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The notion of a partially conserved axial-
vector current! (PCAC) and the current com-
mutation relations that generate the algebra
U(2)®U(2) have been successfully applied to
the calculation of the axial-vector constant
renormalization® and to the nonleptonic decays
of hyperons and K mesons.? In this note, we
wish to report on further applications of these
ideas to the decays of vector mesons.

Let us first consider the following transition
process: A—B+nl+1/, in general.? The states
A and B are specified later. The transition
matrix for this process may be expressed as
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where ¢%(x) is the renormalized pion field with
isospin 7, and K, stands for the Klein-Gordon
operator.

With the PCAC relation
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Eq. (1), after integration by parts,’ can be trans-
formed into
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We now take a limit of both pion four-momen-
ta going to zero, keeping terms up to first or-

der in each pion momentum in Eq. (3), and
find
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where F;,,%(x) = Jd® F;4°%(x,x0) with F;0°=F;°.

It is convenient to separate our discussions
for those processes in which two pions are
emitted either in the S state (isospin symmet-
ric) or in the P state (isospin antisymmetric).
Equation (4) cannot be applied for states high-
er than the P state, since we have neglected
higher powers of pion momentum.

Noticing that from the commutation relations
the first term of Eq. (4) is symmetric with
respect to isospin indices, while the second
one is antisymmetric, we obtain®
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where we have used the commutation relations”’
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and
5 5 _i
[Fi (0),F]. (0)]—15iju0(0), (8)
with
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The operator #, is not specified here. Equa-
tion (8) may be regarded as a definition of u,.
It is easily seen from Eq. (6) that the pro-
cess A— B+ [nt+77] is now related to that of
A~ B +isovector photon in the limit of both #°

and %/ being continued to zero.

Next we state results on the applications of
Eq. (6) to the decays of vector mesons.

(i) A =p meson, B=vacuum; we get®

— 2 4 2
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where the constants f 575 and f; are defined
by
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We denote the polarization vector of the p me-
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It is straightforward, from Eq. (15), to cal-
culate the branching ratio of the two decay
modes, which comes out to be

T(w-7m+7y)
Tw-=71"+7"+1°)

~17%. (18)

The observed ratio is about 14%.!* Again, the
agreement is reasonable. It is interesting to
note that the numerical value obtained here
turns out to be almost the same as that esti-
mated by Gell-Mann, Sharp, and Wagner,*®
although we have not assumed any particular
model in order to get the above ratio. This
is not surprising, however, since in both meth-
ods this ratio only depends upon the p-meson
couplings and we predicted, through Eq. (12),
the correct value for the p-meson width.

(iii) A=y, B=7°. This is quite analogous
to the previous case (ii). We get a relation

256

W Owy)

son with isospin 7 by eai.

Now, with an additional assumption that p
mesons universally couple to the isovector
current, fpmr :fp, we finally obtain
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If one assumes K2(0)~1, the decay width of
the p meson comes out to be sz 165 MeV.1°
We believe that the agreement with experimen-
tal data is fair.

(ii) A=w meson, B=7°. We can get a ratio
for the decays of w =7t + 7~ +7° and w -7 +y.
In fact, we have'
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where f,_3,, and fwn'y are defined through
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where the couplings f7_377 and fﬂo_g), are de-
fined in Eqs. (16) and (17) with w replaced by
v. We estimate the magnitude of the coupling
fy-37 from the observed lifetime of 7° and find
~ -2

|fy_3ﬂ|~3.7x10 . (20)
The ratio (20) is not far from the estimate giv-
en by one of us,™ although this is smaller than
that expected from the SU(3) model.*s

A few remarks are in order here. If we
choose A =B =nucleon in Eq. (6), we would ar-
rive at the Adler-Weisberger formula which
connects the axial-vector coupling-constant
renormalization to the isospin-antisymmetric
part of the forward pion-nucleon scattering
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amplitude evaluated at threshold. An applica-
tion of Eq. (5) for the case of A =B =nucleon
will be discussed elsewhere.®

Finally, we would like to emphasize the fact
that in an idealized world where all pion mo-
menta are appropriately continued to zero,
various phenomena involving pions are great-
ly simplified'”; we have, for instance, the ex-
act Adler-Weisberger relation? and Al =3 rule
for the nonleptonic decays of A and = and K
mesons.® Moreover, the axial-vector currents
are presumably conserved in this limit.'® It
seems that all these features are not far from
reality.
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