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The spin of. fhe. = Sae been investigated through anaiyma of

K- + Ap - =4 K+- events obtained in the 2.5 GeV/c run with the 72- mch

Subble chafnber it the Bevatron.. The a,nalyzed samples conaxsted of appro#x-
."mately 65 events at 2.45 GeV/c and 165 events at 2, 6 to 2.7 GeV/c, countmg :

‘.t-,.\-:..only. the events where the :.z decays into a visible A in the bubble chamber.

(These numbers céi‘res?ond to cross sections of about 50 and 40 ub respectively

at the lower and higher momenta.) The =~ polarization, averaged over all pro-.

duction angleé, was fqund to be rather large (70 and 50%) in each of the two |

samples. (Comparison with data at lower momenta showed that the cross

~ section decreased markedly from a peak value at 1.5 GeV/c, but that the average

lpola}rization over all produétion angles increaaed i)
A

ot

If we define as a um.t vector along the A direction in thé = rest
-‘frame and P as a umt vector along the proton direction in the A re;s‘t frame.
¢9 A, P P) represents the probabihty of a given configura.tmn of the decay of the -
..'-":.‘ and of the decay of the A, spe;‘ unit solid ang;e d% and dﬂﬁ . Rggard\less of
the = spin we have | ‘ A o
00(7‘&.%)='i6\‘>[1+qAF(?x)»%l. S Rt

where I{/A\) characterizes the distribution of the ﬁ in the = rest frame, P(ﬁ)

is the polarization vector of the A at a given angle, and an is the é.eymmetry

TW«:ark done under the auspices of the U, S, Atomic .Energy;- Commission,
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parameter for: the Ay d'ecva.'yva.s defined byv.Cronin and Ove'rseth.. 2 The number
of parameters neede& to descnbe the = _initial épih sltate for an assumed o

. half-integer spin Jis [(27 + 1) /2) - 1; ‘these pérameters are overdetermined
by the four dzstnbutxons I(ﬁ), IP (A), IP (7\\). and IP (7\&) .mech contam a
' to»a.i of 3/2 (23+1) 2.2 measurable coeffzcaents. | '
Because of the lack of consistency of =~ decay pa;rérﬁeters in the
- literature, wé‘givAe the folloi,ving definitions: o |

2Rea’s/(|2]%+ |b]%) o R |

o=
B=2ma’v/(|a]?+ |b]%) @ ’
v=(lal® - folf/dal® + fol®,

where a is the a.mphtude for the £ = J i/2 decay amplitude. and b is the |
amphtude for the £ = J+ 1/2 . decay amphtude in the transition matrix descnbmg
= decay. - . o

1 the =~ has spin 1/2, the distributions deﬁ#ed in Eq. .'(1) are .

WRy=1+em®-2 - o ea

4

x(ﬁ)pﬁﬁ) (o.+n ~n)A+&HnX{§+YHﬁX(nXA) ;.(3b)

”:Ourwt.:onventmn for a, B, a.nd Y gives the expenmental. distmbutxon as defmed
. by Cronm and Overseth. 2 The quantity 4/ is the normal to the plane of pro- )
“duction R™ X ""/|K X ..,I _ and I is the polanzatxon of the = ~2long that axis.

The distribution of the decay proton in the A rest frame not only yields the

polarization vector P (A). but also permits measurement of the coeffxcxent a.

- The description of E decay under the assumptmn of Spm 3/2 is con- .
siderably mbré cémplex. Instead of the one parameter [k chara.ctenzing the

initial state, seven parameters in addxtmn to the decay parameters are
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-necessar& to déécribe the initial-”“’"—",' spin state. The distribution given by

Eq (i) above,-expresslble in terms of the spherxca.l harmomc Y for spin

10
1/2 must includ@ hxgher orders of sphericaxl harmonics up to YB\/I for spm
. 3/2. The decay dmtrzbutxons for J = 3/2. analogous to Eqs. (3a) and (3b)

may be written:

I(A) ' Eé.v;en~L‘ter.ms + o % odd-L terms o

' ,I(A)P(A) A- = oddo'L terms + .‘ca. T even-L terms ' .
: ' " {4)

. I(m?‘(ﬁr Se= Re['(\}{iﬂ) ¥ odd-L ter'ms‘}
A o i EN . ) : e ' B
IAYP(A) y= Im[(y+ipf) Z odd-L terms] ,
with each sum taken over all permitted 'L and M values up to Lma;; = 3

. _Eagh term is corﬁpoéed oflfa. .CIeBsch-Gordan coefﬁcieht times the ‘expe;ta,tion
| value of a spin operator'"t.’LM Ev,<TLM> tirmes the spherical Barmonic _ |
M(A) (or the function @i‘/m '(ﬁ,O) for IP- R and I:Fs - ’)? terms).

‘Two differem.methods of analysis were uaéd for the X~ spin déQ
~ termination; omne of these was a maxirmume- l1kehhood treatment and the .otner |
was an averagx_ng technique. For both amalyses. events wzth an observed A
length of lesS‘thaﬁ 1 cm as projected .onto.a;plane,t.perper;dlcu]tfa;r -.‘toil_,the.optl,cal;;sf
axis were ‘ex‘clu@ed;, the remaining sampig was ‘co;re‘gted appropriateiy.

Difficulties in cpmpariﬁg different hypotheses deacri‘bed by a greatly

varying number of parameters were avoided by using onlf the distributions
integrated over the azimut'h. around the nofmal #© in the 1ike1ih§o_d method to
fit the data. This technique leaves unchanged the &istributions for‘spin /2,

but reduces from seven to three the number of ‘‘polarization coefficients"

for spin 3/2,
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T‘v' likelibhbod method gives bettmg Oddo of eight:toioné in favosr of

-";;;snm 4i/2 against 3/2 Under the hypothesis, of spin 1/2 our deteammatmns

. of the decay p&rametera are given in Table I, wherer B =siné '.=-1_-'a-?‘rsand where

' :Ab o 2 E
Y. = COS oY 1-0".
. The averaging technique was an applibatiorz: of the Byers-Fensfer

 tmomens analyeis. " Bach moment ((¥pi), (PYyed) . b ok (PBL, )

DL Was evaiuat@d fs:o’m one of '«:hé four A direction and olarizatmn dwtmbufzmna;
P

. the contrxbutmn of each event Was we1ghted with ﬁ:"ze particular functmn of
mterest and summed over a.ll evenm. Each moment conta.med. the expectatx‘cmi
| valu;e of a tensor apm eperator, multxphed in some cages by a, B, or Y. -The
o .- compamaon of the overdetcrmined tLM bya ¥ ¢ test yxelded best values of
a,f, and . ” B
In addltzoh to the ﬁ or Y factor, the transverse pola.rmatmn componenta |
conta,m an &nddz.tmna,l 237 + 4 factor. This qua,nt:.ty was evaluate@ (in 2 manner |

"‘-n.auggested by Byers and Fenater3-and Ademollo and Gatgoé) from the ex‘pfe_ssion
'(for each odd-L, M combination) v - o .
2 IIP momentl A!IP momeqtlz_ : v
(23+1) : -y T (5)
|1p - A moment | - |I moment| .

- Th.e va.lues thained from the events at 2. 45 and 2. 6 to 2.7 GeV/c for ZJ+1 a.re

given in Table Ii. Only the L =4, M= 0 moments yzeld defxmtwe values for
ZJ’+1 Also presented is the evaluation made by Ticho et al.’ 5 with U C L. A
data at 1. 8 and 1.95 GeV/c. Because the 2J+i cua.ntxty is not Gaussxan..central_f';l
values are of greater mgmfxcance than the mdxcatederrora, The most hkely ‘
va.lue is closer to 2 (spin 1/2) than to 4 (spm 3/2) Results do not aépear.to be

.

eensxtxve to the va.lue of QA .
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Table Ie'. D,c—:}:ay'p&rametéfs for 3 =1/2 ffom

230 cvents from 2.45-, 2,6, azzd 2:7-GeV/c runs

Yo A2 A gl

RTAREIRE .Parameté.r, R R Value RN

SA ¢ 0.8620.35.

o T 0.6420,3
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Table I, Moment analvsis of 27,
Results for 2J-4 {from L = ¢, M = § moment)

ead for decay parameters {with J = 4/2)

Beam A Aa
. momentum & K o 8
Exporiment {CGeV/c)  Hinits N 23+ 4 & B Yy
Berkeley . 2.45 «1.0, 1.6 0.62 1.684.4 «0.28 -0.23 0.9%

£.45 «4.0,1.0 0.80 1.324,4  -0.26 ~0.23 0.%4
2.6, 2,7 -1.0, 4.0 0.62 6.826.6 - -0.25 -0.53 @.81
2.6, 2.7 -0, 1.0 0.80  5,324.8 0,23 0,83 0,864
2.6, 2.7 . -4.0, 0 G.62 2.024.5 -0.14 §.02 0.99
2.6, 2.7 -1.06, 0 C.80 f.624.14 -0.i8  6.0G3 0.98

U.C.L A2 4.8, 1.95 -1.0, 1.0 0.62  1.5320.88 -0.62 0.63 0.45

 ®The 0.80 value for @ A Was utilized, in additicn to the Cronin and Ovezrseth
0.62 value, because recent Berkeley studies of A decayo indicate that the
higher value of 'aA may be more nearly correct,

b,‘?see reference 5.
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