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Study of (p,n) reaction in a wide energy range 1 

 2 

 3 

Abstract 4 

 5 

In this paper, the quasi-elastic scattering (p, n) reactions are studied for a wide range of 6 

target nuclei 
13

C,
 14

C,
 48

Ca,
 90

Zr and 
208

Pb and different incident energies (35-160 MeV). The 7 

phenomenological Optical model potential and density independent approaches are used for these 8 

calculations in comparison with density dependent semi-microscopic approach. The density 9 

dependent parameters are modified to achieve the best calculations for many targets at different 10 

energy levels.  11 

 12 
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   18 

1. Introduction 19 

 20 

         Examinations of the elastic and quasi-elastic scattering of neutrons and protons is one 21 

simplest way for better understanding the character of the nuclear interaction. The isospin is one 22 

important and interesting feature of the nucleon-nucleus interactions. In order to be determined, 23 

Lane [1] postulated a straightforward reliance of the nucleon-nucleus optical potential upon the 24 

isospin operators in terms of the optical model (OM). The matrix elements ensuing from this 25 

dependence are expressed in simple forms [2] for both of the (p,p), (n,n), and the (p,n) reactions. 26 

 27 

Also, more realistic method is using the folded nucleon-nucleon (NN) interaction potential 28 

in the framework of OM. The folded potential represents the real part of the optical potential [3-5]. 29 

Within this method, antisymmetrization of the investigated system has been mulled over to 30 

incorporate the exchange terms [6].  31 

 32 

          We represent here a systematic study of the (p,n) reactions in the framework of the OM, in 33 

which the interaction potential is engendered by folding the chosen potential with the densities of 34 

the nucleus. The NN interactions are taken in the form of sums of direct and zero range exchange 35 

terms. Supplementally, phenomenological OM is used to describe the same reactions. It is an 36 

extending to our previous work [7]. 37 

 38 

2. The Lane Model 39 

 40 

        The nuclear interaction between an incident nucleon and a target with non-zero isospin has an 41 

isospin dependent part. The lane isospin dependent part is formulated as 42 

 43 
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where, U1 is known as the Lane potential that contributes to both the elastic (p,p) and (n,n) 45 

scattering just as to the charge exchange (p,n) reaction. The isospin of the particle and target 46 

nucleus, are t, T, respectively and A is the mass number of the target. Thus, in a straightforward 47 

method, lane potential (isospin dependent part) is connected to optical potential to form the total 48 

nuclear nucleon-nucleus interaction as  49 
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Knowledge of U1 is of key enthusiasm for investigations of nuclear phenomena in which 51 

neutrons and protons are different (isovector modes). Numerous past appraisals of U1 are liable to 52 

serious uncertainties as Distorted Wave Born Approximation (DWBA) analysis of (p,n) reactions. 53 

For instance, in the comparison of elastic nucleon scattering from different nuclei one must make 54 

assumptions [2] about the variation of nuclear geometry with A and ε. It is on a fundamental level 55 

conceivable to stay away from these uncertainties by extracting U1 from a consistent study of the 56 

elastic proton and neutron scattering and the charge exchange (p,n) reaction on the same target 57 

nucleus, at the same energy. We recall here briefly the consistent isospin coupling scheme [1] for 58 

the elastic nucleon-nucleus scattering and charge exchange (p,n) reaction exciting.  59 

 60 

The matrix elements resulting from equation (2) give the following relationships [2]. 61 
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Similarly, the transition matrix element or (p,n) form factor for the charge exchange 64 

reaction is  65 

                               
1

2/1
)(2

U
A

ZN
U

pn


                                                          (5) 66 

Accordingly 67 

pnppnn
UZNU

A

ZN
UU

2/1

1
)(

)(2



                                   (6) 68 

where    
A

ZN 
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The present calculations of angular distributions of the (p,n) elastic scattering cross sections 70 

were made by using the distorted-wave code DWUCK4 [8], and the optical potential is  71 
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 for (n,n) , (p,p),  and for (p,n) reaction 73 
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where VF0(1) (R) is the nuclear real potential calculated by the folding procedure, including the zero 75 

range exchange part of the potential by using DFPOT code [9]. W(R) is the imaginary part of the 76 

potential including both type; volume WV(R) and surface WS(R). 77 



 

The last outcomes for the angular distributions of scattering cross sections were gotten by 78 

changing the parameters of the imaginary part of the potential to get the best fit with the 79 

experimental values. 80 

 81 

.3. Method of Calculations 82 

 83 

In this work, we study the quasi-elastic scattering (p,n) reaction. Differential scattering cross 84 

sections are determined for a wide range of incident proton energies by different targets. Initially, 85 

proton of energies 35, 45 and 135 MeV [10,111] incident on target nuclei  
48

Ca. Pursued by, proton 86 

of energies 35, 45, 120 and 160 MeV [10,13,14] incidents on target nuclei 
90

Zr. Then, proton of 87 

energies 35 and 45 MeV [9] incidents on target nucleus 
208

Pb. At long last, proton of energies 35 88 

and 120 MeV [15,16] incidents on target isotope nuclei 
13

C and 
14

C, respectively. 89 

 90 

3.1 The phenomenological Optical potential 91 

 92 
The global WS parameters for different nucleon potentials [17-19] have been carefully 93 

determined based on large experimental data bases of the elastic nucleon-nucleus scattering. Then, 94 

it has been found to be useful in calculation of the transition optical potential (Upn). 95 

We have been chosen CH89 global optical parameters as initial parameters, and in that case 96 

a minor change is needed to reproduce the best fit of the scattering cross sections with the 97 

experimental data in the optical model (OM) analysis. The equations and parameters used in 98 

potential CH89 are listed in ref.[18]. 99 

 100 

3.2. Density independence folding potential  101 
 102 

The nucleon-nucleus potential can be obtained by single folding (SF) the density distribution 103 

of the target nucleus )( r
T

 with the NN effective interaction VNN (S) [20] 104 

 105 
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where, rRS   is the distance between the two nucleons. Here, we take the NN interaction to be 107 

density independent (DI) M3Y effective NN interaction with a zero–range approximation in the 108 

form   109 
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 112 

V0 and V1 are the (isoscalar and isovector) M3Y effective NN interaction potential respectively, 113 

supplemented by zero range potentials. Where ( ) is the energy dependent parameter = 0.005 114 

Mev
-1

.The zero range potential (third term) in equations (10) and (11) represents the single nucleon 115 

exchange term.  116 

 117 

Consequently, the real folded isoscalar VF0 (R) and isovector VF1 (R) components of VF (R) 118 

potentials are calculated and further scaled by a factor NR in addition to W(R) to obtain U0(1).  119 

 120 



 

3.3. Density dependence folding potential 121 
 122 

The failure of simple M3Y-NN type interactions to give a good description of the data in 123 

many cases [21-24], leads to the inclusion of explicit density dependence. In consequence, the 124 

other type (DD) of the SF potential is introduced as follow 125 

 126 
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The density dependence [25] adopted is 128 

g(ρ,ε) = C(1- β(ε) ρ
n
 ) .                                                (13) 129 

The density dependent parameters C and β, can be given by the subsequent  130 
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 137 

It is quite obvious that density dependence parameter (β) obtained by this method depends 138 

only on the saturation energy per nucleon (ε0), the saturation density (ρ0) and the index (n) but not 139 

on the parameters of the M3Y interaction while the parameter (c) depends on and also through the 140 

volume integral (J0). 141 

 142 

As a result, the two parameters β and C are chosen to have different values with different 143 

investigated energies. Thus, the density dependent factor g(ρ,ε) is turn out to be function of energy. 144 

The value of parameter n= 2/3 was firstly taken by Myers in the SF calculation [25].Three forms 145 

are applied in our analysis which is summarized according to energy range used as:   146 

             147 

                                             g(ρ,ε) = 2.07(1- 1.667 ρ
2/3

 )                                         (17) 148 

this is denoted as DD1 within energy range 120-160 MeV, where  ρ0 = 0.15 [26,27],  149 

 150 

g(ρ,ε) = 2.85(1- 1.614 ρ
2/3

 )                                         (18) 151 

this is indicated as DD2 at energy 45 MeV, where  ρ0 = 0.16 [28,29], and 152 

 153 

g(ρ,ε) = 1.55(1- 1.054 ρ
2/3 

) ,                                      (19) 154 

this is referred to as DD3 at energy 35 MeV, where  ρ0 = 0.28 [30,31]. 155 

Notice that, g(ρ,ε) in equation (13) is a function of energy at only one value at saturation. 156 

Then, it was our trial to be obtained as a variable function with changing energy. According to the 157 

investigated results, it is appropriate to improve the value of ρ0 to be as a function in energy to 158 

generalize and achieve the three ranges. This is represented by: 159 

 160 
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 162 

Consistent with the above formula, it is proper to draw the relation that shows the variation of ρ0 163 

with E in the figure (1) as following: 164 

 165 
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 167 

Fig.(1): the variation of different values of saturation density (ρ0 ) 168 

with different energies (E)  169 

 170 

 Summarizing that, we are used the SF program to calculate the real parts of the 171 

nucleon-nucleus scattering of several systems. The interactions are divided into density 172 

independence M3Y-DI and density dependence DD1, DD2 and DD3 interaction. From the 173 

above description, the basic inputs to a folding calculation are nuclear densities of the target 174 

nuclei and the effective NN interaction. The densities of 
13

C and
 14

C are taken as Gaussian [32],
 

175 
48

Ca [33],
 90

Zr [34] and 
208

Pb [35] are taken as Fermi. In the present work, we examine a few 176 

representative cases about the real part of nuclear potential. These data are very helpful to test 177 

the modified density dependent Folding potential. 178 

 179 

4. Results and Conclusion  180 

 181 

 In this work, the phenomenological OM and semi-microscopic (SF) model   are used. The 182 

DI and DD1, DD2 and DD3 effective NN interaction is employed to drive the real folding optical 183 

model potentials of the investigated systems, assuming the density distribution for different targets 184 

nuclei. The imaginary potentials are supplemented to the derived potentials in phenomenological 185 

Woods-Saxon (WS) form. The quasi-elastic angular distributions for the different systems are 186 

calculated and the results are compared to the experimental data.  187 

 188 

The Figures (2-12) show the cross section data for the quasi elastic scattering using different 189 

potentials for the investigated nuclei at low and high energies. It is easy to notice from these 190 

figures that, all the used potentials give a good results for the scattering cross sections of each of 191 

the reactions (p,n), although these potentials have different characteristic values. This is due to the 192 



 

fact that the calculations of the interaction cross sections depend also up on the imaginary 193 

potential. 194 

  195 

In harmony with the success of density and energy dependent in the analysis of quasi-elastic 196 

scattering (p,n) reaction, it is interested to study how far the calculated Unn and Upp are consistent 197 

with Upn in equation (5). So, the calculations were done to get Unn and Upp by changing the 198 

potential according to equations (3) and (4). The Unn, Upp and Upn characteristics of the 199 

investigated nuclei for the used potentials are presented in Tables (1-11). 200 

 201 

Generally, we concluded that using the modified density dependent single folding model 202 

successfully describes the quasi-elastic scattering experimental data at different energy ranges and 203 

gives a good agreement of the calculated values of Unn and Upp with equation (5). 204 

 205 

 206 

 207 

 208 
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Table 1: The best-fit parameters to (p,n) data of 
 90

Zr at 35 MeV within different models 263 

as 

fm 

Rs 

Fm 

Ws 

MeV 

av 

fm 

Rv 

fm 

Wv 

MeV 

a 

fm 

r 

fm 

V 

MeV 
Channel Model 

0.69 

0.69 

0.00 

1.27 

1.27 

0.00 

587.6 

5.878 

0.00 

0.69 

0.69 

0.69 

1.47 

1.27 

1.16 

68955 

0.696 

1.326 

68.650 

0.8454 

0.8795 

1.062 

1.052 

1.045 

70.97 

14.21 

1.73 

 (p,p) 

(n ,n) 

(p,n) 

OM 

0.69 

0.69 

0.00 

1.27 

1.27 

0.00 

6.785 

5.878 

0.00 

0.69 

0.69 

0.69 

1.37 

1.27 

1.17 

0.166 

0.096 

1.366 

0.8263 

0.8254 

0.8595 

1.0427 

1.0427 

1.0356 

66.97 

12.21 

1.830 

(p,p) 

(n ,n) 

(p,n) 

DI 

0.69 

0.69 

0.00 

1.27 

1.27 

0.00 

6.785 

5.878 

0.00 

0.69 

0.69 

0.99 

1.47 

1.27 

1.17 

0.866 

0.596 

1.356 

0.8263 

0.8254 

0.8622 

1.0429 

1.0427 

1.0360 

71.97 

14.21 

1.930 

(p,p) 

(n ,n) 

(p,n) 

DD1 

0.69 

0.69 

0.00 

1.27 

1.27 

0.00 

6.785 

5.878 

0.00 

0.69 

0.69 

0.69 

1.37 

1.37 

1.17 

0.966 

0.956 

1.206 

0.8294 

0.8256 

0.8611 

7860.7 

786007 

78606. 

75.00 

15.81 

7.930 

(p,p) 

(n ,n) 

(p,n) 

DD3 
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 266 

 267 

 268 

 269 

 270 
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 272 

 273 
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 276 

Table 2: The best-fit parameters to (p,n) data of 
 90

Zr at 45 MeV within different models 277 

as 

fm 

Rs 

Fm 

Ws 

MeV 

av 

fm 

Rv 

fm 

Wv 

MeV 

a 

fm 

r 

fm 

V 

MeV 
Channel Model 

0.69 

0.69 

0.00 

1.27 

1.27 

0.00 

68970 

5.098 

0.00 

0.69 

0.69 

0.69 

1.27 

1.27 

1.29 

3.052 

3.080 

1.152 

0.8431 

0.8380 

0.8875 

1.049 

1.050 

1.038 

68.72 

23.62 

1.277 

(p,p) 

(n ,n) 

(p,n) 

OM 

0.69 

0.69 

0.00 

1.27 

1.27 

0.00 

5.974 

5.098 

0.00 

0.69 

0.69 

0.69 

1.27 

1.27 

1.29 

3.052 

3.080 

1.152 

0.8431 

0.8380 

0.8875 

1.0391 

1.0402 

1.0289 

69.72 

22.62 

1.177 

(p,p) 

(n ,n) 

(p,n) 

DI 

0.69 

0.69 

0.00 

1.27 

1.27 

0.00 

5.974 

5.098 

0.00 

0.69 

0.69 

0.69 

1.27 

1.27 

1.27 

6.052 

4.080 

1.552 

0.8467 

0.8421 

0.8932 

1.0425 

1.0431 

1.0324 

75.72 

25.62 

1.557 

(p,p) 

(n ,n) 

(p,n) 

DD1 

0.69 

0.69 

0.00 

1.27 

1.27 

0.00 

5.97 

5.09 

0.00 

0.99 

0.99 

0.69 

1.27 

1.27 

1.28 

6.052 

4.080 

1.502 

0.8466 

0.8412 

0.8928 

7860. 

786007 

7860.. 

73.72 

24.62 

1.677 

(p,p) 

(n ,n) 

(p,n) 

DD2 
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 279 

 280 

 281 

 282 

 283 

 284 

 285 

 286 



 

 287 

 288 

 289 

Table 0: The best-fit parameters to (p,n) data of 
 90

Zr at 120 MeV within different models 290 

 291 

as 

fm 

Rs 

Fm 

Ws 

MeV 

av 

fm 

Rv 

fm 

Wv 

MeV 

a 

fm 

r 

fm 

V 

MeV 
Channel Model 

0.69 

0.69 

0.00 

1.27 

1.27 

0.00 

7800. 

1.123 

0.00 

0.69 

0.69 

0.69 

1.27 

1.27 

1.27 

7.73 

7.76 

680. 

78667 

0.9018 

1.277 

0.9663 

1.203 

0.885 

52.56 

31.84 

1.905 

(p,p) 

(n ,n) 

(p,n) 

OM 

0.69 

0.69 

0.00 

1.27 

1.27 

0.00 

1.388 

1.123 

0.00 

0.69 

0.69 

0.69 

1.27 

1.27 

1.27 

7.730 

7.760 

0.430 

1.007 

0.9818 

1.377 

0.9963 

1.0039 

0.8557 

50.16 

30.59 

1.885 

(p,p) 

(n ,n) 

(p,n) 

DI 

0.69 

0.69 

6866 

1.27 

1.27 

0.00 

1.388 

1.123 

0.00 

0.69 

0.69 

0.69 

1.27 

1.57 

1.27 

7.730 

7.760 

0.350 

1.166 

1.146 

1.394 

0.9514 

0.9584 

0.8588 

50.16 

30.59 

1.985 

(p,p) 

(n ,n) 

(p,n) 

DD1 
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 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 
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Table 4: The best-fit parameters to (p,n) data of 
 90

Zr at 160 MeV within different models 306 

 307 

as 

fm 

Rs 

Fm 

Ws 

MeV 

av 

fm 

Rv 

fm 

Wv 

MeV 

a 

fm 

r 

fm 

V 

MeV 
Channel Model 

0.69 

0.69 

0.00 

1.27 

1.27 

0.00 

68669 

0.406 

0.00 

6899 

0.59 

0.99 

78.7 

2.27 

1.17 

68790 

.8795 

1.124 

78.70 

1.158 

2.646 

0.951 

0.951 

0.965 

60.50 

38.81 

0.456 

(p,p) 

(n ,n) 

(p,n) 

OM 

0.69 

0.69 

0.00 

1.27 

1.27 

0.00 

0.509 

0.406 

0.00 

0.99 

0.59 

0.89 

1.27 

2.27 

1.17 

5.794 

8.196 

1.124 

1.173 

1.118 

2.546 

0.9414 

0.961 

0.955 

61.90 

35.41 

0.356 

(p,p) 

(n ,n) 

(p,n) 

DI 

0.69 

0.69 

0.00 

1.27 

1.27 

0.00 

0.509 

0.406 

0.00 

0.99 

0.69 

0.99 

0.17 

0.37 

1.10 

8.794 

8.196 

0.694 

1.198 

1.140 

2.805 

0.9476 

0.9673 

   2.249 

55.90 

35.41 

0.146 

(p,p) 

(n ,n) 

(p,n) 

DD1 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 



 

 317 

 318 

 319 

 320 

 321 

Table 5: The best-fit parameters to (p,n) data of 
 13C  at 35 MeV within different models 322 

 323 

as 

fm 

Rs 

Fm 

Ws 

MeV 

av 

fm 

Rv 

fm 

Wv 

MeV 

a 

fm 

r 

fm 

V 

MeV 
Channel Model 

0.69 

0.69 

0.00 

1.15 

1.65 

0.00 

08096 

5.769 

0.00 

0.49 

0.69 

1.10 

1.25 

1.25 

1.43 

1.238 

1.600 

.8766 

68507 

0.630 

0.658 

0.694 

0.692 

0.635 

65.58 

55.82 

0.784 

(p,p) 

(n ,n) 

(p,n) 

OM 

0.69 

0.69 

0.00 

1.15 

1.65 

0.00 

4.490 

5.769 

0.00 

0.49 

0.69 

0.96 

1.25 

78.6 

7800 

1.238 

1.600 

2.700 

0.7314 

0.7300 

0.7389 

0.7944 

0.7927 

0.8254 

50.58 

45.82 

0.584 

(p,p) 

(n ,n) 

(p,n) 

DI 

0.69 

0.69 

0.00 

1.15 

1.15 

0.00 

4.49 

5.76 

0.00 

0.69 

0.69 

0.89 

0.55 

2.55 

1.05 

1.638 

1.600 

5.638 

0.7315 

0.7309 

0.7359 

0.8084 

0.8059 

0.8505 

48.98 

45.02 

0.784 

(p,p) 

(n ,n) 

(p,n) 

DD1 

0.69 

0.69 

0.00 

1.15 

1.15 

0.00 

4.49 

5.76 

0.00 

0.69 

0.69 

0.89 

1.55 

1.55 

0.98 

1.638 

1.600 

6.638 

0.7434 

0.7439 

0.7393 

689606 

6890.. 

78666. 

42.98 

40.02 

0.284 

(p,p) 

(n ,n) 

(p,n) 

DD3 

 324 

 325 

 326 

 327 

 328 



 

 329 

 330 

 331 

 332 

 333 

 334 

Table 5: The best-fit parameters to (p,n) data of 
 14C  at 120 MeV within different models 335 

 336 

as 

fm 

Rs 

Fm 

Ws 

MeV 

av 

fm 

Rv 

fm 

Wv 

MeV 

a 

fm 

r 

fm 

V 

MeV 
Channel Model 

0.69 

0.69 

0.00 

1.15 

1.15 

0.00 

78.09 

0.936 

0.00 

0.69 

0.69 

0.79 

1.25 

1.25 

0.87 

8.756 

5.761 

08.65 

68566 

0.669 

0.256 

1.255 

1.177 

1.840 

39.50 

22.50 

0.097 

(p,p) 

(n ,n) 

(p,n) 

OM 

0.69 

0.69 

0.00 

1.15 

1.15 

0.00 

1.239 

0.936 

0.00 

0.69 

0.69 

0.79 

1.25 

1.25 

0.87 

8.756 

5.761 

3.856 

0.6001 

0.6494 

0.2167 

1.1559 

1.0776 

1.8409 

35.50 

20.50 

0.067 

(p,p) 

(n ,n) 

(p,n) 

DI 

0.69 

0.69 

0.00 

1.15 

1.55 

0.00 

1.239 

0.936 

0.00 

0.69 

0.69 

0.79 

1.25 

1.25 

0.87 

8.756 

5.761 

3.856 

0.6013 

0.6481 

0.2216 

1.1551 

1.0775 

1.8413 

29.50 

30.50 

0.097 

(p,p) 

(n ,n) 

(p,n) 

DD1 

 337 

 338 

 339 

 340 

 341 

 342 

 343 



 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

Table 7: The best-fit parameters to (p,n) data of 
 48Ca at 35 MeV within different models 351 

 352 

as 

fm 

Rs 

Fm 

Ws 

MeV 

av 

fm 

Rv 

fm 

Wv 

MeV 

a 

fm 

r 

fm 

V 

MeV 
Channel Model 

0.69 

0.69 

0.00 

1.11 

1.11 

0.00 

7.073 

3.420 

0.00 

0.69 

0.69 

0.69 

1.11 

1.11 

1.21 

3.27 

3.90 

080. 

6859 

0.69 

0.69 

1.158 

1.158 

1.158 

36.16 

32.79 

1.100 

(p,p) 

(n ,n) 

(p,n) 

OM 

0.69 

0.69 

0.00 

1.11 

1.11 

0.00 

7.073 

3.420 

0.00 

0.69 

0.69 

0.60 

1.21 

1.21 

1.21 

2.270 

2.900 

2.270 

0.8826 

0.8782 

0.9128 

0.9870 

0.9881 

0.9779 

70.27 

35.85 

2.230 

(p,p) 

(n ,n) 

(p,n) 

DI 

0.69 

0.69 

0.00 

1.11 

1.11 

0.00 

8.073 

7.420 

0.00 

0.69 

0.69 

0.55 

1.11 

1.11 

1.21 

6.110 

8.900 

4.100 

0.8986 

0.8934 

0.9304 

0.9966 

0.9977 

0.9875 

60.12 

51.29 

0.882 

(p,p) 

(n ,n) 

(p,n) 

DD1 

0.69 

0.69 

0.00 

1.11 

1.11 

0.00 

0.173 

5.42 

0.00 

0.69 

0.69 

0.59 

1.11 

1.11 

1.25 

4.510 

8.110 

2.900 

0.8905 

0.8849 

0.9215 

689977 

6899.7 

689..6 

62.12 

45.29 

0.982 

(p,p) 

(n ,n) 

(p,n) 

DD3 

 353 

 354 

 355 



 

 356 

 357 

 358 

 359 

 360 

 361 

 362 

 363 

Table .: The best-fit parameters to (p,n) data of 
 48Ca at 45 MeV within different models 364 

 365 

as 

fm 

Rs 

Fm 

Ws 

MeV 

av 

fm 

Rv 

fm 

Wv 

MeV 

a 

fm 

r 

fm 

V 

MeV 
Channel Model 

0.69 

0.69 

0.00 

1.11 

1.11 

0.00 

6.163 

5.383 

0.00 

0.69 

0.69 

0.69 

1.21 

1.21 

1.25 

1.184 

1.18 

2.88 

68767. 

0.9207 

0.1445 

0.964 

0.924 

1.054 

56.46 

41.81 

0.145 

(p,p) 

(n ,n) 

(p,n) 

OM 

0.69 

0.69 

0.00 

1.11 

1.11 

0.00 

6.163 

5.383 

0.00 

0.69 

0.69 

0.69 

1.21 

1.21 

1.10 

1.184 

1.180 

2.880 

0.7812 

0.9107 

0.1345 

0.9647 

0.9248 

1.0549 

60.46 

40.81 

0.245 

(p,p) 

(n ,n) 

(p,n) 

DI 

0.69 

0.69 

0.00 

1.11 

1.11 

0.00 

6.163 

5.420 

0.00 

0.69 

0.69 

0.69 

1.21 

1.21 

1.21 

1.770 

1.280 

2.520 

0.7934 

0.9309 

0.1329 

0.9724 

0.9319 

1.0566 

62.16 

39.79 

0.200 

(p,p) 

(n ,n) 

(p,n) 

DD1 

0.69 

0.69 

0.00 

1.11 

1.11 

0.00 

6.163 

5.42 

0.00 

0.39 

0.69 

0.89 

0.85 

1.21 

1.00 

0.770 

2.780 

4.520 

06966 

0.8091 

0.1331 

78606 

786.5 

786650 

48.16 

42.09 

0.20 

(p,p) 

(n ,n) 

(p,n) 

DD2 

 366 

 367 



 

 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 

Table 9: The best-fit parameters to (p,n) data of 
 48Ca at 135 MeV within different models 377 

 378 

as 

fm 

Rs 

Fm 

Ws 

MeV 

av 

fm 

Rv 

fm 

Wv 

MeV 

a 

fm 

r 

fm 

V 

MeV 
Channel Model 

0.69 

0.69 

0.00 

1.11 

1.11 

0.00 

78670 

3.420 

0.00 

0.69 

0.69 

0.79 

1.11 

1.11 

1.11 

2.27 

2.90 

78.. 

6859 

0.69 

0.69 

1.158 

1.158 

1.158 

40.16 

20.79 

0.100 

(p,p) 

(n ,n) 

(p,n) 

OM 

0.69 

0.69 

0.00 

1.11 

1.11 

0.00 

0.950 

0.449 

0.00 

1.19 

0.89 

0.79 

1.11 

1.21 

1.01 

2.77 

7.780 

1.670 

1.041 

0.997 

1.785 

0.8755 

0.8917 

0.4344 

60.80 

30.10 

0.10 

(p,p) 

(n ,n) 

(p,n) 

DI 

0.69 

0.69 

0.00 

1.11 

1.11 

0.00 

7.073 

3.420 

0.00 

0.69 

0.69 

0.69 

1.11 

1.11 

1.11 

1.270 

1.90 

1.120 

1.071 

1.020 

1.968 

0.8818 

0.8992 

0.3351 

42.16 

24.09 

1.300 

(p,p) 

(n ,n) 

(p,n) 

DD1 

 379 

 380 

 381 

 382 



 

 383 

 384 

 385 

 386 

 387 

 388 

Table 76: The best-fit parameters to (p,n) data of 
208

Pb  at 35 MeV within different models 389 

 390 

as 

fm 

Rs 

Fm 

Ws 

MeV 

av 

fm 

Rv 

fm 

Wv 

MeV 

a 

fm 

r 

fm 

V 

MeV 
Channel Model 

0.69 

0.69 

0.00 

1.25 

1.25 

0.00 

5.302 

6.909 

0.00 

0.69 

0.69 

6867 

1.23 

1.24 

7860 

5.274 

5.670 

2.474 

68.0. 

0.852 

0.854 

1.079 

1.080 

1.076 

41.50 

9.50 

1.552 

(p,p) 

(n ,n) 

(p,n) 

OM 

0.69 

0.69 

0.00 

1.25 

1.25 

0.00 

5.302 

6.909 

0.00 

0.69 

0.69 

0.55 

1.25 

1.25 

1.01 

5.074 

5.570 

2.574 

0.8382 

0.8320 

0.8644 

1.0896 

1.0902 

1.0864 

40.50 

8.50 

1.352 

(p,p) 

(n ,n) 

(p,n) 

DI 

0.69 

0.69 

0.00 

1.25 

1.25 

0.00 

5.302 

6.909 

0.00 

0.89 

0.89 

0.58 

1.75 

1.55 

1.00 

3.074 

3.570 

3.974 

0.8398 

0.8333 

0.8683 

1.0896 

1.0904 

1.0864 

38.50 

14.50 

1.600 

(p,p) 

(n ,n) 

(p,n) 

DD1 

0.69 

0.69 

0.00 

1.25 

1.25 

0.00 

8.302 

6.909 

0.00 

68.9 

0.89 

0.55 

1.35 

1.35 

1.01 

3.374 

3.800 

3.074 

0.8468 

0.7985 

0. 867 

786..7 

786905 

786.50 

37.65 

12.53 

0.250 

(p,p) 

(n ,n) 

(p,n) 

DD3 

 391 

 392 

 393 

 394 



 

 395 

 396 

Table 77: The best-fit parameters to (p,n) data of 
208

Pb  at 45 MeV within different models 397 

 398 

as 

fm 

Rs 

Fm 

Ws 

MeV 

av 

fm 

Rv 

fm 

Wv 

MeV 

a 

fm 

r 

fm 

V 

MeV 
Channel Model 

0.69 

0.69 

0.00 

1.25 

1.25 

0.00 

7.38 

5.99 

0.00 

0.89 

0.89 

0.79 

1.05 

1.05 

1.19 

6869 

5.68 

.8.9 

68.76 

0.862 

0.858 

1.058 

1.048 

1.053 

68.60 

66.50 

2.35 

(p,p) 

(n ,n) 

(p,n) 

OM 

0.69 

0.69 

0.00 

1.25 

1.25 

0.00 

7.38 

5.99 

0.00 

0.89 

0.89 

0.79 

1.05 

1.05 

1.20 

5.591 

5.680 

2.291 

0.8506 

0.8429 

0.8881 

1.0881 

1.0889 

1.0832 

68.10 

67.50 

2.55 

(p,p) 

(n ,n) 

(p,n) 

DI 

0.69 

0.69 

0.00 

1.25 

1.25 

0.00 

7.38 

6.03 

0.00 

0.85 

0.85 

0.85 

1.01 

1.01 

1.20 

5.791 

5.980 

2.191 

0.8523 

0.8455 

0.8902 

1.0881 

1.0891 

1.0833 

70.61 

65.03 

2.723 

(p,p) 

(n ,n) 

(p,n) 

DD1 

0.69 

0.69 

0.00 

1.25 

1.25 

0.00 

7.388 

6.030 

0.00 

0.65 

0.65 

0.75 

1.20 

1.20 

1.31 

3.791 

0.980 

0.911 

0.852 

0.8458 

0.890 

786... 

786.97 

786.00 

79.61 

36.03 

1.523 

(p,p) 

(n ,n) 

(p,n) 

DD2 
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 400 
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 402 



 

 

 

 

 
 

 Fig. (2): Quasi-elastic scattering for 90Zr (p,n) at 35 MeV.  403 

                                          The data are taken from Ref.[10]. 404 

 405 
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 407 
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 409 

        Fig. (3): Quasi-elastic scattering for 90Zr (p,n) at 45 MeV.  410 

                                             The data are taken from Ref.[ 10]. 411 

 412 



 

 413 
                           Fig. (4): Quasi-elastic scattering for 90Zr (p,n) at 120 MeV.  414 

                                                     The data are taken from Ref.[11]. 415 

            416 

Fig. (5): Quasi-elastic scattering for 90Zr (p,n) at 160 MeV. 417 



 

                                             The data are taken from Ref.[12]. 418 

 419 

 

 

              Fig (6): Quasi-elastic scattering for 13C(p,n) at 35 MeV.  420 



 

The data are taken from Ref.[ [13,14 ]. 421 

 422 

 423 

  424 

Fig (7): Quasi-elastic scattering for 14C(p,n) at 120 MeV.  425 

The data are taken from Ref.[ 15]. 426 
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 433 

                 Fig. (8): Quasi-elastic scattering for 48Ca (p,n)  at 35 MeV.  434 

The data are taken from Ref.[ 10]. 435 
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Fig. (9): Quasi-elastic scattering for 48Ca (p,n)  at 45 MeV.  438 

The data are taken from Ref.[10]. 439 
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 441 

 442 

 443 
     Fig. (10): Quasi-elastic scattering for 48Ca (p,n)  at 135 MeV.  444 

The data are taken from Ref.[16]. 445 
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 456 

 457 
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Fig (11): Quasi-elastic scattering for 208Pb (p,n) at 35 MeV.  461 

The data are taken from Ref.[10]. 462 



 

 

 
 

 
Fig (12): Quasi-elastic scattering for 208Pb (p,n) at 45 MeV.  463 



 

The data are taken from Ref.[10]. 464 

 465 
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