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REVIEW OF K° DECAYS*

David R. Nygren
Lawrence Berkeley Laboratory, Berkeley, California 94720

ABSTRACT

A review is given of selected topics in K° decays for which
recent results have led to substantial progress and/or controversy.

I. INTRODUCTION

Since the last review by Pondrom in 19711, new experimental
results have significantly affected the status of the following topics
of K° decays:

1. Form factors in the decay KP -+ m& v;

2. CP Violation and Kg,L decay parameters;

3. The Kﬁ + Wy puzzle.

In the case of the_Ko form factors, new results from two very
precise experiments are in~good agreement with expectations. On the
other hand, some parameters relevant to CP violation have changed by
many standard deviations according to recent results, and the origin
of the discrepancies with the older data remains unknown. Finally, a
pair o£ related experiments have provided evidence that the decay

»+ p u does exist at an appropriate rate, in contradiction with
the negative result of a Berkeley group.

1. Kg > m%v FORM FACTORS

.In the Cabibbo thegry 9f+the V-A weak interaction, the matrix
element for the decay K'> m £ v can be written in a Lorentz-covariant
form as

M7%~Sin R [ﬁzYu(l_Ys) uv]x<:n-| v“lK°>.

The hadronic part is customarily expressed as

GV = R B rR R (Rt (1)

where the scalar functions F+(t) describe the dependence of the
strangeness-changing weak hadronic vector current on convenient
combinations of the two independent four vectors F; and P,.

F+(t) are functions only of the invariant four momentum transfer

2 2 2 * :
t o= (B~P) =M + M -2M E : (2)

where Eﬂ* is the pion energy in the K° rest frame. The rather limited
range of t available in K° decay is

2

N < 2 _ 2 - (3)
. <t < (M-M;) = 0.128 (GeV/c)
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In the rate, terms involving F_(t) are proportional to Mi, with

the consequence that only F+(t) contributes to Ke decays.

3
Furthermore, the Cabibbo formulation is invariant under time reversal,
leading to the requirement that F_(t) and F+(t) must be relatively
real. Finally, AS=-AQ transitions are forbidden in lowest order.

Violations of the AS=+AQ rule are customarily described by the
introduction of new form factors g#(t) defined in an analogous way:

GV = 6, (8) (22 )Y+ g (1) (B
<n‘[v“[1'<°>= gi(t) (PK+P1r)u + gi(t) (PK-PTT)‘1

and the ratio X= g/F must be zero if the AS=AQ rule is satisfied.
Non-zero values of ImX imply time-reversal violation, of special
integest as a possible connection to the phenomenon of CP violation
in Ki decays.

U
_Pn)

Most of the experimental work on the search of AS=AQ amplitudes
has employed the study of the timg dependence of the semileptonic
decays of an initially produced K state. The essential complication
. . . =0 Cs
in such experiments is the natural gevelop%ent of a K~ component in
the evolution of the state as the KS and KL amplitudes decay:

-iM,T -1
Ky JSY o O e o
e | M e
=lK°>(el 5 + elMLT) +’Ki>( s -elMLT) (5)

e

where Mpsg™ M sg -iPL,S/2 and ML end M, are the masses, and FL and

I', are the total decay rates of the long- and short-lived states.
Tge decay rate into positive and negative leptons is easily found
to be

W)« xS 4 aox | BT
+[§2(l—|x|2) cos (A m1) - 4ImX sin (Am T)] e-fT (6)

where Am= m - mg and T = (PS + FL)/2.

An MIT contribution to this conference2 describes an experiment
which employed the reaction sequence

+
K + Platinum - K0 + neutrals

|+
m™ e v

The decays were observed by optical spark chambers embedded in a
magnetic field of 14.5 Kilogauss. Electrons were identified by
shower production in a 2.8 radiation length lead-plate spark
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chamber, followed by lead-lucite cerenkov counters. Approximately
1700 K _ decays survived gutg, with a small background due to the

relatisély copious KS - 1 7w mode. The analysis gives

ReX = —0.008 st 0.0’4)4 (7)
ImX = -0.017 * 0.060

in good agreement with the AS=AQ rule. In this case X= g+/f+
since just K _ decays are being studied. Adding this result to
the world avggage one obtains?

+ 0.0016
-+ 0.0002

ReX

0.025
ReX (8)

0.024

I+ I+

shown in Fig. 1 along with recent results of comparable accuracy.
For the remaining purposes of this review X can safely be assumed
to equal zero. '

In the t region available in Ko decays it is reasonable to
assume that a linear approximation will adequately describe the '
t dependence of Fx(t):

1

2
F+(t) = F+(0) [1 + A+(t/MTr)] (9)

R

P-(t) = F-(0) [1 + a_(e/42)] (10)
Frequently, the ratio #&t) = F (t)/F (t) has also been used

to characterize experimental data, but it 1s theoretically

advantageous to use instead F+(t) and another variable F (t),

given by : °

t (11)

2 .2
MM

F,. and Fo correspond respectively to 1  and O+ ampiitudes for the
lepton pair.* The expansion of Fo(t) as a linear function of t

F (t);

() = F(8) +

F (t)=F (o)[l + % L] , (12)
o 0 2
M
w
implicitly assumes that A is negligibly small. In this approxi-
mation, > >
£(0) =M -~ M (X%-2) (13)
M2

™
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The form factors F,and F are also expected to be adequately
described by simple pole forms with masses appropriate to the 1 and
0 intermediate states. If F+(t) = F+(O)M2/(M2-t) is assumed to be
dominated by the K*(892) state then A, = 0.024 around t=0; averaged
over the physical region A+ is about 6.030.

The assumptions of chiral SU & SU algebra, soft pions and PCAC
lead to the Callan-Treiman relatiton, e%sentially a statement about
F, at the unphysical t value of_M%:

FO(ME) = F+(0)x(l.27 + 0.03) (1k)

In the linear approximation (12), this fixes Ao to be

A, = 0.021 # 0.002 ' (15)

Experimentally, the shape of the Dalitz plot density, the
branching ratio I'(K .)/T'(K _), and the polarization variation within
the K _ Dalitz plotugan beeaeasured o determine the form factors.
The rggults for A, from studies of K _ and Ko are reasonably con-
sistent and in good agreement with tﬁé pole g%proximation (F%g. 2).
A contribution to this conference by a C%FN—Heidelberg group-” and s
recent result by a SLAC-Santa Cruz group® have reduced the error on
this parameter by a very substantial factor, and merit special
attention here,

The apparatus of the CERN-Heidelberg experiment is shown in
Figure 3. K_,,, decays are observed in a short neutral beam with a
magnetic spectrometer employing multiwire proportional chambers, a
hydrogen gas cerenkov counter for electron identification, and a
thick concrete absorber-hodoscope combination for muon identification,
The Dalitz plot was studied for 5x10° K°_ decays and three different
methods were employed to overcome the anbiguity problem asrising from
backward or forward neutrino emission. The first is to weight the
two solutions with an a priori probability that is proportional to
the Jacobian of the Lorentz transformation. The second is to
select events for which the two solutions give pion energies
differing by less than 10 MeV. The third consists of a fit to the
matrix defined by entering each event according to the two solutions
for t.

The three methods give consistent,results, shown in Fig. L.
The curves are the prediction of the K dominapce model, not fits
to the data; pole form fits to the data give M = 840 + 35 MeV. A
linear parametrization describes the data sufficiently well and gives
the result A, = 0.031 * 0.0025, substantially more accurate than the
previous worId average of 0.032 + 0.00k, ’
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In the SLAC-Santa Cruz experiment, the Dalitz plot distribution
of l.6x106 KL+ muv decays was studied to measure both F+ and F .
A wire spark chamber spectrometer was followed by T.T interactidn
lengths of lead to identify muons, and time of flight information
was used to determine the K® momentum. The Monte Carlo results for
the detection efficiency ovér the Dalitz plot were studied in detail
by very high statistics comparisons with experimental distributions.
Radistive corrections were introduced in such a way that the effects
of the detection efficiency were correctly included. Good fits to
the data are obtained in both unparametrized and 2-parameter linear
fits (Fig. 5). The results for the 2-parameter fit give A =0.030 £
0.003 and J%=0.019 g 0.004. This value gor A, is in excelient agree~
ment with A from K _ decays, and with K (892’ dominance of the
vector form factor. ~The result A =0.019 % 0.004 is in excellen
agreement with the Callan-Treiman®prediction (14) yielding F_(M5) =
(1.25 + 0.04) F (0). A separate unparametrized fit for gt ) gives
-0.11 * 0.0k wi%h no apparent t dependence.- Using (13), with A+
given by K¥ dominance and A_ by (15), &0) is predicted to be _
-0.02 + 0.03, in good agreement with the SLAC-Santa Cruz experiment.

An important new aspect of these two experiments is thet no
significant limitation from statistics exists in the comparison of
data and Monte Carlo distributions, with the consequence that
systematic effects are more readily discovered and dealt with.

The excellent agreement of these results with the theoretical expec-
tations noted above contrasts sharply with the situation heretofore;
based on an analysis in 1971 of the available data.,h Chounet, . ‘
Gaillard, and Gaillard concluded that quadratic terms were needed for
F, and that » = - 0.11 * 0.03, four standard deviations away from

(Is).

These new values increase the discrepancy between Dalitz plot
results and muon polarization results. In the past, the experi-
mental studies of the muon polarization have given large negative
g0) values, and an average of, &0) = - 2.0 *.0.7 was obtained in
the analysis of Ch9unet et al. Recently, an experiment by a
Yale-Argonne group' gave the result £0) = - 0.51 * 0.11 (for
A,=0.031), increasing the average substantially, but still in
disagreement with the SLAC-Santa Cruz K°_ Dalitz plot result at

about the four standard deviation level.u3

III. CP VIOLATION AND Kg ;, DECAY PARAMETERS
bl

The customary phenomenological description of CP violation
defines the following quantities:

12T B D = fe ™ e vl (16)

j <"+"- ! Hwk [K; >




-6-

roo® Gl JE) = g |47 e 2 o)
<1TO1TO lele;>
The parameter € describes the nonorthogonality of K.E and K;:

K;_)f P S [( l+e)|K°>- (l-e)lf{'o>] | (18)

Va(1+ |¢2)

Kg= 1 [(14;;)]K°)+ (1-e)|1'<°)] (19)
Va(1+ |¢1?)

1

and € describes CP violation in K°+21r‘:

5 el('52 - 60) , Where

i§  _ _ 0 and
ae™o =Lon(1=0)|x_ [x°> °
i _ _ o\ .
Age = an(r=2)|5_ KD
There are six experimentally measurable quantities, namely, the

magnitudes and phases of n4_ and n,,, and the leptonic charge asym-
metries 611 and & in KE > 1%y decays:

5251"(4")-1*(2') =1 -}x| 2 2Res (20)
r(eh)+r(e7) J-x|?

A. Status of ln+_l

Five optical spark chamber experiments from 196L-1967 gave
results of excellent consistency (Fig. 6) and an average value of

|n,_| = (1.96 = 0.03)x107>. (21)

Pondrom justifiably concluded in 1971l that ln l was the best known
parameter in the topic of CP wviolation. Recen%Iy, four new measure-
ments have become available, also quite consistent among themselves,
but their average differing from the o0ld value by 1l standard
deviations!

Typically, the determination of In +_| involves the following
quantities:



-7-

2_ o+ - 0
|n+_[ = Rate (Kp»m m ) i} Rate (K -»charged)
Rate (K§+charged) Rate (K;+all)

)
Rate (Ks+all) < 'L

X Pl - : (23)
Rate (Ks+ﬂ T ) Iy

where just the first ratio is measured, the rest being obtained from
available data. The noteworthy exception to this is a determination
of |n+.|by & GERN-Heidelberg group who analysed the time dependence

of the m'n~ intensity produced from an initial (predominantly) K° . °
state. In this case, the observed intensity is

« =Tt 2 -T:t
I"+"_(T) € (T,P)S(P)[e s" + P1+_l e L

+2D(P)|n+_le_rrcos(AmT+¢+;)] _ (2k4)

Here € expresses the dependence of the detection efficiency on the

K momentum and proper time, S(P) is the Ky, momentum spectrum, and
D(p) is a "dilution" factor accounting for tﬁb intensity contribu~
tion from a K initial state. Here K and K° decay incoherently

but give an interference term of the gpposite sign:

D(P) = I(P) - I(P) _, .5< D(p)<.85 (25)
I(P) + I(p)
The data comprise some 6xlO6 K;,L decays, about 100 times that of
previous experiments, and permit the simultaneous determination of
[n,_|s Tg> 8nd ¢, . The result from the fit is |n,_|= (2.30 t 0.035)

x10-3, A conventional measurement by the same group using (23) and

Ke3 decays for normslization gives the same result, n+_|= (2.30 %
0.06)x1073. ' '

The CERN-Heidelberg group5 also reported & value for the Kg

decay rate, PS=(l.ll9 + 0.006)x10lo sec-1 in good agreement with the
value 1.116 +°0.006 from a recent high-statistics bubble chamber
experiment.” The previous world average, T =1.160 + 0.008, is five
standard deviations from the average of these two results, I =1.1175
+ 0.004. The impact, however, of the change in FS on measurements
of ln+_| is small, increasing ln+_lby = 2%.

Taking the average of the four recent results, one obtains

|n+_l = (2.29 + 0.026)x107> (26)
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.

corresponding to an increase in the rate of 36% relative to (21).
A plausible explanation for this dramatic shift is lacking, and if
one shies away from the profound implications of a time-deéependent
n (and/or T ), the remaining alternative would seem to be a
substantial efbarrassment for experimentalists.

B. Status of ¢+_

Generally -mgasurements of ¢, suffer from a sensitivity to the
value of the -K_. mass difference Am. In turn, most measurements
of Am depend somewhat on the T, value assumed in the analysis of
those data. If the new value of [g=(1.1175 * 0.004)§L0L0 sec™ is
utilized to correct the three most accurate resultfs, Am/h
increases by * 0.6% to (0.5436 + 0.004)x1010 sec™, a shift of about
one standard deviation. The world average value ¢, _ =(41.8 + 2.8)°
then becomes ’

by

14

- = (42.6 + 2.8)° ; (27) .
This adjusted value is still suspect because some experiments have
‘obtained results with I', fixed at the o0ld value, and the correlation
of ¢, _ and FS is not negligible.

The CERN-Heidelberg group5 have presented a new value+f9r ¢+_,
obtained from the git to (24). The efficiency-corrected m
intensity versus K,,, proper time is shown in figure T, and the
interference term Isolated in the fit is shown in figure 8. The
accuracy of the result is dominated at present by the dependence of
the result on Am:

6, = (48.3 £ 1.0)° + 300° x (Am - 0.540) (28)
Am

Introducing the adusted Am value and propagating the error, one
obtains

¢, = (50.3 £ 2.14)° (29)
The lack gf agreement between (27) and (29) is somewhat disturbing,

but the X sum for the combined results of the relevant experiments
is acceptable, and the best estimate is

%4 % (k9.2 t 2.8)°, (30)

vhere the error has been increased by 20% to account for the dis-
crepancies, and includes the Am uncertainty.



c. Status of lnool

Several measurements of ‘n l exist, with scattered results, and
none has been reported recently. The average of these experiments,

the neutral analogues of (23), is _
I“ool = (2.26 £ 0.20)x107> (31)

where a scale factor of 1.5 has been applied to the error by the
Particle Data Group (see fig. 6).

Two measurements of the ratio lno ﬁ1+_l have also been repor’ced,ll
in good agreement with each other and %ogether yielding

‘|noo/n+-[ = 1,013 + 0.046. _ (32)
This value is in good agreement with the ratio of (31) and (26)
' = +
|nofn,_| = 0-987 2 0.088 (33)
" combining (33) and (32) gives finally
= + ‘
l”oo/“+-[ 1.007 + 0.0L0 (34)
D. Status of ¢
00
A ne&éresult measuring the phase difference ¢ - ¢ has been
00 +
reported:
- o
oo — ¢, = (7.6 £ 18)", (35)
This value is obtain$d by comgining results from separate regenerator

‘studies for K®, > m'n and K ,, > m°n° decays. Combined with (30)
and the previous world average [uncorrected for Am),

¢ (43.3 + 19.2)° (36)

00

the new average.is:

(50.% + 13.2)°. | (37)

¢

00

E. Charge Asymmetries

Three new values have been reportedsrecently, two at this con-
ference. The same CERN-Heidelberg group” who have presented results
for I'L, L ¢ s and A+, have also presented def%nitive results
for tﬁe K _ and ﬁ asymmetries. A BNL-Yale group - have messured
" the combiﬁgd asymﬁetry using a new technique, and final iﬁsults have
become available for a measurement by a Princeton group. 4
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The CERN-Heidelberg group study the region at large proper time
where interfergnce effects h?ve diminished sufficiently, and are
left with 2x10' K . and L4x10' K _ decays after cuts. The "raw"

asymmetries are 13 e3
_ -3
6 = (3.65 £ 0.17) x 10°°, (38)
8, = (3.23 + 0.26) x 10'3,

to which a number of very tiny corrections are made, yielding

ae = (3.51 + 0.18) x 10'3,
s, = (3.47 + 0.28) x 1073, (39)

These are the most accurate results to date by a considerable margin.
No difference in the corrected asymmetries at any proper time is
observed, providing evidence that X = X (see (20), and removing the
possibility that discrepancies betwéen pf%viously reported K _ and
Ku3 decays could be explained in this fashion. e3

The BNL-Yale group used a magnetic spectrometer employing multi-
wire proportional chambers, but no conventional particle identifi-
cation. Instead, they employed a novel approach to the problem,
identifying leptons statistically, noting that the decay pion
characteristically carries more transverse momentum than the charged
lepton. The price is a reduction of statistical sensitivity, but
is offset by the advantage of a simpler apparatus and different
systematics. The result,

8, = (3.33 £ 0.50) x 107 (40)
while of moderate precision, is very useful because all measurements
of the charge asymmetry suffer from the absence of a means to
"ecalibrate" the apparatus with adequate accuracy.

The Princeton group also employed a magnetic spectrometer with
multiwire proportional chambers, but utilized a cerenkov counter to
label electrons in a conventional way. A reanalysis of the data,
removing a bias arising from the acceptance boundaries of the
cerenkov yields a result in good agreement with the other experiments:

8 = (3.18 * 0.38) x 107> (k1)
All results for K , and K _ experiments are shown in figure 9.

The averages of the elgétron aﬁg muon modes are

-3
ae (3.39 + 0.14) x 10 (42)

5, = (3.h2 £ 0.24) x 1073

1}
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in good agreement with each other and with (4L0). The overéll result
for &, including (40), is then
= (3.39 £ 0.12) x 1075 (43)
F. Conclusions

The graphical representation of the results (26), (30), (3h),

and (37), known as the Wu-Yang diagram, is given in figure 10.
There is no evidence for a non-zero value of the parameter

G1 -n__)/3. The predicted phise of the superweak model,
for whlchn =n_,, = € and ¢e = tan (2Am/I‘ )
= + 0
bg, = (bh.0 % 0.3) (4h)

is also shown, indicating a disagreement with (30) at the 2-standard
deviation level.

» The charge asymmetry 6, provides a check of the consistency of
other results. Taking the real part of (17), and setting X = 0 in
(20), one obtains

-Ree” = _2§ - ln+_lcos(¢+_) = (0.21 t 0.10) x 1073 (45)

suggesting a non-zero R €“. On the other hand, if ¢s is used to
predict the charge asymmetry, w

§=2 |n+_| cos(¢sw) = (3.30 + 0.04) x 1073 (46)
then the agreement with (L43) is good.

. When confronted with irreconciliable conflicts between results .
bearing on the CP violation parameters, the author has taken the
liberty of rejecting the older data. This viewpoint leads to a
fairly consistent picture, but nevertheless, additional results
of improved reliability and accuracy are badly needed, in parti-
cular for Am and ¢ . The physical hasis of the phenomenon, after
a decade of experimental effort, remains unknown.

Iv. THE KE > iy PROBLEM

This decay, which could occur as a direct manifestion of weak
neutral currents, can also be generated by the combined effects of
conventional first-order weak plus second-order electromagnetic
interactions. The consequence of the latter process is to place
a lower bound on the decay rate.

0 + -
F(KL + uou) > 5.3 x 10-9’ (47)
I‘(K.E > A11)

known as the Primitive Unitarity Limit.
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The limit (47) is derived with the assumptions of unitarity, CP
and CPT conservgtion, conventional quantum electrodynamics for the
coupling yy - 2 & , a negligible absorptive part of the amplitude for

-+ vy, and dominance of the two-photon intermediate state in the
ugitarity sum. Finally, the experimental result for the rate
KL + yy is needed.

A very surprising result, contradicting (47), was published in
1971 by a Berkeley group15 placing a 90% confidence level upper
bound

0 + -
MKy > ww) g 841070 (L8)
r(K; > A11)

with no observed events.

As this result is very difficult to accomodate theoretically
without new particles or interaction mechanjsms, the experiment has
been repeated by a Columbia~CERN-NYU groupl at the BNL AGS, and is
being undertaken by other groups as well. The Columbia-CERN-NYU
experiment yielded six events satisfying their criteria for the
decay, with background contribution 0.25 % 0.15 events, and a branch-
ing ratio compatible with (47):

o] + -
F(K-L-*uu)_ +10

- 107 (90% c. L.) | (k9)

11

P(Kg > A11)

o Both experiments utilizg the kinematically similar decay .
+ 7 7 to determine the flux, and both values (48) and (49)
are based on the old value (Z1) for [n+ I. A subsequent reanalysis
of the Berkeley data, correcting some errors, yields a higher limit

(no events discovered)~!:

o + - )

TR > W) 2.5 x 1072 (90% C. L.) (50)

r(xg > A11)
Adjusting (49) and (50) for the newer b1+_l (26); one has finally

(o} + -

MK, > ww) 5y 107 (Berkeley) (51)
P(Kz > All)
Pk » u )

&’ = 14 773 x 107 (columbia) (52)

P(KE + A11)
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According the Columbia value, the Berkeley data should have contained
9 events, a result which is independent of |n+ |. As the work on
these experiments is completed, the discrepancy between these two
experiments has little chance of alleviation.

A new experimental result, however, has been reported at this
confegence supporting the existence of the decay at an appropriate
ratel This work is an extension of the technique employed by the
Columbia-CERN-NYU group, and is designed to meet some cr1t1c1sms
applicable to the first result.

The modified apparatus of the Columbia-CERN-BNL experiment is
shown in Fig. 11. An additional muon hodoscope has been installed
to improve background rejection, and a different spectrometer sett- -
ing, corresponding to 24L0 MeV/c rather than the 210.6 MeV/c of the
previous experiment, has been employed. The latter change
guarantees that any possible geometric pecularities of the apparatus
creating a "background to ° 5 up " leakage channel cannot lead to
the same event distribution.

The data are shown in figure 12, d%splayed versus invariant mass
and the angle defined by the incident direction ang the visible
momentum. The background is understood in terms of -+ 7w decays
. in which the second muon signature is completed by 7 decay or by
penetration of the concrete and steel. Three events survive the
2-standard deviation cuts in mass and angle, and correspond to a
branching ratio (using (26) )

(e > W) L :“}(3 107 (90% c. L.) (53)
F(KE + A11)

with a background level similar to that of the Columbia-CERN-NYU
result.

"The two experimeﬂts can be combined, with the resulting mass
distribution shown in Fig. 13. The final averaged branching ratio
for the 9 events is :

! (o} + - ' A
Pk > wu) =12fi3 x 1072 (90% ¢. L.) (5k)
LK, » AL1)

in good agreement with (4T7).

One of the most interesting suggestions to deal with the pro-
blems raised by the Berkeley result is that of Christ and'Leel9
who propose that a cancellation of the amplitude leading to (hT)
can be arranged if an anomalously large Ks + u p rate exists.
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The required interference necess&rily ingolves CP violation in
at least one of the amplitudes K, - p u, or K, ,.> yy. The most
economical realization of the Christ-Lee mechanism is that of Dass
and Wolfensteineo, who propose a model incorQogating the anomalous
rate and the CP violation in a direct K, > u u coupling. The :
anomalously large rate is a consequence of the smallness of e, which
couples and K, and 8ermi£s_interference to occur. To give the
Berkeley result, the KS - u ¥ rate is bounded by

r(Kg > u) 2 [A (Unitarity) - A (Berkeley)]2 (55)
(Res)2

where A(unitarity) corresponds to the amplitude leading to (47), and
A(Berkeley) corresponds to the amplitude limit implied by the
Berkeley result. In 1971, using (48) and (21), (55) yielded

r(xé.» o) > 10.0 x 1077 (56)

Ts

At present, using (51) and (26), (55) gives
+ -
P(K; - uou)
I‘S
Consequently, an upper bound reported recently by the CERN-Heidelberg
group, ) :

Ty

> 1.7 x 10‘7. | (57)

F(Kg-+ )
I‘S

no longer rules out this possiblity as an explanation of the
Berkeley result. On the other hand, the present discrepancy
between (47) and (41) is now much smaller than before, implying
only a 20% cancellation of the unitarity amplitude. The signifi-
cance of the effect is consequently of the same order as the
validity of the assumption that the unitarity sum is dominated
completely by the YY intermediate state, for which some authors
have calculated as much as a 10% uncertainty due to other real inter-
mediaté states such as wIY. The likelihood that an exotic
possibility such as Ko -+ vy is responsible seems therefore some-
what diminished, but tThe new experiments underway will hopefully
settle the controversy.

> 3.1 x 10 ' (90% C. L.) (58)

*Work supported by the U. S. Atomic Energy Commission.
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Fig. 1. Recent results for AS=-AQ amplitudes including the new
MIT result. Also shown is a new world average in-
corporating the MIT result.
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