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Pion-Oxygen Scattering in the Four-a-Particle Model
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Abstract
The pion-160 elastic scattering is studied via a parameter-free
theoretically deduced optical potential based on a four-a-particle model
for 160. The differential and total cross sections are calculated from
the (3,3) resonance to the low energy region. The results are compared

with the experimental data and a satisfactory agreement is obtained.
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Considerable theoretical efforts have been devoted to the investiga-
tion of the pion-nucleus scattering over the past decade. Some studies
used the first-order m-nucleus optical potential defined in the multiple
scattering theory of KMT.l»2,3 Some others included also the second-
order effects, which could only be achieved either phenomenologically or
through the approximations.%»5 It has been found that the various
effects, for example the Fermi motion, the binding energy, the angle
transformation and the true w-absorption etc. are quite important and
not negligible in the low energy region.

For nuclei such as 12C and 160 which can be regarded as being made
up of g-clusters, one can treat the a-particles in the nucleus as the
scatterers and utilize the n—a amplitude, obtained directly from fitting
the experimental data, as the basic input to construct a theoretical
m-nucleus optical potential. With this approach, the various effects
mentioned above would be "automatically” included to a certain extent in
the n-a formalism. Therefore, it is anticipated that the optical poten-
tial constructed should yield better results than those obtained from
using the n-N amplitudes as the input, particularly in the low energy
region where the scattering is not dominated by the strong absorption.

In an earlier work,® we have applied this model to the n-12C scat-
tering and obtained quite satisfactory agreement with the experimental
data. In this work we extend the analysis to the study of n-160 scatter-
ing (i.e. four ao-particles system).

In the multiple scattering theory of KMT,’ the transition matrix T

for the scattering of an incident pion from a nucleus is given by
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resonance region (for 163 and 114 MeV). In addition, the positions of
the “peaks” and “"deeps” are correctly predicted. Also in the large-angle
region (6 > 90°), the magnitude and the variation tendency of the
calculated cross sections are also in good agreement with the data.

As is well known, the first-order optical potentials constructed
using the 7-N amplitude as the input fail badly in the low energy region.
It has been shown by many calculations that if the various higher-order
effects, in particular the true n-absorption, are taken into account,
then the discrepancy between theory and experiment can be significantly
reduced. For comparison, the first-order calculations by Liu and Shakin*
which include the effects due to the Fermi motion, the binding energy and
the angle transformation are also plotted in Fig. 2 (dashed curve). It
is obvious that their calculations deviate considerably from the experi-
mental data in the forward angle region. In contrast, the present calcu-
lations yield quite significant improvements in the same forward angle
region. This is not surprising since, as mentioned earlier, the various
effects, in particular that due to the true w—absorption, have been
"automatically” included to some extent in the present calculations.
Also, as already discussed in an earlier paper,® the approximations (i.e.
multiple scattering, impulse and factorization approximations) used to
deduce the first-order optical potential are more valid for the present
a-particle model than for the usual nucleon model.

From Fig. 1 and 2 it can be seen that all our calculated results
underestimate the values of the second maximum in the differential cross
sections. Similar results are also observed in the n-!2C scattering.b

The cause of this underestimation is not clear to us at present.

We have also calculated total cross sections for the n-160
scattering. Again, a good agreement with the experimental data is
obtained, as is shown in Fig. 3.

In summary, our theoretical (parameter-free) optical potential
provides a quite successful description for the n-160 scattering data
over a wide energy region. This success certainly provides a strong

support for the four-a-particle model for the 160 nucleus.?
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