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Abstract
The data of the cross–section is required for understanding nuclear reaction mechanism, developing and testing
validity of available nuclear reaction models as much as it has been used in the applied fields of nuclear physics.
Reliable experimental data is importance of comparison with theoretical nuclear model calculations for testing
predictive ability. In the event that experimental data failure appearance, theoretical models are filling this gab for
supplying with calculated data. Because of these reasons, both of experimental and theoretical studies need of each
other. For a long time, theoretically studies have been carried out for proton total reaction cross section calculation.
At the end of these studies, several analytical equations have been proposed by their authors. Comparison of the
suggested equations and rearrangement for different value of parameters are enormously important for reaching
successfully results. In this study, proton total reaction cross sections have been calculated for
112,114,116,118,120,122,124
Sn isotopes using proton-nucleus interaction analytic equation that was proposed by M.A. Alvi.
Also, optical model calculations carried out for same reactions by TALYS code. Excitation functions have been
plotted with collected experimental data up to 80 MeV proton incident energy. Coefficient comparisons have been
made via determined excitation function curves. The obtained results have been discussed by way of the excitation
function graphics and compared with the available experimental data. Satisfactory agreements have been seen
between calculated data and its measured equivalents. A validation of used theoretical model has been confirmed
and tested via obtained results for these Sn isotopes and these energy ranges.
Keywords: Excitation functions, Glauber Model, Proton Induced Reactions, Talys Code Calculations, Total
Reaction Cross Section
Radiation shielding, space sciences, nuclear waste treatment, accelerator-driven subcritical reactors and etc are
major applied technologies base on neutron emission reactions.

1. Introduction
Proton induced reactions offer essential tool for the nuclear
structure researches to determine the nuclear size, shape,
interaction potential nuclei. Especially high energetic proton interactions with the nuclei able to clarifies nucleonnucleon nuclear dynamics. Such studies are also expected
to provide significant insight into the reaction mechanisms
dominant in different energy regimes.

Theoretical nuclear models that have successful predictive
ability are efficient solution for measuring problems such
as radioactive half time, economic constriction and physical handicaps. When there are inadequate experimental
cross section data, theoretical models can supplement this
deficiency. Reliable models provide to gain about economic and time for researchers. Predictive power is one of
importance criterion for nuclear model validity. More realistic models be able to contribute to better neutron induced
application of nuclear technology.

Highly numbers of experimental cross section data are need
to nuclear science applications. Especially, the production
of medical radionuclides requires the evaluation of both
experimental and calculated cross sections. Optimum neutron production method is the basic aim for reactor technology. Hundreds number of target isotopes are hit by light
charged particle like proton for producing huge neutron
fluxes. Neutron beams are used wide range of area such as
reactor physics, solid-state physics and energy production.

In this work, results of total reaction cross section calculations are presented for the following target Sn isotopes:
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Sn, 114Sn, 116Sn, 118Sn, 120Sn, 122Sn, and 124Sn. M.A. Alvi
[1] proton-nucleus analytic relation has been used for total
reaction cross section calculation at the proton incident
energy range of 10−80 MeV. Also TALYS code calculations for mentioned reactions have been added for testing results’ validation. Comparison have been carried out
between experimental data taken from EXFOR database
[2] and determined cross section values.

𝑈(𝑟, 𝐸) = −𝑉𝑉 (𝑟, 𝐸) − 𝑖𝑊𝑉 (𝑟, 𝐸) − 𝑖𝑊𝐷 (𝑟, 𝐸)

2. Material and Method
High-energy collisions were in sighted with microscopic
nucleon–nucleon interaction approach by the Glauber model [3]. More of total cross section studies based on this
reaction theory. Alvi [1] presented an analytic equation for
proton–nucleus total reaction cross section using the Helm
model nuclear form factor and working within the framework of the Coulomb modified Glauber model. Also
proton total cross sections calculations have been determined for some target nuclei at incident energy range of
10−860 MeV [1,4].

3. Results
Proton total reaction cross-sections were calculated by using Equation (2.1) and optical model by TALYS code at the
proton incident energy range of 10−80 MeV for Sn target
isotopes. Equation (2.1) and Equation (2.2) include several
parameters and quantities such as Helm [8] model form factor parameters (∝20 , 𝑐0 , R and σ) and NN scattering ampli2
tude parameters (𝛽𝑁𝑁
, 𝛼𝑁𝑁 , 𝜎𝑁𝑁 ). Well-matched parameters have been chosen for carrying out best agreement results. Charagi‘s [9] parameterization have been preferred
for valuating 𝜎𝑝𝑝 and 𝜎𝑝𝑛 quantities and Ahmad‘s [10] for
𝛼𝑝𝑝 and 𝛼𝑝𝑝 . Parameters, their relations/values are given
with their references in Table 1.

+𝑉𝑆𝑂 (𝑟, 𝐸). 1. 𝜎 − 𝑖𝑊𝑆𝑂 (𝑟, 𝐸). 1. 𝜎 + 𝑉𝐶 (𝑟)

where VV,SO and WV,D,SO are the real and imaginary components of the volume-central (V), surface central (D) and
spin-orbit (SO) potentials, respectively. E is the lab energy
of the incident particle in MeV.

A semi-phenomenological closed expression for proton total reaction cross section 𝜎𝑅 has proposed by Alvi, as
𝜎𝑅 = 2𝜋(𝑐1 𝑁

2⁄3

2

+𝜎 +

2
𝛽𝑁𝑁
) (1

Table 1. The parameters, relations/values and their Refs.
Parameter
Relation/Value
Ref
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1.035

(2.1)

where

𝑁 2 ⁄3

(2.3)

[9]
[11]

𝜎𝑅 proton total cross section calculations have been per2
formed for different references values of 𝛽𝑁𝑁
. The value
0.423 fm2 was reported by Charagi and Gupta [9]. The
other relation that is shown in Table 1 was suggested by
Horiuchi et al. [11]. 0.4 value was preferred for energy independent free coefficient 𝑐1 by M.A. Alvi. In order to get
best correlation with the experimental data, 𝑐1 has been
chosen 0.36 value in Figures 1-3 and 0.4 value in Figures
4-7. 𝑐2 has been determined from relation of 𝑐2 (=
𝑒 𝛾 𝑐0 𝜎𝑁𝑁 /𝜋). All of theoretical calculated cross sections
have been contrasted with the each other and measured values collected from EXFOR.

(2.2)

with 𝜉 = (𝑒 𝛾 𝑙𝑛2)
In Equation. (2.1), 𝑐1 and 𝑐2 (= 𝑒 𝛾 𝑐0 𝜎𝑁𝑁 /𝜋) are two parameters, EL is the lab energy in MeV, N and A are the neutron and mass numbers of the target nucleus, respectively.
The default optical model potentials (OMP) used in
TALYS [5,6] are the local and global parameterisations of
Koning and Delaroche [7]. Default parameter’s values have
been used in these calculations. Detailed description about
the theory and parameterisations of code can be seen from
ref [5,6].

Owing to experimental excitation functions that were taken
from literature have continuous up to 75 MeV proton induced energy, theoretical calculations have been carried out
up to about 80 MeV incident energy. The comparisons between the theoretical and experimental cross section are
shown in Figures 1-7.

The phenomenological OMP for nucleon-nucleus scattering, U, is defined as:
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Figure 1. Calculated excitation function curves and experimental values for 112Sn target nucleus. Experimental values were taken from Ref. [2]

80

2000

Total Reaction Cross Section (mb)

Total Reaction Cross Section (mb)

60

Figure 4. Calculated excitation function curves and experimental values for 118Sn target nucleus. Experimental values were taken from Ref. [2]
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Figure 5. Calculated excitation function curves and experimental values for 120Sn target nucleus. Experimental values were taken from Ref. [2]

Figure 2. Calculated excitation function curves and experimental values for 114Sn target nucleus. Experimental values were taken from Ref. [2]
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Figure 6. Calculated excitation function curves and experimental values for 122Sn target nucleus. Experimental values were taken from Ref. [2]

Figure 3. Calculated excitation function curves and experimental values for 116Sn target nucleus. Experimental values were taken from Ref. [2]
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ons and its experimental matching up to 80 MeV proton incident energy. Good overall agreement was obtained. Alvi
‘s proton-nucleus total reaction cross section relation and
TALYS code are applicable in cross section calculations for
these isotopes. It is expected that this study contributes to
concerned literature such as cross section studies and nuclear database.
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Figure 7. Calculated excitation function curves and experimental values for 124Sn target nucleus. Experimental values were taken from Ref. [2]
As can be seen from the figures, in general, calculated results are in good harmony with the its experimental equivalents. While, cross section gets maximum value at about
2
35 MeV energies, calculated 𝛽𝑁𝑁
coefficient is equal to
2
2
maximum values at 1.32 fm about 10-12 MeV. 𝛽𝑁𝑁
coefficient values have a decrease up to about 0.32 fm2 with the
increasing of proton incident energy up to 80 MeV. Fixed
value at 0.423 calculations differs from the calculated value
at the energy range of 10 and 20 MeV energies. The excitation function that obtained from coefficient 𝑐1 at 0.36 values are in best agreement with the experimental data in Figures. 4-7. When 𝑐1 quantity valuated at proposed value 0.4,
calculations are above the experimental values. Calculated
by the program TALYS, are demonstrated for comparing in
Figures 1-7. All TALYS calculations also in good agreement. The calculated curve reasonably passes through the
experimental data.
4. Discussion and Conclusion
In this study, proton induced total reaction cross section calculations have been determined for Sn target isotopes by
analytical expression at Equation (2.1) (2.2) and by optical
model parameterisations using TALYS code. Coefficients
that are inside of analytical expression Equation (2.1) (2.2)
have been compared owing to excitation function results in
figures. Agreeable coefficient values have been defined.
Also, a comparison was made between modelled calculati-
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