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Abstract Environmental concerns associated with fossil
fuels are creating increased interest in alternative non-fossil
energy sources. Nuclear fusion can be one of the most
attractive sources of energy from the viewpoint of safety
and minimal environmental impact. When considered in all
energy systems, the requirements for performance of
structural materials in a fusion reactor first wall, blanket or
diverter, are arguably more demanding or difficult than for
other energy system. The development of fusion materials
for the safety of fusion power systems and understanding
nuclear properties is important. In this paper, ground state
properties for some structural fusion materials as 27Al, 3 v,
>2Cr, *Mn, and *°Fe are investigated using Skyrme—Har-
tree-Fock method. The obtained results have been dis-
cussed and compared with the available experimental data.
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Introduction

The world energy demand is increasing day by day. To
meet the demand, the nuclear fusion with safety,
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environmentally acceptability and economic is the best
suited. The success of fusion power system is dependent on
performance of the first wall, blanket or divertor systems
[1]. The performance of structural materials for fusion
power systems and understanding nuclear properties is
important. Therefore, ground state properties for some
structural fusion materials as 27A1, 5 lV, 52Cr, 55Mn, and
*Fe are investigated using Skyrme—Hartree—Fock method
(SHF) in this study.

We investigate the results on the root-mean-square (rms)
proton, neutron and charge density radii, binding energies
per particle and the proton neutron and charge density
distributions of some structural fusion materials as 27Al,
3 1V, 52Cr, 55Mn, and °Fe using the SHF calculations with
the new SLy4, SLy5, SLy6, and SLy7 force parameters.
These Skyrme force parameters were developed by Chab-
anat et al. [2, 3]. Chabanat et al. have adjusted these
parameters to the properties of the symmetric infinite
nuclear matter, with an additional constraint on the low and
high density neutron equation of state. These parameters
values and the other Skyrme force parameters can be found
from the references [2-9]. The sets of these parameters are
firstly used for the above nuclei in the present paper. The
calculated results are compared with the available experi-
mental values [10, 11]. The aim of this study is to inves-
tigate charge, neutron and proton distributions for some
structural fusion materials with new Skyrme parameters
and contribute to understanding ground state properties for
these structural fusion materials.

Theoretical Framework

The effective interaction proposed by Skyrme was
designed for Hartree—Fock calculations of nuclei [12].
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It basically consists of a two-body term which is momen-
tum-dependent, and a zero-range three-body term. Skyrme
interactions’ analytical simplicity allows a determination of
their parameters, which incorporates basic physical prop-
erties such as the saturation of infinite nuclear matter,
binding energies of some nuclei, and other simple nuclear
experimental information. The SHF model is a standard
method and all the formulations can be found in Refs. [4, 9,
13]. The BCS (Bardeen—Cooper—Schrieffer) formalism for
pairing effects has been used in the present calculation.

The neutron or proton densities in the SHF method are
given by

pa(F) =D wpih(F) rp(P)
Beq (1)
(¢ : n,neutron or p, proton)

where 4 is the single-particle wave function of the state f3,
the occupation probability of the state f§ is denoted by wy.
The nuclear charge density is obtained from the charge
form factor (F.(k)) by the inverse Fourier—Bessel
transform

N @)

where j, is the spherical Bessel function of the zeroth order.
The rms charge, neutron and proton radii can be evaluated
from these densities (Equations (1) and (2));

o= ()= [0 N 5

‘ [ p,(F)dr

where a represent neutron, proton and charge.

Results and Discussions

In this study, the rms charge, neutron and proton density
radii, binding energies per particle and charge, neutron and
proton density distributions are calculated using the Har-
tree—Fock method with Skyrme forces for some structural
fusion materials as the 2’Al, 'V, >2Cr, >>Mn, and *°Fe and
compared with experimental data. These calculations with
SLy4, SLy5, SLy6, and SLy7 Skyrme force parameters
have been done with the HARTREE-FOCK code [14]. The
calculated the rms charge, neutron and proton density radii
with SLy4, SLyS, SLy6, and SLy7 Skyrme force parame-
ters are presented in Tables 1, 2 and 3.

The values of the rms charge, neutron and proton den-
sity radii for SLy4 parameters are bigger than those of
SLy5, SLy6, and SLy7 Skyrme force parameters for each
nucleus. The rms neutron density radii are increased from
29714 (for ’Al) to 3.7052 fm (for >°Fe) with the
increasing of neutron number in Table 1. The obtained rms

@ Springer

Table 1 The calculated rms neutron density radii (in fm)

Nuclei SLy4 SLy5 SLy6 SLy7
N 3.0017 2.9930 2.9791 29714
Y% 3.6184 3.6104 3.5999 3.5958
32cr 3.6240 3.6153 3.6052 3.6011
3iMn 3.7021 3.6939 3.6851 3.6815
Fe 3.7052 3.6967 3.6883 3.6847
Table 2 The calculated rms proton density radii (in fm)

Nuclei SLy4 SLy5 SLy6 SLy7
Al 3.0009 2.9925 2.9770 2.9691
v 3.5586 3.5508 3.5393 3.5355
3Cr 3.590 3.5821 3.5706 3.5666
33Mn 36367 3.6281 3.6184 3.6146
3Fe 3.6643 3.6555 3.6460 3.6420

Table 3 The calculated rms charge density radii (in fm). Experi-
mental values are taken from Ref. [10]

Nuclei ~ Experiment SLy4 SLy5 SLy6 SLy7

AL 3.0605 + 0.004  3.1045  3.0964  3.0814  3.0738
v 3.5994 +0.002  3.6465 3.6389  3.6276  3.6239
32Cr 3.6424 +0.002  3.6770  3.6694  3.6582  3.6542
3iMn 3.7057 £ 0.002  3.7227  3.7143  3.7048  3.7011
3Fe 3.7371 £0.002  3.7497  3.7411  3.7318  3.7279

charge density radii for all parameter sets are higher than
those of the rms proton density radii for each nucleus in
Tables 2 and 3. Also, the rms charge density radii of 27Al,
>V and *°Cr for SLy7 sets of parameters are closer to
experimental data than those of SLy4, SLy5, and SLy6
interactions. But, the rms charge radii of >>Mn and *°Fe for
SLy6 parameters are closer to experimental data than those
of other interactions.

The obtained binding energies per particle using Sky-
rme-Hartree-Fock Model are presented in Table 4.
According to these results, binding energies of *’Al, **Cr
and °Fe for SLy6 sets of parameters are closer to experi-
mental data than those of SLy4, SLy5, and SLy7 interac-
tions. Furthermore, binding energies of >'V for SLy5 and
>>Mn for SLy7 parameters are closer to experimental data
than those of other interactions.

The calculated proton, neutron and charge density dis-
tributions using SLy4, SLy5, SLy6, and SLy7 Skyrme
force parameters have been plotted in Figs. 1, 2. The
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Table 4 The calculated binding energies per particle (in MeV).
Experimental values are taken from Ref. [11]

Nuclei Experiment SLy4 SLy5 SLy6 SLy7
Al 8.332 8.193 8.231 8.406 8.516
Siv 8.742 8.678 8.701 8.838 8.913
3Cr 8.776 8.669 8.692 8.829 8.905
33Mn 8.765 8.656 8.681 8.803 8.875
36Fe 8.790 8.658 8.684 8.805 8.879

obtained neutron and proton densities with SLy4, SLyS5,
SLy6, and SLy7 Skyrme force parameters for 2’Al, 'V,
2Cr, >>Mn, and *°Fe nuclei are approximately same. The
neutron densities for selected nuclei at the center (r = 0) have
increased from ~0.07 (for 2’Al) to ~0.09 fm ™ (for *°Fe).
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The neutron distributions of >>Mn and °Fe nuclei are
smoother than those of other selected nuclei in Fig. 1.
The proton density distributions from *’Al to *°Fe at the
center (r = 0) have increased with the nucleon number
increases. But, these distributions at about 2 fm are
decreased.

At the center (» = 0), the charge density distributions of
*’Al nucleus are lower than those of other selected nuclei
in Fig. 2. The charge density of *’Al nucleus for Sly6
parameters is different from those of Sly4, Sly5 and SLy7
Skyrme force parameters. But, the obtained charge densi-
ties with SLy4, SLy5, SLy6, and SLy7 Skyrme force
parameters for Sy, 32Cr, Mn, and °°Fe nuclei are
approximately same. The charge distributions with Sly4,
Sly5 and SLy7 Skyrme force parameters of 2’ Al nucleus at
about 2 fm have maximum value. Also, the calculated
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Fig. 1 The neutron and proton density distributions of >’Al, 'V, 3Cr, >*Mn, and >°Fe nuclei calculated using SLy4, SLy5, SLy6, and SLy7

Skyrme force parameters
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Fig. 2 The charge density distributions of 2’Al, °'V, **Cr, **Mn, and °Fe nuclei calculated using SLy4, SLy5, SLy6, and SLy7 Skyrme force

parameters

charge densities of Sy, 32Cr, 33Mn, and >°Fe nuclei at the
center have very similar values.

Conclusion

The charge, proton and neutron densities, binding energies
per particle and the rms charge, proton and neutron radii
have been calculated for 27Al, SlV, 52Cr, 55Mn, and °Fe
nuclei by using the Hartree—Fock method with an effective
Skyrme force with SLy4, SLy5, SLy6 and SLy7 parame-
ters. The rms proton and neutron densities radii of some
structure fusion material for Sly4 sets of parameters are
bigger than those of SLy5, SLy6 and SLy7 parameters. The

@ Springer

rms charge radii of SLy6 and SLy7 parameters accord well
experimental data. The binding energies per particle of
SLy5, SLy6 and SLy7 are also agreement with experi-
mental ones. The neutron density distributions of structural
fusion materials for SLy4, SLy5, SLy6, and SLy7 Skyrme
force parameters have approximately similar values. This
situation also applies to proton and charge densities, except
for the charge density of >’ Al nucleus. The charge density
of 2’Al nucleus for Sly6 parameters is different from those
of Sly4, Sly5 and SLy7 Skyrme force parameters. There-
fore, Sly6 parameters may be not appropriate for the charge
density of 2’ Al nucleus. These results can be contributed to
understanding ground state properties for these structural
fusion materials.
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