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The Kl —+m yy decay rate calculated in the zero-parameter modified baryon-loop ~odel is found to be 38
and 43 sec ' for mean vector-meson masses of 0.9 and 0.8 GeV respectively. Using unitarity, a lower bound

(and estimate} is obtained on the decay rate for .K~ -+m' e +e which-goes via KL —+m (virtual}y(virtual)y in .

the modified loop model. We find [I"(Kt~n' e +e )j I'(Kl ~all)] ~ 2.1X I0

I. INTRODUCTION

It is almost unnecessary to emphasize that the
rare decay modes of the K-meson provide the test-
ing ground for the various weak-interaction theo-
ries. ' The search for many of these rare decays
is under way at present' so that one can look for-
ward to the improvement of some of the associated
upper bounds in the near future. In this brief pa-
per we round out our extensive exploration of the
predictive powers of the zero-parameter modified
baryon-loop' model with a presentation of the re-
sults of the calculation of, the rate for E~-m'yy
and, using unitarity, the rate for K~-m'e'e as
well.

II. XL +0 yy DECAY

The model' is characterized by a parity-conserv-
ing (pc) weak nonleptonic Hamiltonian density, '

with

E =4.7 x 3.0-'Me@,

D/F =-0.85,

and a strong plus electromagnetic interaction Ham-
iltonian density, '

X„...,+X. = Wgf Tr([Biy„B]M) —v2 gd Tr(ghy„B/M)+ v2 y Tr( [By.,B ]V~) ~&Tr(/By„,(B]V~)

+i(g /~) Tr([M, S M]V")+ eeA" Trg( [By„,B]+2i [M, &„M ])Q].

(5)

The graphs contributing to the amplitude for K~- m'yy decay comprise a baryon-loop "contact" term
(Fig. 1) for which there are 24 topologically distinct graphs and a less important vector-pole contribution
(Fig. 2). The technical problems entailed in the reduction of these contributions have been discussed at
length in the earlier communications' so it is enough to give here a brief summary. %e find

A„,„„,(K~- tt'yy) =- i4W( ge)' [D(d' —3f ') —2Edf J(s/sm)I(m),

where
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1(m) = 8 dx
1

y dy (P —m —[k xy —k (1-y ) 1 j
0

- x(e, c,(m' k, k, [l 2xy(l y)]]+k, &,k, e, [1-4'(l-y)]).
and thus to lowest order in external. invariants, and consistent with the requirements of gauge invariance,

A„„„,(K~-m'yy) =,g'n[D(3f'-d')+2Edf](e, a,k, k, —i, k, &2 k, );
8

m is a "mean" baryon mass of 1 QeV, ' and the effective coupling 5 has the value

,g'n [D(3f'- d) +2E df ] = 3.66 x 10 ' «y '.8&
(8)

In evaluating the vector-pole contribution to K~- m'yy we use the effective couplings of the baryon-loop
model. ' A straightforward albeit tedious calculation finds

&„„„„„,(K,-~'Xr) =3, , (~f+d0) [1'(3,6) —&(6, 3) ]
8&2g'o

x ([K (k, g2k, q, —&, @2k, k, )

—(K c,K k,k, E, +K ~ E,K kP, e, —e, a+ k,K k~ —k, k,K E,K e, )

—K k, (k, a,k, &, —e, e,k, k, ) ]1/[(K- k, )', —mv']+ (k„e, k~) e,)],

where E' is the kaon four-momentum and'

~(3, 6) =-', [3e(Dd+e) - 6(e+~d) ]
= —4.7 x 10 8 QeV,

l'(6») = a [3f(D~++0)—d(DA- &6) ]
=28.4 x 10-8 QeV.

The introduction of an average vector-meson mass
m~ leads to a great simplicity in the transcription
ot the result in Eg. (9); moreover, our numerical
results are seen to be relatively insensitive to the
value taken for m~. Note that A„„„„„„„like

A„„„„is gauge invariant by itself. For the ef-
fective coupling constant one has the numerical
value

8v2g'
3 (~f+d0) = 0 263 «& '.

The expression for the decay rate

V
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FIG. 1. Baryon-loop graphs for contact contribution to
&z —7r yy decay.

(d)
FIG. 2. Vector-pole contributions to &I ~~yy decay.
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I"(K~-s'yy)/I'(K~ -all) (2.4 x 10 '.

xdp dQ, (13)

Since' (K~ - all) = 1.2'7 x 10 "GeV, we have

K-' =2.0 x 10' (for mr =0.9 GeV)
K,- all

= 2.25 x 10 ' (for m =0.8 GeV). (15)

Note that the experimental upper bound' on the
branching ratio is

yields the result

I'(K~ -m'yy) = 2.53 x 10 "GeV (for mr = 0.9 GeV)

= 2.86 x 10 "GeV (for mr =0.8 GeV).

(14)

The alternative rates of Eq. (20) imply 38 and 43
decays per second respectively, well. within the

upper bound' of 4.6 && 10' decays per second. %e
find that A„„t,„yields a branching ratio of 1.65
x 10 ' by itself, uith the interference term between

A,t„t and A„,~„1„@raking a negligible contri-
bution to the sate. By way of comparison with
earlier theoretical treatments, we mention that
recently Intemann' obta, ined ra, tes of 27",", and
O.V'0'6' per second in a calculation within the frame-
work of the Moshe-Singer' model of radiative K-
meson decay, which is characterized by a pheno-
menological Lagrangian and with gauge fields, cur-
rent mixing, and SU(3)-symnietry breaking. An
earlier estimate by SehgaV based on dlsperslon
relations and a model determining the amplitude
for K~-m'yy decay in terms of that for K~-m'7t m'

found a rate of 13 per second.

III. UNITARITY ESTIMATE QF KL ~ x e+e RATE

It is straightforward to show that the decay K~ -m e'e cannot proceed via one 'virtual photon in our mod-
ified loop model', instead one must depend on the mechanism of vi&ua/ K~ m'yy decay. However, we
choose to avoid the rather formidable calculation this implies and approach this calculational problem by
exploiting the unitarity relation for A(K~- woe'e ),

ImA(K, -v'8'8 ) =-,' p(y{h,~,)y(h, ~,) lT le'{q,)s (q ))*

x (4q',q') '(y(h, e, )y(h, e, )
l
T lK~(K)n'(-p)) (»)'~'(K- p- h, —h, ),

where we make the rea, sonable approximation,

(y(h, e, )y(h, e,) l
T lK~(K)m'(-p)) =A „„„(K~-v'yy).

One finds

ImA(K~-m'e'e ) =- [»m, RsH(s)/4]u(q)6(q. ), (18)

where s is the invariant energy squared of the e'e system and

(19)

with q"=(q', q ) evaluated in the e'e center-of-mass system. Finding the decay amplitude to be largely
absorptive, ' we calculate the K~ -m'e'e decay rate,

2
dI'(K -m' '

) =2 '
(2m)

' Q lA(K~-w'e'e ) l' —+ q+, - 5(K q q p),
E Spans Q+

(20)

inserting ImA for A; Thus we obtain an estimate for I"(K -v'8'e ), which is also a tower bound. We find

1(K~-n'e'e ) =2.72 x10"GeV (21)
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(E,—n'e'e )/I'(K, -all) =2.1 x 10 ". (22)

Note that the only known bound' on this branching
ratio is ~ 1.4 x 10 '.
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