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show a great deal of improvement over Paper I, while
the I' waves, with the exception of 3E~, get worse but
not alarmingly so. The best over-all fit requires g,ztr'/4sr
=13.5 with a cutoff at 0.4 F. Our conclusion is then,
that the addition of the e meson with a coupling
constant g, trtr'/4sr 13.5 leads in general to improve-
ments over our results of Paper I. A fitting of the
experimental results using suitable minimization tech-
niques could possibly make the agreement even better.

Finally, a fit including a T=1 scalar meson could also

be attempted, although it is likely that that would take
us too far from the framework of Sudarshan's theory in

which our calculation is based.
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Using the model-dependent assumption of 2x saturation of the unitarity sum, we 6nd estimates for

~ rtoo/rt+ ) and Ree/
~ o+ ~

for a certain class of theories. Two models are tested, and
~
rtM/rt+ [ is found to be

diferent from the originally estimated value, which was based on Re& as input.

'HE directly measured CE'-violation parameters in
the EI.' —+ 2x and EL,' —+ xlv decay experiments

are g+, goo, and Re&.' In most theories of CI' violation
which have been proposed to explain the EL,'-decay
experiments, the only quantity rigorously predicted by
the theory is the order of magnitude of the symmetry-
breaking effect. Only the so-called superweaklike
models' find strict values for

I stop/rl+ I, Q+, gpp, and

Rem. When dealing with other theories, it thus appears
as if much freedom is allowed for the actual values of

these parameters, and estimates are sometimes based
on the use of the experimental value of one of them as

input (Ree in general).
It is the purpose of this note to show that the unitarity

condition~ can be used to provide estimates for
I rtpo/st~ —

I

as well as Res/lst~ I
in the framework of a certain

class of CP-nonconservation models. This, of course, is
in conQict with the use of Re& as input and leads to
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$ Sponsored in part by the National Science Foundation
University Science Development Project.' A survey of the experimental situation relevant to CP viola-
tion, which contains the definition of the various parameters,
has been given by J. Steinberger at the CERN Topical Conference
on Weak Interactions, Geneva, 1969 (unpublished).' L. Wolfenstein, Phys. Rev. Letters 13, 562 (1964). The
superweaklike models are those theories which predict [ e'~&&~ e(.

different results for models where that was done
originally.

Following the standard phenomenological analysis
of the Eo Ep system, ' le-t us denote the matrix element
of the decay of E' into a two-pion standing-wave
state with isospin I by IAr I

e'«. The short- and long-
lived neutral-kaon states are written in terms of the
eigenstates of hypercharge as

Unlike Wu and Yang, 4 who choose Pp ——0, we use the
phase convention in which eo is real. This is the phase
convention in which the CP-violation phases ctrr are
measurable quantities. '

Using the approximate Ital =s rule for Esp~ 27r

and the smallness of the observed CP-violation effect,
one finds

rt+ =e,+ttto+(IA, I/IAol~2)use",

no = op+Op —(IAslv2/IAol)use",

where 8 =—,'sr+So —8o.

' J. S. Bell and J. Steinberger, in Proceedings of the Oxford
International Conference on Elementary Particles, &65, edited by
M. Alston-Garnjost (University of California Press, Berkeley,
Calif. , 1967).

4 T. T. Wu and C. N. Yang, Phys. Rev. Letters 13, 380 (1964).
5 G. Charpak and M. Gourdin, lectures delivered at the

Matscience Institute, Madras, India, 1966 and 1967, p. 54
(unpublished).
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where the sum extends over all open channels (including
phase space), 5M =Mr, —M8, and Fz is the total decay
rate of E8'.

%e now assume that the 2x contributions dominate
the right-hand side of Eq. (3). This condition is
obviously satis6ed in any model in which CI' is violated
only (or predominantly) in the 2n decay mode of E'.
From this model-dependent assumption, one obtains

so=do+ I~s/~o I'0 s.

Denoting by r (y) the ratio between the I=2 and I=O
CP-conserving (violating) amplitudes, we obtain from
Eqs. (2) and (4)

rt+ =ps(1+rye+2 "ye"),
nss=4s( + y+ '"y '"—),

o=eo(1+ra).
(5)

These relations provide estimates of the ratios
I 'gqp/'g+

and e,/Irt+ I
in terms of a single model-dependent

parameter y. For the zx phase shifts and the parameter
r, which measures the validity of the

I
DII =s rule in

E~' —+ 27t- decays, we may use the following values':

S,—8, = —(50+20) ',
r =O.06.

(6)

Let us now examine two such models of CI" violation
which have been proposed recently.

' J. Cronin, in ProeeeChngs of the Fourteenth Internatjonot Confer
ence on High-energy Physics, Vienna, D6$, edited by J. Prentki
and J. Steinberger (CERN, Geneva, 1968),p. 281.The quantita-
tive conclusions drawn from Eqs. (5) are insensitive to possible
deviations from the above-quoted values,

The unitarity condition3 can be written in the
following form:

e,(I's+2i~M) =& (rt
I
2'I &&')*&tt

I
2'I &J.'), (3)

In a mode presented by Delaney and Welling, 7 CI'
violation is introduced in the effective three-particle
weak interaction of pseudoscalar mesons, namely, only
in the 2rr decay mode of E'. In this model, the

I
DI

I

=—',
and IVIII )—,

' CI'-violating amplitudes are found to be
of comparable strength:

y&r. (10)

Thus, while Yun obtains —again taking eo as input—

Irtoo/rt+ —
I
=1 23

which is substantially distinguishable from the super-
weak prediction, ' we would expect Drom Eqs. (5), (6),
and (10)j the equality Irtosl = Itl+ —I to hold up to
6% in this theory.

'I R. M. Delaney and D. J. Welling, Phys. Rev. 1'76, 1841
(1968l.

s The three measured values of the charge asymmetry (Ref. 1),
although consistent with each other, still provide only a crude
estimate of g0.' S. K. Yun, Phys. Rev. 178, 2439 (1969).

The authors, who seem to overlook the consequences of
the unitarity sum rule, use the charge asymmetry
parameter eo as input, ' and obtain

I rtoo/rt+ I
=1 5—.

On the other hand, we obtain from Eqs. (5)—(f)

I ass/n+ I«-3,
which seems to be inconsistent with the present
experimental information. '

In a model suggested by Yun, ' CP is explicitly
violated only in the two-pion decay mode of the E
meson, through C nonconservation in the electro-
magnetic interaction. The relative strength of the

I
AI

I )-', to
I
AI

I
=-,' E~ 2rr amplitudes is smaller for

the CP-violating transitions than for the CP-conserving
ones:


