(Reprinied from Nature, Vol 163, p. 959, June 18, 1949)

Energy Spectrum of Secondary Electrons
from .-Meson Decay

REcENT experimental results are strongly in favour
of the decay of the p-meson into more than two
particlest.  The energy spectrum of the electron
omitted in the disintegration of the u-meson at rest
has been calculated on the following assumptions.
The p-meson has spin §; it decays spontaneously
according to the scheme £ — e+ - % -+ v, where ¢
indicates an electron, v a neutrino and » a neutral
particle of spin } with a mass either non-vanishing
(u® of Powell?) or more probably zero, in which case
it can be identified with a neutrino.

The process is treated by ordinary perturbation
theory ; each charged particle is described by a plane
wave according to Dirac’s hole theory. For the neutral
particles two theories are used : (¢) Dirac’s hole
theory, assuming that it is possible to distinguish
the particles from the anti-particles; (b) Majorana’s
abbreviated theory?, which identifies the particles
and the anti-particles.

The Hamiltonian of interaction is the same as for
the B-decay theory, with five interaction constants.
All possible ways of constructing a Hamiltonian of
this kind are shown, by suitable linear transformations
of the five interaction constants, to be equivalent.

For the probability P(E)IE of observing the
electron with a total energy between K and K - dI

r /




, 2 gty . .
(e B W = 1= °  wheroy, z, 7 are the rest

masses in energy units) we find the following results.
If » # 0, both descriptions @« and b, chosen inde-
pendently for the two neutral particles, lead to the
same result ; P(F) has the shape of Fig. 1, character-
ized by the factor VVE* — 2 (W — EV[[2u(W — E)-+4 123,

If % = 0 (the neutral particles are two neutrinos
of zero rest mass) we have two different cases :

(1) All neutrinos are described by Dirac’s hole
theory, and the two emitted neutrinos are one particle
and one anti-particle experimentally distinguishable
(for example, by the sign of their magnetic moment) -
then
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The terms proportional to K; and K, are very
small (Fig. 2).

(2) Either all neutrinos are described by Majorana’s
abbreviated theory, or all neutrinos are described by
Dirac’s hole theory, and the two emitted neutrinos
are either two particles or two anti-particles ; in each
case the two emitted neutrinos are identical. The
application of the exclusion principle gives the same
results as above, except that now the interactions
in g, and ¢; do not appear. (In the formula put
¢ = g3 = 0) (Fig. 2). From the experimental value
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of the mean life of the -meson, the §’s are found of
the same order of magnitude as that of the Fermi

constant?.
I wish to thank Prof. L. Rosenfeld for helpful

advice and discussions.
LLours MICHEL

Physics Department,
University,
Manchester 13.
March 23.

' Steinberger, Phys. Rev., 74, 500 (1948). Hincks and Pontecorvo, Phys.
Rev., 74, 897 (1948). Shamos Russek, Phys, Rev., 74, 1545 (194%).
Brown, Camerini, Fowler, Muirhead, Powell and Ritson, Nature,
163, 47 (1949).

‘ Lattes, Occhialini and Powell, Nature, 180, 453 (1947).

* Majorana, E., Il Nuovo Cimento, 14, 171 (1937). Pauli, W., Rer
Mod. Phys., 13, 226 (1941).

* Horowitz, Kofoed-Hansen and Lindhard, Phys. Rev., 74, 713 (1948

Printed in Great Britain by Fisher, Knight & Co., I.td., St. Albans.

e e R . e A

S ——



