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Lee and. Yang have recently proposed a method o£ determining the A spin. 1 

In thie Letter we apply their method to a sample of 614 decays o£ the type 

A- ,· + P• (1) 

The A •a were prod.aced in our 10-inch liquid hydrogen bu.bble chamber via the 

&-eacticm 

- 0 1r + p- K +A, (Z) 

by incident pions of momenta 1. Z3 Bev/c (184 events), 1. lZ Bev/c (Z53 events), 

1. 09 Bev/c (53 eventa), 1. 03 Bev/c (94 events), and 0. 95 8ev/c (30 evente. ). 

The l:teaGty of the Lee-Yang method is that it makes possible an absolute 

c!ete&-mination of the A spin ·~ltho1.1t assumptions other than that ang1.1lar momentum 

ia conserved in the A uc:ay. This can be contrasted with the method of Adair, 3 

in which detaUe of tile production reaction (Z) muat be considered in order to 

reach a eonclaelcm about the A apia. In particu.lar, assumption• must be made 

as to the final orbital aaalllar-momeatwn ata.tee p~iteeeut in the K0 + A system. 

Similarly, aaeumpttcme must be made about the K0 spin, aud a selection of the 

data made accordinsly: the lower the aaaumed K0 apln, the more data one can 

uae. For instance, 'F. Eisler et at.4 have applied the Adair analysis to their 

associated production data aad. have concladed that the A spin is 1/Z, provided 

that the K0 spin is •ero, and provided that only S, P, anci D waves are important 

in the K0 + A system. 

The disadvantage of the Lee-Yang method ie that a very large a.mo\llt of data 

is needed in order to achieve conclusive results. 5 

This work waa performed under the auspices of the U. S. Atomic Energy 
Commie a ion. 

t Now at letituto di Fiaica, Unlversita dt Padova, Padova, Italy. 
§ Now at University o£ California at Los Angeles. 
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The Lee-Yang method depends for its success upon the very large up-down 
6 7 8 . asymmetry fol.lnd • • in the parity .. nonconeervi.na decay (1) of ,., '• prod~ced in 

Reaction (2). In principle, one starts with e.ny collection c£ A '•• chooses a 

quantization direction in any way that ie independent of the decay (1), and then 

examines the decay distrib~lon wce)de. where t denotes the cosine of the angle 

between the (ne.gative) decay pion and th.e quantization direction-aU in the A 

reet frame. For a A spin J, W(e) ie in general a polynomial with powers up 

to and including e2J. Ofte might suppose that a siven experimental e. distribu

tion could always be more easily fitted to large spin J than to small spin, since 

then more coefficients are available for "curve fitting. 11 However, ang"lar

momentum conservation severely conttrains the coefficients. In fact, a very 

large up-down decay asymmetry cannot be achieved with a large epio.. (This 

can be understood qualitatively through the observation that. cla.esica.lly, the 

disintegration of a system of high spin tends to yield fragments moving in the 

equatorial plane rather than towards the poles.) 

The constraints on the shape of W(t) can be summarized through the Lee

Yang test £uncticme T J, M(e), all of which satisfy the inequality 

(t ~ <.1 
J - ' ' ' 

(3) 

where the bracket denotes averaging over the decay distribution W(~). and 

where M: J, J-1, .•• , .. J. 

For spin J t: 1/~. the decay distribution h 

W(t)de = +dM 1 + au. 
The test functions are T 1; 2, 2 l/Z : • 3~, so that one bas 

and the Lee-Yang ineqWllity ( 3) reduces to -1 ~ a "S 1. 

(4) 

(T 1/2. 11: 1/2):: * a, 

For A apn J = 3/Z, the decay distribution ie a cubic in ~- The four teet 

functions are 

T 3;a. 312 .'e 9P 1te) + sP2 (e> .. (7/l)P3Cs>. cs) 
T l/Z, l/1. ~· 3°1 (e) • 5P2(;) + 7P3(e), (6) 

and T l/'1., -l/Z and. T l/Z, ·l/2.' which are obtained by au.bstitu.tio.g .. € for ~ in 
Eqs. (5) and (6). The .Pk(t) are Legendre polynomials. Similar test functions 

are constructed for spin 5/2, 7 /1.. etc. 
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To illustrate the method, suppose the A spin were really 1/1., and that 

we ha.d a decay sample with the maximum possible asymmetry, that ie with 

a ~ 1. Theu we would find (with enough data so that statistical fluctuations 

were ne~ligible)(T l/Z, 6 :a;z) = ::1: 3a = * .3, and ~ l/l., ._ l/z)= :a -= :t l. The 
first of these fails to satisfy the inequality (3), and spin 3/Z would thereby be 

ruled out. The other three spia-3/Z test functions satis!z: the inequality and 

yield no information. We notice that a sample of spin-1/Z A 'a having ~~ <i 1/3 

would satisfy aU four of the epin-3/Z Lee· :Yang inequalities, and therefore 

would be useleas tor application o£ the method. 

We now consider the way in which the sample of A decays i0 obtained. 

For ~ method to succeed, the preceding example ebows that one needs a. 

ea.mple with a lal'ge asymmetry with respect to the quanti.i~&tion axis. On the 

other hand, in order to obtain an. unbiased sample lt is of primary importance 

not to select the A's or the quantization ads in a manner which involves ''peeking11 

at the decay ~·values. With theae considerations in mind, we naturally choose 

a priori a quantization axis perpendicular to the production plane of Reaction (2), 
::;a "6 

along P( w incident) X ~ (A). We naturally exclude, a priori, from our sample 

any A's produced via" .. + p- K0 + x;0, :E0~ y +A. The question arises 

whether we should icclLtde the entire range of c. m. angles in the production 

Reaction. (Z), or, as suggested by Lee and Yang, 1 include only a region centered 

at 90° (c. m. ), where the polarization might be expected to be largest. We 

believe that it ia very difficult to justify auc:b a limitation., eince ln order to 

decide on the range of angles to be included one becomes involved either in 

~ posteriori upeeklng at the data," or in making implicit a priori assumptions 

as to tbe maximum ang u.lar cornplex.ity and thus as to the maximwn number of 

·partial waves in~·olved in the K0 +A state. The former biases the distribution, 

and the latter spoils the beauty of the aseumptiou•free Lee-Yang method.. We 

therefore include the entire ranse of production angles. Similarly. the question. 

arises whether we •hould include all incident-pion production energies, or only 

those in which the dec.ay asymmetry appeare to be largeet. Since we have no 

~ri~ri knowledge ae t.o the energy depenclence of the A polarization. we would 

be at the mel'ey of statistical fluctuations. with a consequent large chance for bias. 

if we excluded some datum because o£ its small observed up-down asymmetry. 

We therefore include, a priori, .!!!,.production energies. 
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Finally we present the reeulte. For each event, e is obtained from detailed 

dynamical analyst•. Then T l/Z, l/1. (t) ia calculated i~r each even~. by using 

Eq. (5). Tbentlmitting the 3/l.,l/i eubscripte), ( T;\ =l(l/N) ET(U * f(l/N)( (TZ) 
/. ) 1. ,I 1/Z ' 1.\ Z . .... ~ 

.. \T ).J • where \T 1 = (1/N) ET (e), tllacl N:: 614 ta the total nwnber of 

events. The other te"'~;functioua are calculated aaaloao11aly. Our 614 events 

yield 

(T l/Z., l/1.) :t 0. 57 * O. 066, 

(El/1.., l/1.) = 1. 77 ;t; O. 1.44, 

. (! S/Z, S/1.) = 1.. 99 • 0. 408. 

Thus a A spin of 1/'l. eaeily aatia!ies the Lee-Yans inequality (T J, M) ~ 1, whUe 

epin 3/Z faile to satisfy it by (1. 77-1)/(0. 1.44) = 3. 16 standard deviations, and 

spin 5 /Z falls by 4. 88 atand.ard deviatious. 9 

In addition to satisfyi.n1 the spin -1 /Z Lee· Yang laequallty, 3 <e) ~ l; the· 

e diatt'ib11tion must be linear (Eq. (4)), lor spin 1/1.. Figure 1 shows a histogram 

of tile expe.ruruntta.l distribution. The etl'l3.~ght line is a least-squares best fit . 

and corresponds to the slope a = 0. 57. Application of the x Z test to the tit yields 

x 2 = 6. 70, with. an "expec:tedu value of 10 .. Z = 8. Thia corresponds to a x. 2 

pt-obability of 57% for a fit tbie bad or worse. The data thus fit a linear diatri

butioa (4) very well indeed. 

Laetly, we have performed a control experiment, in order to search for 

possible 1\iddea systematic eJ-rore ia ow- determination of the A decay ~ distribu

tion. Namely, we have determined, in exactly the ea.me way as lor the A •a, the 
11 ~ distribution" of a sample of 547 K0 decaye o£ the type: If- w + + 1r-. This· 

sample incll.ldes aubetantially all ou.r .K0 charged decays, from all production 

energies and from K0•s prc:.duced in association. with ~0•e aa well aa with A's. 

Figure Z shows the results. As expected, if there are indeed no biases. the ' 

diatrib1.1tion is tlat. 10 

We !inally coaclude, free from assumptions, that the A spin is 1/l.. 

We are indebted to Frank T. S0lmitz for many fr1.1itful d.iscussione, to 

Cieorce R. Kalbfleisch and Roger L. Douglas for their help in analyzing much 

of the data, and to Luis W. Alvarez for his continued guidance and support. 
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