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I'I(JL RE 1. HENRI BECQUEREL'S FIRST EVIDENCE for radioactivity was |bn phmu,;nphn plate, which was wrapped in opaque
black paper and placed under a piece of uranium salt on 26 February 1896.

and there left for another opportunity of inso-
lation. But the sun persistently kept behind
clonds for several days, and, tired of waiting
for with the unconseions prevision of genius),
Beequerel developed the plate, To his aston-
ishment, instead of a blank, as expected, the
plate had darkened under the uranium as
strongly as if the uranium had been previous-
ly exposed to sunlight, the image of the copper
crogs shining out white against . the black
background.*
Becquerel observed the same effect with several uranium
salts, from which he inferred that the effect was due to the
presence of uranium. He confirmed this by an experiment in
which he used only pure uranium metal and obtained the
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e

same result. He coneluded that uranium was emitling a
form of radiation that could both penetrate opague paper
and expose a photographic plate. Subsequent experiments,
by the Curies and others, showed that other substanees,
mdudmg., the newly discovered elements radium and polo-
nium, emitted similar radiation. What that radiation actu-
ally was, however, remained an unanswered question.

The alphabet: @, 8, ¥

The first step in deciphering the nature of the radiation
emitted by uranium was taken by Ernest Rutherford in
1399, He measured the intensity of the emitted radiation
as a function of the thickness of aluminum foils placed
over the uranium. He found that, at first, each additional
plate reduced the amount of radiation by the same, con-
stant fraction, but that beyond a certain thickness the
intensity of the radiation was only slightly reduced by
adding more layers. (See figure 2.) Rutherford concluded:
“These experiments show that the uranium radiation is
complex, and that there are present at least two distinet

FIGURE 2. RUTHERFORD'S 1899 MEASUREMENT (redrawn) of
the 1onization produced in his detector by the radiation from a
uranium source, as a function of the number of absorbing alu-
minum foils covering the source. The rapid decrease up to four
[oils is due 1o the absorption of o particles. But the long tail is
due to the penetrating 3 radiation, which was only slightly
artenuated by the addivonal foils,
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TG. 5. Single muon events., (A) I >540 MeV and
ay indicating direction of motion (neutrino heam in-
ent from lefiy: (B fu 2700 MeV e (O) ph 440 with
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FIG. 6. Vertex events. (A) Single muon of by > 50
MeV and electron-tyvpe track: (B) possible example ¢
two muons, both leave chamber: (Cr lour prong star
one long track of Py > 600 MeV/e,
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Nobel Prize 1988

At the beginning of the 1960s,
new proton synchrotrons were get-
ting into their stride at Brookhaven
and at CERN. What physics ques-
tions could be answered using
these high energy machines?

At about the same time, physi-
cists intrigued by the subtleties of
the weak nuclear interaction were
asking whether the decays of the
pions and kaons copiously pro-
duced by high energy proton
beams could give a secondary neu-
trino beam for physics experi-
ments. Neulrino experiments were
not new - in the 1950s F. Reines
and C.L. Cowan had detected free
neutrinos produced from the beta
decay of fission products in a nu-
clear reactor — but the idea of mak-
ing a neutrino beam in a Laboratory
was. As nautrinos interact only
through the weak nuclear force,
perhaps such experimants would
reveal vital new information about
this force

Physicists suspected that neutri-
nos come in two types — those as-
sociated with electrons, and those
produced along with muons, heav-
ier cousins of the electrons. The
clue was that nobody had seen a
muon decay into an electron and a
gamma ray (photon), a process
which otherwise should be com-
monplace. {Jack Steinberger, for
one, had spent a lot of time looking
for just this decay.) Theorists also
pointed out that even the flimsy
understanding they then had of
weak interactions would be in trou-
ble unless there were two types of
neutrinos, one for electrons, one
for muons. '

Neutrino physics needed a lot of
shielding to screen off other parti-
cles, and with low energy neutrinos
able to pass virtually unhindered
through millions of miles of lead, it
also called for a big detector and

lots of neutrinos to maximize the

chances of catching any. A detec-
tor looking for different types of
neutrinos also had 1o be able to di
stinguish between muons and elec-
trons.

Jack Steinberger and Leon Led-
erman first met at Columbia Univer-
sity’s Nevis Laboratory in New
York in 1951 when its 385 MeV
synchrocyclotron was just coming
on-line — then the highest energy
machine in the world. Attending
undergraduate courses at Columbia
at the time was Mel Schwartz, who
went on to become Steinberger’s
student. When Schwartz returned
to Columbia in 1958 after a stint at
Brookhaven, the talented trio be-
came intrigued by the possibility of
a neutrino experiment at the new
Brookhaven Ahernating Gradient
Synchrotron.

Muons travel long distances
without doing much, while elec-
trons quickly dissipate their energy
into characteristic showers of parti-
cles. Just appearing on the scene
at the time was a new kind of de-
tector — the spark chamber. When

A 1962 npeutrino makes its mark - the long
tell-tale track of a muon shows up clearly in
the ten-ton spark chamber of the world's
first experiment using high enetgy laboratory
neutnnos.,
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a high voltage pulse was applied to
a series of thin plates, after a
charged particle had ionized the
gas between the plates, the cham
ber lit up with a nice track. This
seemed 1o be the way to go, how-
ever for neutrinos it meant building
a spark chamber bigger than any-
one had ever done before.

At Brookhaven the stage was
being set for this first physics pro-
duction using beams of artificial
neutrinos. As well as Lederman,
Schwartz and Steinberger, the Co-
lumbia/Brookhaven team also in-
cluded Gordon Danby, Jean-Marc
Gaillard, Dino Goulianos and Nari
Mistry.

Me! Schwartz relates: ‘in plan-
ning for experiments, | tend to be
an optimist, and when we first sat
down 1o do the figures, we said
“well, we ought to get one event
per ton per day'’. That was the
number we worked with. Actually
it turned out to be smaller than
that, but fortunately we built a 10-
ton detector’,

The massive spark chamber was
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