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Abstract. In structural fusion material research, double differential sections are necessary to determine heating
and damage due to secondary particles that may occur in structural materials. Therefore, in this study, the
double differential proton emission cross sections of 2’ Al and 2*Mg target nuclei were calculated theoretically
with the TALYS nuclear reaction code at 14 MeV neutron energy. The calculated values were compared with
existing experimental data in the EXFOR library. Additionally, the contribution of direct, compound and pre-
equilibrium reactions in theoretical calculations was investigated.

1 Introduction

The need for double differential cross section (DDX) data
of charged particles emitted by the neutron effect has been
discussed in many publications in fusion reactor structural
material development studies, especially on first wall and
blanket materials [1-9]. In fusion reactor building materi-
als studies, a classification was made according to their ac-
tivation properties and C, Si, Ti, Fe, Cr and V were consid-
ered as low activation elements while, Al, Ni, Mg, Ag, Co
and Nb were considered as high activation elements [10-
13]. In the selection of construction materials for fusion
reactor components, not only mechanical properties, com-
patibility with other materials and irradiation performance,
but also radiological properties should be taken into ac-
count [14-16]. Since neutron activity varies depending
on the material irradiated, the first wall and cover mate-
rials, which are the fusion reactor components exposed to
the highest neutron flux, have high radioactivity concen-
trations. For this reason, the selection of building materials
that can be used in reactor components is very important in
limiting radioactivity [17]. The DDX information is very
important in material studies because it includes both the
energy distribution of the emitted particles and the angular
dependence. The DDX of light charged particle emission
have been investigated in several studies both experimen-
tally [3, 4, 6, 18-23] and theoretically [8, 9, 24-29]. 2’ Al
and 2*Mg isotopes, which have been experimentally stud-
ied in the (n,p) reaction of Al and Mg elements, which
were stated to have high activation above, were used in
this study. In fusion studies, especially in the D-T reac-
tion, the emission of 14 MeV neutrons and the reaction of
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these neutrons with other structural elements of the reactor
have great importance. Additionally, the (n,p) reaction has
the highest cross section in neutron induced reactions at
lower energies. In this study, the DDX of emission proton
from 2’ Al and **Mg target nuclei, structural fusion mate-
rials, induced by 14 MeV neutrons have been calculated
using TALY'S v1.95 [30] nuclear reaction code and the re-
sults have been compared with the available experimental
data in EXFOR nuclear data library [31].

2 Calculation Methods

TALYS 1.95 code has been used in DDX calculations to
describe the compound, pre-equilibrium and direct mech-
anisms [32]. The TALYS 1.95 code is able to simulate
nuclear reactions induced by up to 1 GeV light particles
for target nuclei heavier than lithium [30]. Kalbach’s [33]
the two-component exciton model is used for calculating
the pre-equilibrium contribution while Hauser—Feshbach’s
[34] model is used for the compound nucleus contribution
in calculations. Direct reaction contribution is calculated
by ECIS-97 [35] code which is implemented in TALYS
code.

3 Results

The DDX of proton emission from *Mg target nucleus at
emission angles 7°, 18°, 30°, 45°, 60°, 75°, 90° and 135°
have been calculated by the TALYS 1.95 code at 14 MeV
incident neutron energy. The calculated values have been
compared with the available experimental data of Colli et
al. [36] taken from the EXFOR library in Figure 1. Simi-
larly, the DDX of proton emission from 2’ Al target nucleus
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Figure 1. The DDX calculations of the different mechanisms for the 2*Mg(n,p) reaction at 14 MeV incident energy are compared with
experimental data of Colli et al. [36] .
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Figure 2. The DDX calculations of the different mechanisms for the 2 Al(n,p) reaction at 14 MeV incident energy are compared with

experimental data of Deberin et al. [37] .

at emission angles 8°, 120° and 150° have been calculated
by the TALYS 1.95 code at 14 MeV incident neutron en-
ergy. The results have been compared with Debertin et al.
[37] in Figure 2.

4 Conclusions

Results calculated for double differential cross sections of
proton emission are compared with experimental data as
shown in Figures. The shape of the curve and the mag-
nitude of calculated results at all emission angles are in
agreement with experimental data. The theoretical models
provide a good description of the shapes and magnitude of
the double differential cross section of proton emission for
given emission angles and energies. TALYS code calcula-
tions were in the framework of the pre-equilibrium exci-
ton model and the Hauser— Feshbach model. The calcula-
tion results were compared with the available experimental
data with conclusions that can be summarized as follows:

1. All double differential cross sections are consis-
tently calculated using nuclear theory models for
27Al and *Mg, target nuclei at the incident neutron
energy of about 14 MeV.

2. The pre-equilibrium models provide the good de-
scription of the shapes and magnitude of the dou-
ble differential cross section of proton at the incident
proton energy of 14 MeV.

3. All of the present results have been transformed into
ENDF formatted data files for application of ob-
tained data to use in future studies.
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