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The decays E p, ve+e and X ev p+p have been discussed in a hard-meson model. The
structure-dependent effects can be seen in the K p, ve+e mode only at large values of the
mass of the virtual photon. However, in K eve+@ decay the structure-dependent terms
predominate, even though the branching ratio is small.

We have studied the decays K- p. ve'e and K- eve.'p, in a "hard-meson" model —an extension of the
Schnitzer and Weinberg hard-pion approach. ' Study of the decay K- p, ve'e was suggested some time ago
by Chu, Ebata, and Scott' as a possible test for violation of time-reversal invariance. The decays may
also be of interest in studying the structure of the strangeness-changing weak vertex.

The kinematics is defined by K'(k)- v(q, )+p'(q, )+e (p, )+e'(p, ), with r =p, +p, and q =q, +q, . The ampli-
tude for K'- p,'ve'e may be written

&(pib'&(p. )&(q,)r'(& r, )l~~-&r,
~

„'," r, &, J«f,.~,-. u(q, ), (l)

where

M,.= d'~e'"'" 0 r J'mx Z4-'50-V'. -~'0 K+k

=As& ~&r"k +B 2 -g&~ +C 2' —
krak +D ' -g&~ +E '+g&~

A, B, C, D, and E are, in general, functions of r2 and k x.
The contribution of the axial-vector current in (2) is calculated by the Schnitzer-Weinberg method. The

relevant matrix element is expressed in terms of the Schnitzer-Weinberg proper vertices as
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where V, stands for p or cu. Now using SU(3)SSU(3) current commutation relations and conservation of

electromagnetic current, the vertices may be evaluated following Schnitzer and Weinberg. The result ob-
tained is
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Substituting these in M~, the values of J3, C, D, and E are obtained. These are

E y'2 5 M 2

2 2+&»&» K (M &-M 2) ]~2 M 2 V' Eg M 2
E~ E~

2 2M

M MZKA» KA» (M
-2 M 2)q2-M Eg

F E~

I kr~' 2 5 M

, (M,-' kq, , 'kr )I+-'--
E~ E ~ E~

E =v2E».

The vector-current piece in the left-hand side of (2) contributes only to A, the coefficient of the totally
antisymmetric term. The value of A at x' =0 has been obtained by Sarkar and others' in discussing the de-
cay K- p, vy. A(r } is obtained from their value by assuming vector dominance of the electromagnetic cur-
rent. We therefore obtain

)) 2 g»s G»*+K+»
Iq -ME+ ) M

We take g»k from the Das-Mathur-Okubo sum rule' g»*'/M»M' =g~'/M&' --2E„' and G»~+»+& from SU(3)
symmetry, the quark model, and the experimental ~-n'y rate. ' Now M~, with the above values of A., B,
C, D, and E is substituted in (1}and the matrix element is squared. The phase-space integrations involved
are

m 2m

(2»)' 2m»P„P„q„ d'q, d'q. d*p.d'p. Q I T I'~'(& -p, -p*-q, -q.)
SPlIlS

"
~l &q'f, (»' q')0(»0)d'» — ' '&'(n »-q, -q, ) ' ' —g I TI'&(» -p, -p, ).

W'e show that the integrations over p, and p, may be easily performed using invariance arguments. T from
(1) may be written T =I),T, where lq=c7(p, g),v(p, ); then

ZITI'= Z~d~ T'(T'}'=L» Z T'(T'}'
SPIIIS SPIIIS SPIIlS

(4)
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where

1.[&i~&2~ +&2x&is —(Pi 'P. +~e )~~~ ].~ 2

SPlllS m8

Now all the dependence onP, and P2 in g, ,„, ~

T~' is contained in I ~~ . So the integration over P, and P, in
(3) is over I.~~. only. This may be written

6 Pl 4 P2'I ~~ &(&-&i-&2)=IN~~ +«x&~;
~10 ~20

from this, I and J may be easily evaluated. The value of I is

2 1 + 8 1 8

Conservation of electromagnetic current implies x T~=0. So only I need be evaluated. Substituting (4),
(5), and (6) in (3)

X dP g X —P. 6 Xo d r ' 5 k-e-q, -q2 T& T
%o spins

Gf the remaining integrations, five may be per-
formed triviaDy using the 6 functions. Three angu-
lar integrations are performed easily after choos-
ing suitable axes. Of the three nontrivial integra-
tions left, one was performed analytically and the
two final ones were evaluated numerically in a
computer. For the process K- p, ve'e with the
sum of electron and positron energies greater than
20 MeV, we obtain a branching ratio of

""' )-0159xio-'
l (Z- pv)

K- eve, 'p. decays these are therefore suppressec
Second, the minimum permissible value of p.

2 is
(2m„)' as against (2m, )' in the firstdecay. At this
value of p. ', the structure-dependent terms are al
ready much larger than the terms involving j'~
only.

We have evaluated the branching ratio for the de

of which the contribution of the structure-depen-
dent terms (those involving A, B, C, D, and their

squares) is O.29&&lo or &8%. The variation of
the differential decay rate as a function of p. 2 is
shown in Fig. 1. We notice that the structure-de-
pendent contribution becomes prominent at higher
values of p,'. But the over-all contribution to the
branching ratio is small because of the decreasing
phase space. '

The decay K- eve, 'p, is of more interest in
this context. Here the over-all branching ratio is
smaller than the K- p. ve'e case. But the number

is almost completely due to the structure-depen-
dent terms, the contribution of the terms involving

E~ only being negligible.

I'(A-eve'p )
T'(K- p, v)

With only bremsstrahlung terms the branching
ratio =10 ". The large structure dependence is
due to two reasons. First, the mass of the single
lepton can be factored out of the matrix element
involving only E~ terms. In the case of the

I I..
)po xj(

PIG. 1. Logarithm of the differential decay rate g)(p~)
=log&0(d T/dp, 2) (in an arbitrary scale) versus (mass)2 of
the virtual photon for the decay E p vf. *e . The low-
er curve is with Ez terms only. The upper curve is
vrith the complete amplitude (F& terms+ structure term,
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cay m - p, ve'e also. is less than 1/g.
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The contribution of the structure terms in this case
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By making use of postulated commutation relations of a CP-violating Hamiltonian with the
vector and axial-vector charges of chiral SU{2)x SU{2) symmetry, we obtain a theoretical
prediction of asymmetry in the slope parameters of 7 ~ decay in terms of the&& 2&0

parameter P. We expect &= (a+-a )/(a++a ) -4d, where a~ are the slope parameters in
the linear matrix-element approximation of 7.~ decay. With the present experimental limit,
(e'( ~T [e (, this gives an upper limit for ~ of 10 3.

I. INTRODUCTION

Although much time has elapsed since CP viola-
tion was first observed experimentally, ' there
has been little success in determining the precise
form of the interaction. Most of the experimental
data on CP violation come from observing the two-
pion decay modes of the neutral-K-meson system.
By observing the charged and neutral decays of
Z~ and Ks, the two (complex) parameters 7i, and

Qpp are measured and values for e and e' deduced. '
The CP parameters e and e' characterize quite
different physical origins of the CP violation and
so it is essential that their value be determined
carefully. The parameter e characterizes a
mass shift in the neutral-K system which need not
come from the weak interaction itself, and the

parameter c' is related to a matrix element of a
CP-violating weak interaction.

Two approaches to the origin of these parame-
ters have evolved; (1) a new interaction is postu-
lated or (2) the existing weak-interaction current-
current form is modified. One of the approaches
of the first type is the superweak theory which
associates the breakdown of CP invariance with a
new

~
nS

~

= 2 interaction which gives rise to a
mass shift and also to a nonzero e.' The super-
weak theory predicts that &40 and e' =—0 since
there is no primary interaction that violates CP
invariance. Two theories of the second type have
been proposed, one introducing phases between
the vector and axial-vector currents in the Cabib-
bo current of the weak interaction and another
model introducing neutral currents as the source


