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T. F. Hoang, "On the &z Distribution" (to be pub-
lished) .

We express T in units of GeV and recall that 1 eV
= 11606'K.

Yang, Bef. 4; Benecke, Chou, Yang, and Yen, Bef. 4.

' We note that the temperature I' estimated with the
classical Bose distribution, i.e. , & = 1, to fit the I'&
distribution integrated over I'z yields a higher value:
0.145+0.012 (see Hef. 7).

H. Hagedorn, Nuovo Oimento, Suppl. 3, 147 (1965).
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The inclusion of SU(3) symmetry breaking in the I'VV vertices and the use of the "sim-
plest" Hamiltonian consistent with ~I= 2 for nonleptonic AS= 1 transitions bring the cal-
culation of E, py decay mode in agreement with experiment, vis-h-vis the disagree-
ment of two orders of magnitude previously reported.

The decay mode K,'- yy has lately been mea-
sured by several groups, ' and the reported aver-
age' for the branching ratio is

I'» p
y

/I'~, p „i——(5.6+0.5) x10 '. (1)

A careful theoretical treatment of this process
by Rockmore' shows that the constructive inter-
ference between various parts of the amplitude
leads to a calculated rate larger by 2 orders of
magnitude than the experimental average (1). In

his calculation Rockmore used a current-current
weak Hamiltonian' behaving like a X, vector of an

SU(3) octet, as well as SU(3)-symmetric PVV
vertices. Inclusion of various corrections to the

main amplitudes, ' such as g-~ mixing as well as
nonpole diagrams, does not change the theoreti-
cal value by more than 30%, and the large dis-
crepancy between theory and experimental is thus

essentially unalter ed.
In this Letter we show that by using an SU(3)-

broken form for the PVV vertices as suggested
from radiative meson decays, as well as an alter-
native current-current Hamiltonian for the 6$ =1
weak interaction, a theoretical value is calculat-
ed for the K, -yz transition which is in very
good agreement with the measured one.

The current-current weak Hamiltonian used by
Rockmore, ' which was introduced by Sakurai' and
shown to account for the current-algebra results
for K-2r and baryon nonleptonic parity-nencon-
serving transitions, has the form
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Here a, b are SU(3) indices, and the vector and
axial-vector currents are assumed to be dominat-
ed, respectively, by vector and pseudoscalar and

pseudovector particles. If we use for G„& a value
close to the Fermi constant (i.e., G„&=1.1 x10 '/
m~'), the correct value for K,p-2m transition is
reproduced. '

As an alternative to (2), which fails in the K,P

-yy calculation by Rockmore, we suggest the fol-
lowing current- current weak Hamiltonian, which
preserves all the good results obtained by Saku-
ral:

H (hI=, AS=1)

= (2/&2)G„i(Jp'Jp +J~'Jp' —Jp J~').

where
= (2/v 2)G„,d„,J„'(x)J„'(x),

a
~ Vagg

(2)

(3)

FIG. 1. The diagrams contributing to the amplitude
~z 0 &&

in Sakurai's model. The diagram b is absent
for the "simplest" Hamiltonian f Eq. (4)].
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This Hamiltonian can be obtained from (2) by add-
ing a suitable term belonging to a 2'7 representa-
tion, being the "simplest" Hamiltonian (i.e., with
a minimum of neutral currents) preserving the
M= 2 rule. '

For the PVV vertices we take the SU(3)-octet—
broken form suggested by Brown, Munczek, and

Singer, "who used a phenomenological Langran
gian with gauge vector fields and current mixing
to account for the observed strong and electro-
magnetic decays. One of their main results is a
predicted decrease of the K*'K'y vertex from the
SU(3) value by 1 order of magnitude. Although

not yet directly measured, indirect evidence
from yP- Z'K' (through K* exchange) seems to
confirm this prediction. " It is indeed the large
calculated contribution of this vertex, assuming
an SU(3)-symmetric PVV Lagrangian, which is
partially responsible for the discrepancy discov-
ered by Bockmore.

With the use of effective I agrangians for PVV"
and Vy" vertices and the form of Eqs. (2)—(3) for
the weak transitions, the lowest-order contribu-
tions to the K2'-yy process are depicted in Fig. 1.

The most general octet-broken form for the
PVV vertices, as employed in Ref. 8, is given by

2 = E ~ (/l[d +&36 d d +(V 3/2)E (d d +d d )+(E /V 3)6 5 ]V V P

+x(5"+v 3e d")[V„q"P'V„„')j
The coupling constants related to PVV and Vy vertices were determined" from strong and electro-
magnetic meson decays as follows (for the e s there are two possible solutions" ):

e, = 0.85, c2+ e, = 2.16;

c~ = 1.18, 62+ c3 = —2.54'

g'/4v = 3.2, (m, '/g'/4m)(l + e,)' = 0.1.
(6b)

An explicit calculation of the three diagrams of Fig. 1 using Rockmore's procedure, ' which exploits
the hypothesis of partial conservation of axial-vector currents in order to combine the pseudoscalar
and axial-vector intermediate contributions, gives the following matrix element:

~ AgPU 1 1 2 220- 2y ~g&20yy~ P& 68 k~ 6

e
g o = ~C~C (1+6~) ~ ~ 2 2 ~[1 +El+ 2(E~ +3)]

Wl E S2 g 2 3 Bli —BS~ 3 3 g
aa. , s„( ~e)4m, m, .(e)'

Numerically, this gives

10-'
lg&,o» I =, „I-0.18(1+~,) + 4.84[1 —e, + 2(», + ~,)]+11.2(1- -.'e, ) I,

E

where we used

Cq =1.13C, C» =1.08C, (m~ /fE*) =(m p/f p) =(m/g)2.

Using Eq. (8), with SU(3) symmetry (e, =0), or with broken SU(3) [Eqs. (6)], one obtains

Ig, ,o»'"'" I =».»&10 '/m, o, Ig, ,o» "I =14x10 '/m, o, Ig...»'1=9.»10 '/m, o,

to be compared with

(10)

~g,,o„~.„,=l.V&&1.0 'm, o '.
The three results obtained above [the SU(3)-symmetric solution agrees with Rockmore's'] lead to a

calculated decay width that is 2 orders of magnitude larger than the experimental value. "
At this point one is led to suspect that the above result has to do with the form of the nonleptonic

weak Hamiltonian. Starting with a nonleptonic Hamiltonian of current-current type built from charged
currents, one can ask for the minimal addition which would secure the ~I= 2 rule. As is well known,
it turns out that suitable addition of a O'J' term is sufficient. In this way one arrives at the "sim-
plest" Ha, miltonian suggested in Eq. (4).' Recalculating the matrix element for K,o-yy by using Eq.
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(4) instead of Eq. (2), we obtain Ia bar denoting quantities calculated with (4) J

Iur o,„ I
= —,

- I-0.16(1+~,)+6.4(1 —-'e, ) I.
10' 1
vlgp 1+6~ (12)

Only diagrams (a) and (c) of Fig. 1 contribute, and the sum over V, in (c) does not contain the 6
transition. With e, =0, one still has a calculated rate approximately 20 times larger than experiment.
Using the SU(3)-broken solutions of Eqs. (7), we obtain the satisfactory results

Ig„o7 I
=2.4x10 ' m„o ", Ig o I

=1.4x10 '
gyes„o '. (13)

Although experiment slightly favors solution 8, it cannot yet unambiguously rule out solution A. , as
the values of e, we used have uncertainties of up to 20%.

In view of the very large discrepancy between experiment and the calculated decay width with the
previous approach, we consider the agreement we obtain here as strong evidence favoring SU(3) break-
'ing in the K*oK'V vertex and the correctness of the weak nonleptonic Hamiltonian" for AS =1 transi-
tions suggested in Eq (4).. This framework has also been used to investigate" various other weak ra-
diative decays of E mesons, and it is found to provide a satisfactory picture, consistent with the avail-
able experimental data. "

In concluding we should like to stress that the measuring of the transition K~'-E'p will provide a
sensitive test of our model. With the e s of Eq. (6), it is predicted to be 24 keV (6a) or 13 keV (6b),
approximately 1 order of magnitude less than the SU(3) prediction.
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