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In the present work we use the energy density formalism derived from the Skyrme density depen-

dent interaction to study the orientation and energy dependence of the real part of the ion-ion poten-

tial for the U+ U system. It is found that both the nuclear part and the total potential (nuclear

plus Coulomb) depend strongly on the relative orientation of the two interacting nuclei. Pockets are

predicted in the total potential ~hose depths are found to depend on the orientation angle.

I. INTRODUCTION

The static and dynamic deformations give rise to signi-
ficant changes in the Coulomb and nuclear energies. For
example, the form factors describing the coupling between
elastic and inelastic channels in peripheral heavy ion reac-
tions depend sensitively on the static and dynamic proper-
ties of the matter distribution. Moreover, in recent ex-
periments spontaneous positron emission in heavy ion col-
lision has been measured. The analysis of the data indi-
cated that the two nuclei stick together for a time of about
10 '9 sec or longer. Greiner' has suggested that the pro-
longed nuclear sticking time might be caused by a poten-
tial energy minimum in the nuclear surface —a
"pocket"—depending on orientation which can capture
the nuclei.

Several attempts have been made to derive the potential
between two deformed nuclei starting from an effective
two-body interaction. For example, such potentials have
been investigated in the proximity approximation and the
double folding procedure. 6 As is well known in the case
of spherical nuclei, although the double folding model
predicts qualitative features of the elastic scattering data,
it has been found that a renormalization of the strength of
the real potential to about one-half of its value at the
strong absorption radius is essential to get quantitative
agreement. The discrepancy may be due to the neglect of
the saturation effects or exchange effects due to antisym-
metrization. Saturation effects can be taken into account
by deriving a folded potential form a density dependent
effective interaction.

Another method for calculating the ion-ion potential is

by using a Hamiltonian energy density derived from den-
sity dependent effective interaction. This method has
been applied successfully to derive the real part of the in-
teraction potential between several pairs of spherical nu-
clei. ' Besides the fact that the above mentioned method
takes into account the effect of saturation of nudear
forces and the exchange effects due to antisymmetriza-
tion, it can be modified easily to include energy depen-
dence of the ion-ion potential. "

A natural extension of the work done in Ref. 9 is to use
the energy density formalism derived from density depen-
dent effective interaction to study the energy and orienta-
tion dependence of the heavy ion potential between two

The interaction potential between two nuclei separated
by a distance R is given by the difference between their
energies at separation distance R and their energies at
separate distance infinity. Explicitly,

V(K,R) =E(K,R) E(K, gp ), —

where E is obtained from the Hamiltonian energy density
8 according to

E(K,R)= f drH(r, K,R) . (2)

The potential V between the two ions is also characterized
by the average relative momentum per projectile nucleon,
K, which is related to the laboratory energy of the projec-
tile, E~,b, according to

K = (1/fi) +2mEhb/A p,
where Ap is the mass number of the projectile and m is
the nucleon mass.

The Hamiltonian energy density H consists of the ki-
netic energy density (fi /2m)v and the potential energy
density m. For the potential energy density we take the
Skyrme form.

For calculating the kinetic energy density, we used the
following prescription. ' Having two densities pp (projec-
tile density) and pT (target density) at position r, one may
relate them to Fermi momenta in nuclear matter using the
relation

deformed nuclei. This study will be done in the present
paper. For this purpose, we use the Skyrme interaction
with parameter set SIII (Ref. 12) to investigate the real

part of the interaction potential between two U nuclei.
For the U nucleus we use deformed Fermi type matter
density with static quadrupole and hexadecapole deforma-
tions. ' We calculated both the real part of the optical-
model potential and the Coulomb potential. %'e study
both the energy dependence and orientation dependence of
the U+ U potential. In the next section we briefly
describe the theory. In Sec. III the results are presented
and discussed.

II. THEORY
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