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It is shown that for a certain type of inelastic scattering the neutron polarization can be com-
puted within the framework of the optical model. Polarization in elastic scattering by deformed

nuclei is considered.

IN the conventional optical model, (1] the cross
section for the interaction of nucleons with nuclei
is divided into two parts: the cross section for the
optical elastic scattering and the reaction cross
section, which is identified with the cross section
for the formation of the intermediate nucleus. All
inelastic scattering processes are included in the
second cross section, i.e., are regarded as going
through the compound nucleus. This model allows
only for the prediction of the polarization due to
the optical elastic scattering. The nucleons scat-
tered through the compound nucleus mechanism
are assumed to be unpolarized on the average (as
a result of the averaging over the random orienta-
tions of the spins of the nucleons emitted by the
decaying compound nucleus). In the orthodox op-
tical model, therefore, the inelastically scattered
nucleons are unpolarized.

On the other hand, it is known that inelastic
processes may occur without formation of an in-
termediate nucleus. These are the so-called direct
processes. Chase, Wilets, and Edmonds (2] nave
proposed a theory for deformed nuclei which per-
mits the description of a certain type of direct re-
actions within the framework of the optical model.
The type of direct process considered by these
authors is the direct excitation of nuclear rota-
tional levels in the scattering of neutrons. If this
theory 2] js generalized to include the spin-orbit
interaction it permits the computation of the po-
larization of the inelastically scattered neutrons.
Moreover, such a model leads to a considerably
improved agreement between theory and experi-
ment for the polarization in elastic scattering in
the region of atomic numbers 150 < A < 190, where
the model of a spherical nucleus is inadequate.

The Hamiltonian for our model is written as

H=—-2£;V2+Tmt—i—V(r, 6/)—1—-[’]30. ‘ (1)

Here Trot is the operator for the rotational motion

of the target nucleus with eigenfunctions D%VIK( 6i),
(r6’¢’) are the coordinates of the neutron relative
to the principal axes of the nucleus, and V(r, 6’)
is the potential representing the interaction be-
tween the neutron and the deformed nucleus.

The Hamiltonian (1) differs from the correspond-
ing Hamiltonian in (2] by the presence of the spin-
orbit interaction Hgp, which is chosen in the form

% 0V ( r, 6')

Hso (]S) (2)

For simplicity we shall restrict ourselves to the
discussion of even-even nuclei. Then the initial
spin of the target nucleus is I =0 and K = 0. The
wave function for the incoming partial wave with
momentum j (j =1+ s) and projection M on the
z axis (M coincides with the projection of the
spin of the incoming neutron, since m; = 0) in
the channel I=0 is

Wiy = [2 VI () Y] (0,930 52). (3)
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The function YJI:J-', which gives the dependence of
the solution on the angular variables and the spins
of the neutron and the target nucleus, is of the
form
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where ‘I’lsj,mj is the spin-angle function. B3] we

expand the potential V(r,0’) in a series,

> v (1) Pa (cos 0) (5)

A=0, 2...
and restrict ourselves to the first two terms. 2]
Substituting (3) and (5) in the equation H¥;m
= E¥jM, we obtain the following system of differ-

ential equations for the radial functions szJO,(r)

V(r,0)=
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where the matrix element has the form

(A= +Vv2a+1)
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and bj=j- Y, or —(j +%) depending on whether
J=l+ Y or j=1-Y.

The asymptotic form of the radial wave func-
tions at large distances is

l/0 (r) — h(2) (kor) + ,nllo (1) (kor)’
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It is easily shown that the total scattering am-
plitude is the sum

1O =21, ©), (9)
where fj/(60) is the amplitude for scattering into
the angle 6 with excitation of the rotational level
I'. For I’ =0 we have the amplitude for optical
elastic scattering f). The matrix element (ffof,)
determines the elastic polarization, as usual. The
essential point is, however, that the quantities
(ffrofy ) do not vanish for I’ = 0 as a consequence
of the coherence of the amplitudes fy-.

We define the relative polarization of the nu-
cleons scattered inelastically with excitation of
the level I’ of the target nucleus in the following
way:

1 <fpofr>

s dog, [dQ (10)

P (8) =

The differential scattering cross section with ex-
citation of the level I’ is

dop [dQ={f}.f,.> + do™YdQ, (11)

where the first term on the right corresponds to
the optical scattering and the second term to scat-
tering with compound nucleus excitation. Evidently,
if I’ = 0, formula (10) gives the usual optical elas-
tic polarization Py. Using the usual rules for the
addition of angular momenta, it is easy to express
(10) and (11) in terms of the coefficients 7.

We have carried out computations of the polari-
zation of neutrons with an energy of 380 MeV,
using an electronic computer. The potential
V(r, 8’) was chosen of the form
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V(r,0)= —Vo[[l + expl

sy
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where

R (e’)= Ro [1 + ﬁy20 (9')], R0= 1‘245 A'/lF;

a=065F, b=1F, [=0.1.

Figure 1 shows the function Py/(6) for tungsten.
It is seen that, in absolute value, Pyr with I’ = 0
is not small compared to P,. This is explained by
the fact that, although the denominator in (10) de-
creases sharply as I’ is increased, the numerator
falls off just as rapidly.
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FIG. 1. Function Py/(6)
for tungsten. 1—elastic po-
larization, 2— polarization
in inelastic scattering with 7
excitation of the level =2,
3 —the same with excitation
of the level I=4.
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Unfortunately, the absence of experimental data
on the polarization of inelastically scattered neu-
trons does not allow us yet to compare theory and
experiment. But such a comparison can be made
for Py. The results of the computation of Py for
tungsten and erbium are shown in Figs. 2 and 3.
The dotted line indicates the polarization computed
with the model of a spherical nucleus. It is seen
that the agreement with the experimental data is
considerably improved if the deformation is taken
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FIG. 2. Polarization in elastic scattering on tungsten.
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= 80 keV for erbium. On the other hand, there
is considerable disagreement with experiment in
the case of U238, using the conventional values for
the radius and deformation.
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