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ABSTRACT
The reaction 1r+ +p-—+ 2+ +rx* has been studied in the momentum range

1037 through 1065 Mev/c with specific regard to the determination of s~ and

p-wave amplitudea. If we represent these amplitudes near threshold by

S, = aokz Py +2P, = b0k3/2 e'Xb, and P, - P = c0k3/2 Xe , the following
results have bgen z obtained from an anal*;?sia ba.sod on 274 events!
aozu(3.31 * 0;87) X 1073 mb/sr-Mev/c, bo/ao = 0,0075 # 0,0026,

co/ao = - 0.0062 # 0.0023, x, = 52.1 8,0 deg, X = 80.8% 27.2 deg. An

alternative set of solutions exists for Xy = -5‘2.1 deg and xc = 99,2 deg,
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" A STUDY OF THE REACTION «* + p ~=' + k¥ NEAR THRESHOLD®
F er_nand Grardi‘ and Gerald A, Smith
Lawrence Radiation Labdratory
University of California
Berkeley, Caliiornia
7 I. INTRODUCTION

The reaction 1‘r+ +p-~ E'* + K+ has been studied near threshold {1020 Mev/c)_
in the 72-inch liquid hydrogen bubble chamber, Energy loss in the incident
beam by ionization in the hydrogen has perimnitted an analysis of the yeaction
in the momentum interval 1037 through 1065 Mev/c, Several other workers
have analyzed this reaction at higher momenta in bubble ‘c!:xannbe:r.=3;l -5 one
experiment has been done in this low-energy range. 5 However, since only
five events were reported, a detailed analysis of ='x”* threshold properties
was impossible, In this paper, 274 events have been analyzed with specific
_rvegard‘ to a pa.ﬂrtialéwave determination of the reacti§n near threshold, From
" the distribuﬁbn Qf events as a function o,f.incident. pion momentum, ¢, m, pros
‘duction angle, E+ ~decay angle with respect to the normal to production plane,
aﬁd total cross section, the s- and p-wave pfoduction ampllitudea have been
.determined from the data, Based on ah extr'apolation of these resuits to 1090.
Mev/c, an attempt to check the charge-~independence hypothesis has been mada"
 with currently available data of £° and =90 pfoduction by w, P ihteraction‘. 6,7 |

II. EXPERIMENTAL DETAILS

The experimental beam setup has been described previously, 8 In addition

to the beam optics shown in Fig., 1 of reference 8, a quadrupole lens and a

mass spectrometer were used to produce a separated " beam, The momentum
""2..2
-4.0
Fig., 3 of reference 8, The incident » beam was of such momentum that by -

resolution of the beam was Mev/c, the saine as that given for «~ in
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energy degrading in the liquid hydrogen the threshold for Z,+K+_was-pla_.ced
~ in the vicinity of the downstream end of the bubble chamber, A determination
of the threshold would then allow a very accurate measure of the iﬁcident beam
momentum,

In order to egtimate the proton conta.minat).on in the beam, a sample of two-
prong interactions was analyzed for elastic pion-proton a;nd proton-proton
scatterings, The ¢ross sections for these reactions were'ta.ke,n to be 10,3% 0,9 mb

9,10

and 25,0+ 1,0 mb respectively at 1040 Mev/c. Proton cdﬁta:ﬁination was

measured to be 4,9 2,0%,

Positron and muon c»ontamination was measured from bremmasstrahlung and
6 -ray production .in the chamber_; The principle of this detefmingtidn was the
following; The energies of the 6-rays and the secondary track in bremmsstrah-
lung events were measured on the scanning table by means of curvature tem-
plates, the §-rays being counted in two momentum 1nterva15° from 53 through
90 Mev/c, and from 90 through 1060 Mev/c, Since the upper limits of the &- ray
spectrum are 53 Mev/c when produced by 1060- Mev/c pions, and 90 Mev/c in
the case of lObO»Mev/c muons, the §-rays selected in the first interval were
produced by either pgsitrons or muons, The corresponding absolute cross
sections estimated by integration over this momentum interval are equal to
1.85 mb and 0,48 mb regpactively, i1 The §«rays selected in the secénd energy
interval werevunavmbiguously produced by positons, The intégrated’,cxblss
section is 1,99 mb, 11 The bremmsstra}ﬂung_evems were sél‘:-::c;te'd 'fﬂo'r;se.c':'onc‘lar.y
track momentum less than 500 Mev/c, to avoid possible coniusi.on \;rith incident ‘
pions decaying in the chamber into muons (the l_owerllimit of the muon épecfrum-

in the laboratory system is about 610 Mev/c; in addition, scanning éfﬁ_ciency is

optimum for these events), The absclute cross section estimated by integration
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from zero momentum up to 500 iev/c is equal to 8,70 b for incident positrons
of 1060 Mev/c slowed down in the field of hydrogen nucleri. 12 Positren contami-
nation was measured to be 1,3+ 0_.45”5. and the muon coxmté:ninaﬁon to be 0.5 % 0.5%,
The combined proton, positron, and muon ceutawmination was 6,7+ 2.5%
| A total of 105, 000 pictures waa scanncd for 23+I<<’..+ events, and approximately
20% of the ge were vescanned. Kvents were measured on the Franclcenatein_
measuring machines at the Lawrence Radiation Léboratory (Pexkeley). Duﬂng
this e:qierifneut the még_netic field in the chamber was 15.7 kgauss; Events.
were reconstructed and analyzed kinematically by moeans of the programs PANG
and KICK, 13 the latter prograin providing fitted angles and momenta that were
introduced to aubaequent‘ detalled analyeis programas,
| | Hl, PARTIAL-WAVE ANALYSIS or %= '%* NEAR THRESHOLD
Prelimh_m.ry ana.ly_siel'q’ of events indicated large asymmetries in the ¢, ,
prodﬁction angular distribution and the up-down decay distribution of the Z‘af

0. This information implied the presence of at least

in the mode =% pt+w
| p-wave in the pro&uctioh mechanism, The experimental data showed no evidence -
for a aignificar'xt.amount of d=wave, | | -

Assuming only - and p-waves at the production of Z:+K.+. the angular distri-

bution ?1'% and polarization P can be written
dag

G =AgtA cos0tA, coa’s, _ (1-4)
and

P(zg) = sin 6(A, + A, cos ). - {1-B)

Assume that the =+ is created at an angle 0 in the production ¢, m, system,
and decays into a plon making an angle ¢ with respect to the normal |

P X B

-

n=
| |P_||Pg |sin 6
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-to the production plane in the ¥ rest frame. Then the probability function

for the observation of an event ias

2
f=A,+ A, cos ) + A, c_os 0

- tacos¢ sin 0 (A3 + A4 cos 6), | (2)

~ where use has been made of the fact that the =t parity-nonconserving decay
distribution of i:he pion is of the form (1 +a P cos ¢), The a is the asymmaetry

parareter for the 2} decay (o. for mr+, and uo for pw ) Near threshold, the

coefﬁ_cients of Eq. (2), according to Lee g_t___a_l_l_. 5. would be

2.3
AO 0k+c0k

2
Al = Za.ObOk cos Xy ¢

. 2y, 3 '
A, (bo - Co ) K | L
2

A3 = -Zao Ok‘ ain Xe

o ; 3
{ - -
and : A4 = Zbocok sin(xbb xc).
where k is the E+ momentum in the pi'oduction c. m, and the parameters
ao.' bo. co.' X Xqo are related to the S %. P %, and Pé', prngction amplitudes by
2 -

8, =a.kZ,

0

ol

L ow3/2 - (4)
P% + 2 Pyz bOk e -

3/2 Xe
Ps/z Pl” Cols e .

, The 8- and p-wave amplitudes have been deterrnined by the maximume
likeli.hood method assummg that the energy dependence of Eq, (3) is still
valid in the energy range inve atigated The probability function may be written
as '
3, 2 3

+X. k" cos8+H k coszB

f=Xok + Xk 2 3 ()

2 4 X, cosd sinf cosf k°,

+X4 cos ¢ sinB k
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where

[}

Zao b0 COS Xy s

2 ¢ 2

3770 o’

= -2a a4 ¢ sin Xc 0

I T
[
2

X_ = -2a bovvco’ain(xc - xb)o

Near threshold, k is related to the incident pion momentum p, by

k({ Mev/c) = {p ~ 1020 I\/icszv/c)l/z = r(Ap)I/Z° (6)
' 1/2 '
where 2 2.2 :
0.991 . ( - .
| r = { i [1 e e - )4 ” = 19.63 (Mev/c)/2.(7)

The probability function, Eq. (5), may now be written in terms of the

laboratory-system momentum p,
' 3/2

f= Yo (Ap)l/z + Yl(z}.p)z'/2 + Yz cos 6 (Ap) + Y3 cosze (Ap)
(8)

+ Y4 cosd sin @ (Ap) + Y5 cosd sin @ cos 9'(Ap)3/Z,

where

Yo=a0 r,

2.3
Ylacor .

_ 2
YZ =2a, bor CO8 Xy o
2
Y3 = (bo - coz) r3.
: , 2 .
Y, =-2a agcyr sin'y,,

and 3 _
Y5 = -2a byc,r” sin (x‘c - xb).

For each event the values of cos 9 and cos ¢, and the y coordinate of the

production veitex in the chamber are known, The y axis is directed along the

72-in, dimension of the chamber, with the center of the charmber at y = 0 cm,
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'Ap- i8 related to Ay = Y-V where y,, 1is the coordinate of the threuhold._;‘by
A;i (Mev/c) = 0,243 A& (cm), The curvature of the tracks over the whole length
of the chamaber introduces no significant deviation from this- formula (< 0,5%),
For a'given y coordinate there is a correaponding most likely value of the
incident momentum p. around which the real va.lue p =p +e fluctuates, accord-
ing to the resolution curve fle) of Fig, 3 in referem:e 8. Therefore, the
probability function haa ‘been folded in with the momentum resolution curve

(normalized to unity). . ',I'he quantities (A-p) in Eq, {8) have been replaced by
v ,

max .
<AP >a.v j . de f(e)[0.243(vth-y) + e ]“, (9)
0. 243(y-yth) | S |

To construct the. lﬂcelihood function the probabuity density,.

Y Ynnn ]

— f exp | -

P Ll , (10
.“1 ) b . ) Y .a:: y - ‘ .
jd(cdscj;) j d{cos Q) jm f exp[-f.._g.@-iiﬁ-] dy

1 ' '

-1 a
o B Ymin

s requirnd The exponential factor takes into account the beam attenuation

3 cm) The

by all strong interactions with a tom.l mean {ree path x{1,16 X 10
integrations extend over the whole range of physical quantities in which the
experimental results are given, Provision has heen made for cutting tlieprcduc'-
tion anpgular distributibn in the forward and bé.cl-:wa‘rd airections; In order to find
the best values of the parameters 240 bO’ Cor Xpr %o the Ii‘aﬁelihood function
N :

A - B Py
has been maximized, For this purpose, a program has been written for the
?09 IBM computer, From .the distribuﬁor; of the e{/ents‘as- a function of bosition '
y in the Chanber. 7‘ productmn angle "0, and decay angle, ¢, the best values

of the quantities bo/ao, co/ao. and ¥, X, were determined first. A preliminary
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analysis of the ciata indicated that all c,m, production angles could be accepted
without any correction for experimental bias, Consequently a and b have been
set equal to -1 and +1 respectively in Eq. (10). The parameter a has been
assumed known, With the experimehtal data currently available from 'S-deca;',r
analysis taken into account, 16,17 and according to the discussion of Gell-}Mann
-and Rosenfeld, 18 o,o has been taken equal to +1 for events in which the =t
decayed into p + 170. and 0 for the n + 7" decay mode, The likelihood function

" has been maximized for diffex;enf values of Vin distributed in an interva.} where

the threshold was thought to be, The absolute values of the amplitudes have

then been computed from the mean cross section defined here by

o ‘ N 4 _ : B
where N = number of events produced by w+p interactions in the
chosen fiducial volumne, limited by ‘Ymin and Y mnax®
n = total number of ' tracks entering the chamber through
the t,hin..window, co‘\'mted‘at Y=Y, nin

{ = track length pervinci'deht pion ‘i:n_ the _fiducial volume,

23”.

and K = number of target protons per em® of liquid hydrogen (0,35%X 10

After substitution of Eqs, {3) and (6) into Eq. (1), integration over cos 6

and cos ¢ gives : | 2 2 _
2 1/2 . . 3,% *Pg 3/2 '
0= 4w ao r (Ap) + 4ur’ (-—-—-—-g--——"-- ) (ap) . (12)
B A |
Then the relation , j max Y Y min . . .
n oy, oexpl- —RY gy o
g = - ’. (13)
Ymax ~ Vinin

with Ap {Mev/c) replaced by 0,243 X Ay {cm), a.uo'«.irs the determination of the

absolute amplitudes,
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IV. EXPERIMENTAL RESULTS
In order to analyze experimental biases, the £¥ mean lifetime and decay
branching ratio were determined,

A, 37 Mean Lifetime

The mean lifetime of the 2+. To+s wWas obtained by the maximumaelikelihood
methodo' ‘The likelihood function, maximized for various values of t min’ reduces
to the following expression when the potential time of flight for all events is large

compared to 7:'"24. :

N ot -t ) E o
n- exp[’.‘—-{'—:"nﬂ“&*]
Xa‘ Tl .3 , Q)
| Tt |

: whe;'e-ti is the obaervedr lifetime for ‘the ith decay, N {s the total number of
décays for which t:i >t min® and _trﬁin .ia some lowercliant cutoff below which

one believes that the =zt is bufﬁciently short to cause a bias, The decay modes
zt - p+ wo. and sten+ n-+ have been analyzed separately. The results of

the a.nal‘ysiaf are given in Table. I; Inzt - p+ w0 mode events in which the proton
came off ét less than 5 deg with the =¥ in the lahoratory system, and events in
which the =t . p decay plane made an angle of leas than 15 deg with the optic
axes of the bubble chamber cameras have been excluded, The latter restriction
removed events in which the ©F -p decay was nearly edge=-on to the line of sight
of the cameras, A fiducial volume limited by «65 € y € + 51 ¢cm has been taken,
The values obtained for both modes are in agreement with several other ex-

4 19-21 strong bias was observed (a) for tni < 0,50 x 10710 sec,

«10
and {b) for tmin< 0.2%8 X 107" sec.

periments,
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B. st Decay Branching Ratio

The 104 2% p + «° decays in Table I for which t, >0.50 x 1071 sec

-10

_have been corrected for ti < 0.50X 10 "7 sec, using the corresponding calcu-

lated lifetime of 0,835 X 10" %scc, The 5 deg decay cutoff and the 15 deg

cutoff with the optic axes have béen corrected, assuming that the 22+ dec;jra

in equal numbers forward and backfwai'd in its resf frame, and that in the laboratory
.By@tem it decays p.niformly with respect to its direction of motion, Baeed oﬁ the
two ecans, the scanning efficiency for pn-o within the fiducial volume, and

satisfying the above criteria, is 95+ 5%, These corrections give a total of :

257 % 31 évents. The 192 = = n + n" decays need only be corrected for

t, < 0,25 X lo‘losec and a scanning efficiency of 97 + 2%, Thie gives 275+ 21
events, Thué we have
+ 0 - | ‘
z > B t o = 0.481@3 OlO?Q ' (15)

(=t - p+ wo) szt en+a") _ '

C. Average Cross Section

The averagé cross section for the energy ir;terva.l defined by -65 £y & 51 ¢m
is given in Table II, along with other pertinént scanning information, The numbers
‘of events have been corrected according to decay mode, in similar fashion to that
done for the branching ratio calcﬁ.lation of the preceeding section, All useful |
events were required to have their beam tracks pass through the bubble chamber
thin Window 8o that the resolution function mentioned previously would be
applicable, No bias against events in which the ‘23+K+- plaﬁe wag edge-on witix the
cameras was observed;

D, 8- and p-Wave Analysis

Preliminary analysis indicated that the threshold would be aty = + 130 cm
| I3 2 + . ’ ’
if the incident v~ had continued in}j4,i4 hydrogen outside the chamber, This

information was obtained by extrapolating the fitted beam-momentum distribution
En '
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as a function of y at the rate 0,243 Mev/.c per e¢m to the known threshold of
1020 Mev/c and, in addition, by extrapolation ofv the sguare of the average
production angle of the %" as a funciion of y to the threshold by a curve of
the form Ozav = constant X (yt—h.«y). as given by Wolf et al, for the reaétion
ﬁ' +tp- ¢ K+ near threshold, 8 These two ;'rleti‘ﬁcds provided consistent
starting values in the search for the ma.‘::imur;x—likelihood soclution, A fiducial
volume defined by -65 cm< y < +51 cm was teken; the beam was suf[iciently
colliznated in the x. aﬁd z divections {two dimensions narmal to the baam
direction) so that no cutoff 'waa required, The results‘ of the maximum-likeli«
hood search are shown in Fig, 1. The natural ibgarithm of the likelihood
§u11¢tion ixa‘ mgmimum in the region Ven = 130 t0-135 cim The flit.h'as also been
- done with mo ‘vz + 0,80, Figure 1l indicates that +1.00 is a better value of the
asymmetry pa.ré.x‘fxeter, Tne ma:»imumn-likehhood solutions to the 8- and
p-\;ua.&e parameters are given in Table IIi, Lquatmn {3) shows that an
alterna.tive set of solutions exists for XB rc,pldced by ‘Xb" and x‘ by w- X
The resulta.nt a,mplitudes do not vary apprecmbly within their errors for this
difference in the asymrnetry parameter, nor with position of the threshold
| within the extreme values of Fig, 1. Because of the a.symmetry,-of the resolution
curve of the incident beam momentum, the rnean va.lue of the threshold is
displa.ced to Yth =122 cm for a2 most probable va.lue of Ven = 130 em, Here
»;;th = 122410 ¢m has been taken as the best value of the threahold The error
©on yth is based pr:marily on the fittcd-bcam-momentum and K angle extra-
polation to the threshold, DBy use of the averxage cross section of Table II and
Eq. (13),_ the square of the absoclute amplz.,ude. aoz. has been cornputed. With

and ;’;th = 122 cm, the expression

=

the chosen values for ymm and Yin

a8 2 ( mb - . g (mb) - (16)
0 \sr-mev/c) " 50 163 1648 boa 2cg\ 10°

—5 t

a a
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o2 & 2 = . | 5, -5. mb, ] o . 2li 3 ™ .y p "
glves ao =({3.31% 0,87) X10 -.-—ém{m- for the valqes of the pararneters

“as given in Table II, with o’ = + 1.0, and y, = 130,0 cin.

With the inforration frown Table III, the coefficients of Eq. (1) may be
evaluated, Figure 2 shows the c.m. production angular distributions for

E given for the intervals (a) 65 cmmsy €+51lcm, (b) -65cme&y €-Tecm

~and(c) ~7cm &€y £+ 51 cm, Curves {A) are calculated from Eq. (1-A) with

 the coefficients (Eq. 3) eva.limted for the mean value of k corresponding to

each energy interval, Curves (B) are the result of an independent maximumoe

likelihood fit to a second~order polynomial in cos 8, Curves (A) and (B) are

.consiatent with each other in all cases, In order to compare the results of the

fit with the observed polarizatmon, the average polarmation

fpdo/dsz  d{cos 6) .
?’: = _T (W) (17)

j ‘do/dn d{cos 8)
-1 _

"has been .éomputed. and is {a) + 0,69, (b) + O..70. and (c). + 0,66, for the three

energf intervals ‘giver‘i above, The experimental up-down distributions of the
decay of the =¥ into p + 1r0 are given in Fig, 3. The asymmetry coefficients
for each of the energy intervals ﬁas been determined by a maximume-likelihood
fit to the form (1+ a°B cos $); the results for a¥Bare (a) = 40,68+ 0,14,
(b) + 0,76 + 0,18, and (c) +0;55 * 0,23, The experimental up-down asymmetry
of the =+ 1nto n+w for 65 cra < y<+51cmis giveh in Fig; 4; The maximum -
likelihood fit to (1 +a’ B cos ¢) gives a' P = +0.023 ¢ 0,13, If we use B>+0,682 0,14
for the corresponding energy interval from the ;p-:ro mode, then. otet 0.03:.0,21,
which is in close agresment with the results of Cork ?_g_g'l_;.m

Lastly, the prediction of the maxiraume-likelihood solution with regard to

the energy-excitation function has been considered, Upon use of the {inal

solution of Table III, Eq. (12) becomes

a{mb) = 0,00816 (Ap)}/2 + o. 000139 (AP)%/Z (18) -
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The distribution as a function of the pfoduction vertex y of the cross section
computed from corrected numbers of events, ‘and the path length corrected fo;‘
beam attenuation, is shown in Fig., 5., The curve represents Eq. (18).‘ There-
fore the maxirmum-likelihood solutions of Table IIl are completely consistent
with the c. m. production angular distribution, pclarization, and the energy- |
excitati.on function, A summary of experimental results on '23+K.+ total cross
sections and zF polarizations is presented in Figs, 6 and 7, along with the pre-
diction of the maximum-likelihood solution to 8- and p-wave amplitudes, !
' Devié.tion of the curves from the data beyond approximately 1150 M_év/ ¢ indicates
that the energy dependence of the coefficiénts, represented by Eq. (3), is né |
longer valid at thesé enérgieé. Nevertheless, in order to make a check of the
charge~independence hypothesis, 22 the results of this analysis were extrapolated
to 1090 Mev/c, wherc_a data of £~ and ‘Z‘.O production by ' p interactions exists, 6, 7

Based on this extrapolation, there is no evidence of a violation in either the total

or differential cross sections,
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Table 1. ¥ lifetimes for various values of t_ i
+ 0 + i
for{a)Z »p+w, and(L)Z +*n + 7
=10 -, =10
N tmin (x10 sec) Tyt (X10 sec)

(a) 104 0,50 0,835 * 0-088
79 0.75 0,810 T 0-19¢
56 1,00 0.846 * 0124
} + 0,056
b)) 192 0,25 0,749 T *ocs
138 0,50 0,749 + 3:068
103 0,721 + 0.076

- 0.067
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Table II, Scanning inforination and mean crogs section for the

energy defined between Y rnin = -65 em and Yook = + 51 em,
(a) Total number of pictures scanned 105526
(b) Total track length scanned (uncorrected) (1741,78 % 29,63)X .1_..03n'i
- {¢) Beam contamination 6.7:25%

(d) Fraction of beam entering through.
buBble chamber thin window o - 0,96 + 0,01
(e) ‘Iotal 1r+ track l‘ength, corrected |
~ for (¢) and (d) above | (1563,42 2 26,60)X 103m
(f) Number of events with beam tracks
entering bubble chémber through |
thin window (uncorrected) ’ 274
(6) Scanstag eticioncy (275 - )
(h) Number of events with beam tracks |
‘ ‘entering fhr'oﬁgh thin wihdow, éorrected
| »folk‘ (g} lifetime, small-angle proton
decay, and loss due to decay plane's
being eédge-on with cameras 364 & 26v

o (1) Mean cross section (T) ‘ 0.067.:9; 0,005 mb
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Maszimum -likelihoed golutions to the s- and p-wave

. 0
amplitudes for various values of o, Yen®

Parametera:" a9= +1, Yin = 130; . .mo.:; +1, Yen = 170; o.o= +0'8'Yth,= 130
"o/“o _ 0,0075 o;oozé . 0,0030 0.0075
co/ay -0.0062  0:0023 -0.0068 -0,0067
X‘t: 52.1 & 8;0 deg 53.3 deg 50,9 deg -
Xa 80.8 = 27,2 deg 77.1 deg 85.5 deg
Error matrix (u;O, = +], Vin = 1‘30.0 cm)
by/a, +6.97x 107 5.05x10  Li3x1072  -2.s4x107
co/ao +5.'.40><10'6 ', -5;3'7><10“3 +2,49x 1072
Xy +63.47 -43,78
+740.10
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Fipure Legends

Fig. 1. Logarithm of the likelihood function versus Yin for “0 = +1.00

and a.o

=.40,80, ; _ 7 -

°Fig. 2. Angular distributions for the different momentum intervals. The
points have been determined from the observed number of events corrected
for experimental biases and beam attenuation. The quoted errors are
statistical,

Fig. 3. Angular distributions of the decay pion with respect to the normal
to the production plane for ‘the =t p + 1r0 mode, ‘The quoted errors are
statistical, |

Fig. 4. Angular distribution of the decéy pio_n with respect to the normal to
the production plane for the »‘23+-; n + 1r+ mode, The quoted errors are
statistical,

Fig. 5. Production cross section as a function of position in the chamber.
The points have been determined from .thevobserved’ number of evénts
corrected fo.r‘experiment'al biases and. bearAnva.’tf.ejnua‘,tion.‘, The quotea errors
are statistical. The solid curve has been computed from Eq. (18).

Fig, 6. The total cross section of this experiment compared with other
e:;perimental results, The solid curve has been detefm.ined from
Eq. (18). The dashed curves represent one standard-deviation error,
where proper account has been taken of correlations between errors,
References to the data, citedvfroni thvis' article,' are: (8) present experiment;
(0) Baltay, reference 5; (8) Berthelot, reference 4; (A) Brown,reference c
1; (%) and Erwin, reference 2,

Fig, 7. The up-down asyinmetries for the £ p+ wO decay mode compared ’
with other experimental regults. The solid curve was determined from

fitted s and p amplitudes, The result of Cool et _a;}. has been determined

by a counter euxneriment, locking at an angle (c, i, ) of 87+ 15 deg.
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The corresponding value taken from s and p amplitudes is 0,92, Symbols
are as follows: (@) from reference 23; (&) from reference 5; (0) this

experiment; ([]) from reference 16.
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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
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

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-

mission,

or employee of such ccntractor, 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.





