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I. INTRODUCTION 

 

Elastic scattering is an important source of information on 

nuclear matter properties. It is the simplest reaction between a 

projectile and a target that can be induced by hadronic 

interaction. This information is obtained through the studies of 

the optical potential that is found to reproduce measurement of 

the elastic scattering cross section [1]. According to 

Kurkcuoglo et al., in [2] the elastic scattering of light heavy 

ion has been studied extensively both experimentally and 

theoretically in nuclear physics with the aim to determine the 

most suitable potential form to explain experimental data. In 

many nuclear reaction processes the nucleon-nucleon potential 

is one of the most important quantities, for example in elastic 

scattering of alpha-nucleus and light heavy-ion (HI) systems 

[3]. By using the potential between nuclei we can evaluate the 

cross sections of different nuclear reactions [4]. In the present 

work we have used an effective interaction fitted from the 

lowest order constrained variational approach produced by 

Fiase et al., within the double folding model approach to 

provide a unified description and understanding of the elastic 

scattering of light heavy ion systems:  at 

 and  at  

and 48 . 

This paper is organized as follows: In Section 2, a brief 

summary of the expression of the mass-dependent M3Y-type 

effective interaction for (A=16) is given. In Section 3, we 

define the folding model as included in the nuclear reaction 

video (NRV) code. In Section 4, we present the results of our 

findings and other relevant discussions are made. Finally, we 

make the conclusions of our findings in Section 5. 

 

 

II. THE M3Y-TYPE EFFECTIVE INTERACTION 

 

Various potentials have been used in optical model 

analysis. These potentials are found to reproduce nuclear 

matter properties such as binding energy, nuclear 

incompressibility and pressure but that which became known 

as the M3Y interaction is probably the most widely used [6]. 

In this work we adopt the M3Y-type interaction constructed 

by Fiase et al., using the lowest order constrained variational 

approach. Thus using the data of Table V from the determined 

best fit-interaction strength (in  produced by Fiase et 

Abstract: Optical model analyses of the elastic scattering of  at  and 

 at  and 48  have been performed using the folding model approach of the NRV code. 

Accurate measurements of elastic differential cross section were obtained using an effective mass dependent nucleon-

nucleon interaction. The results of the analyses reveal that there is excellent agreement between the experimental data 

and the theoretical results at large angles ( >80°) up to 120° for the system of . The theoretical results 

approximate the experimental data quite reasonably well and this proves that the effective mass dependent M3Y-type 

interaction is a good interaction for the studies of nuclear matter properties.  
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al., [5] we obtain an effective interaction for A=16 with 

  and  as: 

                  
and 

  
Equations (1) and (2) are the direct and exchange parts of 

the effective interaction fitted from the lowest order 

constrained variational (LOCV) approach. 

But studies have shown that this density independent 

M3Y interaction fails to reproduce nuclear matter properties at 

the saturation condition hence the need to introduces the 

density dependence factor of the form [7] 

.  (3) 

where  are the original effective interactions and 

 is the density dependence. In this work the density 

chosen is of the form [7, 8]: 

.                 (4) 

The parameters  are fitted in order to ensure 

the saturation of nuclear matter and to reproduce correct value 

of the nuclear matter binding energy,   

at . The parameters of the function 

 of the M3Y-type (A=16) interaction are listed in Table 1. 

Table 1: Parameters of the density dependent M3Y-type 

interaction 

However, most calculations use the form of the nucleon-

nucleon interaction supplemented by the zero range pseudo-

potential [9]. The zero range pseudo-potential takes account of 

the exchange effect arising from the knock-on exchange effect 

via the operator . In this regard the effective interaction 

takes the form [10] 

    (5) 

where  is the realistic two-body interaction and  

is the strength of the pseudo-potential which approximates the 

exchange part. 

In the present calculation, the magnitude of   for the 

M3Y-type interactions has been determined by approximate 

calculations of heavy-ion scattering and the result was found 

to be 

.     

 

 

III. FOLDING POTENTIAL 

 

The double-folding procedure is applied to calculation of 

heavy-ion interaction potential  using realistic nucleon-

nucleon (NN) interaction [11]. In this model the optical 

potential for heavy-ion scattering is obtained by averaging an 

appropriate NN interaction over the matter distributions within 

the two colliding ion in the form [11,12] 

,   (7) 

where  the integration is performed over the projectile and 

target volumes,  is the effective nucleon-nucleon 

interaction and  are the density distributions of nuclear 

matter in the nuclei . The nuclear and charge 

densities of the projectile or target nuclei are described using 

either the Fermi-type function or the Gaussian-type function. 

 

 

IV. RESULTS AND DISCUSSIONS 

 

A. THE ANALYSIS OF ELASTIC SCATTERING OF  

 AT  

 

The elastic scattering data of  at 

  are obtained using the density-

dependent form of our M3Y-type effective interactions of 

equations and the results are compared to that of [1]. The data 

obtained is presented in Table 2 with fit parameters. 

System Interaction (

MeV)   (mb) 
(

mb) 

 
M3Y-type 

A 16 
289 1.60 0.20 817.55 2045.33 

  300 1.60 0.20 809.91 2037.94 

Table 2: Parameters of the elastic scattering of  

 
Figure 1: Radial shape of the real folded potential of the 

elastic scattering of  data at   

The radial shapes of the real folded potential and the 

strengths are also obtained and the result presented in Figures 

1 and 2 respectively. The strength of the real potential was 

found to be approximately  for the analysis at both 

 and . 

 
Figure 2: Radial shape of the real folded potential of the 

elastic scattering of  data at   

Interaction C α Β 

M3Y-type A=16 0.2944 3.0767 2.9605 
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The angular distribution of the elastic scattering of 

 at  using our 

M3Y-type effective interaction is presented in Figures 3 and 4. 

Reasonably good fits are obtained at all energies with 

renormalization factor ( ) of 1.6 given in Table 2. The data 

has shown a reasonably good fit to the experimental data at 

small angles characterised by a heavy minima around 

 and maxima between  then 

with a smooth falloff at . The refractive rainbow 

pattern is also seen at angles around 40
o
 and 100

o
. However 

the data fail to extend the good fit at large angles greater than 

100
o
 which has a reflective pattern, this has also been reported 

by [1] as the anomalous large angle scattering of . 

The failure of the theoretical result to reproduce the reflective 

pattern at angles above 100
o
 as seen in Figures 3 and 4 can 

also be attributed to the attractive nature of the M3Y-type 

effective interaction. However, the fit at small angles has 

established our M3Y-type effective interaction to be a 

physically correct interaction and a good interaction for the 

studies and description of nuclear matter properties. 

 
Figure 3: Elastic scattering angular distributions for 

  at  

 
Figure 4: Elastic scattering angular distributions for 

  at  

 

B. THE ANALYSIS OF ELASTIC SCATTERING OF  

 AT  

 

The analysis of elastic scattering of  at 

 was carried out in a similar 

way as reported in Section 4.1. The result of this analysis is 

similar to the “generalized” folding model [1] that was applied 

to the study of the elastic scattering of  at energies 

350 and  using the M3Y-Paris and M3Y-Reid 

interactions. The folding model analysis of   

at  has been performed with a 

mean renormalization factor of  for the M3Y-

type interaction. The parameter values for the optimum fits are 

listed in Table 3. 

System 
Interacti

on 

(

MeV)   (mb) (mb) 

 

M3Y-

type 

A 16 

350 1.65 0.20 1020.77 2484.77 

  480 2.00 0.20 987.54 2540.61 

Table 3: Parameters of the optical model analysis of the 

elastic scattering of  

The results of the real folded potential of the elastic 

scattering of  at  

using M3Y-type interaction are determined and the results are 

presented in Figures 5 and 6. The strength of the real folded 

potential are found to be approximately  and 

 at  respectively. 

 
Figure 5: Radial shape of the real folded potential of the 

elastic scattering of  at  
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Figure 6: Radial shape of the real folded potential of the 

elastic scattering of  at   

The plots of the differential cross sections are also 

obtained and the results are shown in Figures 7 and 8. The 

theoretical results are compared to the experimental data to 

also show the appropriateness of the M3Y-type interaction in 

nuclear matter studies. These results are further compared to 

the analysis of [1, 2]. 

 
Figure 7: Elastic scattering angular distributions for 

 at  

 
Figure 8: Elastic scattering angular distributions for 

 at  

The calculated angular distributions of the reaction for 

 at    with the 

density dependent M3Y-type interaction are represented by 

the solid curves of Figures 7 and 8. The results of the 

theoretical calculations also approximate the experimental 

data of the differential cross sections quite reasonably just as 

the analysis of . It can be seen that the theoretical 

results fit the experimental data very well at angles between 

40  for the two systems. The fit extend quite 

reasonably well beyond 120 in the case of   at 

 but deviate at large angles (  at 

 which was also reported to be the case by 

Brandan and Satchler in their studies of the interaction 

between light heavy-ion [1]. 

 

 

V. CONCLUSION 

 

The folding model analyses of elastic scattering of 

 at the energies reported in Section 4.1 were 

computed using the folding model search code of NRV. The 

results for the depth of the real potentials and the differential 

cross sections were also obtained and discussed. The search 

led to a good fit as seen in Figures 3 and 4. The result have 

shown that, the M3Y-type interactions fit the experimental 

quite well and the good approximation at angles between 40  

to about 100  has established the M3Y-type interaction as a 

good interaction for nuclear matter studies. This agreement is 

satisfactory, particularly since no free parameter is used in the 

construction of the real potential (except as  is different 

from unity). The values of  from Table 2 show that, the 

renormalization factor is slightly larger than unity. This 

indicates that on the average the folding model with the M3Y-

type interaction predicts light heavy-ion real potential 

reasonably well. In the elastic scattering analysis 

of , the mean values of renormalisation factor  

from Table 3 also differs from unity. 
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