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from the first relation, but the matrix element in
this limit seems to be a worse approximation to the
physical one as compared with the matrix element
given in the text, unless the continuation is made.
The limit taken in the text does not contradict with
s-wave configuration of the di-pion in contrast to the
limit given above. In our case, K&4(m'+n' )/Ke4(n' rr )
=2 is implicitly predicted. In the case of Ee4(7t xo)

decay, there does not occur such a problem, and so
our estimate of %~4(n+~-) /Xe3 should be translated

into Ke4(rr w )/Ke&, if one does not adopt explicit sym-
metrization.

If we use a symmetrized spatial wave function nor-
malized to unity for the di-pion, the factor cp2/2
should be replaced by cp, 2/W2, but accordingly the
phase-volume integral over final states must be re-
stricted to a hemisphere.

The decay rates with constant form factors are
given in Ref. 4 and L. B. Okun', Ann. Rev. Nucl. Sci.
e, 6~ (i959).
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Some time ago, we obtained a set of relations
between the semileptonic amplitudes of mesons,
which gave an indication that the suppression
of 68 = 1 transitions relative to AS = 0 decays
cannot be due to strong-interaction effects. '
These relations were obtained essentially on
the basis of the chiral U(3) 8 U(3) algebra of
hadron currents, ' partially conserved axial-
vector currents (PCAC), ' and the assumption
that the divergence of the axial-vector current
acts approximately like a creation or destruc-
tion operator for the corresponding pseudo-
scalar mesons.

In this note we show that the same relations
can be derived without the latter assumption,
provided we allow one of the meson mass var-
iables to be zero. Irrespective of this mass
extrapolation, we find that our formulas give
a very direct indication for the absence of spe-
cific strangeness-dependent renormalization
effects in matrix elements of axial-vector (and
vector) currents. Especially, we find that those
form factors which are relevant for the deter-
mination of the Cabibbo angle~ are essentially
uneffected by the large Er mass splitting.

Let us write the matrix elements for semi-

leptonic K decays in the form

(0 iA -iA iK ) =iK 8
4n 5n cy K'

(~'i V -iV iK+)

=(I/~ 2)F ((K+rr) + $ (K-rr) ), (l)

with similar expressions for the correspond-
ing ~ decays. The invariant functions I'„E and

prrK have the arguments ( rr', -K'; --(K-rr)').
We can write the relations obtained in Ref. 1
in the form

( & )=[ ( -& )]-'=- /

z (o) = z (o) = l,

with -m'=m~', -E'=mg'. As far as the mo-
mentum-transfer variable q' = (K-rr)' is con-
cerned, we have assumed that ErrK and )rrK
are slowly varying functions for (mK-mrr)'
- -q' ~ (mK+m~)'.

In order to give a more direct derivation of
Eqs. (2), we use the reduction formula and
PCAC. Then we have an equation like

(K i V (0)-iV (0) irr )

fd xe ( -m )(018(-x )[8 Q (x)+iA (x)], V40(0)-iV (0)]lrr ),
E E

(3)

and a corresponding one for the matrix element (m'I V~-iV~IK ), where the dependence upon rrrr is
exhibited. Taking the limit Krr -0 (or rrrr -0, respectively), and using partial integration with vanish-
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ing surface terms, we find that we can employ the equal-time commutators of U(3)SU(3) in order to
obtain the relations

F (m ', 0;m ')[1—$ (m ', 0;m )]=B /B (4)

F (O, m;m )[1 $ (O, m;m )]=B /B (5)

Furthermore, we find the formulas

F (m ', 0; m ') [1-$ (m ', 0; m ') ] = 1,

F (Ofm ';m ')[1 ( (O, m;m ')]=1, (6)

and similar relations with the labels n and E
interchanged. Here E«and IEE are the vec-
tor form factors related to the charge distri-
bution, and on the mass shell we have, of course,
&v~(-&') -=&KK( &') =-

It is interesting to note that in our earlier
derivation of Eqs. (2), we can also take one
of the mass variables to zero. We obtain then
exactly the expressions (4)-(6). The advantage
of the present method is that it gives these
equations essentially as a direct consequence
of the current algebra and PCAC, granting the
specific continuation used in the evaluation of
Eq. (3).

As long as the variation of the form factors
as functions of q' is ignored, the most natural
solutions of Eqs. (2) are the SU(3) values

F =1, $ =0, and B =B
7j

which just correspond to Cabibbo's hypothesis. ~

On the other hand, the current algebra is
assumed to be valid even in the presence of
a sizable symmetry breaking. Therefore,
Eqs. (4) and (5) are of interest mainly in con-
nection with possible deviations from the SU(3)
limit. In this problem the variation of the form
factors as functions of their arguments may
not be negligible.

A most interesting solution of Eqs. (4) and
(5) is obtained with the pole model:

(-~', -K', -(K-~)')

= g (-w2, -K')m +'/[m +'+ (K-~)'],

(-~2, -K', -(K-~)') = (K'-~')/~ *',

where m* is the mass of the K*(890) vector
meson. The expression for (~K is determined
by the condition that the residue of the E*pole
must vanish in the matrix element for the di-
vergence of the current V4~-iV5~ in Eq. (1).
The pole model (7) may well be a good approx-
imation for the form factors, especially at the
positive values of (K m)' —con—sidered in the
following.

Substitution of Eqs. (7) into the formulas (4)
and (5) gives the very simple conditions

g (m ', 0) =g '(O, m ') =B /B (8)

B =Bz' (9)

as well as F~K(m~', mK', 0) = 1, if we are also
willing to accept the equality @~K(mz', mK2)

=@~K(0,mK') =1. Note that only F~K enters
into the determination of the Cabibbo angle
from K&3 decay.

We conclude that the current algebra strong-
ly indicates that the suppression of 68=1 de-
cays of mesons must be due to effects which
are related to the structure of the weak inter-
actions. Similar indications for the leptonic
decays of baryons have been obtained by sever-
al authors, '&' although in these cases the sum
rules require a very extensive input of em-
pirical information, as well as mass extrap-
olations which are similar to those encount-
ered in this paper.

In contrast to )vK, it is quite plausible that

g„~ is an approximately symmetric and slowly
varying function of the mass variables corre-
sponding to the pseudoscalar-meson channels.
This conjecture may be reinforced by consider-
ing vector-meson pole models analogous to
Eqs. (7) for the form factors F~~ and FKK in
Eq. (6), in which case we find conditions like
g~~(m~2, 0) = gKK(0, mK2) = 1. Hence, it seems
reasonable to assume that g~K(m~2, 0) =g~K(0,
mK') in Eq (8), w. hich then implies
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2 2. E —m I(: —m2 2 2 Q2
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zK vr

' x K
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