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The recent experiments® have shown that the
long-lived component of K° K° decays into
two pions. The branching ratio to the short-
lived component Kg° is
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R ~3.3x1078. (1)
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Earlier experimental results were understood
on the basis of the identification K1°=Kg® and
K5°=K; °and a purely CP=+1 weak interaction

L =GN N L (2)

where {} stands for the anticommutator. The
current J =J 4!+, where J,! is the leptonic
part and the hadronic part is
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where ;4" =%, +9;,° in the notation of Gell-
Mann?; i is the SU(3) index and o the space-
time index. Since K,° has CP=-1, the experi-
ment clearly requires that CP invariance is
violated by the weak interactions.

Many theoretical attempts have been given
to explain this violation. Most of these attempts
introduce an additional parameter suited to fit
the observed CP nonconservation.> We make
the observation that the commutator £_ = (G/V2)
X[JyT,J4] has CP=~1 and propose that the
weak interaction be simply

L=L, +L_
or

x/EcJaTJa = (G/‘/ﬁ){JaT, I b+ (G/ﬁ)[JaT,Ja]. (4)

The commutator £_ seems the most natural
way to introduce a CP=-1 part in a current

X current picture. Furthermore, the CP=+1
and -1 terms are on an equal footing in our
interaction to start with. However, the £_
term is highly singular and needs to be suitably
defined. In fact, the evaluation of the matrix
elements of a commutator like £_ is a very
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difficult problem® and needs to be solved. We
will bypass this problem and attempt to dis-
cuss the consequences of the £_ term which
follow directly from its structure and symme-
try properties.

The structure of £_, the CP=-1 term, is
as follows:

(a) The purely leptonic part is [Ja”,Jal]
=[7,8T, 7481+ [TgH T, Ty H], where J,€ and J,#
are the electron and muon currents and these
commute with eath other. Thus, £_ will give
no contribution to muon decay.

To see the effect on lepton-lepton scattering,
consider [JaeT(x),Jae(y)] where J,¢(x)
=2(x)T yv(x) with Ty, =3(1-iygly,. Treating
the electron and neutrino as free fields, which
is not an unsensible thing to do, this would re-
duce to a term like ~m é(x)yse(y)a(x=y). Thus
one may guess that the effective local contri-
bution of the commutator is given by an effec-
tive pseudoscalar mass term® which has CP=-1.
Such two-field terms cannot contribute to elec-
tron-neutrino scattering except in combination
with £,. So one would expect that the CP-non-
conservation effects in lepton-lepton scatter-
ing would be too small to be observed.

(b) Since J4! and Jo commute, £_ will not
give any contribution to leptonic decays of the
hadrons. Thus, the observation of any CP-in-
variance violation in the leptonic decays of me-
sons and baryons would be in contradiction to
our theory.

(c) The remaining part of £_ is [JahT,Jah},
which is purely nonleptonic. To see what sym-
metry properties this has and what effects it
may have, we make use of the equal-time com-
mutators of §;,* given by Gell-Mann.? We
have

.
" 0,0 o)

={-4c0s%0F ., -25in%0(F,, " +V3F,")
+45in6 cos Fe, 163 (x—x"). (5)
Thus we expect the commutator to give purely
octet terms and contributions to processes to

which F3,*, &g,*, and F4,* can contribute.
Terms transforming like §,,* and F4,* will
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give |AS|=0 weak nuclear interactions with

|aT1=1 and AT I=0, respectively. Terms trans-

forming like §,,*, in£_, will give pure | AT |=}
and |AS|=1 transitions. Furthermore, §,,,

Fgy and F,, have €=-1, C=-1, P=+1, while
Fa, Fg°, and §g° have €=1, C=1, P=-1,
where C is charge-conjugation parity, P is
parity, and € has been defined by Gell-Mann.°
It is clear that a term like §,,° can allow K °

- 2m.

In the normal theory, with £, only, the non-
leptonic weak interactions are described at best
phenomenologically because of our inability to
calculate the strong interaction effects. The
problem with £_ is no better, and we will re-
sort to symmetry and phenomenological argu-
ments to estimate the nonleptonic effects of £_.
Let the effective amplitudes from £, and £_
to K°—~ 21 be A, cos6 sind and A_ sinf cosb;
we have lumped our ignorance in A,. So if we
assume that A_/A,~2x1073, then we can ex-

plain the experimental ratio R given in (1) above.”

Assuming this, we can make crude estimates
of the effect of CP-invariance violation in other
nonleptonic weak processes.

(1) For nonleptonic decays of baryons, we
expect the CP-nonconserving effects to be of
the order of A_/A,, i.e., about 0.2%.

(2) In the AS =0 weak nuclear processes, we
expect larger effects. The AS=0,CP=+1 am-
plitudes are of order A, cos26 for |AI |=0 and
A, sin% for |AT|=1, while the AS=0,CP=~-1
amplitudes are of order A_ sin®0 for laf =0
and A_ cos? for |AI|=1. Thus, on these crude
estimates, we expect the |AS|=0, |aT = 0, CP-
invariance violating effects to be ~0.01%. The
|aS|=0, |al =1, CP-invariance violating ef-
fects expected are larger, about 3%.

A measurement of this small effect and es-
tablishment that there are no CP-nonconserv-
ing effects in muon decay and leptonic decays
would provide a test of our theory.

In conclusion, we may remark that our inter-
action seems most natural in a currentXcur-
rent picture, even though £_ is so singular.
Maybe one should look upon the commutator
as providing a rationale for introducing a CP-
invariance violation of a very definite kind.
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0f course, these are heuristic arguments. Note that
a pseudoscalar mass term ~gyyg can be transformed
away by a redefinition of ¢, as long as ¢ has only vec-
tor and axial-vector interactions. For example, this
is true of the leptons.
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"It is not clear that A_ should be smaller than A4,.
Hopefully, a proper dynamical calculation will give the
assumed ratio. If not, one will have to choose a cou-
pling constant smaller than G, in Eq. (4), for the com-
mutator term.
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