
 

Ankara University  
Institute of Nuclear Sciences 

Owner on behalf of Institute of Nuclear Sciences, 
Ankara University,   

 Director  

 Niyazi MERİÇ, Ph.D. 

http://dergipark.gov.tr/ankujns

Editor-in-Chief      
Haluk YÜCEL, Ph.D. 

Assistant Editor-in-Chief 

George S. POLYMERIS, Ph.D. 

Editorial Board 

A. HEIDARI, Ph.D.
Ayşe KAŞKAŞ, Ph.D.
Birol ENGİN, Ph.D.
Erkan İBİŞ, M.D.
Gaye Ö. ÇAKAL, Ph.D.
İskender Atilla REYHANCAN, Ph.D.
İsmail  BOZTOSUN, Ph.D.
Mehmet TOMBAKOĞLU, Ph.D.
M.Salem BADAWI, Ph.D.
Mustafa KARADAĞ, Ph.D.
Niyazi MERİÇ, Ph.D.
Osman YILMAZ, Ph.D.
Özlem BİRGÜL, Ph.D.
Özlem KÜÇÜK, M.D.
Slobodan JOVANOVIC, Ph.D.
Turgay KARALI, Ph.D.

 

Volume 4, No. 1 July 2017   p-ISSN: 2147-7736,   e-ISSN:2148-3981

Journal of Nuclear Sciences 

 Not for reproduction, distribution or commercial use.  
Provided for non-commercial research and education use. 



*Corresponding author.

E-mail address: maygun@beu.edu.tr, (M. Aygün)

Journal of Nuclear Sciences, Vol. 4, No.1, July 2017, 1-6

Copyright ©, Ankara University, Institute of Nuclear Sciences

ISSN: 2148-7736

  Hosted by Ankara University 

Journal of Nuclear Sciences 
p-ISSN: 2147-7736,  e-ISSN:2148-3981

Journal  homepage: http:/ /dergipark.gov.tr/ankujns  

DOI: 10.1501/nuclear.2023.20

A Theoretical Analysis of Quasi-elastic Scattering of 7Li by 120Sn Using Various 

Nuclear Potentials  

M. Aygün*

ORCID: 0000-0002-4276-3511 

Department of Physics, Bitlis Eren University, Bitlis, Turkey 

Received 26.11.2016; received in revised form 12.06.2017; accepted 13.06.2017

ABSTRACT 

The quasi-elastic scattering data of 7Li + 120Sn reaction at ELab = 19.5, 20.5, and 25.0 MeV incident energies have been 

reanalyzed within the framework of the optical model. In order to obtain the real potential, seven different nuclear potentials 

have been used. The imaginary potential has been assumed in Woods-Saxon form. The theoretical results have been 

compared with each other as well as the experimental data.  
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1. Introduction

The nuclear potential is an important tool in explaining 

the nuclear interactions such as elastic scattering, 

inelastic scattering, transfer reactions, breakup and 

knockout. With this goal, various nuclear potentials can 

be found in literature. Woods-Saxon [1], Woods-Saxon 

squared [2], Woods-Saxon derivative [3], Gaussian [4], 

Exponential [5] and Folding [6] potentials are some of 

them. This subject is still a problem of interest in the field 

of nuclear physics although different nuclear potentials 

can be obtained from the literature. Therefore, the 

introduction of alternative potentials is important in 

explaining various nuclear interactions. 

Recenty, the quasi-elastic scattering data of 7Li + 120Sn 

reaction at ELab = 19.5, 20.5, and 25.0 MeV have been 

reported by Sousa et al. [7]. The experimental data have 

been analyzed by using the São Paulo Potential (SPP) 

within the framework of the optical model (OM). For this 

system, Aygun et al. [8] have conducted a theoretical 

study via phenomenological and double folding 

potentials and have obtained good agreement results with 

the experimental data. Zagatto et al. [9] have performed 

coupled channels (CC) and coupled reaction channels 

(CRC) calculations in order to explain the measured data 

of 7Li + 120Sn reaction. They have reported that some 

differences observed in the calculations may point out  

corrections to the nuclear potential or incorporation of 

further channels. As a result of this, it is thought that the 

analysis of different phenomenological potentials for 7Li 

+ 120Sn reaction is important and useful in obtaining more

knowledge about the nuclear interactions.

In the present research, the roles of various nuclear 

potentials are examined in explaining the experimental 

data of 7Li + 120Sn quasi-elastic scattering at 19.5, 20.5 

and 25.0 MeV. In this way, seven different type nuclear 

potential are chosen for 7Li + 120Sn reaction. These are 

Gaussian-Gaussian (G-G), Exponential-Exponential (E-

E), Yukawa-Yukawa (Y-Y), Woods Saxon-Woods 

Saxon (WS-WS), Woods Saxon Squared-Woods Saxon 

Squared (WS2-WS2), Gaussian-Yukawa (G-Y) and 

Gaussian-Woods Saxon (G-WS) potentials. All the 

theoretical results are compared with the experimental 

data. Finally, corresponding cross-section values for 

different nuclear potential calculations of 7Li + 120Sn 

reaction are given. 

2. The Calculation Process

In theoretical manner, the total interaction potential 

between projectile and target nucleus can be written as 

𝑉𝑡𝑜𝑡𝑎𝑙(𝑟) = 𝑉𝐶(𝑟) + 𝑉𝑁(𝑟) (1)

http://www.sciencedirect.com/science/journal/01678809
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where VC is Coulomb potential and VN is nuclear 

potential. VC (r) potential is given by [10] 

 

𝑉𝐶(𝑟) =
1

4𝜋𝜀0

𝑍𝑃𝑍𝑇𝑒2

𝑟
            𝑟 ≥ 𝑅𝐶       (2) 

 

=
1

4𝜋𝜀0

𝑍𝑃𝑍𝑇𝑒2

2𝑅𝐶 
(3 −

𝑟2

𝑅𝐶
2) ,      𝑟 ≤ 𝑅𝐶     (3) 

 

where RC is the Coulomb radius, taken as 1.25(AP
1/3 

+AT
1/3) fm in the calculations and ZP and ZT denote the 

charges of projectile and target nucleus, respectively. 

For VN potential, different nuclear potentials are applied. 

These seven different type potentials are described in the 

following section. 

 
A. Gaussian-Gaussian (G-G) Potential 

 

Firstly, Gaussian-Gaussian (G-G) potential is assumed to 

be for the real and imaginary parts of the optical 

potential. G-G nuclear potential is given by [11] 

 

𝑉𝑁
𝐺−𝐺(𝑟) = −𝑉1 exp [− (

𝑟−𝑅𝑣1

𝑎𝑣1
)

2

] −

𝑉2 exp [− (
𝑟−𝑅𝑣2

𝑎𝑣2
)

2

]                                           (4) 

 

Where 

 

Ri = ri (AP
1/3 +AT

1/3),           i=v1, v2    (5) 

 

and AP and AT are mass numbers of projectile and target 

nucleus, respectively. 

 

B. Exponential-Exponential (E-E) Potential 

 

Secondly, in order to generate the real and imaginary 

parts of the optical potential, the used Exponential-

Exponential (E-E) potential is parameterized by Ref. [11] 

as follows: 

𝑉𝑁
𝐸−𝐸(𝑟) = −𝑉1 exp [− (

𝑟−𝑅𝑣1

𝑎𝑣1
)] − 𝑉2 exp [− (

𝑟−𝑅𝑣2

𝑎𝑣2
)]

                   (6) 

C. Yukawa-Yukawa (Y-Y) Potential 

Thirdly, the real and imaginary potentials are considered 

as Yukawa-Yukawa (Y-Y) potentials parameterized by 

Ref. [11] as follows: 

𝑉𝑁
𝑌−𝑌(𝑟) = −𝑉1

exp[−(
𝑟−𝑅𝑣1

𝑎𝑣1
)]

𝑟
− 𝑉2

exp[−(
𝑟−𝑅𝑣2

𝑎𝑣2
)]

𝑟
.   (7) 

D. Woods Saxon-Woods Saxon (WS-WS) Potential 

 

Another nuclear potential investigated with this study is 

Woods Saxon-Woods-Saxon (WS-WS) potential given 

in the following form in Ref. [11] 

𝑉𝑁
𝑊𝑆−𝑊𝑆(𝑟) = −

𝑉1

1+exp(
𝑟−𝑅𝑣1

𝑎𝑣1
)

−
𝑉2

1+exp(
𝑟−𝑅𝑣2

𝑎𝑣2
)
.   (8) 

E. Woods Saxon Squared-Woods Saxon Squared 

(WS2-WS2) Potential 

Woods Saxon Squared-Woods Saxon Squared (WS2-

WS2) potential assumed for the optical potential is 

formulated by Ref. [11] 

𝑉𝑁
𝑊𝑆2−𝑊𝑆2

(𝑟) = −
𝑉1

[1+exp(
𝑟−𝑅𝑣1

𝑎𝑣1
)]

2 −
𝑉2

[1+exp(
𝑟−𝑅𝑣2

𝑎𝑣2
)]

2. (9) 

 

F. Gaussian-Yukawa (G-Y) Potential 

Here, in order obtain the real and imaginary parts of the 

nuclear potential, Gaussian-Yukawa (G-Y) potential is 

evaluated. This potential is parameterized by Ref. [11] 

𝑉𝑁
𝐺−𝑌(𝑟) = −𝑉1 exp [− (

𝑟−𝑅𝑣1

𝑎𝑣1
)

2

] − 𝑉2

exp[−(
𝑟−𝑅𝑣2

𝑎𝑣2
)]

𝑟
 (10) 

G. Gaussian-Woods Saxon Potential (G-WS) 

Finally, Gaussian-Woods Saxon (G-WS) potential is 

assumed as nuclear potential between the interacting two 

nuclei. It can be shown by Ref. [11] 

𝑉𝑁
𝐺−𝑊𝑆(𝑟) = −𝑉1 exp [− (

𝑟−𝑅𝑣1

𝑎𝑣1
)

2

] −
𝑉2

1+exp(
𝑟−𝑅𝑣2

𝑎𝑣2
)
   (11) 

3. Results and Discussion  

 

The nuclear part of nucleus 7Li + 120Sn interaction 

potential has been calculated by using G-G, E-E, Y-Y, 

WS-WS, WS2-WS2, G-Y and G-W potentials. The 

angular distributions of 7Li + 120Sn scattering have been 

obtained within the framework of the Optical Model. The 

optical potential parameters and the cross-sections 

obtained from the theoretical calculations of the nuclear 

potentials have been listed in Table 1. In this study, χ2/N 

values for all the potentials have also been calculated and 

given in Table 2. 
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Table 1. The optical potential parameters and cross-sections obtained for G-G, E-E, Y-Y, WS-WS, WS2-WS2, G-Y and G-

WS nuclear potentials of 7Li + 120Sn reaction investigated by using the OM. 

Energy Potential V1 rv1 av1 V2 rv2 av2 R 

(ELab) type (MeV) (fm) (fm) (MeV) (fm) (fm) (mb) 

 

 

 

19.5 

 

 

 

G-G 20.0  0.850 0.660 10.80 1.632 0.200 141.5 

E-E 29.0 1.145 0.660 18.40 1.307 0.660 133.7 

Y-Y 70.0 1.150 0.660 11.80 1.603 0.680 144.7 

WS-WS 60.0 1.180 0.515 19.50 1.412 0.512 132.6 

WS2-WS2 30.0 1.150 0.660 17.82 1.507 0.840 137.4 

G-Y 10.0 0.850 0.660 25.10 1.609 0.490 149.6 

G-WS 10.0 0.850 0.660 7.100 1.642 0.235 157.5 

 

 

 

 

20.5 

 

 

G-G 68.0 1.457 0.700 15.00 1.240 0.700 166.9 

E-E 20.0 1.150 0.660 15.10 1.307 0.660 200.8 

Y-Y 37.6 1.384 0.660 18.00 1.490 0.660 169.4 

WS-WS 60.0 1.230 0.514 12.50 1.385  0.502 169.0 

WS2-WS2 20.0  1.150 0.660 3.900 1.622 0.660 189.0 

G-Y 10.0   0.850 0.660 20.10 1.551 0.642 223.3 

G-WS 10.0  0.850 0.660 2.350 1.642 0.235 184.3 

 

 

 

 

25.0 

G-G 23.0  1.470 0.830 16.80 1.346 0.530 921.2 

E-E 21.0  1.210 0.700 9.000 1.340 0.560 655.3 

Y-Y 30.0  1.410 0.660 25.00 1.430 0.660 673.1 

WS-WS 70.0  1.220 0.515 14.40 1.370 0.508 731.0 

WS2-WS2 20.0  1.450 0.660 16.00 1.470 0.770 791.2 

G-Y 10.0  0.850 0.660 28.80 1.551 0.771 997.0 

G-WS 10.0   0.850 0.660 3.820 1.666 0.215 912.3 

 

Table 2. The χ2/N values for G-G, E-E, Y-Y, WS-WS, WS2-WS2, G-Y and G-WS nuclear potentials in comparison with each 

other. 

                     χ2/N 

Energy 

(MeV) 

   Potential type 

G-G E-E Y-Y WS-WS WS2-WS2 G-Y G-WS  

         

19.5  0.0771 0.0991 

 

0.0871 

 

0.0869 

 

0.0829 

 

0.0780 

 

0.0843 

 

 

20.5  0.174 

 

0.0912 

 

0.121 

 

0.0991 

 

0.105 

 

0.146 

 

0.114 

 

 

25.0  2.14 1.71 2.38 1.55 1.82 2.24 2.48  

 

In Fig. 1, the theoretical results have been presented in 

comparison with each other as well as the experimental 

data. It has been observed that the potentials have given 

different results according to their nuclear potential 

structure. While the differences between the results are 

clear at backwards angles, the results of some potentials 

are closer to each other at forwards angles. Especially, 

G-G, Y-Y and WS2-WS2 potentials gave close results in 

providing agreement with the experimental data. The 

smallest χ2/N value was found for G-G potential. Also, 

the results have been compared with the theoretical 

results obtained by using the double folding model 

(DFM) by Aygun et al. [8]. It has been observed that G-

G, Y-Y and WS2-WS2 results are in better agreement 

with the experimental data than the DFM results. 
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Fig. 1 The elastic scattering angular distributions of 7Li from 120Sn at ELab=19.5 MeV by using G-G, E-E, Y-Y, WS-WS, 

WS2-WS2, G-Y and G-WS potentials in comparison with the experimental data. The experimental data have been taken 

from [7]. 

The theoretical results of seven different nuclear 

potentials used in clarifying the quasi-elastic scattering 

data of 7Li + 120Sn reaction at ELab=20.5 MeV have been 

presented in Fig. 2. G-WS and WS2-WS2 results have 

displayed a very similar behavior and are in good 

agreement with the data in general. However, it has been 

seen that E-E potential has given better results than the 

other nuclear potentials. Also, this situation can be seen 

from χ2/N values. In addition, the results have been 

compared with the DFM results [8]. It has been noticed 

that while the DFM results are similar to the other 

potential results at forward angles, they are different 

from each other at backward angles. 

 

 

Fig. 2 The elastic scattering angular distributions of 7Li from 120Sn at ELab=20.5 MeV by using G-G, E-E, Y-Y, WS-WS, 

WS2-WS2, G-Y and G-WS potentials in comparison with the experimental data. The experimental data have been taken 

from [7]. 
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The theoretical results of the angular distributions of 7Li 

+ 120Sn system at ELab=25.0 MeV have been exhibited in 

Fig. 3. E-E and Y-Y results are the same with each other 

for 65◦ Θ 105◦ but this harmony is broken at forwards 

angles. It has been noticed that the E-E and WS-WS 

nuclear potentials have produced better results in 

comparison with the other nuclear potentials. In general 

sense, while the potentials are in agreement with each 

other at forwards angles, the results differ from each 

other at backwards angles. Finally, the results for all the 

potentials investigated with this work have been 

presented in comparison with the DFM results [8]. It has 

been seen that E-E and WS-WS and DFM results are 

generally very close to each other at forwards angles and 

the DFM results are slightly better than the results of E-

E and WS-WS potentials. However, at backwards angles, 

this harmony disappears and E-E results look a bit better 

than WS-WS and DFM results. 

Fig. 3 The elastic scattering angular distributions of 7Li from 120Sn at ELab=25.0 MeV by using G-G, E-E, Y-Y, WS-WS, 

WS2-WS2, G-Y and G-WS potentials in comparison with the experimental data. The experimental data have been taken 

from [7]. 

 

4. Conclusion 

In the present work, the angular distributions of the 

quasi-elastic scattering of 7Li by 120Sn have been 

investigated at incident energies of 19.5, 20.5, and 25.0 

MeV. The cross-sections have been obtained by using 

seven different nuclear potentials based on the Optical 

Model. The obtained theoretical results are in agreement 

with the experimental data have been obtained. It has 

been seen that the nuclear potential parameters are not 

the same for all the potentials. It is thought that it 

indicates the shape-dependency of the optical potential.  

 

 

 

 

 

 

Finally, it can be said that to investigate the comparison 

of the well-known potentials in literature is important 

and useful for the analysis of nuclear reactions. It is 

believed that the present study can be used as a guide for 

examining the experimental data with different nuclear 

potentials. 
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