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PRCDUCTION OF = K" BY (n', p) INTERACTION AT 1170 Mev/c
Frank.S. Crawiord, Jr., Fernand Grard, and Gerald A. Smith

Lawrence Radiation Laboratory
University of California
Berkeley, California

April 2, 1962

ABSTRACT

The reaction 7' + p =t + K* has been studied at 1170 Mev/c in the
72 inch liquid hydrogén bubble chamber. An analysis of 251 events gave a
total cross section of 0,205:}: 0.014 mb and values of d0152+ = 0.62+0.19,
a+?’z+ = -0.18%£0.13. Based on the differential cross s.ection and =t polar-
ization, the s-, 'p-» and d-wave amplitudes were determiﬁed: : - -

v . 2
51/2 =a-= 0. 06110.016 (rnb/sr)l/ ,

P1/s + 2p3/2 _ b exp ilxb

(2.14%1.13) exp (34.7 deg* 29.2 deg)i,
Sl/Z a

|
il

P3/2 “P1fp _ S e¥Pix
S1/2 a

~(1.46+1.78)exp (20.5 deg+ 26.1 deg)i ,

3d + 2d dexpix
5/2 3/2 _ d - (1.0240.97) exp (-7.4 deg* 60.2 deg)i ,

S1/2 -2

and
d -d e expix ' |
5/2 ~ "3/2_ € =-(0.72+0.63) exp (91.9 deg+25.8 deg)i -
51/2 2 |

An alternative set of solutions exists for the transformations xb"’ - Xb’
X T 180 deg - Xer Xg ™ " Xgr Xg T 180 deg - X - Based on extrapolation of

s and p amplitudes obtained near threshold in a previous experiment in which
angular distribution, polarization, and enérgy dependence were used, an

attempt has been made to resolve the Minami ambiguity in the amplitudes of



-vi- " UCRL-10154.

this experiment. Currently available data of Z and ZO production by (7, p)
interaction at 1220 Mev/cwere used to test the charge-independence hypothesis. .
Within the limits of statistical accuracy, no evidence of a violation of charge

independence was observed.
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PRODUCTION OF ='K" BY (n", p) INTERACTION AT 1170 Mev/c
Frank S. Crawford, Jri, Feérnind Grard,’ and Getald ‘A. Smith
Lawrence Radiation Laboratory

University of California
Berkeley, California

April 2, 1962
I. INTRODUCTION

As - a continuation of a previous analysis of the reaction TT-'._+p —’Z+¥K+

near threshold (1020 Mev/c)l the same reaction has been studiéd fo.r an av- .

‘erage incident laboratory-system momentum of 1170 Mev/c. From a scan

of 35 000 picthrgs ;obta'.ined with the,72—inéh liquid hydrogen bubble chamber,
ai)proximately 400 events have been identified. After rern.ovlal_of events that
would ha\}e led to experimental biases; a sample of 251 vevents was used for

a determination of the s-, P- ‘and d-wave production amplitudes based én_ |
the observed angular distribution and sigma polarization. By comparing the
s- and ﬁ—wave amplitudes obtained near threshold with those at .1' 170 Mev.‘/c,
an atterﬁpt has been made to rerr.love‘the Minamilarﬁbiguity'in the identifica-
tion of these amplitﬁdes. The present data, along with those available .f>or
thé'production of £ and Z)O a:t about fhé same incident pion m;’)meﬁtum, .'ha;ve ,

been compared in order to test the charge- independence hypothesis.

II. EXPERIMENTAL DETAILS

The-conditions under which the picture‘s have been obtained were very
similar to those of the previous experirﬁent. ! The bubble chamber was

operated in a magnetic field of 18 kgauss. The incident momentum was such

‘that by energy loss by ionization in the hydrogen the events were produced in

a momentum interval of 1153 to 1183 Mev/c. The beam resolution (half width
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at half—r;rlaximum) was about 3 Mev/c. A precise knowledge of the beam res-
olution was not required, as it is in threshold analysié, since the energy de-
pencience of the amplitudes has not been taken into account.

Using the same technique as described previously, ! the beam contam-
ination was found to be 3.0+ 1.6% for the combined positron and muon back-
ground, and 2.1+1.2% for the proton background. The kinematical upper
limits of the energy of the § ray as produced by 1170-Mev/c pions, muons,
and positrons are 68, _113, and 1170 Mev/c respectively. The theoretical
cross sections for producing & rays of energy 68 through 113 Mev/c by
1170-Mev/c muons and positrons are 0.33 mb and 1.38 mb respectively.;
The correspoﬁding cross section for 6 rays with energy greate'r than 113
Mev/c produced by positrons is 1.53 mb. To determ‘i'ne the prbton contamina-
tion, the following total cross sections have been used: 15.3% 15 mb qu_the
elastic (TT+, p) scattering, 3 and 25.2+0.8 mb for the elastic (p, p) scattering. 4
In order to remove the forward-scattering ambiguity, the two-prong events
were accepted for a c.m. angle of the proton greater than 36 deg. The cor-
responding cross sections were evaluated, using the above elastic cross
sections and elastic differential angular distributions available for ﬁeighbor—

N . 3,4
ing incident energies.

III. RESULTS

. For an average pion ehergy of 1170 Mev/c, the laboratory-system
momentum of the = varies from about 550 Mev/c for those éigmas produced
in the backward dire»ction in the vc. m. system, to about 950 Mev/c for those
produced in the forward direction. In order to avoid errors arising from a
bias against short sigmas, only events in which the sigma track length exceeds

a certain limit were accepted for the final analysis, and an appropriate
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~ correction factor was introduced for the interpretation of the experimental

results. From é. preliminary analysis of the data as a: function of the var-
ious parameters upon which the sca‘nning and measurement efficiencies can
depend,. the following seléction criteria were adoptedﬁ (a) all é.cceptable '

beam tracks were refiu_,ired to enter through thé bubble chamber thin window
(-4.0< X < 10.0 cm, 13.0 < zw < 19.0 cm), ‘where X and z, are thé two

coordinates normal to the incident beam direction, measured at the window;

(b) it was required that the beam meet criteria in azimuth (108.5 degsq)w <

111.5 deg) and dip (-1.0 < )\WS 2.5 deg) at the Wihdow, so that acceptable beam
track»s were well collirﬁated in the chamber; (c) the fiducial volume was
furhter defined by -70.0<y<55.0 cm, wheré y is the dimension pé.rallel to the
beam with y=0 at the center of thé chamber; (d) the angle of the sigma d-ec‘ay
plane with respect to the optic axes of the bubble chamber cameras was re-
stricted to be greater than 20 deg for the =t P+ TTO decay mode, and greater
than 10 fieg for the = > n+ ' decay mode, since events with decay angles
smé.ller than 'these wére observed to be lost by scanners becrause they were
edge-on with the line of sight of the cameras and interpretable as two-prong
events; (e} the fofward—backward distribution of the decay pion '1_n the .Z+
rest frame for the ,Z+-> n + 1T+ decay mode showed no evidence of scanning
loss for events satisfying the above criteria. For the = p+ Tro decay mode,
a cutoff of + 0.90 < cos Y (proton) € -0.97 was required, where { is measured
in the =t rest frame; this included éll events in which the =7 decayed at

an angle of less than about 5 deg in the laboratory system; (f) the distribu-
tion of the lengths of the sigma tracks for.the events satisfying the above
criteria indicate-d significant loss for a length less than 3.5 mm in the

=t n + T'_r+ decay mode and 7.5 mm for the E+—>p‘ + TTO decay mode. Accord-

i ingly, each accepted event was Weightéd with a factor equal to
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2nrlin M2+ —!

+ exp
ot et |

representing the inverse of the probabi.lity for the observation of a sigma
track with a length greater. than jlmin' Here ?Z‘Jr ; £he mean lifetime of the
sigma (in 1O~10. sec), has been taken equal to 0.75, 1 Ps+ is the laboratory-
system momentum of the Z+, and MZ+ its mass (1189 Mev).

Figure 1 showé the production c.m. angular distribution, corrected
. for short sigma tracks. Figure 2 showsvthe angular diétribution of the proton
‘in the rest frame of the Tt with respect to the nbrmal to-the production plane
for the =~ p+ iTO aeCay mode. A sirhilar distributvio.n for Z+"’ n+mtis
given in Fig. 3. Figure 4 gives the decay asymmetry in Z+—> p+ T, measured
with respect to the normal to the production pléne as a function of the si'Agljna
c.m. production angle. The}production angular distribution has been fitted .
satisfactorvily within the statistical li.mits of the data by a polynomial of order
five in cos 8. No ‘s_ignificant improvement in the fit could be achieved with a
polynomial of higher ordex-'r. The data of Figs. 2 and 3 have been fitted to the
function (1 + a.cos ¢), using the maximum—lik'elihoo‘d method. Resulté ob- -
tained for the polarization are LB 0.6240.19, andd P = -0.18%0.13.
The total cross section f;)r nt +p =t + K+ at 1170 Mev/c was measured
to be 0.205+0.014 mb, using the informétion. contained in Table I. The |
numbers of corrected events correspondiﬁg to the two decay rnpdes were
determined separate_ly.‘ By adding all evénts, each corrected.by the weight—
ing factor
, | + exp _min 2 MZ+ )

3pst 75+

the number of events corrected for short sigma tracks was obtained. For
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0
the z+—> p+ ™ decay mode, the number of events has been further corrected

by assuming that the forward-backward angular distribution in the rest frame -
‘ | +

of the =1 is isotropic. No such correction was required for the Z+* n+m

decay mode. Correction for the events whose decay planes made too small

’

an angle with thé optic axes was made by assuming a ¢ontinuous distr_ibuf_ion
of the events as a function of that angle. Finally, the correction for scannlng
efficie‘ncy, detérmined separately for the two decay ‘modes, was made“._ The
resultant final corrécted} numbers of events correspénd to a decay branéhing

ratio of .
(=t~ p + =)

‘ = 0.49%0.05,
(Z+—>p+TrO)+ (Z+—>n+ﬂ+) "

in good agreement with the current best value of 0.50+0.02. >

Iv. PARTIAL-WAVE ANALYSIS

Baltay_gt__a_l.v»hav.e studied 1T"+‘ +tp— =t + K at neighboring incident
momenta of 1110 and IZZOVMev/c. 6 The angular distribﬁtion obtained at
1220 Mev/c by these workers was fitted satisfactofily wit};in the accuracy of
the statistics by Legendre polynomials PO’ Pl’ PZ’ amd41:’3 consistent with
the presence ,of at least d waves. We fitted the data of Balta!y et al. at 1220
Mev/c to a third-order polynomial in coé 8, with the following results:
do/dQ 1 + (1.63+£0.10) cos 8 - (0.17+0.18) cos?6 -(1.71£0.17) cos39 with
‘.XZ = 2.7 for seven degrees of freedom. . The data of Fig. 1 at 1170 Mev/c
have been fitfed with polynomials of orders three, four, and five with the.
following results: third order, aa/dﬂ «l+ (1.58+0.25) cos 0+ (0.21:!':0.21)'.; B

cosZQ - (1.50:!:0.40)cos3‘9, with xZ = 14.]1 for seven degrees of freedom;

fourth order, do/d e« 1 + (1.71£0.32)cos 6 +(0.74% 0.72)cos’ 6 - (1.62+0.43)
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cos39 - (O.64:i:_0.81)cos49,.;x/.ith XZ = 13.7 for six degrees of freedom; fifth « =
order, do/dQ « 1 + (2.44+0.41)cos 6 + (0.23% 0.65)cos‘2 6 - (5.45+ 1.55)cos3 6
-(0.14% O.76)‘cos49 + (3.59i1.40) cos59 \%/ith xz : 5.6 for fi\}e degrees of-
freedom. No additional powers of cos 6 were required for a better fit. Con-
sidering the results of th‘e XZ tests stated above on the data in Fig. 1, the
"presence of at least f waves célhnot be excluded conclusively. Since only

95 events in the mode =1~ P+ 0 were observed, the p/cl)la'.rizatio.n‘ disfriBu—
tion vs cos 0 of Fig. 4 does not permit any further cofnment on the possiblé
preseﬁce of f waves. Nevertheless the following analysis has Been done under
the assumption that only s, p, and d waves are present in the'produc;cion
mechanism. A determiv.nation of the s, p, and d partial-wave prloductior;
amplitude‘s was carried out, using the production c. m. angular distribﬁ{:ioﬁ
and the distribution of the decay pion with respect to the normal to the pro-
duction plane. The differential cross section do/dQ and the sigma polafiza—
tion P have been expresséd in terms of the nonspin r.flip‘ amplitude, g(0), and

the spin flip amplitude h(@)7 as

do/dQ = g(6)% + () %, | : (1a)
and

P do/dQ = 2Imh  (6) g (6) (1b)
Where a

g(6) == [sne, " + 21,7 P, (cos 8) - (1¢)

‘
) 4 4P, (cos6) )
h(0) =sin6 = [f,” - 1, | e (1d)
2 “

+ ' : '
Here fl are the partial-wave amplitudes for total angular momentum
J=4=x 1/2. In our analysis, the contribution of angular momentum £ larger
than two has been neglected; that is, the nonspin flip and spin flip amplitudes

take the form
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g(6) =S + (2P;  + Py p)cosO+1/2(3 D5/2+2D3/2)(3COSZQ-1)’ (2a)

h(8) = (133/2 - Pl/Z) sin6+3(D5/Z —D3/2) sin8 cos 6. ‘ - (2b)

The s, p, and d wave amplitudes were determined by the maximum—likeiihood
method. Considering for each event the c. m. production angle, 6, and the

angle ¢ between the decay pion and the normal to the prb"duction plane, #, —

defined by
P. XP
L .. S (3)
IPTT' iPz‘ sin 911'2
the probability for the observation of an individual event is
f= A‘0+A1 cos 6 + A2 cos2 6 + A3 cos39 + A4 cos49
+a cosd sinb (A5+A6 cos 6 + A7 cosZ 0 + A8 cos3 8) (4)

where a is the decay asymmetry parameter of the =t (0.0 for pﬁo and o’
for nTr+). The coefficients An are related to the partial-wave amplitudes by -

the expressions:

A= aZ + d2/4 - adcos ¥, + C2 )
0 _ d = 7
Al = 2abcos an bdcos(')(d - xb)+6ce cos()(C - Xe) s
A, =b°-c®+ 9¢% - 3a°/2 + 3ad cos Xy »
A, = 3bdc.osl (Xd - Xb) - bce COS(XC - xe),
4 9d2/4 ~9¢%

A5 -2ac sinx + cd s1n(XC -‘Xd) s

A() 2chb s-1n(xC - xb) - bea sinx, + ?:edsin()(e - Xd)’

>
I

‘“:3Cd Sin(xc —Xd) - beb Sin(Xe - X-b):

>
I

8 —Qed51n(xe-xd)., o .
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ZP3/2 + Pl/2 = b exp[ixb] ,

'PB/Z—PI/Z Ecexp[ixc), ' . (6).
3Dy ), + 2Dy ) = dexp[i x4

Dsfp = D3pp = ecxplin]

Using the probability function f, given in Eq. (4), the production amplitudes

have been determined by maximizing the likelihdod function,

. + 3
N=251 f(l) exp {fnm( e |
i 3Pt Tst |

m
i=1 +1 X Mg+ ] |
f exp — dcosf dcos ¢
3PZ+X'T .

The decay asymmetry parameters o.O and djr have been taken equal to +1 and

~zero respectively. Table II gives the set of\‘amplitudes that fits our data.
These results do not chahge appreciably if 0.0 is assumed to have a Value.
somewhat different from + 1.Q0. For comparison, Table II includes also the
results obtained for 0.0 =+0.8. The differences from the previous results are
small compared with the errors. It is interesting to mention that the value of
aOV: + 1.0 fits the explerimental data bettef than ag =+ 0.8, as also was the
case in the previqus experiment. ' In Table III are found the An’ as computed
from  Eq. (5). An alternative solution gxists also for Xy, replaced by X4, 2

X replaced by 180 deg - X Xy by - Xg’ and X by 180 deg “Xg- The absgnce
of an a priori energy-dependent representation of the amplitudes outside the
threshold regién has led to a determination of values of the amplitudes aver-

aged over the energy interval investigated. The angular distribution based

on the amplitudes is in complete agreement with the solid curve of Fig'. 1,
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obtained by an independent maximum-likelihood fit. In the same manner,
the average polarization, a0_15, has been computed from the amplitudes of
Table II. The following value, 0.0_15 = 0.55, has been obtained, also in agree-
ment with the average polarization, aof’ = 0.62+ -0.19, determined from the
separate maximum-likelihood fit to the form (1l+acos¢), with the déta of
Fig. 2. The solid curve of Fig. 4 represents the s, p, and d amplitude pre--
diction for P (6), in agreement with the data. The for.m of the curve 1s given
by the followiﬁg ratio.
P(9) =

sin 0 [-(0.0064+0.0055) - (0.0157+0.0167) cos @

- -(0.0211£0.0191) cosZ 6+(0.0243+0.03 12) coé3 6, -

divided by

(0.0164%0.0086) + (0.0266%0.0151) cos 6+ (0.0094%0.0064) cos” 0

-(0.0256+0.0156) Cos3 6 -(0.0087+0.0155) cos4 9,

with ao =+ 1.0. |

It must be noted that the intferpretation of the amplitudes of Table II in
~ terms of individual partial-wave amplitudes is ambiguous. It is weil known
that the set of amplitudes obtained by a Minami transformation followed by the
complex conjugation operation éorresponds to the same angular distribution

3

and polarization (including the sign); in this experiment this means that

the amplitudes S1/ P/ p3/2, d3/2, d5/2, as obtained by th? angular dis-
tribution and polarization, could equally represent amplitudes pl/zm, sl/Z'P’
d3/2 P3/p and f5/2 respectively. Only w1th\add1t10nal dynamical informa-
tion can one attempt:to find the correct set of solutions. That is, assuming
that the amplitudes,aﬁre reasonably well behaved and continuous functions of

energy, one could eliminate one set of solutions if that set were in consider-

able disagreement with those extrapolated from a neighboring energy. In an
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‘attempt to do this, the s- and p-wave amplitudes determined near thr(f,svh‘dld

(1)

in the previous experiment have been extrapolated to 1170 Mev/c; using

the assumed energy-dependence of the amplitudes in that analysis, including
the factor pth*/pll70*’ whgre pﬂ< represents.the production c.m. momentum
of the colliding pion. Since enefgy depe-ndence’was taken into account in the
threshold experiment, no Minami 'ambiguity exists in tﬁe arﬁplitudes that
have been extrapolated to 1170 Mev/c. The i‘e'sulfs c‘>f‘ this corr'lpa.rvi's'or'i"are'
indicated in Table IV; here the extrapolated s and p ampli‘tudes, along with’
the regular and Minami transform éolutiohs at 1170 Mey/c, have'béen, giveh.
In each éf the three cases, two seté of solutions are givén corresponding to
the transformations X}IJ* - Xy and X, ™ 1v80 deg - X According to the pre-
viously aﬁopted conventio(n, the SI/Z phases of the Miﬁami sbiutions have been
set to zero; i)hases of the amplitudes have been rotafed so thatthe amplitudes
are all positive. Since the errors on the amplitudes and phases are rather
large, it is not possible to select that set of amplitudes determined at 1170
Mev/c, either regular or Minami transform, which unambiguo.usly agreés
with the extrapolated amplitudes.

Figure 5 represents the final corrected prbduction differential cross
section of this experiment (at 1170 Mev/c), along with the corrsponding
minimum values as allowed by the charge\—indef)endence h”ypothresis9 from the
data obtained for =  and ZO at 1220 Mev/c by Crawford et al. 10 Based on
this compar‘ison, there is no evidence for a violati<_>n of the cﬁarge—independ—

ence hypothesis. A similar conclusion has been a.rrived: at by Baltay et al.

at 1220 Mev/c6
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Table I. Scanning information and total cross section for nt +p—~> =t +xF

at 1770 Mev/c.

1. Total number of pictures scanned. } 34 738

2. Total track length scanned, corrected
for contarhination, window criteria,
and attenuat_ion due t0'>st'r.,0ng inter- |
actions. The latter correction is
based on a total ¢ross section of
29.7x0.44 mb, as given by Kopp et al.
{reference 3),‘ and made at the center _
of the chamber. S (611.91£14.56)X10°m

3. Scanning efficiency for events meeting
selection criteria on fiducial volume,
decay plane orientation, window coor-

dinates-.of béam:'track; andprotomdecay

0
= +
angle of 5 deg. pﬂ+ 94+ 3%
nm = 95%3%
0 _
4. Number of observed events pm =96
ntt = 155
pul = 217422
5. Number of corrected events '
/ nnt =223x17
6. Total cross section, based on above (2) and

(5), and a target dénsity of 0.0586 g=/cm">. 0.205+0.014 mb
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Table II, Maximum-likelihood solution to s-, p-, and d-wave amplitudes as

defined by Eq-.'(()) for o° = +1, o9= +0.8, ot = 0, £ (Z+ - p .-1-.'rrO

min

) = 0.75 cm,
and [.rrkin( =t > a4 nt) = 0.35 cmy, w'ith alternate solutions obtained by the

tra.nsfoz,rzaatio‘r.ls .Xb—) Xy Xe - 180 deg -XC, Xq ™ "X and Xe 180 d~<.ag’r- Xa*
~and ihcluding the complete error matiix (angles are expressed in radians

. ' \ »
unless otherwise indicated),

ao = +1,0 : _ 0,0 = +0.8
b/a = +2.14%1.13 +2.06
Xp = +34,7+29.2 deg ‘ +35.8 deg
c/a = -1,46+1.78 -1, 31
Xe = +20.5+26.1 deg +26.9 deg
d/a = -1.02+0.97 , -1.11
Xqg = -7.4 £60.2 deg o -11.9 deg
e/a = -0.72+0.63 , -0,74
Xe = 491.9+25.8 deg +98.9° deg
In = -59.58 -59.81
a = 0.061£0.016 (mb/sr)}/2 | |
. ‘ Error matrix .
d/a  0.948 0.962 0.333  0.255 -0.165 0.187 -0.173 0.319
X4 1.105  0.389  0.288 -0.270 0.256 -0.002 0.361
e/a © 0.396 .0.242 -0.530 0.138 0.746 0.094
Xe - ~0.203 -0.300 0.096 0.398 0.108
b/a 1.272 -0.282  -1.879 0.007
Xy - | 0.264 0,342 0.146
c/a ‘ 3,130 -0.157
0.206
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Table III. The coefficients of Eq. (4) computed from Eq. (5) and the s, p,

and d amplitudes of Table II: (all values in uhits of mb/sr).

il

H

1]

0.0164+0.0086
0.0266+0.0151
0.0094+0.0064
-0.0256+0.0156
-0.0087:1:0.0.15.5
-0.0064+0.0055
-0.0157+0.0167
-0.0211%£0.0191

0.0243+£0.0312
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Table V. The s and p amplitudes of this experiment compared with those obtained by exf;ra-polatibh from
threshold. The regular solutions plus the Minami-transform solutions of this experiment are given;
. -solution Regular I corresponds to the amplitudes and phases given in Table II; while Regular Il corre-

sp‘onds{ to these amplitudes with the transformations Xp 7 Xy X T 180 deg - Xc already made. The

| ,
corresponding Minami-tranform solutions are given as Minami I and Minami II respectively. Solutions
i

Regular A and :Regular B correspond to the solutions obtained at threshold and these with Xy, "Xy and

Xe = 180 deg - Xe respectively, extrapolated to 1170 Mev/c, using the assumed energy dependence of that

‘experiment. The Sl/Z phases of the Minami solutions have been set to zero according to previously adopted
convention. Amplitude phases have been rotated so that the amplitudes are all positives There exists no

Minami ambiguity in the threshold extrapolation solutions. Errors shown on the Minami I solutions are

_9{_

typical of errors on all Minami solutions.

This experiment _ Extrapolation
Regular 1 Regular IIT. Minami I Minami II Regular A " Regular B
b \172 - : ‘
al—=3 0.061+0.016 0.102+£0.094| 0.036 0.083+0.014
b/a ' 2.14+1.13 0.65 +0.65 1.72 _ 1.88 +0.65
XbO } 34.7+29.2 325.3+29.2| 328.8+40.0 | 301.3 52.1+8.0 - 307.9+8.0
c/a o 1.46£1.78 0.77 2.14 : 1.55 +0.58
_XCOI 200542631 | 339.5£26.1] 227.5 192.4 | 260.8£27.2 279.2+27:2

$S101-TIDN
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MU-26262

Fig. 1. Production c.m. angular distribution for the observed events

< corrected for sigma minimum-length cutoff. The solid curve rep-

' resents the prediction of the s-, p-, and d-wave amphtudes of

Table II, with the form 14+(1.71+0. 32)cos 0+ (0. 74:hO 72) cos 20
-(1.62+0.43) cos? 6 - (0.64+0.81) cos? 0, with X 2-13.7 for six degrees
of freedom. The dashed curve represents an independent maximum-
likelihood fit to a fifth-order polynomial in cos 6 norma.11zed to 336
events with the form 13‘- (2.44+0.41) cos 8+(0.23%0. 65)cos 6 -(5.45+1.55)
0536 -(0.14£0.76)cos™ 6 + (3.59% 1.40)cos? 8 with x =5.6 for five
degrees of freedom.
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a® P=062 t 0.19

Number of events

-l0 -08 -06 -04 -0.2 0 c2. 04 06 08 10

MU-26263

Fig. 2. Decay proton angular distribution for =t p+1r0, measured in

the =% rest frame with respect to fi, The curve represents a max-
imum-likelihood fit to the form 1-a%P cos_ normalized to 148 events,
including the correction for short sigma tracks.
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¢

Number of eyents

1% | | 1 L L | |

0
-l0 -08 -06 -04 -0.2 0] 02 04 06 0S8 1.0
| Cos ¢, |

MU-26264

Fig. 3. Decay neutron angular distribution for = nt wt, similar to
that of Fig. 2. The fit to 1-atPcos ¢, has been normalized to 188
corrected events. ’
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a® P(8)

-1.0 -0.6 -0.2 0.2 06 1.0
Cos 9z

MU-26265

Fig. 4. Decay asymmetry with respect to #i for =t —>-p-t+ T
based on 95 observed events. The solid curve represents
the prediction of the s, p, and d amplitudes of Table II, with
X2 = 1.6 for one degree of freedom.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes ‘any warranty or representation, expressed or

o implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report’
may not infringe privately owned rights; or

‘B, Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, of”prOCess disclosed 1in
this report. ' ' o

“As used in the above, "person acting on behalf of the
Commiséiohv includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent ‘that
such employee or contractor of the Commission, .or employee
of such contractor prepares, disseminates, or provides access
‘to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor..





