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bootstrap conditions for certain reaction ampli-
tudes involving internal P mesons only if the P
representation is 8618 1. Two of the isoscalar
mesons are predicted to be particular octet-sin-
glet mixtures, while the third must be a pure
singlet. It was suggested in Ref. 2 that the E is
the pure singlet. However, as pointed out above,
this is incompatible with the E-decay data. In this
model the X(958) must be the pure singlet, and
the g and E the singlet™octet mixtures. ' We take
the g to be the mixture with the larger octet com-
ponent.

If this assignment is made, the ratio of the
K*(890)-Ks and K*(890)-KE couplings may be
computed from the interaction constants of Ref. 2.
The phase-space factor for the K*-Km decay is
often taken as P'/M', where P is the decay mo-
mentum in the K* rest system, and M is the K*
mass. If the VPP vertex is of the type e (P, -P,),
where e is the V polarization four-vector, and

P, and P, are the four-momenta of the two P me-
sons, the corresponding phase-space factor for the
E-K*K decay is P'/Er*', where Er~ is the decay

energy of the K*, approximately the K* mass. If
these phase-space factors are used, a K*width
of 50 MeV leads to a predicted (KK*+KK*) partial
width of the E of -9 MeV. This compares favor-
ably with the tentative value of -12 MeV given in
Ref. 1.

Finally, we want to point out that if the E is in
an axial-vector meson, there remains a problem
with the SU(8) classification. The A, (1100) has
the appropriate C parity to belong to the S octet.
The A.,- wp decay appears experimentally to occur
predominantly in the S wave. If one uses a simple
phase-space factor of P for the 8-wave decays,
the -300-MeV width of the A, - mp decay leads to
a predicted E- (KK*+KK*) partial width of about
200 MeV, if the E is a pure octet particle. This
is compatible with the measured value of -12 MeV
only if the octet component of the E is extremely
small.

Part of this work was done while the author was
visiting the Lawrence Berkeley Laboratory.
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We show that to order eg 'G the direct-emission amplitude in the decay E & m+m y is logarithmically
divergent.

The possible existence of a direct emission in
the decay K' -w'w'y (Refs. 1-4) has recently
attracted much attention after clear evidence for
such a contribution was reported. "A short time
ago Barshay and Hvegholm' computed the direct-
emission amplitude to order eg'G, ' in perturbation
theory, in a model in which the two pions rescatter
through a p meson in the direct channel. In their
calculation the divergences of the pion loops cancel
out and thus a finite result is obtained. However,

the direct-channel contribution is not the only one
arising at order eg'Q. In other words, given the
interaction-Hamiltonian density considered in Ref.
5, the crossed-channel diagrams of that same
order should in principle be considered also.

The purpose of the present paper is to point out
that if all diagrams to order eg'Q are included in
the calculation the direct-emission amplitude
turns out to be logarithmically divergent.

The considered interaction-Hamitonian density
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FIG. 1. Bremsstrahlung diagrams.

for E'-m'n y is

li=ie[m (a„m+)- (a„w )w']A" +ie[K (a„K')—(a„K )K']A" +ie[p' (a„p,') —(a„p,)p"']A"

+ie[(a'p„)p„'—p„-(a'p„')]A" —ig[z'(a„w') —( a„m')w'] p" +ig[w'(a„m ) —(a„n')m ]p"'

+gem m'p„A. "+gem'7t p„'A."+GE'm m'+CK n'n',

where the interactions between p mesons, pions,
and photons arise from a Yang-Mills-type cou-
pling.

The matrix element for the decay can be written
as

where M~ and M~ are the direct-emission and the
bremsstrahlung amplitudes, respectively. The in-
teraction Hamiltonian Eq. (l) gives rise to the two
general bremsstrahlung diagrams shown in Fig. I,
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FIG. 2. Direct-emission diagrams. FIG. 3. Direct-emission diagrams.
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and a straightforward calculation gives for M, the
expression'

k e;g(~)

where k„k, and p are the w', K, and y four-mo-
menta, e the polarization vector of the y, and
6,(Mr) the isotopic-spin-2 s-wave pion-pion scat-
tering phase shift.

On the other hand, the diagrams produced by Eq.
(l) to order eg'G, and relevant to M~, are shown
in Figs. 2 and 3. Those in Fig. 3 were not explic-
itly considered in Ref. 5. The divergent contribu-
tion to M„of each of the diagrams 2(a) and 2(b) is
of the form

where P = k, —k„k, being the w' four-momentum,
s = (k, + ko)~, p, the pion mass, and A the cutoff
parameter. Since there is only a sign difference
between the two divergent contributions, they can-
cel out. Figure c is finite and at most gives
rise to a surface iterm.

We have calculated the divergent contributions
to I„ from the diagrams of Fig. 3, obtaining the
total result

1 cP ck 2A
gag G 2

— P Pln —.
fPE P P' p,

Thus, given the interaction-Hamiltonian density
Eq. (l), the s matrix to order eg'G is infinite.

l (P'ck'P —k'cP'P) l 2A+ ieg'G ln—,(4v)' s —m~' 2k p
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