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ABSTRACT 

Analytical formula is constructed for nucleon nucleus microscopic optical potential based on the Glauber-Sitenko 

microscopic theory of multiple scattering at high energies. In the present work the elastic scattering of proton on 
12

C 

is studied and analyzed at proton incident energies 120 MeV, 160 MeV and 200 MeV. The microscopic Eikonal 

phase of scattering in the optical limit has been used with the usual energy dependent NN scattering amplitude. The 

microscopic form of the real, imaginary and spin orbit of the obtained optical potential gives a good description of 

the experimental data of the considered reaction. The theoretical calculations of the differential cross sections as 

well as analyzing power are in good agreement with the experimental data. In order to get confidence and 

generalization, the same model should be applied to greater range of energies and other types of target nuclei. 
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1.  INTRODUCTION 

In medium energy nucleus-nucleus scattering ,the theoretical works suggested the elastic scattering of such reaction 

for incident proton energy greater than 100MeV, provided a powerful means for probing nuclear structure [1]. These 

studies indicated that the microscopic analysis of single nucleons interactions with nucleus are related to a 

fundamental problem in nuclear physics. It is the description of the complicated many body scattering process solely 

in terms of the underlying nucleon-nucleon (NN) dynamics and the structure of the target nucleus. The corrected 

description of  the hadrons nucleus  interactions, which is given and studied by multiple scattering theory and the 

optical model approach, is meant as an approximate scheme [2]. 

The nucleon optical potential is expected to have an energy dependence which arises from a number of different 

sources[3]-[5].The free nucleon-nucleon (NN) scattering amplitude has an intrinsic energy dependence. An 

additional energy dependence arises from exchange effects in the NN scattering amplitude and from the effects of 

Pauli principle and Hund's rule in nuclear medium. An additional source of energy dependence arises from the 

projectile, propagating between scattering in the mean field generated by the target nucleus [6]. Phenomenological 

analysis of nucleon-nucleus (NA) scattering in the energy greater than 100 MeV has shown that the real part of the 

central potential deviates considerably from the Fermi distribution shape associated with target density [7]. The need 

for such a unorthodox  real central potential shape in this energy region was first noted by Elton [8]. 

A convincing microscopic theory needs to incorporate an energy dependence which can predict this behavior of the 

optical potential. The concept of alpha-clustering has found many applications in nuclear reactions and nuclear 

structure [9]. 

In 1965, Brink has developed an alpha cluster model (BM).This model has been considered and applied to describe 

different configuration mixing for several 4N light nuclei from 
12

C to 
28

Si. Brink’s alpha cluster model [10] is a 

simple model for describing the spatial four nucleon correlations. It has been successful in describing the elastic 

form factor of electrons[11],[12] and in calculating the binding energy of light nuclei [13]. In particular, the 
12

C 

nucleus in its ground state is assumed to consists of three clusters in an equilateral triangle configuration whose (0S) 

shell model cluster orbitals are only considered. The form factor corresponding to the spherical part of the wave 

function gives a good fit to the high energy electron scattering data[14] showing that (BM) is good approximation to 

the ground state of 
12

C. 

In the present work, an analytical formula for nucleon nucleus microscopic optical potential is constructed on the 

basis of the Glauber-Sitenko microscopic theory of scattering at high energies [15],[16]. The elastic scattering of 

proton on 
12

C is studied and analyzed at proton incident energies 120 MeV, 160 MeV and 200 MeV, using the 

microscopic Eikonal phase of scattering in the so called optical limit of the multiple scattering theory of Glauber 

with the usual energy dependent scattering NN amplitude. An introduction for the elastic scattering of proton on 
12

C 

at 120 MeV,160 MeV and 200 MeV incident energies is given in section1. In section2, we introduce the formulation 
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of the used microscopic optical potentials. Numerical calculations and results are given in section3, while section4 is 

devoted for the discussion and conclusion. 

 

2.     THE MICROSCOPIC POTENTIAL 

According to Glauber-Sitenko microscopic theory of scattering at high energies, the microscopic Eikonal phase of 

scattering on the bases of so called optical limit is given by: 

                       )1()()()( 02
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where q and   are vectors quantities , the two body amplitude fNN(q) is the form factor of the NN scattering 

amplitude usually taken to be of Gaussian form and is parameterized  in the usual way [ 20],[21] and expressed as 

follows: 
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Here NN  is the total cross section of NN scattering amplitude , NN  is the ratio of real to imaginary part of the 

forward NN scattering amplitude, BNN  is the slope parameter which determine the fall of the angular distribution of 

the NN elastic scattering. All the three parameters are  energy dependent  and they are  averaging on isotopic spins 

of colliding particles. The idea of obtaining a realistic microscopic optical potential is based on comparing the 

microscopic phase (1) [22],[23] with the phenomenological potential which is defined through the optical potential  

)()()( riWrVrU   as follows: 
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where  is the relative velocity of the motion. 

In deriving the microscopic realistic optical potential we have taken the potential corresponding to the microscopic 

phase (1) of the high energy approximation (HEA).Such potential can be obtained by using the inverse Fourier 

transform to (HEA) phase (1) [17] or independently in [18] ,by substituting the standard expression for simple 

folding potential [19] in the expression of phase (4).Then, according to the so called high energy approximation the 

central part of the microscopic optical potential is given by 
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where jo(qr) is the spherical Bessel function of order zero. 

The density )(qo  is the Fourier transform of the density of the target nucleus  
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According to Brink’s model [14] , assuming zero orbital momentum  = 0 in equation (11a) of Ref.[14], the 

spherical part of the density )(r  of 
12

C molecule in its ground state is given by  
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Where R1 is the distance between the center of mass of  particle to the center of nucleus and  )(21 xI  is the 

modified Bessel function of the order 
2

1
 , and 
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Using Equations (6) and (7) into equation (5) for the microscopic nuclear optical potential and performing the 

integrals we obtain for the final expression of the optical limit microscopic potential the following analytic 

expression: 
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where, the parameters R1 = 1.4 fm and b = 1.36 fm [14]. 

The total nuclear optical potential consists of the complex central part Uopt(r) given by eqn.(5) and spin orbit part 

ULS(r) . Therefore the complete nuclear microscopic optical potential is written as:               
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where (r)  is the nuclear point density for the 
12

C nucleus [24],r is in fm , (r) in fm
-3  
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3.    NUMERICAL CALCULATIONS AND RESULTS 

The experimental data for both the elastic differential cross section and analyzing power of protons scattering on 
12

C 

nucleus at 120 MeV, 160 MeV,200 MeV and 400 MeV incident energies are taken from reference [24 , 25,26] 

.These data have been studied and analyzed using the nuclear microscopic optical potential in the optical limit on the 

basis of the Glauber Sitenko theory [15],[16]. On the basis of this theory we have derived the analytical expression 

(8) for the central part of the microscopic optical potential. The numerical calculations have been performed using 

the DWUCK4 [27] code. The nucleon-nucleon scattering amplitude fNN given by equation (3) have been 

parameterized and calculated using the different parameters given in [21],[22] for the NN  ,
 NN ,and NNB  

scattering amplitudes. In [21] the scattering amplitudes parameters are given for the pp and pn collisions separately, 

because the proton and neutron densities in 
12

C target nucleus are virtually the same to good accuracy. In this work 

we have used the mean values for the NN  ,
 NN ,and NNB  scattering amplitudes  given recently in [28,29,30,31]. 

In the present calculations ,the total microscopic optical potential given by equation (9) consists of the central part 

given by (8) as well as the spin orbit terms which are chosen [24] in the form of phenomenological Wood Saxon 

(WS) forms as given by equation (10). The best fit of the present theoretical calculations of both the differential 

cross sections and analyzing power with experimental data is obtained by readjusting the strengths of the real and 

imaginary parts of the spin orbit term (10).The different parameters for the spin orbit terms as well as the readjusted 

strengths of the real and imaginary parts at the different proton incident energies considered are presented in table 

(1). The radial behavior of the real and imaginary parts of the obtained microscopic optical potential and its variation 

with energy are displayed in figures (1a,1b,1c,and 1d) at the proton incident energies 120 MeV,160MeV,200MeV 

and 400 MeV respectively. Here we have introduced the behavior of the potential at 400 MeV just for comparison 

between intermediate energies and higher energies greater than 300 MeV.  
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Figure(1) Radial distribution for the real and imaginary parts of the obtained theoretical microscopic optical 

potentials at the proton incident energies 120 MeV, 160 MeV , 200 MeV and 400 MeV  (1a,1b, 1c and1d) 

respectively. The solid and dot curves, respectively, represents real and imaginary parts of the optical potentials. 

 

The theoretical values as well as the experimental data for both the differential cross sections and analyzing power 

are displayed in figures (2 ),(3) and (4) for different proton incident energies  120 MeV, 160MeV and 200MeV 

respectively.  
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Table (1) The best fit parameters of spin orbit term of the theoretical microscopic optical potential at different 

intermediate energies. 

Energy 
120 MeV 160 MeV 200 MeV 

Parameters 

Vso MeV -6.217 -3.917 -5.184 

rvso (fm) 0.858 0.871 0.869 

avso(fm) 0.483 0.546 0.558 

Wso MeV 0.063 0.024 0.026 

rwso(fm) 0.810 0.815 0.872 

awso(fm) 0.442 0.567 0.522 


2
() 1569 2648 1518 


2
(Ay) 16372 7103 3715 

R mb 264 217 160 

tot mb 406 334 246 

 
4.     DISCUSSIONS AND CONCLUSIONS 

In the present calculations ,the total microscopic optical potential is obtained on the basis of Glauber Sitenko theory 

[15,16] in the optical limit at high energies. The radial behavior of the obtained microscopic potential is displayed in 

figure (1) for the different protons incident energies considered. It is clear from figure (1) that the strength of the real 

parts at small distances is slowly decreasing with increasing the energies of the  incident proton , which is natural 

and expected for the behavior of the real parts of the optical potential at these intermediate energies. As for the 

imaginary parts of the microscopic optical potential it is shown from figures (1) at small distances that the strengths 

is strongly decreasing with increasing the incident proton energy where it ranges from -70 MeV (figure 1.a) up to -

15 MeV ( figure 1.d). This decrease in the strengths of imaginary part is expected with increasing the proton incident 

energy specially at higher energies greater than 300 MeV, where the strength of the imaginary part is small (-15 

MeV at 400 MeV) compared with that one at lower energies ( -70 MeV at 120 MeV). Thus the obtained theoretical 

microscopic optical potential is reliable and successful to describe the proton elastic scattering on 
12

C target nucleus 

at the intermediate energies considered in the present calculations which is also supported by the calculated elastic 

cross section and analyzing power discussed below. 

The best fit between the present theoretical calculations for both the differential cross section and analyzing power 

with the experimental data is obtained by readjusting strengths of the real and imaginary parts of the 

phenomenological spin orbit parts of the total microscopic optical potential given in table (1). The ratio of the elastic 

cross section to the Rutherford one /R  as well as the analyzing power AY are displayed in figures (2) ,(3) and (4) 

for the incident proton energies 120 MeV, 160 MeV and 200 MeV respectively. It is shown from the figures that 

there is a good agreement between the theoretical calculations for both the elastic cross sections and analyzing 

powers and experimental data [26] which is verified for the three intermediate incident proton energies considered. 

The obtained agreement between our theoretical calculations  and experimental data indicates that our generated 

theoretical microscopic optical potential is powerful and reliable tool to describe the elastic scattering of protons on 
12

C target nucleus at intermediate energies. It is shown form figures (2),(3) and (4) that the good fit between our 

calculations and experimental values exists for small angles as well as large angles ( ranges from 0
o
 up to 160

o
 

angles) which gives another support to our obtained microscopic optical potential based on the Glauber Sitenko 

theory [15],[16]. In a previous work [32] the scattering of protons on 
16

O target nucleus at intermediate energies 

have been studied using single folding analysis with reasonable agreement with experimental data. In the next work 

the Glauber Sitenko theory [15],[16] will be used to study the elastic scattering of protons on  
16

O  target nucleus 

and other nuclei at intermediate and higher energies. 

Finally from the above results and discussion, we reach to the following conclusions: The present microscopic 

optical potential model based on Glauber Sitenko theory on the optical limit at high energies gives a good agreement 

and fit with the experimental data for both differential cross section and analyzing power at 120 MeV 160 MeV and  

200 MeV incident energy. The microscopic form of the central real, imaginary part and spin orbit part of the optical 

potential gives a good description for the experimental data of the considered reaction rather than the WS forms of 

all parts of the optical potential. In order to get confidence and generalization, the same model should be applied to 

greater range of energies and other types of target nuclei which is our next work in the very soon future . 
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Figure(2) Ratio of the elastic scattering cross section to the Rutherford cross section  /R  and analyzing power 

,AY, are plotted vs the center of mass momentum scattering angle at 120 MeV 

 
Figure(3) Ratio of the elastic scattering cross section to the Rutherford cross section  /R  and analyzing power 

,AY, are plotted vs the center of mass momentum scattering angle calculated at 160 MeV. 
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Figure(4) Ratio of the elastic scattering cross section to the Rutherford cross section  /R  and analyzing power 

,AY, are plotted vs the center of mass momentum scattering angle calculated at 200 MeV. 

In figures (2),(3) and (4) the solid curve represent the present theoretical calculations while the block circles 

represents experimental data taken from [25,26,27]  
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