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ABSTRACT

We derive in this paper an approximate analytical expression for the heavy ion optical
potential by solving the inversion problem based on the Mclntyre parametrization of the S-matrix.
The quasi-classical limit of high energy approximation is modified in our approach so as to account
for the Coulomb distortion of the trajectory.
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1.INTRODUCTION

Several attempts have been made, lately, to describe
elastic scattering processes between heavy ions in terms of
the optical limit to the Glauber model''. In this treatment
each partial wave phase shift is expressed as an integral,
along straight line trajectories, of quantities involving
individual contributions of completely independent
microscopic collisions. The optical limit is also valid,
only, in the limit of isotropy of nucleon-nucleon scattering
amplitude. This can be assumed valid for energies not
exceeding 100 MeV per nucleon.

On the other hand, due to strong Coulomb field present
in heavy - ion collisions, the straight trajectory
approximation breaks down in the above considered energy
range.

Accordingly Vitturi and Zardi suggested a modification
of the optical limit model to account for the Coulomb
distortion of the trajectory occurring in the case of heavy
ion scattering at relatively low bombarding energies '. The
results obtained were satisfactory.

On the same lines, we derive in this paper approximate
analytical expressions for the heavy ion optical model
potential by solving the inversion problem based on the
Mclntyre parametrization of the S-matrix;and where
modification to the quasi-classical limit of high-energy
approximation, to account for the Coulomb distortion of the
trajectory, is taken into consideration. The motivation
behind this parametrization of the S-matrix is that it gives
excellent fits to the heavy ion data, with a few as three
parameters1'.

In the next section we give our solution of the
inversion problem, then in the section to follow we present
a comparison of our results, with our method applied to the
1ZC - UC system at Elab = 1016 MeV, and the results obtained
from the Woods-Saxon potential which gives best fit to the
data. In the last section we give our concluding discussion.

2. THE SOLUTION OF THE INVERSION PROBLEM

Starting with the Eikonal approximation we write the S-
matrix as :

(1)
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(2)

b is the impact parameter; b = 1/K and X = 1 + i-

To take into account the strong Coulomb distortion
of the particle orbits, we generalize the approximation;
this is accomplished by starting from the W.K.B. for the
total phase shift S , (A.) and making an appropriate expansion
to get:

(3)

where

(4)

with

(5)

and T) is the Sommerfeld parameter , i.e.

Moreover

(6)

h*
(7)

and

(8)

with rg as the reduced radius.

Equation (3) can be written as

u*iz+t) d r (9)

Now it can be shown that equation (9) ie of the Abel
type equations and has the inverse solution''.

*E i d'r xi a) di. (10)

with

(11)

From equation (1) and putting u, - V{r) + iw (r) and

using the integral formula for Bessel's function of first

order:

(12)

and the recurrence relation,

(13)

we have

<•=?> (14)

and
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where

A-Jtd(l--^-) (1--==) r )

and d is the diffueivity.

Equations (14) and {15) give the required solution for
the real and imaginary parts of the nuclear potential
respectively. It should be noted that r > r0 in our solution.

3. Application to the 12C-12C System
As i t can be seen, our method yields a three-parameters

f i t tq,any data; these parameters are u,d and 4; and for the
lZC - UC system these parameters are obtained from the phase
shift analysis carried out by Mermaz ] ) , while the rest of
the parameters such as q,e,B,3i,0 - - - , can be evaluated
easily.

Calculations are carried out for both the real and
imaginary parts of the potential and results compared with
Woods-Saxon geometry adopted for the same system with depths
V - 120 MGV and W4 = 34.02 MeVj|. The above set of data was
chosen because i t represents the best f i t to the
experimental data.

The comparison is given in Fig. (1) and Fig. 2; and
clearly we see that our procedure is in good agreement with
Woods-Saxon method.

4. Concluding Discussion
It is clear from the last section that our inversion

method gives good results when compared with Woods-Saxon
potential. However, i t should be noted that our presented
solution ie valid only for the region r > r, { « 4.7fm in
this case). Accordingly one may inquire about the region r
< rc. This will constitute the subject of a future study.
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FIGURE CAPTIONS

Fig.l A plot of the real part of the potential V versus r using the inversion method (solid line)
and W-S geometry (dashed line).

Fig.2 A plot of the imaginary pan of the potential W versus r obtained from the inversion
method (solid line) and W-S potential (dashed line).
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