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We have searched for charge asymmetry in the decay distribution of our combined sample of 1300 »
decays. We divide the Dalitz plot into six azimuthal sectors, where sectors 1, 2, and 3 are the charge con-

jugates of sectors 6, 5, and 4, respectively. We find R= (N;+N:+N;—Ny—N;—

+0.034,and R'=

Ng)/Niota1=4-0.058

(Nl—N2+N3—N4+N5 N6)/Niota1=+0.068-£0.033. A more detailed parametrization is

also given; it yields results consistent with those for R and R’. The largest theoretical estimates give about
5% for R. Thus our observed asymmetry admits the possibility of a C violation as large as the theoretical
maximum. Since the asymmetry differs from zero by only two standard deviations, we can reach no definite

conclusion.

I. INTRODUCTION

E present here the results of a search for charge
asymmetry in the decay

1)

The sample, which contains 1300 n — #*z~% is ob-
tained by combining our individual experiments. Table
I summarizes the reactions in which the 5 are pro-
duced and lists the groups responsible for each
experiment.!

It has been suggested? that the observed violation of
CP invariance in K, — w7~ is not due to the weak
interaction, but may be due to a C and 7 noninvariant
interaction for which the square of the coupling con-
stant is about 10~ times that of the strong ineraction.
Such an interaction could also be the result of very large
C and T violations of the hadronic electromagnetic
interaction.? The decay (1) occurs through virtual

n— wrr .
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electromagnetic interactions; therefore, it provides a
natural test of these hypotheses.* Detection of a charge
asymmetry in the energy distribution of the 7+ and 7~
would constitute an absolute proof of C noninvariance
in # decay. However, because there is no real photon in
reaction (1), one cannot determine whether or not the
C-noninvariant interaction (if it exists) is of electro-
magnetic origin. The magnitude of the asymmetry (if
it exists) has been theoretically estimated to be no
larger than about 59%,.%

II. SUMMARY OF RESULTS
A. Test of the C-Invariance Hypothesis

If the Dalitz plot of the 1300 events is divided into
six “azimuthal” sectors [Fig. 1(a)] and if x2 is calcu-
lated for the hypothesis “no charge asymmetry,”
find

x2=5.52, )

where x?=3 is expected. This corresponds to a x?
probability of 159,. To this confidence level our results
are consistent with the absence of C violation.

B. Tests of the C-Noninvariance Hypothesis
1. The “plus-minus” asymmetry of the Dalitz plot is

(m1—n6)+ (n2—75)+ (ns—74)
n1+net+ns+nat+n5+16

where 7; is the corrected number of # decays in sector 2
of the Dalitz plot. (See Table VII.)

2. The “alternating plus-minus”
Dalitz plot is

R= 3)

=0.058--0.034

asymmetry of the

_ (n1—mn6)— (n2—n5)+ (n3—n4)

nit+n2+n3+n4+n5+76

3. Account can be taken of the specific radial and
azimuthal variation of the plus-minus asymmetry. For

=+40.068+0.033. (4)

*R. T'riedberg, T. D. Lee, and M. Schwartz (unpublished).

5T. D. Lee, Phys. Rev. 139, B1415 (1965) estimates <5%;
S. L. Glashow and C. M. Sommerﬁeld Phys. Rev. Letters 15 78
(1965) estimate <19%; M. Nauenberg, Phys. Letters 17, 320
(1965), and B. Barrett, M. Jacob, M. Nauenberg, and T. N.
Truong, Phys. Rev. 141, 1342 (1966) estimate <3%.
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this purpose we divide the Dalitz plot into 54 sectors and
[Fig. 1(b)] and fit to a C-conserving complex linear pp—owtrn, n—atral. )

matrix element plus a C-nonconserving matrix element.
The C-violating amplitude can arise both from A7=0
and AI=2 transitions. (The asymmetry ratio R empha-
sizes the AT=2 part; R’ emphasizes the AT=0 part.) We
find the C-nonconserving amplitude to be two standard
deviations from zero if the C violation occurs only in the
AI'=0 transition, and one standard deviation from zero
if the C violation occurs only in the A7=2 transition.
Our results therefore admit the possibility of a C violation
as large as the theoretical maximum.® However no definite
conclusion can be drawn from the available data.

III. EXPERIMENTAL DETAILS

The remainder of this paper contains the details of
our analysis. The individual experiments are listed in
Table I and Ref. 1. The n mesons are produced in the
reactions

W:hp - WaiPﬂ y M 7rbi7r:F7r0 ) (5)
K=p—An, A—>pr, n— wtn~n0, (6)

Typical three-pion mass distribution for these re-
actions are displayed in Fig. 2.

A. ‘“Low Momentum” =-}p Experiments

Experiments 3, 4, and 7 of Table I correspond to
reaction (5). They have less than 39, background and
have n — w7y removed. No background subtractions
were made for these experiments. These experiments
have been corrected for a spurious charge asymmetry
that results from picking the wrong pion in the ambigu-
ous events (which amount to about 15%,) where either
4 OF T3 can combine with the other two (unambiguous)
pions to give the correct n mass. We used the event-
simulating program FAKE® to calculate the induced
bias, and obtained the corrections shown in Table II;
the average spurious asymmetry is R=-+40.013, or
R'=+40.02. Table III gives the corrected number of
events in each of the six sectors of the Dalitz plot. We
first test the hypothesis “no charge asymmetry” with

TABLE I. Details of compilation. (See also Ref. 1.) # is the approximate number of #’s above background. /¢ =BG/(n+BG) is the
fractional background in the # mass region. faus is the fraction of events in the n mass region that have an ambiguous pion.

Expt. Momentum
No. Group Reaction (BeV/c) 7 fBa fams
1 Colum. p+p — rmtr 4 (n — 7ta o) 0 149 0.52
2 Colum. 2.5 47 0.36 0.08
3a Wis.-Pur. 1.225 134 0.02 0.16
3b Wis.-Pur. 1.275 140 0.02 0.13
4a Yale 1.225 78 0.03 0.14
4b Yale 1.395 74 0.03 0.09
5 Yale 7t4p — prat+(n — mptra0) 2.08 43 0.37 0.16
6 Yale 1.76 55 0.35 0.16
7a LRL 1.05 41 0.02 0.10
7b LRL 1.17 113 0.02 0.21
8a LRL 3.7 33 0.27 0.03
(Subtotal =758)
Tc LRL \ 7 +p = pra+ (g — Ty w0) 1.17 60 0.02 0.20
8b LRL 3.7 9 0.50 0.11
(Subtotal =69)
9 LRL K~+p — A+ (n — otrn0) 1.2t0 1.8 309 0.31 0

¢ G. R. Lynch, Lawrence Radiation Laboratory Report UCRL-10335, 1962 (unpublished).
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TasLE II. Number of events to be added to each of the six sectors for the “wrong pion’ correction in experiments 3, 4, and 7.

Experi- Number of events
ment Sector Sector Sector Sector Sector Sector
No. 1
3a —0.8740.70 —0.904-0.44 0.304:0.70 2.26+1.1 0.28+0.33 —1.054-0.44
3b —0.8540.29 —0.234+0.40 0.18+0.35 0.96+40.40 0.144-0.20 —0.20+0.18
4a —0.444+0.35 —0.454-0.72 0.15+£0.35 1.1340.53 0.14-+0.17 —0.53+0.22
4b —0.3540.12 —0.1740.11 0.1740.16 0.244-0.18 0.24+0.14 —0.10+0.13
Ta —0.061-0.04 0.0024-0.03 0.024-0.04 0.084-0.06 0.040.06 —0.08+0.05
b —0.8340.31 —0.694-0.31 0.6540.36 0.7940.36 0.50+0.14 —0.3740.12
Tc 0.38+0.14 0.26£0.16 —0.26+0.17 —0.3540.17 —0.264-0.07 0.204:0.06
Totals —3.02+091 —2.184+1.00 +1.2140.96 +5.114+1.36 +1.084:0.48 —2.13+0.56
a x* test: between 530 and 570 MeV for experiments 2, 6, and 8,
(m—mn6)? (na—n5)?  (gs—n4)? and between 535 and 570 MeV for experiment 5..Let C;
X2= + } , (8) denote the total number of events in the two neighbor-
o1 025 o34 ing background-sampling bands with #+t7~#° mass from

where 7, is the corrected number of etas in sector 7, and
aif = (8n:)*+ (6152, ©

(8n3)*=m, (10)
for these experiments. We also calculate the asym-
metries R and R’ as defined in Egs. (3) and (4). For the
640 decays of experiments 3, 4, and 7 the results are
x*=2.05, R=+40.04120.040,

and R'=-40.05124-0.040.

with

(10a)

B. “High Momentum” = p Experiments

Experiments 2, 5, 6, and 8 also correspond to reaction
(5), but at considerably higher beam momentum than
experiments 3, 4, and 7. The fraction feec=BG/(BG-+7)
of non-n 7tr—#° background in the n mass region is
not negligible. [A typical mass plot is shown in Fig.
2(b).] This background is not expected to have charge
symmetry, and must be calculated and subtracted
separately for each sector of the Dalitz plot. The back-
ground is subtracted as follows. First, all events are
removed which satisfy «®— 7t —#% For each experi-
ment and for each sector 4, let N; denote the number of
events in the n-mass band, with the 7+r~7° mass lying

TasLE III. Corrected number of events in each of the six sectors
for experiments 3, 4, and 7.

Experi- Number of events

ment Sector Sector Sector Sector Sector Sector
No. 1 2 3 4 5 6 Total
3a 1413 1510 38.30 34.26 19.28 1295 134.02
3b 13.15 24.77 4518 2796 19.14 9.80 140.00
4a 16.56 8.55 22.15 12,13 10.14 8.47 78.00
4b 6.65 1083 18.17 2024 1024 790 74.03
7a 3.94 8.00 9.02 8.08 804 392 41.00
7b 8.17 1731 2565 29.79 20.50 11.63 113.05
Tc 338 826 1574 1765 874 620 5997

Totals 6598 92.82 17421 150.11 96.08 60.87 640.07

500 to 530 and 570 to 600 MeV (the authors of experi-
ment 5 used 505 to 535 and 570 to 600 MeV). We next
draw a smooth curve for what we think should be the
background behavior in the control and peak regions
and determine the number of background events, BG,
that lie in the peak region. The number of events in both
control regions is Y, C.. For all experiments this curve is
nearly a straight line. Let 6=BG/2_;C; denote the
ratio of the background events to the control events.
Since the background curve is nearly a straight line, &
can be expressed as the ratio of the width of the peak
region to the total width of the control regions. Thus

b= (570—535=235)/[ (600—570=30)
+ (530—500=30)].

We then take the corrected number of 7 events in the
7 band to be

m»:Ni-bC,- (11)
with a standard deviation
(6n1~)2=N1-—|-b2Ci. (12)

The average fractional background fpe=0C/N; is
about 0.35 in these experiments. The decays n°® — w7y
cannot be separated out and removed. The fraction of
events with an ambiguous pion is fams=~0.11. No
correction was made for the spurious asymmetry in-
duced by the pion ambiguity. Table IV gives N, C., 1.,
and (89;)? for each experiment. We combine these
experiments to obtain 178 5 events above background.
We calculate x? using Egs. (8) and (9), and using Eq.
(12) in place of (10). We also calculate R and R’. The
results for experiments 2, 5, 6, and 8 are

x2=0.81, R=-0.0414-0.102,

and R'=+0.01040.103. (13)

C. p+p Experiment

Experiment 1 corresponds to reaction (7). The frac-
tional background is fpe=~0.52. A three-pion mass plot
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is shown in Fig. 2(c). The non-eta pion production has
been verified in detail to be charge symmetric,” as is
expected if the initial pp system is an incoherent mixture
of eigenstates of charge conjugation, and charge con-
jugation is conserved in strong interactions. Thus the
pion ambiguity introduces no spurious asymmetry. We
take advantage of the known charge symmetry of the
background and assume that sectors 1 and 6 have the
same expected background, and similarly for sectors
2 and 5, and for 3 and 4. The 5 band used by these
experimenters is from 535 to 565 MeV. The two back-
ground-sampling bands are from 500 to 535 and 565 to
600 MeV. Thus we have 5=30/70. The corrected
numbers of 5 decays in sectors 1 and 6 are given by

m=N1—3b(C1+Cs),
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and (19)
n6=Ns—3b(C1+Cs),
with standard deviations and correlation
(671)?= N1+10*(C1+Ce), (13)
(876)*= No+10*(C1+Ce), (16)
and
dmidne=16*(C1+Cs) . (17
TasLE IV. Data for experiments 2, 5, 6, and 8.
Experi-
ment
No. b Sector N; C; i (8n;)?
2 40/60 1 9 6 5.00 11.67
2 14 10 7.33 18.44
3 18 3 16.00 19.33
4 14 8 8.67 17.56
5 11 6 7.00 13.67
6 7 6 3.00 9.67
5 35/60 1 6 12 —1.00 10.08
2 13 7 8.92 15.38
3 20 6 16.50 22.04
4 15 11 8.58 18.74
5 8 1 7.42 8.34
6 6 7 1.92 8.37
6 40/60 1 10 8 4.67 13.56
2 20 7 15.33 23.11
3 18 10 11.33 22.44
4 20 3 18.00 21.33
5 12 9 6.00 16.00
6 5 8 —0.33 8.56
8a 40/60 1 6 2 4.67 6.89
2 6 5 2.67 8.22
3 9 4 6.33 10.78
4 13 2 11.67 13.89
5 8 2 6.67 8.89
6 3 3 1.00 4.33
8b 40/60 1 1 1 0.33 1.44
2 1 4 —0.66 2.78
3 3 5 —0.33 5.22
4 7 2 5.67 7.89
5 4 2 2.67 4.89
6 2 2 0.67 2.89

7 C. Baltay, N. Barash, P. Franzini, N. Gelfand, L. Kirsch,
G. Liitjens, J. C. Severiens, J. Steinberger, D. Tycko, and D.

Zanello, Phys. Rev. Letters 15, 591 (1965).

|

800

550
M (MeV/c2)

600 650

F1G. 2. Typical mass distributions. (a) Low-momentum (1170
MeV/c) mtp — wtprtr—a®; distribution in m?(x+tr—x?), with that
=+ chosen which gives m?(xtrn?) closest to 0.30 (BeV)2. The
graph includes all events. (b) High-momentum (1.95 BeV/c)
mtp — rtprtrad; distribution in m(x*r2?), with each event
plotted twice (once for each »+). Most events are not shown; they
have larger mass than the upper limit (650 MeV) of the graph.
(c) Stopping antiprotons, pp — w*r—wtrn?; distribution in
m(rtr~n%), with each event plotted four times. Most events have
larger mass than the upper limit shown. (d) K—p — Anrtrn9;
distribution in m(zx*r~#%. Most events lie above the 650-MeV
limit shown.

Similar relations hold for sectors 2 and 5, and for 3 and
4. Table V gives these quantities for each sector. The
results of experiment 1 with 149 5 events above
background are

x*=15.23, R=-40.04040.120,
and R'=-40.09440.119, (18)
TaBLE V. Data for experiment 1.
Sector N Ci i (8n:)? didmj
6 @ ol uor  dea) 020
OB 4 My s e
108 L %0 R 4
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TaBLE VI. Data for experiment 9.

Sector N; C; LB (8m;)?
1 55 37 36.50 64.25
2 73 54 46.00 86.50
3 113 47 89.50 124.75
4 96 53 69.50 109.25
5 67 38 48.00 76.50
6 46 53 19.50 59.25
where x? is given by Eq. (8), with
o162 = (811)*4 (5n6)> — 26m10ns, 19)

and similar expressions for o2 and 4.

D. K+ p Experiment

Experiment 9 corresponds to reaction (6). There is no
pion ambiguity. A mass plot is shown in Fig. 2(d). The
7t~y contamination fraction (y—rtr—y)/(p—rtr =)
is less than 89 for this sample of %s. The fractional
background is fse=~0.31 and is subtracted by the
method discussed just before Egs. (11) and (12). The
n band is from 530 to 565 MeV. The background-
sampling bands are from 495 to 530 and 565 to 600 MeV.
Therefore b is 35/70. Table VI gives N;, C;, 7., and
(81:)%. The results of experiment 9 with 309 n’s above
background are

x*=4.07, R=+0.113+0.074,

and R'=+0.126=£0.074. (20)

E. Combined Experiments

We finally combine the four subclasses of experiments
—Nos. 3, 4, and 7; Nos. 2, 5, 6, and 8; No. 9; and
No. 1—using the method of least squares on the results
(10), (13), (18), and (20). To test the hypothesis “no
charge asymmetry in any of the conjugate-sector pairs
in any of the experiments,” we add the individual x?
values and obtain

x*=12.15, with (®)=12. (21)
This has a x* probability of 0.4. We also calculate a
weighted average of R and a weighted average of R’.
We find
Rav=+40.05540.032,

Ru/=40.06440.032. (22)

TasLE VII. Combined data from all experiments.

Sector i (8m;)? dn;0m;
1 119.22 212.07
6 101.02 203.15} +6.20
2 198.98 308.14
5 205.40 289.24} +5.88
3 360.54 458.67
4 208.19 397.56} +5.78

TasLeE VIII. Entire sample of 1301.9 events divided into 20
equal bins in y. Increasing bin number corresponds to increasing y.
The kinetic energy T',0is proportional to y.

¥ bin N, (8N ,)?
1 27.88 38.69
2 67.23 80.38
3 92.24 108.54
4 81.67 103.28
5 102.76 136.27
6 86.58 120.14
7 90.24 126.42
8 104.43 140.04
9 84.08 126.91
10 83.67 124.18
11 86.88 119.05
12 81.11 121.10
13 76.61 110.44
14 37.83 80.61
15 45.71 82.99
16 40.83 82.65
17 50.35 75.31
18 27.82 54.28
19 19.00 41.87
20 15.00 28.30

(The x? test takes no account of the fact that the four
individual values happen to have the same sign.)
Instead of combining the results from the four sub-
classes of experiments, we can combine their data to
obtain the total corrected number of 7’s in each sector.
The combined data are shown in Table VII. It gives the
results already presented in Egs. (2), (3), and (4).

IV. THEORETICAL MODELS: FIT TO
THE COMBINED DATA

Although we cannot establish the existence of an
asymmetry, neither can we rule out an asymmetry as
large as the theoretical maximum.® It is therefore of
interest to assume C noninvariance and parametrize
the decay matrix element with a simple phenomeno-
logical model.® For the C-conserving part F of the matrix
element we assume a complex linear matrix element

F=C(14ay), (23)

where C is a positive real normalization constant. For
the C-nonconserving part f of the matrix element we

assume
f= f0+f2 )

where fo and f; correspond to three-pion 7 spin 0 and 2,
respectively. We assume®

a=agr+iar,

(24)

Jfo=cod or® sin360=coA o (3y*—x?) (25)

and

f2= 62A o sin0= 62A2x, (26)
where ¢ and ¢y are positive real normalization constants
and where

x=rsind=V3 (T, —7T-)/Q @27

and

y=rcosf=(3To—Q)/Q (28)
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F16. 3. Energy distribution of #° in # — #*7~#% The plotted
points are from Table VIII. The two smooth curves correspond to
phase space, and to the complex linear-matrix-element model,
Eq. (29), using the best-fit parameters, Eq. (30).

are the Dalitz-plot coordinates. The complete matrix
element is F4f. In the absence of final-state inter-
actions among the three pions, CPT invariance (with a
phase convention) requires that the C-conserving ampli-
tude F be real, and the C-nonconserving amplitude f be
pure imaginary.® Thus if we write A=Ag+iA; for
either 4, or A., absence of final-state interactions
implies ar=A =0, and hence, that | F+ f|2 has no term
odd in #, i.e., no charge asymmetry. In that case C
noninvariance could not be established.

We first find «. We integrate over x so that the inter-
ference term in |F+ f|? integrates to zero. We also
assume | f|% can be neglected compared to |F|% For
fixed y the differential counting rate dN/dy is given by

dN max
—=|F|? dx
dy min
W3 pq
= [C|*[14 2ary+ (@r*+ar®)y*], (29)
m12
ool T T T T T T T T T T T
ol |— m
o 0 I L
-0l — n
TR | I R S R I RO SO SO M

-0.6 -0.5 -0.4

F1c. 4. x*> contour plot for complex linear-matrix-element
parameters ag and az? of Eq. (29), obtained from data plotted in
Fig. 3. Negative values for a2 would correspond to an inadequacy
in the linear-matrix-element parametrization, Eq. (23), and would
call for a quadratic matrix element. We see that the linear matrix
element is adequate, but that «,? is poorly determined. The best-fit
parameters of Eq. (30) correspond to the minimum x2; their
errors correspond to xmin®+1.
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where m12 is the mass of the =+ dipion, p is the mo-
mentum of the n° in the 7° rest frame, and ¢ is the
momentum of the =+ in the 7tr— c.m. system. We find
ag and o by fitting Eq. (29) to the entire sample,
histogrammed in 20 equal bins in y, as given in Table
VIII. The data of Table VIII and the best fit to (29)
are shown in Fig. 3. The x* contour plot for ag and a;* is
shown in Fig. 4. (Negative values of a;* would corre-
spond to incompatibility with the assumption that a
linear matrix element suffices to represent the data.)

TasLE IX. Numbers of events and squares
of the errors in each of the 54 sectors.

Angular Radial

zone zone N (6N)2
1 3 5.16 14.84
1 2 8.16 14.38
1 1 23.21 35.56
2 3 8.16 14.16
2 2 26.52 31.18
2 1 15.66 29.11
3 3 5.02 14.50
3 2 17.16 2425
3 1 26.66 39.08
4 3 13.47 23.60
4 2 17.85 28.57
4 1 37.56 56.56
5 3 10.00 20.24
5 2 22.28 32.03
5 1 30.04 43.39
6 3 19.52 28.07
6 2 20.26 30.07
6 1 33.54 49.46
7 3 32.78 39.17
7 2 25.56 30.29
7 1 43.78 56.52
8 3 38.85 46.53
8 2 38.19 49.16
8 1 28.97 39.68
9 3 51.78 64.52
9 2 52.96 63.77
9 1 52.42 69.86
10 3 46.96 56.10
10 2 45.64 55.58
10 1 33.73 49.48
11 3 36.28 44.65
11 2 31.04 39.58
11 1 35.48 46.60
12 3 22.54 26.68
12 2 19.33 29.14
12 1 34.71 47.40
13 3 22.38 30.37
13 2 2391 30.20
13 1 31.24 42.59
14 3 23.02 28.73
14 2 25.98 32.47
14 1 28.16 41.18
15 3 10.62 18.29
15 2 8.62 15.87
15 1 37.67 49.57
16 3 11.10 19.80
16 2 16.24 24.67
16 1 9.10 25.20
17 3 6.55 12.32
17 2 13.12 20.23
17 1 1891 28.90
18 3 9.10 18.61
18 2 17.25 29.74
18 1 12.81 26.99
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F16. 5. x? contour plot for C-violating parameters. (a) Isospin
zero assumed for the three-pion final state. The real part of the
C-violating amplitude, Aog, is zero in the absence of final-state
interactions. The imaginary part of the C-violating amplitude is
Aor. The imaginary part of the C-conserving amplitude, ay, is
zero in the absence of final-state interactions. This plot gives the
best-fit values of Eq. (39). (b) Isospin two assumed for the three-
pion final state. The real part of the C-violating amplitude, 4:g,
needs final-state interactions to be nonzero. The imaginary part
of the C-violating amplitude is A,;. This plot gives the best-fit
values of Eq. (40).

The best fit is
ag=—0.478+0.038,

ar?=0.0025_¢.11360-1467,

(30)

We see that |ar| is consistent with zero; it is also con-
sistent with being almost as large as |az|.

We next determine the C-nonconserving amplitudes.
We divide the Dalitz plot into 54 sectors, by subdividing
each of our previously considered six sectors into nine
regions, as shown in Fig. 1(b). The azimuthal divisions
are all 20 deg wide. The radial divisions are chosen at
particular (arbitrarily chosen) values of the quantity

p=7p*¢" sin*(0-02")/ poqd’, 31
where po and ¢o are the values of p and ¢ at the center
of the Dalitz plot, and 6,°,~ is the angle between the #°
and 7~ in the #*r~ frame. At the center of the Dalitz
plot (where 7 is zero), p is 1; p is zero at the periphery.
We choose radial zones No. 1: 12p>0.6; No. 2:
0.62p>0.3; and No. 3: 0.32p>0.0. The data are
shown in Table IX.

In fitting to the data, we assume that only one (or the
other) of the C-nonconserving amplitudes f, or fa is dif-
ferent from zero. The normalization constants C, ¢y, and
¢z in Egs. (23), (25), and (26) are chosen as follows.
Let NV be the total number of decays. Then C is chosen
so that the integral over the entire Dalitz plot of the
C-conserving amplitude is given by

[ [irtasisen

When we assume a matrix element F+ f, ¢y is chosen

so that
//Ifol“'dxdy=IAo|2N-

Thus |A4o|? gives the ratio of C-nonconserving to
C-conserving intensity. Similarly when we assume a
matrix element F+-f, co is chosen so that | 44| gives
the ratio of C-nonconserving to C-conserving intensity.
Thus the calculated number of counts dN, in a region
dx dy of the Dalitz plot is given by

ANo=|F+f*|dx dy|/(1+]A4]?).
For fixed y, the calculated ““left-right excess” is given by
35)

(32)

(33)

(34)

dN.(x)—dN.(—x)=4 ReF*f|dx dy| /(1+|4]?),

0.8 T
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0.4
0.2
(¢}
-0.2
-0.4

-0.6
0.4
0.2

o

1
I
N

-04
-0.6

[N(x>0)—N(x<O)] per unit area
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Fig. 6. Charge-asymmetry plots. In each plot the data come
from the shaded regions of the Dalitz plot. The charge asymmetry
is calculated for each of the three radial zones and is plotted versus
fractional distance from the center of the Dalitz plot. The smooth
curves correspond to the best-fit parameters of Eqs. (30), (39),
and (40). ‘ '
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with
ReF*f=Cch(x,y)[Ar+y(Adrar+Amar)], (36)

where 4 is A or As, ¢ is ¢o or ¢s, and k(x,y) is ho(x,y)
or he(x,y), with

ho(x,y)=x3y*—a?) and h(x,y)=x.

Let ¢ designate one of the bins having positive x,
occupying a region with (average) values 7;, 6;. Let 7
designate the corresponding ‘‘charge conjugate” bin,
with 7;=r,;, 6;= —0,. Integrate the right side of (35)
over bin . The left side of (35) then becomes the cal-
culated “positive excess” N.,—N,;, expressed in terms
of the parameters of physical interest. Let N;—N,
designate the observed positive excess as obtained from
Table IX. We then form

— 2)—_ ;= ) ]2
X2=§: [(sz N;)— (Ne: Ncy)] '
=1 Uij2

(37)

It would be natural to take o,2= (8N;)*+ (8NV;)?, where
(6N ;)? and (8N;)? are taken from Table IX. (We neglect
the correlation 6NV, 6N;, since Table VII shows it is
comparatively small.) Now, (8V;)? is just the corrected
number of 7 decays, NV;, plus a contribution due to the
background subtraction. To smooth the fluctuations,
we replace V; by the calculated value N.,;. Thus we use

o= (6N )*+ (0N ;)*+Nes—N~4N;—N;.  (38)

We vary parameters 4 and 4; and make a contour

SEARCH FOR C VIOLATION

IN nontxr— 70 1051
plot of x%. Notice that according to Eq. (30), az is very
well known, but |az| is very poorly known. Therefore
from (35) and (36) we see that we can determine the
sign and magnitude of Ag, but only the relative sign
of Ay and a;. In fact, we see that as long as | 4 [2<1 so
that the normalization term (14 |A4[?)~! in (35) is
independent of |4 |, we can only determine the product
A JXT.

The x? contour plots of A and A4 ar, for A=A4, and
A, are shown in Fig. 5. The results are

Isospin zero: Aor=-+0.034=0.018,
Aorar=—0.0224-0.028,

O min=24.0, <X2>= 24 (39)
Isospin two: Aap=0.014_ 1710015
Aorar=—0.0104-0.041,
(min=21.1, (2)=24. (40)

The fact that 4, is apparently more significantly differ-
ent from zero than is 4, (i.e., two standard deviations
as compared to one) reflects the fact that the “alter-
nating” plus-minus asymmetry R’ is more standard
deviations from zero than is the asymmetry R, as we
saw in the results (3) and (4).

In Fig. 6 we show the observed plus-minus asym-
metry plotted versus 7, together with the predictions
from the results (39) and (40), after having integrated
over adjacent triplets of azimuthal zones so as to reduce
the number of azimuthal zones from 18 to 6.

Our final conclusion is that we need more data.



