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The calculation of the optical model of neutron scattering for C12 nucleus in the energy region of 4-14MeV has been carried out. To 

estimate a compound elastic scattering at low energies, the Hauser-Feschbach formalism has been used. A good agreement is obtained at 
higher energies. 

 
In the present paper in order to explain the neutron 

scattering on the C12 nuclei, the prediction of optical model of 
nucleus has been investigated more thoroughly. The obtained 
results are in a good agreement with the experimental data in the 
neutron energy region of 6.5-14MeV.  

Recently the estimation of sections of neutron interactions 
with nuclei by different model predictions is of great interest. 
For average neutron energies and for medium and heavy 
nuclei, the use of the nucleus optical model gives rather 
reasonable results [1, 2]. However, to estimate the neutron 
data for relatively light nuclei, the use of such a model needs 
additional investigations. This is attributed to different 
experimental data for supporting points on the one hand, and 
also to necessity for improvement of the optical potential on 
the other hand. In the present paper to determine the neutron 
energy region and to obtain the appropriate optical 
parameters, the estimation of the data on C12 by the nucleus 
optical model has been carried out. 

For neutron energies lower than 4MeV, the optical 
parameters account the experimental data on light nuclei 
insufficiently indicating a low energy limit for the optical 
model. A good data agreement at neutron energies of 6.5-
14MeV can be used to compensate for missing experimental 
data as the optical parameters in this energy region smoothly 
vary with energy. However, the obtained optical parameters 
are somewhat inaccurate due to a lack of the experimental 
data in the energy region considered. 

The optical potential has been used in the following form [3]: 
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and )r(vlm  is the surface absorption form factor 
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The spin-orbit term is  
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where A is the mass number of the target nucleus. 
In the present paper ror  and roi are equal to the value of r0. 

The R=r0A1/3 is equated to the nuclear radius. Using the 
above potential (1), a following set of optical parameters i.e. 
VCR, VIM, VSO, a, b and r0, has been obtained. 

The slight parameters changes are explained by different 
values of experimental cross-sections. However, to reveal the 
dependence of optical parameters on neutron energy is 
difficult due to interrelation between the optical parameters 
themselves. Moreover, at different neutron energies the 
change of optical parameters is not the same. 

For calculation, a special computer programme was used. 
In this programme the search of parameters was realized by 
minimization of the following function:   
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where ∆σ is the experimental error of the σ  value. 

The given programme also contains the Hauser-Feschbach 
formalism where the cross-section data are assumption of 
compound neutron elastic scattering.   

The fitting process for obtaining the optical parameters 
was carried out at neutron energies of 4.50; 7 and 13MeV. 
The data for the other energies were obtained at linear 
interpolation. The fact that for the carbon nuclei the 
experimental data on the total cross-section strongly vary at 
the neutron energies of 4.8; 5.3 and 8MeV indicates that the 
corresponding optical parameters should not be considered as 
absolute. 

For neutron energies lower than 7MeV the Hauser-
Feschbach formalism with the following energy levels for C12 
was used [4]. 

 
E (MeV) Jπ MeV Jπ 

0 0+ -6.134 3- 

6.052 0+ 6.916 2+ 
6.047 1+ 7.121 1- 

  
The calculated cross-section values and the experimental 

data are shown in Table 1. It is seen from the Table 1 that 
there is a good agreement for values at neutron energies more 
or equal to 6MeV. 

A significant variation of near 8MeV indicated that the 
optical model prediction for this energy cannot be considered 
sufficient. However, as seen in table 1, the given data are in a 
good agreement.  
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     Table 1. 
En,  

MeV δσ ,exp
T  δσ ,cal

T  δσ ,exp
el  δσ ,cal

el  

4,50 1,43 ± 0,05 1,43 1,55 1,42 
5,00 1,45 ± 0,07 1,45 1,12±015 1,18 
5,50 1,50 ± 0,07 1,50 0,97 1,25 
6,00 1,41 1,41 1,35 1,33 
7,00 1,39 ±0,04 1,39 0,97 0,86 
8,00 1,37 ±0,06 1,37 0,95 0,84 
9,00 1,45 ±0.04 1,45 1,05 0,93 
10,00 1,42 ±0,06 1,42 1,03 0,89 
11,00 1,46 ±0,03 1,46 1,01 0,87 
12,00 1,47 ± 0,05 1,47 0,97 0,83 
13,00 1,51 ±0,07 1,51 0,89 0,87 

 

For the purpose of calculation, the experimental data on 
inelastic cross-sections were obtained in the following form:  

 

∫−= Ωθσσσ d)(elTnonel , 
    

These data, as compared to tσ , are inaccurate due 

inaccuracy of the elσ  values.  
The optical parameters obtained for different neutron 

energies are tabulated in table 2. 
In calculation the interpretation of R=r0A1/3 as the nuclear 

radius is somewhat inaccurate the as r0 value slightly changes 
for different neutron energies. It should be noted that if roi 
slightly differs from r0, the obtained parameters values are 
practically unchangeable. 

                                                                                                         Table 2. 
En, MeV VCR, MeV Vim, MeV VSO, MeV a, f B, f r0, f 

4,5 32,2 1,9 8,3 0,72 0,90 1,10 
5,0 34,5 2,0 7,6 0,50 0,98 1,27 
5,5 35,3 2,2 8,5 0,51 0,97 1,35 
6 38,1 2,2 8,1 0,53 0,99 1,41 
7 41,0 2,1 7,3 0,52 0,95 1,38 
8 40,3 2,2 8,0 0,53 0,91 1,37 
9 42,1 2,1 4,8 0,55 0,86 1,28 
10 43,2 2,2 4,4 0,61 0,83 1,25 
14 50,4 7,4 5,1 0,65 0,78 1,20 

 
The neutron size as compared to that of nucleus can be 

neglected in the case of heavy nucleus  nuclei,  while  for  the 
light C12 nucleus it is unreasonable. Probably, this fact can 
explain the energy dependence of VCR and r0 parameters 
(table 2). It has been found that with increase of neutron size 

relative to the target nucleus the r0 value also increases, while 
the value of VCR decreases. 

The increase of VIM with neutron energy conforms with 
theoretical predictions, on the base of the exclusion principle. 
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КАРБОН НЦВЯСИНДЯН НЕЙТРОНЛАРЫН СЯПИЛМЯСИНИН ОПТИК МОДЕЛЯ ЭЮРЯ ТЯЩЛИЛИ 

  
C12 нцвяси цчцн нейtронларын сяпилmясинин опtик mоделя эюря щесабланмасы йериня йетирилмишдир. 4-14 МеВ енерэи интервалы 

эютцрцлмцшдцр. Ашаьы енержиляр цчцн компаунд еластики сяпилмяни гиймятляндирмяк мягсядиля Щаузер-Фешбащ формализминдян 
истифадя олунмушдур. Йахшы уйьунлуг щаллары йцксяк енержиляр цчцн алыныр. 
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АНАЛИЗ УПРУГОГО РАССЕЯНИЯ НЕЙТРОНОВ НА АТОМАХ УГЛЕРОДА ПРИ ПОМОЩИ  

ОПТИЧЕСКОЙ МОДЕЛИ 
                                                               
Проведено вычисление по оптической модели рассеяния нейтронов для ядра С12. Рассматривался энергетический интервал 

4-14МеВ. При низких энергиях для оценки компаундного упругого рассеяния применялся формализм Хаузера-Фешбаха. 
Хорошее согласование получается при высоких энергиях. 
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