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Weak interactions are described satisfactorily
at low energies by the universal V-A theory, '
at least when no change of strangeness is involved.
Up to now, however, no information has been
available concerning the properties of weak in-
teractions at higher energies. Recently Lee,
Yang, and Schwartz' have pointed out that the
neutrinos from the decay of high-energy mesons
can be used to study weak interactions. In this
Letter, we shall discuss possible deviations of
the weak interactions at high energies from their
low-energy behavior, identity of the neutrinos
emitted in the n - p, decay and P decay, ' and
whether the weak interaction is basically of the
Fermi type or Yukawa type. 4

Recently Glashow' has pointed out that if the
weak interaction is mediated by a boson, the
cross section for the process

P e+-(5) -P+ p,

exhibits a resonance at -2.5 x10" ev (assuming
that the boson has the K-meson mass) where (b)
denotes an intermediate state consisting of all
self-energy diagrams of the boson. Resonance
of this kind takes place whenever the particle
in the one-particle intermediate state h@s a
mass greater than the sum of masses of incident
particles. As is well known, the cross section
at resonance is very large, and is independent
of the strength of interaction. The width is re-
lated to the lifetime of the intermediate particle.
Thus, the widths for the processes caused by
the known weak interactions such as

P+e -(m ) -P+e (or P+ p, ),

+p-(A)-w +p (or w'+n),

are 10 '-10 ' ev, too narrow to be of immediate
interest. On the other hand, if the weak inter-
action is mediated by a boson as in the case (1),
the width becomes of the order of 100 ev. This
means that, even for an incident beam with en-
ergy spread of 100 Mev, the effective cross
section is still about 10 'xgresonance, which is
quite enormous for processes involving weak in-
teractions.

Thus, the resonance scattering will be a very
important tool for studying weak interactions at

high energies provided, of course, that weak
processes actually occur through intermediate
bosons. At least, it enables us to test the in-
termediate-boson hypotheses experimentally.
Unfortunately, the advantage of the resonance is
partially lost in the case (1) because of the very
high resonance energy in the laboratory system.
Thus, resonance scattering is not a practical
method to test an intermediate-boson hypothesis
of this kind. ' However, there is another kind of
intermediate-boson theory proposed by Tanikawa
and Watanabe'~' which gives, as is shown below,
resonance energies of only several hundred Mev
for some processes. The validity of such a
theory can therefore be tested without extreme
difficulty using some of the existing accelera-
t.ors.

In the theory of Tanikawa and Watanabe, p
decay is assumed to be a second order effect of
the basic interaction

H =g P(1 -y )e B +g n(1 -y )p B +H.c., (3)

where e~ denotes the charge conjugate operator
of e and B, is a complex field describing a parti-
cle with no spin and no electric charge. The By
particle is assumed to carry nucleonic and lep-
tonic charges so that the interaction (3) conserves
these charges. In order to reproduce the shape
of the P-decay spectrum, the mass of the boson
must be greater than -2300m~, such a mass
also guarantees the stability of the nucleon. '

Similarly, the basic interaction for the p. cap-
ture is

H =g p(1-y )p, B +g n(1-y )u B +H.c., (4)

where ~ denotes the neutrino produced in the
m —p, decay which may or may not be identical
with v.3 In the rest of this Letter we will assume
for simplicity that the masses of B, and B, are
equal to mB ——2300m&, and that g, and g, are
equal to g, where

g'/4v =6.4x10 ',
corresponding to the usual Fermi coupling con-
stant G =10 'mp '. In this theory, the p, capture

378



VOLUME 4, NUMBER 7 P HYSICAI. RKVI KW I, KTTKRS APR?L 1, 1960

occurs through a one-boson intermediate state:

+P - (B)-u+n,

which shows a resonance for some incident
muons. Since the reverse process,

m+n-(B)- p, +P, (7)

is more interesting from the experimental point
of view, we shall consider this in the following
paragraphs.

The total cross section for the process (7) is

m 7

+ m +m 7 +7
v B B p, v

near the resonance energy, where 7& and T„are
the partial lifetimes for the decays B p+-p,

and B-n+co, given by

g' (m '-m '-m ')
7

4w m'

x[(m -m '+m ) -4m 'm ]"2,
P u u

g' (m '-m ')'
B n

7
v 4m m'

In the rest system of the neutron, (8) is reduced
to

where

r
4m (Z -Z )'+-'(I' +I" )''

n 0 ~ p. v

F. =(m 2-m ')/2m =265 Mev,
0 B n n

I' =m /(m T ) =120 ev,
v B n v

(10)

I' =0.88I' .
p. v

At resonance, the cross section reaches 6.8x10 "
cm', which is independent of g.

Of course, no neutron target at rest is avail-
able, so neutrons in a nucleus must be used.
Because of neutron motion, neutrinos within the
energy range 210—330 Mev may be scattered
resonantly by some neutrons. Therefore, we
shall see a smeared-out effect of the process (7),
with an effective cross section -2 x10 cm,
rather than a sharp resonance. If the intensity
of the neutrino beam were 10'/sec and the neu-
tron density of the target were 3 x10's/cms, the
process (7) would occur once every 170 seconds

for a target 1 cm thick. The background for the
neutrino beam may be eliminated in the usual
way by making use of a very thick absorber.

The above estimate is based on the assumption
that mB =2300me. Since nothing is actually
known about mB, however, it is necessary to
measure the cross section of (7) at various
neutrino energies. Although the neutrinos from
the pion beam have a continuous spectrum, the
resonance energy Ep and hence the mass mB,
may be measured without very much trouble. If
one fails to observe the process (7) for a wide
range of neutrino energies, one can determine
a lower limit for the mass of the B particle.

Since the neutrino beam considered above con-
tains neutrinos resulting from p. -e decay, the
process

v+n - (B)- e +P (12)

will take place in addition to (7). If the neutrinos
v and ~ are identical, all neutrinos will con-
tribute to (12).' Thus, the identity of v and &u

may be tested by examining the observed ratio
of the processes (7) and (12).'

We note that the resonance feature of the inter-
mediate boson theory is not restricted to neutrino
reactions. For instance, the process

e +p-(B)-e +P (13)

would contribute to electron-proton scattering.
This contribution is isotropic in the center-of-
mass system, and is about 5xl0 "cm'/steradian
at resonance, the resonance energy and the width
being given approximately by (11). It will thus
dominate the Coulomb scattering at the reso-
nance energy, except in the extreme forward
direction. Since the energy resolution of the
electron beam is -1% at present, this contri-
bution to the cross section is actually smeared
out and becomes effectively -5 ~10 "cm', which
is still larger at large angles than the scattering
due to the electromagnetic interaction. ' There-
fore, the process (13) may be tested experi-
mentally. For this purpose we have only to ob-
serve the scattering (at a large angle) by in-
creasing the incident energy continuously from
about 250 Mev up to the maximum available
energy. This is necessary since the width is
very narrow and the exact resonance energy is
not known, being a function of the unknown mass

If either the process (7) or (13) were not de-
tected, it would be sufficient to disprove the
intermediate-boson theory of Tanikawa and
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Watanabe. v It should be noted, however, that
some variants of their theory may be found
which cannot be disproved by one negative ex-
periment alone. Therefore, it is desirable that
both of these experiments be performed. It
seems to be rather difficult to invent a theory of
the Tanikawa type which does not give a resonance
in any of the processes v+p, v+n, e+p, and
e+n, where v and e denote either particles or
antiparticle s.

We conclude that it is probably worthwhile to
search for possible anomalies in electron and
neutrino reactions over the energy range which
may be covered with the present accelerators
before looking into weak processes at higher
energies.
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In analogy to the conserved vector current in-
teraction in the beta decay suggested by Feynman
and Qell-Mann, some speculations have been
made about a possibly conserved axial vector
current. ' ' One can formally construct an axial
vector nucleon current, which satisfies a con-
tinuity equation,

r (p', p)=ty y -2M' q /e', e=p'-p,5p, 5p,
where P and P' are the initial and final nucleon

momenta. Such an attempt has some appeal in
view of the apparently modest renormalization
effect on the axial vector beta decay constant
(g&/g& = 1.25), although the second appealing
point, ' namely, the possible forbidding of m-e+ v,
has now lost its relevance.

The expression (1), unfortunately, can be
easily ruled out experimentally, as was pointed
out by Goldberger and Treiman, ' since it intro-
duces a large admixture of pseudoscalar interac-
tion.
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