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Comparison of Neutron Cross-Sections Using IAEA Nuclear

Codes "ABAREX" and "SCAT2"
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Abstract

Model calculations can be used to provide nuclear data for applications
in science and technology. The energy averaged neutron induced
nuclear reaction cross-sections particular for Al-27, Mg-24, Cr-52, Mn-
55, Zn-64 and U-238 with neutrons of energy (0.005 to 10 MeV) are
calculated using IAEA nuclear codes "ABAREX" and "SCAT2". The
results are compared with those given in ENDF-3 nuclear data.

Introduction

Whereas chemical reactions involve a rearrangement of the outer
electronic shells of atoms, nuclear reactions involve a rearrangement of
the protons and neutrons within the nuclei of atoms. Energy changes in
nuclear reactions are of the order of millions of electrons volts compared
with energies of a few electron volts for chemical reactions.

The efficiency of a nuclear reaction is usually expressed in terms
of a cross section which has the dimensions of an area. This originates
from experiments in nuclear physics where the projectile is assumed to
have negligible size and the probability for a reaction between a nucleus-
and an impinging particle is considered to be proportional to the
cross- sectional area presented by the target nucleus.
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The cross sections can be calculated using model codes such as
ABAREX, SCAT2, ALICE91, etc. Thus the model calculations are very
essential in studying nuclear physics.

The Cross-sections Defined in ABAREX Code

The calculation of cross-section is made on S- matrix. The elastic
cross-section is given as

1-S, 1-S,. SE (2.1)

and the average inelastic cross section is given as

ABS (2.2)

when the number of open decay channel is large the measured average
elastic cross section becomes approximately equal to the OM absorption

cross section, crr
Abs. Therefore Sr

SE and ar
Abs define the real and

imaginary parts of the OM scattering amplitude Scc. The absorption cross

section is closely related to the transmission coefficient

T « = 1 - S J (2.3)

In the low energy resonance region, the real and imaginary parts of
Scc can be obtained from the fact that there the energy dependence of Scc is
given by,

S =e
cc

(2.4)
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We have

- e l -
D

(2.5)

The transmission coefficient is given as

and

(2.8)

The energy dependence of the energy average total cross section is

given as

OM-
Sec=exp(-2i8c

UM)

Cross sections Defined in SCAT2

(2.10)

For spin 0 incident particles the reaction cross-section, shape
elastic scattering cross-section and total cross-section are given as
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For spin Yi incident particles

(3.4)
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For spin 1 incident particles
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Results and Discussion

The Total cross-sections of Al-27, given in Evaluated Nuclear Data
File version 3 (ENDF-3), those obtained from calculations using
ABAREX and SCAT2 are given in Table 1 and respective graph is shown
in Figure 1.
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From the graph we can see that the total cross-sections for Al-27
obtained by ABAREX and SCAT2 are nearly the same and both are quite
agree with the values given in standard nuclear data file ENDF-3.

The Total cross-sections of Mg-24, given in Evaluated Nuclear
Data File version 3 (ENDF-3), those obtained from calculations using
ABAREX and SCAT2 are given in Table 2 and respective graph is shown
in Figure 2.

From the graph we can see that the total cross-sections for Mg-24
obtained by ABAREX and SCAT2 are nearly the same and both are quite
agree with the values given in standard nuclear data file ENDF-3.

The Total cross-sections of Cr-52, given in Evaluated Nuclear Data
File • version 3 (ENDF-3), those obtained from calculations using
ABAREX and SCAT2 are given in Table 2 and respective graph is shown
in Figure 2.

From the graph we can see that the total cross-sections for Cr-52
obtained by ABAREX and SCAT2 are nearly the same and both are quite
agree with the values given in standard nuclear data file ENDF-3.

The Total cross-sections of Mn-55, given in Evaluated Nuclear
Data File version 3 (ENDF-3), those obtained from calculations using
ABAREX and SCAT2 are given in Table 2 and respective graph is shown
in Figure 2.

From the graph we can see that the total cross-sections for Mn-55
obtained by ABAREX and SCAT2 are nearly the same and both are quite
agree with the values given in standard nuclear data file ENDF-3.

The Total cross-sections of Zn-64, given in Evaluated Nuclear
Data File version 3 (ENDF-3), those obtained from calculations using
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ABAREX and SCAT2 are given in Table 2 and respective graph is shown
in Figure 2.

From the graph we can see that the total cross-sections for Zn-64
obtained by ABAREX and SCAT2 are nearly the same and both are quite
agree with the values given in standard nuclear data file ENDF-3.

Conclusion

It is found that the graphs of variations of the cross sections for
different energies do not give straight lines. They are decreasing for some
energy ranges and increasing for some energy ranges. The results embody
the resonances predicted by the compound nucleus formation theory.

We have to make further work for other nuclides and hope to get
interesting relations and results.
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