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In two recent experiments!’? the parameter
[19 | was measured to be (4.9+0.5)x1073,
In this short note we want to discuss the im-
plications of these experiments on some param-
eters involved in K°-K° decay. Especially,
we estimate the errors involved in our pres-
ent knowledge on these decay parameters.

We use the following formulas and notation
of Wu and Yang®:

Ny =3[ +2Y%FImA,/A,], (1)
oo = H[e~21/22iF TmA /A, , @
where
M+ +
e s
0 S L
and
F=expli(6,-5,)]. 3)
Therefore,
tho=de-2n, . @

The parameter A,% is to a great accuracy 3
the decay rate of Kg and is taken from Trill-
ing.* The parameter (mg—m) is the mass
difference between the two K’s and is taken
from Alff-Steinberger et al.® The value of
In,_| is taken from Christenson et al.,* 7, _
from Rubbia and Steinberger.” |7, | is taken
from Ref. 1, as the more accurate of the two
recent experiments:

A,2=(0.578+0.010) x10' sec™,

mo=m, = —(0.541+0.025) x10'? sec™?,

In,_1= (1.94+0.09) 1078,
n,_=34°+13°,
and
(Moo 1= (4.9 £0.5) X107, (5)

We divide the discussion into two parts. In
the first part we assume Ylep =yg;=0. In the
second part we do not make such an assump-
tion.

(1) We assume in this part Yiep=Y3r= 0. This
assumption is prompted by the possibility raised

in Ref. 3 and by Truong® that CP nonconserva-
tion is absent in the strong, electromagnetic,
and that part of the weak interaction which sat-
isfies |AIl=%. The recent experiments®? are
consistent with this assumption. Furthermore,®
if AQ =AS, then Yiep= 0. Also the lack of any
appreciable perpendicular polarization of the

U in K“3 decay® is consistent with Ylep =0.

It is also likely that yg; is very small (i.e.,
y3n/Ag?< In,_1): The rates R[Kg¢"—37] have
been estimated!® to be <10* sec™'. In Ref. 4,

RI[K[°~37]is given to be 7X10° sec™. Using®
2 < (0] - o_,
v, <RIKS=37IRIK °=51], (@
one obtains
< 5 -1
y3n<2.65><10 sec™?, (7)

In this case it is straightforward to evaluate
average values and errors of various param-
eters. They are listed as version A in Table I.

(2) If we do not assume y =y3; =0, our
knowledge of these parameters y is limited
only to the positivity requirement of the decay
matrices. Namely, for any mode C,

2 < o_, o_,
yo" <RIKS~CIRIK °~C]. ®)
To utilize Eq. (8), we assume
0 < o
R[KS 37] R[KL 37
R[KS°-1ep]<R[KL°-—1ep]. 9)

Together with the data tabulated in Ref. 4, these
positivity conditions imply

lylep |<13x10° sec™?,
|y371|<’?><106 sec™!, (10)

Not having any good measurement on y, we
assume

Y)ep™ (0%6:5)x10° sec™,
Yg,=(0£3.5)x10° sec™. (11)

It is now a well-defined problem to compute
the probability distribution of the values of
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Table I. Parameters determined from existing experiments. The average values of these parameters are in
general agreement with those listed in Ref. 2. In version A, we assume Y1ep=0 and yg3;=0. InversionB, we as-

sume y

=(0+6.5)x 10¢ sec™!, and y5,=(0+3.5)x 10° sec™!. Corrections for the contribution from 2i Red, ImA,/

[A(2+i(mg—my)] to € have been made only in the entries &, Ree, Ime for solution II assuming |Red,/A,| £0.05.2
Simultaneously multiplying ImA,/A; by —1 and adding 180° to 6,—8, will give us another set of solutions.

o ) M; Moo=+ ¢
Version Solution (deg) 10°ImA,/A, (deg) 10%le|] 10°Ree 10°Ime (10" sec™) (deg) (deg)
A I 50;_“}3 1.45;_“3;32 3012 5.80%0:40 4.24%0:20 3.95%0-%8 -4.60%0-2  167% 43+ 1
i} 216718 3,222 55T 0.69%0:48 <0 <0 0.54%0:22 1823 Third
quadrant
B I 50120 1.45%0-40 30182 5.80%0:% 4.24%0:10 3.9570-B 4607040 1675 43t
i 216738 3.22%0:88 55T o0.69%0:%  <0.75  <0.75 0.54%9:31  182%,

@Note added in proof.—In the equation for €, we have neglected a term 2 ReAg ImAso/[A4(2+i(mg—my,)] [L. Wolfen-

stein, Nuovo Cimento 42, 17 (1966)].

There is no good experimental data on either the magnitude or the sign of

ReAd,. The difficulty in measuring it to a high degree of accuracy is pointed out by B. W. Lee and C. N. Yang, to
be published. Besides, it is likely that Red,/A4,50.05. Inclusion of this term (i) will be important only in the de-
termination of €, Ree, Ime for solution II, (ii) will change the average values of the other parameters by at most

a few percent, and (iii) will have essentially no effects on the error estimate. Therefore, in this table only en-
tries €, Ree, Ime for solution II include this correction. We would like to thank Professor L. Wolfenstein for call-

ing this point to our attention.

I | and 7. To facilitate the computation,
however, we observe that the complex vectors
Ty_s Too» € are all more or less parallel to
exp({a). The quantity « is defined by
— = -1 —-— 2]~ _ o
o =tan [(mS mL)/A0 ]=-43°, (12)

The large errors, i.e., those involved in the
knowledge of 7 ,— and y, are perpendicular to
this direction. Therefore it is easier to com-
pute the real and imaginary parts of ny,exp(—ia).
It follows from Eq. (4) that

Re [7700 exp(—ia) ]

-3M.
i

= 2 _ 2
2[A0 +(ms mL)

RE —-2Ren, _exp(-ia)

and
Im[n,, exp(—ia)]

_ 3(ylep +3)377)
2[AO4+(m

S_mL)z]l/z -2Imn, _ exp(—ia). (13)
Referring to Fig. 1, we approximate the exper-
imental knowledge of n, _ as
Re[n+_ exp(—ia)]|=(1.92+0.11) x1073
Im[n+_ exp(—ia)]=-(0.30%0.44) x1073, (14)

Excluding the new measurements of |7, |
it is obvious from the geometrical construction
of Fig. 1 that known experiments do not yield
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any information on the real part of 5, exp(-ia)
but give a Gaussian distribution on its imagi-
nary part, namely,
1) (0.61+1.65)x10°.
lm"b

Im[nooe— (15).

FIG. 1. 7ng9, n4_, and their errors determined from
existing experiments. These are expressed in units of
107%. The shaded area contains the allowed values of
n,_ within 0.6 standard deviation. There are two solu-
tions for 7ny,. Assuming ylep=0, Y3 =0, the region
enclosed by solid curve contains the allowed values of
Moo Within 0.6 standard deviation. If we assume Ylep
=(0£6.5) x10° sec™, yq =(0 £3.5) x10° sec™?, then the
region enclosed by dotted curve contains the allowed
values of 7y, within 0.6 standard deviation.
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Combining these with the new measurements
of Iny !, we obtain the further entries in Table I.
It is clear from these discussions that the
largest errors reside in those of the angles
of n,_ and ny. More accurate measurements
of n,_, and measurements of 7y, OT Tjoo=T]4_
or Ree, would serve to narrow the degree of
uncertainty.
It is interesting to notice that
A -
52| <3.2x 107, (16)
AO

Comparing this with the corresponding Kt de-
cay rate

+
.‘—12— =0.055, 1

AO
one sees that it is likely that ImA,/Red,~1071,
In other words!'! the |All> amplitude seems
still largely CP conserving.

We would like to thank Professor C. N. Yang
for suggesting this investigation and for his
continuous guidance.
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TESTS FOR CP NONINVARIANCE WITH |AT| >4 IN THE PARTIAL RATES
FOR K* -+ 7% AND K* —~ y+ 7%+ 7%
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CP noninvariance with |AT|>% and CPT invariance implieg that the partial rates, 7,
for k¥ —1%+ 7%, and also the partial rates, vyl for K*—vy+7 +7%, will be unequal. An
approximate phenomenological analysis is formulated, and suggests the possibility of

l1—(r_/7)1= 1073 and (r_/r, )= 3.

The recent discovery?,? that the rate for K°
—-27° is significantly larger than one-half of
the rate for K7°—~ n*+7~ implies that CP -non-
conserving nonleptonic decay amplitudes occur
which violate the nonleptonic |IAT| =% rule.3*
The origin of such relatively small amplitudes
may be instrinsic to the weak interaction,3*
or they may arise from an electromagnetic cor-

rection to the weak interaction,® if the electro-
magnetic interaction is not CP-invariant.®’
Of course, ordinary electromagnetic interac-
tions must give rise to small corrections to
weak interactions which violate the nonlepton-
ic |AT|=3% rule.®

The decays K% -+ 7% must, of course, pro-

ceed into a pure T =2 state with 1AT| =3, 3.
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