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A simple model of a new CP-odd, |AS| =1, superweak interaction of elementary particles in
the form of neutral currents (1) is proposed. The possible unitary and isotopic properties of
this interaction are discussed for leptonic processes, and possible manifestations of it are
considered for the case that neutral leptonic currents exist.

THE absence or at least the strong suppression of
neutral leptonic currents 10 in the known weak
processes is an experimental fact. On the other
hand, no theoretical principles are known at pres-
ent which would exclude such currents from all in-
teractions except the electromagnetic ones. The
clear example of the latter possibly indicates that
the absence of I in the weak interactions repre-
sents an exception rather than the rule.! In this
case any ‘‘new’’ interaction of elementary parti-
cles should be tested for neutral currents.

Earlier, the author!*} has formulated the hy-
pothesis that neutral leptonic currents 10 take part
in a new CP-odd superweak interaction of hadrons
with |AS| =1.13) Let us consider the simplest
model for such an interaction. We assume that the
phenomenological Lagrangian for this interaction,
like the Lagrangian for the weak and electromag-
netic interactions, has a current-current form with
currents whose hadronic parts are components of
the same vector and axial vector unitary octets as
in the weak and electromagnetic interactions.[®?
Hence

4

G
Lep—y = f72_']'7j“(°),, (1)

where f is a dimensionless coupling constant of the
new interaction, G’ is the ‘‘Fermi constant’’ for the
usual weak current-current interaction with
strangeness violation |AS| =1, jq is the seventh
component of the unitary octet of hadronic currents

DThe elimination of I° by an appropriate choice of the iso-
topic structure of the weak currents with a corresponding defi-
nition of the violated isotopic properties of the leptons [*?} or
the Lagrangian of the weak interaction [*] cannot be regarded
as universal.

with CP = —1, and the current j%® includes the

neutral hadronic current without strangeness vio-
lation with CP = +1, which can be a unitary sin-
glet[” or, under the preceding assumptions, is
either the eighth or third component of the unitary
octet, or a linear combination of them.

As can be seen immediately from (1), the non-
leptonic CP-odd |AS| = 1 processes must obey the
strong [ATI = 1/2 rule, i.e.,

w (K2 — n°n°) /w (Ko — nitn—) = /5. 2)

if the hadronic part of the current j**’ is a uni-
tary singlet or the eighth component of an octet.
However, the most recent experimental datal®!
seem to indicate that Eq. (2) is not fulfilled. If
these data are confirmed in the future, this means
that the hadronic part of the current j*? includes
the third component of the octet and is probably a
linear combination of an isoscalar and the third
component of an isovector. By assumption the cur-
rent contains, besides the hadronic current already
mentioned, also CP-even leptonic neutral currents
of the form

19 = (ya (1 = y5) €) + (e (1 2 v5) v) + (wva (1 = vs) 1) (3)

The coupling constant f can be estimated from
the experimental data on the ratio of the probabili-
ties for the decays K] — 2r and K3 — 27.05) Here
the following circumstance must be taken into ac-
count. It is known that the existence of a symmetry
of the strong interactions higher than the isotopic
one can lead to a suppression of the K — 27 de-
cays;'?! this effect may be different for CP-even
and CP-odd processes. It is easy to show that if
the hadronic currents participating in the usual
weak interactions and in the superweak interaction
(1) belong to the same unitary (V — A) octet, then
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all K — 27 decays (K} — 27, K* — 7" 7°, K} — 27)
are simultaneously forbidden in the limit of exact
unitary symmetry of strong interactions. In this
case one can obtain the estimate f~ 2 x1073 from a
comparison with the experimental data.!®! However,
from a more general point of view one must evi-
dently assume that hadronic currents of the two dif-
ferent unitary octets (V — A) and (V + A) take part
in the weak! %1 and superweak as well as the elec-
tromagnetic interactions. Then four cases are pos-
sible: 1) The K — 27 decays with CP = +1 and CP
= —1 are simultaneously forbidden by unitary sym-
metry, 2) The K — 27 decays with CP = +1 and CP
= —1 are simultaneously allowed by unitary sym-
metry, 3) The K —27 with CP = +1 are allowed
and the ones with CP = —1 are forbidden and the
ones with CP = —1 are allowed. In cases 1) and 2)
we find f ~2 %1073, in case 3) we find f~ o = 1/137 s
and in case 4) f~ 5x1074

It is now important that, as is easy to see, in the
model (1) the semileptonic decays with participation
of neutral leptonic currents (in particular, K*
—1tete”, mvi K} —nlete”, n'vp; K} —putu") are
allowed by unitary symmetry in all cases 1) to 4).
Indeed, in the current-current Lagrangian (1) these
decays are caused by the hadronic current j, with
CP = —1, which is the seventh component of an oc-
tet independently of its Lorentz (V — A) or (V + A)
structure. On the other hand, the hadronic current
q,K} in the decay K} — p*u” is by definition also
the seventh component of an octet, while the had-
ronic current an%wo in the decay Kg — %1 con-
tains the seventh component of an octet because of
the presence of the part of the wave function of
two octet mesons which is antisymmetric in the
unitary variables.

This result allows us to make the following es-
timates'® 11J for the leptonic decays of the K mesons
owing to the superweak interaction (1):

w(K+— wtete=; miww) /w(K*) ~ 2-10-7, (4)

w (K3 — mlete=; ndvv) [ w(Ky®) =~ 1078,

®)

w (K — ptp-) /w(Ky0) =~ 4-10-8 (6)

for the cases 1) and 2). In case 3) the estimates

(4) to (6) are raised by an order of magnitude and
have the value ~2 x107¢ ~107% and ~4 x1077, re-
spectively, while for case 4) these estimates are
lowered by an order of magnitude and yield
~2x1078, ~1077, and ~4 x107°, respectively. It
should be noted that in case 3) the estimates for the
leptonic decays of K* and K} are at the threshold
of the existing experimental data
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quoted in the report of Cabibbo.l12) An improve-
ment in the statistical accuracy of these experi-
mental data will evidently allow us to draw some
critical conclusions regarding our hypothesis of
neutral leptonic currents in the new CP-odd super-
weak interaction (1).

The CP-odd decay K} — e*e” is suppressed
compared to the decay K} — ;' 4~ by the factor
(me/mu)z. It is interesting that the CP-even decay
K} — u*u” is strictly forbidden with respect to the
superweak interaction (1) and can only take place on
account of the joint effect of the usual weak and
electromagnetic interactions with the estimate
~1078 to 107%.1131 But if the decay K3 — p*u” were
allowed by the superweak interaction [this would be
possible, for example, if together with the CP-odd
current jq;, the CP-even current j; were also pres-
ent in the superweak interaction (1)], then we would
get the estimate ~2 x10 ™% to 2 x107% for its rela-
tive probability, which is possibly already excluded
by the available experimental data (9).

In conclusion we note that, as already pointed
out by Ya. B. Zel’dovich, one cannot at present
exclude the possibility that the law of leptonic
charge conservation is violated by the new super-
weak interaction. In our model we can take this
possibility into account by including in the CP-odd
current jq, together with the hadronic terms, also
CP-odd nondiagonal leptonic terms of the form
@y (L xvys)u) — (kyq (1 £ys5)e). The inclusion of
such terms would, in particular, give rise to u*
—e" +e” + e decays with a probability which is
suppressed compared to the usual p-decay by the
factor ~f%/20. This suppression is in cases 1) and
2) equal to ~1077, in case 3) it is ~107%, and in
case 4) it is ~1078. Hence, in case 3) this possibil-
ity is already definitely excluded by the present
experimental data.[14!

w(K+— ntete”) /w(K*) << 1,1-10-8,
W(Kz°—> e+e‘)/w(K2°) < 5-10-¢,
w(K® — ptpo) [w(K’) < (2 +8)-1075,
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