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ABSTRACT

A variation of the Adair analysis permitting the simultaneous
utilization .of data at all production angles in S« and P-wave production-
of spin-B/E resonances is given. Also the existence is noted of decay
angular distributions that, except for normalization, are independent

of the production angle, without limitation in the production states.



-.5...
UCRL-9526

*
ON THE IDENTIFICATION OF SPIN-3/2 RESONANCES

_Henry P. Stapp

Lawrence Radiation Laboratory
University of California
Berkeley, California

December 21, 1960

The spin of resonances narrow=enough to be consideréd quasi-stable
particles can be determined by an analysis of the decay angular distribution
of such of those particles as are produced in the forward direction, in
the manner proﬁosed by Adair.l The method suffers, however, because the
range of directions that may be considered forward is not precisely
defined and because only a fraction.of the available data .can be ﬁsed,
often rendering the statistical uncertainties large. Whenvthe production
state is pure S-wave all production angles can be used and‘these
drawbacks do not occur. -Formulas for the decay angular distribution
of spin-l/2 and spin-3/2 particles that include all production states
have previously been given2 and their applications to spin determination
have been recently discussed.3 However, these latter methods suffer from
the fact that different production angles are treated separatelys although
averages over production angles caﬁ be made, no simple theoretical

correlation between different productions angles is specified.

' Wofk done under the auspices of the U. S. Atoric Energy. Commissidn.
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Thevpurpose;of thié note is'to point éﬁt, for the case of 8-
and P-wave production,iwhiCh.seems to occur frequently, that one may
obtain relationships permitting data»atvall production angles to be
simulﬁaneously used in‘identifyingbspinwi/g'rgsonances. The case considered
is the joint production of a'spiﬁ-zerO”andfa spin-5/2.pafticle in. the
collision of a spin-zero and an unpolarizednspin-l/E particle, and the
subsequent decay of the-spin-5/2 particle. into a.spin—zero and a spin-
fl/2 péfticle; ,(Parityvis aSéﬁﬁed cénSefved; aé we are‘interééted in
;'3£roﬁg'inferactibhs. The intrinsié'pafitiéé.bf the7véridﬁé.particlés
‘ fﬁfﬂ;out ﬁo be.irfélévant.) if fhe decay éﬁgulaf distribﬁtion is given
‘by .W(e;‘e, @), and the'produéfibnvangular.diétribuﬁibn'by IO(G), then®

3

ol

b 10(6) W (656,0) = 1 (6) -

f_‘+ @+ (B+5)cos 0+ (74 e+ p) cosgié,} (3 cos® ez -1)
+ {8+ (e +2p) cos 8} (3 cos o cos~®x) sin @

4+ p sine'e.(B cos O -~ 1),

s

Where__®Z and @X are the. polar decay angles with respect to polar agés

e
along the z and x directions, respectively. The  z axis is along *

th¢ incident production direction and the y axis is the production
normal. The constant coefficients «,...,p are given in terms of the

combinations of production matrix elements
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" and the production angular distribution is given by
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These formulas are givén for the casé in which théfintrinsic parity
difference is even, but the other case is obtained by replacing
L=J+1/2 by L=J+ 1/2 in the production matrix elements

J
RL‘L. ot

- Inserting the‘éasily verifiéd relations

B+ 0= B,

ST

N =

y+ e+ p =

(A +C) -aq

one -obtains, after averaging over @Z, the 2z azimuthal angle,

(b Iy Wy =
z
oY (5.2 1y . . 2 3 .24 .1
IO(G) ( S cos” o+ 2) (A - 200+ p) sin® © ( 2 cos” @, 2.),
where .
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Since the production distribution can be considered known, this gives the
QZ-averaged decay distribution in terms of a single (positive)tparameter.
By likelihood methods the most likely value of the parameter (A - 20 + p)
can be found, and the likelihood that the process is consistent with the
assumption of S- and P-wave production of spin-B/E particle can be
determined.

Also, one can average instead over @X, the azimuthal angle about

the x axis. Then one finds
L 3 2 A 2.3 2. L
(lx Io(e) W)q)},c -,Io(e)(% , cos ®x)v+ (2, a+ 2p) sin” © (2 cos™ 8 - 3 ),

which is again‘a one-parameter formula.

The reason for performing the azimuthal average is to bring the
formulas to one-parameter formé; a likelihood analyéis using the general
six~parameter expression would not be expected to yield significant results
when data are scarce. However, it is not necessary to average always with
a weighting factor of unity. Averaging with the weighting factor
cos. 20 gives experimentally independent information and also leads to

one~-parameter forms. One  finds
' .2 . 2
(b I, W cos Eq)z)@Z = (3/8) p sin® 6 sin ez,

I I W cos 2<I>x)q)X = (3/8) {IO + (2 - A) sin® © } sin® @x .

0
The parameters appearing in these formulas, which can also be determined

by likelihood methods, are the same as those in the first two formulas.

Fa
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' The first of the two formulas_atové istarticulariy-simple;and
restrictive. If p is largé-enough.the distribution will show, in a
folded two-dimensional histogram, a pesking at the corner where
e E-GZ = .0, Exéept,forfthe over=all normalization, the dependence -on
both variables is completely specified, no parameter appearing. The
vsecond-formula, is similar to the Adair formula. in that the decay
distribution.ié'completely,SPecified.fbr-forward_produbtion,”but‘it‘is
simpler because with increasing productiOn_anglevonlyvthe normalization
changes, not the form.

o If‘One averégeé réﬁher with cos @X..Qr cos Q& the result,

for either case, 1is
(hn’IO-W cos ®>¢ = (3/2) (84 (e + 2p) cos & } sin © sin ® cos O.

'Here again, except for normaslization, the dependence on ©® is completely
specified and is independent of the production angle ©. The production-
angle dependence is determined by two parameters. However, the same function
entérg for the average over both ¢ and’ @y;

With the inclusion of higher partial waves the coefficients q,

Byeess;0 and A, B, C Dbecome functions of the production angle, 8,
but this does not aitef the uniquely specified decay angular‘distributions

given,invthe three above equations.
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