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THE usual method for determining the polariza-
tion of particles consists of measuring the azi-
muthal asymmetry of the scattering of the polar-
ized particles, and is based on the fact that the
azimuthal asymmetry is equal to the product of
the polarization of the incident particles and the
polarization produced in the scattering of unpo-
larized particles. This relation was derived by
Wolfenstein and Ashkin for the nonrelativistic
case, from general principles of symmetry.i’ 2
It is interesting to examine the question of the
relation between asymmetry and polarization in
the case of the scattering of relativistic particles,
The state of polarization of a relativistic par-
ticle with four-vector momentum pu can be de-
scribed® by the density matrix

p="2 (1 + itsTutn) Ape (1)

Here Ap = ('yup“ +im)/2im is a projection oper-
ator, m is the rest mass of the particle, and gu =
iSp ysyup is a spacelike axial vector orthogonal
to the vector py (éupy = 0). The degree of polar-
ization is defined as P = ({48, )i/2

Let us consider first elastic scattering of par-
ticles with spin 3 by spinless particles. By con-
siderations of invariance the scattering matrix
can be written in the form

M= A+ By, (g + qv), (2)

where Y and ql'L are the momenta of the particle
with spin zero before and after the scattering, and
A and B are arbitrary functions of the two inde-
pendent invariants. The density matrix of the final
state can be put in the following form:

Pscat = Ap Mpine BM*BAp. 3)

py and p,'l are the momenta of the particles with
spin 3 before and after the scattering.

From Eqgs. (1) and (3) we get the following ex-
pression for the scattering cross section of the
polarized beam (polarization vector glilnC):

SpA Mivsy, A BM*3
SpA, MA BM*3

o =55 A mAM3(1 48 ) @

THE EDITOR

By means of the expression (2) we can verify that
Sp Ap MixsYuApBM*B = Spivsyu Ay MABM*BA,
and, consequently,
o = oo (1 + & £, ®)

where o, is the scattering cross section of unpo-
larized particles and §2¢ is the polarization vector
that appears from the scattering of unpolarized
particles (&& ~ €uppaPiPpds)-

The formula (5) is also valid in the case of a
reaction of the type 3 + 0 — 1 + 0, if the product
of the intrinsic parities of all the particles involved
in the reaction is +1. On the other hand, if the prod-
uct of the intrinsic parities is — 1, then it is not
hard to derive the following expression for the
cross section of the reaction:

o =ao(l —EN°EY). (6)

It can be verified that Eq. (5) is also valid in the
case of scattering of polarized particles of spin 3
by unpolarized particles with spin 3 (for example,
for nucleon-nucleon scattering).

In the laboratory coordinate system (q =0),
and also in any other system moving relative to
the laboratory system with a velocity lying in the
plane of the scattering (for example in the center-
of-mass system), the fourth component gf,’ of the
polarization vector is zero and the vector £° is
directed along [p X p’]. Equation (5) then takes
the following form:

o = ap(1 + Einc).

Thus in the usual double-scattering experiment
the asymmetry € is equal to §&§&, i.e., to the
square of the relativistically invariant polariza-
tion. A measurement of the asymmetry of the
scattering of an arbitrarily polarized beam makes
it possible to determine the component of the spa-
tial part of the polarization vector normal to the
plane of the scattering.
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