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GENERAL SCIENCE

MATERIAL SCIENCE   

In fusion reactors, radioactivity can be controlled by effective material selection. Material 
selection is always important for effi  cient conversion of radioactivity to electrical energy.The 
selection of structural materials provides more effi  cient use of these structural materials with the 
results obtained from nuclear reactions. Low activation materials not only high in structural material 
performance and longer life, but also minimize related problems. Iron is an important element in fusion 
reactor technologies and astrophysical applications. For this reason, we obtained the theoretical 
cross-section values of the 54Fe(α, n)57Ni reaction in the range of 5-15 MeV (Mega electron volt) in 
this study. TALYS 1.8 (nuclear model code system) and NON-SMOKER (computer code) were used 
for theoretical calculations. Astrophysical S-factor values describing reactions at low energies were 
also calculated. In addition, reaction rate values were calculated with TALYS 1.8 and compared with 
EXFOR (experimental nuclear reaction data).

ABSTRACT

INTRODUCTION
Fusion energy production and development of these production mechanisms 

the resistance of the materials to high temperatures and radiation damage is very 
important. One of the characteristics that materials to be used in fusion reactors 
must have to protect them from the eff ects of radiation is that they have low 
activation, according to the available data, C (Carbon), Si (Silicon), Ti (Titanium), 
Fe (Iron), Cr (Chromium) and V (Vanadium) are considered low activation elements. 
Studies have always focused on the compatibility of the alloy using structural 
material based on low activation material to minimize the eff ect of high activation 
elements. However, it is not always possible to completely eliminate the high 
activation elements, either due to limitations in metallurgical processes to maintain 
mechanical or properties or to manufacture structural materials [1]. The question is 
whether the perceived advantages of a lower activation design can be achieved in a 
reliable engineering system [2].

The experimental measurements model theory calculations and systematic 
forecast are rather useful to provide this information, particularly for predicting 
the cross-sections of nuclear reaction [3]. Therefore, recently 54Fe(, n)57Ni cross-
sections are measured by several authors [4-7]. When the authors pay particular 
attention to fi gure 1, cross-section values   in the range of 6-10 MeV were observed 
intensely.

Theoretical calculations, we used TALYS 1.8 [8] and NON-SMOKER [9] codes. 
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Results of our calculations were checked to the experimental 
data obtained from EXFOR [10] database.

MATERIALS AND METHODS
The astrophysical S-factor is defi ned as;  

S(E) = (E).E.exp(2π)   (1)

Where,  is the sommerfeld parameter, (Z1Z2e2)/ħ. The 
astrophysical S-factor is especially helpful in low energy 
regions. Empirical measurements of  (E) are often not 
available in measuring these energies [11].

Thermonuclear reaction rate formula can be expressed 
in equation 2 [12].

NA()T = NA[8/πm(kT )3]1/2 E

0

 (E)E exp(−E/kT)dE  (2)

Where NA is Avagadro’s number, m is reduced mass and 
E is centre-of-mass energy, and T indicates temperature of 
the environment fort the reaction.

TALYS (Nuclear Reaction Code)

The TALYS 1.8 [8] nuclear code program determines all 
reaction mechanisms, reaction channels and all observable 
possibilities using nuclear models. In the simulation 
reactions created in this program.

NON-SMOKER

NON-SMOKER [9] is a computer code using the Hauser-
Fesbach Model that theoretically calculates cross section 
values.

EXFOR

EXFOR [10] data library is a comprehensive collection 
of experimental nuclear reaction data, stored and reused. 

EXFOR web database access system;It has many services 
such as data search, output in various formats, drawing 
comparison with ENDF (evaluated nuclear data fi le), 
reorganize old data to new standards, inverse reactions and 
calculating data, creating correlation matrices from partial 
uncertainties. 

RESULTS AND DISCUSSION
Figure 1 was examined, experimental cross section 

values, especially in the range of 7-10 MeV, were compatible 
with the TALYS 1.8 and NON-SMOKER. Levkovskii [4] values 
and TALYS 1.8 values are almost the same in the range 
5-15 MeV. TALYS 1.8 and NON-SMOKER values are in great 
similarity in the graph. After 10 MeV, the experimental data 
decreased and the Houck [7] values in the 10-15 MeV range 
are quite compatible with the TALYS 1.8 and NON-SMOKER 
values,

The astrophysical S-factor values obtained by putting 
the values in fi gure 2 in their places in equation (1) are 
shown in fi gure 3. Astrophysical S-factor values, which 
give valuable results especially for low energy regions, 
gave almost similar results when fi gure 3. 10-15 MeV range 
are quite compatible with the Levkovskii [4] and Houck [7] 
values. There is also a noticeable similarity between TALYS 
and NON-SMOKER in the same range. We can see that there 
is no experimental data at energies lower than 6 MeV here, 
astrophysical S-factor values for these low energy regions 
show us the way.

The reaction rate values obtained by using the TALYS 
code are quite compatible with the experimental [5,13] 
values obtained from EXFOR.

It is thought that the reaction rate calculations will 
contribute to various estimation and extrapolation studies, 

Figure 1 Cross-sectional values of the 54Fe (α, n)57Ni reaction according to alpha energy.
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Figure 2 Astrophysical S-factor values of the 54Fe (α,n)57Ni reaction according to alpha energy.

Figure 3 Comparison of experimental and evaluated thermonuclear reaction rate of 54Fe (α,n)57Ni.

especially because it depends on the cross section values. 

Reaction rate values treated for a reaction allow us to interpret 

and evaluate the infl uence cross-section and astrophysical 

S-factors and gamow window. This information will provide 

us with data in extrapolations, especially in the low energy 

region for the reaction, in addition in the low energy region 

where experimental data is diffi  cult to obtain, it should 

be stated that experimental studies should be carried out. 

It should also be stated that it will contribute within the 

parameters of the optical model.

CONCLUSION

Experimental studies for nuclear reactions are not 

always possible in terms of both materials and possibilities. 

It is not always possible to obtain and use the reactants. In 

such cases, performing theoretical experiments or making 

experimental calculations with various simulation programs 

will shed light on future studies.

This study is important to provide an idea of the radiation 

interactions of Fe-containing structures, which are low 
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activation material for use in nuclear technology, radiation 
protection, buildings, industry and health, and to provide 
data to the literature.
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