The following paper "Possible Violation of AS = AQ"
is the synthesis of two talks given respectively by
J. Steinberger in SESSION 1 and by A. Plano in SESSION 6 of the

Conference.
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The question of the possible existence of AS = -AQ
currents is of substantial theoretical interest. There are
at present, to our knowledge, two experimental results vhich
would require such currents: the observations of Fry et al
on the time distribution of electronic K° decay,l and the
exhibition by Barkas et al of an example of the decay
staut + 9 +n .2 We report here briefly experiments
designed to check these two results.

In the experiment of Fry et al the K° mesons were produced
in the heavy liquid chamber by charge exchange of an incident Kt
beam, and the electronic K° decays were detected by their appear-
ance. In our case the K° mesons are produced in the capture of
antiprotons stopping in the Columbia-BNL 30" hydrogen buoble
chamber, and 3 body decays are selected by kinematic analysis

after measuring all V's. To date 2700 v° were measured, and this
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represents approximately one-third of the data which we hope
to have. Of these 2300 were accepted as Klo - 21 decays,
and 33 as three body decays, all within the fiducial region.
The 2300 KlO = 27 decays correspond to a K° flux of 7500.
The actual decay mode (e»i + v$ + Vv, ui + v; + v, S T+ V)
is known for some of the 33 events, but in general it is not.
None of the 33 decays are consistent with three 7 decay.

The association of each K° with a particular stopping p
is clear, there are no ambiguous events in this respect. The
momentum of the K® is known in 60% of the cases from the pro-
duction vertex, in one-half of the remaining cases from the
decay, and in the remainder there are two possible momenta
and we cannot distinguish. These events were assigned with
weight of one-half to each of the two momenta.

The decay times of these events are plotted in Fig. 1.

e “t/hy -ty
The expected distribution is of the form (1) F(t)=ae +e
where Xl and A, are the K.° and K.° mean lives, respectively.

2 1 2

0 is the ratio of the leptonic decay probabilities of the Klo

and Kzo. In terms of x, the ratio of AS = AQ violating to

2
non-violating amplitudes, a = %%% ; 1f AS = AQ , then x = 0
.
and @ = 1 . The previous results are a = 12 + 6 ,l and

o =6+ 4 .3

Before comparing the experimental result of Fig. 1 with
theoretical distributions of the form (1) we must first:

a) Multiply this distribution with a geometrical efficiency

factor derived from the dimensions of the fiducial regions

and the momentum distribution of the observed KlO - 2T

events.
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b) Add to the distribution the probability for tie
radiative KlO ] v+ + 7 decay. The probability of inner

bremsstrahlung is calculated according to the rela:ion 4

k
Py = 2 (™ a () k) B /ue? 1
o) T N ‘k m, BWW 28 1-3
(o]

where P(ko) is the probability for decay in 7 + 7 + ¢ w.th
photon energy in excess of ko’ m, is the K° mass, B is :he
velocity of the pions in their rest system, and va is :he same
velocity for the nonradiative decay. For kO we take 50 MeV,

our estimate for the average energy which must be radia:ed before

O ot 4 7T, P(50 Mev) = 3 x 1072 .

10

an event is rejected as K,

For the mean lives 7, and T, we use 1071Y anda 6 x 1078 ec,
respectively. On this basis we find that the data of F g. 1
are consistent with no AS = AQ violation. The data do 1ot
exclude, however, a value of a not exceeding 3, corresponding
to a AS = =-AQ amplitude not exceeding one quarter of th:

AS = +AQ amplitude. The results disagree with the earl .er
results.

The second experiment deals with the leptonic v* docays:

+

st on o+ g7 (ui)+v.

We have measured and analyzed the momenta of the secondaries

of 6800 non protonic 2+ decays and 2500 T~ decays, for 's
produced by the capture of K mesons stopped in hydroger.. 1In
this way we find systematically secondaries of momentum. incom-
patible with the dominant 7 decay. The secondaries so :elected

are gap counted. Electrons and positrons can in this wi.y be

- 56 -



distinguished with substantial confidence from pions and muons,
although these latter cannot be separated themselves by this
technique. 1In the case of the ¥ we find 8 electronic decays
(see Fig. 2) as well as 1 radiative pionic decay, and 2 which
could be pionic or muonic. From this we may deduce a branching
ratio

T -~ e 4+ T+V 8

R = = 3.7 £ 1.3 x 10~
S w ™ 4 n 2500 x 0.87

4

where the factor 0.87 is the fraction of the electronic phase
space within the accepted momentum interval.

In the case of the ' (Fig. 3) we have 15 abnormal decays
in 6800 Z+ - W+ + n decays. The gap count of these is shown
in Fig. 4. One of the events is consistent with being a positron,
the others are consistent with being either muons or pions. Sta-
tistically the positron event is 3 standard deviations from the
I, and 4 standard deviations from the 7 line. Since we have
1l o and 13 7's in this sampleT the statistical probability to
have one muon or pion with the observed or greater gap count is

~ 2.5 X 10_3. We can multiply this by ~ 2 since the CERN group

It is not possible experimentally to separate the sample
into p and m. The non leptonic source of p's is 7 decay
in a short distance. We estimate that this decay should be
noticeable for pion path lengths in excess of 1.5 mm. This
would result in 1 muon for the whole sample. This is not

inconsistent with the gap length distribution of Fig. 3.
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has observed comparable group of st decays without an e:ample
of leptonic decay. So considering only the statistical
effects, the probability that the apparent e’ is either a T
or | with abnormal gap count is quite small: ~ 0.5% . It

is not easy to estimate the possibility of systematic e:ror
in the gap count, but it cannot be excluded. We can on.y say
that the event has received a substantial amount of attantion,
and we are continuing a systematic study of gap count for
tracks of known mass. Some of the results so far obtailed are
shown in Fig. 5. At this time we are not aware of any .nade-
quacies in our technique.

If the event is accepted it would lead, on the bas..s

+
T e+ n+

of our data alone, to a ratio for the decays — —
Y = e +n+v

1l x 2500

6800 x 8 0.05 .

R =

If we add also the null result of CERN based on a sampl:
roughly equivalent to ours*(the Barkas event is not a positron),
the result is roughly R = 0.025. 1In any case the ratic should
not be more than ~ 0.1 with good confidence.

The implications for AS = AQ are somewhat muddy. lle can
say that at most the AS = -AQ amplitudes are substantia.ly
smaller than the AS = AQ amplitudes for both decays. Fuor K°

we have no positive evidence that AS = AQ is violated. For

The sample is in fact much larger, but the detecticn
efficiency for electronic decays is smaller, so thit

the effective sample is roughly the same.
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5 decay there is some evidence, but one would like to see
more.

We append an unrelated result also obtained in this experi-
ment, namely, the rate for the radiative decay Zi - vi +n+ vy .
The theoretical expectation for S-wave decay into the photon

momentum interval dk is:5

d¢ _ o dp p 8
ak - 1T k P {’ml-a 2B

where p is the pion momentum in the ¥ rest frame, P, is the
same for nonradiative decay, and B is the pion velocity.

The experimental cutoff for k is 15.5 MeV. We expect
then

max
P(k) dk x 9300 = 10 events

k .
min

Seventeen events have in fact been observed, but we must sub-
tract a background of 1.5 events for m = W decay as explained
in the foregoing, and perhaps from 3 to 5 events from those
events in the main nonradiative decay which must statistically
be expected to have a multiple scattering error of more than
20 MeV. We present this information, because very little

experimental information on this type of process seems to exist.
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Fig. 1 - Time distribution of the three body K° decay

events.
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GAP COUNTING DISTRIBUTION FOR EVENTS
WITH PcM < 166 Mev
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Fig. 4 - Gap length counts for the 15 Z+ decays of

anomalous momentum.
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Fig. 5 - Gap length counts for several tracks known to

be electrons or to be pions.
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