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A simple model which explains the observed suppression of the E~ p+p, rate has been
used to calculate the CP-violating contribution to E /l y decays. For XI p, +p, y this
rate is comparable to the Dalitz-pair rate while for EI e+e y andes le the contribu-
tion is small.

Recently there have been many attempts to ex-
plain ' theoretically the observed lower limit on
the K~- p.'p rate. ' If CP nonconservation plays
a dominant role in these decays as suggested by
Lee and Christ' then its implication in other rare
decay modes is worth examining. In this note we
discuss the question of CP nonconservation in
K-lly decays. The C and CP properties of the
various final states possible in these decays are
shown in Table I. The K- ll y decays can take
place through electromagnetic interactions which
are Cp-conserving. Since the lepton pair state
has to be produced through a photon conversion it
must be a C-odd CP-even state. Thus K~- LTpS, )y(M1) and Kz-LL pS, )y(E1) are the CP-con-
serving electromagnetic decays. The CP-admixed
states in K~ and Ks will be neglected because their
contribution to the K~&»- ll y rate is small.

We consider the possibility of the existence of
CP-odd nonelectromagnetic interactions. Such an
interaction has been described by Wolfenstein'
which explains the suppression of K~ - p'p, rate
without upsetting any other experimental result.
In this model the interaction Hamiltonian is given
by

H'=iG' sinO~Aqg&yzy, g„, (1)

where A'q is C -odd ( AS )
= 1 axial-vector current and

transforms as the seventh component of SU(3). G'
is the strength of the interaction and is given by

3.8X10 '~G'/G ~ 1.1x10 '

This interaction requires the lepton pair to be
in C-even CP-even state and thus only K~
-LL('P)y(E1) is allowed. K~- LLy decays are not
allowed because the matrix element (y~A&~K~) is
zero due to C invariance. This however can take
place through bremsstrahlung in which Ks decays
into LL ('S,) state and then one of the leptons emits
a photon, giving LL ('p, )y(E1) final state. CP-con-
serving decays are the electromagnetic K~- LL PS,)y(M1) and K~- LL PS,)y(E1). As a result
the decay rate is simply the sum of CP-even and
CP-odd rates and there are no CP-violating K~-
Ks interference eQects in the photon spectrum.
In this model a definite CP violation could be mani-
fested through a correlation between muon spins
and photon polarization.

It is natural to add to H' an interaction Hamil-
tonian' H" where the hadronic current A q is cou-
pled to a vector leptonic current in the form

H" =i G" singe Avqg„y~g„.

This interaction allows K~ - LL ('S,)y(E1) decay, »d
K~-Ks interference effects might be observed in
the photon spectrum because Ks is electromag-
netically allowed to decay into the same final
states. This interaction, however, does not con-
tribute to K- ll decays and the conclusions regard-
ing K~- p', p, are unaltered. In the following, we
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TABLE I. C and CP of various lly states, structure constant. The photon spectrum is peaked
around x =240 MeV and is shown in Fig. 2(a). Us-
ing I'(K~ - 2y)/I (K~ -all) =4.5 && 10 4 (Ref. 6) and
I'(K~ -2y)/I'(K~ -all) ~1.2&& 10 ' (Ref. 7) we calcu-
late the rates for K- ll y decays and the results
are shown in Table II.

The CP-violating contribution to the decay K~- lly is due to the diagram shown in Fig. 1(b).
The matrix element can be written using the stan-
dard procedure' as

limit ourselves to a discussion of the rates and
the photon spectrum only.

The electromagnetic decay takes place through
K(p)-y(k) +y(k')-y(k) +l(p )+ l(p, ) as shown in
Fig. 1(a). The matrix element for this diagram is
given by

m =iG'e sin8 eq(k)mq„l„,

where

l„=u(p )y„y, v(p, ) for interaction H',

l„=u(p )y„v(p+) for interaction H"

and

(8)

(9)

(10)

m =eHp~(k") —„

PS, (6)

where

&e„, ,e,k k,'u(p )y„v(p,), (4)

where H~~(k") is the form factor defined through
the K~ - 2y matrix element. Assuming a constant
form factor, H» is related to the K~-2y rate R as

2m 3
)— 6e

The decay spectrum is then calculated to be given
by'

mq„=i d'xe"' 0 T jz x A'„0 K p . 11

+D(v, k')krak„+E(v, k )krak» (12)

where v =k p. For the physical process (k'=0),
the gauge invariance condition requires mz„ to be
of the following form:

It is easy to see that this vanishes in the exact SU(8)
limit and our results are proportional to the SU(S)
breaking. Since there are no kaon poles in mz„
the most general form of m&„can be written on
grounds of covariance alone to be

mq -—A(v, k')gq&+B(v, k')peak„+C(v, k')pqp&

(7) 2.5-

where x is the dilepton mass and e is the fine-
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FIG. 1. (a) Electromagnetic contributions to X ll y;
(b) direct weak contributions to X lly; (c) bremsstrah-
lung contribution to K ll y.

FIG. 2. (a) dko/dx - x for electromy, gnetic contributions
to K~ p, +p, y; (b) dred/dx - x for Kz ~ p+p, y using
interaction II', (c) dM/dx- x for K& p, +p, y using
interaction H".
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TABLE II. Branching ratio R(K —lly) =I'(K-lay)/T(K-all) for the various interactions
considered.

Process

KL, p p,

Kl, ee
Ks Ape
Ks e+e y

Dalitz-pair rate

1.8x10 7

7.0x]0 6

«4.S x 10 7

«1.9x].0 5

3.3x10 7

5.1x 10 7

small

1.4x 10 7

4.2x 10 7

not allowed

not allowed

CP-violating rate with G', G" =2.5x 10 G for
II' ~ll

(14)A(v, 0) =va(v) .

The matrix element for the process K~ - ll y is
then given by

m=)G'aiaeveva(v)ev(a„v- "v)l„ (15)

The decay spectrum is calculated from Eq. (15)
to be

m„„=va(v)(ev„- Pgkq

and a(v) is related to the form factor A (v, k') by
the condition

~ " ') = I.O7~10- ~ 1+0.42
I'(K~ —all)

' G, '
G '

(19)

G' is given in Eq. (2) while there is no estimate
for G". A,ssuming G"=G' as in Qkubo's' model
we calculate the rates for O'=G"=2.5x10 'G.
The results are given in Table II for H' and H".
To compare these results with the predictions of
this model for Ks- p, 'p, ' we find

I'(K - p, 'p y)/1(K -all) G"
I'(K, - p, 'p, -)/I'(K, -all)

' G'

d u G' sin8c ~~X a2 v I + G, I, , 16

where

dA(v, 0)a0 =
dv

Following Das eI; al., ' we get

3vYP
m 'fzo. '

where

(17)

p= 1-mp, m I, + 1 mp mr. .

I"& and I' are the decay widths" for the decays
Q -e'e and ~- eeand fz is the kaon decay
constant. %e have taken the experimental values
of m and I'„(V= p, &u, it)) to evaluate the decay
rates and obtain

x'=(P-) )'.
We have plotted in Figs. 2(b) and 2(c) the decay
spectrum given in Eq. (16) for constant a(v) [=a(0)]
calculated in soft-kaon limit using PCAC (partially
conserved axial-vector current) and current
algebra. From Eq. (14) a(0) is given by

For Es there is no direct term, but the brems-
strahlung terms as shown in Fig. 1(c) contribute
through O'. The photon spectrum is typical brems-
strahlung spectrum dominated by the infrared pho-
tons. This contribution being proportional to the
mass of the radiating particle is negligibly small
for the electrons. For muons the rate is quoted
in Table II for E

&
& 30 MeV.

To conclude, the CP-violating contribution to
K~- p.'p. y rate due to H' is comparable to the
Dalitz-pair rate. The uncertainty in the calculamm

tions is due to the lack of an adequate model to de-
scribe SU(3) breaking. The CP violation is hard to
see because there is no interference of any kind in
the photon spectrum. The CP-violating and CP-
conserving spectra are, however, different and
could be experimentally distinguished if enough
events were to be observed.

In case of II", the CP violation shows up in the
photon spectrum due to K~-Ks interference. The
interference is limited to the middle part of the
photon spectra. Since the CP-conserving and CP-
violating spectra are quite different in this case
too, the interference effect in the total rate will
be small.
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Scaling behaviors of the structure functions I
&

and F2 in high-energy inelastic lepton-
hadron collisions are obtained with the help of the off-mass-shell scattering amplitude con-
structed from five-point Veneziano functions. Our method reveals the drawback of the per-
turbation approach and suggests a fermionic character of the partons. A quark model is
seen to be favored by our results. Unlike the existing theoretical attempts, the over-all re-
sults of the present formulation seem to be supported by experimental data.

INTRODUCTION

Recent experimental findings concerning the
scaling behavior of structure functions and angu-
lar distributions" in high-energy exclusive reac-
tions have opened a wide field of investigation in
elementary -particle physics. Several theoretical
explanations of such phenomena have been put forth
by different authors. ' ' Attempts have also been
made to obtain compatibility between such theoret-
ical findings, where ambiguities have been seen
to be present owing to different basic assumptions.
Recently, the sum rule of Callan and Gross' (CG)
has predicted two relations for the transverse and
longitudinal cross sections. As the two results are
from different hypotheses regarding the constitu-
ents of currents, it is quite natural to hope that
experimental verifications of such theoretical pre-
dictions will be useful in understanding the basic
structure of hadrons.

Until now we have had no criterion to choose be-
tween two such alternative characteristics of the
basic constituents of matter, although there have
been several attempts to select the proper one.
Recently Jackiw and Preparata' (JP) have shown
that the prediction of the CG sum rule, viz. ,

E,(~) —~E,(~) = 0 (quark model),

ruE, (u&) = 0 (gauge field algebra),

cannot be tested in a canonical field theory where
perturbation is the only tool. In their paper JP
have shown that F, —3mF, diverges logarithmically
with v as v-~, implying a nonscaled behavior of
the structure functions. In this note we have dem-
onstrated that such wide deviations are due to the
use of perturbation theory, and our results also
favor the fermion character of partons. Further-
more our results for F, and F, suggest a zero for
E(a&) at v =2 and the proper behavior as ~-0."


