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Markstein, and Yang, ~ and by others. ' If g is
indeed l/4, as predicted by the Feinberg-Pais
theory, ' the cross section is increased by 33@;
if g is instead 3/8, ' the increase is 60$.

Since production by neutrinos is at present
the most promising method of searching for the
intermediate boson, we expect to gain some
knowledge about the value of g as soon as the in-
termediate boson is found and its mass deter-
mined experimentally. It seems quite possible
that the values of the production cross sections
at several energies can be used to fix the three
para, meters m, q, and the magnetic moment.
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Baryon- lepton symmetry' was first defined as
invariance of the four-fermion weak interaction
Lagrangian under the simultaneous transforma-
tion A —p, n —e, p —v. This symmetry prin-
ciple assumed one neutrino and the Sakata' (tri-
plet) model of strong interactions. The existence
of two distinct neutrinos' and the superiority of
the octet model of strong interactions over the
Sakata model has led us to a new scheme of bary-
on-lepton symmetry for leptonic weak interactions

which is consistent with the latest experiments
and which makes some well-defined predictions
that can be tested by further experiment.

We set up the correspondence between the bary-
on octet and the octet of leptons and antileptons'
given in Table I. In writing down Table I, we
accept two neutrinos but postulate that the elec-
tron neutrino is described by a Dirac four-com-
ponent' spinor ve(x), while the muon neutrino is
described by a Majorana field' g(x) =[v (x) + v (x)]/

Table I. Baryon-lepton correspondence.
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v2 (v is a four-component Dirac spinor). Fur-
ther, we have matched up leptons and baryons of
the same charge and then assigned the "weak"
hypercharge X to each lepton so that it is equal
to the strong hypercharge F of its baryonic coun-
terpart. The lepton number L (placed in paren-
theses besides each lepton in Table I) corresponds
to the invariance of the theory under the simul-
taneous transformation'

(eo X), (co+&), (ilo~ve ) [0~=y&(l~y,}],and
each of these has ~=-1. Thus aQ/aS =-1 re-
actions are automatically excluded (since, for
baryon currents, 4X =BY =b,S).

The currents Jp and J, can now be written down

explicitly, namely,

J,=@[(eo v )- (v 0 e )+(po g)-(go g )]

e(x)-e' e(x), v (x)-e' v (x),e e
+[(=- o,= )+(-o p)

u(x)-e p, (x), g(x)-8 'y(x),

y(x)-e' ~'y(x).

%e notice that baryon-lepton symmetry is pre-
served under the operation of R conjugation on
the baryons accompanied by particle-antiparticle
conjugation on the leptons. In addition, we may
think of (e, ve} and (ve, e+) as isodoublets (I= '-, ),
(g+, g, p ) an an isotriplet (I= 1}, and g as an iso-
singlet (j'=0), and we have the charge relation Q

I3 + fX. The inc lusion of both partic les and their
antiparticles in the lepton octet need cause no
concern because this is also done in the boson
octet and, further, the relative odd parity of lep-
tons and antileptons is irrelevant since parity is
not conserved in weak interactions.

The weak interaction Lagrangian Pint xs now

supposed to consist of two parts, the first corre-
sponding to strangeness- conserving and the sec-
ond to strangeness- violating processes. Each
part consists of a self-coupling of a charged cur-
rent, "so that

where the subscripts on the J's denote the changes
in ~ (see below). In order to determine the ex-
plicit form of Zjntp we impose the following re-
quirements:

(a} Each current consists of a sum of chiral in-
variant" lepton and baryon terms in such a way
that it is invariant under the field operator inter-
change of Table I.

(b) L, 8, and X are separately conserved by
each term of Lint. As an immediate conclusion
from (a) and (b), J, and J, must be b,L = 0 currents
and this has the important consequence that only
b, g/hX = 1 strangeness-changing currents are al-
lowed. To see this, note that the only aQ =-1,
AL =0 chiral invariant terms with ~ = 0 which
can be constructed on the basis of Table I are

+4(z o z -X o z }]j. (2)

We see that the baryon terms in (2) are just, those
required by the conserved vector current (CVC)
hypothesis; the use of the Majorana field g is es-
sential in this connection. One notes also that
the vector part of the lepton current in (2) can be
regarded as the (I, - iI,) component of an isovec-
tor as in the case of the baryon current. " For
the strangeness- changing current, if we assume
that tj is not coupled at all,"we obtain

J,=@[(eo g)- (go e )+(go v )- (v 0 p )]

+[4(=--o z )+4(z o,p)
0 0

(3)

As expected from our previous discussion, this
is a pure b, Q/b, S = 1 current and, moreover, the
baryonic part is a linear combination ' of I=';
and I= -,

' currents. Conservation of L and the
experimental evidence" that the muon in K 2 de-
cay is left-banded fixes the muon term in J, as
(Po+ve ) (and by the same token excludes a Ma-
jorana electron neutrino).

%e give now some of the more striking conse-
quences of (2) and (3). In the first place, the pure-
ly leptonic process g -e +ve+g receives (inco-
herent) contributions from both J, and J„' the dis-
tribution in energy and angle (relative to muon
polarization) is given by

G0'm 'x'
dN(x, cos8) = 32", ([('-, —zx)+f (1-x)]

+-', cose[(';-x)+3f'(I-x)]]dxd(-cos8). (4)

In (4), the electron mass is neglected; x =Ee/
(Ee)max, Ee and (Ee)max being the electron en-
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ergy and the maximum electron energy, f= (G,/
Go), and the + and — signs refer to p and g+ de-
cays, respectively. The total decay rate is

I' = (G '/6v )(-'m ) (1+f ).

g+p-Z'(A)+e+ )

~.n -Z-.e.
K -p +v, v +P-Z (A)+ge' e

p +n-Z +p+

(5a)

(5b)

Processes (5a) and (5b) are not in contradiction
with experiment' because of the anticipated reduc-
tion in cross section by a factor of 20, at least at
small momentum transfers (see below). It should
be noted that if X is an additive quantum number,
as we have assumed so far, neutrino flip is pro-

For comparison, we remark that the conventional
theory follows from (4) by setting f =O. Thus, the
present theory predicts slight deviations from the
conventional theory for the angular distribution,
particularly at low electron energies, while the
f' term in the decay rate offers a possible explana-
tion of the slight discrepancy which may exist in
relating (through CVC) the muon decay rate and
the vector-coupling constant in P decay. "

As rega, rds the ~S =0 decays of strongly inter-
acting particles, we note that we no longer have
a universal (V-A) theory since the "bare" La-
grangian (1) contains 0 as well as 0+ [Eqs. (2)
and (3)]. In fact, the "bare" P-decay and p, -cap-
ture interactions are now (V+A) which implies
that strong renormalization effects must convert
the "bare" (V+A) into the observed (V- 1.2A)
structure for nuclear P decay. "

Kith regard to the strangeness-changing decays,
they have the common features of neutrino flip
and b, Q/b, S =1. Neutrino flip in the present theory
is similar to that in previous theories, "except
that we avoid the previous difficulties. Before,
the neutrino from K&2 decay, upon interacting
with a nucleon, could produce an electron accord-
ing to the chain

K p +P; P +P n+ee' e

in apparent contradiction with experiment. ' In the
present formulation, this type of chain is excluded
by the structure of J', and 2, [note that the four
component v is coupled differently in (2) and (3)].
On the other hand, neutrino flip can be detected
through hyperon production processes via such
chains as

hibited, even with hyperon production, for the
neutrinos from the decays m —p. +g and K+- p.

+

+ ve [g is now right-handed —instead of left-handed
as in (5a) —and ve has the opposite sign of X com-
pared to that of v~ in (5b)].

The experimental situation with regard to ~Q/
LS =-1 decays is more confusing at present. The
evidence from the leptonic decays of K,' and K,'
would indicate a substantial admixture of b, Q/AS
= -1 in the strangeness-changing current, "but the
rarity" of the Z+-n+ p, ++ v decay relative to Z
-n+ p, + v is not consistent with the neutral kaon
evidence. Furthermore, the recent experiment"
on K 4 favors a preponderance of b, Q/b, S = 1.
From our point of view, deviations from the AQ/
~S = 1 rule would be ascribed to a "broken sym-
metry. "

%e have not said anything so far about the cou-
pling constants G, and t",. G, is, of course, the
vector coupling constant for nuclear P decay, and
the fact that the strangeness-violating leptonic
decays of the baryons all take place at a rate about
20 times slower than strangeness-conserving de-
cays" indicates that the "bare" t", is probably
smaller than the "bare" Go, say G,/G, = ';. A
rather attractive mechanism to explain this com-
mon diminution of effective interaction strengths
and, at the same time, to achieve universality of
the theory is to introduce two kinds of intermediate
charged vector bosons": W with I.=B =X = 0
and 5', with I.=B =0, X =+1. Our weak-interac-
tion Lagrangian would then become

g. =igS' J +igS' J,int

where J, and J, are the same currents as before,
g is a universal dimensionless "semiweak" cou-
pling constant, and B, L„, Q, and& are all con-
served. The constants G, and G, in (1) are re-
lated to g by

GJ&2=g /Mo', G,/+2=g/M~ .
If we choose I,= 2M„we obtain the required
diminution G,/G, =,'-. The intermediate bosons

p and 8', provide a natural basis for the restric-
tion to the charged currents Jp and J, and the non-
interference of these two currents in the effective
interaction. The noninterference of Jp and Jy pre-
cludes a "current- current" explanation of nonlep-
tonic weak processes. "

The essential consequences of our theory do not
depend upon the existence of the intermediate bo-
sons 8'p and 8', but, if they do exist, their differ-
ent decay modes can be predicted on the basis of
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their quantum number assignments and the con-
servation laws which we have employed. These
and other details we be presented in a separate
paper.
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