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Abstract

On the basis of the nuclear semi-microscopic approach the differential elastic
scattering cross-section for protons by °Li ,*Ca, *°Fe*zr,'®sn at incident
energy ranging from 18.8 to 80.2 MeV were calculated We used microscopic
optical potential based on the folding model. The variation of imaginary
optical potential with energy for each element at this range has been studied.
The study included the volume imaginary potentia as well as the surface
imaginary potential.

Introduction

The elastic scattering cross-section of protons by different nuclel are aways
calculated using the optical model. Experimental programs to investigate these
processes are already known [1-3]. Many investigations for the optical real potential
are made by both the optical and the folding model§[4-6]. On the other hand there are
not any calculations for the imaginary potentials but a few studies are made on the
imaginary potential using the interaction methods[7,8].

In this paper the semi-macroscopic approach is used to calculate the differential
elastic scattering cross-section for protons by different nuclei at different incident
energy range. This approach releases the fact that the effective two body interaction
potential must consist of two parts, the direct and the exchange potential. The energy
dependence of the exchange part is an important factor in calculating the scattering
cross-section. On the other hand the variation of the rea part of the potentia are
already known.

To recognize how the imaginary potential will vary with energy, we make many
calculations of the differential elastic scattering cross-section for protons by different
nucle at different values of energies. For the protons the data are also available in the
range of 18.8 to 80.2 MeV. Hence our study in the case of protons included only the
variation of the imaginary potential in the range from 18.8 to 80.2 MeV. This study
was achieved for protons elastic scattering by °Li ,*°Ca, *°Fe,*°zr,*sn .
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Theoretical Formalism
To study the protons scattering, we use the microscopic optical model potential
(OMP) V is defined by the standard form [9]

V=—(U, +iW, )f(r,rv,av)+4iaDWD%f(r,rD,aD) (D)

where U, istherea potential calculated in the fram of folding model, W, and Wp
are the imaginary volume and surface potentials. The proton elastic scattering cross-
section is calculated in the frame of the optical model, using the folded potential as
the real potential. The folding model is used to compute the real part of the optical
potential for the interaction of protons by target nuclei using the following equation.

U(R):_[p(r)V(|R—r|)dr )

Where p(r) is the density distribution of the target nuclei, V(R-r) is the effective two-
body interaction, which has the standard M3Y form [10]:

V(r) =[7999.0 P4 _ 2134.25%;'&] + I(E)S(r) ©)

The first term represents the direct part and the second term represents the
exchange part of the interaction potential. The exchange part can be written to

good approximation in the form.
(4)

J(E) =-276(1-0.0055)

where E is the energy of the incident particle in the center of mass system and A is
the mass number of the projectile, which is equal to one in the case of proton particles
as a projectiles.The density distribution for the target nuclei are calculated according
toFermiform[11] (5)

Po

1+exp(r—-c)/a
where aand c are known as the Fermi parameters

To study the variation of the imaginary potential with energy included both the
volume and surface, the computational procedureis carried out by several stages:
The program DFPOT [7] has been used to fold the nucleon- nucleon interaction into a
nucleon- nucleus potential. The nucleon density functions for the target nuclei have
been assumed to take the form given by Eq. (4). The equivalent form factor
parameters produced by DEPOT program are introduced to DWUCK4 program. The
imaginary part of the optical potential parameters are varied to fit the experimental
data. For comparison the calculations, the pure optical potential is assumed in the
first case.

This procedure was repeated for the proton scattering by °Li ,*°Ca, *°Fe,*zr
and*®sn for different values of energies asindicated in figures (1- 5).

In table 1, we listed the optical potential parameters used for calculating the proton
elastic scattering by the nuclei °Li ,*’Ca, **Fe,*zr and™®Sn at different energy as
indicated in that table.

p(r)=
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For the real potential the values of r and aare 1.17 fm and 0.53fm respectively, for
the imaginary potentials we take ry =rp =1.32 fm and a, = & = 0.53fm

Tablel: the equivalent optical parameter of proton elastic scattering by different

nuclel.

Nucleus | E V Wy Wp Datareferences
(MeV) | (MeV) | (MeV) | (MeV)

oLi 259 |4637 |299 |[532
401 |4183 |6.1 1.77 | [12]
650 |3386 |116 |0
720 |[3162 |134 |0

“Ca 196 [501 [161 |69
303 |466 |39 4.2 [13]
455 417 |731 |04
614 [367 |108 |0
802 (307 |149 |0

PFe 246 |506 |27 6.5
303 |487 |39 5.1 [14]
400 |456 |6.1 2.6
494 | 426 |82 0.3
650 |[376 |116 |0

Oz¢ 188 [542 |14 8.6
300 |506 |39 5.8 [14]
400 |474 |61 33
614 |406 |108 |0
798 [347 (148 |0

105 204 |555 |18 8.7
246 |542 |27 7.6 [14]
303 |524 |39 6.2
400 |493 |61 3.8
614 [424 |108 |0

In table 2 we list the parameters of the real potential obtained from the folded
potential, in addition to the parameters of the imaginary potential, volume and

surface obtained in the frame of folded potential.

Results and Discussions

For any nucleon-nucleus system, the accurate measurements of the elastic scattering
provides an essential information for the determination of the nucleon nucleus
optical potential, which is further used to generate the distorted waves for the
caculations of elastic scattering amplitude in DWBA formaism. The optical
potential and the folded potential are successfully used to describe the elastic
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scattering of protons by °Li ,*Ca, *°Fe*zr and™Sn in comparison with the
corresponding experimental values as indicated in figures (1-5). In these figures the
soled line indicates the data obtained by the folded potentia, where as the dashed
line shows data obtained by optical potential, and the dotted line refers for the
experimental data.

Table 2: the optical parameters of proton elastic scattering on different nuclei on the
frame of folded potential.

Nucleus E \Y r a Wy ry ay Wp o ap
(MeV) | (MeV) | (fm) | (MeV) | (MeV) | (MeV) | (fm) | (MeV) | (fm) | (fm)

°Li 25.9 259 115 | 081 0.43 1.46 0.24 | 5.61 1.02 | 0.62
40.1 2419 | 119 | 0.62 159 1.29 042 | 2.82 1.02 | 0.62
65.0 2198 | 120 | 0.87 6.09 1.02 0.32 | 1.86 146 | 0.63
72.0 254 1.19 | 0.89 7.72 1.02 041 | 24 135 | 0.62

“VCca | 196 6432 | 1.25 | 0.86 0.17 1.32 0,42 | 8.90 151 | 0.75
30.3 61.66 | 1.15 | 0.86 0.4 124 | 047 |1091 |12 |0.72
455 58.2 1.01 | 0.96 0.86 1.02 041 | 12.09 | 101 | 0.62
61.4 58.2 1.01 | 0.96 1.26 1.02 041 | 4.8 1.01 | 0.62
80.2 50.2 1.01 | 0.95 1.86 0.98 046 | 4.8 1.01 | 0.62

*Fe 24.6 66.66 | 1.22 | 0.89 0.54 121 0.98 | 8.06 1.24 | 0.62
30.3 63.66 | 1.22 | 0.85 0.72 122 0.98 | 6.40 1.15 | 0.63
40.0 58.2 1.1 | 083 1.67 1.20 0.88 | 4.84 1.24 | 0.62
49.4 59.2 1.06 | 0.92 3.2 0.92 0.98 | 3.72 1.01 | 0.60
65.0 50.2 101 | 0.92 6.12 0.92 0.91 | 3.08 101 | 0.62

0z¢ 18.8 66.1 1.26 | 0.89 0.02 1.2 0.73 | 13.2 1.22 | 0.62
30.0 63.8 1.26 | 0.79 0.69 1.2 0.73 | 85 112 | 0.62
40.0 615 1.19 | 0.77 1.74 1.2 0.73 | 4.8 141 | 0.62
61.4 56.9 111 | 0.71 6.2 1.01 0.86 | 1.69 142 | 0.62
79.8 55.7 1.02 | 0.73 8.4 0.98 0.86 | 1.06 1.36 | 0.62

gy | 204 67.66 | 1.25 | 0.69 0 0.89 0.73 | 12.6 132 | 0.63
24.6 66.5 1.25 | 0.83 0.06 111 073 | 11.3 1.32 | 0.62
30.3 69.5 1.26 | 0.86 0.39 12 063 | 7.9 112 | 0.62
40.0 65 1.3 |0.73 151 1.2 0.73 | 5.24 1.26 | 0.62
61.4 57.9 1.11 | 0.86 4.46 0.89 0.86 | 1.66 1.36 | 0.63

As for the imaginary potential in table 1, we obtained the imaginary potential
parameters volume and surface (Wy and Wp ) at different energies of the incident
proton for every investigated element, by using optical potential.

From table 1 we can see that the variation of Wy is to increase with increasing
the energy of incident proton in the range (indicated in the table from20 — 80 MeV).
While Wp decreases, but it must be noted that Wy is very small or zero in the of
energy greater than 40 MeV.

Table 2 gives the values of potential parameters obtained by folded potential. We
can see from the data obtained for the variation of Wy and Wy, that Wy, also increase
with increasing the energy of incident proton.
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But in the range from 0 to 15 MeV their values are very small, this is possibly
due to the great value of the rea potential obtained by the folded potential. The
variation of Wp is to decrease with increasing the energy of incident proton, i. e.
having the same behavior as that obtained in table 1 but with a different rate.
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