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Abstract 

The ground-state characteristics nuclear density distributions and root-mean-square (rms) radii  

of the exotic mirror nuclei 17Ne and 17N were examined using the Skyrme-Hartree-Fock method 

and the symmetrized Woods-Saxon (SWS) model. Additional nuclear properties, including 

elastic electron-scattering form factors, binding energies, Coulomb displacement energies, and 

magnetic dipole moments, were also investigated. The magnetic dipole moments were 

calculated within the ZBM shell-model framework using several interactions (ZWM, REWIL, 

ZBMII, and ZBMI), with the NuShellX@ code employed to compute one-body density matrix 

(OBDM) elements and halo-specific form factors. The extended tail behavior observed in the 

nuclear densities, indicative of halo structures, was consistent with experimental observations. 

Furthermore, elastic form factors  including the monopole (C0) component  were derived from 

charge density distributions within the Plane-Wave Born Approximation (PWBA), offering 

predictive insight for forthcoming experiments involving electron–radioactive ion beam 

scattering. 

Keywords: Mirror nuclei; Root mean square; Electron scattering; Coulomb displacement 

energy 

 

1. Introduction 

 
The investigation of short-lived nuclei far from β-

stability has become a central topic in nuclear physics 

due to their exotic properties [1]-[4] .The proton drip-

line nucleus 17Ne was examined using a three-body 

model composed of 15O and two protons, revealing a 

proton radius 0.26–0.32 fm larger than that of the 

neutron, indicating a proton skin .Density distributions 

are critical for constructing microscopic optical 

potentials,  analyzing elastic nucleus–nucleus scattering, 

and identifying weakly bound nuclear structures. 

Additionally, the scattering cross-section is highly 

sensitive to these density profiles [5]. 

Nuclear halos are a quantum effect that arising from 

the very weak binding of the valence nucleons and their 

occupation on the orbits have l = 0, 1 (low angular 

momentum), so that the wave functions of these valence 

nucleons have an extended radial dimension [6]. The 

presence of a low-density tail at large radial distances is 

a major feature of the density distribution of nuclear 

matter in halo nuclei  [7]  . Charge densities offer valuable 

insights into the internal structure of atomic nuclei, as 

they are closely linked to proton wave functions, which 

play a fundamental role in various nuclear physics 

calculations. The study of elastic electron scattering 

from nuclei has generated a vast amount of experimental 

data, enabling the assessment of nuclear ground state 

models. This field has evolved from initial estimations 

of root-mean-square (rms) charge radii to significantly 

more precise measurements in the 1970s and 1980s, 

leading to nearly model-independent determinations of 

charge density distributions for numerous nuclei [8]. The 

charge density distributions of stable nuclei have been 

extensively examined using this technique [9]. Despite 

the lack of prior studies on electron scattering for 

unstable nuclei, nuclear physicists aim to explore their 

structures through electron-nucleus scattering. While 

previous studies have investigated halo nuclei using a 

variety of density models and form factor analyses, 

relatively few have focused on a comprehensive 

comparative study of the mirror nuclei ¹⁷Ne and ¹⁷N 
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employing both the Skyrme-Hartree-Fock (SHF) 

method and the Symmetrized Woods-Saxon (SWS) 

model. Furthermore, experimental data on unstable 

nuclei remain sparse, especially regarding electron 

scattering observables. This work fills that scientific gap 

by offering a detailed comparison between neutron-rich 

and proton-rich mirror nuclei, illustrating how isospin 

asymmetry and Coulomb repulsion influence the 

extended distributions of nuclear matter and magnetic 

dipole moments. The adoption of two independent 

theoretical approaches enhances the predictive 

reliability of the results, which is crucial for interpreting 

future experimental findings in the field of exotic nuclei 

physics [9] . 

Mirror nuclei, with the proton and neutron numbers 

exchanged can have similar nuclear structures because 

of the isospin symmetry of nuclear forces [10]. The 

Coulomb displacement energy is the difference between 

binding energy of the mirror nuclei [11]. Mohammed et 

al. [12] studied the ground state density distributions, 

elastic form factors, and root mean square radii of pairs 

nuclei 17Ne-17N and 23Al-23Ne using the shell-model 

calculations with interactions and compared with 

available experimental data. For 17Ne-17N nuclei, p-shell 

and mixing of psd orbits were adopted with Cohen-

Kurath (ckii) and psdsu3 interactions. While for 23Al-
23Ne, the sd-shell and sdpf shell were adopted with the 

universal shell model (USD) and sdpfwa interactions. In 

general, it was found that the rms radius of the valence 

proton (s) is larger than that of the valence neutron (s) in 

its mirror nucleus. The results show that these nuclei 

have the exotic structure of a halo or skin. 

The Magnetic dipole moments are fundamental 

physical quantities that provide a precise window into 

the internal structure of atomic nuclei and the angular 

distribution of nucleons. A nucleus’s magnetic moment 

arises from the combined contributions of the orbital 

angular momentum and intrinsic spin (spin angular 

momentum) of both protons and neutrons. The total 

nuclear magnetic moment is expressed in units of the 

nuclear magneton (μN) and depends on the spatial 

distribution of nucleons, the nature of the occupied 

orbitals [13]. Phenomena such as the neutron skin and 

proton skin serve as key structural indicators of nucleon 

asymmetry in unstable nuclei. A neutron skin typically 

appears in neutron-rich nuclei due to the spatial 

extension of neutron density beyond the nuclear core, 

while a proton skin may emerge in proton-rich nuclei 

near the drip line, such as 17Ne, where weakly bound 

outer protons extend further than the neutron 

distribution. These skin structures are often 

accompanied by a long density tail a low-density 

extension in the radial matter distribution that is 

characteristic of halo or skin-type nuclei. In such 

systems, valence nucleons occupy orbitals with low 

angular momentum and weak binding, allowing them to 

spread over large distances outside the nuclear core. 

These features have a significant impact on nuclear 

observables such as root-mean-square radii, elastic 

scattering form factors, and multipole moments. The 

presence of extended tails and skin structures plays a 

crucial role in identifying and characterizing halo and 

near-halo systems, particularly in light, exotic nuclei 

[14] . 

Mahdi et al. [15]  investigated the ground-state 

properties of exotic 18N and 20F nuclei, including the 

neutron, proton and matter densities and related radii 

using the two-body model of   within Gaussian (GS) and 

Woods Saxon (WS) wave functions. The long tail was 

evident in the computed neutron and matter densities of 

these nuclei.  

The plane wave Born approximation (PWBA) 

was calculate the elastic form factors of these exotic 

nuclei. The variation in the proton density distributions 

due to the presence of the extra neutrons in 18N and 20F 

leads to a major difference between the elastic form 

factors of these exotic nuclei and their stable 

isotopes 14N and 19F. The reaction cross sections for 

these nuclei were investigated using the Kox and 

Glauber models.  

The calculated results for the selected exotic nuclei are 

in a good agreement with the experimental data. Hadi et 

al. [16]  employed the effective f5pvh interactions and 

the NuShellX@MSU code within the fp-shell to 

calculate the energy levels and electromagnetic 

transition probabilities of the 72,74,76  Kr nucleus. The use 

of the nuclear shell model utilizing the f5pvh interaction 

within the fp-shell demonstrates success, as evidenced 

by the concordance with both experimental and 

theoretical data. 

In the present study, the ground-state properties like 

the nuclear densities and the rms radii for exotic mirror 

nuclei 17Ne and 17N will be investigated using the 

Skyrme-Hartree-Fock (SHF) and symmetrized Woods-

Saxon (SWS) calculations. The elastic form factors, the 

binding energy, Coulomb displacement energy as well 

as the magnetic dipole (𝜇) moments for these exotic 

mirror nuclei will be also studied. 

 

2. Theoretical Formulations 

 
For halo nuclei, it is appropriate to model core and halo 

densities independently; thus, their ground-state matter 

density can be formulated as follows [17] : 

𝜌𝑚(𝑟) = 𝜌𝑐(𝑟) + 𝜌𝑣(𝑟) (1) 

The ground-state densities of exotic halo nuclei have 

been computed using two methods: Skyrme-Hartree-

Fock (SHF) and symmetrized Woods-Saxon (SWS), 

where the core and halo 𝜌𝑐(𝑟) and halo  𝜌𝑣(𝑟)  densities 

are given by: 

𝜌𝑐(𝑟) =
1

4𝜋
∑𝑁𝑐

𝑛ℓ𝑗

𝑛ℓ𝑗

|𝑅𝑛ℓ𝑗(𝑟)|
2
 

 

 

(2) 

𝜌𝑣(𝑟) =
1

4𝜋
𝑁ℎ
𝑛ℓ𝑗
|𝑅𝑛ℓ𝑗(𝑟)|

2          
 

 

(3) 

where 𝑅𝑛ℓ𝑗(𝑟) and 𝑁𝑛ℓ𝑗 denote the radial wave function 

and the occupation number of the orbit 𝑛ℓ𝑗, respectively. 

The 𝑅𝑛ℓ𝑗(𝑟) obtained by solving the radial part of the 

Schrödinger equation using the potential of SWS [18]: 
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In the SWS method, the core and halo densities are 

calculated by solving the eigenvalue problem of 

Symmetrized Woods-Saxon potential: 

𝑑2𝑅𝑛ℓ𝑗(𝑟)

𝑑𝑟2
+
2𝑚

ℏ2
 

 

 

 

(4) 

[𝜀𝑛ℓ𝑗 − 𝑉(𝑟) −
ℏ2

2𝑚

ℓ(ℓ + 1)

𝑟2
] 𝑅𝑛ℓ𝑗(𝑟) = 0 

where 𝜀𝑛ℓ𝑗 is the single-particle binding energy and the 

𝑉(𝑟) is the core potential given as: 

𝑉(𝑟) = 𝑉0(𝑟) + 𝑉𝑠𝑜(𝑟) 𝐿. 𝑆 + 𝑉𝑐(𝑟) (5) 

𝑉0(𝑟) is the central potential takes the SWS from  [19]: 

𝑉0(𝑟) = −𝑉0  
1 + sinh(𝑅0/𝑎0)

cosh(𝑟/𝑎0) + cosh(𝑅0/𝑎0)
 

 

(6) 

𝑉𝑠𝑜(𝑟) is the spin orbit potential [20]: 

𝑉𝑠𝑜(𝑟) = 𝑉𝑠𝑜
1

𝑟

[
 
 
 
 
𝑑

𝑑𝑟

1

(1 + 𝑒
(𝑟−𝑅𝑠𝑜)
𝑎𝑠𝑜 )

]
 
 
 
 

 (7) 

𝑉𝑐(𝑟) (for protons only) is Coulomb potential : 

 

 

𝑉𝑐(𝑟) 

 

=

{
 
 

 
  
𝑍𝑒2

𝑟
                          

𝑍𝑒2

𝑅𝑐
[
3

2
−
𝑟2

2𝑅𝑐
2
]        

 
for     𝑟 > 𝑅𝑐 

 

 

(8) 

for     𝑟 ≤ 𝑅𝑐 

and 𝑉𝑐(𝑟) = 0 for neutrons. 

The Skyrme force are given by [21]: 

𝑉𝑆𝑘𝑦𝑟𝑚𝑒 =∑𝑉𝑖𝑗 =

𝑖<𝑗

𝑡0(1 + 𝑥0𝑃𝜎)𝛿(𝑟) 

 

 

 

 

 

 

 

(9) 

+
𝑡1
2
(1 + 𝑥1𝑃𝜎)[𝛿(𝑟)𝑘⃗⃗

2 + 𝑘⃗⃗′2𝛿(𝑟)] 

+𝑡2(1 + 𝑥2𝑃𝜎)𝑘′⃗⃗⃗ ⃗. 𝛿(𝑟)𝑘⃗⃗ 

+
1

6
𝑡3(1 + 𝑥3𝑃𝜎)𝜌

𝛼(𝑅⃗⃗)𝛿(𝑟) 

+𝑖𝑡4𝑘⃗⃗
′. 𝛿(𝑟)(𝜎⃗𝑖 + 𝜎⃗𝑗) × 𝑘⃗⃗ 

where 𝑃𝜎 , 𝜎⃗, 𝛿(𝑟) and 𝑘⃗⃗ are the space exchange operator, 

Pauli spin matrices vector, delta function pairing force 

and the relative momentum, respectively and 𝑡0, 𝑡1, 𝑡2, 

𝑡3, 𝑥0, 𝑥1, 𝑥2, 𝑥3, 𝑊0 and 𝛾 are the parameters of Skyrme 

force. 

The charge, as well as the densities of protons or 

neutrons with the range of the Skyrme HF methodology, 

are obtained by [22]: 

𝜌𝑔(𝑟) = ∑𝑤𝛽𝜓𝛽
+(𝑟) 𝜓𝛽(𝑟)

𝛽∈𝑔

          g = 𝑛, 𝑝, 𝑐ℎ    
 

(10) 

where 𝜓𝛽 is the wave function of a single particle for the 

state 𝛽 and 𝑤𝛽denotes the probability of occupation for 

the state 𝛽. 

The nucleus charge distributions (𝜌𝑐ℎ(𝑟)) can be 

obtained from the following folding relation [23]: 

𝜌𝑐ℎ(𝑟) = ∫𝜌𝑝(𝑟)𝑓𝑝(𝑟
′ − 𝑟) 𝑑𝑟′ 

 

(11) 

where 𝜌𝑝(𝑟) and 𝑓𝑝 are the proton density and one proton 

intrinsic charge distribution, respectively. 

Where 𝑓𝑝 takes the following form of Gaussian [24]: 

𝑓𝑝(𝑟) =
1

(√𝜋𝑎𝑝)
3 𝑒

(−𝑟2/𝑎𝑝
2) 

 

(12) 

The core (𝑅𝑐), matter (𝑅𝑚), proton (𝑅𝑝) and neutron 

(𝑅𝑛) rms radii are obtained by [25]: 

𝑅𝑔 = 〈𝑟𝑔
2〉1/2                

 

(13) 

= [
∫ 𝑟2𝜌𝑔(𝑟)𝑑𝑟

∫ 𝜌𝑔(𝑟)𝑑𝑟
]

1/2

= 𝑐,𝑚, 𝑛, 𝑝, 𝑐ℎ 

The proton and neutron skin thicknesses are, 

respectively [26]: 

∆𝑅𝑝 = 𝑅𝑝(𝑍, 𝑁) − 𝑅𝑛(𝑍, 𝑁) 
 

(14) 

∆𝑅𝑛 = 𝑅𝑛(𝑍, 𝑁) − 𝑅𝑝(𝑍, 𝑁) (15) 

We have in mirror nuclei with assumed that perfect 

charge symmetry :  

𝑅𝑛(𝑍, 𝑁) = 𝑅𝑝(𝑍, 𝑁) (16) 

Then, the difference of the proton radii of mirror pair is: 

∆𝑅𝑚𝑖𝑟𝑟𝑜𝑟 = 𝑅𝑝(𝑁, 𝑍) − 𝑅𝑝(𝑍, 𝑁) (17) 

We study the elastic form factors for considered nuclei 

using the plane wave Born approximation (PWBA) 

within the proton density distribution 𝜌(𝑟). In plane 

wave Born approximation (PWBA), the elastic charge 

form factor (𝐹𝑐ℎ(𝑞)) is given by [27]: 

𝐹𝑐ℎ(𝑞) =
4𝜋

𝑍
∫ 𝜌𝑐ℎ(𝑟)𝑗0(𝑞𝑟)𝑟

2𝑑𝑟

∞

0

 (18) 

where 𝑗0(𝑞𝑟) and q are the Bessel function and the 

momentum transfer, respectively. 

The 𝜇 in terms of the M1 operator is defined as : 

𝜇 = √
4𝜋

3
(
𝐽 1 𝐽
−𝐽 0 𝐽

)∑|⟨𝐽||𝑂̂(𝑀1)𝑡𝑧||𝐽⟩|
2

𝑡𝑧

𝜇𝑁 

 

(19) 

where 𝜇𝑁 is the nuclear magneton. 

In mirror nuclei, the Coulomb energy difference is 

given by [28]:
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∆𝐸𝑐 = 𝐵(𝑁 + 1, 𝑍) − 𝐵(𝑁, 𝑍 + 1) (20) 

where 𝐵(𝑁, 𝑍) is the binding energy of a nucleus with Z 

protons and N neutrons.  

 

3.  Results and Discussion 
 

In this study, we have been calculated the nuclear proton, 

neutron and matter densities, the corresponding rms 

radii, elastic form factors along with the magnetic dipole 

moments for exotic mirror nuclei 17Ne (S2p=0.933 MeV, 

τ1/2=109.2 ms) and 17N (S2n=8.374 MeV, τ1/2=4.173 

s) [29],[30] using the SHF and SWS calculations. To 

further support the reliability of the Skyrme Hartree-

Fock (SHF) model in our calculations, we employed the 

LNS5 Skyrme force parametrization. This set of 

parameters is designed to reproduce key properties of 

nuclear matter, such as saturation density and symmetry 

energy. The values of the LNS5 parameters used in our 

study are listed in Table 1. Each parameter contributes 

to specific aspects of the nuclear interaction: the central 

and density-dependent terms control the binding energy 

and saturation, while the gradient and spin-orbit terms 

influence the shell structure and density distribution. The 

accurate reproduction of rms radii, density tails, and 

magnetic dipole moments in both 17Ne and 17N indicates 

that the chosen LNS5 parameters provide a suitable 

description of weakly bound systems. In particular, the 

role of the spin-orbit interaction is significant in 

determining the occupation of valence orbits, which 

directly affects formation of the halo structure. These 

findings confirm that use of the LNS5 parametrization 

within the SHF model is effective for investigating the 

structure of exotic mirror nuclei. 

 

Table 1. The values of the LNS5 parameterization used in SHF Calculations [30]. 

Parameter Symbol Value 

Central term coefficient 𝑡0 -2194.776 MeV·fm³ 

Gradient term t1 482.518 MeV·fm⁵ 

Gradient term t2 138.137 MeV·fm⁵ 

Density-dependent term t3 10784.169 MeV·fm3 

Exchange term coefficient x0 0.134 

Exchange term coefficient x1 -0.097 

Exchange term coefficient x2 -1.399 

Exchange term coefficient x3 0.171 

Spin-orbit strength W0 105.674 MeV·fm⁵ 

Density dependence exponent γ\gammaγ 0.16667 

A core 15O (Jπ,T=1/2-,1/2) plus two-proton valence 

(Jπ,T=0+,1) is assumed for 17Ne (Jπ,T=1/2-,3/2) and a core 
15N (Jπ,T=1/2-,1/2) plus two-neutron valence (Jπ,T=0+,1) 

is assumed for 17N  (Jπ,T=1/2-,3/2)). 

We assumed that both core nuclei 15O and 15N have the 

configuration {(1s1/2)4, (1p3/2)8, (1p1/2)3}. The two- 

proton valence in 17Ne and two- neutron valence in 17N 

are assumed to be a pure 2s1/2 orbit. The results obtained 

using the Skyrme Hartree Fock (LNS5) and  

Symmetrized Woods  Saxon models show good 

agreement with experimental data for rms radii, binding 

energies, and magnetic dipole moments, while also 

revealing extended density tails characteristic of halo 

nuclei in 17Ne (proton halo) and 17N (neutron halo). The 

elastic form factors exhibit distinctive shifts related to 

the contribution of valence nucleons, and the magnetic 

dipole moment of 17Ne is excellently reproduced with 

the REWIL interaction. Overall, these findings confirm 

the validity of the adopted theoretical models and 

strengthen the structural interpretation of exotic mirror 

nuclei.   

The results indicate that the mirror nuclei 17Ne and 17N 

exhibit clear signatures of halo structures through both 

quantitative and qualitative indicators.  

The calculations reveal an enhancement in the rms 

matter radii compared with their core nuclei, along with 

deviations in the matter-to-charge radius ratio, extended 

low-density tails in the density distributions, and distinct 

shifts in the minima of the elastic form factors. 

These observations, further supported by the magnetic 

dipole moment analysis, confirm the existence of a 

proton halo in 17Ne and a neutron halo in 17N, consistent 

with the established systematics of halo nuclei . 
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Table 2. The SWS parameters. 

Nuclei 
𝑽𝟎 (MeV) 

Vso (MeV) a0= aso (fm) r0= rso (fm) rc (fm) 
Core Valence 

17Ne 66.785 50.850 6.0 0.646 1.288 1.464 

17N 64.785 46.33 6.0 0.546 1.288 1.464 

21Ne 60.834 6.0 0.638 1.282 1.381 

15N 50.871 6.0 0.577 1.292 1.422 

Table 2. displays the values of the SWS parameters 

utilized in the present calculations for selected nuclei. 

The depth of SWS potential (𝑉0) of core nuclei provides 

the single particle energies of Ref. [31] whereas the 𝑉0 

for valence proton (valence neutron) in 17Ne (in 17N) and 

other parameters provide the matter rms radii of exotic 

nuclei and experimental (theoretical of Ref. [32] 𝜀𝑛ℓ𝑗 of 

last proton (neutron). The calculated 𝜀𝑛ℓ𝑗 for proton and 

neutron is listed in Table 3.  

The calculated rms radii of core (𝑅𝑐), matter (𝑅𝑚), 

proton (𝑅𝑝)  and neutron (𝑅𝑛) densities   obtained by 

SHF and SWS calculations are compared in Table 4. 

with the experimental results [33]-[37] .A remarkable 

agreement has been shown between the calculated and 

experimental results with both calculations in Tables 4 

and 5. 

Table 6. shows the calculated proton skin of halo 

nucleus 17Ne and the neutron-skin of its mirror nucleus 
17N as well as the difference of proton radii for these 

mirror pair obtained by SHF and SWS calculations. It 

can be seen from Table 5 and 6 that the proton skin of 

the proton-rich nucleus 17Ne is larger than the neutron 

skin of its mirror neutron-rich nucleus 17N. This is 

attributed to the Coulomb repulsion of protons. The 

theoretical B.E and ∆𝐸𝑐  of 17Ne and 17N in Table 7. 

together with experimental data . It is found that the 

calculated results agree reasonably with the 

experimental ones. The Coulomb Displacement Energy 

(CDE) values were calculated from the differences in the 

binding energies of the mirror nuclei 17Ne and 17N, 

following the standard definition. We clarify that the use 

of the Plane-Wave Born Approximation (PWBA) for the 

elastic form factor calculations is justified by the fact 

that the studied nuclei 17Ne and 17N are relatively light 

systems, where distortion effects and relativistic 

corrections are expected to be small compared to heavier 

or deformed nuclei. The observed differences in skin 

thickness and form factor minima between ¹⁷Ne and ¹⁷N 

are not purely numerical. The pronounced proton skin in 

¹⁷Ne arises due to Coulomb repulsion, which drives the 

valence protons to spatially extend further from the 

nuclear core, enhancing the halo feature. Conversely, the 

absence of such repulsion in ¹⁷N allows the two weakly 

bound neutrons to form an extended low-density neutron 

tail, supported by occupation of the 2s₁/₂ orbital. These 

physical phenomena underscore the quantum 

mechanical origins of the halo effect, reinforced by the 

calculated root-mean-square radii and form factors.  

 

 

Table 3. The calculated . 

Nuclei 𝒏𝓵𝒋 
Proton Neutron 

𝜺𝒄𝒂𝒍(𝐌𝐞𝐕) 𝜺(𝐌𝐞𝐕) 
 

𝜺𝒆𝒙𝒑.(𝐌𝐞𝐕) 

 

𝜺𝒄𝒂𝒍(𝐌𝐞𝐕) 𝜺(𝐌𝐞𝐕) 

 

 

17Ne 

1s1/2 
-40.359 -40.359 

 
-45.042 -45.042 

1p3/2 -25.459 -25.459  -29.846 -29.846 

1p1/2 -22.228 -22.228  -26.624 -26.624 

2s1/2 -0.466  -0.466   
 

 

17N 

1s1/2 
-41.688 -41.688 

 
-47.440 -47.440 

1p3/2 -26.824 -26.824  -34.535 -34.535 

1p1/2 -23.567 -23.567  -32.199 -32.199 

2s1/2    -1.963 -1.963 

The calculated 𝜇 moment for 21,17Ne and 15,17N isotopes 

are presented in Table 8 together with the experimental 

data [38]. These calculations are performed using ZBM-

model space with different interactions labeled as ZBMI, 

ZBMII [39], REWIL and ZWM [40], which are carried 

out via the NuShellX@MSU code.  

The free-nucleon g factors have been used to evaluate 

𝜇 moment. It is obvious from Table 8. the measured 

value of the 17Ne (0.787±0.014) is excellent reproduced 

with REWIL interaction in sign and magnitude (0.789). 

All calculated values of 21Ne are underestimated 

experimental value (-0.661±0.005). Calculations predict 

a negative sign as the experimental result. All calculated 
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values of 17N agree well with the measured value 

(0.355±0.004) but with an opposite sign. The calculated 

value of 15N obtained by ZWM interaction (-0.339) is 

closer to the experimental value (-0.283±0.005) with 

correct sign. 

In Figs. 1(a)-(d) we present the calculated matter 

densities (dashed red curves) calculated with both SHF 

(upper part) and SWS (lower part) calculations for exotic 

mirror 17Ne [Figs. 1(a) and 1(c)] and 17N [Figs. 1(b) and 

1(d)]. The calculated densities of 17Ne are compared 

with experimental data (grey area) taken from Ref. [40]. 

 

 

Table 4. The calculated 𝑅𝑐and 𝑅𝑚 rms radii and experimental ones. 

Nuclei 
𝑹𝒄 𝑹𝒎 

SHF SWS Exp.  [37] SHF SWS Exp. [38],[39] 
17Ne 2.48 2.44 2.44±0.04 2.85 2.84 2.84±0.23 
17N 2.46 2.42 2.42±0.1 2.82 2.79 2.79±0.04 

 

Table 5. The calculated 𝑅𝑝 and 𝑅𝑛 rms radii and experimental ones. 

Nuclei 
𝑹𝒑 𝑹𝒏 

SHF SWS Exp. [40] SHF SWS Exp. 
17Ne 3.05 3.10 ------ 2.54 2.42 ----- 
17N 2.54 2.42 2.43±0.05 3.00 3.02 2.92±0.04 

 

Table 6. Calculated ∆𝑅𝑝, ∆𝑅𝑛 and ∆𝑅𝑚𝑖𝑟𝑟𝑜𝑟of 17Ne and 17N. 

Nucleus 
∆𝑹𝒑 

Mirror 
∆𝑹𝒏 ∆𝑹𝒎𝒊𝒓𝒓𝒐𝒓 

SHF SWS SHF SWS SHF SWS 
17Ne 0.51 0.68 17N 0.46 0.60 -0.51 -0.68 

 
Table 7. The B.E and ∆𝐸𝑐 of 17Ne and 17N. 

Nucleus 𝑩.𝑬𝒕𝒉𝒆. 𝑩. 𝑬𝒆𝒙𝒑. [33] Mirror 𝑩.𝑬𝒕𝒉𝒆. 𝑩. 𝑬𝒆𝒙𝒑.  [33] ∆𝑬𝒄 ∆𝑬𝒄(𝒆𝒙𝒑) 
17Ne 103.06 112.9 17N 113.22 123.87 10.13 10.97 

 

Table 8. Calculated and experimental results of 𝜇 moment. 

Nuclei ZBMI ZBMII REWIL ZWM Exp. 
17Ne 0.813 0.754 0.789 0.728 0.787±0.014 
21Ne -0.324 -0.211 -0.194 -0.266 -0.661±0.005 
17N -0.430 -0.374 -0.403 -0.350 0.355±0.004 
15N -0.526 -0.430 -0.368 -0.339 -0.283±0.005 

Due to the absence of the available experimental data 

of 17N nucleus, the calculated results of this nucleus are 

compared with theoretical results of Ref. [36] given by 

dotted symbols. In Fig. 1 the black and blue curves 

represent the calculated results of the core and valence 

densities, respectively. From Figs. 1 it is obvious that the 

calculated density distribution of 17Ne has a long density 

tail which consistent with the experimental one. From 

Figs. 1 we note that the calculated results are agree well 

with the dotted symbols.  In Figs. 2(a)-(d) the neutron 

(black curve) and proton (blue curve) densities of the 
17Ne and 17N are compared with each other. From Figs. 

2(a) and 2(c) we note that, the proton densities of 17Ne 

have a long tail with respect to the neutron densities. On 

the contrary, from Figs. 2 we note that the neutron 

densities of 17N have a long tail with respect to the proton 

densities. From the above results, it can be seen that the 

two protons halo appears in 17Ne when the outer two 

proton occupy the 2s1/2 orbit. Meanwhile, the two 

neutrons halo appears in 17N when the outer two neutron 

occupy the 2s1/2 orbit.  Figs. 3(a)-(d) compare the 

calculated results of matter densities for unstable 17Ne 

and 17N (dashed-red distributions) and stable 21Ne and 
15N (black distributions) isotopes. From these figures, 

we can observe that, there is a difference in the behavior 

of the black and dashed-red distributions. This 

demonstrates a long tail in dashed red distributions and 

supports the halo structure of 17Ne and 17N nuclei. 

. 
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Figure 1. The core density ρc (r), halo density ρh (r), and matter density ρm (r) of the mirror nuclei ¹⁷Ne and ¹⁷N.

 

Figure 2. The neutron density ρn (r) , proton density ρp (r) , and matter density ρm (r) of the mirror nuclei ¹⁷Ne and ¹⁷N. 
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 Figure 3. The matter density ρm (r) of the isotopes 21,17Ne and 15,17N. 

Figs. 4(a)-(d) depicted the calculated results of the C0 

charge form factors for 21,17Ne (left panel) and 15,17N 

(right panel) isotopes calculated by SHF and SWS 

calculations using the PWBA.  

The blue and red curves refer to C0 of unstable and 

stable isotopes, respectively. 

For comparison the experimental 𝐹𝑐ℎ(𝑞) for stable 

isotopes 21Ne and 15N are given by dotted symbols. The 

agreement is shown to be very well between the 

theoretical and experimental results of 21Ne and 15N. It is 

obvious that there is one minimum in both blue and red 

curves. One can see from Figs. 4(a) and 4(c), the shift of 

the minima to larger values of q  is a common property 

of the blue curves. This is attributed to the influence of 

the charge density distributions of the last two-proton in 
17Ne.  

On the contrary, the shift of the minima to smaller 

values of q  is a common property of the blue curves as 

shown in Figs. 4(b) and 4(d). This change is attributed to 

the coupling of the two extra neutrons to the core 15N 

which lead to pull the charge density out.  

The comparison between halo nuclei and their stable 

isotopes (²¹Ne and ¹⁵N), as illustrated in Figs. 3 and 4, is 

essential to highlight the impact of valence nucleon 

configurations on the spatial extension of nuclear matter 

distributions.  

This contrast not only underscores the presence of 

extended density tails in halo systems but also serves to 

validate the applied theoretical models by demonstrating 

their sensitivity to structural differences. The selection 

of ²¹Ne and ¹⁵N as reference nuclei is deliberate, given 

their well-established stability and availability of 

experimental data, which provide a solid baseline for 

interpreting the deviations observed in the exotic nuclei 

¹⁷Ne and ¹⁷N. Hence, the comparative analysis is a 

critical component of the structural interpretation, not 

merely illustrative. 

 

4. Conclusions 
 

The ground state properties like the nuclear densities and 

the rms radii of exotic mirror nuclei 17Ne and 17N have 

been investigated in the framework of the SHF and SWS 

calculations.  

The evaluated results are compared with available 

experimental data. It found that a common feature of the 

matter densities for above selected exotic nuclei is the 

long tail behavior. The elastic form factors for 21,17Ne 

and 17,15N isotopes have been also studied using the 

PWBA. It is found that, the shift of the minima to larger 

values of q  is a common property of the form factors for 
17Ne. 

This is attributed to the influence of the charge density 

distributions of the last two-proton in 17Ne. On the 

contrary, the shift of the minima to smaller values of q  

is a common property of the form factors for 17N. This 

change is attributed to the coupling of the two extra 

neutrons to the core 15N which lead to pull the charge 

density out. 

The 𝜇 moments for above selected nuclei have been 

also calculated. It is found that the theoretical and 

experimental results of 𝜇 moments agree reasonably for 

all selected nuclei.  
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Figure 4. The C0 charge form factors of the isotopes 21,17Ne and 15,17N. 

These findings contribute to the broader understanding 

of nuclear structure in weakly bound systems and validate 

the predictive capability of SHF and SWS models for 

exotic mirror nuclei. The results hold promise for 

application in the design of future electron–radioactive 

ion beam scattering experiments and could guide 

experimentalists in choosing appropriate observables to 

probe halo signatures. Additionally, the detailed analysis 

of magnetic dipole moments and form factor shifts may 

serve as a foundation for refining nuclear interaction 

models in regions near the drip lines. 
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