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It is well known'&' that all two-pion decay
modes of the K meson are forbidden in the lim-
it of exact SU(3) symmetry if the decay Ham-
iltonian is of the current-current form, and
if octet dominance is assumed. We shall show
in this brief note that these decay modes remain
forbidden if the requirement of octet. dominance
is relaxed, and the decay Hamiltonian is allowed
to contain a part that transforms like the 27-
dimensional representation. Thus both the K,
-2m and K -2v decays occur through SU(3)
breaking, and the small K decay rate can per-
haps be accounted for by a small 27 part. Since
both decay modes are suppressed, an octet
enhancement relative to the 27 on the order
of a factor 25 is required to explain the ratio
of the two decay rates rather than the much

larger factor that would be required if the 27
were not also forbidden in the exact symmetry

limit. We should like to note that the observed
decay rates may be attributed principally to
the large K-m mass difference, which can give
rise to a large kinematical SU(3) breaking of
otherwise symmetr ical amplitudes.

We assume that the nonleptonic decay Ham-
iltonian has the current-current structure

where the current, J, transforms likes

j = (x'+ iz') cose+ (z'+ iz') sine,

and its adjoint, J j, transforms like jj =jT.
Since J and J t occur symmetrically in the de-
cay Hamiltonian, the SU(3) invariants that rep-
resent its matrix elements must be invariant
under the interchange of j and j . This restricts
K~ to transform as a combination of a unitary
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singlet, an octet, and a 27-dimensional repre-
sentation. Since the parity-nonconserving part
of the Hamiltonian is responsible for K-2m
decay, CP conservation requires that the de-
cay amplitude A c(p~', pb', pc') be odd under
charge conjugation. Bose statistics requires
that this amplitude remain invariant if any of
the SU(3) indices a, b, or c are interchanged
together with the interchange of the correspond-
ing momenta p~, pb, or pc. All the meson mass-
es are equal in the exact-symmetry limit, p~'
=pb' =pc'=m', and the decay amplitude A~ c

is completely symmetrical in the indices a,
b, c. In this limit it can be expanded in terms
of the following complete set' of SU(3) invar-
iants:

abc . .T
trZ y y (j,j }+perm. ,

ab c . .T
trp & trp fj,j }+perm. ,

a 5, c.T a b.T c.
tr~ ~ j tr~ j +trp & j tr~ j+perm.

%e have indicated by +perm. the additional terms
necessary to give complete symmetry in the
indices a, b, c. All of these SU(3) invariants
are even under the charge-conjugation opera-
tion which takes each of the ~ matrices into
its transpose xT. Since the decay amplitude
must be odd under this operation, it must, in

fact, vanish.
The SU(3)-invariant decay amplitude A&bc(p~2,

Pb', P, ') does not vanish if the momenta take
on their physical values, say p~'= pb'= m~',
pc'=m~'. Bose statistics now requires only

that the amplitude be symmetrical in the two

pion indices a and 5, and charge-conjugation
invariance is maintained by two independent
SU(3) invariants which we take to be

(4)

alld

tr([X, X ]jp j +[p, p ]j y j),

where the parentheses in the latter indicate
symmetrization of a and b I.nvariant (4) cor-
responds to the pure octet part of the decay
Hamiltonian, while (5) contains a 27 part as
well as an octet contribution. This kinemati-
cal breaking of SU(3) invariance might well be
large, perhaps on the order of the mass differ-
ence m~'-an~' divided by a characteristic mass
of (1 BeV), or a factor of —,'. There is, of course,
in addition, a symmetry breaking of a more
dynamical nature that involves SU(3) structures
that are not invariants, but that transform like

This additional symmetry breaking, how-

ever, does not give rise to any additional struc-
ture for the 2n decay modes of the E, since
the kinematical breaking already yields both
5T = —,

' and AT = 2 terms.
%e have enjoyed conversations with M. A. B.

Bdg and N. Cabibbo.
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We have omitted the singlet term trA, A~A. trjjT
+perm. , which obviously does not contribute to the
physical decay amplitude. We have also omitted the in-
variant tripgb(jy jT+jTg j)+try pbbs. (j,j ) +perm. ,
which is completely symmetrical under the interchange
of any pair of the five & matrices. However, the trace
of any completely symmetrical combination of four or
more three-dimensional matrices can be written as the
sum of products of traces each containing fewer than
four matrices. Thus this invariant is a linear combina-
tion of (2), (3), and the singlet term. The invariants
(1) and (2) correspond to singlet and octet parts of the
decay Hamiltonian, while (3) contains a 27 part as well.


