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ABSTRACT 

In this paper, the scattering of Iron was observed from a spherically symmetric potential as a 
typical example of the problems studied in computational physics. Scattering experiments 
are perhaps the most important tool for obtaining detailed information on the structure of 
matter, in particular the interaction between particles. The differential and total scattering 
cross section of the particles were calculated, by using Partial wave equation, written using 
FORTRAN. This research concentrated on 56

26Fe (atomic mass number    56) with 

energies within the range of 1           and angular momentum (1     ). It was 
found that the value of the differential cross section and total cross section has the highest 
probability of interaction at 3800barn and 41293barn for 56Fe26 isotopes and lowest 

scattering was observed at 0 barn respectively, for same angular momentum. For     the 
interaction does not depend on the scattering angle but for     there was no interaction. 
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1.0    INTRODUCTION  

Scattering is a technique used in understanding nuclear forces and the laws that governs 
the interactions of elementary particles [1-3]. Differential cross section is the number of 
particles scattered into a given solid angle per unit time per unit incident flux. If a beam of 
particle is incident on a scattering object, it has been observed that some particles will be 
scattered while others pass undeviated and hence the probability that scattering took place 
is defined, sometimes our interest is not only in the total probability of scattering but also in 
the probability that the particle has scattered in a particular direction [4-13]. The differential 
cross section, describes how these intensities are distributed over the various spatial 
angles, and the integrated flux of the scattered particles is the total cross section      . The 
neutron scattering cross section varies randomly between elements and even between 
different isotopes of the same element. One can thus use neutrons to study light isotopes. 
The interaction between neutrons and solids are weak, implying that neutrons in most cases 
probe the bulk of the sample, and not only its surface. In addition, quantitative comparisons 
between neutron scattering data and theoretical models are possible, since higher order 
effects are small and can usually be corrected for, or neglected. Since neutrons penetrate 
matter easily, neutron scattering can be performed with samples stored in all sorts of sample 
environment: Cryostats, magnets, furnaces, pressure cells, etc. Furthermore, very bulky 
samples can be studied, up to 10 cm thickness, depending on its elemental composition [14-
20]. Also, differential scattering cross section is an important quantity in neutron activation 
and radioisotope production, these experimental quantities are what were calculated 
[21&22]. 
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However, for this research, the obtained results were compared with theoretical estimates 
simulated by the partial wave analysis method, using computer simulation (KAP19) Fortran 
programme, which was used to obtain the result. 
 

1.2 Theoretical Background 

Equation (1) gives the formula used in calculating the energies of the various isotopes [3, 4 
& 6]. 

   
       

   
    (1) 

The angular momentum of Iron was also calculated using equation (2) 

                  (2) 

with Iron having a maximum angular momentum of three. 

 

The total cross section for individual isotopes was calculated using equation (4)  

                                    
  

   
           

  

                                                               

 

2.0  Materials and Methods 

This research made use of computer programme (KAP19) FORTRAN, where the input data 
was compiled, built, and executed. The subroutines for this programme are BESJ for 
computing spherical Bessel function of second kind (BESN) and Legendre polynomial (PLM) 
with the function subroutine FAK. The notation that was employed in the function subroutine 
V,as shown in Table 1. 
 

Table 1: Notation of the subroutine 

Physical title Fortran title Physical title Fortran title 

V1 

V2 

V3 

a 

r0 

V0 

V1 

V2 

V3 

A0 

R0 

V0 

E 

A 

Z 

r 

R 

E 

A 

Z 

R 

R1 

 

Here A is the mass number and Z the charge number of the target nucleus, while E is the 

kinetic energy of the incident neutron. The parameter values are valid in the region     
     and     . The neutron input data are the mass number A, the nuclear charge 
number Z of the target nucleus, the energy E of the neutron and the angular momentum 
quantum number, at which the summation over angular momentum partial waves is 

truncated. As output, one obtains the differential cross-section  
  

  
) and the scattering 

angle  ). The output of 
  

  
 as a function of the scattering angle is obtained in graphical form. 

Two diagrams was shown in the graphical output: in the first graph is the differential cross 

section 
  

  
 , which was plotted against the scattering angle, while the second graph log of 

the differential cross section was plotted against the scattering angle [22-27]. 
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2.1   Materials 

In the process of solving the scattering cross section of iron isotopes some of the following 
will be employed in accordance with [27-34]:  Modelled equation, Co mputer system. 
FORTRAN Programme (KAP19), Excel package, GNU plot . 
 

2.2   Method 

The Fortran software was installed in the computer system, the programme KAP19 Fortran 

was already in the system, some comments were removed from the programme, a file 

directory were added to different lines 180, and the programme was built and executed for 

errors. The following modifications were made to the programme. 

1. Variables of string data type were created at line 67. These variables (parameters) are 

AA, ZZ, EE and LLP, which combine together to form file name at line 188 to 189 in 

order to give a different file name any time it’s been run. Also, not to replace the 

previous data anytime a new value is run. 

2. Variable A is stored in AA as string, Z is stored in ZZ as string, E is stored in EE as 

string and LP is stored in LLP as string. 

3. At line 180, a log file was added in order to convert the values in A, Z, E, LP into string 

which were used by AA, ZZ, EE and LLP 

4. At line 180 the directory was created “Users\Usman Oyiza\Desktop\F PROJ\F\with a 

name log.dat”. 

5. A code was added which write A, Z, E and LP to the log file. 

6. At line 182, a code was written to close the file. “close (10)” 

7. From line 184 to 186, a code was added so as to pass values to parameter AA, ZZ, EE 

and LLP. 

8. File with dynamic name were coded at line188 and 189. 

9.  Values were written to the dynamic files at line 200 and 201and the file was closed at 

line 215. 

10. The codes at line 216-219 were modified by changing what is printed on the screen 

from “Rerun program for A =….” to “Do you want to rerun the program….” same 

changes were made in line 227-229 and 237-239 

11. From line 241-246, a programme was added to change the values in the log file to new 

values any time the program is rerun to a new value without exiting the program to 

start again. 

12. At line 206, a function call system(‘Cls’) was added to clear the screen. 
 

In running the programme, the mass number of the incident particles, its charge number, 

angular momentum and calculated energies were inputted simultaneously. The programme 

calculated various differential cross section for the isotope of the element, 56
26Fe. The values 

of the data were stored in the file created, after the whole data was run, the files which 

contains the calculated scattering angles and differential cross section where renamed and 

copied to excel sheet. It was later compiled and then run.  After calculating the total cross 

section using Excel, the graph was plotted as total cross section against the scattering angle 

and the differential cross section against scattering angle respectively using a GNU Plot 

package which gave the result of the research. 
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2.3   Data for Iron Isotopes 

The parameters used for iron isotopes are given in Table 2 
 

Table 2: Data for iron isotopes 

S/N Iron isotopes Angular momentum ( ) Energies (E) MeV 

1 
 

 

54
Fe26 

0 15.2929 

2 1 3.82322 

3 2 1.6990 

4 3 0.9558 

5 
 

 

56
Fe26 

0 14.747 

6 1 3.7007 

7 2 1.63852 

8 3 0.92167 

9 
 

 

57
Fe26 

0 14.488 

10 1 3.6220 

11 2 1.6078 

12 3 0.9055 

13 
 

 

58
Fe26 

0 14.238 

14 1 3.5596 

15 2 1.5820 

16 3 0.8899 

 

3.0 Results and Discussion 

The results obtained are represented in graphs for element and their various isotopes of Iron 

     
   . It shows the result for same values of energies but different angular momentum and 

result for same angular momentum but different energies respectively.  
 

3.1 Same Energies but Different Angular Momentum 

Figure 1 gave the differential crossectional result discussion in relation to the angular 
scattering. The maximum value of the differential crossection to be 3600 mb with angular 
scattering ranging from 0-1800.  
 

 
Figure 1: Graph of differential and total cross section against scattering angle with energy 

E1=             and angular momentum (  =1, 2 and 3) for     
   isotope. 
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Figure 2: Graph of log of differential cross section against scattering angle with energy E1=          

and angular momentum (  =1, 2 and 3) for     
   isotope. 

 

Figure 1 and 2 gave the result for  the total scattering cross section and differential cross 

section with energy E=           and angular momentum (  =1, 2 and 3) for       
    sotope. 

It could be seen that the total scattering cross section and differential cross section have the 
highest probability of interaction at 41293barn and 4000barn respectively, which was given 
by the angular momentum   =2 and 3 and a lowest scattering was observed at a scattering 
angle of angle of 60˚,the higher the angular momentum the higher the total cross section. 
 

3.2 Same Angular Momentum but Different Energies 

 
Figure 3: Graph of differential and total cross section against scattering angle with the angular 

momentum      and Energies: E3 = 1.6385   , E2= 3.7001   , E1 = 14.747      for     
   isotope 

 

 
Figure 4: Graph of log of differential cross section against scattering angle with the angular 

momentum      and Energies: E3 = 1.6385   , E2= 3.7001   , E1 = 14.747      for     
   isotope. 
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Figure 3 and 4 gave the results for  the total cross section and differential cross section with 
the angular momentum      and Energies: E3 = 1.6385   , E2= 3.7001    , E1 = 

14.747      for      
  isotope. It could be seen that the variation of energies affects the cross 

section, the lower the internal energy leads to decrease in total cross section.  
 

3.3: Results for      
  Isotope at Angular Momentum     = 2 , 4 and 5) at 10    

 
Figure 5: Differential cross-section for  the scattering of 10MeV  

neutrons for     
   (  = 2), (this work). 

 

 
Figure 6: Differential cross-section for  the scattering of 10MeV     

neutrons for     
   (  = 4), (this work). 

 

 
Figure 7: Differential and total cross-section for the scattering of 10MeV     

neutrons from     
  (    = 5), this work 
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4.0 Discussion 

The investigation of the effect of angular momentum on the scattering cross section of Iron 

from a spherically symmetric potential reveals that, with increasing values of  , the total 
cross section and differential cross-sections increases. The targeted nucleus is Iron with 

energies less than 50 MeV and angular momentum     18. It could be seen that from figure 

1 to 2 for same energies but different angular momentum, the variation of angular 
momentum affects the total cross section of Iron,the higher the angular momentum the 
higher the total cross section of the Iron isotopes and also, from figure 3 to figure 4 for same 
angular momentum but different energies, the variation of energies affects the total cross 
section of Iron isotopes, the lower the internal energy the lower the total cross section. In 

figure 5 to figure 7 the differential cross section for  the scattering of neutrons by       
   at an 

incident energy of      , at angular momentum of 2, 4 and 5 respectively. It could be seen 
that the differential cross section has the highest probability of interaction at 1600 barn, 200 
barn and 2800 barn respectively and a lowest scattering was observed at a scattering angle 
of 60˚, 70˚, 120˚and 150˚. 

 

5.0 Conclusion 

The calculation of the scattering cross section of some selected particles from a spherically 
symmetric potential at E < 50MeV and A > 40 were investigated using KAP 19 Fortran code. 
The total scattering cross-section for Iron target was calculated based on the results of the 
differential cross section gotten using KAP 19 Code. It was found that the scattering cross 

section has the highest probability of interaction at     and      respectively for Iron 

and independent on the scattering angle at    . So, interaction does not occur on the 
different target nucleus. Therefore, investigating the scattering of some selected particles 
from a spherically symmetric potential, the partial wave analysis method was found to be 
effective and the KAP 19 Fortran code used in calculating the differential cross section gave 
accurate result. 

 

References 

[1] Anders B.  and Lindner A., (1978), projectile breakup processes in nuclear reaction; 
institute for nuclear study, university of Tokyo, Nucl. Physs.A29677. 

[2] Becchetti Jr., F.D., Greenlees, G.W., (1969). Nucleon–nucleus optical-model parameters, 
A>40, E<50 MeV. Phys. Rev. 182, 1190–1209. 

[3] Blideanu V., Lecolley F. R., Marie N., (2004). Experimental double-differential cross-
sections for protons and light charged particle emission in neutron induced reactions 
at 96MeV   incident neutron energy on three targets: Fe-nat, Pb-nat, et U-nat. new 
data at96MeV. Phys. Rev. C. 70, 014607. 

[4] Bowman, C.D.  1992. Nuclear energy generation and waste transmutation using an 
accelerator-driven intense thermal neutron source. Nucl. Instrument. Methods Phys. 
Res. A 320, 336–367. 

[5] Chadwick, M.B., Oblozinsky, P., (1994). Continuum angular distributions in pre-
equilibrium     nuclear reactions: physical basis for Kalbach systematics. Phys. Rev. 
C 50, 2490–2493. 

[6] Erich W Schmid. Gerhard Spitz. Wolfgang Losch, (1968). Theoretical Physics on the 
Personal                Computer, 2nd Ed Berlin Heidelberg New York: Springer-Verlag. 

[7] Griffin, J.J., (1966). Statistical model of intermediate structure. Phys. Rev. Lett. 17, 478–
481. 



Bayero Journal of Physics and Mathematical Sciences / Vol. 17, No. 1 / Jan., 2026. ISSN: 1597 – 9342, Online ISSN: 2795 - 3866 

 

 
 

102 

GALLEY  PROOF 

[8] Han, Yinlu, Shi, Yuyang, Shen, Qingbiao, (2006). Deuteron global optical model potential 
for energies up to 200 MeV. Phys. Rev. C 74, 044615. 

[9] Han, Yinlu, Zhang, Yue, Guo, Hairui, (2007). Calculation and evaluation of cross-sections 
for p+54,56,57,58,natFereactions up to 250 MeV. Nucl. Instrum. Methods B265, 461. 

[10] Ichinkhorloo D., Aikawa M., Chiba S., Hirabayashi Y., Kato K. (2016). Scattering Cross 
Section for 6.7 + n reactions. CNR 15-5th International Workshop on Compound-
Nuclear Reactions and Related topics, EPJ Web of Conferences, Pp 122. June 
2016. 

[11] Jingshang Z., Shiwei Y., W. Cuilan, (1992). The Pick-up Mechanism in composite 
ParticleEmission Processes. Zeitschrift for Physik Attadrons and Nuclei. China 
Institute of Atomic Energy. Received 2 March 1992. Revised 9 July 2012. 

[12] Johnson R.C and Soper P.J.R., (1970) projectile breakup processes in nuclear reaction; 
institute    for nuclear study, university of Tokyo, Phys. Rev, 976. 

[13] Kalbach, C., 1977. The Griffin model, complex particles and direct nuclear reactions. Z. 
Phys. A 283, 401–411. 

[14] Kalbach, C., 2005. Pre-equilibrium reactions with complex particle channels. Phys. Rev. 
C71, 034606-1–034606-23. 

[15] Kamimura M., Kawai M., and Takesako K., (1986), Prog, Theor. phys. suppl. No.89, 118 

[16] Kenneth S. krane (1955) Introductory to nuclear Physics, 2nd Edition Orego state 
university, John Wiley & Sons. Singapore Pp 378. 

[17] Kerveno, M., Haddad, F., Eudes, Ph., Kirchner, T., Lebrun, C., Slypen, I., Meulders, J.P., 
LeBrun, C., Lecolley, F.R., Lecolley, J.F., Louvel, M., Lefebvres, F., Hilaire, S. Koning, 
A.J., (2002). Hydrogen isotope double differential production crosssections induced 
by 627 MeV neutrons on a lead target. Phys. Rev. C 66, 

[18] Kim Lefmann (2007), Department of Materials Research Risø National Laboratory 
Technical University of Denmark. 

[19] Kunz, P.D., (1992). Distorted Wave Code DWUCK4. University of Colorado. 

[20] MacMullin, M. Kidd, R. Henning, W. Tornow, C. Howell R. and Brown, M. (2013).          
University of North Carol (Received 17 December 2012; revised manuscript received 
7 April 2013; published 21 May 2013) Beach, P. (1967). Phys. Rev.156, 1201. 

[21] Mantzouranis, G., Weidenmuller, H., Gassi, D.A., (1976). Generalized exciton model for 
the description of pre-equilibrium angular distribution. Z. Phys. A 276, 145. 

[22] Meija J., (2016). Isotopic compositions of the elements 2013 (IUPAC Technical Report), 
Department of chemistry, University of natural resources and life sciences, Vienna, 
Austria. 

[23] Messiah A. (2013). Quantum Mechanics Volume II. North Holland Publishing 
Company1965. https://archive .org/details/Quantum Mechanics Volume I and II. 
Identiifer-ark:13960/6pz6j697. Pp 150 (Problem and solution of atomic nuclear and 
particle physics, compiled by physics coaching class, university of science and 
technology of china). 

[24] Nazanin Abbaspour., Richard., Hurrell and Roya Kelishadi., (2014), Journal of research 
in medical sciences: The official Journal of Isfahan University of medical 
Sciences.;19(2):164-174. 

[25] Raeymackers, E., Benck, S., Nica, N., Slypen, I., Meulders, J.P., Corcalciuc, V., Koning, 
A.J., (2003). Light charged particle emission in fast neutron (25-65MeV) induced                        
reactions on 209Bi. Nucl. Phys. A 726, 210–230. 



Bayero Journal of Physics and Mathematical Sciences / Vol. 17, No. 1 / Jan., 2026. ISSN: 1597 – 9342, Online ISSN: 2795 - 3866 

 

 
 

103 

GALLEY  PROOF 

[26] Raeymackers, E., Slypen, I., Benck, S., Meulders, J.P., Nica, N., Corcalciuc, V, (2004). 
Experimental cross-sections for light charged particle emission induced by neutrons 
with energies between 25 and 65MeV    incident on natFe59Co,209B and natU. 
Atomic Data and Nucl. Data Tables 87, 231. 

[27] Rawitscher, G. H., (1974), projectile breakup processes in nuclear reaction; institute for 
nuclear study, university of Tokyo, Nucl. Phys.A241(1975),356. 

[28] Schmid E.W. and H. Ziegelmann. The Quantum Mechanical Three body Problem 
(Pengman Press.Oxford.1974), p.192. 

[29] Stephen, G. (2003). Quantum Physics. 3rd Ed. University of Minnesota. John Wiley and 
Sons.                   University (Received 2 March 2016; revised manuscript received 3 
May 2016; published 23 June 2016) 

[30] Sun, Z., Wang, S., Zhang, J., Zhuo, Y., (1982). Angular distribution calculations based 
on the exciton model taking into account of the influence of the Fermi motion and the 
Pauli principle. Z. Phys. A 305, 61–68. 

[31] UNSCER (2000):  United Nation Scientific Committee on the effect of Atomic Radiation 
Sources, Effect and Ris of Ionizing Radiation, United Nation, New York. 

[32] Usman A.A. (2016), Computation of differential and total scattering cross section for 
some specific systems, final year undergraduate project physics department, Bayero 
university Kano. 

[33] Yinlu Han, Yue Zhang, Hairui Guo, Chonghai Cai, (2008), China Institute of Atomic 
Energy, P.O.Box 275(41), Beijing 102413, People’s Republic of China, Department of 
Physics, Nankai University, Tianjin 300071, People’s Republic of China. 

[34] Zhang, Jingshang, (2002). UNF code for fast neutron reaction data calculations. 
Nucl.Sci. Eng. 142, 207. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


