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SKYRME–HARTREE–FOCK–BOGOLIUBOV
CALCULATIONS OF EVEN AND ODD
NEUTRON-RICH Mg ISOTOPES
Using the Skyrme functional with SIII, SKM*, SLy4, and UNE0 sets of parameters and the
Hartree–Fock–Bogoliubov mean-field method; the ground-state properties of even-even and
even-odd neutron-rich Mg isotopes have been investigated. The results of calculations of the
binding energy per nucleon (𝐵/𝐴), the one- and two-neutron separation energies (𝑆𝑛 and
𝑆2𝑛 ), proton and neutron rms radii, neutron pairing gap, and quadrupole deformation parameter (𝛽2 ) have been compared with the available experimental data, the results of Hartree–
Fock–Bogoliubov calculations based on the D1S Gogny force, and predictions of some nuclear
models such as the Finite Range Droplet Model (FRDM) and Relativistic Mean-Field (RMF)
model. Our results show good agreements in comparison with the experimental data and the
results of the mentioned models.
K e y w o r d s: Hartree–Fock–Bogoliubov theory, Mg isotopes, binding energy, proton and neutron rms radii, quadrupole deformation parameter (𝛽2 ).

1. Introduction
In the theoretical nuclear physics, when we deal with
a system which consists of many particles, a lot of
challenges appear. One of the great challenges is to
explain the nuclear structure in terms of the nucleons. It is necessary to understand the mutual interaction between those nucleons and to find a suitable
solution of the equations of the corresponding manybody problem [1]. The theoretical and experimental
studies of the ground-state properties (such as exotic nuclei, large deformations, high spins, ... etc.) of
unstable and unusual nuclei (especially, for the exotic nuclei that are far from the line of 𝛽-stability toward the neutron-drip line) represent a very promising research domain for nuclear physics. Moreover,
the experimental masses (binding energies) near the
neutron-drip line are unknown [2–5]. As moving toward the neutron-drip line, some neutron-rich nuclei
tend to be deformed nuclei and are often called nuclei
in the “island of inversion” [6].
One of the main aspects of research in the nuclear structure physics is the development of a unified theoretical framework aimed to make reliable predictions within one nuclear model in order to dec A.H. TAQI, M.A. HASAN, 2021
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scribe the ground-state properties of all even and
odd-A nuclei. Such a microscopic description of nuclei provides many advantages, even for the most
exotic nuclei and nuclear states unreachable experimentally [1, 7]. One of the most important nuclear
theories that are widely used in calculations is the
Hartree–Fock–Bogoliubov (HFB) approach [8–14],
which unifies the self-consistent mean-field description of nuclear orbitals, as given by the Hartree–Fock
(HF) theory, and the pairing correlations, as given
by the Bardeen–Cooper–Schrieffer (BCS) theory of
superconductivity in metals [15] into a single variational theory [9].
Magnesium (Mg, 𝑍 = 12), as well as all the nuclei which have neutron numbers close to the magic
number 𝑁 = 20 or 𝑁 = 28 (which is known as
the “island of inversion”), possesses many interesting nuclear properties. There are many studies of
the properties of magnesium isotopes. In particular,
the ground-state properties of neutron-rich Mg isotopes were considered within the Folding model, Antisymmetrized Molecular Dynamics (AMD), modified
Woods-Saxon, spherical HF, and HFB models [16],
and the modified HF+BCS method with the use of
SLy4, SGII, and Sk3 sets of parameters [17]. In this
paper, we will be interested in calculating and analyzISSN 2071-0194. Ukr. J. Phys. 2021. Vol. 66, No. 11
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ing some nuclear ground-state properties of even-even
and even-odd neutron-rich Mg isotopes over a wide
collection of isotopes (from 𝑁 = 8 to 𝑁 = 47) in the
framework of the Skyrme-Hartree–Fock–Bogoliubov
(SHFB) method. We will use four well-established
sets of Skyrme parameters: SIII, SKM* , SLy4, and
UNE0. The calculated properties of Mg isotopes include the binding energy per nucleon (𝐵/𝐴), oneand two-neutron separation energies (𝑆𝑛 and 𝑆2𝑛 ),
proton and neutron rms radii, neutron pairing gap,
quadrupole deformation parameter (𝛽2 ), and potential energy curves and will be compared with the
available experimental data of the Atomic Mass Evaluation (AME2016) [18] and with the results of different models such as the Finite Range Droplet Model
(FRDM) [19], Relativistic Mean-Field (RMF) model
[20], and HFB calculations based on the D1S Gogny
force [21].
In the Hartree–Fock–Bogoliubov formalism, a twobody Hamiltonian of a system of fermions can be expressed in terms of a standard set of annihilation and
creation operators (𝑐, 𝑐† ) [10]:
∑︁
1 ∑︁
𝑣¯𝑘1 𝑘2 𝑘3 𝑘4 𝑐†𝑘1 𝑐†𝑘2 𝑐𝑘4 𝑐𝑘3 .
𝐻=
𝑒𝑘1 𝑘2 𝑐†𝑘1 𝑐𝑘2 +
4
𝑘1 𝑘2 𝑘3 𝑘4

(1)
where the first term corresponds to the kinetic energy,
and 𝑣¯𝑘1 𝑘2 𝑘3 𝑘4 = ⟨𝑘1 𝑘2 |𝑉 |𝑘3 𝑘4 − 𝑘4 𝑘3 ⟩ is the matrix
element of the two-body interaction between antisymmetrized two-particle states. The HFB ground-state
wave function |Φ⟩ is defined as the quasiparticle vacuum 𝛼𝑘 |Φ⟩ = 0, where the quasiparticle operators
(𝛼, 𝛼† ) are connected to the original particle operators via a linear Bogoliubov transformation [10]:
∑︁
∑︁
†
†
* †
*
(𝑉𝑘𝑘
𝛼𝑘 =
(𝑈𝑘𝑘
´ 𝑐𝑘
´ + 𝑉𝑘𝑘
´ 𝑐𝑘
´ + 𝑈𝑘𝑘
´ 𝑐𝑘
´ 𝑐𝑘
´ ), 𝛼𝑘 =
´ ).
´
𝑘

´
𝑘

(2)
which can be rewritten in the matrix form as
(︂ )︂ (︂ †
)︂(︂ )︂
𝑐
𝛼
𝑈 𝑉†
=
.
𝛼†
𝑉 𝑇 𝑈 𝑇 𝑐†
The matrices 𝑈 and 𝑉 satisfy the relations [10]
⎫
𝑈 † 𝑈 + 𝑉 † 𝑉 = 𝐼, ⎪
⎪
⎬
𝑈 𝑈 † + 𝑉 * 𝑉 𝑇 = 𝐼,
𝑇
𝑇
𝑈 𝑉 + 𝑉 𝑈 = 0, ⎪
⎪
⎭
𝑈 𝑉 † + 𝑉 * 𝑈 𝑇 = 0.
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The expectation value of Eq. (1) can be expressed in
an energy functional as [10]
[︂(︂
)︂ ]︂
1
1
⟨Φ|𝐻|Φ⟩
= Tr 𝑒+ Γ 𝜌 − Tr[Δ𝜅* ], (6)
𝐸[𝜌, 𝜅] =
⟨Φ|Φ⟩
2
2
where the self-consistent term is
∑︁
𝑣¯𝑘1 𝑘2 𝑘3 𝑘4 𝜌𝑘4 𝑘2 ,
Γ𝑘1 𝑘3 =

(7)

𝑘2 𝑘4

and the pairing field term is
1 ∑︁
𝑣¯𝑘1 𝑘2 𝑘3 𝑘4 𝜅𝑘3 𝑘4 .
Δ𝑘1 𝑘2 =
2

(8)

𝑘3 𝑘4

2. Hartree–Fock–Bogoliubov Theory

𝑘1 𝑘2

In terms of the normal density 𝜌 and pairing tensor
𝜅, the one-body density matrices are:
}︂
𝜌𝑘𝑘´ = ⟨Φ|𝑐†𝑘´ 𝑐𝑘 |Φ⟩ = (𝑉 * 𝑉 𝑇 )𝑘𝑘´ ,
(5)
𝜅𝑘𝑘´ = ⟨Φ|𝑐𝑘´ 𝑐𝑘 |Φ⟩ = (𝑉 * 𝑈 𝑇 )𝑘𝑘´ .

(3)

(4)

The variation of the energy [Eq. (6)] with respect to
𝜌 and 𝜅 leads to the HFB equations [10]
(︂
)︂(︂ )︂
(︂ )︂
𝑒+Γ−𝜆
Δ
𝑈
𝑈
=𝐸
.
(9)
−Δ*
−(𝑒 + Γ)* + 𝜆 𝑉
𝑉
where 𝜆 is the Lagrange multiplier used to fix the correct average particle number, and Δ refers to the pairing potential. More details about the HFB theory and
Skyrme HFB equations can be found in Refs [10, 11].
3. Details of Calculations
In this work, the ground-state properties of even-even
and even-odd neutron-rich Mg isotopes have been
reproduced by using the HFBTHO code (v2.00d)
[11]. The code iteratively diagonalizes the Hamiltonian based on the Skyrme functional until a selfconsistent solution is achieved. More details can be
found in Refs. [10, 11].
Calculations were performed with the Skyrme functional for SIII [22], SKM* [23], SLy4 [24], and UNE0
[25] sets of parameters. A mixed volume-surface pairing force has been used with a cutoff quasiparticle energy 𝐸cut = 60 MeV. The harmonic oscillator (HO) basis was characterized by the oscillator
length 𝑏 = −1.0 fm, which means that the code automatically sets 𝑏0 by using the relation of HO frequency [11]:
√︀
𝑏0 = ~/𝑚𝜔,
(10)
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acteristic [11]. The different sets of parameters of the
Skyrme forces used in this study are shown in Table 1.
4. Results and Discussion
In this section, we present the numerical results for
the ground-state properties of the even-even and
even-odd Mg isotopes which have been investigated
in the framework of the HFB method.
4.1. Binding Energy

Fig. 1. (Color online) HFBTHO calculations of the 𝐵/𝐴 for
even-even and even-odd Mg isotopes by using SIII, SKM* ,
SLy4, and UNE0 forces

where ~𝜔 = 1.2 × 41/𝐴1/3 . The number of oscillator
shells (the principal number of oscillator shells 𝑁 )
taken into account was 𝑁max = 20 shells [10, 11]. The
input data on the pairing strength in HFBTHO program [11] in Eq. (11) for neutrons 𝑉0𝑛 and protons
𝑉0𝑝 (in MeV) have been used as a pre-defined pairing
force depending on a standard value of each Skyrme
functional that is used in the HFBTHO program,
𝑛,𝑝
𝑉𝑝𝑎𝑖𝑟
(r) = 𝑉0𝑛,𝑝 (1 − 𝛼

𝜌(r)
)𝛿(r − ŕ),
𝜌𝑐

(11)

where 𝜌(r) is the local density, and 𝜌𝑐 is the saturation density fixed at 𝜌𝑐 = 0.16 fm−3 , and the type of
pairing force is defined by the parameter 𝛼, which can
be a volume, surface, or mixed volume-surface charTable 1. Skyrme sets of parameters
that have been used in this work
Parameters

SIII
[22]

SKM*
[23]

SLy4
[24]

UNE0
[25]

𝑡0 (MeV· fm3 )
𝑡1 (MeV· fm5 )
𝑡2 (MeV· fm5 )
𝑡3 (MeV· fm5 )
𝑥0
𝑥1
𝑥2
𝑥3
𝑊0 (MeV· fm3+3𝜎 )
𝜎

–1128.75
395.0
–95.0
14000.0
0.45
0.0
0.0
1.0
120.0
1.00

–2645.0
410.0
–135.0
15595.0
0.090
0.0
0.0
0.0
130.0
1/6

–2488.9
486.8
–546.3
13777.0
0.834
–0.344
–1.0
1.345
123.0
1/6

–1883.6
277.5
608.4
13901.9
0.974
–1.777
–1.676
–0.380
0.0
1/3.11

The results of HFBTHO calculations of the binding energies per nucleon (𝐵/𝐴) as a function of the
neutron number (𝑁 ) are depicted in Fig. 1 and are
compared with the available experimental data of
AME2016 [18], the data of Finite Range Droplet
Model (FRDM) [19], the results of Relativistic MeanField (RMF) model [20], and the data of HFB calculations based on the D1S Gogny force [21]. As
shown in Fig. 1, the calculated binding energies are
consistent with the experimental data and with the
results of the mentioned models, except some nuclei
(𝑁 = 43 → 47) which show fluctuations in their energy in all the interactions used, except the SLy4
force. In the last case, we see a fluctuation in the
binding energy only for 𝑁 = 47.
The difference between the calculated 𝐵/𝐴 and the
results of FRDM [19], RMF [20], and D1S-Gogny
HFB [21] are presented in Fig. 2. The comparisons
are made only for isotopes for which the experimental data are available. The differences were very close
for the most of the isotopic chain, but some differences (≤ ±0.45 MeV) were found for the light nuclei,
exactly in the region with 𝑁 = 8. For the region with
𝑁 = 26 and 28 with the SKM* force, the differences
was 0.3 MeV.
4.2. One- and Two-Neutron
Separation Energy
The one- (𝑆𝑛 ) and two-neutron (𝑆2𝑛 ) separation energies for even-even and even-odd Mg isotopes have
been calculated by using HFBTHO code [11] with
Skyrme-SIII, SKM* , SLy4, and UNE0 sets of parameters. The single-neutron separation energy is defined as
𝑆𝑛 (𝑍, 𝑁 ) = 𝐵(𝑍, 𝑁 ) − 𝐵(𝑍, 𝑁 − 1),

and the double-neutron separation energy is as follows:
𝑆2𝑛 (𝑍, 𝑁 ) = 𝐵(𝑍, 𝑁 ) − 𝐵(𝑍, 𝑁 − 2).
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The calculated results of 𝑆𝑛 for Mg isotopes with SIII,
SKM* , SLy, and UNE0 interactions can be found
in Fig. 3. They have been compared with the available data of AME2016 [18] and the data of FRDM
[19]. The 𝑆𝑛 starts with a large value in the light nuclei region; then it begin to decrease, as the number of neutrons increases. From this figure, it is seen
that 𝑆𝑛 of even nuclei is greater than their odd neighbors. From Fig. 3, it can be seen that the results for
the SLy4 force are more consistent with the experimental data and with the results of FRDM than those
of other forces used.
Figure 4 shows the calculated 𝑆2𝑛 for even-even
and even-odd Mg isotopes as functions of the neutron number 𝑁 ; they are obtained with Skyrme SIII,
SKM* , SLy4, and UNE0 forces. The calculated results of 𝑆2𝑛 have been compared with the available
experimental data of AME2016 [18], FRDM data [19],
the results of RMF [20], and the data of D1S GognyHFB [21]. It can be seen from Fig. 4 that the results
for the SLy4 force are the most consistent and the
closest to the experimental data and to the other
models results.

Fig. 2. (Color online) The difference between the calculated
𝐵/𝐴 and the results of FRDM [19], RMF [20], and D1S-Gogny
HFB [21]

4.3. Quadrupole deformation
An important information about nuclear properties
can be obtained from the calculations of quadrupole
deformation parameter (𝛽2 ) such as the size, quadrupole moment, and shape of the nucleus (spherical or
deformed) [26].
Figure 5 presents the HFBTHO calculations of
the quadrupole deformation parameter (𝛽2 ) by using Skyrme SIII, SKM* , SLy4, and UNE0 forces for
even and odd Mg isotopes as functions of the neutron
number (𝑁 ) in comparison with the available experimental data [27], FRDM data [19], RMF data [20],
and the results of D1S-Gogny HFB [21].
From Fig. 5, the closed shells with the magic numbers 𝑁 = 8 and 𝑁 = 20 have 𝛽2 = 0, as expected,
which corresponds to spherical nuclei. Nuclei which
are above 𝑁 = 8 and 𝑁 = 20 show an interesting
change in their shape. The deformed of prolate shape
has maximum 𝛽2 ≈ 0.44 at 𝑁 = 11 and 𝛽2 ≈ 0.39 at
𝑁 = 27 for all interactions. Above 𝑁 = 28, there is a
transition from a deformed to spherical shape; especially for even nuclei which have 𝛽2 ≈ 0. The strong
deformation appears in the region within 8 ≤ 𝑁 ≤ 14,
22 ≤ 𝑁 ≤ 32, and from 𝑁 = 39 to 𝑁 = 47 for
ISSN 2071-0194. Ukr. J. Phys. 2021. Vol. 66, No. 11

Fig. 3. (Color online) Results of HFBTHO calculations of 𝑆𝑛
for even-even and even-odd Mg isotopes in comparison with
the experimental data [18] and the data of FRDM model [19]

Fig. 4. (Color online) Results of HFBTHO calculations of
𝑆2𝑛 for even-evenand even-odd Mg isotopes in comparison with
the experimental data [18], the data of FRDM model [19], the
results of RMF model [20], and the data of D1S-Gogny HFB
model [21]
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Fig. 5. (Color online) Results of HFBTHO calculations of
the quadrupole deformation parameter (𝛽2 ) for even-even and
even-odd Mg isotopes in comparison with the experimental
data [27], FRDM data [19], RMF data [20], and the results
of D1S-Gogny HFB [21]

Fig. 6. (Color online) Results of HFBTHO calculations of 𝑅𝑛
and 𝑅𝑝 for even-even and even-odd Mg isotopes in comparison
with RMF data [20] and D1S-Gogny HFB calculations [21]

Fig. 7. (Color online) Results of HFBTHO calculations of the
neutron pairing gap for even-even and even-odd Mg isotopes
in comparison with difference formulas Δ(3) , Δ(4) and Δ(5) of
the experimental data of AME2016 [18]

compared with the available results of RMF [20] and
the results of D1S-Gogny HFB calculations [21] and
are shown in Fig. 6 for comparison. The calculated
results of 𝑅𝑛 and 𝑅𝑝 have been plotted together in
order to see the differences between them.
From Fig. 6, it is seen that the differences between
𝑅𝑛 and 𝑅𝑝 start to increase with 𝑁 . This difference
reaches at 1.244 fm for 59 Mg with Skyrme-UNE0
force, 0.945 fm with Skyrme-SIII, and 1.06 fm with
Skyrme-SKM* and SLy4 forces simultaneously. Near
the 𝛽-stability line (when 𝑁 ≈ 𝑍), 𝑅𝑛 and 𝑅𝑝 are almost the same for all the examined interactions. The
calculated results with Skyrme SIII, SKM* , SLy4,
and UNE0 interactions show a good agreement with
available data of RMF and the results of D1S-Gogny
HFB, especially in the region 8 ≤ 𝑁 ≤ 20.
4.5. Neutron pairing gap

the isotopic chain. From the comparison between the
HFBTHO calculations and other results, very good
agreements were obtained, as it is clearly seen in
Fig. 5.
4.4. Neutron and proton rms radii
The HFBTHO calculations of the neutron and proton
rms radii (𝑅𝑛 and 𝑅𝑝 ) for even-even and even-odd Mg
isotopes are plotted as functions of the neutron number 𝑁 in Fig. 6 with Skyrme: SIII, SKM*, SLy4, and
UNE0 interactions. The results of HFBTHO calculations of the neutron and proton rms radii have been
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The results of HFBTHO calculations of the neutrons
pairing gap as a function of the neutron number 𝑁
are shown in Fig. 7. The results are compared with
many finite-difference formulas, which are often interpreted as a measurement of the empirical pairing gap
(3)
(4)
of three-point Δ𝑍 , four-point Δ𝑍 , and five-point
(5)
Δ𝑍 difference formulas [26, 28, 29]. The three-point
(3)
Δ𝑍 difference formula can be written as [30]:
𝜋𝑁
[𝐵(𝑍, 𝑁 − 1) +
2
+ 𝐵(𝑍, 𝑁 + 1) − 2𝐵(𝑍, 𝑁 )],
(3)

Δ𝑍 (𝑁 ) ≡

(14)
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Fig. 8. (Color online) Results of HFBTHO calculations of the deformation energy
curves by using the Skyrme SLy4 force for even-even 20→40 Mg isotopes in comparison
with the results of Ref. [34] as a function of the axial quadrupole moment. The origin
of the energy is taken at the minimum of each curve
(4)

the four-point Δ𝑍 difference formula can be defined
as [31–33]:
𝜋𝑁
[𝐵(𝑍, 𝑁 − 2) − 3𝐵(𝑍, 𝑁 − 1) −
4
− 𝐵(𝑍, 𝑁 + 1) + 3𝐵(𝑍, 𝑁 )],

The neutron pairing gaps (effective gap) of HFBTHO code is defined as the mean value of the pairing field Δ [10, 26]:

(4)

Δ𝑍 (𝑁 ) ≡

Δ̄ =
(15)

(5)

and the five-point Δ𝑍 difference formulas can be defined as [29]:
𝜋𝑁
[𝐵(𝑍, 𝑁 + 2) + 6𝐵(𝑍, 𝑁 ) +
8
+ 𝐵(𝑍, 𝑁 − 2) − 4𝐵(𝑍, 𝑁 + 1) −
(5)

Δ𝑍 (𝑁 ) ≡ −

− 4𝐵(𝑍, 𝑁 − 1)].

(16)

Here, 𝜋𝑁 = (−1)𝑁 is the number parity, 𝐵 is the
experimental binding energy values given in Ref. [18],
and 𝑍 and 𝑁 are the proton and neutron numbers,
respectively.
ISSN 2071-0194. Ukr. J. Phys. 2021. Vol. 66, No. 11

TrΔ𝜌
,
Tr𝜌

(17)

where 𝜌 refers to the normal one-body density matrix. This may be one of the reasons for the difference between HFBTHO calculations and the results
of experimental data. The calculated pairing gaps are
exactly zero for closed shell (magic number) nuclei
at 𝑁 = 20, as is clearly seen in Fig. 7 for SIII and
UNE0 interactions. When Δ becomes zero, Δ̄ vanishes, which corresponds to the maximum values of
the gaps given by the empirical formulas. Another
remark that can be seen in Fig. 7 is that the even
nuclei have larger pairing gaps than that of odd nuclei for all the examined interactions, and, especially,
for Skyrme SLy4 set. This occurs, because the block-
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ing of one state in the odd nuclei does not contribute
to the pairing potential, leading to overall smaller single particle gaps [26, 29]. It is seen from Fig. 7 that
the result with SLy4 force is the closest to the finitedifference formulas of neutron pairing gaps than the
results with other examined Skyrme forces.
4.6. Potential energy curves
Based on the calculated results of the 𝐵, 𝑆𝑛 , 𝑆2𝑛 ,
and neutron pairing gap with the SLy4 force which
showed a good agreement with the experimental results, we calculated the potential energy curves of
the investigated even-even 20→40 Mg isotopes with the
SLy4 force and plotted them as functions of their
axial quadrupole moment 𝑄(𝑏) in Fig. 8. The welldefined spherical shape was obtained for 22→24 Mg
isotopes. All deformed isotopes of Mg turn out prolate with the exception of 26 Mg. The potential energy curve of 32 Mg has well-defined prolate minima
and shows an inflection point at the axial quadrupole
moment 𝑄 = 1.5𝑏. A very shallow oblate minimum
appears roughly at an energy of 1.0 MeV for 36 Mg,
38
Mg, and 40 Mg isotopes. In general, we found the excellent similarity between the HFBTHO calculations
with Skyrme SLy4 force and the previously published
results of Ref. [34], especially in heavy Mg isotopes
which have neutron number 𝑁 = 24, 26 and 28 as
seen in Fig. 8.
5. Conclusions
In this paper, the ground-state properties of eveneven and even-odd Mg isotopes have been investigated using HFB approach with the Skyrme sets
SIII, SKM* , SLy4 and UNE0. The studied properties including the binding energy per nucleon (𝐵/𝐴),
one- and two-neutron separation energies (𝑆𝑛 , 𝑆2𝑛 ),
proton and neutron rms radii, neutron pairing gap,
quadrupole deformation parameter (𝛽2 ), and potential energy curves which have been compared
with the available experimental data, the results of
HFB calculations based on the D1S Gogny effective
nucleon-nucleon interaction, and predictions of some
nuclear models such as the Finite Range Droplet
Model (FRDM) and Relativistic Mean-Field (RMF)
model. The calculated results with different Skyrme
functional parameters (especially with the Skyrme
SLy4 force) show a very good agreement and are
consistent with the available experimental data and
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the results of other models. The differences between
light and heavy nuclei are clear; in addition, the effect of increasing number of neutrons on the groundstate properties can be seen in the presented figures;
this is especially true for the binding energy, neutron and proton rms radii, quadrupole deformation
parameter (𝛽2 ), and potential energy curves. Moreover, the calculated potential energy surface with
the Skyrme SLy4 force shows a clear shape transition (from spherical shape to: prolate, oblate, and
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А.Х. Такi, М.А. Хасан
РОЗРАХУНКИ ПАРНИХ I НЕПАРНИХ
IЗОТОПIВ Mg З ВИСОКИМ ВМIСТОМ НЕЙТРОНIВ
МЕТОДОМ ХАРТРI–ФОКА–БОГОЛЮБОВА
Застосовуючи функцiонал Скiрма з наборами параметрiв
SIII, SKM* , SLy4 i UNE0 та метод середнього поля Хартрi–
Фока–Боголюбова, ми вивчили властивостi основного стану
парно-парних та парно-непарних iзотопiв Mg з високим вмiстом нейтронiв. Результати розрахункiв енергiї зв’язку на
нуклон (𝐵/𝐴), енергiй вiддiлення одного та двох нейтронiв
(𝑆𝑛 i 𝑆2𝑛 ), середньоквадратичних радiусiв протона та нейтрона, величини щiлини для парування нейтронiв та параметра квадрупольної деформацiї (𝛽2 ) порiвнюються з наявними експериментальними даними, з результатами розрахункiв у пiдходi Хартрi–Фока–Боголюбова з використанням D1S Гогнi сил та з передбаченням деяких моделей ядер,
таких як крапельна модель ядра та релятивiстська модель
середнього поля. Отримано гарну узгодженiсть з експериментом та результатами згаданих моделей.
К л ю ч о в i с л о в а: теорiя Хартрi–Фока–Боголюбова, iзотопи Mg, енергiя зв’язку, середньоквадратичнi радiуси протона та нейтрона, параметр квадрупольної деформацiї (𝛽2 ).
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