FIGURE 30-7 Enrico Fermi.
Fermi contributed significantly to
both theoretical and experimental
physics, a feat almost unique in
modern times.
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According to Example 30-8, we would expect the emitted electron to have a
kinetic energy of 156 keV., (The daughter nucleus, because its mass is very much
larger than that of the electron, recoils with very low velocity and hence gets
very little of the kinetic energy.) Indeed, very careful measurements indicate
that a few emitted B particles do have kinetic energy close to this calculated
value. But the vast majorily of emitted electrons have somewhat less energy. In
fact, the energy of the emitted electron can be anywhere from zero up to the
maximum value as calculated above. This range of electron kinetic energy was
found for any B decay. It was as if the law ol conservation of energy was being
violated, and indeed Bohr actually considered this possibility. Careful experi-
ments indicated that linear momentum and angular momentum also did not
seem to be conserved. Physicists were troubled at the prospect of having to give
up these laws, which had worked so well in all previous situations. In 1930,
Wolfgang Pauli proposed an alternate solution: perhaps a new particle that was very
difficult to detect was emitted during 8 decay in addition to the electron. This
hypothesized particle could be carrying off the energy, momentum, and angular
momentum required to maintain the conservation laws. This new particle was
named the neutrino—meaning “little neutral one™—Dby the great Italian physicist
Enrico Fermi (1901-1954; Fig. 30-7), who in 1934 worked out a detailed theory
of B decay. (It was Fermi who, in this theory, postulated the existence of the
fourth force in nature which we call the weak nuclear force.) The electron
neutrino has zero charge, spin of $#, and was long thought to have zero rest
mass, although today it seems possible it does have a very tiny rest
mass (< 0.6 eV/c?). If its rest mass is zero, it is much like a photon in that it is
neutral and travels at the speed of light. But the neutrino is far more difficult
to detect. In 1956, complex experiments produced further evidence for the
existence of the neutrino: but by then, most physicists had already accepted
its existence,

The symbol for the neutrino is the Greek letter nu (). The correct way of
writing the decay of '}C is then

BC S5 UN+e + 7

The bar (7) over the neutrino symbol is to indicate that it is an “antineutrino.”
(Why this is called an antineutrino rather than simply a neutrino need not
concern us now: it is discussed in Chapter 32.)

B Decay

Many isotopes decay by electron emission. They are always isotopes that have
too many neutrons compared to the number of protons. That is, they are
isotopes that lie above the stable isotopes plotted in Fig. 30-2. But what about
unstable isotopes that have too few neutrons compared to their number of
protons—those that fall below the stable isotopes of Fig. 30-27 These, it turns
out, decay by emitting a positron instead of an electron. A positron (sometimes
called an e or 8" particle) has the same mass as the electron, but it has a posi-
tive charge of +le. Because it is so like an electron, except for its charge, the
positron is called the antiparticle’ to the electron. An example of a 8" decay is
that of ||Ne:

INe = IF + e + »,

where e (or e) stands for a positron. Note that the r emitted here is a
neutrino, whereas that emitted in 8~ decay is called an antineutrino. Thus an
antielectron (= positron) is emitted with a neutrino, whereas an antineutrino is
emitled with an electron; this gives a certain balance as discussed in Chapter 32.

"Discussed in Chapter 32. Briefly, an antiparticle has the same mass as its corresponding particle,
but opposite charge.
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