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) 'ABSTRACT -
- . 3
We have searched for charge asymmetry in the decay distribution of our

sectors, where sectors 1,2, and 3 are the charge conjugates of sectors 6,5 and 4
respectively. We find R = (Ny + Ny + Ny = Ny = Ng - Né)‘mmal = + 0.058%0.034, and
R' = (N, = N, + N; = N, + N = N6)/Nt cal = F 0. 068%0.033. A more detailed param- ) |
eterization is also given; it yields results consistent with those for-R.and R', The
largest theoretical estifnates give about 5%. for R. Thus our observed asymmetry
admits the possibility of a C violatioh as large as the theoretical maximum; Sinc_eﬂt'he

asymmetry differs from zero by only two standard deviations, we can reach no

definite conclusion.
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I. INTRODUCTION

We present here the I:esults of a sear/ch for charge asymmetry in the

decay | |
n - 1r+1r-1r°. (1)

The sample, which contains 1300 n - 'n'+’rr—'n'o, is obtained by combining‘our
individual experiments, Table I sumrnaxl'iZes the reactvions in which the etas are
produced and lists the groups responsible for each experiment, 1 |

It has been suggested2 that the observed violation of CP iﬁvariance in
.K2 - 1r+1r-'is not due to the weak intéraction, but may be due tov a C and T non-
inv;ariant interaction for which the séﬁare of the coupling constant is about ‘10"2
times .thlat of the strong interaction. _ Such an interaction could also be the result
of very large C énd T violat_ior_xs of the hadronic electromagnetic interaction.
The deéay (1)‘occurs through viftual electromagr}étic interactions; therefore, it
provides a natural test of these hypotheses, 4 Detection of a charge asymmetry
in the energy distribution of the 1r+ and w  would constitute an absolute proof of
C ’nonim}arianc‘e in 7 decay. However, because fhere is no real photon in
reactidn (1), one canﬁot determine whether or not the C noninvariant intera.cti:on
(if it exists) is of electromagnetic origin, The magnitude of the asymmetry (if it

exists) has been theoretically estimated to be no larger than about 5%, >

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. 1a), and X‘.z is calculated f/or the hypothesis '"'no charge- asymhuetry”, We
find '
xz = 5.52, . (2)

where XZ = 3 is expected, This corresponds to a XZ probability of 15%. 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
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ny=n)+ M, =n)+ (n,=-n,) .
R= -t b z > 3% 20.058%0.034,  (3)
ng¥nytngtngtngtng |

where n; is the corrected number of eta deéays in sector i of the ”D_alh‘itz
plot. (See Table VII,)
2. The "alternating plus-minus' asymmetry of the Dalitz plot is

e (ng =ng) = (n, =ng) + (n3-ny)

_ = 4+0.068+0,033, (4)
nytngFngtngtnging
3., Account can be taken of the specific radial and azimuthal varia-
tion of the plus-minus ésyrhﬁmetry. For this purpoge we divide the Dalitz

" plot into 54 sectors (Fig. 4b) and fit to a C-conserving complex linear
]

matrix element plus a 'C-nonconserving matrix element. The C-violating -
amplitude c?m arisc both from AI = 0 and AI,= 2 transitions. (The asymmetry
ratio R emphasizes thé Al = 2 part; R' emphasizes the Al = 0 part.) We )
find the C—noncoﬁserving amplitude to be two standard deviations from zero
if the C violation occurs only in the Al = 0 transition, and one standard
deviation {rom zero if the C violation occurs only in the Al = 2 transition.

Qur results thercfore 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



in Fig. 2.
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o~ mewEmel, (5)

K'p '>-°VA'n, A .-'-p' ®, n-- 1r+1r-1r°. (6)
and

PP~ ‘o noon-— e : : (7)

Typical three-pion mass distribution for these reactions are displayed

-

A. "Low Momentum' « + p Experiments.

'Experiments 3, 4, and 7 of Table I correspond to reaction (5). They
have less than 3% backgrodnd and have n - -n'd-’.w-y removed. No back-

ground 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 ambiguous events (which amount to about 15%) -

where either ™, OY m, can combine with the other two (unambiguous) pions

“to give the correct eta mass. We used the event-simulating program -

. 6 ‘
FAKE to calculate the induced bias, and obtained the corrections shown

in Table 1I; the average si)urious asymmetry is R = +0.043, or R' = 40,002,
Table III gives the corrected number of events in cach of thé six sectors of

the Dalitz pléf. We {irst test the hypothesis "'no charge asymmetry" with

-2
a x test: .
(n,-n)®  ( S 2
2 _ ni '776 + ’72 '775) + 773 "74) .
X = pA A ' yA » - (8) ‘

16 - - 025 O3y

where n; is the corrected number of etas in sector i, and
2 . 2 o 2 - ’ B | , )
with’

(Gni)2=ni.. P C O I

—_—
-
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f?r these eﬁperimehts. We a_lsé calculate the a;ymmetriés R and R' as | o
defined in Eqs. (3) Aand (4)e For the 640 decays of expérimcnts 3, 4, and

7 the results are ‘ | | _
‘xz = 2.05, R = +0.041+0.040, and R' = 4+0.0541£0.040. v (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

+ - . :
{raction fB = BG/(BG + n) of non-eta w w -n'o_ba.ckground in the eta mass

G
region is not neg}_igible. (A typical'mass plot is shown in Fig. 2b.) This
'ba.c'kground is not expected to have charge symmetry, and must be calculated
and subtracted separaLtely for each sector of the Dalitz plot. The back~
ground is subtracted as follows. First, all events are removed which |

0

. + - . : .
satisfy w = = -rr?. For each experiment and for each sector i, let N,

denote the number of events in.the eta-mass band, with the 1r+-n--~n'° mass
lying between 530 and 570 MeV for experiments 2, 6, _a'nd 8, and between 535
and 570'McV {or experiment 5, Let Ci denote the total number of events in |

° masé 'fr.om 500

the two yn_eighboring backgroﬁnd-sampling bands with -rr+'n'-1r
to 530 and 570 to 600 MeV (the authors of experiment 5 used 505 to 535 and 570 to '
600 MeV), We next draw a smooth curve for what welthink should be the o
‘background behavior in the control and peak regions aﬁd detéfmine the nume
" ber of background events, BG, that lie m the pe:}k region. The.numbér of
e;/gnts in both con}:roi regions is Zci. For all expériments this .cur.ve is
nearly ajstraight.line; Let b = B»G/ .-Ci denotre‘a 'the. ratip of the' back-
ground events to the control events. ' since the background curve is

nearly a s‘trai'ght line, b can be expressed as the ratio of the width of the

peak region to the total width of the control regions. Thus .
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b= (570 - 535 = 35)/[ (600 - 570 = 30) + (530 - 506 = 30)]. We Fhen take. |
the corrected numbe;zj of eta  events in the eta band to be |

M =N, - 'b,ci' B . (11)
with a standard deviation ,
(6n)° = N, + bZ'Ci : - 2)
The average fractional background fj . = bci/Ni is aboﬁt.0;35 in these
experiments, The deca.ys. n° - 'n'+1f-y cannot be separated out and re=~
moved, 'fhe fraction of events with an ambiguous pion is fAMB =0.11,
No correction was made forvthe spurious asymmetry induced by the pion
ambiguity. ’I‘abig IV gives Ni' Ci' . and (6 'ni)2 for cach experiment. We
-combine these experiments to obt\aix& i—?8 eta events above background. We calculate
xz usivng Eqgs. (8) and (9), and using Eq. (12) m place of (10). We also cal=
~culate R and R'. The results for experiments 2, 5, 6, and 8 are |

x %= 0.81, R = +0.04120,102, and R' = + 0,010£0,103,  (13)

C. p + p Experiment

Experiment 1 corresponds to reaction (7). The fra.ctional backe
ground is 'fBGz 0.52, A thréc-pion mass plot is shown in Fig, 2c. The
non-eta ,pion productioh has been verified in detail to be charge symmctric,z
as ig expected if the initial pp system is an ;ncohercnt mixture of ecigen=~
states of charge conjugativon.‘andv charge conjugation is conserved in étrong
interactions. Thus the pion ambiguity introduces no spurious asymmetry.
We take advantage of the known charge syﬁxmctry of the background and R
‘ assume that sectors 1 a.nd 6 have the same'cxpcctéd- backgr§und‘ a.nd similé.rly'

for sectors 2 a.nd 5, and for 3 and 4 The eta band used by thesc cxpcrxmcnters is

from 535to 565 MeV The two background- samplmg bands are from 500 to 535 and

.
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565 to 600 M‘eV. "Thus we have b = 30/70. ,The‘co)rvrected number's' of eta devcays‘
in sectors 1 and 6 are given by ‘ i | .
) g =N =B 3 (Gy*Cy) | |
and E - ‘_ S (1)
| ng =Ng -b 5 (C, +Cg), |

with standard deviations and correlation

(=, +gpiC, ¥ G s
(6ng)° = Ny + 2b2(C, + C)s (16)
and | |
_1.2, . :
Gni&)é = b (Ci + C6). . ] . (47)

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 cta eveats

adbove background are
. I

x© = 5.23, R = +0.040£0.120, and R' = +0,094 0,119, (18)
where xz is given by Eq. (8), with. K
2 2 2 :
046" = (6" + (omg)” - 26m 8ngs (19)

and similar éxpressions for Oy and Ogye

D. K~ + p Experiment

Experiment 9 corresponds to reaction (6). Theré is no pion ambi-_
guity. A mass plot is shown in Fig. 2d. The -n'+~n'-\’f contamination {raction
(>n - n'+1r- y)/( n-- 'rr+1r'-n'°) is less than 8% for this s?.mple of etags. The
_ fractional background is fBG\z 0.31 and is subtracted by the method dis=- ._ .
| cussed just before Eqs.l (1“1) and (12). The eta band is {rom 530 to 565

MeV. The Backgfound-sampling bands are from 495 to 530 and 565 to 600
MeV. Therefore b is 35/70. Table Vlgives Ni.‘ci. n;» and (Sn,{)vz. . The -

results of experiment 9 with 309 etas above background are

Vi
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x % =4.07, R = 40.413£0,074, R' = 40.12620,074, (20

E. Combined Experiments

We finallyv combine the four subclasses of experiments--Nos, 3,
4, and 7; Nos, 2, 5, ‘6, and §; I\'o>. 9; and No. 1--usiﬁng the method of least
squares on the results V(iO), (13), (18), and (20). To test the hypothesis.
''no charge asymmetry‘in‘ any of the conjugatc-ﬁectbr pairs in any of the .
experiments, ' we add the individual xz values and obtain
x% = 12,15, with (x%) =12, N (24)

This has a XZ probability of 0.4, We also calculate a \veightcd avcragc of

R and 2 weighted average of R'. We find i

‘R, =+0.055%0.032, R' = +0.064£0.032. (22)

1
A T Av J ,
(The chi-squared test takes no account of the fact that the four individual

values happen to have the same sign. ) )

Instead of combining the results fromthe four subclasses of experiments, we can
combine their datato obtainthe total converted number of etas incachsector, Thé come-

bineddataare shownin TableVII, It gives the results already presentedin Eqs.(d,(3).and §).

1V. THEORETICAL MODELS: FIT TO THE COMBINED DATA
Although we cannot establish the existence of an asymmetry,
neither can we rule out an a.sy"m'metry as large as the theorctical maxi-
| “mum, 2 t is therefore of interést to assume C noninvari;'mce and param-

cterize the decay matrix element with a simple phenomenological model.

For the C-conserving part F of the matrix element we assume a complex

linear matrix clement

F=C{1l+ay) a=a, ¥ io.I k. | . (23)

R

[

where C isa positive real normalization constant. .For the C-nonconserving

part £ of the matrix element we assume

R
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f = fo + fzo

where fo and £2 correspond to threé-pion I spin 0 and 2, respectively. We.- e

o (24)

assumé
| 1 =.c0A0r3 5in30 = cOAOx(ayzf -x%y o (23)
" and |

£, <, A,r s sinf = czAzx, | | h ' | (26);
whe;e vcz and C, are positive real no'rmaliza.;tion const.ants and where
x=rsind = J/3(T - T_)/Q
and |
| 'y=rcosl= (3T, - Q/Q

are the Dalitz~plot coordinates. The complete matrix element is F + £,

In the absence of final-state interactions among the three pions, CPT in-

variance (with a phase conventiox;) requires that the C-conserving amplitude F:
- be real, and the C-nonconserving amplitude £{ be pu:re imaginary.s;‘ Thus if we

write A= Ap +1i AIfor either Ay or A,, absence of {inal-state interactions implies

0

°'I = AR‘= 0, and hence, that IF +{ 12 has no term odd in x, i.¢c., no

chargc asymmetry. In that case C noninvariance could not be established.
We ﬁrst £md a. We .integrate over x so that the interference -term:’ :

in [F + fI integrates to zer'o.l We also assume lflz can be nc’glc{cted

. compared to IFIZ. For fixed y the differential counting rate dN/dy is

given by

a lFl gm 143 g [c["- [+ 20y + (ag? + a2y?).  (29)
man :

where m,, is the mass of the wt ‘n' dxpxon, P is the momentum of the °
c oy + +
in the n° rest frame, and q is the momcntum of the 7 inthe ¥ 7" c.m.

-system, We finda, and a by fitting Eq. (29) to the entire sdmple. histogramméd

R I
in 20 equal bins in y, as given in Table VIIL. The data of TableVIlland the best fit to (29)
} ) B
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are shown in Fig, 3. The xz contour plot for on and QIZ is shown in
Fig. 4. v(N'eg’ative values of c.IZ would correspond to incompat%bility with
the assﬁmption that a linear matrix element }sufﬁces to represent the |
data,) The best {it is : Lt

ag = -0.47820,038
' (30)
o2 = 0.0025 ¥0- 1467

- 1. -0.1436°
We see that ]a.II is consistent with ze‘ro_; it is also consistent with bc:i.ngv
alrpost as ,lar:gc.as Io.Rl. : -

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

22 .2, 2 2
p = p q sin (e,fnoﬂ")/Po qOD : (31)

“where Po and qq are the values of p and g at the center of the Dalitz plot,

center of the Dalitz plot (where r is ze‘rq) p is 1; p is zero at the pcriphery.

We choose radial zones No. 1: 1 =p >0.6; No., 2: 0.6 =p >0.3; and
No. 3: 0.3 2p 20.0. The data are shown in Table IX,

In fitting to the data we assume that only one (or the other) of the

tion constants C, 'éo, and c, in Eqs. (23), (25), and (26) arc chosen as
follows. Let N 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

. . -, + -
-and Gﬂo“- . is the angle between the 7% and #” in the v =~ {frame. At the

C-nonconserving amplitudes fo or {, is different {rom zero. ‘The normaliza=-
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- \Sﬂ_g‘l'rl.z dxdy =N. o | B ’(32)‘_'; _'

When we assume a matrix element F + fo, o is chosen so that

Sguoﬁdxdy:mo]zx\r; e

Thus ]Ao]?‘ gives the ratio of C -nonconserving to C'-cons.erving intensity, +

Sirﬁila.rly when we assume a matrix element F + fz, <, is chosen so
. that 1AZ [2 gives the ratio of C-nonconserving to C-conserving inténsity.
Thus the calculated number of counts dN_ in a region dxdy of the Dalitz

plot is given byv

IF + 112 {dxdyl

AN _ = >
1+ Al

(o4

For fixed y,» the calculated '"left-right excess'' is given by

dN_(x) - &N _(-x) = 4ReF™¥f |dxdy]/(1 + IA]Z). L (35)

with

'  ReF¥ = Cc hix,y) [Ag * y(Agap * ALIaI)j, - . (36)':

‘where A is Ay or Ay, ciscgorc,, and h(x, y) is ho(x, y) or hz(x, y), with

‘ ho(x, y) = x(3y2 - xz) and -hz(x, v) = x.

Let i designate one of the bins having positivé X, o;:cupying a
region with (average) values X, Oi. Let j désignate the corresponding
""'eharge cénjugatc!" bin, with I;j = 'rli, 9j = 'Oi‘ Integrate the right side of

~ (35) over bin i. The left side of (35) then becomes the calculated 'fpositivg

excess' Nci - ch, expressed in terms of the parameters of physical

interest. Let N; - Nj designate the observed positive excess as obtained p

from Table IX. We then form,

. T a4y
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2
. ‘ (37)

2

27 v
2 Z _[ (I\i'\Tj) - (Nci'ch)I
i= 14 O'ij

Z-L.

It would be natural to take 0']..).2 = (éNi)- 2

(6Nj)2, where (6N,)% and (8N)
are taken from Table IX. (We neglect the correlation éNiGN"y since
Table VII s‘hoiys it is comparatively small. ). Now, (“SNi).Z' is just the
corrected number of e‘ta decays, Ni' plus a contribution due to the back-
ground subtrécti_on. To smooth the fluctuations, we replace Ni by the

calculated value Nci‘ Thus we use

o, 7= (6N +

2 . ,
i (6N))° + N = N +N =N (38)

J

~We vary parameters AR'and AI and rnake a contour plot of XZ. Notice

that according to Eq. (30), ap. is vei'y well known, but lc.I] is very poorly

khovm. Therefore from (35) and (36) we sce that we can determine the -

sign and magnitude of A_, but only the relative sign of A'I and a.. In fact,

R’ Ir

we see that as long as [A] 2 << 1 so that the normalization term
2. -1 o | ,

(1 + JAl") ~in (35) is independent of |A], we can only determine the

product AIQI.‘

The XZ contour plots of A’R and A'IO'I’ for A = A,

0 and AZ’ are shown

in Fig, 5. The results are

‘I-spin zero: A = +0.034x0.048, A;,a, = -0.022x0,028,

R):3 01°1
2 20 L o
X pin= 280, (x7) =24 . (39
I-spintwo:  A,p = 0.014*8.812 » Agqay = -0.010£0.041,
e — . . -\, L { ,
2 - 2\ = L ,
xZn= 270 (x%y =24 (40)

The fact that AO is apparently more significantly different from zero than

is A, (i.e., two standard deviations as compared to'one) reflects the fact
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that the '"alternating' plus-minus asymmetry R' is more standard devia-

~

tions from zero tha.n‘ is the asymmetry R, as we saw in the results (3)
and (4). |

In Fig. 6 we show the observed plus-minus asymmetry plotted
versus r,.togcther 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 {inal conclusion is that we necd more data,

i

.
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Table I. Details of compilation. (Sece also Ref. 4.) n is the

approximate number of etas above background. f. . = BG/(n + BG) is

BG

the {ractional background in the cta mass region. . fAMB is the fraction

of events in the cta mass region that have an ambiguous pion,

Exp. . | ‘ | l\fg::en— n fBG/ { B
No. Group Reaction (BeV/e) '
1 Colum. p+ px-’ wnT + (n -~ 1.'+7r-1r°) 0 149 0.5;2_ -
2 Colum)) : 2.5 47 0.36 0,08
32 Wis.Pur.| - | “1.225 134  0.02° 0.16
3b Wis -Rur. - 1275 140 0.02 0.13
42 Yale _ | | 1,225 78 0.03 0.14
46 - Yale 3 , 4395 74 0,03 0.09
5 Yale > w tp— pnz +(n -~ W:w'#) 2,08 43 0.37 0,16
6 Yale o | 176 55 0.35 0.16
77la ~ LRL 4_ 1,05 41 0,02 0.40
7b LRL | o , 1,17 113 0,02 0.21
8a LRL / 3.7 33 0.27 0.03

(Subtotal = 758)

7¢  LRL

} B .. 1.17 60 0.02 0,20
w +p—-p1ra+(n-—~n' vb-rro) _ ' ’ '
8b LRL : 3.7 9 0.50 0,11
- (Subtotal = 69)
. - + - -
9 LRL K +p=A+(nm—=vr=r’) 1.2to1.8 309 0.34 0
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Table II. Number of events to be added to each of the six sectors. '

for the "wrong pion'! correction in experiments 3, 4, and 7.

3
: ) Number of events ' '
Experi-
ment . Sector Secctor Sector Sector Sector Secctor
No. 1 2 3 4 5 6
3a -0.872.70  =0.90&.44  0.30£.70  2.26x1.4  0.28%.33 -1.05%,44
3b.. . -0.85£.29 -0.23%.40  0.18%.35  0.96£.40  0.44%.20 -0.20+.18
4a - 0.44£,35 =0.45%£.72  0.15%, 35  1.43%,53  0.14%,17 -0,53£,22 -
4b -0.35%,12 =0.47#:14  0.17%.16  0.24%.18  0.24%.14 -o.io:h'.;3
7a 20.06£.04  0.00£.03 - 0.02£.04  0.08%.06  0.04%.06 =0.08+.05 .
76 . -0.83£.31 -0.69%.31  0.65£.36  0.79£.36  0.502.44 =0.37%.12
Tc 0.38%,14 . 0.26%,46 -0.26.17 =-0.35%£.,17 -0,26%.07  0.20%.06 = .

Totals =3.02£0.91 -2.18%1.00 +1.21%0.96 +5,14%1.36 +1,08£0.48 =-2.13x0.56
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Table III. Cor:;ected r;umbcr of events in each of the six secctor for
| experiments 3, 4, and 7.
Number of events :
Experi- Sector Secctor - Scctor Sector  Sector Scctof Total
ment No. 1 2 3 4 5 6
3a 1443 45.40  38.30 34260 19.28  42.95 134,02
3b 13.45 2477 4548 27.96 19,14 9.80  140.00 '»
4a 16.56 ' 8.55  22.15 42,13  10.14 . 8.47  78.00
4b - 6.65  10.83  18.17 20.24  10.24 | 7.90 74,03
7a 3.94 800  9.02  8.08  8.04  3.92  41.00
’ 7b 8.17  17.31  25.65 29.79  20.50  44.63  443.05
¢ 338 8.26 1574  47.65  8.74 | 6.20 - 59.97
Totals 65.98  92.82 474.24  450.11  96.08 - 60.87 640,07
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Table IV, Data for experiments 2, 5, 6, and 8.
Experi=-, b Sector Ni Ci n . (6ni)2 k .
ment No.
2 40/60 1 9. 6 5.00 14.67
‘ ' 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
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 14,33 * 22.44
4 .20 3 18.00 24.33 |
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
A 6 2 2 0.67 2.89
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Table VI, Data for experiment 9.

UCRL-16693 "

e o2
Sccgor Ny Ci n : (Gni) ,
1 55 37 36.50 64.25
2 73 . 54 46.00 86.50
3 143 47 89.50 .424,75
4 96 53 69.50 109.25
5 - 67 38 48,00 76.50
6 46 53 19.50 59.25
Table V, Data for experiment 4,
‘ ' 2
Sector Ni Ci ny (Gni) éni &n.
1 32 74 3.07 38.20 y
' +6.20
6 43 61 14,07 49.20
2 55 64 27.57 60.88 -
' +5.88
5 59 64 31,57  64.88 o
3 74 T4 47,00 79.78 )
+5.78
4 53 55 26,00 58.78
Table VII. Combined data from all experiments,
— 2
Sector uh (Uni) éni &nj
1 149.22 212,07 } +6.20
6 101,02 . 203.15 | .
498 .9
2 ;,8.,8 308.14 } +5.88
5 205.40 289.24 _
3 360.54. 458.671 £5.78
4 298.19 307,56

1]

— e .
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Table VIII. Entire sample of 1301.9 events

UCRL-16693 ‘noist

“divided into 20 equal bins in y. Increasing bin number

corresponds to increasing y. The kinetic energy T'n'o' .

y bin

[N VR S SN

O 00 NN O~

10

12
13
14
15
16
17
18
19
20

_is proportional to v.

N
n

27.88
67.23
92.24
81.67

102.76
86.58
90.24

104.43
84.08
83.67
86.88
81,11

76,61
37.83
45,71
40.83
50,35
27.82
19.00

2
(6N, )

38.69,

80.38
108.54
103.28
136,27
120,14,
126,42
140.04
126.91
124.18
119,05
121.10
110,44

80.61

-+ 82.99

82.65
75.31
54.28
41.87
28.30

15.00
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Table IX. Numbers of events and squares of the

errors in each of the 54 sectors.,

Angular Radial : 5
zone zone N (6N)
1 3, 5.46 14,84
4 2 8.16 . 14.38
1 1 . 23.21 35.56
2 3 8.16 14,16
2 i 2 26.52 31.18
) 2 1 15.66 29.11
3 3 5.02 14,50
) 3 2 17,16 24.25
| 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 _’
o7 3 32.78 39.17 '
7 2 25.56 30.29
i 7 1 43.78 ~ 56.52
8 3 38.85 46.53
i 8 2 38.19 49.16
8 4 - 28.97 . 39.68
9 3 54,78 - 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

+ i aan ¢
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Table IX., ({continued)

Angular Radial
zone zone N

44 3 36.28

44 2 31.04
11 1 35.48
12 3 22.54
12 2 19.33
12 1 34,71 -
13 3 22.38
13 2 23.91
13 1 34.24
14 3 23.02
14 2 25.98
14 1 28.16
15 3 10.62
15 2 8.62
15 1 37.67
16 3 11.10
16 2 16.24
16 4 9.10
17 3 6.55
17 2 13,42
17 1 18.91
18 3 9.10
48 2 17.25
18 1 12.81

(6N)

44,65
39.58
46.60
26.68
29.14
47.40
30.37
30.20
42,59
28.73

32,47,

41,18
18.29
15.87
49.57
19.80

24.67

25,20
12,32
20.23
28.90
18.61
29.74

UCRL-16693

26.99
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FIGURE LEGENDS
Fig. 4. Dalitz plot sectors. (2) 6 sectors. (b) 54 (48%3) sectors.
Fig. 2. Tyical mass distributions. (2) Low-momentum (1170 MeV/c)

[] ¢ [2

+ _F - T v + .
m p=1 pr w w°; distribution inm“(x w w°), with that v chosen which

gives mz(va'vc’) closest to 0.30 (BeV)Z. The graph includes all events.

: 4 L4 L .
(b) High-momentum (1.95 BeV/c) ®# p = = pw 7 =°; distribution in

-

+ - iy . +
mir =« -rr°), with each event plotted twice (once for each v ). Most

events are not shown; they have larger mass than the upper limit

- T S

(650-MeV) of the graph. - (¢) Stopping antiprotons, pp —~ T wow ow;
distribution in r'n(v+v-v°), with each event plOttcd four times. Most
cvvents have la,rger mass than the upper limit shown,’ i(d.) K'p —°'A1r+1r-'n'°;
distribution in m(r 7 n°). Most events lic above the 650-MeV limit
shown.

Fig. 3. Energy distribution of =° in n -~ v+1r-1r°. The plotted points are

from Table VIII, The two smooth curves correspond to phase space,
- and to the complex lincar-matrix-clement model, Ea. (29), usiﬁg the

best-{it paramecters, Eqg.” (30).

Fig. 4. Chi-squared contour plot for complex linear-matrix-clement
2

Sy,

_paramétcrs ap and a of Eq. (29), obtained from data plotted in Fig, 3.

R I
. 2 L . .
Negative values for a would correspond to an inadequacy in the lincar-
matrix-element parameterization, Eqg. (23), and would call for a
quadratic matrix element., We sec that the lincar matrix clement is

' ' 2, . .
adequate, but that ar is poorly determined. The best-fit paramecters

of Eq. (30) correspond to the minimum XZ: their errors corrcspond to
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Fig. 5. Chi-s‘qurared contour plot {or C-violating parameters.,

(2) I-spin zero assumed for the three-pion final state, The real part
of the C-violating amplitude, AOR’ is zero in the absence of final-state
interactions. The imaginary part of the C-viola.ting arhplitudc is AOI'
The imaginary part of the C-conserving amplitude, ap

absence of final-state interactions.” This plot gives the best-fit values

is zero in the

of Eq. (39). (b) I-spiﬁ two assumed for the thrcc-pién {inal state.

The real par't of the C-violating amplitﬁdc, AZR’ nceds {inal-state
interactions to be nonzero. The imaginary part of the C-violating
‘amplitude is Aore This pl.ot gives the best-{it values of Eq. (40).

Fig. 6. | Charge;asmmctry plots. In éach plot the data ;oﬁc from the
shaded regions of the Dalitz plot. The charge asymmetry is calculated
for each of the three radial zones and is plotted versus fract_ional |
distance from the center of the Dalitz plot. The smooth curves.

correspond to the best-{it parameters of Egs. (30), (39), and (40). .



25 ‘ UCRL-16693 - -

Tyro

MUB-9774

' Fig. 1




Counts

”:-.4_“;

Z26. 5 UCRL-16693 £ sz

80
60
40

20

100

20 550 600 650

Fig. 2 . MUB-9775



© UCRL-16693 Sl

)
O
o
Q
n
)
n
o
£
.

o%1P/NP

Tr0 (MeV)

MUB-9776



LT
e

2
ay

0.2 I~

o1

~-Q.!

.28

UCRL-16693

|
s

- 0.6

MUB-9777



Gl AOI

ay Ay

0.04

-0.04

-0.08

0.2
-0.08

0.04

-0.04
=0.08

=012

-294° ‘ UCRL-16693 %

(o)

-0.03

Azr

MyB-9778




[N(x>O)~N(x<O)] per unil area

T,

UCRL-16693% _ 4

3

~ Distance from center of Dalitz plot

Fig, 6

MUB-3779

3

.

Fa

0





