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Editorial
Comment

“It is,a small journal, and yet there are those who love it,” to paraphrase
Daniel Webster’s reference to his alma mater (Dartmouth College v.
Woodward [1819]). Judging by comments on your subscription renewals, a
good many of you share this sentiment. We thank you for your loyal support,
but now hear this, dear friends and readers—we are going to have to raise the
price. Faced with rising paper costs, shrinking budgets, and ongoing creeping
inflation, we no longer can hold the line as we have done our darndest to do
since we came on line seven years and fourteen issues ago. There will be no
change in the current volume 8 (Fall 1995/Spring 1996). However, come
number one of volume 9--the issue of Fall 1996--the per-volume rate of your
semiannual LIHJ will be the still-not-exorbitant sum of twenty dollars. We
think you will agree that one five-dollar increase in so many years is well
within the bounds of reason, and believe me, without it we cannot survive: at
renewal time we count on you to sign up and help us get new subscribers

Once again we present a fine edition, distinguished by cogent articles on a
gamut of Long Island topics. Robert P. Crease offers the fifth installment of his
landmark history of Brookhaven National Laboratory, an exciting description
of the role of Long Island scientists in the hunt for brand new particles. Robert
S. Grumet, a leading scholar of Native American history, provides a searching
analysis of the original settlers of what became Nassau County in general and
Massapequa in particular. From this seventeenth-century milieu, we switch to
Paul R. Baker and Mark L. Taff’s colorful account of the early twentieth-
century murder of Stanford White, a lurid case as closely followed in its time as
is the trial of O. J .Simpson in ours. Charles F. Howlett continues his sweeping
examination of Long Island’s anti-Vietnam-War movement, especially among
high school and university students. After Richard P. Harmond’s study of the
Island’s most influential environmentalist, Robert Cushman Murphy, we are
pleased to publish Edith L. Gordon’s probing summary of the problems and
progress of women in education on the Island, especially since the passage of
Title IX in 1972.

We are delighted with the three winning essays in our “Long Island as
America” contest for students of secondary schools, sponsored in conjunction
with the USB Center for Excellence and Innovation in Education, Dr. Eli
Seifman, director. In response to the Island’s social studies teachers'
sponsoring well-researched, interesting essays, we will publish more of the
papers submitted, in subsequent issues. Finally, we call your attention to one

Long Island Historical Journal, Vol. 8, No. 1 pp.1-2
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of our most stimulating set of reviews of important Long Island books,
exhibits, and even of a trivia game—The Race to Montauk. And oh, yes, our
man in Alaska, Lew Tobin, wants very much to hear from you—please read,
and, if the spirit moves you, respond to his latest epistle.

That’s it for now, Long Island as America buffs. Stay with us—we need
each other.

Happy One-Hundredth Birthday
to LVIS

The Long Island Historical Journal salutes the Ladies’ Village Improvement
Society (LVIS) of East Hampton on its centennial celebration. Since its
founding in 1895, the LVIS has devoted itself unstintingly to preserving the
natural beauty and high civic standards of one of Long Island’s most
cherished communities.

The original twenty-one ladies began their legacy by installing street
lamps and watering the unpaved streets to temper the dust. By the time it was
chartered as a nonprofit corporation in 1910, the society was committed to
the advancement of East Hampton’s general welfare: its campaigns have
included lobbying against legalized gambling, replanting trees after the
disastrous 1938 hurricane, helping to stem the scourge of Dutch Elm
Disease, and securing the establishment of the East Hampton Historical
District and its listing in the National Register of Historic Places.

Today, four-hundred-volunteer-women strong, the society provides all the
maintenance for East Hampton’s wide and gracious Village Green, awards
scholarships and books to students, serves as a special watchdog over
environmental issues, and supports such purposeful organizations as Guild
Hall, Head Start, Meals on Wheels, the Nature Conservancy, Southampton
Hospital, the East Hampton Historical Society, and churches of all
denominations. In 1987, the society purchased its new location, the historic
David Gardiner mansion at 95 Main Street, and subsequently spent a year
restoring the sadly neglected house for the benefit of future generations.

Through its summer fairs, Nature Walk, East Hampton’s Heritage cook
book, Bargain Box and Bargain Books, and endless round of needed
improvements, the LVIS more than lives up to its founders’ pledge to “Keep
East Hampton Beautiful.” The society seeks the talents and skills of
professionals and homemakers, of year-round, summer, and short-term
residents. Readers in search of information are urged to write to LVIS, P.O.
Box 1196, East Hampton, NY 11937. or telephone (516) 324-1220.



The History of Brookhaven National

Laboratory
Part 5: Particle Hunters

By Robert P. Crease

The year 1961 marked the beginning of a new era for Brookhaven National
Laboratory (BNL), not least because it had a new director, Maurice
Goldhaber.' Goldhaber was born in Austria and attended the University of
Berlin, where he met his future wife Gertrude, also a physicist, in fall 1931.
He left Germany soon after the Nazis came to power early in 1933. He spent
a few years as a research student at the Cavendish Laboratory in Cambridge,
England, before accepting a job at the University of Illinois at Urbana, in
1938, but, because of an anti-nepotism rule, Gertrude could not be employed
there. In 1950 they moved to BNL, where each could have a position. Eleven
years later, Maurice replaced Leland Haworth as director, after the latter’s
departure to become a commissioner of the Atomic Energy Commission
(AEC), following a three-month interim period in which Haworth’s deputy,
Gerald Tape, was acting director.

Goldhaber brought a different style to the directorship. While Haworth’s
involvement and practical streak were apparent, Goldhaber conveyed the
impression of a careful and experienced if slightly aloof intellect, with a
deadpan, impish wit. Goldhaber preferred to handle problems quietly and
remain in the background, liking to say that, for a place with as many different
research interests and high-quality researchers as BNL, a director’s task was
more to support good ideas than foster trickle-down science; “a good director
is an ‘indirector,”” he would quip. If Haworth’s style was that of a president
who sought to participate actively—too actively, for some tastes—in shaping
and steering programs, Goldhaber governed more like a royal figure who left
day-to-day operations to the initiative of those more directly involved.

But the early 1960s was also the beginning of a new era for BNL, because
the lab had just switched on its Alternating Gradient Synchrotron (AGS), able
to accelerate protons to 33 billion electron volts (GeV). Once again, BNL’s
researchers had the world’s most powerful accelerator, and once again found
themselves in stiff competition with colleagues at an accelerator of
comparable power. This time, the competition was not Berkeley but CERN,
the European particle physics laboratory in Geneva. The Proton Synchrotron
(PS) at CERN had a slightly lower energy than the AGS (28 GeV), but had
come on six months earlier, giving CERN scientists an important head start in
exploring the new energy region and in seeking whatever fundamental

Long Island Historical Journal, Vol. 8, No. 1 pp- 3-25
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particles were to be found.

The 1960s were in many respects BNL’s “golden era.” Its high energy
physicists made a series of major discoveries, some of which earned Nobel
Prizes for their discoverers, supplying key pieces of what is now known as
the standard model of elementary particle physics, which tics together all
known types of matter and the forces that affect them in a single theoretical
package. In the standard model, elementary particles come in three basic
types: leptons, hadrons, and the force-carrying gauge bosons. The forces
affecting these particles are classified into three different kinds (the much
weaker and long-range force, gravitation, is a fourth force that does not
significantly affect particles): the electromagnetic force, and the extremely
short-ranged strong and weak forces. Leptons include the electron, muon, and
neutrino, and are unaffected by the strong interaction. Hadrons include the
basic building blocks of the nucleus (protons and neutrons), as well as so-
called strange or “V” particles that had been discovered in cosmic rays, and
consist of all particles affected by the strong interaction. Gauge bosons
include photons and the intermediate vector bosons responsible for the weak
interactions. During the 1960s, BNL researchers contributed to the
understanding of all these kinds of particles, though often with CERN
colleagues hot on their heels.

Discovery of Two Types of Neutrino

Mel Schwartz is a restless and ambitious man who likes being his own
boss. Now a Nobel laureate, he once quit physics for twelve years, from 1979
to 1991, to build and run his own business, because he could not stand the
bureaucracy that had grown up in physics. He came close to quitting on
several other occasions when he did not find it exciting enough. The first
time was when, as a cocky Columbia undergraduate, he found himself “bored
as hell” by a series of elderly physics professors who declaimed what to him
seemed dry material from textbooks. At the beginning of his junior year
(1951), convinced that something about his subject had to be more exciting
than what he was hearing, Schwartz skipped a few courses in the usual
sequence and enrolled as the only junior in a fourth-year course, “Atomic
Physics and Introductory Quantum Mechanics”:

On the first day the teacher walked in. All my other teachers had come
in wearing suits and ties, but this one had on sandals and an open shirt.
He was sleepy and bleary-cyed, could hardly stand up, and mumbled as
an apology that he had been running an experiment all night at Nevis.
When he began to stumble through his lecture, he made mistakes that
even I, a bright, fresh kid, could pick out; technically, it was the worst
lecture I’d heard in my life.

Schwartz was enthralled.

This was the first young, working physicist I had ever met. It was an
unpolished human appearance of somebody who really was involved in
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physics. I had the sense he was enjoying his work. He wasn’t just a
teacher; he was a real researcher who was learning things! I knew right
away that this was the guy I wanted to work with.?

The teacher was Jack Steinberger. Born in Germany in 1921, Steinberger
fled to the U.S. in 1934, received his Ph.D. from the University of Chicago in
1948, and took a job at Berkeley the following year. After refusing to sign the
controversial loyalty oath imposed by the Regents of the University of Cali-
fornia, Steinberger moved to Columbia in 1950, where one year later the pre-
cocious Schwartz walked into his course and stayed on as his graduate student.

Steinberger was not easy to work for. Demanding, aggressive, critical, and
short-tempered, he would envision conceptually ambitious experiments, and
then impatiently drive his subordinates to telescope the intermediate
technological steps needed to make the experiments possible. This made him
a superb researcher, but not an ideal thesis advisor. At Columbia, however,
Steinberger was able to find three graduate students with the energy and
determination to match his own, and with thick enough skin to enjoy working
with him: Schwartz, Jack Leitner, and Nicholas P. Samios. Steinberger set his
charges to building a bubble chamber, on which they could do experiments
for their Ph.D. theses. Though Schwartz finished his experiment in 1956, he
ignored the other thesis requirements, flunking the German and French
language exams, not to mention his orals. Only in 1958, when he knuckled
under, studied the subjects, and passed, did Columbia give him a Ph.D and
hire him as assistant professor.

In fall 1958, the weak interaction suddenly become a hot topic among
physicists. The theory was first advanced by the Italian physicist, Enrico
Fermi, in 1933. Fermi proposed that beta radiation—the transformation of a
neutron into a proton, giving off an electron and neutrino in the process—was
due to a special force of a new kind. In subsequent years, a number of other
particle interactions were discovered of about the same strength as the Fermi
force (as it first was known), which, by 1948, physicists recognized, was
probably also responsible for them. However, this was uncertain for a decade,
owing to certain incorrect experiments that cast doubt about the specific
characteristics, or “form,” of the interactions; a sleigh can be pulled with
approximately the same strength by a team of dogs, a few horses, and a
tractor, but the same thing is not doing the pulling. In 1958, the situation was
clarified thanks to an elegant experiment at BNL by Maurice Goldhaber,
whose work helped show that only one form was involved. In the aftermath,
the weak force (as it was eventually called) was established as a distinctive
type of fundamental interaction, the finishing touches were put on a theory of
that force, and the way was opened for its further exploration.®

Completion of a successful theory in science is rarely a resting point, tending
rather to inspire further, more sophisticated questions about the theory’s short-
comings and validity. The freshly secured theory of the weak interaction was
already known to possess one large limitation and one glaring inconsistency.
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The limitation was that it broke down at a certain energy. The original
theory pictured weak interactions as taking place between pointlike particles,
and it is a peculiarity of such theories (and of any theory where the particles
lack internal structure) that, as the energy of interaction rises for such
patticles, so does the cross-section, or rate at which interactions take place.
To use a crude analogy, it would be as if the harder you threw a dart at a
board across the room, the more often you hit it. But, according to a principle
of physics, the higher the energy of a particle the smaller its wavelength or
size (the smaller the size of both dart and dartboard, so to speak) and thus the
less likely an interaction will take place. At some point (300 GeV, physicists
calculated), the two requirements collided, turning the theory into gibberish.
Theorists, Schwartz’s Columbia colleague Gerald Feinberg among them, had
an idea which would save the theory. If the force were transmitted via a
particle known as an intermediate vector boson (later known as a W particle),
the limitation would be overcome. The interaction region then would not be
pointlike, but have a finite size determined by the mass of the boson. In 1958,
this idea was mere speculation.

The inconsistency was that experimenters did not see a reaction which,
according to the theory, they should have seen. The theory described different
kinds of leptons as related somewhat as are ground states and excited states
of atoms—which have the same basic parts but possess a different amount of
total energy. The muon, for instance, acted for all the world like a plump
version of the electron; it had the same properties but was 207 times fatter. If
the muon were a kind of excited state of the electron, there was no reason
why it could not decay into an electron plus a gamma ray (1 — e + 7y, or “mu
to e gamma”). Feinberg even figured out how often—once every 10,000
normal mu decays. By 1960, some 100-million decaying muons had been
observed with no mu to e gamma.*

According to a “totalitarian” principle of physics, if something can
happen, it must. Failure to observe this supposedly possible reaction,
therefore, grew from a curiosity into a crisis. Some physical principle,
theorists thought, must be intervening to prevent mu from going to e gamma.
Once again, an ad hoc hypothesis, this one involving neutrinos, was invoked
as a possible way out. When Feinberg published his calculation—during a
year in which he was a postdoc at BNL—he mentioned in a footnote that it
would be wrong if there existed two different types of neutrinos, one linked
or “coupled” with the muon, the other coupled with the electron. This
supposition would explain why mu never went to e gamma—but also was
merely speculation.

At the beginning of the 1960s, therefore, the weak interaction had recently
matured as a promising branch of particle physics with interesting problems
crying for study. But a formidable obstacle stood in the way. The interaction

., was not misnamed: it is 10" times weaker than the electromagnetic and 10"
times weaker than the strong interaction, meaning that in an experiment its
effects would be swamped by those of the other two. Trying to pick out its
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effects from among the others would be like trying to hear a whisper from
across the waiting room at Grand Central Terminal during rush hour. Weak
interaction physics at high energies seemed hopeless—unless some new
method to study it could be developed.

Mel Schwartz found a way. At Columbia, the weak interaction was
probably more avidly discussed than elsewhere, thanks to the presence of
eminent physicists who had worked in the field, including Feinberg and
Tsung-Dao Lee. The weak interaction and its problems were often a hot topic
at coffee breaks, attended by most faculty members, on the eighth floor of
Pupin Hall, Columbia’s physics building. According to Schwartz,

One Tuesday afternoon in November, 1959, I happened to arrive late at
coffee to find a lively group around T.D. (which is what we called T.D.
Lee) with a conversation ensuing as to the best way of measuring weak
interactions at high energies. A large number of possible reactions were
on the board making use of all the hitherto known beam particles—
electrons, protons, neutrons. None of them seemed at all reasonable. In
each case the very rare weak interactions were completely obscured by
the vast number of strong and electromagnetic interactions. Indeed, as
the coffee hour ended, it was on a note of hopelessness; there seemed to
be no decent way of exploring the terribly small cross sections
characteristic of weak interactions.’

On his way home, Schwartz pondered what he had heard. That evening, it
suddenly became clear to him that the right way to study the weak interaction
was with neutrinos, which experience only the weak interaction and are
oblivious to the strong and electromagnetic interactions. Schwartz called Lee
at home later that evening, and Lee was encouraging. According to Schwartz,
the next morning he barged into Lee’s office. Lee was involved in a
conversation with his then-frequent collaborator, Chen Ning (“Frank”) Yang,
now director for the SUNY at Stony Brook Institute for Theoretical Physics.
Interrupting them, Schwartz exclaimed,“I know how to do the experiment!”
The three began preparatory work—mainly talking and thinking. Lee and
Yang emphasized to Schwartz that the first and most important task of high-
energy weak interaction physics would be to learn whether two types of
neutrinos existed.

Schwartz then wrote an article titled, “Feasibility of Using High-Energy
Neutrinos to Study the Weak Interactions.” Investigating the behavior of
weak interactions at high energies is of “considerable interest,” it began, and
outlined a way of using high-energy neutrinos to do so. First, one would use a
proton accelerator to create a beam of high-energy pions, which would be
allowed to travel unimpeded for a few dozen feet. In that time, a certain
amount would decay into muons and neutrinos, with a high fraction of the
neutrinos. emitted in the forward direction. Then the beam would be run
smack into a thick wall of iron shielding, in the middle of which would be a
detector. If thick enough, the shielding would stop all the pions, together with
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all the secondary and tertiary particles that were strongly and
electromagnetically interacting. The only particles that would reach the
detector would be neutrinos, which would sail right through the steel, and any
interactions which they had with particles inside the detector would have to
be weak interactions. These interactions—which would not need to be picked
out from among other types of interactions—would be tremendously
interesting. If an equal mixture of electrons and muons were produced, this
would indicate that one type of neutrino existed, able to couple alike to each
of the two kinds of particles. If only muons were produced, this would
indicate that the neutrinos created by the decay of pions to muons could
couple only to muons, and that two types of neutrinos existed.

Making certain assumptions about the energy and intensity of the pion
beam and about detector size, Schwartz calculated the neutrino flux. The
experiment was feasible, he declared, though “outside the capabilities of
existing machines by one or two orders of magnitude.” He did not bother to
mention BNL’s AGS, which at that time was supposed to have an intensity of
10° protons per second (too low for the proposed experiment), and instead
raised the possibility of using two proposed machines—neither ultimately
built—whose planned intensity was 10".

Schwartz submitted the article to Physical Review Letters, a Joumal whose
editorial offices were at BNL, recently established to provide fast publication
for important results. Like other physics journals, Physical Review Letters
rarely publishes sketchy proposals for experiments. Prospects for publication
of the article were aided considerably when Lee and Yang (two recent Nobel
laureates) submitted an accompanying paper, “Theoretical Discussions on
Possible High-Energy Neutrino Experiments.”” This key paper in the history
of the weak interaction listed the principal issues in high-energy weak
interactions; what physicists might expect to learn from the kind of
experiment Schwartz proposed. The two papers, published back-to-back,
demonstrated that high-energy neutrino physics was not only possible but of
fundamental interest.

Early in 1960, Schwartz was pleasantly surprised to discover that the
AGS, about to go on line, would have an intensity higher than planned—at
least 10" protons per second—putting the experiment just within the bounds
of possibility at that machine. This also attracted the attention of his
colleague Leon Lederman, who had a skillful eye for important problems,
saw this was one, and promptly added this project to his various irons in the
fire. Some graduate students were recruited, among them Jean-Marc Gaillard,
an experienced researcher who would write up the experiment as his thesis at
the Ecole Polytechnique in Paris. BNL’s Accelerator Department chair G.
Kenneth Green was contacted to initiate planning.

One night in mid-1960, working late on a bubble chamber experiment at
the Cosmotron, Schwartz was approached by Irwin Pless, an MIT
experimenter who made it his business to stay atop the latest developments in
instrumentation. Pless drew Schwartz’s attention to a new kind of detector,
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called a spark chamber, that James Cronin was developing at Princeton. The
next day, Schwartz, Lederman, and Gaillard piled into Schwartz’s Plymouth
and drove to New Jersey to see the device. In principle, a spark chamber
seemed the right kind of detector to use, because it could be made very heavy
(providing enough material with which the neutrinos could interact), and had
good spatial resolution (allowing precise determination of the particles’
locations, which would be essential for identifying them). Cronin’s was only
an experimental model and needed more development before it would be
useful for physics. To speed the process, Schwartz and Lederman decided to
divide their efforts. “Mel and I raced,” Lederman says. “We each had a
different model for a spark chamber, and we built two in the lab, and the one
he built was better so we threw out mine and adopted his.”®

Spark chambers involve flat pieces of metal, attached to a high voltage,
positioned between and parallel to two others, with the space in between
filled with neon. When a charged particle flies through the chamber, it
disturbs the gas atoms, causing a spark to jump from the hot plate to one of
its neighbors. Schwartz’s design involved modules of nine plates, alternating
four charged plates (7,500 volts) and five grounded ones. The detector
consisted of ten such modules (one group of five stacked on top of the other
group of five) and weighed ten tons overall. Cronin had put his plates in a
fancy housing separated with special insulators. Schwartz, who had inherited
some of Steinberger’s instinct for economy and for designing things that
could be manufactured in a hurry, had simply built a Lucite frame around his
plates and clamped them together with screws, so that the frame sealed in the
neon but made the sparks visible from the outside. The particle trajectories
would glow with the familiar red light of ionized neon, and would be
recorded by automatically triggered cameras. The design involved simple
machinery and engineering, and had the huge advantage that it could be done
on a large scale. The detector would be installed on the AGS floor at some
distance from the machine. Protons from the AGS would smash into a
beryllium target to create a hail of pions, which would then fly freely for
about seventy feet, in which about a tenth would decay. The pions would then
run into a pile of steel some forty-two feet thick, on the other side of which
was the detector, equipped with cameras to photograph the trails of sparks in
the gas created in the aftermath of any neutrino collisions. The signature of a
neutrino collision would be either a muon or electron, starting in the chamber
in the aftermath of a collision whose momentum pointed away from the
target. In a description of the group’s ideas for the detector, late in 1960,
Lederman said, “By the grace of the AEC, BNL, God, Green, and Haworth
(alphabetical order), we should see neutrinos.”

In the meantime, several groups at CERN’s PS had become interested in
mounting a neutrino experiment—the only other place in the world where the
experiment could be done. One spark chamber group contained some of
Europe’s most eminent researchers, including the cosmic ray physicist,
Giuseppe Cocconi, Lederman’s thesis advisor Gilberto Bernardini, and their
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younger colleague, Helmut Faissner. Another group, interested in using a
bubble chamber, was led by the French physicist, André Lagarrigue. Yet
another person interested in using a large bubble chamber to look for
neutrinos was Steinberger; after expressing interest in the AGS, Steinberger
decided to mount his own effort at CERN. All three groups were to share one
beam line. The CERN spark chamber group vacillated for a while when it
came to deciding to go ahead, partly due to doubts of the feasibility of the
experiment and of the spark chamber technology, and partly due to the
knowledge that BNL was proceeding with the experiment. Several of the
Europeans, however, attended the 1960 International Conference on High
Energy Physics, a yearly meeting of the luminaries of the field (theorists and
experimenters alike) held in Rochester, New York. Impressed by recent
theoretical ideas on the neutrino and recent developments in spark chambers,
they promptly gave the neutrino experiment the highest priority. Faissner,
who previously had prepared a detailed proposal, was ordered to have his
equipment ready for installation at the PS on 15 January 1961."

A few weeks later, the BNL group began to arrange running time on the
AGS and space on the experimental floor. Only one external beam was then
available, hooked up to a 20” hydrogen bubble chamber operated by a group
led by Ralph Shutt, a BNL physicist. Schwartz and company brashly argued
that their work was sufficiently urgent to warrant disconnecting Shutt’s
chamber for six weeks while their experiment was run instead. Shutt
adamantly refused. Rod Cool, secretary of the high energy advisory
committee whose job it was to assign time to experimenters, was caught in
the middle, but persuaded enough by Schwartz’s arguments to call Goldhaber
(who was in Scandinavia on a lecture tour) to ask the lab director to pull rank,
override Shutt, and assign the beam to the neutrino experimenters.

As much as I sympathized [Goldhaber recalled later], I felt that I had to
save them from their youthful enthusiasm. I was skeptical of their
promise to finish this important experiment in six weeks, and insisted
that they would have to wait for their own beam so that they would do
their work in whatever time it took. I therefore assigned a beam for
their sole use."

Meanwhile, the CERN group—working through Christmas—had met its
deadline and was hard at work. They had begun to run, months ahead of the
BNL team, but were having problems coping with the “background,” or
events in the detector caused by stray particles that were making their way
through the shielding.

Everyone worked to the point of collapse. I suggested several times that
we take it a little easier, but that was rejected completely. We had to
observe neutrinos by this June at all costs. Otherwise, Brookhaven’s
machine might steal this important discovery right out from under our
noses. A kind of neurosis seized us: a "big discovery* complex."
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The BNL team, too, experienced difficulty with background, and struggled
to find enough shielding for the detector to cut it down. Eventually, five
thousand tons of scrap-armor plate from several decommissioned Navy
cruisers was shipped down the Hudson to Nevis, and thence to BNL, where it
was piled on the floor of the AGS experimental hall.

Preliminary runs were made at the end of 1961, and it was the BNL
experimenters’ turn to uncover problems. The most serious was an unusually
large number of neutrons making their way under, over, and around the forty-
two-foot long pile of steel, creating several events a day in the detector—
which, though a small number, still threatened to mask the still rarer neutrino
events. To correct the problem, the experimenters reinforced the shielding
with lead, and had the AGS proton beam energy dropped to 15 GeV.

All of a sudden, BNL discovered that their competition had met with
unexpected disaster and folded. A Swedish physicist, Guy von Dardel,
discovered an error in the calculations involving the straight section, or
segment of pipe between the ring of the accelerator and the target. While .
BNL’s team had been working with a ten-foot straight section at the AGS,
the CERN groups had been assigned a station with a five-foot straight section
at the PS. Von Dardel discovered that this was too short, and, as a result, that
the magnets would defocus the pion beam, diminishing the neutrino intensity
sufficiently to make the experiment unfeasible. For peculiar reasons of its
own, the CERN management decided not to move the experiment to another
port on the PS with a longer straight section, which would have involved
bumping other experiments.

The place at that time—I"m not sure how it is now—was not overly full
of cooperation. Different teams from different countries were always at
each other’s throats. If one guy got screwed, the other guy would jump
up and down with joy...Everybody else who was not doing the
experiment was in competition with the people trying to do the
experiment. And so the minute that von Dardel discovered the problem,
the first reaction should have been, “Well, let’s go and switch the
experiment to a ten-foot straight section”—right? In fact, the reaction
was, “Can the experiment.”"

Faissner and a few others, reluctant to give up so readily on the work they
had invested in the detector, proposed studying even bigger spark chambers,
but the CERN management had lost faith in its neutrino group. Steinberger,
depressed, left CERN and returned to BNL. Burying the hatchet, he joined
his former colleagues on the neutrino team there.

Early in 1962, during the first few weeks of running, Faissner visited BNL
for a few weeks. The experimenters were still having difficulty reducing the
neutron background; Faissner did some of the scanning himself and was able
to appreciate the problem first-hand. He then dashed off an encouraging telex
to his CERN colleagues saying, "No neutrinos, only neutrons. Press on.*
Faissner inattentively put the telex on the BNL group’s account, and a copy
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was eventually returned to Schwartz’s mailbox. Irritated, the BNL group
dispatched Faissner back to CERN. After dropping off Faissner at Idlewild
(now Kennedy) Airport, Schwartz drove back up to Columbia:

As I walked into Leon’s office, he had just gotten a call from [Dino]
Goulianos (a graduate student)—they had scanned the first large batch
of film and found the first neutrino event. It was a beautiful event—a
long muon was produced in a two-prong star and traveled through forty
inches of aluminum before leaving the chamber. From this point on it
was almost anticlimactic. We ran a total of 800 hours and it soon
became clear that we were not producing electrons with our neutrinos,
only muons."

They ran a total of about eight months, confirming Goldhaber’s wisdom in
insisting they build their own beam line rather than commit themselves to six
weeks. During the 800 hours of operating time, 100 trillion neutrinos passed
through the forty-two-foot-thick steel wall into the ten-ton detector. Out of
these 100 trillion neutrinos, a mere fifty interacted in the chamber to make
energetic events. Of these, twenty-nine showed only a single energetic muon
produced, while the rest showed muons produced with other particles. In no
event was a single energetic electron produced. Hence, the experimenters
concluded, the muon-related neutrinos arising from decay of pions into muons
are different from the electron-related neutrinos involved in beta decay.

The experimenters wrote a paper, “Observation of High-Energy Neutrino
Reactions and the Existence of Two Kinds of Neutrinos,” which Schwartz per-
sonally carried into the Physical Review Letters office at BNL on 15 June 1962:

In the course of an experiment at the Brookhaven AGS, we have
observed the interaction of high-energy neutrinos with matter. These
neutrinos were produced primarily as the result of the decay of the
pion...[T]he neutrinos we have used produce mesons but do not
produce electrons, and hence are very likely different from the
neutrinos produced in decay."

Schwartz gave the first major presentation of the work to his colleagues at
the 1962 Rochester conference, held that year at CERN in a gesture of
international collaboration. Just before he left, BNL issued a press release on
1 July, the day the article was published. As particle physics was becoming
ever more difficult to describe in nontechnical terms, the media was having
an ever more difficult time conveying the background and significance of the
important discoveries. Some popular periodicals chose simply to throw up
their hands and approach the discoveries, not as intellectual events that were
of interest because they altered our understanding of nature (hence, where the
focus would be on the science), but as cultural events that were of interest
because they represented tours de force by particularly clever individuals
(hence, with the focus on people). Life sent the noted photographer Fritz
Goro to BNL, who set up a shot of the dashing-looking, twenty-nine-year old
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Schwartz leaning casually against the spark chamber, glowing with trails of
sparks. The magazine ran the picture, with a short caption, on a double-page
spread alongside pictures of the Queen of Belgium and Gina Lollobrigida.

The first crisis in the weak interaction was now over; it was clear why mu
never went to ¢ gamma. The other crisis—that the theory broke down around
300 GeV—ypersisted. This would be resolved if there existed an intermediate
vector boson (W). Several teams of experimenters at BNL began to hunt for
it; the neutrino group, for instance, constructed a sixty-ton spark chamber in a
specially built area southwest of the AGS, between that machine and the
Cosmotron. The idea was as follows: If a neutrino flying through their
detector happened to collide with something and create a W plus a muon, the
W would decay immediately to a muon or electron. The experimenters then
would see another muon or electron at large angles from the first; because the
W is massive, its decay would be able to send the much lighter particle off at
a sharp angle. This so-called "dilepton* signature became a standard way of
looking for Ws in the next two decades. Schwartz and company failed to find
the W, succeeding only in setting a lower limit of 2 GeV. Many searches for
the W—which, physicists felt certain, had to exist—were conducted through
the 1960s. Paraphrasing a remark Joe Louis made of an opponent, Feinberg
remarked of W bosons, “They can run, but they can’t hide.”"” Still, the decade
ended with the W still in hiding. The teams at BNL tried not be discouraged,
and Goldhaber encouraged them with a piece of folk wisdom of his own:
"Like many lion hunters, experimenters often return without a lion.*

At the beginning of the 1970s, a dramatic and unexpected shift in the
understanding of the weak interaction occurred when theorists proposed that
the weak and electromagnetic interactions were different manifestations of a
single, “electroweak” force. This proposal entailed that the W boson was
much heavier than 2 GeV, and therefore would explain why it had not been
seen. The proposal was borne out, and the W was ultimately discovered at
CERN in 1983, at 82 GeV—far beyond the capabilities of the AGS.

But, by the grace of the AEC, BNL, God, Green, and Haworth himself, the
BNL neutrino team had at least seen neutrinos—two species thereof. In the
process, they had opened up the new field of neutrino physics, still an
important field at BNL and other high-energy accelerator laboratories. They
had also effectively inaugurated the age of large-scale detectors, for their ten-
ton detector dwarfed the bubble chambers and spark chambers of the day. In
1988, Lederman, Schwartz, and Steinberger shared the Nobel Prize in physics
for the discovery.

Discovery of CP Violation

Another reason for the intense interest in the weak interaction at the end of
the 1950s was that it had been found to have a most bizarre and startling
feature: it violated parity. In ordinary language, parity means equality: two
things are on a par or have parity if they are equal in some way. In the vocab-
ulary of physicists, parity refers to a specific kind of equality related to how
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wave functions behave, the equations used to describe particle interactions.

Wave functions include variables relating to the spatial location, charge,
and temporal direction of particles. Three important kinds of operations can
be performed on wave functions: parity (P), charge conjugation (C), and time
reversal (T). Parity (P) is the operation of reversing all the spatial variables—
flipping the Xs, Ys, and Zs of position from negative to positive, equivalent
to running a particle interaction in the reverse spatial direction. If flipping an
interaction in the parity mirror causes its wave equation to stay the same, the
interaction is said to have even parity; if it reverses the sign of the wave
function, the interaction is said to have odd parity. Physicists had assumed
that when all the individual parities involved in an event were taken into
account, the total parity—like charge or mass-energy—would be conserved.
Charge conjugation (C) is the operation of reversing all the charges in an
interaction from positive to negative or vice versa—which merely amounts to
saying that the same physics holds true of the electron and positron, or of any
particle and its antiparticle. Time reversal (T) is the operation of reversing the
direction of time in the wave equation, which is tantamount to saying that if
you took a film of a subatomic particle interaction and ran it backwards, you
still have a film of a possible interaction.

According to a fundamental theorem of quantum mechanics established in
1953, wave functions are invariant when all three operations—C, P, and T—
are performed at once. It was also assumed (without proof) that wave
functions were invariant under each individual operation; it was thought to be
impossible that interactions might be indifferent and that under the operations
the wave equation would at times remain unchanged and at times reverse
sign. In that event, the operation would be said to violate symmetry.

In 1956, Lee and Yang, while working at BNL, attempted to resolve a
theoretical crisis involving the decays of a strange particle later called the K
particle by proposing that parity, known to be conserved in the
electromagnetic and strong interactions, was not conserved in the weak. To
the amazement of the scientific community, the suggestion was shortly
confirmed—one of the most unexpected discoveries regarding fundamental
principles of the century. Lee and Yang then shared the Nobel Prize (1957)—
the first awarded for work performed at BNL.

While surprising, the discovery of parity violation could be incorporated
relatively easily into existing theories with physicists’ understanding of most
phenomena remaining unchanged. Although physicists were relying more
and more on symmetry properties in their efforts to understand particles, and
parity non-conservation was disconcerting because it was a violation of a
symmetry, more fundamental symmetries than P seemed at hand. Most
physicists assumed, for instance, that while P may be violated, a deeper
symmetry would be preserved under the combined operation of C and P, or
what happens when both the spatial coordinates are flipped and the charges
reversed. As Yang said in 1959, “If one performs a mirror reflection and
converts all matter into antimatter, then all physical laws remain unchanged.”
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Lee and Yang, as well as Russian physicist Lev Landau, argued that CP
violation was the “true” mirror symmetry. Order—in the form of symmetry—
seemed restored.

In 1956, a team of Columbia scientists (Lederman among them), had
discovered the K at the Cosmotron—a neutral K meson, predicted the year
before, which decayed into three pions over a relatively long time, in addition
to the already known neutral K meson which decayed into two pions. This
discovery had pricked the interest of BNL’s Robert Adair, who created a
beam of K; particles and began studying their decays (usually into a pion and
a muon or electron) in a bubble chamber at the Cosmotron. But every once in
a while, Adair would notice what was apparently a K; decay into two pions,
which was prohibited if CP violation held.

These events vexed Adair. There was one possible effect that might be
responsible—the so-called Pais-Piccioni "regeneration* effect—but Adair felt
certain that the right conditions were not present. He took to spending much
time scanning the bubble chamber film himself, searching for clues.
Colleagues remember him occasionally showing up to lunch saying
excitedly, "I found another one! I found another one!“—and then everyone
would scratch their heads, trying to come up with an explanation.

One possibility was CP violation, but there was no way I was going to
believe in CP violation. I believed that God wouldn’t do such a God-
damned dumb thing— still feel that way a little! [Laughs]. So I made
the mistake of trying to out-guess God. I came to the conclusion that
this fundamental mechanism would work if there was a force that
would not be seen in any other way, but would be enough to make this
regeneration."

Adair’s results were nothing short of sensational. When he circulated in
pre-publication form an article suggesting a “fifth force” of nature was
involved in K decay— a major discovery, if true—the proposal was so
shocking that James Cronin and Val Fitch, two Princeton experimenters
working at BNL but who shared an office, prepared an experiment to study it.
Cronin had been running an experiment at the Cosmotron using a pair of
spark chambers which would be relatively easy to move to the AGS and use
for the study. Finding space on the crowded experimental floor was another
matter, but they fit themselves on the inside of the AGS ring, a little-used
area Green had baptized "Inner Mongolia.”“ By mid 1964, they had
demonstrated decisively that, a small amount of the time, K| s indeed decay
into two pions, in violation of CP.'"

Initially, the result was treated with skepticism. The effect was tiny—the
forbidden decay was a fraction of a percent of the K decays—leading to the
suspicion that experimental error was involved. When Cronin presented the
results at the 1964 International Conference on High Energy Physics (yet
another in the "Rochester” Conference series), held at Dubna in the Soviet
Union, one Soviet colleague suggested that the regeneration might have been
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due to a fly trapped in the apparatus, but a quick calculation showed the fly
would have to be much denser than uranium. Another reason for skepticism
was that, unlike P violation, CP violation could not readily be incorporated
into existing theories. Two Japanese physicists later showed that CP violation
could be reconciled with the existing theory of the weak interaction only if at
least three pairs of quarks existed (this at a time when the existence of quarks
was not yet widely accepted, and most who did accept them admitted only
three). Finally, CP violation implied the violation of a number of other
symmetries, such as time reversal (T), as well as that between matter and
antimatter. The Soviet physicist (and prominent political dissident), Andrei
Sakharov, soon pointed out that the asymmetry between matter and
antimatter implied by CP violation might be one way of explaining why our
region of the universe, and perhaps the universe as a whole, contains more
matter than antimatter." But confirmations of CP violation were soon
forthcoming, and CP violation studies made up another large part of the AGS
experimental program. The phenomenon is still not well understood.

At the end of his acceptance speech for the Nobel Prize in physics, in
1980, Fitch recalled Lewis Thomas’s remark, “You measure the quality of
the work by the intensity of the astonishment,” adding that, “After 16 years,
the world of physics is still astonished by CP and T invariance.” The remark
is still valid.

Discovery of the Q" (Omega Minus)

Nicholas Samios likes to rely on his hunches. The child of Greek
immigrants, he was born on Manhattan’s Lower East Side in 1932. After
graduating from Columbia in 1953, Samios stayed on to do graduate work in
physics. Liking Steinberger’s dynamism and enthusiasm, Samios chose him
as a thesis advisor. Steinberger’s first assignment was for Samios to build
counters with which to study the scattering of pions off nucleons.

In 1954, Steinberger returned from a conference in Glasgow at which he

“had been excited by two recent developments: the discovery of the bubble
chamber and the discovery of “strangeness.” The bubble chamber, a new type
of particle detector, was invented in 1952 by Donald Glaser. A vat of liquid,
often liquid hydrogen, is put in a superheated state by the sudden expansion
of a piston. In this state, the slightest disturbance will cause bubbles to form,
and if properly adjusted, a charged particle flying through the chamber
suffices. The strings of bubbles then formed can be photographed and
measured, and the particle that left them identified.

Bubble chambers, in turn, seemed to be ideal instruments with which to
study strange (also known as “V,” or “heavy unstable”) particles, which had
unusually long lifetimes (10'° seconds, as compared to 10 seconds for other
strongly produced particles). In 1952, the Cal Tech theorist, Murray Gell-
Mann, proposed an explanation: the strange patticles indicated the existence
of a new quantum number (a quantum number is one of a handful of numbers
that describe how a particle behaves), which he whimsically called
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“strangeness” (the same idea was also developed by a Japanese physicist,
Kazuhiko Nishijima). A Dutch physicist, Abraham Pais, then proposed that
strangeness is conserved in strong interactions (meaning that the particles
could not decay in the 10** seconds normally expected of particles produced
by strong interactions), but violated in weak interactions (meaning that it
could decay into non-strange particles after 10"° seconds).

After returning from Glasgow, Steinberger told Samios to stop building
counters, drop the idea of studying pion-nucleon interactions, and, together
with fellow graduate students Melvin Schwartz and Jack Leitner, build
bubble chambers in which they could study the properties of strange particles
for their Ph.D’s. The resulting paper, “Properties of Heavy Unstable Particles
Produced by 1.3 BeV Mesons,” based on work done in a 6“ bubble chamber
the three graduate students built, was the first paper t