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in Table I represent "true" widths within the lim-
itations inherent in the model. The over-all cor-
rectness of these error assignments has been
checked in two ways. First, the experimental dis-
tribution of y' for the kinematic fit of the events
in the data sample is found to have a mean value
of 0.83, where 1.0 is expected. Secondly, since
the missing mass squared to the proton and its
error are the quantities of interest, it is desirable
to examine a system in which this missing mass
is a 5 function, and to compare the calculated res-

olution width with the width of the experimentally
observed distribution. This has been done using
a sample of elastic scattering events from the
same film. The elastic events (identified by a four-
constraint fit) were refitted using one constraint
only, ignoring the outgoing m' momentum vector.
The resolution width computed from the most
probable error for these events is 0.047 GeV',
while the width of the observed distribution of
missing mass squared is found to be 0.042 GeV'.
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The time distributions of the decays K n+7I. and K x+z are directly compared in
the same apparatus. K go) mesons were produced by charge exchange ofE+ (K ) in a car-
bon target. Wire spark chambers with magnetostrictive readout were used to detect the
decays. The observation of the difference in the decay distributions of E and E mesons
serves as a direct proof, independent of any theoretical conventions, that CP is violated.
No significant deviation from the presently accepted theoretical formalism of CP violation
was found. The values of the CP-violating parameters for K and K decays are compared.

I. INTRODUCTION

In 1964, the observation of the decay Ko~- 7I'm

by Christenson et al. ' was immediately considered
as evidence for CP violation. A variety of early
alternative explanations were eliminated by experi-
ments. Sakurai and Wattenberg' pointed out that
vacuum-regeneration experiments such as that
first performed with K' mesons by Bohm et al. '
when combined with a similar g measurement,
could establish that CP is really violated without
recourse to any theoretical convention. In an ex-
periment without an electric or magnetic field, if
one observes a difference in the decay distribution

from g and K' mesons, then one can experimen-
tally distinguish between a particle and an anti-
particle world. This could be considered an "ex-
perimental" definition of CP violation.

In the original paper discussing the K'-K' sys-
tem, Lee, Oehme, and Yang' state or imply that
many assumptions are involved in the theoretical
formalism for CP violation. The assumptions in-
clude: the CPT theorem, the superposition princi-
ple, the Wigner-Weisskopf hypothesis, the Hermi-
tian nature of the fields, the existence of only two
neutral K mesons, etc. Regeneration experiments
have been analyzed by Darriulat et al. ' as evidence
against particle mixtures and in support of the CP-
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violation interpretation. However, there have con-
tinued to be theoretical papers published question-
ing whether there is experimental evidence for
most of the other above assumptions, as for ex-
ample, the papers by Kabir' and Llalovic. ' These
latter authors also point out that a crucial mea-
surement is a comparison of the K' and K inter-
ference in vacuum regeneration.

With the above assumptions of Lee, Oehme, and

Yang, the expected behavior for K' and K' decays
as a function of time is

Iz
~ e &s'+

~ qP e &c'

+3~q~e 'Ts'&&""cos(zmf —y).

Direct experimental evidence on K' decays does
not exist because all previous experiments have
started with predominantly K' beams (70% by
Bohm et aL' to 97/0 by Jensen et al. ') produced by
protons (or pions) on complex nuclei. There is
some indirect information on the K' decays from
such experiments, but in general the fraction of
K' mesons present had an uncertainty commensu-
rate with the fraction present. '

This paper reports an experiment that directly
demonstrates the reversal of the sign of the inter-
ference term in Eq. (1).

II. EXPERIMENTAL DETAILS

A beam of 850-MeV/c K' (K ) mesons was used
to produce K' (K') mesons by means of charge ex-

change in a carbon target. Their subsequent de-
cay into m'm pairs was observed in an array of
magnetostrictive wire spark chambers and scintil-
lation counters. Extrapolation of the pion tracks
to their point of intersection determined the decay
point. The trajectory of the incoming charged
kaon was determined with a set of small wire
spark chambers in the beam. The carbon target
was thick, so the location along the trajectory at
which the charge exchange occurred was found by
dividing the target into wafers separated by scintil-
lation counters. The production point and decay
point determined the neutral-kaon direction, and
knowledge of the angles made by the decay pions
with respect to this direction allowed an unambi-
guous determination of the neutral-kaon momentum
and consequently its proper decay time. The dis-
tribution of these decay times constituted the data
of this experiment.

A. The Beam

The experiment was performed in a partially
separated 850-MeV/c K' beam of the Zero-Gra-
dient Synchrotron (ZGS) at the Argonne National
Laboratory. A description of the beam transport
system can be found elsewhere. " The system
employed a 10-ft-long electrostatic separator
with crossed electric and magnetic fields. The
measured s/K ratio at the final focus was 13:1
for the negative beam and 4: 1 for the positive
beam, for a typical separator field of 140 kV/in.
Approximately 5000 K and 25000 K' mesons
were transmitted to the final focus per typical
ZGS pulse of 500-msec duration. The momentum
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spread of the beam was about +4%0, the divergence
+4 deg horizontally and +0.6 deg vertically, and
the final spot size 1.25 in. x1.25 in.

The large pion contamination in the beam was
reduced to 5.0%& for the negative beam and 1.2%
for the positive beam by using a Cherenkov count-
er in the beam trigger. This Cherenkov counter
was located between beam counters By and Tg

(Fig. 1}. its radiator consisted of an ultraviolet
transmitting Lucite slab, —, in. thick &2 in. high
&5 in. wide. Cherenkov light from pions was
internally reflected into the pion phototubes (C,},
while light radiated by kaons escaped the Lucite
slab and was reflected by means of a system of
mirrors into the two kaon phototubes (C~). The
trigger logic for an incoming K' meson was
B,T, C~C~.

B. Determination of' the Production Point

The trajectory of the incoming K' was measured
in a set of three aluminum wire spark chambers
with magnetostrictive readout. Each of the cham-
bers consisted of two orthogonal wire planes sep-
arated by a gap of —,

'- in. The middle chamber was
rotated by 45 deg with respect to the other two
chambers and was used to resolve pairing ambi-
guities which arise in the presence of more than
one track. The material of each chamber corre-
sponded to 1.7 x10 ' radiation length.

In order to determine the position of the produc-
tion point along the trajectory, the high-density
graphite target (density=2. 2 g/cm') was divided

into nine wafers, each —„in. thick~2 in. widex1. 75
in. high. These were sandwiched between ten scin-
tillation counters, T, to T„, each —,', in. thick
(Fig. 2). The anode signal was subjected to a crude
two-level pulse-height analysis, the result of
which was recorded by two gated latches. The
minimum-ionizing K -beam particles triggered
the low-threshold latch, whereas protons with
momenta smaller than 550 MeV/c set both low-
and high-threshold latches.

A K meson undergoes charge exchange and pro-
duces a K' meson in the reaction

K +P-n+K'.
Thus a K charge exchange sets all of the low-
threshold latches upstream of the interaction as
in the following example.

Example 1 —a neutral ending:

Low-threshold latches 1 1 1 1 1 1 0 0 0 0,
High-threshold latches 0 0 0 0 0 0 0 0 0 0.

No high-threshold latch is set because any cascade
or evaporation prongs are presumably of too low
an energy to escape from the wafer in which the
reaction occurs. 70% of all detected K charge ex-
changes are of this kind called a "neutral ending".

A K' meson undergoes charge exchange by the
reaction

and therefore produces a relatively fast proton.
This proton may, nevertheless, stop in the wafer
in which it was produced and create a "neutral
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FIG. 2. Plan view of the target assembly.
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TABLE I. Statistics of high-pulse-height latches.

Number of high-
pulse-height

latches
z+

(percent)
X

(percent)

0
1
2

3
4
5

Other
Discarded

Total

53.2
30.6
8.6
2.5
1.0
0.4
2.8
0.9

100.0

70.0
20.0
4.7
0.9
0.6
0.2
2.0
1.6

100.0

ending" signal just as in the K case. 53% of all
detected K' events are of this kind.

In both these "neutral ending" cases the interac-
tion is assigned the position of the center of the
target wafer beyond the last set latch.

On the other hand, if the interaction occurs in a
scintillator or if the recoil, cascade, or evapora-
tion prongs escape into neighboring scintillators
a "charged ending" may occur as in example 2,
where two high-threshold latches are set at the
end of the string.

Example 2 —a charged ending:

Low-threshold latches 1 1 1 1 1 1 1 0 0 0,
High-threshold latches 0 0 0 0 0 1 1 0 0 0.

If only one high-threshold latch is set, we assume
that the charged products could have gone back-
wards or forwards, so the interaction is assigned
the position of the scintillator itself. In all other
cases, where more than one high-threshold latch
is set, the charged reaction products are assumed
to have gone forward. The percentages of events
with various numbers of high-pulse-height latches
set are given in Table I.

The category in Table I denoted with "other"
consists of events where one additional high-
threshold latch was set at random within a block
of low-threshold latches. This latch was ignored,
and the event was treated as described above.
Only about 1% of the reconstructed triggers had
to be discarded because of an inconsistent latch
combination.

For neutral latch endings, the production point
along the beam direction is thus measured to one-
half the average spacing of two adjacent T counters,
namely +0.230 in. For charged latch endings, the
uncertainty is twice as large. Using the weights
given in Table I, we find an average uncertainty
of +0.338 in. for the K' data and +0.298 in. for the
K data. This corresponds to about +0.25K s life-
tirne for both charges.

The error in transverse position of the produc-
tion point is caused equally by the error in beam
track reconstruction (+0.030 in. ) and by multiple
scattering within the target (+0.030 in. ). This is
an order of magnitude smaller than the longitudi-
nal uncertainty.

C. Detection and Measurement of the Decay Products

The target was surrounded by anticoincidence
counters A» AR, and A~. The observed decays of
the neutral kaons took place in the region between
these anticoincidence counters and the three sets
of wire chambers (Fig. l). The efficiency of these
anticoincidence counters (operated in a dead time-
less mode) was measured to be 99.99%.

The decay region itself had different lengths in
different directions and the decaying neutral kaons
had varying momenta, but, roughly speaking, it
extended from 4 to 13 K~ lifetimes. This region
was filled with a helium bag to minimize neutron
interactions that might simulate decays. We found
no evidence for any background of neutron induced
events.

The decay pion trajectories were determined by
the three sets of wire spark chambers, one in
front, one to the right, and one to the left of the
beam. Each set of chambers was composed of
one small (24 in. x 24 in. }, one medium (36 in. x 36
in. ), and one large (48 in. x48 in. ) chamber. These
chambers had their wires running horizontally
and vertically. Between the small and medium
chambers was an "angle" chamber with its wires
making angles of +arctan0. 2 with the horizontal.
This chamber served to resolve multiple-track-
pairing ambiguities. Each of these chambers had
a gap of —,

' in. between wire planes and consisted
of 2.6~10 ' radiation length of material.

An event was recorded, i.e., the chambers were
triggered, when a kaon decayed so as to produce
two charged particles. One of these had to pass
through a hodoscope of eight counters in the for-
ward direction, RFRpNT in Fig. 1. The other could
trigger any other counter in the hodoscope RFRpNT» in the seven-counter hodoscopes RRIGHT or RLEFT'
Each counter in these hodoscopes was 8 in. wide,
48 in. high, and —,

' in. thick. If any three or more
of these counters triggered, the event was reject-
ed.

In order to reduce spurious triggers from inter-
actions in the chamber material, a count was re-
quired in either of two W counters, —,', in. thick
and together 24 in. x 24 in. , placed immediately
upstream of the small front chamber.

Finally, an anticoincidence counter, A~, was
placed in the beam behind the final hodoscope
counters. The over-all trigger requirement was
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B,T,CrC, R~ (any 2 from Rz or RsmE)

(W, or W, )A~A~A+sR

This same trigger requirement was used for both
polarities because the number of good events ve-
toed by recoil protons in K' production was tolera-
bly small (35%).

Besides surveying the chamber positions, we
checked the alignment of the chambers by a series
of test runs using cosmic-ray tracks, antiproton
annihilations in copper, and mp elastic scattering.
These runs were made primarily to get the rela-
tive alignment of the front and side sets of cham-
bers. In no case was a chamber or target posi-
tion found to deviate from its surveyed position
by more than 0.025 in. Appropriate corrections
were made.

When the two pion tracks from a kaon decay are
extrapolated toward an intersection, they have
some distance of closest approach, called d
Figure 3 shows a distribution of this distance of
closest approach for tracks extrapolated from the
front and one set of side chambers (typical of neu-
tral kaon events). An acceptable event had two
tracks intersecting in the decay region with d;„
~1.2 cm. About 45% of the K' triggers and 63%
of the K triggers satisfied this criterion. This
asymmetry occurs because K mesons produce
many A' particles as well as K' mesons.

D. The Range Material

In order to help discriminate against decays of
A particles, 2-in. -thick aluminum slabs (with a
suitable hole for the beam) were interposed be-
tween the large spark chambers and the hodoscope
counters. This aluminum stopped pions with mo-
menta less than 135 MeV/c and protons of mo-
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FIG. 4. Two-body decay kinematics of K, K (solid
curves), and A (dash curves). Heavy parts of the
momentum contours represent events for which both
decay products can penetrate through 2 in. of aluminum.
The diagonal lines (corresponding to opening angles of
54 and 100 deg) and the horizontal line (representing a
minimum angle of 15 deg relative to the neutral par-
ticle) are the geometrical cuts on the data. Events
actually used come from the shaded region between 500
and 800 MeV/c.

menta less than 450 MeV/c and made possible a
suppression of the A' contamination to ~0.4% of
the K' decays (see Sec. IIIA).

E. Data Storage and On-Line Analysis

The digitized spark coordinates and the latches
were read into the University of Illinois (Xerox
Data Systems) Sigma 2 computer and written onto
magnetic tape. The time between ZGS pulses was
spent to analyze completely some 70% of the
events. On-line histograms of spark distributions
for each chamber as well as quadrant resolutions
served to monitor the performance of the spark
chambers. The experiment yielded 50 data tapes
with a total of 1.1x10' triggers.
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III. TREATMENT OF DATA

Comparison of the nv decay distributions of K'
and K' depends on analyzing the K' and K data
samples in a completely symmetric way. Poten-
tial sources of asymmetry are the A' production
in K interactions, discussed in Sec. IIIA, and
differences in K' and K' production mechanisms,
discussed in Sec. IIIB. In Sec. III C we discuss
the K', K' decay distributions with particular refer-
ence to three-body decays.

A. A Cuts
FIG. 3. dm;» distributions (distance of closest ap-

proach) for events with one track in the front quadrant
and the other track in the right quadrant.

The production of A's in interactions like

K +P-A +n
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and the subsequent decay A'- pm constitutes the
principal asymmetry between K and K' data
samples. This problem requires study because
the over-all A/K detection ratio is 33 in our ap-
paratus. Fortunately, A and K decays are re-
stricted to very different kinematical regions
(Fig. 4). If a, and a, are the angles between the
neutral particle and its two decay products, then

a, + a, is the opening angle. The K- mw decays
are characterized by opening angles larger than
54 deg. Nearly all of the A'-p~ decays with
opening angles larger than 54 deg are excluded
by the requirement that the decay products pass
through 2 in. of aluminum range material.

Further suppression of A's is accomplished by
placing a lower limit on the +] or Q2 angle between
the neutral particle and one of its decay products.
The proton or n always makes an angle less than
15 deg with the A direction.

The cuts are shown on Fig. 4 surrounding the
accepted region for K' and K' decays:

(1) opening angle between 54 and 100 deg,
(2) minimum angle o. ;„&15 deg between the neu-

tral decaying particle and either charged decay
product,

(3) K', F' momentum 500 & p» ~ 800 MeV/c.
The total A' contamination remaining in the K'

sample after making these cuts was estimated by
selecting events with opening angles between 30
and 50 deg. This is the region lying below and to
the left of cut (1) in Fig. 4, where the A' decays
have their largest values of a;„. These events,
essentially all A' decays, are plotted vs a in
Fig. 5(a). The small tail with o ~ 15 deg com-
prising 0.4% of the events must consist of three-
body decays or poorly measured A —pn decays.
Thus at most 0.4% of all A' decays have n;„~ 15
deg.

Ignoring cut (2) only, one obtains a combination
of g and A' events with opening angles between
54 deg and 100 deg [Fig. 5(b)]. The range materi-
al requirement greatly suppresses A' decays here
so that the ratio of events with cy & 15 deg to
those with u,„~ 15 deg is 0.85 (fewer A's than
kaons). Cut (2) removes these Ao decays, and the
result of the preceding paragraph implies that
the remaining A' contamination in the K' decays
must be less than 0.4/p. Qne can show that this
contamination does not increase as a function of
"K~" proper time.

Similar considerations apply to the A 3-body
decays. With the requirement n o 15 deg, in
the interval 4-12 K~ lifetimes, the A 3-body rate
is less than 1k of the 3-body K decay rate.
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FIG. 5. Distributions of events with respect to the
smaller angle u 1„(or a&) between the neutral particle
and one of its decay products: (a) for events with open-
ing angles between 30 and 50 deg (A decays), and (b)
for events with opening angles between 54 and 100 deg
and kaon momentum between 500 and 800 MeV/c.

A Monte Carlo program was written to compute
the geometrical detection efficiency of our appara-
tus. It was tested on a selected sample of A'-pn
events. Figure 6 shows the data points corrected
for their geometrical efficiency. The straight line
represents a least-squares fit to the data yielding
a A' lifetime of T~=2.52x10 " sec. The error
from statistics alone would be +1.5%; however,
the uncertainty in the efficiency could be apprecia-
bly larger. The good agreement between the mea-
sured lifetime and the world average" of (2.521
+0.021) x10 'o sec lends confidence to the efficien-
cy computation and the over-all consistency of the
data.

Figure 7 shows the geometrical detection effi-
ciency computed for K' or K' decays. Since this
efficiency is a function of the proper time, sub-
stantial differences in the momentum or angular
distributions of K and K' mesons produced in car-
bon might give rise to spurious asymmetries in
our data. Figure 8 shows that the momentum and
angular distributions of the K and K mesons pro-
duced in our experiment are indeed very similar
to each other. The Monte Carlo calculations in-
dicate that asymmetries greater than those allowed
by Fig. 8 would make no significant difference in
our results.
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After the cuts to remove the A contamination
are made, the remaining events are nearly aQ two-
or three-body decays of K' and K . The proper
time for each decay was computed from the kaon
flight path and the kaon momentum. The latter,
being determined primarily by the opening angle
between the decay pions, is known to about 1%.
The principal error in the decay time is caused
by our uncertainty in the production point. ln the
final analysis, this is a negligible error.

Figure 9 shows the proper time distributions of
K' and K' decays. These form the principal data
of this experiment. At small decay times the de-
cay rate (corrected for efficiency) drops exponen-
tially with the K~ lifetime. At long times (t &10m, ),
the curves level off as expected for K~ decays. If
these decays observed at long lifetimes were
caused by some spurious effect, e.g. , neutron
interactions in the gas, reconstruction into de-
cays of random background tracks, etc. , we would
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FIG. 8. Production distributions of K (solid) and
K (dotted) mesons as a function of momentum (a) and
of production angle (b). Events corresponding to
4-6 K& lifetimes are used and are normalized in this
interval.
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need to treat the background in a different manner
for K' and K' mesons and raise the possibility of
introducing an asymmetry into the experiment.
It is reassuring to find that this leveling off can
be attributed almost completely to three-body de-
cays of the kaon. We investigated these events in
several different ways.

1. CoPlanarity. Two-body decays are coplanar;
three-body decays need not be. Figure 10 shows
the distribution of K' events as a function of the
cosine of the angle between the kaon direction
and the normal to its decay plane (cos8„»). In the
absence of any measurement errors, cos8, p)

for two-body decays, whereas three-body decays
exhibit a broad distribution. Thus events from 3
to 4 7's are almost entirely two-body decays [Fig.
10(a)], whereas from 12 to 13 Ts only three-body
decays remain" [Fig. 10(c)].

The ratio of various types of three-body decays
to two-body decays is known. A Monte Carlo pro-
gram used the measured number of two-body de-
cays at 6-7 ~~ to predict the total number of three-
body decays at large decay times (~ 12 vs). The
ratio of expected three-body decays to observed
events at large lifetimes was 0.99 +0.09. There-
fore the noncoplanar background rate agrees quan-
titatively with that expected from three-body de-
cays.

2. Equality of K and K rates at large decay
times. The ratio of three-body decays to two-body
decays at small lifetimes should be the same for
X' and K'. We therefore form the ratio
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No. events 4-6 7~ No. events 4-6 TgR=
No. events &11 v.

~ ~o No. events &11 Tg

and find R =1.04+0.04. The interval 4-6 v~ was
chosen because the interference term is expected
to pass through zero at the center of this interval.

3. Other checks. During the running of the ex-
periment various other checks were made on the
validity of the data. (a) Added material was placed
in the decay region to see if spurious events would

be found coming from it, induced perhaps by neu-
trons. The results showed this background to be
negligible as rough estimates had predicted. (b)
Pion beams, rather than kaon beams, were used
with no significant number of events produced. (c)
The carbon wafers were removed, and events
were reduced to those expected for the remaining
scintillator.

Since we find no evidence of any significant num-
ber of spurious events or spuriously reconstructed
events, we conclude that within a few percent, our
data consist entirely of two- and three-body decays
of K andK. Figure 9 shows that the K'and K
have different decay distributions. If one assumes
that they can be described by the same distribu-
tion, the resulting confidence level is less than
0.01%. Such a difference is a violation of CP in-
variance in neutral K decay independent of any de-
cay formalism. A more detailed analysis of the
data is presented in Sec. IV.

IV. RESULTS

+ I q ('e »'J+ B'(t), -
(2)

where R,' are normalization constants, and B (t)
represent the background from three-body K de-
cay. The upper sign refers to the K' decay distri-
bution, the lower one to the K distribution. The
relative normalization (i.e., the ratio R,'/R, ) rep-
resents the relative strength of the K' and K'
sources and can be determined from our data in
two independent ways.

The first method of determining the relative nor-
malization uses the data in the decay distributions
at long proper times. i.e., the three-body K de-
cays. In our data, the number of K' and K' events
with t &12'~ would be equal if the strengths of the

In this section we combine and summarize the
results presented above by isolating the interfer-
ence term in the K'(K') -w'w decay distributions.
Since the decay distributions shown in Fig. 9 con-
tain contributions from both two-body and three-
body K decays, the number of detected events per
K~ lifetime at proper time t can be written as

R'(t) =R,'[e »'+2
) rt (

c-os(Amt- y) '»e'»"'

K and K sources were equal. Conversely, the
number of three-body decays with t &12T~ can be
used to determine the relative normalization. We
find

~R' B'(t )

o — ( )-t&u,
w

= 2.48*0.17 .

= 2.64 + 0.16 . (4)

The agreement between these two independent
determinations of the relative normalization im-
plies that there are no large biases in the data in
the decay distributions. Such agreement would, in
general, not be found unless both the two-body and
three-body events originated from K decay.

In terms of the relative normalization constant
a, the difference between the K —m'n and K'
-n'm decay rates is

m(t) =nR-(t) -R'(t)
=-4R,'(q( cos(Amt- y)e»'»" ' (5)

We factor out the cosine term to compare it with
our data as follows:

aN-(t ) N'(t)—
4R,' I q I N, (t )

=-cos(Amt- Q), (6)

where N" (t) are the numbers of K', K' decays ob-
served between t-—,' T~ and t+ —, v~, and

S+ rSI
No(t) = &-(y&+y&) u/2 d+

t -7.gl a

The value R,'=(4.28 +0.21)x10 /Te is obtained from
the number of K'-m'm decays in the interval 6
«t «7 ~~ as described above. Other values used
in Eq. (6) are

In I
= 1 96x10-',

Am = 0.468/r, ,

A second and independent method for determining
the relative normalization uses the number of
K'(I7')-w"w events in the decay distributions at
early proper times. From the coplanarity distri-
bution, shown in Fig. 10, we estimate that 85/q of
the events in the decay distributions with proper
times in the interval 6 & t & 't Te are K'(K') -w'w

decays, whereas the remaining 15 %0 are three-
body K decays. Consequently, a determination of
the number of K (K ) —w'w decays in this time
interval is insensitive to the details of the pre-
scription used to make a background subtraction.
Using the number of Ko(K') -w'w decays in the
interval 6 «I; «7 7~ we find

R+
0

Ro



1998 D. BANNER et al.

(t)=43 deg,

=0.862&10 ' sec,

=5.172x10 ' sec .
1.5—

Figure 11 shows the comparison of our data with
the cosine term according to Eg. (6). Experimen-
tal values are corrected for detection efficiencies,
and noncoplanar events are excluded after making
sure that the result is insensitive to the cutoff.
The indicated errors include both statistical and
normalization uncertainties. Within these errors,
the data agree with the predicted distribution.

As emphasized in the Introduction, this experi-
ment is probably unique in that it represents the
only large sample of both Ko and IY~-m'w decays,
taken under the same conditions with the same ap-
paratus. This novel feature of the experiment
enables us to present our data in a variety of ways.
We have chosen to ask how well our data support
the contention that the CP-violating parameters
Ig1 and P have the same numerical value in K'
-w'n decay as they do in K'-m'm decay. We
emphasize that this is a phenomenological inter-
pretation of the data. Our motivation for present-
ing the data in this somewhat unconventional man-
ner arises from the observation that there is es-
sentially no experimental data in the interference
region on vacuum regeneration from a pure X~

source.
Let the symbols

1 j1 and p represent the magni-
tude and phase of the CP-violating amplitude in
K' n'z decay. With this notation, the theoreti-
cal side of Eq. (6) for D(t) is rewritten

lg Icos(amt- p)+ ltt Icos(amt- p)
2[@I

We have fitted our experimental data to this
phenomenological model by treating 1g1 and P as
parameters but constraining 1g 1, p, d, m to their
measured values. The resulting values

Igl=(3.5+1.4)xlo '
and

/=66+21 deg

are consistent with equality of the CP-violating

0.5—

I

E
a -o.
V)
O

—I.O

—15-

4 6 8 IO 12

PROPER TIME [0.862 x 10 sec]

FIG. 11. The difference between Z and K decays as
given by expression (6) of the text. The points are ex-
perimentally determined values of D(t), and the curve
is —cos(4' -Q).

parameters in K'- m'n and K'- w'w decays.
In conclusion, our results can be summarized

as follows:
(1) The K'(K') —v'w decay distributions provide

a direct confirmation of CP violation independent
of the conventional assumptions used in the de-
scription of the neutral kaon system.

(2) The fitted values of the parameters 1@1 and
(t) are in reasonable agreement with the much
more precisely determined values of I g1 and p.
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