John Birch Society’s weaker,

And string quartets flourish in Butte.

Oh—~Particle physics you’ve stolen our heart;

Now you will uplift our souls.

The two hundred BeVer will change us forever,
Transforming our tastes and advancing our goals—
We will turn from Bonanza and Gunsmoke away
Our library budgets will triple today

For three hundred million whatever you say.

So research forever we cry.

We will reach a consensus on what should be done,
With every group happy except perhaps one—
The men who can build it and make the thing run.
So research forever—

We'll part from you never

Till death do us sever—

You wives just gonna love West Texas—

We cry.

The Berkeley Design

In June 1965, as site proposals flooded the AEC, Berkeley’s design group
unveiled its preliminary design for the new 200 GeV machine (fig. 3.1).
The Berkeley design team brought its reports together in a massive report
filling two two-inch thick volume. This weighty work, worthy of the
Lawrence Radiation Laboratory’s fine reputation, described a machine
whose protons would be accelerated in four stages. After being produced
in an ion source, they would be accelerated to 750 KeV in a Cockcroft-
Walton preinjector. Next they would be energized to 200 MeV in an
Alvarez-type linear accelerator. They would then cascade into a rapid-
cycling injector synchrotron and be accelerated to 8 GeV. At that energy
they would be brought into the main synchrotron in seven successive
beam pulses over one-third of a second and stored in orbits around its
circumference. The magnetic field of this final “main ring” would be held
constant during injection, so that the 8 GeV protons would circulate
at constant radius until the entire circumference had been filled. Then
all the protons would be accelerated to 200 GeV and emerge for experi-
mental use at an intensity of 3 x 10'? protons per pulse. As the report ex-
plained, this intensity was “an order of magnitude higher than those. ..
available at lower energy.”%°
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3.1 Berkeley’s 200 BeV accelerator design, 1965. (Courtesy of Lawrence Berkeley Laboratory.)

Besides its booster ring and set of Collins straight sections, the new
accelerator facility would provide extracted beams for fixed-target exper-
iments, unlike previous accelerators, which only used internal targets.
Obtaining efficient extraction was a new challenge, however, because of
radioactivity at a high-intensity proton facility.8! The system also offered
improvements in detection, radiation safety, and the operation of the
machine. The design provided for multiple experimental areas in which
the 200 GeV protons would be used in twelve or more simultaneous
experiments—two external beam areas and an internal-target facility. In
addition to research using two bubble chambers, which would “operate
nearly continuously,” the Berkeley designers envisioned about “40 ma-
jor experiments with other detectors” each year.%? The report included
schemes for transporting, separating, and detecting secondary beams. A
section on future expansion presented ideas for increasing intensity by
an order of magnitude, accelerating antiprotons, and later the addition
of storage rings. Favoring the California site that Berkeley chose, the
report also discussed expanded site criteria fashioned along guidelines
distributed by the AEC.%3

Detailed cost estimates and a construction schedule were given. The
annual budget in the first year was estimated at $58.65 million. The con-
struction cost estimate, which came to $348 million over seven years, was
far more than the $280 million estimate given in the AEC’s “Policy for
National Action in the Field of High Energy Physics” of 1965, because
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$19.65 million had been added to cover “possible escalation in the to-
tal project cost” over time, and $40.5 million had been added to pro-
vide “research equipment sufficient to provide for exploitation” of the
accelerator, including a bubble chamber and a computer. The ample
experimental accommodations, liberal cost estimating, and conserva-
tive features of the design all increased the Berkeley design’s estimated
cost.84

Berkeley took pains to avoid underestimating the cost of the acceler-
ator. Lofgren remembered that as the design report was being compiled
in early 1965, Paul McDaniel of the AEC stressed the importance of
avoiding overruns because such problems had recently been encoun-
tered with reactor projects. Thus, the contingency allowance of 15% for
conventional construction and 25% for accelerator construction was no-
ticeably larger than the 10% contingency used in the 1961 preliminary
Brookhaven design, and Berkeley researchers included an additional al-
lowance for cost escalation over time.® Believing that the AEC was, as in
the past, more interested in reliability than in cost, the Berkeley design-
ers, like the builders of the atomic bomb, were inclined to spend a bit
more money to increase the likelihood of reliable performance.®® Berke-
ley designer Denis Keefe explained: “We produced the design we thought
the AEC wanted to see.”®” Expecting to proceed with construction at a
California site chosen by the end of the year, Berkeley formally requested
that the next phase of their project be introduced into the AEC budget
process.®8

On one issue, that of national access, Berkeley researchers appeared
willing to cooperate with the NAS, AEC, and URA. The design report
mentioned that the facility would “be a national facility. .. open to all
on the basis of the scientific merit of the experiments proposed.” The de-
signers believed that “approximately 70% of the experimental program”
would be conducted “by visitors and 30% by the resident staff.” Other
than this, the design reflected a vision congruent with Berkeley’s glorious
past: extensive experimental areas and large, costly, C-shaped magnets
set on substantial girders. As the report summarized, the design was “ba-
sically conservative, remaining reasonably close to the current state of
the art, to insure reliable performance, rapid construction, and predict-
able costs.”%?
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Midwest Passage,
1965-1967

Scientific thinking and invention will flourish best where people are allowed to
communicate as much as possible, unhampered. ENRICO FERMI'

Bitter controversy soon threatened the tenuous start Berke-
ley had made on the 200 GeV accelerator. While the AEC
and URA struggled to fund the expensive machine, Wash-
ington pushed to economize. Continuing opposition from
both East Coast and Midwest physicists and politicians to
siting the project on the West Coast gradually loosened Ber-
keley’s grip on the project.

Criticisms of the Berkeley Design

One of the first physicists to criticize the high cost of the
Berkeley design was Robert R. Wilson. He had been invited
to an instrumentation conference in Frascati, Italy, in Sep-
tember 1965. Initially he planned to fly to Paris soon after
arriving in Rome and study drawing at La Grande Chaumiere,
“part of my artistic life.” But then, “overcome by remorse”
for having accepted the Alitalia ticket, he decided to at-
tend the Italian meeting first.? Stopping in on the session
at which the Berkeley group unveiled its design, Wilson re-
called finding the talk “terribly dull and badly presented.”?
He found the design even worse. It fell short of the heights
of creativity he expected of the important accelerator. Like
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the overdesigned and expensive first atomic bomb, whose reliability was
mandated by its military application, Berkeley’s 200 GeV machine was,
in Wilson’s opinion, both overdesigned and far too costly.*

After the session, the Italian nuclear physicist Eduardo Amaldi, the
conference organizer, invited both Wilson and McMillan to lunch. As
Wilson remembered, it was “a long Italian lunch, and the conversation
lagged.” Finally, “desperately trying to make conversation,” he told Mc-
Millan that he had heard the papers that morning on the proton syn-
chrotron. “Well, what did you think of them?” asked McMillan. After a
long silence and a repeat of the question, Wilson replied, “Well Ed, I
didn’t like the way they were presented.” When McMillan grew angry,
Wilson realized that McMillan had been “under attack from a lot of
other places, and I think he thought I was attacking.” But rather than
calming McMillan, Wilson, perhaps prompted by earlier sibling rivalry
between the two in the 1930s when both had been among Lawrence’s
“boys,” couldn’t resist adding as the two arose from the table, “and I
didn’t particularly like what they said, either.”>

Wilson flew to Paris after the meeting. But during his sketching classes,
he could not stop thinking about the Berkeley design. “I began to doodle
on the sketch pad during the repos time. And I began to put down a few
figures and drawings. And I got completely engrossed.. .. I spent all the
time in the session, instead of drawing from the model, working out
theories of machines.” Wilson hid his pile of accelerator doodles under
a sketch of the nude. As he later explained to the 1991 Fermilab board of
overseers, “this was the opposite of the usual schoolboy approach.”®

Wilson spent several more days in Paris after the drawing classes. He
continued his designing. “I went around, sitting in a cafe....I think I
spent the whole time going through one machine after another in a fury,
making all kinds of designs....It was very funny, because it was such
romantic surroundings, and here I was doing this cloddish thing of
designing, what even I would have considered was not a very respectable
thing to do. ... But I was consumed with a passion for making a number
of designs of machines.”” What Wilson was trying to express in his
sketches was a more satisfactory design for a several hundred GeV syn-
chrotron that followed “the philosophy I'd been using at Cornell on
electron machines and transposing it to a proton accelerator just to see
what I could do.”®

Wilson’s “fury” of designing incorporated ideals that he would later
describe impressionistically as Gothic or Renaissance. He would identify
with these ideals in his subsequent accelerator designing. For example,
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he asked, how “did Gothic cathedrals and accelerators both manage to
express the aspirations and spirituality of their age”? This seemed to him
toresult from a certain unity of art, technology, and spirit. He found him-
self considering cathedrals and accelerators in the same terms, describing
“a technological aesthetic” which included “a spirituality of the orbits,”
“an electric thrust,” and a “magnetic counterthrust.” “Both the acceler-
ator and cathedral,” he later wrote, “work in an ever upward surge of
focus and function until the ultimate expression is achieved,” which in
the case of the accelerator is “the energy of a shining beam of particles.”’
Wilson’s days of designing in Paris produced results, and, “at the end of
it, I thought I would send those results to Ed.”!°

In an incendiary letter to McMillan in late September 1965, Wilson
explained why he considered the Berkeley design “much too conserva-
tive” and “lacking in imagination.” He acknowledged that the details
were “most professionally worked out,” but he was bothered that the
design had been developed “without enough regard for economic fac-
tors.” Wilson said that “as someone who helped disassemble radios for
parts in the old days at the Radiation Laboratory,” he was “offended” by
its cost estimate, which seemed “ridiculously high.” He feared that the
high estimate would kill the 200 GeV project and endanger the future
600-1000 GeV machine.!!

Wilson included with his letter a discussion paper, “Some Proton Syn-
chrotrons, 100-1000 GeV,” outlining his own designs for three different
synchrotrons and a Linac. Expressing his frugal philosophy of acceler-
ator designing, he urged that all components be kept “simple and un-
derstandable,” as well as low in cost. He argued for the use of H-shaped
magnets, which were smaller and therefore less expensive than the C-
shaped magnets Berkeley proposed. He elaborated: “There is no reason
to have fancy cranes, etc., nor should the tunnel be too comfortable on
the few occasions when one might have access to it.” He argued for Spartan
guidelines as well in the design of experimental facilities and research
equipment, insisting that making only minimal investment in them was
actually an advantage for experimenters, because offering “expensive fa-
cilities” before the machine turned on “may tend to paralyze better
developments later on.” Wilson'’s alternate 200 GeV design, including
research equipment and shielding, totaled less than $100 million, and
the accelerator could, he estimated, be brought to completion in three
years. The contrast with Berkeley’s design, estimated at $348 million
with completion over seven years, was sharp.'?

A month later, Professor Samuel Devons of Columbia University pre-
sented another cost-saving alternative to Berkeley’s design. Having been
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exposed as an undergraduate and as a research fellow at Cambridge Uni-
versity to the “string and sealing wax” tradition of the great experimen-
talist Ernest Rutherford, Devons was as appalled as Wilson by the high
cost of the Berkeley design. Devons had held the prestigious Patrick
Blackett chair in Manchester in 1953, but in 1959 he left England to ac-
cept the position of professor of physics at Columbia University. In his
October 1965 position paper, Devons suggested a way to cut the cost of
the new several hundred GeV accelerator by using the Brookhaven AGS
as a booster for the new machine. John Adams of CERN had used a similar
scheme in building CERN’s SPS. An advantage of Devons’s idea was that
not only would the physics community have its multihundred GeV ma-
chine for only $100 million, but the AGS could continue to operate as a
stand-alone accelerator. Devons suggested how to save additional money
by eliminating some other projects that he considered less important,
among them increasing the intensity of the AGS and ZGS. With all these
savings, he argued that “prompt and vigorous development of a design
for an accelerator” exceeding 500 GeV could take place within current
budget limitations.!?

Wilson’s and Devons'’s criticism were, as expected, not appreciated by
the Berkeley physicists. It was disturbing enough to be challenged about
their management plan and presumed site. But given their fine reputa-
tion as accelerator builders, it was infuriating to have their design chal-
lenged by outside physicists. Wilson met with a chilly reception in late
1965, when he visited Berkeley to discuss his design ideas.!*

Meanwhile, increased budgetary pressures from Washington DC
affected Berkeley’s plans. With the country burdened by the costs of the
Vietnam War and President Lyndon B. Johnson'’s Great Society program,
the government had begun to emphasize austerity. In August 1965, a
BOB representative insisted that the AEC not make a funding commit-
ment to the 200 GeV project during the next fiscal year (July 1966 to June
1967) because of the “rough” budget sessions currently in negotiation.
In October, when Joseph Califano, special assistant to the president from
1965 to 1969, discussed the issue of the 200 GeV accelerator with John-
son, the president agreed that funding should be deferred, except for a
few million dollars to support the AEC’s effort to choose the site.!> By
December, White House advisers warned Johnson that unless spending
declined drastically, a hefty tax increase, which the president was loathe
to impose, would be necessary to avoid inflation. Also that December,
after the BOB instructed the AEC to pare down the expensive accelera-
tor project, the commission reluctantly asked Berkeley to prepare a cost
estimate for a scaled-back accelerator, one less powerful, with a lower
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initial intensity and fewer experimental facilities.!® The Berkeley design
group responded with two ideas for a reduced-scope accelerator offering
a savings of about 25%, “to avoid changes that would jeopardize the
reliable operation of the accelerator.” The suggestions involved building
intermediate systems that could be replaced later, restoring the original
design parameters.!’

Criticism of Berkeley’s design made the pursuit of government fund-
ing even more difficult, especially since “the President had not yet ap-
proved the project,” as Seaborg noted on December 12. Devons mean-
while sparked the flammable situation by writing directly to the JCAE,
thus drawing congressional attention to the dispute within the physics
community. His letter prompted JCAE chairman Holifield to demand
that the AEC formally review the issue.'® It was not that the AEC lacked
experience with negative views from physicists as a laboratory took
shape: Panofky, SLAC’s first director, later complained that physicists
were “unenthusiastic about SLAC'’s creation.” In the case of Berkeley’s
design, however, the AEC also faced BOB pressure to cut costs and the
JCAE’s irritation with critics. The URA was more than welcome; the AEC
commissioners were already accustomed to working with a regional uni-
versity consortium, since for decades Brookhaven had been operated by
the Associated Universities, Inc. And the URA was well prepared to rally
support for the new machine with its elected board of trustees, which
included prominent scientists and other distinguished academics from
all parts of the country. But as Seaborg emphasized at the URA trustees’
meeting on December 12, they needed “unanimity among scientists and
university administrators” if they hoped “to get the machine.”!®

Seitz and Seaborg were both upset by what they saw as attempts by
Wilson and Devons to divert the course of the 200 GeV project. Seaborg
also balked at the reductions the AEC had asked Berkeley to consider. In
Seaborg’s “personal view,” attempts “to change to another energy and/or
intensity of beam would be a mistake and might jeopardize getting any-
thing because the balance was so precarious.” Seitz remarked caustically
in a December 14 letter to Ramsey, who was now chairman of URA’s Sci-
entific Subcommittee, that Wilson, also a member of the subcommittee,
“may soon appreciate that the framework within which the big machine
will proceed will probably be quite different from that surrounding the
Cornell machine.” In a December 20 letter to Ramsey, Seitz concluded
that “it would be foolhardy to introduce any radical new proposals at
this time.” Despite these personal views, the AEC and URA thoroughly
assessed the criticisms that were made of the 200 BeV project.?°
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During January 1966, two meetings were held to consider Wilson's
and Devons's criticisms, one in New York, the other in Washington DC.
AUI, Brookhaven’s management organization, hosted the New York meet-
ing, held at the Biltmore Hotel on January 15 and attended by the URA
Scientific Subcommittee, AEC representatives, and about 150 high-energy
physicists.?! Wilson later characterized the New York meeting as a “sort
of advertised rumble” to provide “a real thrashing out of ideas.” Wilson
and Devons argued that costs needed to be cut and promoted their views
on how to do so. The core issue was not the relative technical merits of
competing designs, but whether it was desirable to scale down the price
by reducing capability or taking more risk. Predictably, members of the
Berkeley Design team argued that a national facility of this scale needed
a reliable design. The Scientific Subcommittee report to the URA noted
that there “seemed to be no widespread strong support” for either the
Wilson or Devons proposals.??

The AEC hosted the other, smaller, meeting in Washington on Jan-
uary 24, at which McMillan, Lofgren, Devons, and Wilson all gave talks.
The participants could not agree on Devons’s plan to cut costs using the
AGS as an injector, and Wilson remembers the response to his own ideas
as “generally negative.” But while the participants could not settle on
the optimal design, they agreed that the next accelerator should have
an energy of 200 GeV. Henry Smyth, then chairman of URA’s board of
trustees, expressed his “personal conclusion” that none of the modifica-
tions, including that of reduced scope, seemed to “justify a re-opening
of the whole question of the 200 BeV accelerator.” He thought “it would
be a shame to lose the momentum acquired.”??

Shortly after the meeting in New York, both URA and the AEC took
an official stand. Smyth wrote Seaborg on January 26, 1966, to explain
that the URA board of trustees was in “general agreement” with his con-
cluding statement at the meeting. The AEC, in a February review, char-
acterized the Wilson and Devons proposals as shortcuts reflecting “a dis-
tinctly minority opinion” among physicists that neglected “the overall
needs of the national program.” Although the AEC would have preferred
to proceed with the original Berkeley design, as indicated by Seaborg’s
comments in December, given that BOB pressure made it necessary to re-
tain reduced scope as an option, the commission judged that the Berke-
ley reduced-scope schemes maintained a “balance between safeguards
and risks” and were thus “still appropriate for a national accelerator
facility.”?* With these endorsements Seaborg felt justified in sending
his recommendation of Berkeley’s reduced-scope design to Holifield on
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February 16. Debate over the design subsided. Berkeley had yet again
emerged victorious.?’

Selecting a Site

Ten days before the AEC’s June 15, 1965, deadline for site proposals, the
NAS Site Evaluation Committee had met in Washington to plan the dif-
ficult site selection process. The committee decided that the AEC should
provide a list of the sites that had failed initial screening with an explana-
tion of the basis of their exclusion. The committee also planned to develop
its own guidelines after receiving AEC criteria and site information.?°
Within a few days, an AEC task group led by Walter E. Hughes had de-
vised two sets of criteria. The first was the “go, no go” set, required of any
proposal. This set included minimum acreage of 3,000 acres, specified
power capability, access to residential communities with a commute of one
hour or less, and adequate access to highway, airport, and freight trans-
portation. The second set called for “trade-offs between the technical and
other factors” to obtain “the best over-all efficiencies and economies.”
According to this second set, the sites were rated according to factors such
as locally dependent construction costs, the intangibles associated with
the environment, and land configuration, or proximity to high-powered
graduate programs in the physical sciences. Hughes admitted that the
task group “expected that possibly more than 90 percent of the propos-
als submitted” would meet the minimum requirements of the first set
of criteria. The task group rated proposals according to a 1,000 point
system, in which, as Hughes explained, “300 points are applied to the
criteria under the main heading for land, 250 points are applied to the
criteria under the main heading of utilities, and 450 points are applied
to the criteria under the main heading for environment.”?’

Soon site selection became even more complicated. The AEC an-
nounced on July 9 that the commission had received 126 proposals rec-
ommending some two hundred sites in forty-six states. Some of the pro-
posals came from existing research labs or other AEC facilities. A group
of Midwestern physicists submitted a proposal for the site of the former
MURA headquarters in Madison, Wisconsin. Despite the initial opposi-
tion of Maurice Goldhaber, Brookhaven’s director from 1961 to 1973,
Brookhaven scientists submitted a 200 GeV site proposal, even though
they had previously said they would defer and make a bid for a future
1000 GeV machine. As historian Robert Crease noted, Brookhaven physi-
cists felt they needed to hedge their bets, because they sensed that “the
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rules of the game in their field were about to be entirely rewritten.”?8 Pro-
posals were also submitted from the AEC reactor sites at Hanford, Wash-
ington, and Oak Ridge, Tennessee. A large number of proposals were
submitted by citizen groups with no affiliation with either the AEC or
the high-energy physics community, simply because they felt the accel-
erator would bring prestige and economic benefit to their community.?
For the first time, considerations outside the realm of physics were criti-
cal in the planning of a major accelerator.

The unexpected volume of proposals meant more work for the AEC
and NAS site selection groups and heightened the political importance
of the site contest. And as more politicians were drawn into the contest
and the site selection attracted more attention, the AEC became more
vulnerable to criticism. By the end of July, when the AEC had screened
all proposals according to the established criteria, Seaborg became wor-
ried “about White House reaction regarding the...losers,” for as he
explained to science adviser Hornig, the list of thirty-four sites to be
transmitted to the NAS did not include some “politically powerful parts
of the country.” Seaborg and Hornig tried cautiously to gauge White
House reaction. Writing to President Johnson, Seaborg included the list
of thirty-four sites and five alternates and emphasized that he would
keep him “informed regarding the progress being made in this site select-
ion.”30

Seaborg received a prompt reply. On September 1, Marvin Watson,
a close aide to Johnson, called to tell Seaborg and Tape that a group of
White House “political animals” had unanimously agreed that the an-
nouncement of the sites should be delayed to avoid jeopardizing “pas-
sage of the President’s legislative program.” A few days later, on a flight to
Austin, Johnson encountered an enraged fellow Texan, Congressman]J. J.
Pickle. Although three Texas sites appeared on the list (Houston, Dallas—
Fort Worth, and San Antonio), the Austin site near Johnson’s ranch had
been excluded. In Pickle’s presence, Johnson instructed his aide Horace
Busby to pursue the matter with Seaborg. As Busby later explained to
Seaborg, Johnson understood that the Austin site had been dropped be-
cause of its inability to provide adequate power, and this touched a par-
ticularly “sensitive spot” for the president “because it has been his life’s
work to promote and foster the lower Colorado River power down in that
area.” Busby therefore recommended “in the strongest terms” that Sea-
borg contact Johnson. “Quite frankly,” he remarked, the AEC just could
not “successfully argue to the President that the city of Austin could be
eliminated at this stage,” although this “did not necessarily mean that
Austin has to get the project ultimately.”3!
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Seaborg immediately issued a press release explaining there would be
adelay in the announcement of the NAS list and he notified Seitz that more
sites would probably be added. On September 10, two days after hear-
ing from Watson, Seaborg and Tape met with Califano to present a new
plan of action. As Califano’s summary to Johnson explained, they agreed
that the NAS should “examine about 85 sites, rather than the 35 it had
been examining.” The new list included seven Texas sites, among them
Austin. Noting that the commissioners were “currently subject to consid-
erable political heat in attempts to find out what communities are being
studied and what communities have been eliminated,” Califano sug-
gested that they be permitted to proceed with the list of eighty-five sites
“since they can justify the elimination of every community beyond the
85 on the list as patently inadequate as a site for the accelerator.” As Cal-
ifano also pointed out, the arrangement with the NAS offered another
advantage. “After releasing the list,” he explained, “they can refuse to an-
swer any additional queries until the report from the National Academy
of Sciences is received.” On September 13, Califano told Seaborg that
Johnson had approved their plan. The Chairman then sent the list of
eighty-five sites to Seitz and issued a public announcement of the list on
September 15.32

In the words of a White House information officer, the announcement
attracted “considerable attention” nationwide. As Seaborg lamented in
his diary, the public learned immediately of the original short list. A
member of the NAS site committee, Herbert Longenecker of Tulane Uni-
versity, who apparently had not been informed of the change in plans,
announced that the NAS committee was considering thirty to thirty-five
sites. Seaborg’s office was soon besieged with complaints and requests for
information. JCAE member Craig Hosmer made an angry public state-
ment. Annoyed that the site selection contest had become so large and
heated, he charged that the AEC had “bungled” siting arrangements,
which were now “mired in a mammoth pork barrel.”* A skeptical tone
was also heard outside Congress. “It is perfectly clear,” UCLA assistant
chancellor Carl York remarked after a fall URA meeting, that “the final
decision on the site will be made by Lyndon Baines Johnson.”3*

Despite such pointed criticisms, Seaborg had carved out a relatively
strong position, both for the AEC and the 200 GeV project. Without sup-
port from Johnson, the project could not continue; thus, the original list
of sites had to be enlarged. By changing the list, Seaborg left himself open
to the accusation, which was true, that politicians had been allowed to
influence the site selection process. However, the AEC gained an opti-
mally defensible position. As Califano had explained to Johnson, the
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longer list eliminated only sites that were clearly inadequate. Thus, it
was an easier list for the AEC to defend. In addition, as he later admitted,
Seaborg calculated that a larger number of site competitors would help
funding prospects. With more congressmen lobbying for specific sites,
congressional support for funding was bound to increase. Moreover, an
intense site competition diverted attention from the issue of whether the
accelerator should be funded to the issue of where it should be built. By
keeping in close contact with the White House, encouraging good rela-
tions with Congress, and letting the NAS take responsibility for the sticky
task of evaluating the eighty-five sites, the AEC could operate from a po-
sition of considerable strength in its efforts to arrange siting and funding
for the 200 GeV project.®

After transmitting the list of eighty-five sites to the NAS, Seaborg and
Hornig planned how to proceed with site selection. They asked Califano
for further “guidance.” Checking first with Johnson, Califano agreed that
the NAS should choose the best three to ten sites from the list of eighty-
five. Then Seaborg’s task would be to “develop a comprehensive system
to evaluate and analyze in depth the remaining 3-10 site locations.”
He stressed “the need for the AEC to make the final choice in the best
interests of the country objectively, rationally and supported by clearly
understandable reasons.” Seaborg responded by noting that the AEC
could handle a careful review, which would take three to six months,
within the current budget. In the next several months, Seaborg kept the
White House informed of NAS progress, including the number and lo-
cations of completed site visits.3°

Although the AEC benefited politically when the list of sites was
lengthened to eighty-five, this move greatly increased the work load of
the NAS site selection committee. Seaborg assured Seitz that the com-
mission was willing to extend the deadline and increase the budget to
compensate for the greater workload and would be “happy to assist the
Committee in any way.” This offer proved welcome, especially since
Seaborg soon pressed for visits to every site in the wake of accusations
of unfairness and increased congressional interest that arose after the
announcement of the list of eighty-five sites. It was subsequently agreed
that the bulk of site visits would be handled by AEC-organized site visi-
tation teams, which would include at least one high-energy physicist per
team. To obtain extra advice, the committee also formed two panels of
specialists—a Foundation Requirements Panel to evaluate the geological
suitability of sites and a Panel of Accelerator Scientists to give advice on
other physical attributes affecting construction, such as power, climate,
and water.%”
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When the NAS Site Evaluation Committee began examining site data
in late 1965, its members realized that their recommendations would
hinge on nontechnical factors. Although the Foundation Requirements
Panel urged that the accelerator be built on a site with minimal risk of
geological instability, this requirement did not discount a large num-
ber of sites. As for cost, the committee members quickly decided that
it was more important to choose a site where a productive laboratory
could grow than a site where a laboratory could be built and operated
cheaply.38

The site committee quickly narrowed the field to eight choice sites.
They included sites proposed by the two traditional rivals—two Califor-
nia sites proposed by Berkeley (Sierra Nevada and Camp Parks) and the
Brookhaven site in New York. The others were two sites in the Chicago
area (South Barrington and Weston), and sites in Colorado (Denver),
Michigan (Ann Arbor), and Wisconsin (Madison). As Piore explained, be-
cause of the expense of in-depth site evaluation, which he estimated to be
as much as $1 million, the committee was concentrating on these choice
sites. Some AEC commissioners were disappointed that so few AEC fac-
ilities were included among the choice candidates and that so many
proposals were being dismissed so quickly.?® The committee members
were concerned about the political reactions. Goldwasser explained in
an October letter to Piore. “It is foolish to think that our only job is to
come up with the best possible site. Politics are involved in this decision
and in its acceptance by the Commission, by Congress, by the President,
by the community of scientists and by the public.” He added, “Unless it
is quite universally accepted and supported our exercise will have been
a fruitless one.”*0

As planned, in March 1966, the NAS site committee made its re-
commendations for final sites. None of the sites was “ideal,” but the
committee found several that “in general,” satisfied all important re-
quirements. Explaining the basis for these inclusions, the report noted
that the committee first determined whether “a given site had suitable
physical properties.” Then it “assigned paramount importance to the
considerations that affect the recruiting of personnel for the national
accelerator laboratory, and the participation of the nation’s high-energy
physicists.” All the sites on the initial list of eight choice sites made
the new list, except for the Camp Parks site in California, which was
discounted because the committee determined that it could be affected
by earthquakes. The AEC then took the lead.*!

When the AEC received the NAS recommendation, the procedures
that the staff members followed to announce the NAS list of final sites
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began by notifying first the White House, then Congress, and then, on
March 30, 1966, the public in a press release.*? After the announcement,
Seaborg’s office was barraged with angry calls from congressmen and
business leaders pressuring him to reconsider a favored site. Seaborg
steadfastly insisted that the selection of the final sites had been made
on the basis of the site criteria and would not be reconsidered. With this
settled, the expedition entered the final passage toward site selection.*?

Seaborg and Hornig checked with the White House for further advice,
but the record shows no strong public reaction from Johnson at this junct-
ure. However, the BOB, the project’s biggest foe since 1965, took action.
Realizing that the first large funding request would follow the AEC's se-
lection of the site, planned in three to six months, and given that the
federal budget was tight, BOB director Charles Schultze wrote to Califano
on April 22, 1966, that it was “clearly necessary that the Bureau of the
Budget review the basis for the AEC’s choice,” since operating and con-
struction costs would vary from site to site. Schultze also wrote to Seaborg
asking the AEC to provide a study showing the cost differences in con-
struction and operation arising from a reduction in intensity. Such con-
siderations were “especially timely,” he noted “in view of the President’s
concern about construction outlays.”**

Despite rising budget pressures, Seaborg continued to take a firm stand
against attempts to pare down the expense of the 200 GeV project. Al-
though he noted in his reply to Schultze that the relative operating and
construction costs would be considered in line with the sentiments of the
NAS Site Evaluation Committee, he stressed that a “critical determinant
of the ultimate total cost of the project. . . is the quality and capability of
the scientists and engineers that can be attracted to the laboratory.” Al-
lowing for growth, future, and long life, he also noted the exciting neu-
trino experiments that would be facilitated by higher-intensity beams
and explained that it would be much more expensive to extend exper-
imental facilities after construction than to build them as part of the
original project. “Evaluation of the differences in benefits against the
differences in costs,” he resolved, led the AEC to the conclusion that
the original scope of the June 1965 Berkeley design study was “the most
appropriate for the national program.”+S

By mid-June 1966, Seaborg had ironed out a plan for participation by
both the White House and the BOB in the site selection. They agreed
that Seaborg would inform Schultze “just before the Commissioners have
made their final decision, but when the possible identity of the site is be-
coming known.” Seaborg would then “get in touch with. .. Califano to
get a feeling for the timing of the announcement and any possible White
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House reaction to the choice.” In this way, Seaborg could keep both the
BOB and the White House informed and give each a chance to argue
against the AEC choice before a public announcement was made, pre-
venting potentially disastrous objections. At the same time, the AEC was
free from direct intervention while the decision was being made. This ar-
rangement pleased Seaborg and the other commissioners because it gave
them the power to make the decision themselves and allowed them to
deny, in good conscience, the accusation that politicians were dictating
the choice of the final site.*®

The AEC quickly arranged to send staff members to visit and evaluate
the final sites, bringing along at least one commissioner. The AEC staff
devised three separate methods for tabulating construction costs, and
both the AEC staff and the commissioners considered ways to refine the
decision criteria.*’ Local citizens’ groups and politicians lobbying for each
site showered the AEC with telegrams, letters, and petitions. In the af-
termath of the defeated MURA proposal, Midwestern politicians pushed
hard for equitable geographic distribution of federal research funds. Illi-
nois governor Otto Kerner heartily endorsed efforts to make Illinois the
new home for the accelerator, which he called the “greatest scientific
prize in this century.” Illinois was forced on April 5 to withdraw its South
Barrington site, despite having the strongest congressional support at the
time, according to an AEC tally. Science magazine reported that residents
from the affluent Chicago suburb feared that the influx of physicists
would “disturb the moral fiber of the community.”48

In the midst of the AEC’s deliberations, local politicians eagerly pro-
moted each of the six remaining sites—Sierra Nevada, California; Den-
ver, Colorado; Weston, Illinois; Ann Arbor, Michigan; Brookhaven, New
York; and Madison, Wisconsin. The Long Island Association of Com-
merce and Industry announced on April 15 that their research “verified
that all the competing sites have, as of this date...launched a major
political program.” The Long Island group planned meetings with local
politicians and with education, labor, and business leaders to lobby sup-
port for the New York project. In Illinois, as explained in a May press re-
lease, after a thirteen-day campaign, a citizens’ group proudly presented
Illinois governor Otto Kerner “with 6,727 signatures of land owners and
residents in support” of the Weston, Illinois, site.*’

A petition with 114 signatures was sent to the AEC documenting the
complaints of farmers living close to Weston against building an accel-
erator in their area. One irate farmer explained in a letter to Johnson
that local farmers considered it “dastardly” to place such a facility on
“some of the richest farming soil in the world.” Residents of the village
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a4

4.1 Members of team inspecting the Weston site. Left to right, chairman of the United States
Atomic Energy Commission Glenn Seaborg, with lllinois governor Otto Kerner, mayor of
Weston Arthur C. Theriault, and lllinois senator Paul Douglas, April 1966. (Courtesy of FNAL
Visual Media Services.)

of Weston, however, campaigned actively for the project, believing that
it would bring prosperity to their financially troubled and only par-
tially completed subdivision in unincorporated western Du Page County.
When Howard Etchison, a Northern Illinois Gas Company official, con-
tacted Weston mayor Arthur Theriault about proposing a local site for
the accelerator in 1965, Theriault embraced the plan. Some of the resi-
dents, like William Wohl, wrote to the AEC in April 1966, claiming that
the villagers simply wanted to sell their land as “a way out of their finan-
cial difficulties.” The villagers welcomed the team surveying Weston for
the new “atom-smasher” on April 8, 1966 (fig. 4.1), and lobbied for the
site, which they hoped would bring “some industry to Weston.”*® Com-
munity economic development must have seemed like a new addition to
the AEC agenda; at just this time the AEC was working with officials and
businesses in communities around Hanford, Washington, the main AEC
plutonium production laboratory, to foster an improved economy that
was suffering, in that case, from the recent closure of obsolete reactors.

77



CHAPTER FOUR

All the states offering proposals were expected to donate free land, but
the 6,800 acres of the Weston site, sufficient for the laboratory as planned
and future expansion, was especially agreeable, with suitable geological
composition, utilities, and natural resources. The area offered assurances
of compliance with projected costs, outstanding educational and re-
search institutions, excellent transportation facilities, strong community
and local industry support for providing human resources and housing,
and progressive attitudes toward employment.>! How did the Weston
site compare with sites in California, Colorado, Michigan, New York, and
Wisconsin? Its political support was, arguably, the best. An AEC tally of
congressional inquiries indicated that the Illinois site had particularly
strong congressional support, with twenty-seven interested congressmen.
New York followed with twenty, and Michigan came in third, with nine-
teen congressmen. Those from Illinois, Wisconsin, and Michigan mul-
tiplied the strength and unity of Midwestern support.>? As the first site
proposed, Denver had the benefit of more than a year of campaigning by
the Proton Accelerator Committee of the University of Colorado, which
was aided by the Colorado Division of Commerce and Development
and endorsed by Governor John Love. All members of the California
delegation to the House of Representatives, with the exception of JCAE
members who reserved judgment, signed a letter to Seaborg insisting that
“on the merits” the California site was “the obvious and only possible
choice.” The Madison site was warmly endorsed by Wisconsin governor
Warren Knowles, by the Wisconsin State Chamber of Commerce, and by
the Madison Federation of Labor. And Michigan governor George Rom-
ney, writing about the Ann Arbor site, declared in a letter to Seaborg that
his state could “match or excel others in any requirement that may be
considered.”>?

The highly publicized site competition increased the funding pros-
pects for the 200 GeV project by drawing political support, but this ad-
vantage did not come without cost. Many physicists found the public
spectacle distasteful, and as many physicists had a sense that the future of
their own laboratory hinged on winning the new machine, the site con-
test increased divisiveness within the physics community because physi-
cists tended to rally behind their regional proposals. Emotions ran par-
ticularly high in the Midwest, where more physicists, with lingering
thoughts of MURA'’s FFAG, joined the crusade for an accelerator to pur-
sue the frontiers of basic physics in their region.

The AEC commissioners could not ignore the pressures within the
physics community any more than they could ignore external ones, be-
cause funding prospects could be compromised without united support
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for the expensive project. Acting as the liaison between the commission
and the physicists, Tape remembered that as the site competition contin-
ued, the commission found itself at odds with some sectors. In particular,
he was disturbed when the designers at Berkeley and BNL acted as though
the accelerator could not be built anywhere but at their laboratories be-
cause of their unmatched expertise. Wilson admitted that at the time he
felt that the traditional prerogative of the accelerator builder should be
honored and the California site chosen, and if that were impossible, then
Brookhaven should be chosen.>* But for the commissioners it would have
been difficult to defend the choice of either the Brookhaven or Cali-
fornia site unless an extremely convincing case could be made without
reference to the expertise of local design groups. As Tape explained, how
could they mount an expensive, time-consuming site selection process
“and then turn around and say the machine goes to Berkeley, or Brook-
haven because of proven competence,” a fact well known at the onset?>

The commission had hoped to make a final site decision as early as
July 1966, but in late June Seaborg received a letter from Clarence Mit-
chell, director of the Washington Bureau of the National Association for
the Advancement of Colored People (NAACP), complaining that Illinois
had a history of housing discrimination and had not passed legislation
to enforce open occupancy laws. Any hope for an imminent decision
vanished as the AEC mounted an extensive campaign to investigate the
civil-rights compliance of finalist sites. By the end of July, all proposers
were asked to provide assurances from local governments, labor unions,
real estate associations, and citizen groups that minorities would not
face discrimination in the communities surrounding the proposed sites.
At the same time, the AEC asked for judgments on the six final commu-
nities from the Equal Employment Opportunity Commission, the Com-
munity Relations Service in the Department of Justice, the President’s
Committee on Equal Opportunity in Housing, the Commission on Civil
Rights, the Civil Service Commission, and the Office of Federal Contracts
Compliance in the Department of Labor. Detailed information about the
status of civil rights was summarized for the commissioners in August
1966. In September governors of the six finalist states received copies of
a summary of civil-rights objectives written by William Taylor, director
of the Commission on Civil Rights. But as Seaborg explained to Schultze
in July, due to “some problems regarding civil rights,” the commission
might need “a number of months” to reach a final decision.>®

URA officials had been working to ease site tensions and facilitate
future arrangements. After the first meeting between URA and Berkeley
on January 15, 1966, Norman Ramsey met for hours with McMillan to
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hear his concerns. Amid the heated debate over sites, URA was careful to
remain nonpartisan, constantly reminding physicists of the necessity
for unified support for the machine. Ramsey remembered that the board
worried that “losing groups would make a big uproar” to change the
selection and “get the project killed.” To avoid this catastrophe, Ramsey,
who was elected URA president in October 1966, began a fall tour to
meet with user groups from various laboratories. He stressed that the fi-
nal AEC choice would be nonnegotiable and that the machine would be
lost unless the physics community supported whichever site was chosen.
In November, lists of possible leaders of the new laboratory were consid-
ered. Ramsey also prepared URA’s official request to assume management
responsibilities when the site was announced.>’

After eight months of deliberation the commissioners were ready to
make their final decision. The AEC staff had summarized site informa-
tion into a working paper presented to the commissioners just before
the final decision was announced. The “200 BeV Summary” provided an
outline of the information available for judging sites according to the
official criteria.’® Organized by the categories specified a year earlier in
the November 1965 description of site criteria, the 200 BeV summary
showed many similarities among the six sites. All appeared suitable, but
some ranked higher than others in specific categories. For instance, when
land suitability was judged, all the sites had sufficient acreage, the abil-
ity to be turned over to the AEC at no cost to the U.S. government, and
adequate subsurface and surface soils to support the proposed acceler-
ator. All sites, except for those in Denver and California, required the
acquisition of some farmland. In addition, all sites were within an hour’s
commute to communities of reasonable size. And all sites had adequate
power and water supplies for the accelerator.>®

Because any major complaint could kill the project, the AEC was un-
der pressure to produce a site that could be defended to both physicists
and politicians. The BOB would be likely to see Denver as the most at-
tractive site because the accelerator could be built there at least expense.
Denver’s site was an inactive bombing range and the only site that could
be acquired without disrupting farm or grazing land. Ann Arbor was the
most expensive site to build on and Brookhaven was the second most
expensive. But the NAS Site Evaluation Committee had judged, and the
AEC concurred, that construction costs were not as important as factors
that would influence staff recruitment and use of the facility. The most
straightforward measure of that was the ease of accessibility to outside
users. In this crucial category, the Ann Arbor and Weston sites topped
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the list with an estimated average travel time of 3.5 hours for all groups
and one-day accessibility for 77% of users in major cities. The California
site was the least accessible; with an average travel time of almost 7 hours.
The Madison site had elevation differentials that exceeded the 100-foot
limit set by the criteria, and the Weston and Brookhaven sites had limited
expandability. In their potential to recruit staff members the California
and Brookhaven sites scored highest because of the large staffs already
assembled there. But, as already stated, the commissioners would have
had a hard time defending the choice of either, given the expense of the
site competition. Weston was generally considered the best site overall,
even though it ranked poorly in civil rights.®°

There was a notable difference among sites in the category of civil
rights. The August 31 summary evaluated all six sites as having “fair em-
ployment practices laws with enforcement provisions,” and the Equal
Employment Opportunity Commission considered “the employment atti-
tude at all sites ‘generally progressive.”” The AEC staff felt that discrimina-
tion was unlikely at community facilities, such as hospitals and stores,
in the communities surrounding all sites. But the report admitted that Illin-
ois had “no fair housing laws,” and generally “adverse comments” had
been received about Ann Arbor and Weston. The NAACP expressed its
opinion that in the Midwest, “Negroes suffer discrimination.” Civil-rights
leaders doubted “that assurance of nondiscrimination would be hon-
ored” in Du Page County, where most of the Weston site was located.®!
Taking all the different factors into account, the commissioners narrowed
down the list of sites on November 29 to Weston and Madison.

On December 7, 1966, the commission selected the Weston site, af-
ter confirming that BOB and the White House knew the decision was
imminent and that they concurred with it. The commissioners were con-
cerned about Illinois’s civil-rights problem but decided that Weston’s ad-
vantages, especially its easy accessibility, more than offset this disadvan-
tage. Several of the AEC commissioners acknowledged in interviews that
because of previous tensions they were pleased to find that a Midwestern
site was superior, though they all insisted that they would not have cho-
sen it unless they sincerely believed it possessed superior qualities.®? On
December 16 Seaborg wrote a letter to Johnson and issued a press release
announcing the site. Phone calls were made to inform JCAE members,
Governor Kerner and other Illinois officials, and McMillan.®®* Twenty
years later, McMillan still displayed considerable bitterness in recalling
the phone call from Seaborg, another one of his rivals among Lawrence’s
boys. The call came late at night, about a week before Christmas. “That
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was my Christmas present, Seaborg calling, ‘By the way, Ed, it goes to
Mlinois.’”%*

Despite denials by the AEC commissioners, many believed that po-
litical issues drove the decision to site the accelerator in Illinois.®> For
instance, a few months after the decision was announced, Newsweek re-
peated the rumor that “Senate GOP Leader Everett Dirksen. .. might be
brought around” to support a fair-housing bill pushed by Johnson “by
the prospect of a $375 million nuclear accelerator to be built back home
in [llinois.” When the bill came to a vote the next year, Dirksen indeed
dropped his opposition to the bill, which Congress then passed in April,
1968.%¢ The oral testimony of all the AEC commissioners who were alive
in 1984 supported the view that the commission made its decision ob-
jectively, but the conviction that Johnson made the site decision as part
of a political deal in exchange for making civil rights part of his Great
Society was conveyed in all our interviews with physicists about the site
selection process, except for the interview with Gerald Tape, the sole
physicist on the commission.

Frederick Seitz distinctly recalled getting a telephone call that even
Seaborg did not know about: “It came directly from the White House to
me.” The caller told Seitz that President Johnson “was going to make the
final decision.” Seitz also remembered that when Crawford Greenwalt of
DuPont, who had worked with Fermi during the war, “looked over the
list,” he said, “I bet it will be Illinois.” As the president was trying to con-
vince Illinois senator Dirksen to sign onto his civil rights legislation, it
would have been logical, noted Seitz, for Johnson “to use this competi-
tion as a wedge.”%’

Written evidence that Johnson made such a deal with Dirksen has
not surfaced, but the record does show that Johnson was informed of
the status of decision-making efforts from the onset and was twice given
the opportunity to intervene: just before the sites were submitted to the
NAS in the summer of 1965 and just before the final site was announced
in December 1966. Johnson clearly intervened in 1965, but we have no
hard evidence that he did so in 1966.°® As Tape suggested, it would have
been easy to construe the AEC’s efforts to keep the White House informed
as proof that the president made the final decision.®® Moreover, consid-
ering the disappointment felt by the losers and the natural tendency to
attribute important decisions to powerful leaders, it is not surprising that
the commission would be accused of yielding to political influence.” In
any case, community-wide acceptance of this interpretation served to
unite physicists at a time when unity helped to bolster stability and secure
funding.
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The decision to site the 200 GeV machine at Weston was almost im-
mediately criticized. On December 19, the NAACP’s Mitchell wrote to
Seaborg that the decision was a “considerable disappointment” because
of Illinois’s lack of fair-housing legislation. He asked for “specific assur-
ances” to “prevent racial discrimination in housing.” A December 20 New
York Times article pondered whether Weston was “picked because it was
most suitable to the purpose or primarily to give a politically important
area its ‘fair share’ of the spoils?” The newspaper asked for a detailed ex-
planation of the basis for the choice, as did New York senator Jacob Jav-
its, who sent the JCAE a list of twenty-nine questions with a demand that
the AEC justify the dismissal of Brookhaven in light of the cost savings
to be gained by using the AGS as an injector.

McMillan felt that in responding to those who were jealous of Berke-
ley’s past success, the AEC had betrayed Berkeley. He remembered feeling
that the AEC was determined not to give them anything, a feeling inten-
sified by his tendency to see Seaborg as a rival inclined to spite him. Tape
later reflected, “Old patterns had to change, and it was a painful time for
all of us.”’! Ramsey, who scheduled a meeting in Berkeley just after the
site announcement, reflected: “Although I had many personal friends
at Berkeley, I have never spoken to such an unfriendly audience.” He
recalled that “among other things, I was told that if URA were a respon-
sible organization it would refuse to manage the laboratory in Illinois and
instead should investigate the AEC to determine how it could possibly
have made such an incredibly bad decision.”’? Although Berkeley did not
make a public complaint, McMillan refused Seaborg’s request to publicly
endorse the site. Berkeley physicist David Judd explained that to Berkeley
ears this request sounded like “Give gladly your last drop of blood as you
die!””3

Amid the clamor following the site announcement, members of URA
and the AEC met on December 19, 1966, to discuss arrangements for the
new laboratory. The commissioners were concerned about the upcoming
congressional hearings, which would determine JCAE support for the
first large funding allocation. Because of tensions within the physics com-
munity and the expected “thorough questioning” at the hearings, Seaborg
spoke apprehensively of “pockets of resistance to the choice of the
Weston site.” URA representatives pledged to help prevent opposition
within “the educational and scientific community.” When questioned
about reduced scope, Seaborg announced that the AEC had reluctantly
decided to request about $240 million (eventually $250 million), sensing
that “it was necessary that the future not be mortgaged too heavily.” De-
spite the valiant arguments that Seaborg had made some months earlier
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against reduced scope, his attitude had changed as budgetary pressures
increased throughout 1966. By the end of the year he concluded that
a cost limitation was necessary to assure executive-branch support. The
assessment was sensible, for at that very moment the Johnson admin-
istration was preparing an emergency request for $12.3 billion from
Congress, including $4.467 billion in new appropriations, to meet the
unexpected escalating costs of the Vietnam War. Ramsey then submit-
ted URA’s proposal. And the AEC awarded URA a temporary contract on
January 5, 1967.7*

The AEC defended its choice of the Weston site in a January 18, 1967,
report titled “Basis for the Selection of the Chicago (Weston) Site for Lo-
cation of the 200 BeV Accelerator Laboratory.” Emphasizing the acces-
sibility of Weston, which would allow work to begin quickly, the report
avoided emphasizing that the site was not the least expensive. The com-
mission downplayed civil-rights problems in Illinois, acknowledging
“differing views” about discrimination in the communities surrounding
Weston. On a positive note, the commission noted that it had assurances
that great efforts would be made to “prevent or offset discrimination.””s
Answering Javits’s questions, the commission noted that any cost savings
that would be gained by use of the Brookhaven site, including the use
of the AGS as an injector, were “offset by the higher construction costs
prevailing in the BNL area,” as compared with other sites, and that “use
of the AGS as an injector would lead to a significantly different and de-
creased national high-energy physics program than would prevail with
two separate machines.””®

The decision to site the laboratory in the Midwest had a mediating ef-
fect. Some of the long-standing conflicts among East, West, and Midwest
seemed to balance out after the contest, and certain democratic ideals,
such as equitable access and civil rights, materialized at the new facility.
But the hopes of Weston villagers to be part of the new laboratory (see
fig. 4.2) were not realized.

Finding a Director for the Laboratory

The next step was to appoint a director for the new Midwest project. URA
first contacted Panofsky, then the director of SLAC, but he expressed no
interest in leading the new laboratory. URA then asked Lofgren to be di-
rector of URA design studies, hoping, as Tape remarked, that he “would
influence the attitudes of those at Berkeley who had performed the orig-
inal design study and would enable the AEC to capitalize on what they
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4.2 “Welcome to Weston, Future Atomic Research Capitol”: 1966 real estate billboard. (Cour-
tesy of Fermilab Visual Media Services.)

had done.””” In a January 12, 1967, letter to Ramsey, Lofgren turned
down the offer, explaining that he was dissatisfied with the description of
his duties. He felt that “the directorial position should not be limited to
responsibility for design and construction of the accelerator facility.” In
addition, he was unsure that at the Weston site he could assemble the
necessary staff “and develop an organization having the enthusiasm and
spirit needed to make the project a distinguished success.”’®
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URA was now in a tight spot. The federal budget was extremely taut
and criticism was mounting over the site decision. In just a month, the
JCAE would hear testimony at the annual AEC budget hearing to decide
whether to authorize the first allocation of construction funding. The
project could ill afford to have another candidate refuse the director-
ship. At just this moment “a substantive vexing issue” was, as Berkeley
physicist L. Jackson Laslett explained, whether URA could effectively lead
the project in light of budget reductions, “or whether the project would
lead to substantial cost overruns before satisfactory completion, with
consequent long-term damage” to the national program in high-energy
physics.”” On visiting Berkeley, Ramsey heard URA being “vigorously
criticized for even going along” with the decision to build the accelera-
tor at Weston.®® URA needed to quickly appoint a strong physicist with
enough energy and stature to lead the new laboratory. This leader also had
to be able to build the accelerator within the given budget constraints.

Just then an interesting candidate emerged, one who would have
seemed an odd choice two years earlier. Wilson’s criticisms of the Berkeley
design and the economizing alternatives he offered had appeared threat-
ening to the project in September 1965. At that time no one thought of
him as a possible leader of the new laboratory. Not only did his criticism
appear undermining, but he had never built a large proton synchrotron.
Also he was then fully committed to building the new Cornell electron
synchrotron. By early 1967, however, two developments had made Wil-
son a possible candidate. He had completed the Cornell project on bud-
get and ahead of schedule. Second, his economizing schemes now fit the
changed budgetary context. After some preliminary deliberation, URA
president Ramsey asked Wilson whether he would be willing to accept
the position of laboratory director, making it clear that, unlike the of-
fer to Lofgren, which had been limited to directing URA design studies,
Wilson’s offer would be to take overall responsibility for the laboratory.?!

Before making the offer official, Ramsey gauged the reaction of both
the AEC and the physics community to Wilson. The AEC commissioners
were at first not enthusiastic, perhaps recalling Wilson'’s spirited criticism
of Berkeley’s design in 1965. They questioned whether the physics com-
munity would accept Wilson’s appointment. He “was perhaps the worst”
choice for a director capable of “securing the whole-hearted help and co-
operation of the LRL team,” because of his public attacks on the “judg-
ment and competence” of the Berkeley staff, Judd explained to Seaborg
in a February letter. But, as Ramsey soon concluded, most physicists
outside the Berkeley circle favored the appointment of Wilson.®?
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On February 8, the AEC commissioners met with California represent-
atives, including JCAE members Holifield and Hosmer. According to Sea-
borg’s record of the meeting, the commissioners took pains to explain
Wilson'’s qualifications as a “very imaginative scientist,” and they stressed
his attention to “cost and management details” at Cornell. Although Sea-
borg mentioned the meeting between Wilson and the Berkeley designers,
optimistically noting that misunderstandings might soon be resolved,
Hosmer pointed out that Berkeley designers would probably not join the
project. At the end of the meeting, both Holifield and Hosmer stressed
the importance of finding a good team to build the new laboratory.%3

While considering his offer from URA, Wilson visited Berkeley on
February 10, 1967, to discuss the criticisms that Berkeley physicists had of
the Weston site. Wilson found them “completely and ostentatiously neg-
ative and unfriendly,” both to him and to the site. His cost-cutting, risk-
taking approach to accelerator building appeared diametrically opposed
to Berkeley’s careful and conservative style. They viewed the prospect of
Wilson’s appointment as the final, fatal blow to the Berkeley tradition.
Members of the Berkeley design team were also annoyed that Wilson, who
had once been one of their own, seemed unwilling to listen to their ideas.
Despite this reception, Wilson pluckily insisted that he saw no reason
why he couldn’t build the machine at Weston, and he explained some
of his ideas to his unfriendly listeners. But when he later asked who in
the audience would be willing to accept a job at the new facility, only
one or two hands tentatively rose from the sea of angry faces.3*

The AEC now had another problem: several Berkeley physicists were
on their way to Washington to testify at the authorization hearings.
Seizing the opportunity, Seaborg organized a series of meetings to resolve
the multiple tensions surrounding Wilson’s appointment. At a decisive
meeting on February 14, Lofgren came armed with a report prepared
by the Berkeley staff which estimated that the accelerator would cost
$53 million more to build at the Weston site than at the California site.
An AEC representative countered that the commission expected only a
$5 million cost difference. Ramsey interceded to stress that cooperation
was necessary to win the machine. It was finally agreed that the project’s
first task would be to produce both an updated design and thorough
cost estimates based on detailed data from the site. Wilson entered the
February 14 meeting and agreed to a list of tasks ensuring the continued
involvement of the Berkeley design group in the new design effort. By the
end of the meeting a workable, if not amicable, arrangement had been
negotiated so that the redesigning of the accelerator could proceed.®®
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From this point on, Berkeley accepted its loss of the project and terms
were negotiated for a transition from California to Illinois that allowed
continued, although limited, Berkeley participation in the project.

Later that day, Seaborg, Tape, and Ramsey took Wilson to meet Holi-
field, Hosmer, and their fellow JCAE member, Melvin Price, from Illinois.
Wilson had not yet accepted URA’s offer because he was waiting for the
AEC to agree to certain conditions.¢ During the meeting, the JCAE mem-
bers quizzed Wilson on his management philosophy. Wilson remembered
feeling nervous, but Tape felt that by the end of the meeting Wilson had
“made a hit with them.”%’

The Authorization and Appropriation Hearings

The accelerator was the top issue when the AEC faced the JCAE for
the annual authorization hearings in 1967. Before deciding whether to
support funding to continue the project, the JCAE demanded that the
AEC justify the role of URA, the choice of Weston, and the decision
to reduce the accelerator’s scope. Three days were spent discussing the
accelerator and directing a subcommittee to deliberate for two more
days.®® Midwestern congressmen defended the choice of Weston when
California and New York representatives grilled the commission about
it. Remarking that Weston was only “a cornfield” while Brookhaven
was “a great working, effective laboratory,” Senator Javits of New York
questioned the fairness of the site selection. Senator Pastore from Rhode
Island, by this time chairman of the JCAE, vehemently defended the
AEC, noting it was his “unequivocal...irrefutable understanding that
the White House had nothing at all to do with the selection of the site.”%?

The AEC was asked to defend the choice of Weston on the basis of
other considerations as well, the most important being cost differentials
between the sites and the question of civil rights. One session was spent
on a point-by-point analysis of the site selection process, with the AEC
constantly emphasizing that decisions had been made on the basis of
the criteria. When Lofgren and McMillan appeared before the subcom-
mittee, although neither expressed enthusiasm about the project, both
stressed Berkeley’s willingness to cooperate in the new effort and limited
their negative comments to vague warnings about the need to proceed
with caution. Their restraint testifies to the success of behind-the-scenes
meetings with the AEC and URA.%®

In contrast to the restraint of these discussions over site selection,
emotions ran high in the testimonies about civil rights. For example,
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Mitchell of the NAACP decried the choice of Weston, claiming it was an
“example of how human dignity and fairplay get short shrift from some
top government agencies.” Edward Ruthledge from the National Com-
mittee against Discrimination in Housing demanded that the JCAE
“withhold final approval of the Weston site pending specific positive
demonstration that Illinois and Chicago will in fact plan, enact, and
carry through an across-the-board program to open wide the doors of
equal opportunity for minority families.” AEC officials shuddered. If the
JCAE endorsed Ruthledge’s plan, the 200 GeV project would undoubt-
edly be deadlocked for some time, since the Illinois legislature had con-
sistently balked at open-housing bills, despite Governor Kerner’s efforts
to push them through.*!

Considerable attention at the hearings was given to the proposed
reduction in scope and to the role of URA. Chairman Pastore grilled
Seaborg on the reduced scope, asking what had prompted this change in
plans. Although Seaborg tried to sidestep the issue, he eventually admit-
ted that the impetus had been budgetary pressure from the BOB, rather
than the consideration that a reduced-scope machine would serve as
well as the original design. JCAE members were clearly annoyed that the
BOB had intervened. As Hosmer later remarked, “I am not at all certain
we are warranted in authorizing a nickel to proceed on this bitterly dis-
appointing scaled down and shaken poor man’s BeV accelerator.”’? Into
this debate stepped JCAE member William Bates of Massachusetts, who
pointed out that CERN had announced plans to build a 300 GeV accel-
erator. He wondered why the United States was “settling on a second-
rate. .. machine when the European countries [were] planning a first-class
facility.” Why not think in terms of increased capability?°® Bates’s ques-
tion gave the AEC the perfect opportunity to push the idea of building
a machine that could be expanded later to reach higher energies.

Lofgren remembers that he had the idea of designing an expandable
machine back in March 1964 during a twelve-day hospital visit for back
problems. No one seriously considered implementing the idea until late
1965, when the AEC requested a reduced-scope accelerator. Expandabil-
ity gave the AEC a way to bridge the gap between the JCAE's expectations
and the BOB’s restrictions; the JCAE would have the accelerator it orig-
inally promoted and the AEC would still work within the $250 million
budget set by BOB. Because of the JCAE’s support for expandability, the
AEC was able to incorporate it into plans for the project, despite the fact
that such a midstream change was usually forbidden. Although Berke-
ley designers had been first to consider ideas for expandability and were
about to publish a well-honed expandability scheme, the idea became
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associated with Wilson because the commissioners stressed his willing-
ness to apply innovative ideas within a budget. This association in turn
improved funding prospects.®*

The authorization process continued over the next several months.
In an April 1967 report, the JCAE subcommittee applauded the expand-
able machine, denounced the reduced scope and reluctantly accepted
the continued role of URA, which still had only a temporary contract.’
As for the new laboratory’s policy toward outside users, the joint com-
mittee stated that outside users already had reasonable access to other
AEC accelerators, but they agreed with the desire to ensure access, “more
as a matter of right than sufferance.” In June, when the full committee
made its funding recommendation to Congress, the majority report sug-
gested that $7 million of the requested $10 million be authorized to be-
gin construction of the new project. Chairman Pastore submitted a dis-
senting opinion in which he suggested that the project be deferred. He
questioned whether the 200 GeV was really the AEC'’s top-choice machine,
presumably because of the heated debate within the physics community.
He insisted that at a time when the budget was swollen with high prior-
ity items there was “no urgent, compelling public need demanding an
immediate beginning on the construction of the 200 BeV accelerator.”
Pastore’s most vigorous complaint, however, was that of “the six finalists
among the considered sites, the AEC chose a location in the only state
of the six which does not have open housing legislation.” Pointing out
that open-housing legislation had been defeated in the Illinois Senate
just days after money was appropriated for the 200 GeV project, Pastore
angrily proclaimed: “In the name of advancing science and technology,
we should not be guilty of retreating from our boasted principles of
equity, equality, humanity.”%¢

The appropriation bill was vigorously debated after it reached the
Senate in mid-July 1967. In the midst of this debate, a New York Times
editorial angrily articulated the mood of many Americans. “The nation
is engaged in a bloody war in Vietnam; the streets of its cities are swept
by riots born of anger over racial and economic inequities,” cried the
editorial in a year when race riots erupted in Newark and Detroit and an-
tiwar protesters marched on the Pentagon. “It is a distortion of national
priorities to commit many millions now to this interesting but unneces-
sary scientific luxury.” Despite such complaints and Pastore’s objections,
Congress passed the funding bill, and on July 26, 1967, Johnson signed
it. The first large funding allotment for the 200 GeV was secured.’” The
physics community would have its accelerator.
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By granting $7 million of design funding for the next fiscal year,
the federal government made its commitment to build the new labora-
tory. In turn, Congress’s expectation of an expandable machine for $250
million demanded frugality in building the accelerator as well as its sur-
rounding laboratory. It was the first time since World War II that the
value of frugality was shaping a technical decision in a major accelerator
laboratory. Although many challenges remained for the physicists at the
frontier, it was a time of rejoicing.

By then Wilson had agreed to direct the new laboratory, writing to Sea-
borg on February 28, and then to Ramsey on March 1, 1967, that he was
“deeply honored to accept,” what he viewed as “an adventurous under-
taking that appeals to me deeply. I expect to give my best to help us make
it a laboratory of which we can all be proud.”*® Wilson’s association with
the concept of an expandable machine increased the AEC’s desire to work
with URA. Aware that he was in a strong bargaining position, Wilson ne-
gotiated a salary that included the maximum compensation available
from the AEC plus a yearly contribution from the URA. He also obtained
a number of concessions: that approval authority would be given to a
local AEC office to avoid red tape and that the AEC would pledge to
support construction authorization in 1969.°° And he insisted that URA
name the 200 GeV project “The National Accelerator Laboratory,” to
highlight its commitment to a democratic outside user policy.!%

Wilson would thus be able to create the new laboratory his way. He
initially toyed with Governor Kerner’s idea of surrounding the laboratory
with a kind of “science city” where scientific creativity would flourish.!%!
The vision adapted itself well to a laboratory set in a suburb of Chicago,
the city that Mark Twain had described in 1883 as “a city where they
are always rubbing the lamp, and fetching up the genii, and contriving
and achieving new impossibilities.”!? Ultimately Wilson discarded the
science city idea as impractical, but NAL would prove to be one of the
“new impossibilities.” Like Chicago, NAL became a crucible for innova-
tion while serving as a flagship for exploring the scientific frontier.
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Wilson’s Vision

We have the opportunity to build a truly magnificent laboratory . . . with beautiful
architecture set in a pleasing environment. . . a significant laboratory . .. where
we will have the opportunity to push the limits of our knowledge about particles

to a point undreamed of 30 years ago. ROBERT R. WILSON'

During Wilson’s first year of building NAL, he would some-
times fit an early morning ritual into his busy schedule. On
the way to his office he would ask Mack Hankerson, the
mail clerk who also served as Wilson'’s driver, to stop near a
lookout point on the site’s eastern perimeter. Ascending a
stepladder erected on a slab of concrete, Wilson would then
“look at the land.”? As a sculptor accustomed to visualizing
his finished product long before it materialized, he had no
trouble imagining the transformation of the site’s farmland
into a scientific workplace. Many aspects of NAL'’s design
were suggested by others, but its special character reflected
Wilson'’s values. His aesthetics called for clean, bold, frugal,
and functional components, harmoniously combined. The
practical design reflected Wilson'’s view of himself.
Wilson's self-image was composed of three distinct yet re-
lated personae: the pioneer who pushed frontiers, the crafts-
man or engineer who made things work, and the Renaissance
man.? Wilson’s pioneer was an adventuresome frontiersman
committed to exploring the unknown and confronting its
limits. “Research plays a present-day role analogous to the
role that opening of the west played at an earlier stage in
our country,” Wilson wrote during his first year as the di-
rector of NAL.* His approach to exploration was shaped by
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individualism, self-reliance, and reverence for observation of the world,
traits shared by Frederick Jackson Turner’s romantic pioneer (see chap-
ter 1). This image had also appealed to other physicists whom Wilson
admired, among them Lawrence and Oppenheimer. Unlike the brutal
conquerors discussed by historians of the American West, Wilson's fron-
tiersman was of noble spirit. His explorations were guided by democratic
ideals. Wilson stated as policy in 1968: “In the course of giving a very
large acceleration to our particles, let us hope that we can contribute at
least a small acceleration to society.”’

That the man who built Fermilab was born in a Wyoming town named
Frontier and that his laboratory was in a suburb of the city where Turner
had presented his frontier thesis are coincidences. But that Wilson dis-
missed as his institutional models both the military camp (adopted by
Brookhaven) and the college campus (embraced by SLAC) was no coinci-
dence. He wanted his laboratory to be an open space that evoked a peace-
ful frontier, a place where physicists worked creatively to understand and
also improve the world.

Wilson believed that his identification with his second persona, the
hands-on craftsman, grew from his boyhood experience of visiting the
blacksmith to repair broken tools in an effort to avoid the long and lone-
some ride into town to buy replacement parts. With the blacksmith he
“learned how to use my hands and make things. I think that was a very
useful part of my training.”® Wilson told an interviewer that in working
with the blacksmith he developed “the confidence that with your own
hands you could build large contraptions and make them work.” Like
the blacksmith, Wilson came to trust hands-on experience over theoret-
ical knowledge. American pragmatists such as William James and John
Dewey had built their philosophies on such grounds. Their empiricism
supported many characteristically American technical developments, in-
cluding Edison’s laboratory in Menlo Park, Lawrence’s first particle ac-
celerators, and Oppenheimer’s atomic bomb effort at Los Alamos.”

Wilson'’s third and perhaps most powerful identification was with an
ideal that historians have linked with the “rise of a new observational
study of natural phenomena,” a philosophy acknowledging a union of art,
spirit, and nature which is sometimes referred to as “Renaissance natural-
ism.”8 Wilson’s view of himself as a Renaissance man had matured by the
time he was studying art and sketching accelerators in Paris in the fall of
1965 (see chapter 4). By then his vision of a frugally constructed particle
accelerator had come into focus—a work of art, as well as a tool of science
that could play a cultural role similar to that of the Gothic cathedrals of
France.
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Biographical Sketch

Robert Rathbun Wilson was born to Edith Rathbun and Platt Wilson
on March 4, 1914.° He found strong models for his adventurous spirit
and feisty independence in the western heritage of pioneer ranchers on
his mother’s side. Spending much time on his family’s Wyoming cattle
ranch, Wilson initially aspired to become a cowboy and in later years of-
ten described himself as one (fig. 5.1). He was, according to Goldwasser,
“a master horseman,” who could “deftly lasso any of his three sons when
they were young and when needed.”!? The experience of spending long
periods of time alone riding great distances with a packhorse, reading
the sky for weather, and generally pitted against nature, nurtured Wil-
son’s resourcefulness and helped him develop not only a closeness with
nature, but also the belief that he was “unique in the world.”!!

Young Wilson read insatiably in the local library, finding valuable
role models in works of literature. The hero of Sinclair Lewis’s novel
Arrowsmith exemplified the noble scientist seeking practical solutions in
the service of humanity. Such fictional models proved more formative
than any of the schools Wilson attended, a different one each year after
his parents separated while he was still in grade school. Going back and
forth between his parents helped Wilson develop a wide variety of edu-
cational, practical, and social skills. Edith Rathbun’s family of ranchers,
who moved to Wyoming after the California gold rush, maintained a
high regard for learning.'? Experimenting in his mother’s attic, Wilson
taught himself such practical skills as blowing glass, which he drew on
in building a mercury vacuum pump and a Crooke’s tube.

Platt Wilson, the son of an Iowa preacher, worked first as a civil engi-
neer in both the coal-mining and automobile industries and then entered
politics and became chairman of the Democratic Party in Wyoming.
He was later elected a state senator. Although Robert remained shy and
withdrawn through high school and college, rarely speaking up in class,
he readily learned from Platt the value as well as the skill of rhetoric and
storytelling. Robert’s maternal grandmother, Nellie Rathbun, in whose
care the boy was often placed, helped to instill a strong appreciation of
civil rights in young Robert Wilson. She was the granddaughter of the
abolitionist John G. Fee, who founded Berea College, a racially integrated
school, in pre-Civil War Kentucky.!3

Following in this tradition, Wilson pursued a college education. In
1932, he gained admission to the University of California at Berkeley,
despite his undistinguished high school record. Like many physicists
who began their studies during the Great Depression, he enrolled in an
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electrical engineering program, which offered the promise of future em-
ployment. Soon he discovered his passion for physics, and proceeded
to teach it to himself as a freshman. One attraction was the nuclear
physics research pursued at the Radiation Laboratory that Ernest Or-
lando Lawrence directed. One day during Wilson'’s freshman year, a
physicist found Wilson standing and peering into the Rad Lab through
awindow. He invited the boy inside. When Wilson saw the cyclotron, he
decided on the spot that working with such machines was what he would
do in his life.!*

The attraction of physics, especially as presented by Lawrence, proved
irresistible to Wilson. By the time he entered his senior year in college,
he was conducting original research on the lag time of the spark dis-
charge. Staying on for graduate study, Wilson became one of Lawrence’s
“boys,” the group of young scientists that included Livingston, McMil-
lan, Philip Abelson, Luis Alvarez, and Milton White. Wilson took up a
range of physics problems, including the theory of the cyclotron and the
development of the waxless cyclotron vacuum seal that became known
as the “Wilson seal.” He later reflected that he came away from his train-
ing under Lawrence with many valuable lessons, such as, “If you want
something to come true, you can make it come true just by pushing like
hell,” or “There are many ways of getting to a result,” or “If you tried, it
was a question of being optimistic or pessimistic.” Wilson’s doctoral the-
sis experiment on proton-proton scattering failed, because he could not
make the cyclotron work well enough, but he could not delay moving to
Princeton to begin his appointment there as an instructor in physics. In
1940 Wilson wrote his thesis up on the theory of the cyclotron, despite
the cyclotron’s failure. Trying until the last possible moment to make the
cyclotron work, he arrived late for his wedding on August 20, 1940.15
Jane Inez Scheyer and Bob Wilson were to enjoy a long and happy
marriage of fifty-nine years, raising three sons, Daniel, Jonathan, and
Rand.

At Princeton Wilson continued to pursue proton-proton scattering.
He also used the Princeton cyclotron to contribute to the work of Enrico
Fermi and Herbert Anderson that resulted in their demonstration of the
first nuclear chain reaction at the University of Chicago. In subsequent
research, Wilson showed that a resonant mode of fission occurs. He also
invented the electromagnetic isotope separation method known as the
“Isotron method.” When the Isotron project was canceled early in 1943,
Wilson’s group and its apparatus were shipped to the secret laboratory
in Los Alamos, New Mexico, which had been organized in 1942 to build
the atomic bomb.
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5.2 Enrico Fermi (front row, second from left) with Los Alamos, NM, colleagues including Robert
R. Wilson standing behind, to Fermi’s left, 1943. (Courtesy of Emilio Segre Visual Archives,
American Institute of Physics.)

As a pacifist, Wilson at first felt that he could not be involved in the
growing hostilities that led to World War II. But as Nazism took hold, he
“grew more and more uneasy.” He described his process of dealing with
this malaise as a challenge of conscience: “If Hitler indeed conquered the
world, could I bear to stand by and watch it happen, could I bear to think
what life in such a world might be like?”1¢ Reversing his earlier decision
not to work for the war and its “merchants of death,” he accepted the
invitation to work on radar at the MIT “Rad Lab,” which Lawrence was
helping to organize. Wilson soon decided that he would be more useful
to the American effort if he worked on problems of nuclear physics. He
went west, to Los Alamos (fig. 5.2).

Wilson initially led the Los Alamos Cyclotron Group, whose respons-
ibilities included studying nuclear properties relevant to the bomb
project, for example, measuring the time delay of neutrons emitted when
a neutron causes a uranium atom to fission, determining how many
neutrons emerge on average per fission of an atom of uranium or pluto-
nium, and whether neutrons are emitted from uranium instantaneously
or with some delay. When the laboratory decided that the machine best
suited for its research was the Harvard cyclotron, the military sent an
acquisition team, which included Wilson, to Harvard to purchase the
cyclotron. Their pretext was that the accelerator was needed for medical
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work in Saint Louis. The Harvard physicists, suspecting the team’s mo-
tive, told the team it could have the cyclotron without payment if the cy-
clotron would be used in the fission project. Bur the army group obeyed
its orders and paid Harvard a large sum for the cyclotron.

Wilson was back in the saddle in the austere environment of north-
ern New Mexico. He flourished in the tense military context and felt
comfortable employing the practical methodologies that governed the
research of this wartime laboratory (e.g., successive approximations, trial
and error, multiple lines of inquiry, numerical methods, or building scale
models) to compensate for the incomplete theories and spotty experi-
mental knowledge that confronted them. The approach appealed to Wil-
son’s persona of the hands-on craftsman. Later, in the summer of 1944,
Wilson succeeded Caltech’s Bacher as head of the Experimental Physics
Division in Los Alamos. Following in his father Platt’s footsteps, Wilson
dabbled in Los Alamos politics, serving on the town council and later as
the council’s leader.!”

In July 1945 Wilson experienced the Trinity Test of the first atomic
bomb in the Alamogordo desert of New Mexico as a withdrawal “into re-
ality,” a “re-awakening from being completely technically-oriented.” He
subsequently criticized the decision to drop the atomic bomb on Japan,
became a founding member of the Federation of American Scientists,
and completely gave up weapons development, resolving henceforth to
work on nuclear energy only as “a positive factor for humanity.”!® When
he left Los Alamos, shortly after the war ended, he joined the faculty at
Harvard as an associate professor and designed Harvard’'s 150 MeV cy-
clotron. In 1946 he also explored the use of protons emerging from this
cyclotron for cancer therapy,’

In February 1947 Wilson moved to Cornell as a full professor, again
following Bacher, this time as the director of Cornell’s Laboratory of
Nuclear Studies. At Cornell, Wilson made one of the first applications
of the Monte Carlo method, a procedure offering approximate solu-
tions to problems by performing statistical sampling experiments on a
computer; the method grew out of calculations made in developing the
atomic bomb. Wilson developed a way to produce very high tempera-
tures in plasmas by producing an imploding shock wave in an ionized
gas. Conducting elastic electron-nucleon scattering experiments, he sep-
arated the nucleon’s electromagnetic form factors. Wilson melded the
empirical approach he experienced at Berkeley and Los Alamos with his
aesthetics of frugality to yield his philosophy “that something that works
right away is over-designed and consequently will have taken too long to
build and will have cost too much.”?° Applying this philosophy over his
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twenty years at Cornell, he built four new electron synchrotrons, each
more powerful than the previous one. They culminated in Cornell’s 10
GeV synchrotron.?! The 1.5 GeV synchrotron in this series (later up-
graded to 2.2 GeV) was the first accelerator based on the strong-focusing
principle.

Although Wilson was happy at Cornell, by the early 1960s he yearned
to express his emerging aesthetics of Renaissance naturalism. He found
the right project while attending the Frascati meeting at which he learn-
ed about Berkeley’s 200 GeV accelerator design (chapter 4). The burst of
creativity that Wilson experienced in Paris in 1965 formed the basis for
his subsequent design of NAL.

Bringing Wilson’s Frontier Vision to Life

Wilson found that he needed help getting organized to build and direct
the new laboratory in Illinois. Still at Cornell during the spring of 1967,
he was reluctant to ask members of his staff to work on the new project.
Like the pioneers settling on the American frontier, Wilson drew on his
friends. The well-known theoretical physicist Hans Bethe and his wife,
Rose, had been close friends of the Wilsons since Los Alamos. (Later that
year, Bethe would win the Nobel Prize for his theory of energy product-
ion in stars and for the theory of nuclear reactions.)

Rose’s organizational skills had been of use to Oppenheimer when he
had created the Los Alamos laboratory. Wilson now asked Rose whether
she could help him organize NAL. She remembered “a period between
vision and fact” when Wilson needed “to work out what he wanted to
do.”?? He particularly needed help with writing letters and answering the
telephone. Rose was happy to offer such assistance for a short time. From
Ithaca she served as “hostess,” making travel arrangements for the scien-
tists who would be attending Wilson’s design conference in Oak Brook,
Ilinois, in June 1967. She already knew many of the people involved.??
Another Cornell friend who helped Wilson in this period of organization
was the engineer Robert Matyas. He was “very efficient as a batman,”
Rose Bethe recalled. Matyas in turn remembered that when Wilson asked
Rose to create the letterhead for the laboratory’s stationary, he asked Rose
to emphasize the fact that URA managed NAL. Rose pointed out that it
would not be suitable to place those two acronyms side by side.?*

Some months later, when it was time to move to Illinois, Wilson again
followed a precedent set by Oppenheimer. He hired Priscilla Duffield as
his principal administrative assistant. Priscilla’s husband, Robert Duffield,

102



WILSON'’S VISION

had recently been appointed the director of Argonne National Labo-
ratory. Even earlier Priscilla had worked as Lawrence’s administrative
assistant in Berkeley. She joined NAL on November 1, 1967, when the
new laboratory’s offices were based in Oak Brook. Years later, Duffield
compared the experience of working for Wilson in Illinois with working
for Oppenheimer at Los Alamos. “There was the same close feeling of a
group of people in a strange land, . . . a group of people who were isolated
from the rest of the world and trying to do something special.” Duffield
said that moving to the Weston site evoked memories of the esprit de
corps at Los Alamos, and “that did really make it a frontier.” She also re-
called the feeling of independence and adventure in those early days on
the Weston site. “We had a flagpole and a big fancy colorful tent was put
alongside the house” (fig. 5.3). As she explained, “It was a place to sit and
have a meeting,” but it also “was a symbol.” And at both labs, “everyone
did sort of everything—there was a crisis every day.” Duffield empha-
sized: “Bob managed to give people the feeling of tremendous urgency,
of getting the thing done and getting it done fast and getting it done
cheap.”?> Later, secretary Barb (Rozic) Kristen recalled that many new
employees considered it hard to know just what to do in those early days,
but Duffield, unlike everyone else, knew exactly what was needed and
how to get things done. Many other gifted coordinators would follow in
Duffield’s shoes, including Cynthia Sazama, Jean Plese, Judy Ward, Jackie
Coleman, and Helen Peterson.?®

The Weston site became a blank canvas on which Wilson expressed
his frontier ideals. From the nineteenth century on, farmers had tamed
this windswept prairie, with its wetlands and black soil, into rich farm-
land. Earlier, Native Americans had appreciated the area’s abundant
wildlife and natural resources, particularly around the forest called the
Big Woods, in the northwest quarter of the site.?” Wilson saw the terrain’s
intrinsic qualities as symbols of the American heartland. He manipu-
lated many aspects of the site, including the barns and simple houses,
to create a vision of the frontier. He considered that an apt backdrop for
the work at NAL—an open space eventually complete with a herd of
bison. He stated that he “loved playing boy designer. .. moving houses
around, improving the appearance of the place.”?® He tried to preserve
the laboratory’s integrity by planning its facilities to fit their natural
surroundings. He encouraged preservation of natural habitats and open
space. His ecologically sensitive goals, presented at a time when Amer-
ica’s nascent environmental movement was taking root, helped to as-
suage local fears that the new government installation would negatively
affect their quiet lives.
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5.3  Flag raising in NAL Village, September 1968. (Courtesy of FNAL Visual Media Services.)

As for the accelerator, the reason for the laboratory’s existence, Wilson
wanted this to be more than a tool for pushing frontiers, a creation of
“great beauty” which would “add to the satisfaction of our lives.”?° The
spare but powerful machine would be hidden from view in an under-
ground tunnel, its surface covered by an earthen berm well blanketed
with native plants. The berm would alter the topography just enough to
make the ring visible from high altitude.*’ He planned accessible experi-
mental areas with scarcely visible underground beamlines.?! He wanted
affordable yet elegant architecture in both physics and society. The labo-
ratory would be governed by democratic values, and offer civil rights for
all. It was to be “primarily spiritual,”3? contributing to society “not only
in a technical but also in an aesthetic, social, and philosophical sense.”33
Wilson later wrote: “I envisaged the Laboratory as a utopian place where
physicists coming from all parts of the country—and from all countries—
would be doing their creative thing in an ambiance of well-functioning
and yet beautiful instruments, structures, and surroundings that would
reflect the magnificence of their discoveries and theories. All this to be
done in a scientific climate of mutual respect and responsibility; it would
be a place where, according to the Chinese ideal, ‘all would be happy to
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do what they had to do, and would have to do what they were happy to
do.’”34

As his deputy director Wilson chose Goldwasser, a physicist whose
administrative and communicative skills he admired and whose liberal
social views matched his own. Goldwasser, based at the University of I1li-
nois, had come to the forefront of the movement for equitable outside
user access to particle accelerators during the construction of Argonne’s
Zero Gradient Synchrotron (ZGS). He had in fact organized one of the
first users’ groups in high-energy physics. Known for being a patient,
systematic, and reliable communicator, Goldwasser had ample adminis-
trative experience, having served in many advisory positions, including
positions on the URA board of trustees, the Ramsey Panel, and the 200
GeV project’s Site Evaluation Committee.?’

Goldwasser visited Wilson in Ithaca early in 1967, a week after Wilson
telephoned him asking him “to consider joining him in some undefined
capacity.” The two spoke at length, devoting “an appreciable fraction of
our time (to) discussing the opportunity we would have to take affirma-
tive action to bring motivated young Blacks into solid employment at the
growing laboratory,” Goldwasser recalled.® They soon formed a relation-
ship they both characterized as “complementary.”?’ (See fig. 5.4.) While
Wilson preferred an informal management style, preferably without or-
ganization charts, Goldwasser favored “lots of people and lots of ad-
ministration.” He tried to attend every meeting that Wilson held. They
worked so intimately together that “if Wilson had to leave,” Goldwasser
recalled, “I would take over half completed administrative tasks without
a word being exchanged between us.”3® Wilson reflected, “it was often
hard to say afterwards who did what.”%°

Drawing on his expertise as an outside user advocate and as an active
experimentalist, Goldwasser would play a leading role in planning NAL’s
research program, selecting the members of the powerful Physics Advi-
sory Committee (PAC), which would judge the experiment proposals
requesting use of the accelerator. As NAL’s deputy director, he worked
to establish good communication with users at NAL, organizing annual
summer studies to solicit user advice, especially about the development
of experimental facilities (chapter 7).4°

With Wilson, Goldwasser planned ways the laboratory could inspire
solutions to a broad range of social, economic, and cultural problems.
Like Oppenheimer’s Los Alamos, NAL engaged as many women as pos-
sible in building its community programs. Many were the wives of labo-
ratory physicists. As the first lady of the laboratory, teacher-writer-poet
Jane Wilson hosted social activities at the Wilson’s home in Chicago’s
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5.4 Robert R. Wilson and Edwin L. Goldwasser in ring mock-up at the first NAL offices in the Oak
Brook Executive Office Plaza, 1967. (Courtesy of FNAL Visual Media Services.)

Hyde Park, and later at their on-site director’s home, site 29. She also en-
livened and stimulated the intellectual environment, and coordinated
cultural events at NAL with Liza Goldwasser, who was known for orga-
nizing memorable picnics for staff and visitors. Musician Janice Roberts,
married to Argonne physicist and musician Arthur Roberts, became in-
volved in 1970 in making housing arrangements for the first NAL-based
summer study. With their considerable knowledge of the abundance of
offerings from the Chicago arts world, Janice and Art Roberts developed
the NAL arts and auditorium committees. Janice also created the Guest
Office, which assisted the families of new recruits to the laboratory.
These and other dedicated women were instrumental in establishing
NALWO (the National Accelerator Laboratory’s Women'’s Organization),
a women'’s organization created to support community life at the new
laboratory.

When Wilson and Goldwasser learned in June 1967 that civil-rights
activists were planning to protest the government’s decision to spend
federal funds in a state lacking fair-housing legislation with a “tent-in”
and a march to NAL’s entrance from the Cenacle, a religious retreat house
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in neighboring Warrenville, they embarked on a campaign to address
the complaints.*! Wilson sent Martin Luther King, who was expected to
attend the demonstration, a telegram: “We scientists now designing the
200-BEV accelerator to be located at Weston strongly support the struggle
for open housing in Illinois. Science has always progressed only through
the free contribution of people of all races and creeds.”*? The protest
march took place peacefully the next day.*?

Wilson had for some time been writing to Illinois governor Kerner
to explain the laboratory’s position on civil rights and to discuss his
problems recruiting physicists because Illinois had no open-housing leg-
islation. During NAL’s authorization hearings in 1967, NAACP represen-
tative Clarence Mitchell had opposed constructing the laboratory at the
Weston site because of open-housing concerns. Kerner and the Illinois
Department of Business and Economic Development understood both
the economic importance of bringing the 200 GeV project to Illinois and
the relationship of open housing to racial unrest. In August 1967, Presi-
dent Johnson appointed Kerner to chair a commission, the first study of
its kind, to examine racial issues in America. The Kerner Commission’s
report in March 1968 described a worsening of racial tensions and con-
cluded “that racism and economic inequality,” not outside agitation,
“spurred the riots the previous summer.”4*

To specifically address local racial discrimination, Goldwasser and
Wilson designed NAL'’s human rights policy “to seek the achievement of
its scientific goals within a framework of equal employment opportunity
and of a deep dedication to the fundamental tenets of human rights and
dignity.”*> The document emphasized that

the formation of the Laboratory shall be a positive force. . . toward open housing. ..
[and] make a real contribution toward providing employment opportunities for minor-
ity groups. . . . Special opportunity must be provided to the educationally deprived. . .
to exploit their inherent potential to contribute to and to benefit from the develop-
ment of our laboratory . . ..

Prejudice has no place in the pursuit of knowledge.... It is essential that the
Laboratory provide an environment in which both its staff and its visitors can live and
work with pride and dignity.

In any conflict between technical expediency and human rights we shall stand
firmly on the side of human rights. This stand is taken because of, rather than in spite

of, a dedication to science.*6

These civil-rights efforts brought Mitchell to reverse his earlier position
against NAL. In mid-1968, when the laboratory’s funding allocation was
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cut, Mitchell wrote a strong letter in support of NAL. Within a year open
housing was Illinois law.*’

NAL’s commitment to civil rights was further implemented in early
1969 by the laboratory’s pilot Training and Technology Project (TAT),
led by Kennard R. Williams, NAL'’s equal employment and community
relations officer. TAT was designed for minority men to learn skills qual-
ifying them for employment at the laboratory. As part of an interagency
agreement between the AEC and the U.S. Department of Labor, young
men from the inner city of Chicago were sent to Oak Ridge National
Laboratory for four to six months of technical training as machinists,
draftsmen, welders, or electronic or mechanical technicians at NAL.*8

Another of Wilson’s continuing social concerns was applying high-
energy physics research to medical problems. In 1946 he suggested using
accelerated particles in the treatment of cancer.* During the mid-1970s
he worked with oncologists Lionel Cohen and Frank Hendrickson to de-
velop a neutron therapy facility at NAL with funding from the National
Cancer Institute. By September 1976 consenting patients were being
treated at Fermilab’s Neutron Therapy Facility.

The negotiation talents and administrative experience of Norman
Ramsey offered another useful complement to Wilson’s passionate and
sometimes argumentative style.’® Ramsey’s experience organizing large
laboratories reached back to the 1940s, when he had helped to estab-
lish Brookhaven National Laboratory. Wilson and Goldwasser enlisted
Ramsey to help head off complaints that might be brought to the URA,
for example, about Wilson’s resistance to writing annual reports.>! “We
agreed that the URA Annual Report would also serve as the laboratory’s
annual report,” Ramsey explained.>? As URA president for three terms
between 1966 and 1981, Ramsey was consulted not only for scientific,
political, and technical concerns but also for personnel and salary mat-
ters at NAL, noted Goldwasser. Despite Ramsey’s busy schedule, which
included a professorship at Harvard, he managed to visit NAL once a
week to confer with Wilson and Goldwasser. “During these sessions Bob
and I made it a point to inform him about everything that was going on—
successes, failures, personnel problems,” Goldwasser recalled. “Our aim
was never to let him be surprised by anything that had happened at the
laboratory.” As Wilson recalled in 1981, “Ned, Norman, and I. .. ran the
laboratory.”53

Ramsey’s intervention was crucial in 1968 when Wilson submitted
a letter of resignation as an expression of his frustration over initial
funding delays. Instead of accepting the letter, Ramsey worked with AEC
officials and Wilson to fashion a workable budget, a task that became
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easier when the allocation was raised.>* Ramsey often acted as a buffer
for Wilson when the temperamental director interacted with govern-
ment officials, university representatives, and leaders of the physics
community.®® In late 1971, when a campaign from dissatisfied users and
some URA representatives tried to force Wilson's resignation after a series
of accelerator difficulties, Ramsey brought the problem under control by
March 1972 with the help of Cornell accelerator physicist Boyce McDaniel,
who came to Fermilab to help solve the problems.>¢ “Mac” would serve
as Wilson'’s troubleshooter at several crucial moments discussed in later
chapters.

Wilson faced an ocean of skepticism in 1967 when he began to seek
staff to join his new accelerator-building project. While its technical fea-
sibility was no longer an issue, many questioned whether the proposed
expandable 200 GeV accelerator could be constructed for only $250 mil-
lion. The Weston site seemed an unsuitable and unappealing cornfield.
Wilson struck an urgent and unusually personal note in his March 20,
1967, letter inviting potential staff members to his April and May 1967
planning meetings at Argonne National Laboratory. “We are going to
have a tough time,” he stated. “We will need the best creative effort of
the physics community to do this. Won’t you please come and help with
this start?”7 In his talk he exclaimed, “I feel lonely and exposed and have
felt that way for about a month.” After describing his plans for adminis-
tering the laboratory, he asked prospective employees to make a commit-
ment: “Most of all, I want some one to come and say, ‘I'm going to work
on this job, and I am going to live in this area, and this is the laboratory
with which I'm going to identify, and I am going to be committed to its
success.””%8

In his staff, Wilson said he tried “to find people that were just the op-
posite of me” so that he could incorporate elements foreign to his own
experience and temperament. At the 1967 Argonne users’ meeting, Wil-
son referred to his own accelerator building skills as “somewhat amateur-
ish” and said he hoped to hire “the most professional kind of accelerator
builders.” He wanted staff who “had broad experience in large national
laboratories.” Most of all he wanted “good physicists” who had had “di-
rect experience working in national laboratories where proton physics is
done.”>? He appealed to accelerator experts: “I hope that experts will give
us the benefit of their advice under any conditions,” adding “the deeper
the involvement, the more likely I am to follow the advice.”®® The fact
that Wilson openly valued commitment and involvement over experi-
ence explains, perhaps, why not many recognized accelerator builders
stayed with the project after the Main Ring’s design phase. Wilson fared
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best with those who were “young and innocent” enough to want to
gather at the feet “of the emperor of the sixty-eight hundred acres,” in the
words of J. Richie “Rich” Orr, who left a postdoctoral appointment at the
University of Illinois to join NAL in 1970.5!

As advertised, Wilson established a nonhierarchical organization that
proved so fluid that under his tenure there was never an organization
chart stable enough to send to the AEC. In this freewheeling atmosphere,
opportunities abounded for those willing, because of their youth or tem-
perament, to accept Wilson’s terms. Orr explained: “Wilson delegated
fully. If you told him what you were doing, he didn’t steer you, so long
as you worked within the constraints of the project.”®> Two other young
recruits, Ernest Malamud, a physicist who left UCLA in 1967, and Jack
McCarthy, who left the University of Illinois in 1969 after earning a BS
in electrical engineering, agreed that Wilson granted a great deal of free-
dom and decision-making power to the committed, especially those who
were physicists. As McCarthy and others noted, “Wilson felt physicists
should run everything—the business office, personnel, and working
groups for accelerator components.” Yet even for nonphysicists, like
McCarthy, the rewards more than outweighed the limitations. “I was
simply too young to mind,” McCarthy explained. “What mattered to
me was that I was given far greater responsibility than I would have had
at another job.”%® Since jobs were difficult for young physicists and en-
gineers to find in the slumping U.S. economy of the late 1960s and early
1970s, especially with the disbanding of MURA and the imminent closures
of the Princeton-Pennsylvania Accelerator and the Cambridge Electron Ac-
celerator, Wilson had little trouble finding eager staff members; from mid-
1967 to early 1974, the number of employees rose steadily to 1,152.54

To keep his staff involved, Wilson drew on the great storytelling tra-
dition of his youth. As Wilson'’s driver Hankerson remembered, Wilson
would convene a meeting of the entire staff roughly every six months
in the early years of the project. At the first meeting, about two dozen
employees gathered in an open area in front of the Curia, Wilson's office
in the Fermilab Village (fig. 5.5). A campfire, as in Wyoming, would have
been impractical. Instead, Hankerson recalled, “people took benches
and chairs. Some even sat on the hoods of their cars” as they listened to
Wilson’s inspiring rhetoric.®> At a staff meeting in October 1969, when
Wilson’s staff was struggling to meet his ambitious building schedule,
he described building the accelerator as “the easiest part” of the job, “be-
cause that’s just building an instrument. ... We’ve got to do a lot better
than that.” He explained that “We have a higher obligation. .. to make a
Laboratory . . . in which discoveries in physics—significant discoveries—
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5.5 Robert R. Wilson addressing NAL employees in front of the Curia, 1968. (Courtesy of FNAL
Visual Media Services.)

can be made. A Laboratory where we can add to our understanding of
the world around us.” Wilson portrayed the job of building the labora-
tory as an uplifting mission that “affects all of us much more person-
ally .. .you’ve all come here to stay ... to see this job through.”®
Wilson instructed his employees to be concerned about “the physical
beauty of the place.” They would soon be “walking up and down the roads,
through the trees thinking, and talking to one another.” He was con-
vinced that it was important to form the “proper kind of environment”
for stimulating creativity and productivity.®” The environment would be
infused with team spirit; he invited all his employees to bring problems
and suggestions to his attention, noting that they would “have a reason-
able kind of administration” only if all employees took “responsibility
for the administration of the Lab.” He added, in a humble tone: “When you
see problems arise, don’t assume that there is a beneficent, omniscient
director working [on them]. He is probably right in the middle of some
terrible goof and doesn’t really know where the real problems are.”%
Again and again Wilson would draw on frontier rhetoric in an effort to
inspire his staff. Speaking of the primitive working conditions in 1969, he
described the “pioneering effort” of the Linac group, the first to move to
the site from Oak Brook, and he encouraged those building and using the
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accelerator to share the adventure of primitive working conditions and
risk taking. “Right now, things are inconvenient. You have to be pio-
neers to come out and go through a period of inconvenience.” Referring
to the uncertainty of funding, he noted: “Your coming here is a kind of
adventuresome thing.” Later, when the accelerator was ready but when
experimenters were facing hardships (described in chapter 7), he told
experimenters they were “ready to embark on [an] adventure.” Nature’s
mysteries, he proclaimed, were “just as much of a challenge to the ex-
perimenter” at this juncture “as they were when our pioneer forebears
started at the beginning of the century.”®

In Wilson's first weeks as director he explained some of his aspirations
to those attending his April and May 1967 planning sessions at Argonne
National Laboratory.”® Before addressing any of the administrative or
technical issues, he said he first thought more abstractly “about the lab-
oratory, about what it might become, even about the conditions for it
becoming a good laboratory.””! He took the same approach working on a
sculpture or a physics project. “Although I keep changing my mind about
the details, I constantly keep a vision of the whole thing in my mind.”
That vision was “to build a truly magnificent laboratory ... a significant
laboratory . . . where we will have the opportunity to push the limits of
our knowledge about particles to a point undreamed of 30 years ago.””?

Theoretical physicists Geoffrey Chew of the University of California at
Berkeley and T. D. Lee of Columbia University explained in more detail
how these limits would be extended in the physics research at NAL when
they addressed the first meeting of what would become the NAL Users
Organization, held in April 1967 at Argonne National Laboratory. They
spoke in broad terms of the possibility of reaching an understanding of
the strong and weak interactions in experiments conducted at higher en-
ergies. Berkeley physicists Glen Lambertson and Denis Keefe spoke there
about the promise and anticipated problems of advances possible with
“extendible energy” synchrotrons. Robert Ely, also of Berkeley, identified
the difficulties of bubble chamber experiments in very high energy ex-
periments.”

In January 1968, as the deadline for NAL’s design report approached,
Wilson and Goldwasser worked alongside secretaries and support staff in
the editing, copying, and collating of pages for final assembly. The pro-
duction of the report, as well as much of the writing, was managed by the
assistant laboratory director for technical affairs, Francis T. Cole, one of
the few Berkeley physicists who joined NAL. Assisting Cole was technical
editor Rene Tracy. Cole’s job description included acting as liaison with
the architect-engineers, and he also had the responsibility for all the
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laboratory’s planning, scheduling, and technical reports. These broad
duties occasionally brought Cole into conflict with Wilson. The design
report responded to the larger objectives of giving the laboratory its gov-
ernment funding, as expressed in the hearings held before the JCAE from
1965 to 1967. In these, as the report stated, “witnesses have developed
the idea that this instrument will enable physicists to probe more deeply
into the structure of matter than ever before. It can be expected with con-
fidence that the limits of our knowledge of the physical world will be
greatly enlarged.””*

The report explained to NAL’s government patrons: “That nature is
more complex than first expected is a challenge rather than a disappoint-
ment. In building higher energy accelerators to study these complexities,
all kinds of exciting and fundamental discoveries have been made. Not
only have various kinds of new elementary particles been observed, but
also new physical laws have been discovered while old laws have been
observed to be violated.” And Wilson saw to it that the humanistic aspects
of research were stressed in the document as well; for example, “Pure sci-
ence, the search for understanding, is as important for its effect on the
minds of men as it is for its eventual contributions to his standard of living.
Man'’s effort to achieve a better comprehension of the world in which he
lives will continue to have a profound effect not only on his philosophy,
not only his well-being, but also on his whole social organization.””’

Then the report listed a few of the “many questions” of a scientific na-
ture that would be addressed by using the particle accelerator at NAL:

Which, if any, of the particles that have so far been discovered, is, in fact, elementary,
and is there any validity in the concept of “elementary” particles?

What new particles can be made at energies that have not yet been reached? Is
there some set of building blocks that is still more fundamental than the neutron and
the proton?

Is there a law that correctly predicts the existence and nature of all the particles,
and if so, what is that law?

Will the characteristics of some of the very short-lived particles appear to be differ-
ent when they are produced at such high velocities that they no longer spend their
entire lives within the strong influence of the particle from which they are produced?

Do new symmetries appear or old ones disappear for high momentum-transfer
events?

What is the connection, if any, of electromagnetism and strong interactions?

Do the laws of electromagnetic radiation, which are now known to hold over an
enormous range of lengths and frequencies, continue to hold in the wavelength domain
characteristic of the subnuclear particles?
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What is the connection between the weak interaction that is associated with the
massless neutrino and the strong one that acts between neutron and proton?

Is there some new particle underlying the action of the “weak” forces, just as, in
the case of the nuclear force, there are mesons, and, in the case of the electromagnetic
force, there are photons? If there is not, why not?

In more technical terms: Is local field theory valid? A failure in locality may imply
a failure in our concept of space. What are the fields relevant to a correct local field
theory? What are the form factors of the particles? What exactly is the explanation
of the electromagnetic mass difference? Do “weak” interactions become stronger at
sufficiently small distances? Is the Pomeranchuk theorem true? Do the total cross
sections become constant at high energy? Will new symmetries appear, or old ones
disappear, at higher energy?

And just after this catalog of research questions in the NAL design report
came the optimistic philosophic statement “Nature in the past has al-
ways surprised us. It is probable that, as we take the step up to an energy
of 200 BeV, more surprises await us.””®

Access to the Weston site was limited during 1967-1968, the first year
of NAL, because the acquisition efforts by the state of Illinois pro-
ceeded more slowly, and with greater difficulty, than anticipated. Plots
of the 6,800-acre site were acquired piecemeal. While awaiting access, the
physicists worked in rented temporary offices on the tenth floor of the
Oak Brook Executive Plaza, about halfway between Weston and Chicago.
Three experienced managers carried out Wilson'’s and Goldwasser’s plans:
Donald Getz, the assistant director for administration, smoothed the
transition and forged alliances for the new laboratory, Charles Marofske
handled personnel issues, and business manager Donald Poillon instituted
AEC procedures and arranged financial matters. A two-lane state highway,
Butterfield Road (Route 56), would bring the pioneers west from their
temporary staging ground to their Weston settlement in the fall of 1968.

Obtaining the farmland was problematic. Illinois had established
“quick take” provisions, allowing the property of the Weston residents
and farmers to be handed over to the state for transfer to the AEC, even
if the price were negotiated later. The landowners were expected to va-
cate, but several challenged the process in 1968 by complaining to state
representatives that their land was being appraised below its true market
value. When some filed suit over the issue, quick take was upheld in
court, but the protracted negotiations were difficult and consumed pre-
cious time. Not until late 1968 had enough of the land been obtained to
allow staff to begin to settle on the site. A marker commemorating the
contributions of the residents of the village of Weston was placed near
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5.6 RobertR. Wilson with Glenn Seaborg at NAL Linac groundbreaking ceremony, December
1968. (Courtesy of FNAL Visual Media Services.)

the directorate’s offices.”” That year the laboratory’s public information
office began a project to preserve the history of the site’s farm fami-
lies, including the “Pioneer Cemetery.”’® Despite his frustration with
delayed construction Wilson showed his concern for the land’s heritage
by having a collection of farm machinery preserved and displayed as an
outdoor exhibit near NAL'’s eastern entrance.””

The official groundbreaking of the laboratory occurred at site 21, the
place Wilson chose for the Linac, the first component of the accelerator
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5.7 lllinois governors Richard B. Ogilvie (left), Samuel H. Shapiro (second from left), and Otto
Kerner (far right), with Robert R. Wilson (second from right) and AEC chairman Glenn
Seaborg (center) at the NAL site conveyance ceremony at Chicago’s Palmer House hotel,
April 1969. (Courtesy of FNAL Visual Media Services.)

to be built.?° On the cold and snowy morning of December 1, 1968, buses
brought 1,200 guests, including physicists from many countries and fed-
eral, state, and local officials, among them AEC chairman Seaborg. Guests
were transported from the new NAL offices in the recently transferred
houses of the village of Weston, on the eastern side of the laboratory in
Du Page County, to heated tents pitched on the recently vacated Sch-
imelpfenig farm just across the Kane County line. A jubilant Seaborg
spoke of the promise of the new accelerator as he broke the ground with
a golden shovel (fig. 5.6). The Linac was where “the protons. .. [would]
begin their trip through the accelerator,” Seaborg announced. This new
accelerator “will help man advance significantly into new frontiers of
knowledge.”8! He went on to remark, “Symbolically, we could say that
the spade begins our deepest penetration yet into the mysteries of the
physical forces that comprise our universe.”82

Not until March 31, 1969, was the full acquisition of the entire site
completed, with the official transfer of the title to the AEC. During a cere-
mony to celebrate the event, held on April 10, 1969, at Chicago’s Palmer
House(fig. 5.7), Governor Richard B. Ogilvie transferred the Illinois
site to Commissioner Seaborg and read the words on a ceremonial
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plaque: “This gift of the good land of Illinois to the high energy physics
community is symbolic of Illinois’s sincere interest in the revelation and
communication of new and vital knowledge for all mankind. The National
Accelerator Laboratory will be a significant cathedral for research and
learning and an international house for scholars. It promises a firm foun-
dation on which the future of Illinois, and of mankind, can be anchored
in an academic as well as economic sense.”33

Wilson saved money by using many of the modest Weston homes and
farmhouses for offices, laboratories, and housing for visitors (fig. 5.8).
Inexpensive prefabricated laboratories were constructed adjacent to the
Weston houses.®* Some of the sturdier farmhouses were moved between
1971 and 1974 from their original locations to “the Village” for visitor
housing. “The Curia,” the offices used by Wilson and his staff, named
after the ancient Roman house of the Senate, was an assembly of one-
story Weston houses connected by interlinking hallways. According to
Priscilla Duffield, his idea of joining houses together stemmed from a
similar custom at Los Alamos to build “lean-to’s.” There “you were not
allowed to build a new building but you could always make a lean-to. So
the lean-to’s got bigger and bigger and bigger.”8°

Wilson contracted DUSAF, an architectural-engineering consortium of
the firms Daniel, Mann, Johnson, and Mendenhall (DMJM) and Urbahn,
Seelye, and Fuller, to build the laboratory’s facilities (fig. 5.9). Earlier,
Berkeley had hired DUSAF to make cost estimates for its 200 GeV project.
Wilson gave much of the credit for DUSAF’s success to Colonel William
Alexander, who supported Wilson’s plans.® In a review held in Oak Brook,
when Berkeley engineers challenged Wilson's design, Alexander boldly

5.8  Aerial view of NAL offices in the former village of Weston, 1969. (Courtesy of FNAL Visual
Media Services.)
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5.9 Master plan of facilities for NAL’s 200 GeV accelerator project, drawn up by DUSAF, 1968.
(Courtesy of FNAL Visual Media Services.)

defended Wilson's project and DUSAF’s estimates. Wilson's relationship
to DUSAF was unconventional; he worked alongside its architects in de-
signing many aspects of the laboratory. Wilson later recalled the dismay
of the DUSAF engineers when his artistic input took the form of temper
tantrums that included tearing up unacceptable design plans, throwing
them on the floor, and stomping on them. Wilson insisted, “They came
to love my displays of temper because they showed that I cared.”%’
Wilson wanted the laboratory’s cathedral-like central office building,
later renamed Robert Rathbun Wilson Hall, to unify the users and staff,
while at the same time it served also as “a magnet telling people: some-
thing important is happening here.”8® Just as the Main Ring was being
completed in 1972, Wilson announced a “Workfest” to find the best de-
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sign and layout for this building. The suggested designs included reflect-
ing ponds and a footprint area. But after this bow to democratic process,
Wilson proceeded to ignore the suggestions of his staff, and he worked
on the design himself during the winter of 1969-1970 along with Alan H.
Rider, who had been brought in by E. Parke Rohrer, DUSAF’s project man-
ager.?? Rider had been the architect for the John F. Kennedy grave site and
was attracted to the idea of building a “symbolic focus” for the world’s
most powerful research laboratory. The High-Rise was designed to offer
a panoramic view of the open Illinois landscape.®® Wilson even consid-
ered methods for slowing the elevators to allow time and opportunity for
staff to interact and share ideas. Physicist Ernie Malamud later observed
that “in fact, many such chance encounters happened over the years
while waiting for the elevators, sometimes for a long time, to arrive.””!

Initially the idea of a high-rise sparked complaints from many physi-
cists, and even from the URA board of trustees, who pointed out that it
would be cheaper to build a cluster of smaller buildings. Wilson disagreed
that building a high-rise would cost more and proceeded with his plans.
“A building doesn’t have to look cheap and ugly to be inexpensive,” he
insisted.”> He suggested an atrium on the ground floor, as in the Ford
Foundation Building in New York City. To determine the best height,
he hired a helicopter and “plotted the aesthetic factor as a function of
height,” settling on approximately 250 feet so that several floors on top
could share the best view.”® In 1975 the Society of American Registered
Architects acknowledged the building with an award of excellence as an
architecturally significant landmark (fig. 5.10). While much of Wilson'’s
earlier emphasis had been on recycling and short-term use in the chang-
ing experimental program, the new central laboratory was a step toward
creating a lasting laboratory.

Wilson'’s care in designing his laboratory extended to the laboratory’s
postal address, whose box number, 500, signaled the energy in GeV that
his accelerator was designed to reach. According to laboratory lore, he
went to neighboring towns to ask for box number 500. When he was
told at the post office in Warrenville, on the eastern side of the site, that
they didn’t have box numbers that high, he went west to Batavia, where
he was immediately accommodated. It is for this reason that Fermilab is
based in Batavia.’*

In a few cases, Wilson’s desire to create a beautiful laboratory overrode
his urge to economize. DUSAF representative George Laposky wrote that
a road was rerouted to avoid a pair of 250-year-old twin oaks. Elsewhere
on the site, the pavements were planned to bypass clumps of trees. “The
roads will be less efficient, but more harmonious,” Wilson proclaimed.
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5.10 The central laboratory building, Robert Rathbun Wilson Hall with obelisk sculpture Acqua
alle Funi (see chapter 8), 1980. (Courtesy of FNAL Visual Media Services.)

Sometimes he found ways to achieve beauty while solving a practical pro-
blem. When the excavation for the pump storage reservoir for the water
supply demanded moving tons of earth, Wilson ordered that the dirt be
piled into a large hill, named Mt. Taiji (after NAL experimenter Taiji Ya-
manouchi), erected at the end of the Meson Area. It served as protective
shielding for an experimental beamline while adding contour to the flat
Mlinois landscape.®s
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One of the more active steps Wilson took to restore the site’s prairie
and woodlands was to institute in 1969 NAL’s annual Arbor Day commu-
nal planting of hundreds of trees and shrubs. Later, in 1974, the Prairie
Restoration Project in the center of the Main Ring accelerator drew on
employees and local volunteers working with the nearby Morton Ar-
boretum and with Northeastern Illinois University professor of biology
Robert Betz to reintroduce seeds to reestablish the original prairie vegeta-
tion (fig. 5.11). When Wilson asked Betz how long the prairie restoration
plan would take to complete, Betz replied that it could take one hundred
years. Wilson replied, in a Jeffersonian planter style: “Well, we’d better
start now!”?¢ The restored prairie would grow into one of the largest in
the United States.

Wilson’s concern for aesthetics also led to his decision, unprecedented
for a national research laboratory, to hire an “aesthetic watchdog.”
Wilson knew the artistic work of Angela Gonzales from her time at Cor-
nell where she served as a draftsman. He came to trust her artistic eye and
talent for graphic design. She joined NAL in 1967 as assistant to the
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5.11 Beginning the Prairie Restoration Project: Robert and Jane Wilson (left and center) with
Northeastern Illinois University professor of biology Robert Betz (right), 1974. (Courtesy of
FNAL Visual Media Services.)
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5.12 Evolution of the Fermilab logo, 1968. (Courtesy of Angela Gonzales.)

director for art and design. Working with Wilson, Gonzales oversaw
NAL'’s public appearance, including the design of the site and the labora-
tory’s publications, posters, and artwork. He gave her special assignments
that helped fit the design of the laboratory to his aesthetic vision. The
two collaborated in developing the laboratory’s logo (fig. 5.12), which
was based on Wilson'’s drawings of magnets. Wilson did not typically
tell Gonzales what to do, but, as she recalled, when she showed him her
ideas and designs, “he approved everything.”?’

As an artist, Gonzales could identify with Wilson's strong feelings
about the site’s appearance—for example, his wish not to allow trailers
(referred to by the physicists as Portacamps) to “mushroom all over the
site.” But at the same time, he did not wish to appear dictatorial. So to
“hide his dictatorial efforts regarding the design and development of the
site,” she explained, “Wilson asked me to devise the laboratory’s color
scheme.” She had had a similar responsibility at Cornell, where she
created a color scheme to improve a battleship grey Cornell physics build-
ing. Gonzales remembered the brightly colored blocks of her childhood
as “a way of separating structure from nature. The best thing is to con-
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trast.”?® For NAL she chose four elementary colors: orange, yellow, blue,
and red, avoiding green because of its abundance in nature. Designing
the NAL Village became for Gonzales like “a game of blocks,” in which
the former Weston houses, painted in bright colors, were picked up,
moved, and connected like children’s building blocks to give NAL'’s early
offices a distinct look.

For a member of the staff who needed a poster or book cover, Angela
was “one of the major hurdles” to overcome, reflected Bruce Chrisman.
“She wielded a great deal of power in her sphere of influence.”® The
cover she designed for the laboratory’s original 1968 design report created
a furor in the political arena, for it featured an adaptation of Leonardo da
Vinci’s sketch of man, a nude with all his parts, inscribed within the cir-
cle representing the Main Ring accelerator (fig. 5.13). Despite the furor,
“Bob remained adamant” about its use, Goldwasser recalled. To avoid
immediate rejection, Goldwasser proposed sending the first set of copies
to Congress with plain white covers and an explanation that the cover
“wasn’t quite done yet.” Subsequent copies had the revealing original
cover. “Bob uncharacteristically agreed to that compromise,” reported
Goldwasser.1% Duffield recalled that while the cover indeed “caused a
crisis” and many vocal objections,” the design appeared “almost imme-
diately . .. on practically everything. .. it became almost a cliché.”!0!

daabgn raport

national
accelerator
laboratory

5.13 Cover of the NAL design report inspired by Leonardo da Vinci’s drawing, 1968. (Courtesy of
Angela Gonzales and FNAL Visual Media Services.)
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Over the course of his term as director, Wilson came to recognize
many of the conflicts and tensions inherent in his vision for NAL—the
intrinsic conflict between the large collaborative venture of high-energy
physics and his idea of physicists as lone, self-reliant frontiersmen pur-
suing their individual initiatives. In promoting his vision of a frontier
laboratory, Wilson used such terms as “adventure” and “heroic” so often
that to some, as physicist Jim MacLachlan remembered, the task of build-
ing NAL “sometimes. . . felt like a search for the holy grail.” Malamud
looked back on the time of building the Main Ring, “as an incredibly ex-
citing adventure.”!%? Physicist Drasko Jovanovic, who first encountered
Wilson at the April 1967 users’ meeting at Argonne, recalled the moment
when Wilson stood up and told the crowd that on inspecting the We-
ston land, “like any farmer, I took a piece of soil and I chewed it a
little.” Jovanovic’s first reaction was “There was this guy talking about
eating dirt who made decisions rapidly.” It appeared a “childish game.”
Jovanovic soon changed his mind and joined the NAL staff. Later, when
the staff faced its crisis of the Main Ring magnets (chapter 6), Jovanovic
thought, “There was something heroic” about Wilson’s attitude. And
“the adventure of it added to the fun.”1%3

Wilson may never have recognized all the conflicts, ironies, and para-
doxes within his vision for Fermilab, for instance, that there is something
contradictory about conducting small, frugal, “nook and cranny” exper-
iments at the highest energies. The irony that Wilson's accelerator would
become a vehicle for the rise of megascience struck Wilson painfully by
the time he stepped down as director in 1978, but the realization that
there was a mismatch between building a lasting laboratory and erect-
ing mainly temporary facilities on its site may have escaped him. In an
essay published in 1970 in the journal Daedalus, Wilson wrote that “as a
young man” he had “accepted the cliché” that individual research was
“creative, poetic, and enduring,” while team research was “superficial,
uncreative and dull.” Because of this conviction he had sought the life
of “the lone scientist in pursuit of truth,” a search that led him “deep
into the nucleus of the atom.”!%* And in this work, although he was in
the center of the first generation of large-scale teamwork in physics, he
continued to imagine the work of an experimental physicist as a holistic
experience that arose from designing and building one’s own equipment
and carrying out an experiment from start to finish. Experimental collab-
orations, he strongly felt, should never be so large that each participant
could not understand all parts of the apparatus.

As the experiments at Wilson'’s laboratory grew larger and larger, and
as the energies of the protons rose, due in large part to his efforts, Wilson
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could not escape the reality that “it is almost as hard to reach the nucleus
by oneself as it is to get to the moon by oneself.” Large numbers of collab-
orators were needed to complete a successful experiment in high-energy
physics, yet as “a witness—and even something of a participant—in
the growth industry, physics,” he admitted feeling “ambivalence” and a
certain “prejudice” against large collaborations, especially against the in-
creasing bureaucracy that arose in the large collaborations.!% “I couldn’t
begin to sympathize with the large experiments that were going on,” he
told an interviewer, “because I couldn’t imagine myself wanting to do
one of these experiments.” By the time he ended his term as director, a
thoroughly conflicted Wilson saw his role as merely that of a facilitator
for others to do large experiments. This kind of “voyeurism,” he said,
left him cold. His passion lay in building and designing experiments and
experimental apparatus. “Unless I was doing that I was a goddamned ad-
ministrator! It couldn’t be worse,” he lamented in 1992.106

Wilson was considered a strong director, whose leadership style was
characterized by clear priorities and sometimes abruptly made decisions.
At the time he accepted the position, URA president Norman Ramsey had
assured him he would be “the key person in the entire undertaking.”1%”
The idea that a high-energy physics laboratory would be controlled by
an authoritative director was in line with Lawrence’s tradition as well as
with Lederman’s notion of the “truly national laboratory.” In the 1967
hearings of the JCAE, Ramsey explained that URA leaders intended to
“work through” the director, rather than “spending our time in a Wash-
ington office second-guessing him.”!%® Wilson could be a harsh taskmas-
ter. Yet in calculating his response to encourage rapid progress, he coaxed
his machine and his troops into operation. In the end Wilson’s staff mar-
veled at his abilities and celebrated by his side. They recognized that his
firm decisions were often questions in disguise, or as Don Young, who
was designing the Linac, called them, “tentative decisions”; they were
“decisions that he wanted further input on.... He expected to receive
arguments when decisions were so labeled.”!% Wilson believed “that a
bad decision is better than no decision, for even a bad decision is a basis
of action and eventually it can be corrected.”!1® As he put it, “I learned
from Lawrence to define what you want and then, damn it, make it come
out that way...you don’t think about what other people regard to be
impossible. .. you work as hard as you can...you don’t ever say no,
ever,”111

But Wilson’s style contrasted with Lawrence’s in an important aspect.
Lawrence characteristically built the largest, most powerful accelerator
he could afford; cost and waste were not important issues for him. The
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historians John Heilbron and Robert Seidel have pointed out that the
rectangular magnet design for Lawrence’s 60-inch cyclotron “was waste-
ful of material.” Lawrence justified its size simply by noting, “We can get
the money for [it].” For Wilson, on the other hand, a spare, clean design
that cost less, and wringing out the last drop from what was on hand
were not only aesthetically pleasing but virtuous. Accelerator designer
Tom Collins explained: “It was Wilson'’s style to whittle.” If two designs
looked equally promising, “he’d take the smaller one, every time.”112

Such contradictions between Wilson’s vision and reality filtered into
his relationships with the rank and file of the laboratory. Sometimes he
insisted that staff members conduct their individual research, pursue their
own ideas, and make their own decisions. For example, in his April 1967
talk to users at Argonne, he promised that those who made a commit-
ment to build the machine would “have the right to make the decisions,
for they will be the ones who will have to implement those decisions.”113
He elaborated on this picture of an egalitarian mix of individual re-
searchers in his 1970 Daedalus article. Describing his stint as a division
leader in wartime Los Alamos, he noted: “I could not and did not ever
even try to give a direct order to a colleague. ... I found that...if I lis-
tened carefully” to employees, “my own ideas as well as their ideas and
objectives could be clarified and improved.” He tried “to emulate” his
idols, Fermi, Lawrence, and Oppenheimer, “who, by the clarity of their
thinking, automatically provided leadership.” But a few sentences later
in the same article, Wilson contradicted his endorsement of consensual
decision making: “Most important of all” for a director, he explained,
“is a quality which allows one to make an arbitrary decision rapidly.”!1

These perhaps irresolvable conflicts within Wilson's leadership style
were hardly noticed in the early days of NAL, but over time even he
could not help but realize that his aesthetics, his rhetoric, and even his
goals sometimes conflicted with the realities of the growing program at
Fermilab. As a boy, in listening to his male relatives in Wyoming spin
tales around the campfire, Wilson had learned that “it was how you
told the story that mattered.”!!> The main point was to communicate
a shared tradition. Only in his later years did Wilson experience how
flexible tradition had to be in developing a large laboratory. The story
had constantly to be revised to fit changing realities.
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Constructing the Ring,
1968-1972

Something that works right away is over-designed and consequently will have
taken too long to build and will have cost too much. ROBERT R. WILSON'

In the period of Fermilab’s creation, American government
officials considered frugality a virtue. President Johnson
urged his staff to reduce its electricity bills. Many in the
United States viewed Wilson’s philosophy of taking risks
to save money as an appropriate, noble, or even patriotic
response. The disappointed Berkeley designers mistrusted
Wilson'’s lack of experience in building large proton syn-
chrotrons, but Wilson in fact knew how to build frontier
accelerators with limited resources. He had applied his own
version of the “less is more” philosophy in building elec-
tron accelerators at Cornell during the 1950s.

The ways Wilson went about saving money at NAL had
much in common with the approaches he had experienced
at Ernest Lawrence’s laboratory in the1930s and at Robert
Oppenheimer’s laboratory in Los Alamos during the 1940s.
In the periods when Wilson was at these three laboratories,
all three labs were new. Each arose from the ambitions,
dreams, and sense of urgency of its strong and charismatic
leader, who was also its founder. All three laboratories op-
erated in the shadow of external crisis—too little money in

An early version of this chapter was published as part of Westfall and Hoddeson
1996.
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the case of the early Radiation Laboratory and NAL; or war in the back-
grounds of early Los Alamos and early NAL—which set limits that de-
fined, consolidated, and helped motivate the effort of scientists as they
pressed for rapid success. Many of the researchers were young, talented,
and relatively inexperienced scientists who had not yet made their marks
or committed themselves to any particular approach, style, or organiza-
tion. And all three laboratories shared a sense of adventure and optimism
about conquering the unknown and the impossible.

Unlike most of his Berkeley and Brookhaven colleagues, Wilson did
not believe that accelerators should be built by engineers. He felt that
accelerator designers should be practicing physicists who “could design
things that would be much prettier, sparser, and cheaper than what the
professionals would design.” In fact, he believed that the orderly, special-
ized efforts at both Berkeley and CERN had been overtaken by “engineer-
ing types.”? As the CERN historians Dominique Pestre and John Krige
explained, at CERN engineers were often “the ‘real bosses’ of the labora-
tory” because of their expertise with large-scale projects. But their pro-
fessional concern with engineering and innovation often caused them
to remain “detached from the urgency of research and the needs grow-
ing from it.” Wilson believed that as builders, physicists were far more
likely than engineers to focus on research goals than on technical
innovations.?

One of the problems that historians of European physics have grap-
pled with is explaining why in the 1950s and 1960s CERN’s high-energy
physics program lagged behind that of American physics laboratories.
The standard answer attributes this lag to the fact that in the 1950s Eu-
rope had only recently emerged from a devastating war. In their history
of CERN, Pestre and Krige suggest that a factor of key importance was that
the aim of CERN'’s engineers to achieve technological perfection caused
the physicists to suffer by having to wait for the “perfect” model. They
needed “an ‘imperfect’ piece of equipment ready at the right moment.”
American physicists had the advantage, at least initially, because the gap
between physicists and engineers closed in the United States between the
1930s and 1960s, in what Pestre and Krige call a “profound symbiosis pre-
viously unknown in basic science, a fusion of ‘pure’ science, technology,
and engineering.” The result was “a new kind of researcher” exemplified
by people like Fermi, Lawrence, Oppenheimer, and Wilson, “who can
be described at once as a physicist, i.e., in touch with the evolution of
the discipline and its key theoretical and experimental issues,” and as a
“conceiver of apparatus, and engineer, i.e., knowledgeable and innova-
tive in the most advanced techniques. .. and entrepreneur, i.e., capable
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of raising large sums of money, of getting people with different expertise
together, of mobilizing several kinds of human, financial, and technical
resources.”* To this critical mix of physics, engineering, entrepreneurial,
and organizational talent, Wilson added his unique aesthetic sensibility.

Designing the Accelerator System

Wilson began the job of designing his accelerators in the spirit of an
artist planning a sizable canvas. In an effort to find the largest possible
diameter for the Main Ring, he sketched the whole complex, with its
Cockcroft-Walton preaccelerator, the Linac, the Booster, and the Main
Ring, drawing a number of circles on a map of the site. “Most profession-
als divide the work into parts and then sit down and do a professional job
on each part,” he explained. That approach made as much sense to him
as creating the sculpture of a human head by first parsing out the design
of the eyes, the forehead, and the nose, and later assembling these parts.
Only after conceiving the whole picture did Wilson feel that he could
develop each to enhance every other part. He tried to keep his design
fluid, so that innovative ideas could easily be incorporated.®

At one point, Wilson was so taken with the beauty of the Cockcroft-
Walton preaccelerator that he decreed it should be on display as a show-
piece in the atrium of the central laboratory, the High-Rise. Donald
Young, who had worked for about five years at MURA designing its 200
MeV Linac, and Phil Livdahl, the two physicists struggling to link the
components into a working accelerator (fig. 6.1), protested because plac-
ing the preaccelerator in the atrium would mean building a Linac with
a right-angle bend in it. Such a “bend between the accelerating cavities
in the Linac was unthinkable,” according to Young, “considering the
state-of-the-art in beam transport design and the lack of suitable beam
dynamic computer programs,” not to mention the lack of “computers to
execute them at NAL at that time.” When Young and Livdahl threatened
to resign, Wilson conceded. This episode became the source of much
humor in the physics community, yielding cartoons of the Leonardo
drawing on the cover of the NAL design report showing the Vitruvian
man’s phallus bent at a right angle.®

Wilson considered the acceleration of protons to 200 GeV to have
been “Berkeley’s job.” He claimed that “from the beginning I was think-
ing about 1000 GeV.”? As the goal of building at minimal cost was crucial
to Wilson’s design work, innovation was important. More than a thou-
sand magnets would be needed in the Main Ring. To reduce magnet
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6.1 Donald Young and Philip V. Livdahl conferring on NAL plans, 1968. (Courtesy of FNAL
Visual Media Services.)

costs he decided to incorporate expandability into their design, using
magnets capable of being ramped up to higher fields at a later time. The
concept was unlike Berkeley’s expandability scheme, in which a substan-
tial fraction of magnets would have been left out and added later for the
accelerator to reach 400 GeV.?

Wilson held his design workshop during the summer of 1967, in
the Oak Brook offices. He invited prominent accelerator designers from
all over the country. They came for varying lengths of time. Typically
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some twenty-five participants were present. Robert Serber, a prominent
theorist, agreed to lecture on theoretical topics, repeating a service he
had performed in 1943 in the opening weeks of work at Los Alamos and
earlier at Berkeley. As at Los Alamos, Serber’s series of lectures were called
“Serber Says.”? And the design work proceeded with the hurried pace that
had characterized most aspects of work at the two earlier laboratories.'®

Wilson and those attending the workshop enjoyed the outlook over
the countryside from their tenth-floor offices in the Oak Brook Executive
Plaza. These minimally furnished quarters, open and without walls, re-
flected the open-ended quality of the discussions. Priscilla Duffield, Wil-
son’s assistant, described the Oak Brook offices as “open in a very barren
way,” with offices for Wilson, Goldwasser, and Getz, a secretarial office
“not actually separated off from a large open space,” a conference area, and
a “huge big table in just empty space and Angela alongside it.” Around
the open space were “little cubby holes that had physicists in them.”
While Duffield did not consider the Oak Brook office complex “an attrac-
tive place,” it was “nice. .. to be able to get up and have a view and look
at the sky.. .. [It] kind of relieved the curse of the middle west.”!!

With an eye toward completing the design of the accelerator by early
1968, as scheduled, Wilson froze major features of the Main Ring in late
July, only a month into the workshop. Preliminary calculations sug-
gested that the radius would need to be about 1,000 meters. Surprising
those who expected some leeway in developing the design, Wilson ab-
ruptly announced that the radius would be exactly 1,000 meters. When
he explained that a round number would be easier for everyone to re-
member, all discussion of the issue ended.!?

For the Main Ring magnets, Brookhaven physicist Gordon Danby
brought to Oak Brook a “separated-function” design described as early
as 1952 by Toshio Kitagaki in Japan, as well as by Milton White at Prince-
ton. In this scheme cheaper magnets were used for bending the beam
while more expensive ones focused the beam. The Berkeley physicists
had rejected Danby’s suggestion of separated-function magnets, but as
the design allowed 15%-20% higher magnetic fields in the aperture at
less cost than using conventional “combined-function” magnets, Wil-
son decided to use separated-function magnets for the Main Ring “almost
without discussion,” as Arie Van Steenbergen reported.!?

In casting for ways to achieve the highest field while reducing the size
and cost of the Main Ring’s bending magnets, Wilson hit on the idea
of modifying a conventional “window frame” construction by fitting an
added coil into the unoccupied space on either side of the poles. By con-
taining the beam very precisely, the extraction of the beam could be
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limited to a few discrete points, a novel feature for a synchrotron. Two
kinds of bending magnets (B1 and B2), of different sizes, were made to
cut down the overall dimensions needed for matching the width of the
beam and to save power.'* As the radiation level is high in this part of the
magnet, the risk of potential radiation damage to the coil’s insulation is
substantial in this design. And because epoxy, the only organic material
in the magnets, is particularly sensitive to radiation damage, Wilson in-
sisted that the magnets be assembled using as little epoxy as possible.
This risky move would contribute to much trouble in 1971, at least
according to some interpretations offered later in this chapter.!®

In an unexpected, yet characteristic, move during the fall of 1967,
Wilson increased the energy goal of the NAL accelerator, originally 200-
300 GeV, even more. When Alper Garren and Lee Teng designed the
so-called Main Ring lattice, the arrangement of components, they calcu-
lated that the acceleration could reach 400 GeV using the newly designed
bending magnets run at 18 kilogauss in a ring with a radius of 1,000
meters.!6 Wilson argued that if they could find a way to stretch the
performance of the bending magnets to 22.5 kilogauss, the machine
would be able to reach 500 GeV! That became the new goal.!”

To achieve this goal at the minimal cost, Wilson aimed to reduce the
overall dimensions of the bending magnets and find simplified methods
for insertion and fabrication of the coils. Instead of using the C-shaped
magnets specified in the Berkeley design, his staff chose the smaller,
but higher-field, H-shaped magnet design. Sizing the magnet aperture
to match the beam’s properties allowed using a smaller vertical aperture
for half the bending magnets. Wilson planned to fabricate both types
of bending magnets (B1 and B2), as well as the quadrupole magnets,
using die-stamped laminations that were aligned and mounted in self-
supporting girders.'® While previous proton synchrotrons had used coils
that were mounted mechanically in the core, Wilson hoped to save
manufacturing costs by using glued-in coils.

Taken together, these various design changes brought considerable
savings. Cost comparisons made later that year showed that although
NAL'’s Main Ring design called for almost twice as many magnets as in
Berkeley’s design, the Berkeley magnets required almost 10 tons more
steel per magnet and cost a total of almost $6 million more.!'® But the use
of pared-down magnets was inherently risky, because larger magnets pro-
duced higher fields more reliably. Further savings came from the fact that
NAL'’s smaller magnets allowed building a smaller tunnel enclosure—
only 10 feet wide rather than the 14-16 feet that experts considered the
minimum acceptable width.
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Ramsey later explained that Wilson took risks on about twenty aspects
of the accelerator’s design, saving about $5 million per risk. “We knew
something would fail,” he noted, “but we figured it would be much less
expensive to fix the failure than to play it safe with all 20 items.”?° Wil-
son’s critics disagreed with his cost-cutting and risk-taking philosophy.
Considering the importance of the project, they insisted that Wilson had
taken unacceptable risks. In July 1969, Wilson justified his cost-cutting
philosophy in his Sanctimonious Memo 137: the “money and effort that
would go into an overly conservative design might better be used else-
where. Failure should be designed into a successful machine....A ma-
jor component that works reliably right off the bat is, in one sense, a
failure—it is over-designed.”?!

The many other limitations that Wilson imposed, either in the inter-
ests of aesthetics or cost, included dispensing with the use of unsightly
and expensive cranes, costly air conditioning in the machine’s smaller
and less expensive tunnel, and not anchoring the tunnel to bedrock with
pylons, perhaps the riskiest of the cost-cutting gambles. Instead Wilson
asked Collins to design a tunnel that “floated” on the glacial till just
beneath the topsoil of northern Illinois. When accelerator experts told
Wilson the scheme would never work because the beam would disappear
into the walls of the tunnel, he answered, according to Goldwasser, that
if the tunnel was not stable “he would simply install motorized jacks on
every magnet and actuate the motors with signals from detectors that
would be ‘servoed’ to the proton beam.” As the glacial till proved stable,
this system was not needed. Wilson himself never believed there would
be any problem, noting the stability of the massive city of Chicago.??

Wilson also cut costs by accelerating the building schedule, thus re-
ducing the cost of personnel. The Berkeley group had estimated seven
years for the construction of their machine. Wilson planned to complete
his by June 1972, in just three and a half years. That ambitious goal, Wil-
son felt, encouraged creativity.

One reason that Wilson found broad acceptance for his early design,
despite some criticism within the physics community, was that its low
cost fit the funding context of its day. Federal funding for physics, which
had risen steadily since the end of World War II, was no longer growing
in 1968. That year, the funding for high-energy physics was 40% lower
than the AEC had projected in 1965. But while the AEC commissioners
realized that the funding environment would not improve in the next
year, Congress still expected an expandable accelerator. Both the com-
missioners and JCAE were thus inclined to support Wilson, since both
had sponsored the initial funding of NAL and thus had a political stake in
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the project. Wilson strengthened the backing of both groups by present-
ing a design costing $248 million for a 200 GeV accelerator that could
be expanded to as much as 500 GeV.2* To avoid red tape and expedite
construction, Wilson insisted that the AEC grant approval authority to a
local AEC office led by Kennedy C. “K. C.,” or “Casey,” Brooks. With the
streamlining of federal administrative procedures, with URA, AEC, and
JCAE approval, and with the necessary staff, Wilson was now poised to
build the world’s most powerful accelerator.*

An Academic Start: Modeling the Main Ring, 1968-1969

The preparation stages of building an accelerator are similar to those of
any large construction project. After the preliminary designing, the focus
is on building models to test the basic characteristics of parts of the larger
structure, often in miniature.?®> On the basis of these models, refinements
are made in the design. Then full-size prototypes are constructed. After
further development, the construction specifications are defined and
building can begin.?¢ In the Main Ring group the model-building phase
dominated attention until the middle of 1969. In the holistic approach
that Wilson favored, modeling many components almost full scale al-
lowed checking the overall dimensions and performance of the acceler-
ator’s many elements. Understanding how the parts fit together helped
the staff anticipate fabrication problems.?’

The pace and tone of the decision making were set in this early period
by Frank Shoemaker, a veteran accelerator builder then on leave from
Princeton. The accelerator theory group, led by Lee Teng throughout
the construction years, contributed to the conceptual design of the Main
Ring. A technical services group, under Henry “Hank” Hinterberger, pro-
vided engineering support as well as machine shop and drafting ser-
vices.?8 Like the other group leaders at NAL, Shoemaker was faced with
a lack of facilities. Because the Oak Brook offices could not accommo-
date model building or computing, and because the Weston site was
not available until later in 1968, the new laboratory had to rely heavily
on other institutions to support construction efforts. The first models of
a vacuum chamber and the 2-foot H-magnet were constructed at the
Physical Sciences Laboratory in MURA'’s former headquarters at the Uni-
versity of Wisconsin. Most of the early magnet models were built and
tested at Argonne. Computer modeling for beam dynamics was done
using data telephone links to Argonne and New York University.?’
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Wilson supported Malamud's idea of furnishing a 200-foot-long model
of a section of the Main Ring tunnel known as the Protomain with real-
size components. Professional model builder Jose Poces installed the Pro-
tomain, complete with full-scale mock-ups of magnets, vacuum system,
and water and power connections, in the NAL Village. The Protomain
contained a complete cell of eight bending magnets, two quadrupoles,
and vacuum systems. The Protomain’s tunnel served as a prototype for
the Main Ring tunnel.?° By spring 1969, the Protomain had been com-
pleted and the group was ready for the full-scale prototype stage.3!

To be able to work on the magnets and vacuum system before con-
struction funds for a building had been allocated, the Main Ring group
purchased and, in June 1968, installed an inflatable building, dubbed the
“air building.”3? The problems that developed with this building demon-
strate the enormous difficulties faced by those working in the frontier-
like conditions at the new laboratory. In August a portion of the vacuum
chamber model had to be extended through a hole in the air building
because the structure was not long enough to house the entire unit.
On one windy day, the building collapsed, fortunately causing no dam-
age because a unistrut framework had been built inside it. Later, during
the subsequent Illinois winter, the group discovered that the building
stayed only 30°F warmer than the ambient temperature, instead of SO°F
warmer, as advertised by the manufacturer. Freezing temperatures inside
the building were prevented by installing gas heaters. Although Shoe-
maker hoped to replace the air building with a more substantial metal
structure by the next summer, the group used the air building until early
1970 because of the continued shortage of funding and space. By this
time the group, which was gearing up for full-scale magnet production,
had spread out to several buildings on the site.3?

The design of the vacuum system also advanced in this period. After
reassembling the model built at the University of Wisconsin in the air
building, work began during the summer of 1968 on developing a fixture
for welding together flanges of adjacent magnets. As it was assumed that
magnets would occasionally need replacement, Walter Pelczarski devel-
oped a clever and efficient means for cutting these flanges apart, an inno-
vation that would later prove more useful than anyone imagined at
the time. By September the 50-foot vacuum model had been equipped
with small ion pumps and the hardware necessary to isolate the straight
sections. In March 1969, a month after the mock-up vacuum system
was set up in the model tunnel, the vacuum chamber model performed
as expected during pulsed-field magnetic measurements using digital
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recording and analyzing equipment.?* Meanwhile, arrangements were
being made for an innovative magnet power supply system designed by
engineer Richard Cassel. Wilson decided to use the Commonwealth Edi-
son Company’s network in West Chicago as a power storage system,
pumping electrical energy from their grid, but with poles of his own de-
sign. Referring to the system, Wilson later remarked, “the power comes
in and the protons go out [to the experimental areas].”3>

Despite the group’s accomplishments, some felt that the Main Ring
effort had been too relaxed in the period of 1968 to mid-1969. Malamud
and Ryuji Yamada remember the Main Ring effort having an “academic”
atmosphere that seemed at odds with Wilson's stress on speed and econ-
omy. “We spent endless hours philosophizing,” Malamud noted. Visible
progress in other groups added pressure. In April 1969, when the Linac
group accelerated the first beam with its prototype preaccelerator, and
with construction underway on the Linac’s building and the Booster’s
enclosure, Wilson began worrying that the Main Ring effort would lag
behind the rest of the project.3¢ At just this point, Shoemaker announced
that he would return to Princeton. Wilson seized the moment to make an
irregular move. He appointed himself Shoemaker’s successor. To ease the
administrative burden of simultaneously acting as laboratory director
and as a group leader, Wilson formed a Main Ring management “troika”
of Malamud (who suggested the troika idea) and the two engineers, Cas-
sel and Hinterberger. The troika lasted until summer 1971.37

Cascading Accelerators, 1968-1969

Always seeking to streamline, Wilson looked for, and found, many time-
saving short cuts in building the accelerator’s components. For exam-
ple, rather than going back to the drawing board in designing the radio
frequency (RF) system of the accelerator (which imparts energy to the
particles and controls the particle beam), he accepted a design that Berke-
ley had selected after considering three alternatives: a system made of
ferrite-tuned cavities. He hired a former member of the Berkeley team,
Quentin Kerns, to direct the construction of NAL's RF system. Although
Kerns reduced the power and the number of cavities to accommodate
the NAL design, he built ferrite cavities along the lines of the Berkeley
design.’®

As Cockcroft-Walton accelerators were available from a commercial
manufacturer, Wilson saved time and funds by purchasing, rather than
building, such a machine. For the Linac, he drew on the work of an ear-
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lier study of Linacs by a group from Brookhaven, the Los Alamos Meson
Physics Facility (LAMPF), and MURA. Don Young was asked not only
to build NAL’s Linac but also to work to coordinate the system of Linac
and Cockcroft-Walton. As Young remembered, Wilson decided to use the
Brookhaven design to take advantage of the savings in cost that would
come from this move. Young liked the idea because the Brookhaven
Linac “was more conservative, and I felt the Linac should be a very reli-
able thing, because everything depends on the Linac.” Although this rea-
soning contrasted with Wilson’s risk-taking approach, Wilson let Young
build the Linac without interference because, according to Young, he
“didn’t want to pay any more attention to it. He had other problems.”
Wilson had allowed Kerns the same latitude in building the RF system.
By adopting certain ready-made components and designs that had been
developed by others, Wilson saved time for the project and reserved his
own time for the many challenges the Main Ring would face.*

After setting up initial operation in a rented garage in Downers Grove,
a town about fifteen miles from the Weston site, Young’s Linac group
occupied three abandoned tornado-damaged buildings in the village of
Weston. Other residences nearby were still occupied. Young remembers
needing to take “defensive action against their unleashed dogs.” On
November 11, 1967, the Federal Savings and Loan Insurance Corporation
(FSLIC) granted permission to URA to construct a “butler-type” building
for the Linac group, with the promise to restore the land if the accelerator
project was not completed. They constructed a 10 MeV prototype to
check the design and develop subsystems. To reduce cost, components
and materials were borrowed from many other laboratories, including
MURA, Argonne, Minnesota, Livermore, Brookhaven, and Los Alamos.*°

Under the pressure of Wilson's time schedule, Young streamlined the
standard construction process, skipping both the modeling and proto-
type phases in building the Linac. When the group set up the first major
pieces of the Cockcroft-Walton and Linac—the Cockcroft-Walton's ion
source, voltage system, and accelerator tower; the transport system; and
the first Linac tank—the system worked! Young explained: “We called it a
prototype, but we all knew it was going to be used in the final mach-
ine.”#! With this shortcut, the first Linac cavity produced protons at 10
MeV, its design energy, by June 1969. Less than six months later the
equipment was dismantled and installed in the new Linac Gallery.?

The Linac group had to assemble more tanks before the accelerator
could produce 200 MeV protons and reach the design energy of the
complete machine. Nonetheless, by that time components for the final
system were already ordered and the Linac group was in a position to
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proceed rapidly. By April 1970 five tank sections were being assembled in
the Village: two had been installed in the Linac building, permitting the
permanent system to produce a 10 MeV beam. The end of the summer
of 1970 saw beam accelerated to 66 MeV through three out of nine Linac
tanks as well as plans to have six tanks installed, so that the machine
would be able to accelerate a 139 MeV beam.*3

The Booster effort was initially led by Arie Van Steenbergen, who was
followed by Paul Reardon in fall 1968, Roy Billinge in 1969, and Helen
Edwards, who brought it into operation. Development was fast paced
and streamlined. The work resembled the building of the Main Ring in
that the influence of Wilson’s whittling style was very much apparent.
Billinge had come to NAL in 1968 from the Rutherford Laboratory and
became leader of the Booster group in 1970 when Reardon took the helm
of the Business Office. Edwards was associate leader, and she succeeded
Billinge as head in December 1970, when he moved on to lead the Meson
group, many of whose members he had worked with previously on the
Booster. The next year he went to CERN.

Because Billinge and Edwards were intent on reducing the dimensions
of its magnets, and because that offered considerable risk, the Booster went
through the full set of standard construction stages. Modeling of the Boo-
ster magnets had started in summer 1968, and prototyping was well
underway by the fall of 1969, when two complete modules consisting of
four magnets were tested successfully.** By late 1970 the construction of
the Booster was finished. In January 1971, the final design of the Booster
magnets was tested by placing magnets in the Booster tunnel. A proton
beam was injected from the Linac and coasted without increasing energy
around the entire Booster. A week later, protons were accelerated to 1 GeV
in the Booster, and when this beam was fed into the completed section of
the Main Ring, the beam coasted through, demonstrating that the Booster
would work as planned. The Booster reached its full design energy of
8 GeV in May. When beam was guided through the whole system for the
first time, on June 30, 1971, Wilson declared the Booster completed.*®

Fermilab’s innovative beam extraction system was enabled by the
imaginative development of an electrostatic septum by the prickly and
independent Alfred Maschke, who took on the daunting technical chal-
lenge of directing the beam from the Linac to the Booster and then to
the Main Ring. Maschke’s idea was for a septum to extract protons using
an electric field and then deflect them out of the accelerator beam with a
magnet. Formerly of Brookhaven, Maschke joined NAL during the sum-
mer of 1967 and became head of the Beam Transfer Division, charged
with extracting the beam from one accelerator into the next and on to
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the Switchyard, where it would be separated and sent to targets in the
experimental areas. Together with Tom Collins’s long-straight-section
concept, by this time considered a brilliant innovation, Maschke’s sep-
tum formed an extraction system with an efficiency of 99%, much higher
than that achieved in previous accelerators.*® According to Jovanovic,
without Maschke’s contributions, “Fermilab would not work.”4” Unfor-
tunately, Maschke had countless arguments with Wilson and in 1971 re-
signed and returned to Brookhaven. The members of Maschke’s group
were placed under Wilson’s managers, at that time led by Boyce Mc-
Daniel. This group had to deal with the frightening Main Ring magnet
crisis that surfaced in the summer of 1971, discussed later in this chapter.

An Experiment in Theory, 1969-1974

Wilson and Goldwasser felt that there should be an interplay between
theorists and experimenters in the research program at NAL. Follow-
ing Serber’s early series of lectures and theorist Robert Marshak’s advice,
they hired five theoretical physicists who specialized in high-energy phe-
nomena. They arrived at NAL in the fall of 1969 and worked at 27 Sauk
Boulevard in one of the remodeled Weston houses in the Fermilab Vil-
lage. Early in 1970 they moved into the Curia complex adjacent to Wil-
son’s office. David Gordon from Brandeis represented the group as its
acting head; he had worked on an early version of string theory. The
other four theorists were Louis Clavelli from Chicago and Yale, Pierre Ra-
mond from Syracuse, Jim Swank from the University of Illinois, and Don
Weingarten from Columbia. In a November 6, 1969, statement, Gold-
wasser informed the NAL staff that the five new “post Ph.D. theorists are
available to our experimentalists in connection with the current experi-
ments and with their formulation of plans for facilities to be provided for
the 200 BeV research program.”*® Soon Gordon, Ramond, and Clavelli
were directly involved in extending Gordon’s string theory study. As
Clavelli later wrote, “The theory group was a unique experiment at Fer-
milab. .. designed to answer the question of what might happen if you
assembled five, hand-picked and pedigreed, young physicists with no
senior staff, gave them complete freedom to explore the frontier of theo-
retical physics with no computer facilities or archival library, fifty miles
from the nearest physics department, but with a virtually unlimited bud-
get to bring in expert consultants.”*’

With the new accelerator more than two years from turning on, the new
NAL theorists at first found it difficult to engage experimental physicists
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in more abstract theoretical discussions. For additional support, the lab-
oratory started a “professor of the month program,” with weekly lectures
on current topics of theoretical physics. A distinguished professor would
spend one day a week at the laboratory for a period of two to six weeks.
The first such professor of the month, in December 1969, was Jun John
“J.J.” Sakurai, from the University of Chicago but then based at the Uni-
versity of California at Los Angeles, delivering the lecture “Vector Mesons
and Electromagnetic Interactions and Hadrons.” Subsequent professors
of the month included Chen Ning “C. N.,” or “Frank,” Yang (Institute of
Advanced Study, Princeton), Tsung Dao “T. D.” Lee (Columbia), Gabriele
Veneziano (MIT), Geoffrey Chew (University of California, Berkeley),
and Stanley Mandelstam (University of California, Berkeley).

From the vague language of their appointment letters, the members
of the theory group had deduced that their group would be a permanent
component of NAL’s program and that “we were expected to continue
at Fermilab,” recalled Clavelli. They planned to grow into a much larger
group, similar to CERN'’s theory group, with a staff of permanent senior
theorists to offer direction to the younger physicists.’ But as the theory
group approached the end of its first year, “something did not ring true,”
according to Clavelli. Sam Trieman of Princeton was invited to NAL for
a two-year visit starting in the fall of 1970 to act as the group’s tempo-
rary head while a new crop of postdocs was hired—Steve Ellis, Manny
Paschos, and Tony Sanda. Clavelli noticed that at this point the direc-
torate began referring to the original theory group’s members as “post-
docs,” a title that had not been used earlier.

In November 1970, a little over a year after the original theory team
arrived at NAL, four of the five members (all but Gordon) received letters
announcing the termination of their postdoctoral appointments. Not
only had the temporary status of their appointments not been made
clear, but their letters stated, “We had hoped that considerably stronger
interactions would develop between you and the experimental physicists
than has been the case.”®! They were puzzled because they recalled that
back in December 1969, Goldwasser, who was in charge of the theory
program, had told them, “Bob Wilson felt that the primary work of the
theory group was expected to be directly related to the experimental pro-
gram.” But Clavelli recalled being told that “if some truly outstanding
work of a more formal nature could be accomplished, that was OK too,”
Thus, in working on their “dual model” the group’s members had not
worried about their job security. They had been excited about the sig-
nificance of this work, which contributed to subsequent theories of su-
perstrings and supersymmetry. The group had also investigated certain
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questions of experimental research on bubble chamber measurements
and had helped with the first round of experimental proposal reviews.
The four terminated theorists were especially hard hit when they dis-
covered that the job market had collapsed during their year at NAL.%?
Fortunately, all found positions during one of the worst physics hiring
periods of the late twentieth century. While the four members of the first
theory group started new jobs, Gordon focused on modeling the scatter-
ing amplitudes being studied at the end of the era of Regge Pole theory.
In 1973, he was also discharged.

The turmoil in the theory group was not apparent to Jeremiah Sulli-
van, who joined the group for 1971-1972 some weeks before Clavellj,
Ramond, Swank, and Weingarten left in September 1971. He found an
active theory group working in a “very interactive and pleasant” envi-
ronment, with visitors, seminars, and “lots of activity.” By then, experi-
mentalists were thinking about the design of their detectors and “came
around all the time looking for theorists to talk to.” Sullivan, who had
held a postdoc at SLAC and then became an assistant professor at Stan-
ford, had moved to the University of Illinois largely because Weston
“had just been chosen as the site of the new high energy physics acceler-
ator in the United States.” He recalled that Jerry Almy, then head of the
physics department at Illinois, “marched down the street to the office of
the Dean of engineering and managed to get four new positions, two in
theory and two in experiment....I'm sure the department argued that
NAL would make Illinois in the Midwest an international center for high
energy physics.”>® During Sullivan’s time at NAL the theorists were ex-
cited about the high flux of high-energy neutrinos to be produced in
the fixed-target experiments. Neutrino physics was clearly going to be
an important part of NAL's higher-energy physics program, because the
neutrino cross section grows as the square of the energy.

During March 1972, when Sullivan was serving as Trieman'’s “stand-
in,” the group received a phone call “saying they were expecting to get
beam around the entire accelerator. .. anytime this morning.” All the
theorists rushed to the control room. “And when they got the first bunch
around there was great celebration. We all signed the logbook.” In recog-
nition of the event’s importance, Sullivan signed his name in big John
Hancock letters.

Before Trieman departed, he recruited Henry Abarbanel and Martin
Einhorn into the theory group. In August 1972, J. D. Jackson of the Uni-
versity of California at Berkeley arrived for a one-year term as temporary
head of NAL'’s theory group. In addition to restarting the visitors pro-
gram, Jackson arranged for the move of the theorists from the Village
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house to the third floor of the newly constructed central laboratory build-
ing, the High-Rise. A Theoretical Physics Steering Committee was ap-
pointed to advise the group. Jackson and Einhorn came up with the idea
of instituting a stimulating Friday afternoon program, initially called
“The Experimental Theoretical Seminar.” It was later officially named
“The Joint Experimental-Theoretical Seminar” and was casually referred
to as “the Wine and Cheese Seminar.” It was a huge success and quickly
became an NAL tradition.>* A January 1973 conference, “Quarks and Par-
tons,” featuring the iconic Richard Feynman from Caltech, was hosted
by NAL'’s theory group.

Benjamin Lee, a physicist from the State University of New York at
Stony Brook, agreed to lead the group for the 1973-1974 year and he
joined Fermilab’s permanent staff in 1974, when new postdocs Bob Savit
and Shirley Jackson arrived. Lee brought Chris Quigg, his young associate
from Stony Brook, to Fermilab in 1974 and Hank Thacker followed in
1976. William Bardeen had moved from Stanford to join the group in
1975. The group was doing well until June 1977, when Lee was killed
in a car accident while driving to Aspen with his family to attend the
annual Fermilab PAC meeting. His untimely and tragic death was a shock
not only for his family but also for his colleagues in the international
high-energy community. Quigg succeeded Lee as head of the group.

The First Flush of Success (1969-1971)

Wilson infuriated his critics by ignoring the standard procedure of freez-
ing the design of a technology when prototyping begins. As late as mid-
1969, he was still injecting fresh designs intended to improve, simplify,
or lower the cost of the Main Ring magnets. He considered this effort
an important part of a laboratory-wide campaign against “heavy-footed
over-design.” For the Main Ring magnets, this campaign lasted until De-
cember 1969, when the first production dies were made and stamping
began. One result of the campaign was a more compact design for both
the quadrupole and the bending magnets. The group developed a new
method of fabrication for bending magnet coils, in which the inner and
outer coils were constructed separately. In this way, outside manufactur-
ers could continue fabricating outer coils, while the more exacting win-
dow frame fabrication of the inner coil could proceed under the supervi-
sion of Wilson and his staff.>> Other elements of Main Ring design that
were made simpler or more economical were the water and power dis-
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tribution system inside the tunnel and the welded joints in the vacuum
system.

The alignment system originally proposed for the Main Ring was a
risky system of stretched wires, dubbed the “spider web.” It stretched
between alternate quadrupoles, with small pickup coils on the interme-
diate quads to allow accurate alignment of any given quadrupole with
respect to its two neighbors.5¢ The staff believed that had it been built,
it would have attracted spiders. Gordon Bingham from Australia worked
for over a year on this system. He subsequently left the laboratory af-
ter a group, which included Wilson, his “troika” (Malamud, Cassel, and
Hinterberger), Don Edwards, Tom Collins, and Bingham, decided late in
1969 to abandon the complicated and expensive spider web alignment
system and replace it with a much less expensive laser alignment sys-
tem suggested by Chuck Schmidt of the Main Ring Section. By the end of
that year, Schmidt had demonstrated a precision of £0.005 inches on the
laser system in the Protomain.’” Unfortunately, changes in the tunnel
temperature (due, for example, to colder regions, where the tunnel had
been filled with frozen earth during the winter) prevented the system
from working well. The group eventually gave up on its elegant laser
scheme and summoned help from Argonne’s Bill Testin, whose Research
Division Alignment Group, working under NAL’s Ed Blesser, aligned the
ring properly.>8

Wilson’s goal of achieving a spare, clean design was reflected in the
modifications that Hinterberger made to the magnets in May 1969, ex-
pressing, as Wilson later noted, a sense of design which was “both elegant
and economical.” In the 1968 design, the steel yokes of the magnets,
which were made of thousands of thin laminations, were secured with
a steel I-beam, but these 20-foot structural models sagged. Hinterberger
realized they could eliminate the I-beam, because the laminations could
themselves secure the yoke. He inserted angle girders around the four
outside corners of the magnet. In this “box girder” design, the magnets
weighed less and their properties improved because the girders became
part of the magnetic flux return circuit.>

Unlike Berkeley’s or CERN's specialists, NAL’s engineers tended to
be nonspecialized workers who could blend skills from engineering,
research physics, and accelerator science. The important contributions
made by engineers at the laboratory—such as Hinterberger, Cassel, Wil-
lard Hanson, the electronics and control engineer who headed the magnet
factory, or Anthony Glowacki, who designed the magnet water-cooling
system—show that both engineers and physicists could live up to
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Wilson’s ideal of creative accelerator building. The possibilities of Wil-
son’s nonspecialized approach to accelerator building are well illustrated
by the work of physicist Ryuji Yamada, then a young experimentalist,
who succeeded in boosting the capability of the accelerator from 400
to 500 GeV. In late 1969, the accelerator theory group considered the
prevailing bending magnet design, which yielded an 18 kilogauss field,
to be optimal. But Yamada reassessed the calculations to see if a higher
field could be achieved. Assuming the role of theorist, he explored alter-
nate calculations of design. Thinking as an engineer, he decided how the
new design should be fabricated. Then, becoming an accelerator physi-
cist, he constructed a short model based on his calculations, made mag-
netic measurements of the model, and plotted the data. He repeated the
process, creating a further revision based on the results. After many it-
erations he emerged with a new design in which the decrease in the
magnetic field at the edge of the magnet was offset by saturation effects
due to tapering the pole tips.®°

Yamada’s approach proved remarkably effective. Wilson later con-
cluded that Yamada’s improvement, which depended on the earlier de-
cision to place the coils inside the gap, was “one of the biggest innova-
tions” of the entire accelerator. In a December 3 staff meeting Wilson
noted that the resulting “pole shape was very similar to the ideal pole
shape worked out many years ago by H. A. Bethe.”®! By December, cal-
culations predicted that the field shape with Yamada’s design would be
“acceptable without further correction up to 21 kilogauss.” In the next
few months tests proved that Wilson's challenge posed two years ear-
lier would be met, because the magnets were in fact good up to 22.5
kilogauss. This meant that the Main Ring would perform at 500 GeV.%2

Wilson’s focus on economy continued to suit a funding environment
in which the laboratory consistently received smaller allocations than re-
quested. As the historian Spencer Weart has explained, if all figures are
adjusted to reflect 1972 dollars, federal support for physics peaked in 1967
at about $350 million. It then began to fall and by 1975 had dropped to
70% of that peak, rising only slightly after that.®® The new laboratory was
destined to struggle for its funding. In 1968, NAL requested $75 million,
battled against an allocation of only $7.1 million, and subsequently
received $14.7 million. In 1969, the laboratory requested $102 million
and eventually received $70 million. Although approval for the entire
$248 million budget was authorized in July 1969, the same month as
NASA’s lunar landing, by early 1971 NAL was still awaiting $93 million of
its construction budget.®* By then there was little fear that funding would
be terminated, but the limited annual appropriations forced Wilson to
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6.2 Groundbreaking for the Main Ring, October 1969. (Courtesy of FNAL Visual Media
Services.)

economize throughout the entire construction period. Cost overruns
would have made the project unpopular in Washington, jeopardizing
future funding.

Wilson sometimes used the budgetary limitations to justify tactics
aimed at obtaining optimum efficiency from his staff. Knowing that
if time were wasted, the project could not be completed within the
shrinking budget, he shortened the time before deadlines and made the
goals more ambitious. For example, when Wilson became Main Ring
group leader in 1969, he advanced the deadline for installing Main Ring
components by six months, from January 1, 1972, to July 1, 1971. This
dramatic move, which moved the schedule for completion up by an en-
tire year, heightened Wilson's efforts to portray the building of the Main
Ring as a risky frontier adventure, like building the transcontinental rail-
road or landing on the moon.

In October 1969, when NAL broke ground for the Main Ring tunnel
enclosure (fig. 6.2), the team’s prototype program was spurred on by the
ambitious new deadline of having eight bending magnets and two pro-
totype quadrupoles installed and operating in the Protomain by March
20, 1970. They had to work frantically.®® The process of large-scale mass
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production, essential for building more than one thousand magnets for
the Main Ring, appealed to Wilson because it was a way to keep the per-
manent NAL staff as small as possible. He viewed keeping the staff small
as both an economy measure and a means to achieve creativity: he felt
people worked more efficiently in smaller groups. But Wilson'’s approach—
to leave the design flexible as long as possible and to insist on economy—
differed from the industrial procedures of mass production, where all
specifications that would be costly to modify are set as soon as possible.5

Procuring the services and material to produce the Main Ring compo-
nents rapidly and economically was no trivial task. Malamud remembers
that he, Hinterberger, and Robert Sheldon traveled all over the world to
award coil contracts, saturating the international market for coil manu-
facture. In the never-ending quest for efficiency, savings, and speed, Wil-
son used a trick. As he explained to his staff in 1970, they would “give
one-third to one producer; one-third to another; and whoever gets
through first gets the remaining one-third.”%” By January 1970, arrange-
ments had been made for factory production and for materials procure-
ment. At the peak of production, coils were being manufactured in nine
factories: one in France, one in England, and seven in the United States.
NAL'’s factory in West Chicago was managed by Sheldon.®®

Wilson’s daring challenge aligned with one of his standard strategies
for speeding the work up by devising two different work schedules. One
was for the public, the AEC, and the users. The other, an “excessively
optimistic” one, was for the accelerator builders. This internal second
schedule was meant to “increase the probability of at least meeting the
public schedule.” The users, on hearing about Wilson'’s updated schedule
for the accelerator builders, worried that the laboratory’s internal staff
might be able to use the accelerator before they could and thus “skim
the cream of the new discoveries.” In April 1970, Wilson risked his rep-
utation when he confidently announced to the users that the optimistic
internal schedule would also become the public schedule and that the
laboratory would “have an accelerated proton beam by mid-1971, a year
earlier than the originally scheduled date.” Not only would the labora-
tory offer beam earlier, but the machine would eventually reach energies
close to 500 GeV, at reduced intensity.®

At this point, Wilson shifted his emphasis to the building effort. The
tighter schedules he set added much pressure to the constant risk taking,
the primitive working conditions, and the continuing efforts to find
further economies. The result was an exceptionally tense environment.
Wilson deployed his powerful rhetoric to remind his employees of their
“higher obligation” and their shared pioneering mission.”® The rapid
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progress made over the next year and a half proved the power of Wilson’s
strategies.

In May 1970, just as magnet assembly began on-site, Wilson an-
nounced yet another goal which the group scurried to meet in the next
four months. By October 1, the group was to have one-sixth of the Main
Ring ready to handle an injected beam. By August, 200 magnets and most
of the water piping and magnet power system had been installed in the
tunnel. The milestone was reached by the end of September 1970.7!

Wilson had thus far encouraged individuals to have strong loyalty to
their own groups. Now with the whole accelerator almost ready to func-
tion, he changed the focus to coordination among groups, with the
operation of the whole ring as everyone’s goal. The September monthly
progress report announced the goal, dubbed “Oktoberfest,” of “acceler-
ating protons to 139 MeV in the Linac and transporting them through
half the Booster and into the Main Accelerator.”’? This announcement
annoyed some of the staff, because the scheme caused a number of ar-
tificial technical problems. The components were not designed for such
a low energy. When the long string of Main Ring magnets was powered
by a car battery, remnant fields dominated at that low field.”®

The Oktoberfest was not a complete technical success. Although the
139 MeV beam from the Linac and Booster reached the Main Ring on
October 9, the proton intensity was too low to perform beam tests. Some
judged the Oktoberfest little more than a stunt, but many noted that the
exercise had caused a large amount of equipment to be installed in record
time. Moreover, the entire NAL staff had been forced to work as a team
for the first time since the beginning of construction.”*

The Main Ring group spent the next five months working feverishly
to complete installation. By the following March, in 1971, eight hun-
dred magnets had been installed. The water and power bus systems were
complete at the tunnel level, although at this point the water system was
not yet working. In April, the last magnet was installed.”® The group en-
joyed a pleasant surprise when it found that advances in the technology
of thyristors, used as rectifiers in the magnet power supply, coupled with
unexpected savings in the cost of transformers, allowed the laboratory to
install a power supply that would in time prove capable of achieving 500
GeV for less money than had previously been estimated for 200 GeV.”®

The trials the group suffered during this period ranged from mere in-
conveniences to brief, but severe, crises. For example, meeting notes from
the installation of the Protomain reported “one black eye and several sore
heads” resulting from the repair of water leaks that unexpectedly erupted
from the power- and water-manifolding system after the magnets were
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in place. More distressing was the need to wade through water and mud
in the Main Ring tunnel to install magnets in the fall of 1970. Installa-
tion, aided by portable dehumidifiers, continued nevertheless, and no
time was lost.”’

Another crisis born of haste came in late December 1970—six months
before Wilson'’s accelerated target date for installing the Main Ring. Mala-
mud found that the plaster being used to fill an empty space in the mag-
nets was “sopping wet.” Yamada'’s tapered pole tip had left an empty
space because the original design had been square. Magnet production
halted abruptly. The solution to this problem offers another example
of the importance of engineering skill in the Main Ring effort. Hanson,
the engineer, suggested that the void be filled with epoxy by the tech-
nique of vacuum impregnation, which had been used successfully for
the Booster magnets. Wilson opposed the change, claiming that the use
of epoxy was undesirable because of the increased danger of radiation
damage. Hinterberger and Sheldon agreed with Wilson. At Malamud'’s
suggestion, however, Hanson was given two weeks, which included the
Christmas holidays, to show that his scheme would work. Laboring day
and night, Hanson set up a vacuum impregnation system that was cap-
able of accommodating the magnets. In the end, Wilson was convinced,
and magnet construction was altered to safely include vacuum impreg-
nation.”® Despite these setbacks, Wilson reported that he was quite
“confident” about the laboratory’s prospects as his mid-1971 deadline
approached.”

The Main Ring Magnet Crisis of 1971

With the many risks that had been taken, NAL and URA leaders expected
some aspects of the accelerator to fail. But they were not prepared for the
traumatic technical disaster that occurred during the summer and fall of
1971. The colossal failure would cast doubt on the value of Wilson’s
building style and dash his dream of completing the world’s most pow-
erful accelerator a year ahead of schedule.

The Main Ring magnets had been installed in the midst of severe win-
ter weather. In the spring of 1971, water condensed on the magnets when
the ventilating system brought in warm humid air. As a result, almost a
quart of water needed to be removed from each of the wet magnets. That
May, when the NAL staff tried to bring the Main Ring magnets into
operation under these conditions, many shorted out. By summer 1971,
magnets were failing at an alarming rate and the staff was not sure where
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the trouble was coming from.8° Wilson called on Boyce McDaniel, his
friend and former colleague from Cornell, to come to his rescue and
help solve the serious magnet problems in the Main Ring. He also asked
“Mac” to manage the completion of the commissioning of NAL’s ac-
celerator complex. Helen Edwards recalled the spring and summer of
1971 as a “grim time.” The disadvantages of Wilson's style of accelerator
building were becoming apparent to many of those involved with NAL.
The problems seemed to support the earlier criticism of Wilson’s build-
ing style by Berkeley and Brookhaven. Wilson and Goldwasser heard
rumors of a campaign to convince URA to oust Wilson.!

The Main Ring’s magnet crisis caused considerable trouble for out-
side users. Some had arranged sabbatical leaves to prepare experimental
equipment based on Wilson’s optimistic projections. CERN physicists
were quick to conclude that NAL’s magnet problems revealed the superi-
ority of CERN’s emphasis on technological perfection. Lederman remem-
bers CERN officials gloating over Wilson’s misfortunes. Other difficulties
surfaced as well. In July, Malamud identified electrical and mechani-
cal problems which were likely to interfere with the NAL accelerator’s
performance; they included misaligned magnets, malfunctioning ion
pumps, a piece of copper in the beam pipe, and a plastic cap found in
a quadrupole. Also, the Linac and Booster were running “with an effi-
ciency of about 50%.” Although this figure was considered “reasonable
for such new accelerators,” the Linac and Booster problems complicated
the Main Ring’s development because beam studies could be performed
only when the first two accelerators were operating well. Problems arose
due to poor power supply functioning and because construction debris
cluttered the Main Ring vacuum tube. To examine this debris problem in
the Meson Lab, the NAL staff tried to train a ferret, affectionately named
Felicia, to drag a cleaning cloth through roughly 300 feet of vacuum
tube, but this strategy proved futile (fig. 6.3). Frustrated by the length
of her new tunnel, Felicia accepted an early retirement. Eventually Hans
Kautzky developed a robotic mechanical spear able to pull a magnetic
cord through the 2,650 feet of vacuum tube.??

In an attempt to rally his staff in this time of serious problems, Wilson
devised a new management plan that emphasized flexibility and lack of
hierarchy, the very organizational concepts he had celebrated earlier
when describing his vision of the laboratory. He merged the groups
responsible for accelerator theory, operations, radio frequency, and beam
transfer to form an Accelerator Section, headed by himself. Next he
appointed three strong managers, Orr, Richard Lundy, and Livdahl, who
would ultimately make possible the commissioning of the Main Ring.
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6.3  Felicia the ferret, attempting to solve technical problems in the Meson Lab, 1971.
(Courtesy of FNAL Visual Media Services.)

In parallel, he assigned each component of the accelerator to one of
the “commissioners.” The commissioners (among them Malamud, who
served as the “senior” Main Ring commissioner, Helen Edwards, Yamada,
Shigeki Mori, and Dave Sutter) were, as Wilson explained at the time,
“expected to identify work problems and to come to one of the Managers
to get the work force. .. to do the actual work.” Orr later noted that the
work assignments focused the efforts of technical experts on solving
technical problems, leaving organizational decisions to those with man-
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agerial skills. Wilson met daily with the commissioners and the three
managers, as well as with other key leaders, so that the effort was tightly
coordinated. To further expedite problem solving, he reassigned workers
from other groups, such as those working in the experimental areas, to
increase the pool of those working on Main Ring problems.®® During
the crisis, approximately 350 magnets out of 1,014 failed, causing six
months of “lost” time, and about 10% (approximately $2 million) of the
original cost of the magnets was spent to overcome the difficulties.?*

More than three decades later, experts still do not agree on what
caused the Main Ring magnets to fail, or even on the relative severity
of this problem. The standard explanation for the magnet failure blames
the epoxy insulation, which had been made very thin to decrease the
possibility of radiation damage. Veteran accelerator builder Collins
blamed the shorting on the decision to glue in the coils, stating that the
considerable thermal and mechanical stress resulting from temperature
cycling cracked the epoxy in the glued-in coils, allowing water to get
in the cracks.?® He felt that the B-1 magnets were too small, causing
“field quality and systematic errors.” Jeff Appel noted that the plaster of
paris, which absorbed the water, had to be removed and the magnets
rebuilt without it. Jovanovic suspected that the power supply was the
major source of difficulty, because the new method of using thyristors
introduced short, high-voltage spikes on the line. Other early pioneers of
the Main Ring point out poor mechanical engineering. Despite the best
efforts to keep good records, in many cases the relevant documentation
has vanished, making it impossible to offer a complete explanation of
the problems that plagued the Main Ring in 1971.8¢ In any case, the
problems began to abate once the three managers focused the entire
laboratory on solving them. In time much of the Main Ring was filled
with reconditioned or newly built magnets with a lower failure rate.
Some magnets continued to fail (even decades later), but workers learned
how to replace them quickly, a job facilitated by a clever pipe-cutting
scheme invented by Walter Pelczarski.

Critics of Wilson’s approach point to the high costs of his risky ap-
proach to building accelerators. CERN’s history provides a telling con-
trast to NAL'’s. In line with CERN'’s greater emphasis on reliability, re-
searchers of the European laboratory were inclined to proceed more
cautiously when confronted with accelerator problems. This approach,
these critics say, allowed a more methodical assessment better suited for
solving complex technical problems. Yet as Ramsey later reflected, Wil-
son’s approach succeeded in building the Main Ring in a time of bud-
getary crunch. And even though many of the riskier elements failed,
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many more succeeded. Much more money was saved on the whole
project than was lost on all the failed elements.®’

The Triumph of Frugality: Setting the Indoor Proton
Speed Record, January-March 1972

The NAL staff made steady, if sometimes painstaking, progress through
the rest of the winter of 1972. A short memorandum by Jovanovic reveals
the difficulties and frustrations faced as well as the uplifting role Wilson
played during this challenging period. Jovanovic’s operations report of
January 21, 1972, includes the following comments: “8:30 Trouble, trou-
bles. Beam doesn’t go all the way out.” A bit later: “11:50 Note—due to
the phone being installed in the toilets, you can’t hear them ring in the
service building. Therefore we have lost our most reliable communica-
tion system. Suggest installing extension phone bell outside of toilet.”%8

The next day Jovanovic asked a question: “How was the gloom and
doom of Jan 21 transformed into success only 24 hours later?” He an-
swered with a description: “On Jan 21 at 22:30 RRW walked into a dimly
lit control room. Few people were about while the RF group was chang-
ing a booster RF station. Out he produced a small book and read to us in
French.” As Jovanovic remembered, the passage Wilson read came from
the medieval “Song of Roland,” a chanson de geste (epic ballad) whose
original intent had been to inspire the armies of Charlemagne. Jovanovic
noted that the “ancient French modified by a timbre from Wyoming
echoed in the central room. It was strange...not understanding the
verse but understanding the occasion.” In a memorandum written in
1977, Jovanovic added: “Only now, five years later, did the significance
of this event become obvious.”%

On the next day, January 22, 1972, a 20 GeV beam seemed stable from
pulse to pulse. The energy of the beam continued to rise. Orr remem-
bered someone commenting that Wilson’s efforts in early 1972 were
aimed at “trying to set the indoor proton speed record.”®® On February
11, a 100 GeV beam was reached; 200 GeV was achieved on the after-
noon of March 1, 1972, surpassing the 76 GeV record at the Serpukhov
machine in the USSR and recapturing the lead for the United States (figs.
6.4, 6.5). Photographs were taken, champagne was uncorked, and over
one hundred staff members assembled to witness the milestone event
and sign the logbook declaring the achievement. Wilson triumphantly
announced to the AEC and JCAE that the project had come in ahead of
schedule and under budget.”!
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6.4 Oscilloscope display indicating achievement of design energy, 200 GeV, March 1, 1972.
(Courtesy of FNAL Visual Media Services.)

6.5 Robert R. Wilson toasting his staff at the celebration of the achievement of 200 GeV. (Cour-
tesy of FNAL Visual Media Services.)
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Wilson’s announcement was well received in Washington, especially
since by 1972 at least one other large federally funded project had fallen
on hard times. That year planners of what would become the Hubble
Space Telescope had to cut their project from $700 million to around
$300 million to produce “a cheaper, and thus politically more feasible,
telescope.” To meet this goal, the Hubble team had to employ many of
the budget-cutting devices that Wilson used, for example, stimulating
competition between contractors to lower costs, skipping the prototype
phase, designing cost-effective components, and transferring costs from
the design stage to the operation stage. Nonetheless, in June 1974 Congress
denied funding for the telescope, throwing that project into jeopardy.’?

In contrast, not only was NAL alive and well in early 1972, but the lab-
oratory and its director had become the toast of Washington. JCAE mem-
bers joked about considering Wilson for sainthood. In 1972 JCAE mem-
ber Hosmer reassured Wilson that magnet troubles and delays didn’t
tarnish “a bit the brilliance with which this whole effort was conceived
and constructed.”?® By 1974, four experimental areas (proton, neutrino,
meson, and internal target) were in operation. A full-scale research pro-
gram was underway by 1975, with routine operation at 400 GeV, a beam
intensity of 1.84 x 10'? protons/pulse, and only 28% unscheduled down-
time.

On May 11, 1974, NAL was formally dedicated as Fermi National Ac-
celerator Laboratory, in line with a 1969 AEC decision to honor Enrico
Fermi.’* Stormy weather that day dissipated only moments before the
scheduled ceremony on the steps of the newly constructed central lab-
oratory. Government officials (including Chairman Dixy Lee Ray of the
AEC, Senator Charles Percy, and Congressman Melvin Price) gathered
with URA officials as well as physicists from many countries (figs. 6.6,
6.7). Laura Fermi, the widow of Enrico Fermi, also attended. Over the
gusts of wind, Leon Lederman gave the dedication address, speaking on
behalf of the NAL User’s Organization and inspiring those in attendance
with his confident words about “this marvel of engineering and organi-
zation.” Explaining that every new accelerator “has yielded discoveries
totally undreamed and unmentioned in the plans and in the designs,”
he said that this machine “cannot fail to maintain the tradition.” At the
end of his remarks, Lederman played a 1952 tape recording of Enrico
Fermi speaking to “constructors of high energy accelerating machines”
about the challenges of understanding the cosmos.”

Few would characterize Fermilab’s original Main Ring (fig. 6.8), in
which the first 500 GeV beam finally coursed in May 1976, as an elegant
instrument, for its minimal magnets had relatively poor field quality
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6.6 Dedication of FNAL on the steps of the central laboratory building, with special guests (left
to right) Leon M. Lederman (second from left), AEC chairman Dixy Lee Ray, Representative
Craig Hosmer, Norman Ramsey, Representative Melvin Price, and Laura Fermi to the left of
the podium, May 11, 1974. (Courtesy of FNAL Visual Media Services.)

6.7 Robert Bacher, Senator Charles Percy, Mrs. Laura Fermi, and Edwin L. Goldwasser at the
1974 dedication festivities. Norman F. Ramsey is in the background. (Courtesy of FNAL
Visual Media Services.)
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6.8 Interior of the Main Ring, 1972. (Courtesy of FNAL Visual Media Services.)

and periodically needed to be replaced. Interruptions in the operation
of the machine introduced uncertainty in scheduling experiments. And
the accelerator cost more to run than it would have cost had the initial
investment in copper been greater. Escalating electricity costs during the
energy crisis of the 1970s made this disadvantage even greater. Despite
these drawbacks, the Main Ring, with its Booster and Linac, did come
to function as a world-class accelerator at almost twice its projected
energy. The laboratory’s next challenge would be to mount a successful
experimental program within the scope of Wilson’s frugal vision.
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A Users’ Paradise,
1968-1978

The main application of the work here is spiritual, if you will. It's because, in a
philosophical sense, in the tradition of Democritus, we feel we have to under-
stand, in simplest terms, what matter is, in order to understand who we are.

ROBERT R. WILSON'

Wilson believed in the need for “a kind of balance” between
the laboratory’s staff and its users. This balance included di-
vision of the responsibilities and investments by each in the
work of the laboratory. He felt that the laboratory’s staff
should provide the accelerator and a “hospitable physics
environment”; the universities should supply most of the
resources for mounting and conducting experiments. As the
users “would do most of their work at universities,”? Wilson
felt justified offering them minimal facilities for their ex-
periments. Back in 1965, when Wilson wrote his letter to
McMillan criticizing the Berkeley design (chapter 4), he ar-
gued that a laboratory was better off providing minimal
facilities and experimental equipment, because “providing
expensive facilities . . . may tend to paralyze better develop-
ments later on.” He favored leaving “plenty of space” and
building flexibility into the facility, for he believed that
“techniques and research interests change so rapidly that it
is better to let the major part of these areas grow out of the
actual ideas and demands of the experimenters at the time
they use the machine.”? He explained his attitude in a more
light-hearted tone three decades later: “In a frenzy of saving
big bucks, I had a fantasy of not putting up (or down) any
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laboratory building at all. Instead the idea was that once an experiment
had been accepted, an outline of the necessary space would be drawn in
an empty field at the end of one of the proton beams, then steel interlock-
ing piles would be driven along the outline down to the necessary depth
to protect against radiation. Then the experimental equipment would be
lowered to a luxurious graveled floor, and finally a removable steel roof
would be covered with the requisite thickness of earth. Once the exper-
iment was finished, the pilings were to be pulled up, the earth filled in,
and then the next experiment would be ready to receive its tailor-made
enclosure.”*

Applying this minimalist philosophy regarding experimental facili-
ties at NAL meant that most of the experimental areas would be, as Wil-
son described them, “rough and ready places.” Cold and damp from the
Midwestern climate, or flawed in other ways, they “had the reputation of
being, not Paradisios, but rather Purgatorios.”> The consequences would
breed widespread criticism from experimenters who were frustrated by
having to conduct smaller or simpler experiments than they felt were
necessary to compete successfully with other laboratories. Contrasting
NAL’s experimental areas with those at SLAC, the anthropologist Sharon
Traweek noted that SLAC workplaces lacked decoration and had a “clean,
functional grey metal and glass decor” which created “a strong impres-
sion of stoic denial of individualism and great preoccupation with the
urgent task at hand.”® Nevertheless, the physicists there worked in fin-
ished, modern buildings. Only after Wilson stepped down did all the
Fermilab experimental areas even have floors.

In the balance of responsibilities that Wilson envisioned between
users and staff, the university physicists were responsible for educating
students, building apparatus, and serving on committees at their uni-
versities. The laboratory’s scientific staff was expected to spend roughly
half its time in service work, which included operating and improving
the facilities.” While this division of the research at large federally sup-
ported facilities would later be taken for granted, it was unprecedented in
federally supported research laboratories in the 1970s. In some research
groups at Brookhaven, Berkeley, and SLAC, senior-level researchers could
hold 100% research positions.

The details of Wilson'’s balance between users and staff were presented
in NAL'’s design report in 1968, which emphasized that “a reasonable
sharing” between staff and visiting scientists would allow the resident
staff to “conduct about twenty-five percent of the laboratory’s total pro-
gram.” As it turned out, this level was rarely achieved, given the privi-
leged status of outside users at NAL.® The in-house physicists sometimes

158



A USERS’ PARADISE

joked about the laboratory’s policy, for the laboratory was so short-
staffed that its “half-time” service jobs typically required a full-time ef-
fort. Employees muttered that they were allowed to spend their second
forty hours per week on experiments. Experimental physicist Joseph
Lach noted that NAL experimenters who took the time to work on ex-
periments tended “to get punished in salary reviews.”? Moreover, since
the early NAL staff was grouped according to service responsibilities, the
laboratory lacked an administrative framework on which a concerted
in-house research effort could be built. Staff members were encouraged
to collaborate with visiting users, rather than with each other. As Wilson
later commented, Fermilab “only hired physicists to grease the wheels
for outside users.”'° The situation that users faced at NAL was thus very
different from the one Lederman had criticized in his 1963 TNL paper
(see chapter 3).

Wilson saw himself primarily as an experimenter and firmly believed,
according to Goldwasser, that “the people who built accelerators should
be the people who wanted to use them.”!! It was, therefore, natural for
him to build accelerators. But by the time he became the director of NAL,
accelerators had become so complex that those who built and those who
used accelerators were members of separate communities. He identified
more with the builders.

While Wilson focused on leading NAL’s accelerator developments,
thus “providing for the future,” Goldwasser took responsibility for the
experimental program. “I was really guarding the on-going program,”
he recalled.'? Important parts of the work were supporting the outside
users by planning their organization and encouraging the universities to
invest in equipment. Initially, as he soon realized, Wilson “was quite
resistant” to the idea of forming the users’ group because there was no
machine to use for several years. But Wilson eventually agreed that a users’
group “was the politic and probably the essential thing to do” in estab-
lishing the partnership he envisioned between universities and the lab-
oratory.!® Ramsey announced the plan for such a users’ group in his letter
inviting participants to Wilson’s April 1967 planning meeting at Argonne
National Laboratory. The next users’ meeting was held on December 9,
1967.14

Goldwasser was central as well to the organization of annual summer
studies in which a select group of users would offer advice on such facil-
ities as experimental areas and detectors. NAL had only a small staff of
physicists, and they were preoccupied with building, and later maintain-
ing and improving, the accelerator. Because university physicists were
unlikely to abandon their professorships and work for NAL during the
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academic year, or to use their summer break to do so in the muggy
llinois weather, Wilson, Goldwasser, and Ramsey looked into creating
a summer program in a more inviting location. They arranged a joint
NAL-Aspen Institute program with workshops in the Rocky Mountains.
At first Wilson and Goldwasser were concerned that their plan of meeting
in the picturesque town of Aspen, Colorado, a popular ski resort, might
strike the AEC as extravagant. But they discovered that during the sum-
mer season housing was actually cheaper in Aspen than in suburban
llinois. Goldwasser thus had no difficulty explaining the rationale for
meeting in Aspen to Seaborg. With the incentive of Aspen’s beautiful
location, NAL could recruit large numbers of eminent participants to
NAL'’s summer studies, despite the fact that most were required to pay
for their lodging and meals from their own research budgets.!> The ad-
vice offered by those who attended the summer studies held in 1968 and
1969 was incorporated into the planning of NAL’s experimental program
and facilities.®

James R. Sanford, who from 1969 to 1971 served as the head of NAL's
Experimental Facilities Section, assisted Goldwasser in developing the
research program. The former Brookhaven physicist later became NAL’s
associate director for program planning and the editor of NALREP, the
publication that succeeded NAL’s early “Monthly Report of Activities.”!”
Goldwasser and Sanford spearheaded plans for the laboratory’s Physics
Advisory Committee (PAC), later renamed the Program Advisory Com-
mittee, which was organized by December 1969, several months before
the first call for proposals in March 1970. The group of external advisers
who constituted the PAC reviewed the experiment proposals submitted
to the laboratory and provided Wilson with general advice about the
experimental program. As with the users’ group, Goldwasser persuaded
Wilson “that he needed that kind of committee” to support the labora-
tory’s policy of treating all users equally. In this case too, Wilson soon
agreed that such a committee would help rally the support of users.!®

For the initial nine-member PAC, Goldwasser recruited a distinguished
group that included three Nobel laureates (Owen Chamberlain, Murray
Gell-Mann, and Tsung-Dao Lee) and one future one (Val Fitch). Gold-
wasser acted as the primary liaison between the committee and the users.
He would usually offer Wilson a summary of the arguments presented
by experimenters and the PAC, supplemented by his own opinions.!’
Almost ninety proposals were received within six months after Wilson
sent out the first request for proposals to the NAL users on March 26,
1970.2° The PAC met in Aspen in early August 1970 to review the pro-
posals.
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A 1975 survey showed 184 approved experiments; they would be
conducted by researchers from 127 research centers in the United States,
Canada, Europe, and Asia. There was “a lot of pressure to approve a large
number” of minimally funded experiments, reflected early PAC member
and experimental physicist Thomas Kirk.2! By 1976, half of the 500
experiments proposed since 1970 had been approved. By 1978, 250 of
the 300 approved proposals had been completed.?? Fermilab researchers
were far from predominant in these early experiments. Only two simple
and short-lived experiments, a monopole search and a beam dump study,
were performed by the in-house staff alone. The experimental program
dominated by outside users offered a blueprint for the power relations
existing in the laboratory for the next several years.

The Experimental Areas

The minimal experimental facilities at Wilson’s laboratory were arranged
in four basic experimental areas: the Internal Target Area, known as
CZero (at the CZero straight section of the Main Ring), and three exter-
nal areas fed by beamlines: the Neutrino Area, the Meson Area, and the
Proton Area (fig. 7.1). The facilities included a 30-inch bubble chamber,
which had been built by MURA for Argonne (one example of many such
collaborations with Argonne in these early years), the laboratory’s 15-
foot bubble chamber with its superconducting magnet, and a small com-
puting center.?® In addition, the University of Chicago’s 1950s-era cy-
clotron magnet was recycled for use in the Muon Laboratory of the
Neutrino Area.

Goldwasser and Sanford had proposed the 15-foot bubble chamber
to encourage university investment in the experimental program; they
argued that in the long run the bubble chamber physicists would re-
turn to their home institutions to perform their data analysis and thus
primarily use university rather than laboratory resources.?* Goldwasser
later admitted that neither he nor Wilson had been convinced that a large
bubble chamber “was likely to be a competitive detector for exploring the
physics of the next generation,” but the physics community included a
“rather large core of physicists who had been engaged in bubble cham-
ber physics and who wished to embark on Fermilab physics using their
familiar bubble chamber techniques.” This group of “bubblers” included
both physicists, such as William B. Fowler, and engineers, such as George
Mulholland and Hans Kautzky, who “were politically strong because
they were numerically strong....We couldn’t afford to ignore them,”
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Goldwasser explained.?> Goldwasser had recruited Fowler from Brook-
haven in 1970 to design and build the 15-foot bubble chamber after the
AEC turned down the laboratory’s 1969 proposal for a 25-foot chamber
to be built in collaboration with Brookhaven.?® The chamber operated at
the laboratory from 1973 until it was finally decommissioned in 1988,
having taken three million photographs for research physicists from
thirty-seven institutions (fig. 7.2). A close-down party for experiment 632
(E-632) on April 8, 1988, marked the event. By then the physicists had
used the device to publish more than one hundred technical papers.?’

The Internal Target Area was home to NAL’s first experiment, E-36
(see the appendix), a U.S.-USSR collaboration that studied proton-proton
scattering (fig. 7.3). With the help of an innovative real-time telex com-
munication system (an early form of E-mail) the scientists at NAL were
connected with those at the Joint Institute for Nuclear Research (JINR)
in Dubna (near Moscow), Russia. The collaboration was unique in being
established at the height of the Cold War.

The Meson Area, constructed from 1971 until 1973, supplied six sec-
ondary beams which supported a variety of experiments, such as quark
and monopole searches, total cross-section measurements, emulsion ex-
periments, and elastic and inelastic scattering studies. Wilson himself de-
signed the distinctive architectural feature of the Meson Lab, its blue and
orange roof made of huge, inverted half sections of culvert pipe (which,
unfortunately, leaked, making the conditions in the Meson Laboratory
rather miserable).

The Neutrino Area, the first external experimental region to be devel-
oped, supplied neutrino and muon beams for many experiments during
the Wilson years that explored neutrino interactions, cosmic rays, emul-
sion scattering, scaling, charm, and neutral currents (see the appendix).2®
A striking geodesic dome covering Lab A in the Neutrino Area was de-
signed by DUSAF model builder Jose Poces and Angela Gonzales. It
was built with materials suggested by engineer Robert Sheldon. For the
dome’s roof, Sheldon proposed sandwiching metal cans, collected and
donated by neighboring communities, between thin sheets of multicol-
ored plastic in triangular shapes.?® The panels were assembled during lulls
while waiting for supplies. To repair subsequent leaks the panels were
clad in copper in 1982.

The Proton Area consisted of three smaller beamlines (P-West, P-
Center, and P-East) where experiments with protons, hyperons, photons,
mesons, and electrons were conducted starting in 1975 (fig. 7.4). The
so-called Proton Pagoda, the architectural highlight of the Proton Area,
built in 1976, was based on a design for the central laboratory building
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7.2 Scanner looking for unusual particle interactions in a bubble chamber experiment photo-
graph, 1978. (Courtesy of FNAL Visual Media Services.)
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7.3 Inthe Internal Target Area at CZero, collaborators on E-36, the first NAL experiment, includ-
ing physicists from NAL, Rockefeller, Rochester, and JINR in the USSR, 1972. (Courtesy of
FNAL Visual Media Services.)

that was rejected. This Pagoda housed the area’s control room and fea-
tured a distinctive double-helix staircase.

Alternating Currents (the Neutrino Area)

A major study in the Neutrino Area during the early days of NAL was
concerned with finding evidence for neutral (as opposed to charged)
currents. These currents were the focus of experiment-1A (also called
HPWEF, as it included Harvard, Pennsylvania, Wisconsin, and Fermilab),
one of the first experiments in the NAL program.3° The experimental
basis remained shaky, and given the lack of evidence, many physicists
assumed that neutral currents did not exist, despite the conclusions to
the contrary in many theoretical papers written between 1968 and 1971
on neutral currents or the electroweak gauge theory (e.g., by Steven
Weinberg [1967], Abdus Salam [1968], Sheldon Glashow, John Iliopou-
los, and Luciano Maiani [1970], and Martinus Veltman and Gerard 't

165



CHAPTER SEVEN

7.4 Users of the FNAL Proton Area, including Wonyong Lee (front row, left), John Peoples (back
row, second from left), Leon Lederman (front row, second from left), Lincoln Read (back row,
with hand raised), Jim Sanford (second from right), with Brad Cox (front row, third from right),
1975. (Courtesy of FNAL Visual Media Services.)

Hooft [1971]). In 1970 Andre Lagarrigue and his collaborators, who had
been searching for neutral currents since 1963 at CERN, assembled a
freon-filled heavy liquid bubble chamber called Gargamelle, which ran
using the 20 GeV PS. For the next two years, CERN performed the labori-
ous task of scanning and analyzing 100,000 Gargamelle bubble chamber
pictures. After presenting their results at the Rochester Conference held
at Fermilab in 1972, the collaborators continued to scrutinize their data
knowing that E-1A (HPWF) was closing in on them.

The Fermilab group used a different method, in which a 20 GeV wide-
band neutrino beam impinged on various detector systems (a liquid
scintillator and hadron calorimeter and a muon spectrometer with large
spark chambers). Having access to much higher energy particles than
Gargamelle, E-1A obtained more interactions. In the course of planning
the publication of E-1A’s first results, which included nearly one hundred
events, Carlo Rubbia, as a spokesman for E-1A, wrote to Lagarrigue about
the status of Gargamelle’s work on neutral currents. He asked Lagarrigue
for reciprocal referencing. In poker parlance, he “called his hand.” But
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rather than “fold,” Lagarrigue called Rubbia’s “bluff.” On the next day,
July 19, 1973, Lagarrigue sent Gargamelle’s results to be published. They
were announced at the Bonn Conference in August 1973, where E-1A’s
results, which were close to Gargamelle’s, were also made known. For a
more complete discussion of the neutral-currents work at NAL and CERN
we refer the reader to the excellent historical treatments by Peter Galison
and Donald Perkins.?!

In the meantime, E-1A encountered pitfalls. A borrowed trigger did
not function as hoped. Although they had already distributed their results
as a preprint in late July 1973, the experimenters mistrusted their results
enough to hold back publication while they rearranged their detectors and
took a second look. As Galison notes, there were many justifiable reasons
for the E-1A group to hesitate. E-1A’s second run had problems with a
shield of insufficient strength, which caused their data to be misread.
Moreover, the physics was not yet understood. The results from E-1A’s
newly adjusted detector cast so much doubt on its earlier findings that
by November 1973, the group prepared a letter to Physical Review Letters
stating its tentative conclusion that there were no neutral currents. Fol-
lowing Wilson'’s advice, the group did not submit the letter, but Rubbia
delivered the draft letter to Lagarrigue, causing even more anxiety for
everyone involved. In the face of much criticism, Gargamelle’s experi-
menters trusted their experimental work and their analysis and held firm;
they were first to claim the discovery. By mid-December 1973, the fog
over HPWF lifted and the evidence for neutral currents was clear. When
E-1A’s paper was finally published in the spring of 1974, it merely con-
firmed Gargamelle’s discovery. The legend of “alternating” neutral cur-
rents would be told far and wide.

Although the E-1A neutral-currents experiment could not count as
a victory for NAL, it did demonstrate the fledgling laboratory’s ability
to compete with the older, more established CERN. The discovery of
charm at Brookhaven and SLAC in 1974 explained the absence of neutral
currents, encouraging confidence in the evolving foundations of the
Standard Model and making clear that electroweak theories had to be
taken seriously.

Finding Beauty in the Bottom of the Bog (the Proton Area)
Four years after missing the discovery of neutral currents in the Neutrino
Area, the laboratory found success on another front. Researchers in the

Proton Area discovered the “bottom or beauty quark,” one of the six
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quarks of the Standard Model. This was a major find. Every experiment
has its story worth telling in detail. But to include all of Fermilab’s exper-
iment stories in a single book would form an unwieldy product. As the
discovery of the bottom quark is considered to be Fermilab’s crowning
achievement during Wilson's time as director, we will focus on this case
in our effort to project the character of research in this period. Our ac-
count of this project illustrates some of the limitations of experimental
work during the laboratory’s early years and highlights what was needed
to make a major discovery in that context.

The experiment’s spokesman, Columbia physicist Leon Lederman, per-
sonified Wilson’s model researcher in many ways. A clever experimenter
driven to explore the highest energies, Lederman was willing to make the
best of the laboratory’s primitive conditions and limited resources. His
group “didn’t bargain on the frogs, or the ditches, or the roof leaking,”
but as his team made its bold grab for discovery, its members accepted
Wilson’s minimal support of experiments as part of “the pioneering
spirit of doing experiments at early Fermilab.”32

Lederman was among those who put forth an experiment proposal at
the first NAL summer study in Aspen in 1968. Building on research that
he was then conducting at Brookhaven, he proposed a search of the parti-
cle debris left after protons struck a beam dump (a block of matter thick
enough to absorb all the incident protons). He planned to look first for
single leptons (electrons and muons) emitted at large angles to the inci-
dent proton beam and then for pairs of leptons. The interest in this search
came from the fact that the weakly interacting particles (such as muons),
created during collisions in the dump could signal the occurrence of rare
processes. The group reasoned that when an energetic proton collides
with a nucleon in a target, the collisions create various particles (e.g.,
pions and kaons) and occasionally virtual photons that decay almost
immediately into pairs of leptons. Lederman hoped that by studying
lepton pairs his group might find a new particle. The emission of vir-
tual photons (energy bundles that decay immediately into particles and
antiparticles) could indicate “unexplored domains” inside particles.?

The same basic idea had guided Lederman’s recent study of muon
pairs at Brookhaven'’s AGS. The data there had revealed some ambiguous
evidence for a “ledge,” known as “Leon’s Shoulder,” in the plotted data
around 3 GeV. This ledge in an otherwise smooth distribution of muon
pairs seemed to indicate a new and very massive particle. The smooth dis-
tribution appeared to confirm Richard Feynman’s parton model (a ver-
sion of the later quark theory). The production of lepton pairs promised
to probe hadron structure and spurred a series of so-called Drell-Yan ex-
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periments, based on Drell and Yan’s 1969 formulation for the process of
production of virtual photons when a quark and antiquark in colliding
particles are annihilated. These experiments were of wide interest be-
cause they promised to test the new theory of quantum chromodynamics
(QCD) and provide basic information about hadron structure.?*

Aiming to extend this search to the higher particle masses that higher
energy allowed, Lederman proposed two experiments to study the leptons
that emerged from collisions, both singly and in pairs. He submitted one
proposal to CERN and the other to NAL. In the CERN experiment, to be
conducted at the ISR, by measuring the high-energy continuum spectra,
his team hoped to detect resonances in the mass range up to about
28 GeV, including the exotic heavy photon predicted by Lederman’s
Columbia colleagues T. D. Lee and Gian Carlo Wick.?S

The proposed NAL experiment, P-70, had two parts. The first planned
to study neutral pion and photon production and search for the W
particle by detecting single electrons or muons of high transverse mo-
mentum. The second part would focus on pairs of leptons—first, electron
pairs, because electrons can be detected directly as they emerge from the
collision point and provide the best determination of the mass of any
observed resonance, while muons would suffer scattering as they were
filtered through meters of beryllium absorber material. In the words of
experimenter Hans Jostlein, who later joined Lederman’s group, although
such an experiment did not have “very good odds. .. it was clear if they
did find something it would be worth the trouble.” They were “playing
[the] lottery for a large jackpot.”3®

P-70 was just the kind of imaginative and daring experiment that
Wilson had in mind when he envisioned the new laboratory. Most of
the resources needed were simple and would come from outside the lab-
oratory. The proposed detector would be composed of four subdetector
systems: magnets, scintillation counters, lead glass Cerenkov counters,
and hadron calorimeters. The first part of the experiment would employ
a detector with one arm of detection apparatus; the second part, focusing
on lepton pairs, would need two arms. To allow for a beam survey, they
began to refer to the three phases of the planned experiment: Phase I,
the beam survey; Phase II, the single-arm experiment; and Phase III, the
double-arm experiment. The proposal was approved and became known
as experiment E-70.

As was typical at NAL, E-70 included both laboratory and visiting
physicists. From NAL were Lincoln Read, John Sculli, Tom White, and
Taiji Yamanouchi. Besides Lederman, those from outside the laboratory
included Wonyong Lee, Jeff Appel, and David Saxon from Columbia
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and Mike Tannenbaum from Harvard. In line with Wilson’s wish that
other institutions shoulder the lion’s share of the experimental appara-
tus expense, a December 1970 addendum to the proposal pledged that
the entire apparatus (with the exception of some magnet construction)
would be provided by Columbia University’s Nevis Laboratory, where
Lederman served as director.3’

Lederman’s group economized in setting up its experiment during
1971 and 1972, while Lederman did what was necessary to place his team
first in line for beam. These strategies put him in a favorable position,
although sometimes this advantage came at a cost to others. For exam-
ple, in procuring lead glass for the experiment, Lederman undertook an
extensive search for a producer. Determined to “shave” the final cost “by
another 5-10%,” Lederman spoke with four prospective sellers and en-
gaged in competitive bidding with them for the exotic item. He admitted
that the winner “must have lost its shirt.”38

Lederman had another effective way to cut costs. Even in the physics
community, where reuse of equipment was the rule, Lederman was known
for being “a great believer in borrowing.” In the words of Charles
“Chuck” Brown, who later joined the Lederman group, “The appara-
tus we put together included borrowed pieces from all over the place.”%
The negotiations through mid-1971 included failed arrangements for
borrowing magnets, which were among the largest and most expen-
sive pieces of equipment for the experiment, from Brookhaven’s AGS
and from the defunct Cambridge Electron Accelerator. Sometimes Led-
erman’s borrowing attempts fell through.

One of Lederman’s most important strategies in coping with the lim-
ited resources at NAL was to take advantage of resources outside—for ex-
ample, those available at Nevis. Besides having access to shop equipment
and some extra funds, the experiment benefited from the contributions
of Yin Au, the Nevis chief mechanical engineer, and William Sippach, a
Nevis electronics engineer. These talented experts were assigned to help
with Lederman’s NAL experiments because, in Appel’s opinion, “Led-
erman was one of the big wheels who got the best.” Sippach’s talents
proved crucial, as Bruce Brown later explained, because the experiment
involved very high fluxes of particles; the electronics had to distinguish
between individual particles coming at high rates.*°

In February 1971, while the E-70 team members were planning all
three phases of the experiment, Lederman had an inkling that the NAL
accelerator might not provide a 200 GeV beam as early as expected. In a
February 16 letter to Wilson, Lederman wryly noted “some slight slug-
gishness in your otherwise well-oiled progress....I can see our caravan
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of trucks arriving from Nevis, groaning with lead glass, drenched with
the sweat of our feverish preparations, only to be prevented from un-
loading” in their assigned place in the Proton Area “by the masons, stone
cutters and other artisans, still emplacing the last gargoyles, weeks be-
hind schedule.” The group delivered a signed copy of the formal document
specifying the obligations of the experimenters and the laboratory. “All
we expect of NAL,” Lederman joked, “is 10'3 500 GeV protons, a 40-foot x
200-foot enclosure, tons of shielding, money, magnets, engineering
assistance, gargoyles, and love.”#! Lederman could not really hope for a
beam of such high energy and intensity, but he could have expected the
magnets and other planned provisions for the experimental area. Un-
fortunately NAL could not provide all it had promised when its already
minimal allocation of manpower and funding for experimental resources
had to be tapped to help solve the devastating magnet crisis that erupted
that spring of 1971 (see chapter 6). The result was that E-70’s experimen-
tal capabilities had to be reduced. The researchers used smaller magnets
and a new experimental setup that placed the beam dump close to the
target area, avoiding the expense of beam transport.*?

Lederman responded with good humor and without complaint to the
changes made in his experimental setup.** But he did not completely
abandon self-interest. Noting that the “opportunity of early involve-
ment at NAL [was] too exquisite to forgo,” he asked Wilson in a June 7
letter to approve plans for a makeshift beam transport system so the
group could quickly do a photon survey with two lead glass blocks and
a small collection of other small devices mounted to a 3-foot x 6-foot
rolling table. This would mean that “a few of us will infiltrate quietly
in July, complete with sleeping bags and sterno.”#* Although the ex-
perimenters insisted they were still making pre-phase I measurements,
Wilson questioned Lederman’s underlying motive.*S In a reply written a
few weeks later, Wilson pointed out that the requested survey appeared
“to be, in fact, phase I” of their experiment “moved forward in time
and space.” Wilson also noted that “the demands upon the laboratory
seem to be negligible and the time. .. required for the run. .. extremely
short.” Wilson responded positively, however, but he emphasized that
he would not allow the survey to be further expanded. He responded in
the friendly tone that Lederman had also used, concluding: “How could
I reject such a proposal?”4® Thus, in return for accepting Wilson’s terms
Lederman was among those granted first access to the beam. But even
for Lederman, actual beam time lay far in the future, for the crisis of the
Main Ring magnets would continue for almost a year. And the 200 GeV
beam, first produced in March 1972, had lower intensity than expected
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and was available during only about 60% of the time scheduled through
September 1972.4

The arrangements for the experimental area, under the direction of
Sanford and Read, proceeded more slowly than planned because of the
accelerator problems. According to Orr, one of the three managers dur-
ing the magnet crisis (see chapter 6), it was by this time apparent that
NAL had “too many things going. .. too many ideas. . . too many exper-
iments for [the] budget.” The laboratory was understaffed for doing “all
the things we were supposed to do, but on the other hand, we didn’t
have enough money to pay all the people we had, so we were in a triple
bind.”*® Lederman’s group was scheduled to have beam for Phase I, the
beam survey, in September 1971 and for Phase II, the single-arm spec-
trometer experiment, a few months later. The group actually obtained
beam for the first time in late fall 1972, roughly a year later than ex-
pected, and they began taking data for Phase II in the spring of 1973.

The 1972 URA annual report characterized the research in this period
as “rough and frustrating.” The report complained about unrealistic
scheduling, the delays in obtaining usable beams, the “primitive nature”
of facilities and support, and the fact that the accelerator problems were
so severe that “machine development often required a higher priority
than even on-going experiments.”#’ In reporting on the first beam to Le-
derman, Appel said that “we get only dribs and drabs!” He noted that the
“spill was short—unfortunately,” and he was concerned that there was
“no NAL beam commitment” for further stages of the experiment. In
October and November 1972, at just the time when the group needed
beam to calibrate the lead glass and otherwise check and fine tune their
detector, Read, one of the NAL physicists on the E-70 proposal, and Peo-
ples, the NAL physicist in charge of the Proton Area, were battling over
beam-tuning problems, complicating the group’s efforts to extract and
steer the beam into the Proton Area. Although in November 1972 these
problems were solved, allowing a 24-hour 200 GeV run for Lederman’s
group, difficulties with the Booster accelerator “scrubbed the rest of the
run.” As Appel told Lederman, the schedule called for “finally 40 hours for
the Proton [Area],” but a series of problems with the Main Ring and Boos-
ter prevented the staff from extracting beam “until 36 out of 48 hours was
gone.” And then, “after (about) 4 hours” consumed by extraction and
beamline tuning, “a massive power failure. .. curtailed operations.” The
brief beam spill that did emerge swamped the counters they hoped to
check. In any event, the “beam was not too stable for any length of time,
even in the Main Ring.” And so the run “was a complete washout.”*°
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In December 1972, the accelerator operated at 400 GeV for the first
time, but as the monthly progress reports stated, the varying energies and
rapid schedule changes “reduced significantly the amount of beam ac-
tually available for physics experiments.” Laboratory employees worked
on improving beam transport to the Proton Area, where a number of
experiments were being set up. Besides the Lederman group in P-Center,
three other groups were setting up in P-East: E-100, a particle production
measurement to search for particles led initially by James Cronin and
later by Pierre Piroue; E-87, a photoproduction search for heavy leptons
led by Wonyong Lee and later Thomas O’Halloran; and E-25, a photon
total cross section experiment led by David Caldwell. In P-West, Jimmy
Walker was working on E-284, a survey of particle production in proton
collisions, and Mel Shochet was working on E-258 measuring particles
produced at high transverse momentum by pions. The experimenters
in the Proton Area received no beam that month, and laboratory atten-
tion shifted to providing beam in January and February 1973 for the
Neutrino Area, where E-1A, the neutral currrent experiment of Rubbia,
David Cline, and Al Mann, and E-21A, a study of neutrinos at very high
energies led by Barry Barish, were underway. (In this period, only one
experimental area could run at a time.) Finally, during March 1973 beam
for E-70 began to slowly trickle in.5!

As time went on, many of the physicists who had originally been
listed on Lederman'’s P-70 proposal dropped out. Lederman and Appel
formed the core of the Columbia contingent, which expanded over the
next few years to include two additional Columbia physicists, Jeffrey
Weiss and John Yoh, as well as three European visitors, Maurice Bour-
quin, Jean-Marc Gaillard, and Jean-Paul Repellin. Appel shuttled back
and forth between New York and Illinois to direct much of the design
and construction of equipment at Nevis, until he moved to NAL in
February 1973. In addition, five graduate students or postdocs, Irwin
Gaines, David Hom, Hans Paar, Daniel Peterson, and David Snyder, took
part in the experiment. One of the original NAL physicists, Yamanouchi,
remained and was joined by Bruce Brown, Chuck Brown, Walter Innes,
and Jon Sauer.>?

While waiting for beam, members of the group installed equipment
for both Phase I and Phase II. They encountered many difficulties because
of NAL'’s primitive conditions. The experimental pit housing their sen-
sitive instruments had standing water due to improper drainage and an
inadequate roof. NAL had promised a finished roof by November 1972,
but that month Appel reported there was not much “besides sheet metal
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(1 layer) between us and the elements!” Yamanouchi doubted that Wil-
son would divert resources to address temperature and humidity control
in the area.>

In January, in letters to Read and to Peoples, Appel laid out the re-
quirement that the temperature for Phase II needed to be kept above
40° and humidity between 25% and 50%.%* Making light of a situation
that obviously concerned him greatly, Peoples wrote to Appel that on a
day when the temperature was about 15°F, with the inside temperature
“certainly not warmer,” he descended into the experimental pit. He ob-
served the snow “falling through the clever fresh-air skylights in the
P-Center roof. Enraptured by nature’s harsh display, I lifted my head sky-
ward to watch the swirling flakes only to slip and fall on the ice in the
pit. I couldn’t respond to your specifications just then.” On a more seri-
ous note, Peoples admitted that although they could probably keep the
humidity below 60%, temperatures would vary from minus 15° to 105°F.
Sensitive equipment would need a special enclosure. While Peoples un-
derstood “the nature of your requirements” and sympathized “with their
spirit,” he needed a detailed justification, since elaborate provisions for
temperature control were “out of step with the style of NAL.” Appel
wrote back to Peoples with a detailed explanation of the adverse effects
of temperature on their lead glass system. By the next month, Peoples
had gained approval from Wilson to begin constructing minimal but
adequate enclosures. They constructed a hut within the enclosure for
controlling temperature there.>

Despite these rough conditions, the Lederman team continued to act
as a cooperative partner with NAL. In a January 1974 letter to Wilson,
Lederman referred to his group’s “patina as one of the more hardened,
early believing, pioneers of NAL.”% Earlier, Appel had aptly defined the
drill in a memo to Lederman: “General Program for making [Proton-
Center] usable is (as everything at NAL): Put it together, try it, fix it,
add heaters used in the tunnels etc.—it may work—add as necessary.”
By falling in step with the risk-taking, cut-and-try approach of Wilson'’s
style, Appel and other group members endured the risk of possible dam-
age to their detector and were rewarded with service and support, albeit
limited, at a time when both were in short supply.®’

In September 1972, Lederman started to move equipment into the
Proton Laboratory, having made a request to conduct an experiment,
dubbed “Phase 0.8” of E-70, that would search for heavy, long-lived
masses produced in the forward direction.’® Requiring only two week-
ends of beam time, this experiment relied on radio frequency bunching
and time-of-flight measurement. It used equipment which was already
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on hand and required no extra resources from the laboratory or from the
group, although they did make some new counters, including a “cheap
beam-line differential Cerenkov counter.” As Appel later noted, the ex-
periment “was a long shot,” but “it was fun.”>

It now appeared that the measurements planned in the original P-
70 constituted more than a single experiment. The laboratory assigned
Phase 0.8 a new number, E-187. Thus, E-70 became one of the first NAL
experiments to be part of a “string,” a series of related experiments that
used much of the same equipment and continued the original pursuit
with some of the same team. As Yamanouchi remembered, it was typi-
cal of Wilson to offer quick approval of an experiment proposal when
dealing with physicists who had earned his esteem. If such an experi-
menter “walked into Wilson'’s office with a great idea, . . . suddenly it was
approved.” The anecdote highlights Wilson's determination to live up
to his promise to foster creativity and avoid undue bureaucracy. It also
suggests how it happened that under Wilson so many experiments had
to compete for the laboratory’s minimal resources.®®

Lederman had another strategy for dealing with the unpredictables
of NAL life. While remaining accountable for pursuing the experimental
goals mentioned in his proposals, he also retained the prerogative to use
the beam he obtained to his best advantage. When he told Appel to relay
the good news that “Phase 0.8 has been approved for 1 or 2 weekends,”
he went on to say: “I suggest that we don’t use up the first 3-day run for
this but try to do some Phase I,” at the same time trying “some aspect of
[E-] 187" and perhaps take a measurement that would also “calibrate the
Pb (lead) glass” for Phase II. When this running period proved to be a
washout, the group abandoned its plans for Phase 1.5! Lederman’s strat-
egy, and Wilson’s willingness to indulge it, suggests that Wilson ex-
tended the same terms to experimenters that he extended to employees:
those willing to do business his way were awarded considerable freedom.

First View and the Advent of E-288

Between mid-1973 and late 1974, Lederman’s group installed its equip-
ment and began to take data both for Phase II of E-70, the single-arm
experiment, and for the time-of-flight experiment, E-187. At the same
time, they prepared for the double-arm experiment, Phase III of E-70, re-
vising their plans for apparatus. New data-taking ideas arose as the group
reacted to unexpected physics results and limitations imposed by the
laboratory.
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Lederman continued to play the role of Wilson'’s ideal group leader,
one who encourages creativity while keeping his group focused on a
common goal. Subordinates followed because they respected Lederman.
While individual group members were left to their own tasks, Chuck
Brown noted that decision making was done in an environment “of an-
archy that somehow moved toward consensus.” Unlike Wilson, who was
sometimes autocratic, Lederman persuaded rather then decreed. He made
the general arrangements, such as negotiating for beam time, but “he
didn’t take detailed charge of the situation,” according to Yoh. Jostlein,
who became a collaborator on a related experiment, added that “if some-
thing was a toss up,” Lederman would “be the ultimate authority.” Once
he “argued for a certain direction, then people would listen carefully”
and usually follow his suggestion. The resulting atmosphere encouraged
all group members, including the younger physicists, to comment freely
while preserving a strong sense of team spirit.

By April 1973 the members of Lederman’s group were prepared to
conduct the single-arm experiment. Despite continuing accelerator prob-
lems, they obtained enough beam by the end of May 1973 to check the
timing of the hodoscope counters and calibrate the lead glass array for
the single-arm experiment. The group noted in its post-run analysis that
electron events had been observed in the lead glass array for the first
time.®? News of the first real data meant a lot after months of fruitless at-
tempts. Appel recalled working at around 3 a.m. one morning with Hans
Paar, who was bent over a graph that showed “there was a real signal.”
That “was very exciting.”®®

The next step would be to measure electrons at various angles. For-
tunately for the group, the accelerator operated more reliably in 1973
than it had in 1972. Except for some component problems in July, its
performance continued to improve into the summer, and by September
the machine was running “fairly well at 300 GeV,” as reported in the
monthly report.®* With beam now streaming in at regular intervals, the
group could turn its attention to such typical tasks as taking data and
improving the experimental setup. The group realized that its highest
priority was improving its “trigger,” the crucial part of the experiment
that sorted out the desired signal to their detector from the flood of other
events.%

The group also began its data analysis. In October 1973 David Saxon
wrote a series of FORTRAN routines to reconstruct tracks from the ho-
doscopes. In keeping with the Spartan conditions at NAL, data analysis
for E-70 was done on computer equipment that was far from state of the
art: the laboratory’s second-hand CDC-6600, obtained from Lawrence
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Berkeley Laboratory and a PDP-10.5¢ The preliminary data showed an un-
explained peak. The group took this with characteristic humor. In notes
from an October 15 meeting, Appel reported that Leder