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Introduction
Based on the optical model, simultaneous

χ2 analysis were performed on elastic scattering
and fusion cross sections measured for the
32S+58,64Ni system at several energies around
Coulomb barrier by Udagawa et. al. [1]. The
imaginary potential used in this calculation
consists of a surface type and a volume type
fusion terms as WD and WF respectively, the
latter of which accounts for fusion. They have
explained elastic scattering cross section with
energy dependent way and fusion cross section
for large value of WF. In [2], angular distribution
of elastic scattering for the 19F+ 208Pb system
have been measured at six different energies
around Coulomb barrier. It is found that the real
and imaginary part of the phenomenological
optical potential show a pronounced energy
dependence for the explanation of elastic
scattering, in addition to this a large value of
diffuseness parameter ’a’ is required to explain
the fusion cross section for this system. Further,
accurate angular distributions of 16O ions
scattered by 58,60,62,64Ni have been measured at
five energies between 60 and 120 MeV by N.
Keely et. al. [3]. They have also used the energy
dependent potential and larger value of
diffuseness parameter to explain fusion cross
sections. The diffuseness parameter required
to fit the high energy cross sections is higher
than that required to fit elastic scattering data.
Even the CC calculation failed to explain the
oscillatory structure in barrier distribution
function.

So by overcoming these difficulties we
have successfully explained scattering

and fusion phenomena simultaneously with a
unique potential. For this we have taken small
diffuseness parameter ’a’, deep real potential and
very small imaginary potential to sustain
resonance states. The details of the mathematics
of multi-step approximation method are in Ref.
[4, 5].

Formulation

Here we adopt a convenient but somewhat
different procedure to solve the schroedinger
equation. Let us first consider the s-wave
scattering in detail. A potential U(r) can be
considered as a chain of n number of rectangular
potentials, each of which has arbitrary small
width w. In fact in any numerical integration of
differential equation similar procedure is implicit.
Having simulated the potential up to a maximum
range of r = Rmax, we have , where

is the width of the ith rectangle.

The reduced Schroedinger equation in this region is

(1)
With the following solution

(2)
Total absorption or reaction cross section in the region

is given by

(3)
Where

Proceedings of the DAE Symp. on Nucl. Phys. 66 (2022) 585

Available online at www.sympnp.org/proceedings



Ij represents absorption cross section as discrete sums
of contributions from various sections.
This result in jth segment can be expressed as

(4)

So the absorption (fusion) cross section in jth
region is given by

(5)

Results and Discussions
The formulation developed in the above

section is applied to 16O+144Sm system to
analyze the collision data, to obtain a unified and
consistent description and measurement of
elastic scattering and fusion cross sections as
well as to study the peculiar peak structure in the

variation of the quantity as a
function of Ec.m. . The optical parameters that is
used in this calculation are VN=100 MeV,
rV=1.295 fm, aV=0.365 fm, W= 4.0 MeV,
rW=1.25 fm, aW=0.15 fm, rC=1.1 fm, VB= 60.25
MeV, RB= 11.46 fm, Rfus=10.0 fm.

In Fig. 1, and 2 we compare our calculated
results (solid curves) of difffferential scattering
and fusion cross section with the corresponding
experimental data (solid dots) taken from Refs.
[6] at several energies. It is seen that the the
agreement with experimental data is quiet good.
we obtain the results of the quantity D(Ec.m.) as a
function of Ec.m. for this system in Fig.3. It is
seen that the main peak along with some smaller
peaks in the higher energy region are well
reproduced by our calculation.
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Fig.1: Angular distribution of elastic cattering cross
sections (ratios to Rutherford) At different laboratory
energies.
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Fig.2: Variation of fusion cross section σf us
as function of energy Ec.m.
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Fig.3: Variation of D(E) as a function of energy
Ec.m..
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