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ABSTRACT

In the space of observed polarization parameters, D the domain
predicted by the model must be a subdomain of D, the polarization
domain predicted by general conservation laws (e.g. angular momentum,
parity, isospin, etc.). We recall the shape of D for usual high-
energy experiments producing spin 1 or 3/2 particles and some general
model predictions in those cases. As a new 1llustrat10n we present
an analysis of the world data on mpt - p AT or WP art when 19 polar-
ization parameters are observed. It strongly favors the rule AJ =
between baryon states. :

INTRODUCT 10N :

This contribution to the conference does not deal with polarized
beams or polarized targets. However, I thought fit to accept the in-
vitation to contribute a half-hour talk in order to propagandize
about some of the work on polarization that Doncel, Minnaert and I
have done during the last ten years.l

The study of differential cross-sections in high energy physics
has revealed simple and fundamental laws for the dependence on energy
and on momentum transfer. Similarly, since all these reactions in-
volve spinning particles, the study of polarization effects may allow
the discovery of simple and fundamental laws for the dependence on
angular momentum transfer.

A new physical law or model can be tested by an experiment only
if, for this experiment, they have stronger implications than those
derived from fundamental invariance principles. In the present lit-
erature, where results of polarization measurements of hadrons with
spin greater than !5 are given, the consequence of angular momentum
and parity conservation seemed generally to be ignored. In the same
manner that energy momentum conservation defines a domain for the
energy monmentum of the final particles (i.e., the phase space) of a
reaction, angular momentum and parity conservation define a polariza-
tion domain D for the observed polarization parameters.

The model to be tested must predicts for these parameters a sub-
domain D of D. The value of the test will depend on how much the
experimental data yield points near 7, with experimental errors
small with respect to D.
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As an example of such a study we have analyzed all available
data on polarization correlations in hadronic reactions of the type
0~ %+ + 1~ %4*. Reactions of this type are among the most complicat-
ed measurements presently performed in high-energy physics: at least
19 significant polarization parameters can be measured. So we feel
that this analysis has some value as an example. Moreover, it yields
an interesting physical result: while the change of spin from the
initial to the final baryon could be obtained by both angular momen=-
tum transfers AT = 1 (dipole) and AT = 2 (quadrupole), we find that
the experimental data strongly suggest a pure AY = 1 transition from
the fundamental baryon octet to the first decuplet.

THE POLARIZATION DOMAIN

We recall here the essential steps necessary to the determina-
tion of the polarization domain: for more details we refer to our
previous publicationsZ-3, '

i) The polarization states of two particles of spin jj and jo
(here j; =1, jo = %) is described by a density matrix p, i.e., a
nxn, (n= (231+1) (23+1), Hermitian (p* = p), positive (p=0),
trace one matrix. Such matrices form a nz—l, convex self-dual
domain in the n’? dimensional Euclidean space E of n x n Hermitian
matrices, whose scalar product is (P15P2) = trp1P2.

ii) When ng = T,(2j;+1) for initial particles (here = 2) is
smaller than n (which is here 12), angular momentum conservation im-
plies that rank p = ng when all momenta and polarization of the
final particles are completely determined (which is not the case
here, see iv). .

iii) Parity conservation may impose on p to be in a linear sub-
space of E. This is the case, for instance, when:

"The reaction is parity conserving, the initial
particles are unpolarized; only three linearly - (a)
independent momenta are observed.

(as it is in the case here). Then the initial state is invariant by
reflection through the reaction plane and the final state must have
the same symmetry. The corresponding conditions have been expressed
very neatly in ref. 4. Here P must be in a 72-dimensional subspace
of the l44-dimensional space E.

iv) Most often the polarization measurement is partial, i.e.,
one observes only the orthogonal projection of the point of E repre-
senting P, on a linear subspace of E. This is the case when the
polarization is observed through the angular distribution of a
parity conserving two-body decay: only the "alignment' is measured
(here the quadrupolar polarizations for p, K¥,¢,A. It happens to be
also the case for the three-body decay of the w). However, if the
% baryon is a Y*, its polarization can be completely determined by
the sequential decays Y* + m+A, A - 7+N; then one can measure 47
polarization parameters. We know only of one experiment where this
has been done”. For all other data, 19 polarization parameters are
essentially measured6, so Dg is 19-dimensional. No condition is



left on the rank of p. For an infinite precision measurement of the
momenta of the final particles Dy would not be convex. But actual
experiments, to improve the statistics use large bins in t, the
momentum transfer, so the polarization domain D is more realisti-
cally the convex hull of Dj.

If the polarization of one particle only is measure, the polari-
zation domain is_three~dimensional and is respectively a cone for

the spin 1 meson’ and a sphere for the spin 3/2 baryon8’9.
THE AJ = 1 RULE

This rule is contained in more specific models. For instance,
the Stogplsky—Sakurai modell0 for the reactions 07 %+ - 0~ %+ im-
plies AJ = 1 since it assumes that the reaction is dominated by a
M; (magnetic dipole) transitionll. The rule AJ = 1 is also a con-
sequence of the quark model, and therefore of SU(6); indeed in this
model the lowest octet and decuplet are in a same supermultiplet,
i.e., the quarks are in the same space-state (s-state) and the spin
change from % to %t during the reaction is only due to the spin
flip of one of the quarks; the spin flip of a spin % particle
creates a pure AJ = 1 angular momentum transfer

For the reaction we study here, the rule Aj = 1 makes no pre-

diction on the observable separate polarizationslz. In the
19-dimensional observable domain D of joint polarization, it pre-
dicts an 8-dimensional subdomain D which is in the intersection of
D by a 13-dimensional linear subspace Ep (For details and proofs see
ref. 14). By partial integration of phase space, corresponding to
large bins in t (the momentum transfer) in actual experiments, only
the 6 linear relations which determined Ep can be tested,l?

The natural way to test them is to project all data on E%, the
6-dimensional vector subspace of E orthogonal to ErT. Instead of a
6-dimensional figure, the 3 lowest drawings on Figure 1 show the
projection of the domain D and the experimental data on three
mutually orthogonal two-planes xj Y1»> X2 Y2, X3 y3; the theoretical
point T, orthogonal projection of Er on Er-, projects respectively
on A = 8 of x1 y1 and on the origins 0 of X9 Y2, X3 y3. The group-
ing of the experimental points around the the theoretical one,
corresponding to the rule AT =1 is impressivel?; the few abnormal
points have rather large errors. Of course there must be correla-
tions among the three projections on x; vi (1 = 1,2,3) of an experi-
mental point. Indeed, if the projection on X1 y1 falls on A = Q,
then angular momentum and parity conservation already requires the
projection on x3 y3 to be 0 and that on X9 yp to be inside the
dotted circle. In the same Fig. 1, the upper two diagrams corre-
spond to a simplified test that we proposed18 in 1973. We consider
the project of D on the three-dimensional space Ep spanned by the
observed diagonal matrices in transversity quantization (i.e.,
bimultipole components TZ% , T82 , T%O). The projection of D on Ep
is the self-dual tetrahegron ABeD. The rule AJ = 1 predicts the
line segment AQ in the face ACD. The experimental points are well
grouped on AQ. Their distribution on AQ depends on different physi-
cal mechanisms. For instance one pion exchange or pure unnatural



parity cxchange (in mp =+ pA) corresponds to the point Q. All reac-
tions Tp + pA and Kp - K*A give data near Q for all energies between
3 and 13 GeV and for not too large momentum transfer. This is not
the case for respectively uwP or ¢ Eroduction. Figure 2 gives a more
detailed analysis of an experimentld of O production at 13 GeV.

We refer again to our other references (and especially 14) for
more details. Ve consider our study as just an example of what can
be done to analyze polarization measurements of resonances in high-
energy physics.
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