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Pion 1s known to decay Into mu-meson and neutrine., The
problem arises, hoﬁever, of understanding the apparent non-occur-

ence of an electron mode of decay for the pion. Ixperiments in-
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dicate that the ratio R = for the decay rates of the two
-modes is less than 10'5°
Recently, a Universal Vector = Axial Vector Fermi interaction
has been proposed to explaln the experiments in beta-decay and mu-
décay.2 In this theory, with the lepton pair inter-acting at the
same point in space~time, the ratio of the two modes of decays is
found to be 1.36 x 10-u. 3 This ratio 1is larger by a faétor of
ten from the experimental observations and presents a serious dif=-
ficulty for local V-A theory. We wish to show in this note that,

in order to explain the discrepancy, 1t seems necessary to intro-

duce in the above Fermi interaction a term which is essentially

i Supported in part by the Brazilian National Research Council.
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different in structure from that invelved in V=A theory.
The matrix element for the decay of the plon into an electron
(or mu-meson) of four-momenta P and a neutrino of four-momenta p,,

can be written, apart from phase space factors, as
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Here we have used the following relations for neutrino

= 2 -
¥, U,(py) =0 Py =0

M ($>me’p) is some characteristic mass involved in the intermediate
virtual process., b,b', a',b! and ¢! are constants to first order
in four-momentum transfer involved in the decays.

The terms QO and Qe are distinct iIn having odd and éven num-
ber of gamma-matrices respectively. In "Two Component Theory“h
with a left-handed ° neutrino Q_ allows a left-handed electron
while Qe azllows a right-handed electron in the extreme relativis-

tic 1imit. In V-A theory the matrix element has only the term Qo

and the ratio of the decay modes can be written as
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where m. (m- = m ")
R = 5K __e = 1,36 x 1074
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Here we made use of energy momentum conservation. Thus, to obtain
cancellation in the numerator while not affecting the denominator
appreciably, we require the coefficlient of 6;? )2 to be very large.
This seems improbable in amy perturbation calculation with V-A
théory, However, if by small modification of the Fermi interaction
we might allow small admixture of the term of the second type Qs
then it is possible to decrease the electron mode appreciably com-

pared to the muon mode, In fact the ratio in the general case is

given by 2
: m m
5 RS 1C R lg-c> (—ﬁ?-)2 + 8t (7o) +§ m (-g-focv)(-ﬁ-‘?-) F
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With small coefficlents a';b' and ¢' we can obtain cancellation for
electron decay while the mu-mode 1s not appreciably affected.

Addition of a small Pseudo-scalar interaction to the V-A in-
teractlion does not seem to be consistent with electron spectrum in
mu~-decay, the ratio of electronmode and muon mode in plon decay and
beta decay., Alternatively, we might introduce the other types of
interaction terms (scalar, tensor and pseudo-scalar) in s non=local
theory which involves derivatives in fermion fields, .These terms
will become important when large four-momentum-transfers are in-
volved as in pion and K-meson decays. These terms will not affect
appreciably the beta-decay where the four-momentum transfer invol-
ved is relatively small, The local V=-A theory-wil; then be exactly
valid when the momentum transfer involved is zér05n

The author 1s grateful to Professor J. Tiomno for suggesting the
problem and to Profs. J. Leite Lopes and J. Tiomno for their intereat
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and encouragement., He is indebted to the Centro Brasilelro de

Pesquisas Figsicas for warm hospitality.
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