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DECAY PROPERTIES OF THE ;Z- HYPERON T 

Philippe Eberhard. Janice Button-Shafer; and Deane W. Mer~ill 

" '.".1,', 

, (Presented by George R. Kalbfleisch) 

Lawrence Radiation Labora.tory 
Uni versity of California 

Berkeley.;" California 

July 3. 1964 

The spin oltha Z .. has been inveatigated through analysis of 

K-+ p - ;EC + K+events obtained in the 2.S GaV Ic run with the 72-i~ch ' 

bubble chamber at the Bevatron.,' The analyzed samples consisted '0£ approxi

mately 65 events at 2.45 GaVlc and 165 events at 2.6 to 2.7 GeV/c. counting 

":",,,on1y the events where the E:- decayG into a visible A in the bubble chamber. 

(These numbers correspond to crOSG sectiona of about 50 and 40 jlb liGspectively 

at the lower and 'higher momenta.) The Z- polarization, averaged over all pro-. 
r 

duction angles ~ was found to be rather large (70 and 500/0) in each of the two 

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

section decreased markedly from a peak value at i.5 GeV /c. but that the average 
. ' 

p()larization over all production angles increased. i) 

If we define ~ as a unit vector along the A direction in the Z rest' 
' .• !.' i • .... .'~ •• 

frame and -p as, a unit vector along the proton dir~ction in the A rest frame, 

,CS a.. p) represents t'he probability of a given configuration of th~ decay of the 
& 

:=: and of the deca.y of the A. per unit solid angle do.A and dO~. Regardless of 

the ::f, s pin we have 

(1) 

where I(A) characterizes the distribution of the ~ in the Z rest frame, POi) 

is the polarization vector of the A at a given angle, and G.
A 

iathe asymmetry 

t Work done under the auspices of the U. S. Atomic Energy CommisSion. 
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parameter for the A decay as defined by Cronin and Overseth. 2 The number 
~ 

of parameters needed t,o describe the :=:-, initial spin state for an assumed 

half-integer spin J is l '(2J + 1)2/2J - 1; these pa.rameters a.re overdetermined 

by the four distribution~ ,ICft), IP x(lt) , IPyOt), and IP z (it) ') wl?ich c~ntain .:t. 
o / Z . total of 3 2 (2J+1) -2 measura.ble coefiicienta. 

Because of the lack of conllliGltency of 

literature. we give the following definitions: 

.... 2' 2 
0. = 2 Re a b/ ( I a I + I b I ) 
~ = 2 1m a *b/ ( I a.12 + I b 12) 
y = (I a 12 _ I b 12) / ( I a 12 + I b 12) 

"::;'.... decay parameters in the 

(2) 

where a 0 is the amplitude for the i. =J - i/2 decay amplitude, and b is the 

amplitude for'the J. = J +1/2, decay amplitude in the tra.~sition matrix describing 

~ decay. 

If the ~- has spin 1/2. the distributions defined in Eq. (1) are 

/.:\. ~ A 
I( A} = i + 0. II'; K • n (3a) 

. " ~ ',' 

(3bL, 
%, ", : : ,.:"~>.- .. :,,~. 

Our convention for 0., JI3. ,and y gives the experimenta..l. distribution as defined 

" by Cronin and Overeeth. 2. The quantity '1\. is the normal to the J?lane of pro-

. duction 'K-,x z.~'/ I ~ xzl .• , and ilis th~polarization ~f the i- along that axis. 

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

polarization vector P (1t). but also permits measurement of the coefficient 0.. 

The description of :;:- decay under the assumption of spin 3/2 is con

siderably more co~plex. Instead of the one parameter lllcharacterizing the 

initial state. seven parameters in addition to the decay parameters are 
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necessary to describe the initia.l i Z- spi~ sta.te. Thediatribution given by . 

Eq. (i) above. expressible in terms of the spherical harmonic Y 10 for spin 

1/2, musti~clude higher orders of spherical harmonics up to Y 3M for spin 

3/,2.. The decay distributions for J = 3/2. ana.logous to Eqs. (3a) and (3b) 

may be written: 

lot)·; I; even-L terms + 0. I; odd-L.terms 

I(1\:)P(l\)· E.= l: odd-L ter:tt;ls +0.:E even-L terms 

. I(1f>P(~)· ~= Re l (.ytiJ3) 1:: odd-L terms] 

UA)PcA)· '); = 1m [(y+if3) :Eodd- L te'rms] , 

. ~'. ".' .,' ~'.'.:' . . 

(4:) 

with each sum taken over a.ll permitted L .and M values up to L = 3. max 

.'1' 

Each term is com.posed of a Clebsch-Gordan coefficient times the expect~tion 

value of a spin operator tLM S/:. (T LM) times the spherical harmonic 

L ~ -.A ~ i-. Y LM(A) (or the function ~ M1(1l:, 0) for Ip·x and lr-· y term6) .. 

Two different methods of analysis were used for ·the Z- spin de~ 
, 

termination; one of these was a maximum-1i~elihood treatment and the other 

was an averaging technique. For botl?- analyses. eventlil with an observed A 

length of less than 1 em as projected onto. a, plane 'perpendicul,ar.to, .. the opUcal;.:;! 

axis were exclu,ded;;the .remaining sample was corrected appropriately, 
" '0. • '. 

Difficulties in comparing different hypotheses described by a. greatly 

varying number 'of parameters were avoided by using only the distributions 

integrated. over the azimuth around the normal 'n in the likelihood method to . . 

fit the data. This technique leaves unchanged the distributions for spin i/2, 

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

for spin 3/2. 
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The likelihood method giver; betting oddG,of eight:to::~:i,e inravQr Qf 

,,:spii\li/2 against3!2. Under th~ hypot~esis~ Qf spin 1/Z, our det:errn:i~a.tion·s 

of the decay pa.rameters are given in Table I~ where 

y=::cosp.0 -a 2.' 

, The averaging technique waf: an applicatiQn ef the Byers - Fenster 

"mement analYsis.,,,3 Each ~on\~,~: «y r;¥J.)~.\(py. LNf) gP o~:~,(P~'~1 » ., 
was evalu.ated fl."om one of the four A direction and polarization distributions p 

the contribution of each e";enl: wa.s ";'eight-ed with the particular function of 

interest and Gummed ove':' all events. Each moment contained the expectation 

value of a ten~or spin operator, multiplied in SQme cases, by 0..13. er 'y.The 

comparison cf the overdetermined tLM by a X 2 teat yielded beBt values of 

0.. /3. and y. 

In addition to the /3 011", 'Y factor, the transverse polari:&atien components 

conta,in an additional' 2J t· i factor. This quantity wa.t'J evaluated (ina manner 

v;'s'Uggeated by 'Byers and Fenater3 and Ademollo and Gatto 4) £romthe ex'pressiQn 

'(for each odd- L, 

2 
(2J+1) = 

M combination) 

I Ii:> mome~tl Z + lIP moment 12 x . y . . ' 
'" . Z 2 

lIP' A moment I - I I moment I 

.,,/ 

(5) 

The values obtained from the events at 2~45 and 2.6 to 2.7 GeV/c for lJ + 1. are 

given in Table II •. Only the L::;: 1, M::: 0 moments yield definitive values for 

2J+1. Alao presented ia the evaluation ~ade by Tichoct al~ 5 withU. C. L.A~ 
• data at i.B and 1. 95 GeV /c.. Because the 2J+ i quantity is not Gaussian. central 

valueG are of greater significance than the indicated .errors. The most likely. 

value is closer tQ 2 (spin i/~) than to 4. (spin 3/2) •. Results do not appear .to be 

sensitive to the value of 0./).. 
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Table I, D~cay parameters for J = 1/2 f.rom 

Z30 events from 2.45-, 2.6-. and Z. 7eGeV /e runs 

Parameter 

rJ'A 

" 

O.S6J;O.35, 

O.64±0.3 

I . 
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ReGuits for 2J'\' 1 (from L:: 1~ M 1:1 0 rnQment) 

a.ad· [orr d~cay pal'a.metel"1'Il (mtn J ;: l!Z) 

"""'~~'2"=mf ?e:~,. ""we: """ ",'eMf Ii¥? ;i~-=lO!iill';;a:!t1=S:Sjb "'HS;Ci$~rnm:;,«m{==;:S:'t:"me::t1:::lt=1::¢'=!K~'";::;'~~ 

Se;;i.OO 
A A ... 

mornontum Jl. !~, 
n
A 

a. 
l<.:x~riment ~Cevlc) lhnita 1.J.~ '1 a. L "J - - ~ 

" 

Berkeley Z.45 ... 1.0.1.0 O.6Z 1.6&1.4 ... O.lO .. 0.l3 0.95 

ZAS .1.0~ 1.0 O.SO t.3±1.1 .. O.Z6 -0.l3 O.94t 

Z.o, 1..7 ... 1.0, 1.0 0.62. 6.S:t6.6 .. 0.25 "<>,.53 O.Sl 

2..6, 2..7 -t.O. 1.0 0.80 5.3~08 -O.~3 .0,,53 O.[H 

Z.6, 2.7 -t..O o () 0062. l.021,.S -0.14 0.02 0.99 

l.6 0 1..7 .. 1..00 0 0.80 1.62.191 ... 0.18 0.003 0.98 

u. C. Lo .II:... b t:.S. 1.95 .. {.Oll 1.0 O.bat !.5~h~O.$8 ... 0.62 0.63 O.4~6 

-
a The O.gO V'~u@ fur Q.

A 
WDoG 'Utilized. in additicn to the Cll'onin ~nd O~ ... c:reet.h; 

O.6l value. becauoe recent Bell'kcl<3y ctudies 'of A decay!) indicate thc:'li the 

b.tghl!!1r veluo or Qj\, mOil.Y be more ne2h.rly correct. 

bSee reference 5. 
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