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Using K produced by K+ charge exchange in Be, we have measured the charged-to-
neutral branching ratio of K& . We obtain 2.285+0.055 to be compared with the I M I =2
rule prediction of 2.00. This 5—standard-deviation violation gives Re(A2 jAO) cos(62-50)
= 0.0345 ~ 0.007.

We have carried out a precision spark-cham-
ber measurement of the charged-to-neutral
branching ratio of the K,'. Such a measurement
provides useful information on the nature of the

~
aI~ =-, rule violation in the decay K- nw.

A schematic layout of the experiment is shown
in Fig. 1(a). An unseparated beam of 2-BeV/c K+

was detected by a counter telescope and a liquid-
cell differential Cherenkov counter which reject-
ed m+, P, and p, +. A source of K,"s was obtained
by the charge exchange K+n -PE' in a 2.5-cm-
thick Be target surrounded by an arrangement of
veto counters, lead and tungsten y converters.
This served to define the charge-exchange trig-
ger and effectively suppressed large momentum
transfers and inelastic charge exchanges. De-
cays were studied in a mell-defined fiducial vol-
ume 27 cm (= 2.8 &,' mean decay lengths) in ex-
tent. This region contained a 24-gap aluminum-
foil spark chamber which registered charged V

decays. Neutral events were detected by y con-
version in a 4.0-radiation-length 49-gap steel
spark chamber. No detection counters exclusive
of the target vetoes and the K+ defining telescope
were used.

A six-gap beam spark chamber registered the
entry point of the K+ into the Be target. This in-
formation permits the kinematical reconstruction
of the V decays and yields angular and momentum
distributions for the K, .

Veto counter efficiency was 99.8% (for each
counter) and nonblocking electronic circuitry was
used. The yield of K'/K+ was 6&10~. Because
of the veto counters, decays in the target were
electronically rejected (only 0.3% of the neutral
decays escape conversion in the tungsten). The
front edge of the fiducial region was defined
electronically by the action of the tungsten and
A~ (3.2 mm thick). Since neutral decays in A4
are rarely converted, the effective front edge is
displaced upstream for the neutral mode. The
correction for this displacement is indicated in
Table I. The effective edge for the neutral mode
is calculated from the known y conversion prop-

erties of tungsten and scintillator. The charged-
mode dead layer (0.3 mm) is established by the
pulse-height response of A4 which is inferred
from the response to beam pions.

Effectively, the K' beam emerging from the
target-veto arrangement is 40%K,' and 60/0 Km'.

The back edge of the fiducial region is defined
to be the last gap of the decay chamber. The or-
igin of the neutral events must be reconstructed
in analysis in order to establish whether they
are to be accepted. The uncertainty introduced
by the back edge cut is negligibly small because
the K,' flux at this position has attenuated by a
factor of 20.

The fiducial volume is unbounded on the sides,
i.e. , no limitation on K' production angle is in-
voked. We rely on the fact that our efficiency
for detection is constant and near 100 /o up to an
angle =45' and the K production distribution falls
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FIG. 1. (a) Experimental layout. The inset shows the
target and target-counter details. (b) Beam axis (Z)
distribution of K decays. The total neutral (all gam-
ma) curve is fit by a smooth curve which shows the ef-
fects of the finite experimental resolution. The 2y
curve is the same curve normalized to the exponential
portion, i.e., the first few inches of decay are ignored.
A small excess of 2y events, interpreted as target-
associated background, is evidenced (see corrections
in Table Q. Note that the target inset is drawn to the
same Z scale and position as is (b).
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Table I. Data-analysis summary.

V
Total gamma

4~a
37
27

Uncorrected branching ratio
C orrected branching ratio
C orrections (%)

Neutral decays in A4 counter
2y background from target
1y and Oy neutral decays
Neutral decays escaping target
Backgoing y's
Backgoing 7t. interactions
Admixture of three-body decays

Total

6608
3016
1656 (54.9%)
1144 (37.9Vo)

216 (7.2')
2.191+ 0.048
2.285 ~ 0.055

+3.8 ~0.1
+1.0 + 0.5
—0.5
+0.3
-0.1
+0.1
-0.3
+4.3 ~0.6

a4y (or more).
bA 1%overall systematic error has been folded in

with the statistical error.

off exponentially with angle (see Fig. 2).
Consider now the photographic analysis and the

various classes of events.
(1) Decays in the fiducial volume: These are

the "good" events and they constitute 23% of the
photographs. Charged V's are readily localized.
Neutrals' are reconstructed with more difficulty,
the resolution in Z, the beam axis coordinate,
being best for those events which decay in the
latter portion of the fiducial volume and poorest
for those closest to the target.

(2) Blank: These are consistent in number with

being K~' associated.
(3) Upstream: Some K+'s either decay in flight

after the Cherenkov counter or interact in the
Cherenkov cell. This class of event is very easi-
ly recognized and rejected.

(4) Events in the steel chamber: Some decays
take place in the steel. Some K~"s interact in
the steel producing stars, recoils, or K,' regen-
erations. These are also easily rejected.

(5) Target associated: The only background of
any consequence is targe-associated neutral
events. Such background neutrals are almost ex-
clusively 2y events. These result from trans-
mission without conversion through the W con-
verter. Some of these are produced by the
charge exchange of accidental beam pions and
are characterized by strong showers and small
opening angles. Others result from the inelastic
charge exchange K+n -P w'K'. This is confirmed
by the fact that 2% of the V's have accompanying
2y showers. This class of events provides a use-

ful resolution exercise. The final test of the ef-
ficacy of the background separation is the cor-
rectness of the Z distribution of the accepted 2y
neutral events. The ratio of target produced 2y
to all neutrals is 4%.

All scanning and neutral reconstruction has
been executed by physicists. All data presented
have been double scanned. The high event-to-
trigger ratio and low background precludes any
significant scanning loss.

A further cut in candidate events was made
when either (a) an event had a double, missing,
or skew beam track or (b) an accidental track
crossed both the foil and steel chambers. The
branching ratio of the 13% of events thus cut is
in agreement with the "good" events (corrected
branching ratio of cut events = 2.23 +0.13).

Figure 2 illustrates the characteristics of the
K,' beam determined from V reconstruction.
The momentum and angle resolution is poorest
for those decays which occur nearest the target.
The most significant point is that there are very
few events at very wide angles or with momentum
below 1 BeV/c.

Figure 1(b) shows the Z distribution of the
charged and neutral events. The Z-falloff slope
is consistent with the mean momentum and the
K,' lifetime. The absence of V's on the wrong
side of the anti wall confirms the operation of the
veto counters.

%e again emphasize that there were no decay
detection counters employed and no separate
neutral and charge decay data recording. No
spark chamber failure was experienced during
the experimental run or noticed in scanning.

The potential of the decay reactions for pro-
ducing backward-going particles in the labora-
tory has been considered. Such backward parti-
cles could, in principle, strike the veto counters
nullifying the particular event. Note that the A4
counter was 11.5 cm in diameter. Extensive
counter tests with a larger A4 counter preceded
the spark chamber work. In the course of this
work steel plates were positioned to simulate the
interaction capability of the spark chambers.
Only when 5 cm of steel was placed immediately
adjacent to the enlarged A4 counter was an effect
of a few percent recorded. Pion stars with a
prong going into the backward hemisphere,
through the foil chamber, were noted in scanning
and constitute 3 ~& of all ~ decays. Upon extrap-
olation to the solid angle projected by A, 4 this
effect is negligible ((0.1%). In the case of the
neutral mode, Monte Carlo calculations on the
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FIG. 2. {a) Z momentum spectrum. Very loose cuts were made on E —7t+7I. coplanaxity. (b) E production-
angle spectrum (c) .Pion angular distribution with respect to K beam direction.

fraction of backward decay y's yield a correction
of (0.1+0.1)%. Only a few backscattered shower
electrons were noted in the foil chamber. The
effect of positron-annihilation y rays is also
negligible.

The results of an analysis of 30/o of the re-
corded data are presented in Table I.

The corrected branching ratio is C/N =2.285
+0.055. This is the ratio of all charged events
to all neutrals (internal-conversion pairs are in-
cluded with neutrals). Unless there is an anoma-
lous yield of events of the sort K,'- w+m m'', 3m,
m' n' y, 2y, etc. , this branching ratio is interpreted
to be [K,'- s+s y (including 0 energy)j/[&, '
—s's'j. The effect of these other modes, assum-
ing that the K,' decay amplitudes are no larger
than their K~ counterparts, is negligible. In
fact, there are mell-known theoretical arguments
suggesting that the K,'-3n amplitudes are strong-
ly suppressed relative to the K~'-3m amplitudes.

The above result can be compared with the
world average of 2.165+0.10.' However, it is
well known that the agreement of the experiments
making up the world average is poor.

Abbud, Lee, and Yang have parametrized the
branching ratio as

R(+-, ~)
B(00)

=6W2Re(A /A0) cos(& -&0)+&
0 e.m.
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~, and Ao are the amplitudes for decay into r&
with I-=2 and 0, respectively. The factor (d re-
fers to the energy of the inner bremsstrahlung
part of the radiative correction. Ae m is the
calculated radiative correction, including the
phase-space correction due to the w+-m mass
difference. It is logarithmic in the quantity co as
well as in a vertex cutoff parameter, A. The
values A = 2 BeV and ~ = 10 MeV were used and
a correction of

= -(0.04~0.04)e.m.

was estimated. More recently Belavin and Naro-
detsky~ have recalculated the correction and ob-
tain

=+0.006.e.m.

Let us use 0.0+ 0.04. This does not significantly
affect our present accuracy. Then

Re(A, /A, ) cos(6, -6,) = 0.0345+ 0.007.

In a companion experiment' we have shown that
hn(As/Ao) ~2x10 ', so within errors, Aa can be
regarded as real: I In&a/ReAsI - 0.06.

One would like to compare A~ with the ampli-
tude A~ obtained from the rate of K+ —m+w'.

Rosenfeld et al. 2 give

I A, '/A, I
=0.0544.
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The situation is complicated by the fact that. A,
and Am+ contain different admixtures of the

~
M~

= -', and —', amplitudes (n»~ and o.„~), i.e. ,

A2 —2~3 n3/2 3 ~3@5,2,

A. —~~2&./2+ ~~25/. .
If we assume that e„,= 0, as is suggested by
some theoretical models of weak-interaction cur-
rents, we can solve for 5~-6, obtaining

cos(6, -6,) =0.776+0.158

or

6 -6 =+(39+")'

This is in good agreement with the phase shifts
obtained from peripheral-pion-scattering analy-
sis. The most recent compilation indicated -30

lPo g

Conversely, if we regard 63-6, as measured,
we can solve for n»~/n„~. The two solutions
are

-(0 065+'") and -(4 7+")
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~Neutral events are characterized by the number of
observed y showers. For example, a 2y event implies
that two y rays have escaped detection. We are assum-
ing that the K&-3~, m m y, yy channels are negligible.
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Using K 's produced by the charge exchange of K+, we have measured the proper-time
dependence of the decays K —&07t . Analysis indicates that a third-quadrant solution
for the phase of p()0 is unfavored by more than 2 standard deviations. A first-quadrant
solution is acceptable.

We have studied the time dependence of the de-
cay K -w'wo in order to measure the interfer-
ence between the K,o and the K,' components.
The decays K -m+m were also recorded. For
reasons which will be discussed later in this pa-
per, we choose to combine the charged and neu-

tral data to yield the time-dependent branching
ratio. To good accuracy for the conditions of our
experiment, this branching ratio can be written

B(t) =8 [1+6~a'~ exp(t/2T ) cos(Snt-y )], (1)

t is the time in K' rest frame, Ty —p, —Ky de-
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