
Australian Journal of Basic and Applied Sciences, 11(9) June 2017, Pages: 136-143 

 

 

AUSTRALIAN JOURNAL OF BASIC AND 

APPLIED SCIENCES 

 

8414-2309 :8178        EISSN-ISSN:1991 
Journal home page: www.ajbasweb.com 

 

 

Open Access Journal 
Published BY AENSI Publication 
© 2017 AENSI Publisher All rights reserved 

 This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/ 

 
 

ToCite ThisArticle:Ahmed N. Abdullah., Systematic study of the ground state properties of some halo nuclei using Woods-Saxon 

potential. Aust. J. Basic & Appl. Sci., 11(9): 136-143, 2017 

  

Systematic study of the ground state properties of some halo nuclei using 

Woods-Saxon potential 
 
Ahmed N. Abdullah 

 
Department of Physics, College of Science, University of Baghdad, Baghdad, Iraq. 

 
Address For Correspondence: 
Ahmed N. Abdullah, Department of Physics, College of Science, University of Baghdad, Baghdad, Iraq. 

 

 

 

A R T I C L E  I N F O  A B S T R A C T 

Article history: 

Received 28 March 2017 

Accepted 22 May 2017 
Available online 26 June 2017              

                  
 

 

 

Keywords: 

Neutron-rich halo nuclei, Woods-

Saxon potential, Elastic electron 
scattering. 

 

 The single-particle radial wave functions of Woods-Saxon (WS)potential have been 

used within the two-body model of(𝐶𝑜𝑟𝑒 + 𝑛) [within the three-body model of 

(𝐶𝑜𝑟𝑒 + 𝑛 + 𝑛)] to study the ground state densities and the associated root mean 
square (rms) radii of one neutron halo nuclei (such as 11Be and 15C) [of two neutrons 

halo nuclei (such as 16C and 17B)]. The halo structure of one neutron (11Be and 15C) and 
two neutrons (16C and 17B) halo nuclei is emphasized through exhibiting the long tail 

performance in their calculated neutron and matter density distributions, where this 

performance is considered as a distinctive feature of halo nuclei. The structure of the 
valence (halo) neutron in 11Be and 15C is found to be in a pure 2s1/2 also the structure of 

two valence (halo) neutrons in 16C and 17B are in a pure (2s1/2)
2. The elastic electron 

scattering form factors for these nuclei are studied via the plane wave Born 
approximation (PWBA). The elastic charge form factors of the unstable 11Be, 15C, 16C 

and 17B nuclei are compared with those of their stable isotopes 9Be, 12C and 10B. It is 

found that the major difference between the calculated results of unstable and stable 

nuclei is due to the contribution of the charge distribution of the neutrons themselves 

and also to the enhancement of the proton densities in the peripheral region. 

PACS number(s): 21.10.Gv, 25.30.Bf.  

 

INTRODUCTION 
 

The development of radioactive nuclear beams in the mid-eighties enabled physicists to study nuclei far 

from stability (Tanihata et al., 1985a, 1985b). This led to the discovery of neutron halo nuclei. Halo nuclei are 

weakly bound and spatially extended systems; they are threshold phenomenon, as the binding energy of the last 

nucleon(s) becomes small, the nucleon(s) becomes in the proximity of the particle continuum, the tail of the 

wave function extends more and more outward the central nuclear confining potential well which leads to the 

formation of a diffuse nuclear cloud due to quantum-mechanical penetration (the so-called nuclear halo); in turn 

such large diffusivity causes unusual spatial properties of the nucleon density distribution, leading to nuclear 

sizes deviating substantially from the𝑅 = 𝑅0𝐴1/3  rule. Halo nuclei are fragile and oversized, they are expected 

to appear along the drip lines, their structure are imagined to be composed of a tightly bound core surrounded by 

one or few loosely nucleons (two-nucleon halo is called Borromean (Zukov et al., 1993); where none of the 

binary subsystems of the core plus two-nucleons are found in bound structure). Halo nucleon(s) prefers to 

occupy orbits with low orbital quantum numbers, in s- or p-orbital; to lower the confining effect coming from 

Coulomb and centrifugal barrier which push or suppress the tail of the radial wave function toward core; leading 

to non-halo behavior.  

There are two main classes of halo states: the two-body halo with one nucleon surrounding the core, such as 

the one-neutron halo of 11Be and 19C and the one-proton halo of 8B; and the Borromean three-body halo with 

http://www.ajbasweb.com/
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two valence nucleons around the core, such as 6He, 11Li and 14Be. Of the halo systems, two-neutron halo nuclei 

have received much attention. This is due to their Borromean character where the three-body system is bound 

with its pairwise subsystems unbound (Guo et al., 2008). 

Electron-nucleus scattering has proven to be an excellent tool for the study of nuclear structure, especially 

for the research of electromagnetic properties of nuclei. It has provided much reliable information on charge 

density distributions of stable nuclei. Thus, we consider that the electron-nucleus scattering is a better way for 

the precise investigation of the extended charge distribution of the exotic proton-rich nuclei. Unfortunately, the 

electron scattering on exotic nuclei was not possible in the past because of the difficulty of making targets from 

unstable nuclei. Recently a new collider of electron and unstable nucleus is under construction at RIKEN in 

Japan (Suda and Wakasugi, 2005). A similar collider at GSI in Germany (Suda, 2002) was also approved by the 

German government and will be built immediately. So the scattering of electron from unstable nuclei will be 

available soon. These new facilities will provide a good opportunity to study the charge density distributions of 

unstable nuclei by elastic electron scattering. 

Antonov et al. (Antonov et al., 2005)have been presented and compared results of charge form factors 

calculations for several unstable neutron- rich isotopes of light, medium, and heavy nuclei (He, Li, Ni, Kr, Sn) 

to those of stable isotopes in the same isotopic chain. For the lighter isotopes (He and Li) the proton and neutron 

densities were obtained within a microscopic large- space shell model, while for heavier once Ni, Kr and Sr, the 

densities are calculated in deformed self-consistent mean- field Skyrme Hartree-Fock-Bardeen Cooper 

Schrieffer (HF-BCS) method. They also compared proton densities to matter densities together with their rms 

radii and diffuseness parameter values. Calculations of form factors are carried out both in Plane Wave Born 

Approximation (PWBA) and in Distorted Wave Born Approximation (DWBA). These form factors are 

suggested as predictions for the future experiments on the electron radioactive beam colliders where the effect 

of the neutron halo or skin on the proton distributions in exotic nuclei is planned to be studied and thereby the 

various theoretical models of exotic nuclei will be tested. Karataglidis and Amos (Karataglidis and Amos, 2007) 

have been studied the longitudinal and transverse elastic electron scattering form factors from the He and Li 

isotopes and from 8B. Large space shell model functions were assumed. The precise distribution of the neutron 

excess had little effect on the form factors of the isotopes though there is a mass dependence in the charge 

densities. However, the form factors of the proton-rich nucleus 8B are significantly changed by the presence of 

the proton halo.Hamoudiet al. (Hamoudiet al., 2014) have been study the ground state proton, neutron and 

matter densities of exotic 11Be and 15C nuclei by means of the TFSM and BCM. In TFSM, the calculations were 

based on using different model spaces for the core and the valance (halo) neutron. Besides, the single particle 

harmonic oscillator wave functions were employed with two different size parameters βc and βv. In BCM, the 

halo nucleus was considered as a composite projectile consisting of core and valence clusters bounded in a state 

of relative motion. The internal densities of the clusters were described by single particle Gaussian wave 

functions. Elastic electron scattering proton form factors for these exotic nuclei were analyzed via the plane 

wave born approximation (PWBA). As the calculations in the BCM do not distinguish between protons and 

neutrons, the calculations of the proton form factors were restricted only by the TFSM.From a theoretical point 

of view (Ren and Xu, 1990), 17B was predicted to have a two-neutron halo with the core 15B plus two valence 

neutrons. Suzuki et al. (Suzuki et al.,1999) studied the root mean square (rms) matter radii of 17B using the 

Glauber-type calculation based on the optical limit approximation and a few-body reaction model. Their results 

for these two different methods were 2.90 ± 0.06 and 2.99 ± 0.09 fm, respectively. Abdullah(Abdullah, 2017) 

have been calculated the ground-state properties such as the neutron, proton and matter densities and the 

associated rms radii of proton-rich 8B and 17Ne halo nuclei using single-particle radial wave functions of 

Woods-Saxon (WS) potential. He found that the structure of the halo proton in 8B is a pure (1p1/2) and the 

structure of the two halo protons in 17Ne is mixed configurations with dominant (2s1/2)2. Elastic electron 

scattering form factors of these halo nuclei were also studied by the plane wave Born approximation. Effects of 

the long tail behavior of the charge density distribution on the charge form factors of 8B and 17Ne were 

analyzed. He found that the difference between the charge form factors of 8B and that of stable isotope 10B (or 

of 17Ne and that of stable isotope 20Ne) is attributed to the influence of the charge density distributions of the 

last proton in 8B (or of the last two protons in 17Ne).  

In the present work, the single-particle radial wave functions of Woods-Saxon (WS) potentialwill be used within 

the two-body model of (𝐶𝑜𝑟𝑒 + 𝑛) [withinthe three-body model of (𝐶𝑜𝑟𝑒 + 𝑛 + 𝑛)] to study the ground state 

densities and the associated root mean square (rms) radii of one neutron halo nuclei (such as 11Be and 15C) [of 

two neutrons halo nuclei (such as 16C and 17B)].The elastic electron scattering charge form factors for these halo 

nuclei will be analyzed by the plane wave Born approximation (PWBA). 

 

2. Theory: 
The ground state matter density distribution of exotic (halo) nuclei can be expressed as(Abdullah, 2017): 

𝜌𝑚(𝑟) = 𝜌𝑝(𝑟) + 𝜌𝑛(𝑟)                                                                                                                                       (1) 
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where 𝜌𝑝(𝑟) and 𝜌𝑛(𝑟) are the ground state proton and neutron densities of halo nuclei and expressed as 

𝜌𝑔(𝑟) = 𝜌𝑔
𝑐 (𝑟) + 𝜌𝑔

𝑣(𝑟)        , 𝑔 = 𝑝, 𝑛                                                                                                                  (2) 

where 𝜌𝑔
𝑐 (𝑟) and 𝜌𝑔

𝑣(𝑟)are the core and halo (valence) densities and they are calculated through Woods-

Saxon (WS) radial wave functions(Abdullah, 2017) and can be written as: 

𝜌𝑔
𝑐 (𝑟) =

1

4𝜋
∑ 𝑋𝑛𝑙𝑗,𝑔

𝑐
𝑛𝑙𝑗 |𝑅𝑛𝑙𝑗(𝑟)|

2
                                                                                            (3) 

𝜌𝑔
𝑣(𝑟) =

1

4𝜋
𝑋 𝑛𝑙𝑗,𝑔

𝑣 |𝑅𝑛𝑙𝑗(𝑟)|
2
                                                                                                                                  (4) 

where 𝑋𝑛𝑙𝑗,𝑔represents the number of neutrons or protons, in the sub-shell 𝑛𝑙𝑗. The 𝑅𝑛𝑙𝑗(𝑟) in eqs. (3) and 

(4) is the solution of the radial of Schrödinger equation (Brown et al., 1979): 
ℏ2

2𝑚

𝑑2𝑅𝑛𝑙𝑗(𝑟)

𝑑𝑟2 + [𝜀𝑛𝑙𝑗 − 𝑉(𝑟) −
ℏ2

2𝑚

𝑙(𝑙+1)

𝑟2 ] 𝑅𝑛𝑙𝑗(𝑟) = 0              (5) 

Where 𝜀𝑛𝑙𝑗 is the single-particle energy. 

For the local potential 𝑉(𝑟), the Woods-Saxon shape is used in the compact form (Brown et al., 1979; Elton 

and Swift, 1967): 

𝑉(𝑟) = 𝑉0(𝑟) + 𝑉𝑠𝑜(𝑟)𝑙. 𝑠 + 𝑉𝑐(𝑟),                                                                                                                                     (6) 

where 𝑉0(𝑟) is the spin-independent central potential: 

𝑉0(𝑟) =
−𝑉0

1+[𝑒(𝑟−𝑅0)/𝑎0]
             (7) 

Vso(r) is the spin-orbit potential: 

𝑉𝑠𝑜(𝑟) = 𝑉𝑠𝑜
1

𝑟
[

𝑑

𝑑𝑟

1

1+(𝑒(𝑟−𝑅𝑠𝑜)/𝑎𝑠𝑜)
]            (8) 

and Vc(r) is the Coulomb potential generated by a homogeneous charged sphere of radius Rc(Ring and 

Schuck, 1981): 

𝑉𝑐(𝑟) =
𝑍𝑒2

𝑟
    𝑓𝑜𝑟     𝑟 ≥ 𝑅𝑐             (9) 

𝑉𝑐(𝑟) =
𝑍𝑒2

𝑅𝑐
[

3

2
−

𝑟2

2𝑅𝑐
2]     𝑓𝑜𝑟     𝑟 < 𝑅𝑐           (10) 

The radii 𝑅0,𝑅so and 𝑅care usually expressed as: 

𝑅𝑖 = 𝑟𝑖  𝐴1/3             (11) 

From the proton density 𝜌𝑝(𝑟) and the intrinsic charge distribution fp of one proton, one can obtain the 

charge distribution of the nucleus with the following folding relation (Qiang, 1991):   

𝜌𝑐ℎ(𝑟) = ∫ 𝜌𝑝(𝑟)𝑓𝑝(𝑟′ − 𝑟) 𝑑𝑟′           (12) 

The root mean square (rms) radii of the neutron, proton and charge distributions can be obtained from eqs. 

(2) and (12) as follows (Qiang, 1991): 

𝑟𝑔 = 〈𝑟𝑔
2〉1/2 = [

∫ 𝑟2𝜌𝑔(𝑟)𝑑𝑟

∫ 𝜌𝑔(𝑟)𝑑𝑟
]

1/2

                    𝑔 = 𝑛, 𝑝, 𝑐ℎ                                                                                            (13) 

The elastic electron scattering form factors from considerednuclei are studied by the plane wave Born 

approximation(PWBA). In the PWBA, the incident and scattered electronwaves are represented by plane waves. 

The elastic electronscattering form factor is simply given by the Fourier-Besseltransform of the ground state 

charge density distribution(CDD) (Stovall, 1966), i.e. 

𝐹(𝑞) =
4𝜋

𝑍
∫ 𝜌𝑐ℎ(𝑟)𝑗0(𝑞𝑟)𝑟2𝑑𝑟

∞

0
          (14) 

 

where 

 

𝑗0(𝑞𝑟) =
sin(𝑞𝑟)

𝑞𝑟
             (15) 

is the zeroth order spherical Bessel function, q is the momentum transfer from the incident electron to the 

target nucleus and the𝜌𝑐ℎ(𝑟) is the CDD of the ground state.  

Inclusion of the corrections of the finite nucleon size 𝐹𝑓𝑠(𝑞) = exp(−0.43𝑞2/4)(Brown et al., 1983) and 

the center of mass 𝐹𝑐𝑚(𝑞) = exp(𝑏2𝑞2/4𝐴)(Brown et al., 1983) in the calculations needs multiplying the form 

factor of Eq. (14) by these corrections. 

The neutron skin thickness t, can be defined as the difference between the neutron rms radius and the proton 

rms radius as (Aytekin et al., 2008) 

 

𝑡 = 𝑟𝑛 − 𝑟𝑝                                   (16) 
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RESULTS AND DISCUSSION 

 

The single-particle radial wave functions of Woods-Saxon (WS) potential have been used within the two-

body model of (𝐶𝑜𝑟𝑒 + 𝑛) [within the three-body model of (𝐶𝑜𝑟𝑒 + 𝑛 + 𝑛)] to study the ground statedensities 

and the associated root mean square (rms) radii of unstableone neutron halo nuclei 11Be (Sn=0.501 MeV, 

τ1/2=13.76 s) and 15C (Sn=1.218 MeV, τ1/2=2.45 s) (Wang et al., 2012; Audi et al., 2012) [of unstabletwo 

neutrons halo nuclei16C (S2n=5.468 MeV, τ1/2=747 ms) and17B (S2n=1.33 MeV, τ1/2=5.08 ms)(Wang et al., 2012; 

Audi et al., 2012)].The elastic electron scattering form factors for these nuclei are studied via the plane wave 

Born approximation (PWBA). 

The nucleus 11Be (Jπ,T=1/2+,3/2) is composed of a core 10Be (Jπ,T=0+,1) plus valence (halo) neutron (Jπ, 

T=1/2+,1/2). The nucleus 15C (Jπ, T=1/2+,3/2) is composed of a core 14C(Jπ,T=0+,1)plusvalence (halo) neutron 

(Jπ, T=1/2+,1/2). The nucleus 16C (Jπ,T=0+,2) is composed of a core 14C(Jπ,T=0+,1)plus valence two neutrons 

(Jπ,T=0+,1). The nucleus 17B (Jπ,T=3/2-,7/2) is composed of a core 15B (Jπ,T=3/2-,5/2)plusvalence two neutrons 

(Jπ,T=0+,1). The configurations {(1s1/2)4, (1p3/2)6}, {(1s1/2)4, (1p3/2)8, (1p1/2)2} and {(1s1/2)4, (1p3/2)7, (1p1/2)2, 

(1d5/2)2} are assumed for core nuclei 10Be, 14C and 15B, respectively. The valence neutron in 11Be and 15C nuclei 

is assumed to be in a pure 2s1/2and the two valence neutrons in 16C and 17B nuclei are assumed to be in a pure 

(2s1/2)2.    

The Woods-Saxon parameters𝑉0, 𝑉𝑠𝑜 , 𝑟0, 𝑟𝑠𝑜 , 𝑎0, 𝑎𝑠𝑜and 𝑟𝑐are chosen for a best fit of matter rms radii and 

nuclear single-particle energies.The Woods-Saxon parameters utilized in the present calculations for nuclei 

under investigation are listed in Table-1.Table-2demonstrates the calculated results of the proton, neutron, 

charge and matter rms radii for 11Be, 15C, 16C and 17B nuclei together with the experimental matter rms 

radii(Bertulani and Sagawa, 1995; Ozawa et al., 2001).This table shows that the calculatedmatter rms radiiare in 

a good accordance with experimentaldata within quoted error.Table-3 illustrates the comparison between the 

present results ofthe single-particle energies (𝜀) for nuclei under study and those obtained by the shell model 

NushellX@MSU code (Brown and Rae, 2014).The comparison shows a remarkable accordance between the 

present results and the results of the shell model NushellX@MSU codefor all selected nuclei. 

 
Table1: The parameters ofWoods-Saxon utilized in the present calculations. 

Nuclei 
𝑉0(MeV) 

𝑉𝑠𝑜(MeV) 𝑎0 = 𝑎𝑠𝑜 (fm) 𝑟0 = 𝑟𝑠𝑜(fm) 𝑟𝑐(fm) 
Proton Neutron 

11Be 64.594 54.425 6.0 0.591 1.309 1.463 
9Be 52.364 52.364 6.0 0.544 1.218 1.279 

C15 55.919 43.362 6.0 0.841 1.235 1.422 

C16 63.617 52.750 6.0 0.512 1.213 1.413 
12C 57.687 57.687 6.0 0.539 1.267 1.350 
17B 59.881 46.452 6.0 0.533 1.319 1.426 
10B 55.587 55.587 6.0 0.542 1.236 1.362 

 

Table2:The calculated results of the proton, neutron, charge and matter rms radii. 

Nuclei 〈𝑟𝑝
2〉1/2 〈𝑟𝑛

2〉1/2 〈𝑟𝑐ℎ
2 〉1/2 〈𝑟𝑚

2 〉1/2 〈𝑟𝑚
2 〉𝑒𝑥𝑝

1/2
 〈𝑟𝑛

2〉1/2 − 〈𝑟𝑝
2〉1/2 

Be11 2.24 3.16 2.29 2.86 2.86±0.05 0.92 

C15 2.63 3.59 2.70 3.24 2.783±0.09 0.96 

C16 2.32 3.13 2.41 2.86 2.756±0.06 0.81 

B17 2.43 3.20 2.48 3.00 3.0±0.6 0.77 

 

Table3:The calculated single-particle energies together with results of the Ref. (Brown and Rae, 2014). 

Nuclei 𝑛𝑙𝑗  
proton neutron 

𝜀 cal (MeV) 𝜀(MeV) 𝜀 cal (MeV) 𝜀(MeV) 

11Be 

1s1/2 37.213 37.213 30.759 30.759 

1p3/2 20.244 20.244 15.260 15.260 

2s1/2 ----- ----- 0.929 0.929 

15C 

1s1/2 28.139 28.139 21.566 21.566 

1p3/2 14.388 14.388 9.686 9.686 

1p1/2 ---- ---- 6.665 6.665 

2s1/2 ---- ---- 0.728 0.728 

16C 

1s1/2 38.832 38.832 32.318 32.318 

1p3/2 22.777 22.777 17.595 17.595 

1p1/2 ---- ---- 13.665 13.665 

2s1/2 ---- ---- 1.510 1.510 

17B 

1s1/2 39.305 39.305 29.702 29.702 

1p3/2 25.298 25.298 17.201 17.201 

1p1/2 ----- ----- 13.997 13.997 

1d5/2 ----- ----- 4.526 4.526 

2s1/2 ----- ----- 2.348 2.348 
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Figs.1(a)-1(d) illustrate the proton (blue curves), neutron (red curves) and matter (dashed curves)density 

distributions of 11Be,15C,16Cand 17Bhalo nuclei, respectively. The experimental matter densities (denoted by the 

shaded area) of 11Be (Fukuda et al., 1991),15C (Fang et al., 2004), 16C (Zheng et al., 2002) and 17B (Yamaguchi 

et al.,2004) are also displayed in these figuresfor comparison. As shown from these figures, a long tail is 

exhibited in thecalculated neutron and matter density distributions for allnuclei under study which are consistent 

with the experimental results. Besides, it is evident from these figures that the proton density distributions of 
11Be,15C, 16C and 17B demonstrate a steep slope performance because there are no protons found in the halo 

orbits (all protons of these nucleiare found within their core only). 

Fig.2 exhibits the comparison between the calculated matter density distribution of unstable nuclei 11Be, 
15C, 16C and 17B (dashed curves) and those of their stable isotopes 9Be, 12C and 10B (solid curves).The calculated 

matter density distributions in Figs. 2 (a), 2(b), 2(c) and 2(d) correspond to (11Be, 9Be), (15C, 12C), (16C, 12C) and 

(17B, 10B) isotopes, respectively. One can see from these figures that the dashed curves have a longer tail than 

that of the solid curves due to the weak binding of the outer (halo) neutron in 11Be and15C (or the outer two 

neutrons in 16C and 17B). Figs. 1 and 2 provide the conclusion that the halo phenomenon in 11Be, 15C, 16C and 17B 

is connected to the valence neutron(s) but not to the core nucleons. Moreover, the difference between the 

calculated neutron and proton rms radii for selected halo nuclei is given in Table 2. This difference provides an 

additional evidence for the halo structure of these nuclei. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1:The proton, neutron and matter density distributions of (a)11Be, (b) 15C, (c) 16C and (d)17B halo nuclei.The 

shaded areas are the experimental data of matter density distributions. 
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Fig.2:Calculated matter density of unstable nucleicompared with that of stable nuclei. 

 

To illustrate the effects of the different number of neutrons and their distribution in the nucleus on the 

process of elastic electron scattering, the elastic C0 charge form factors of unstable (halo) nuclei 11Be, 15C, 16C 

and 17Bcalculated byPWBA are compared with those oftheir stable isotopes 9Be, 12C and 10B in Fig. 3. The 

calculated form factors in Figs. 3(a), 3(b), 3(c) and 3(d) correspond to (11Be, 9Be), (15C, 12C), (16C, 12C) and (17B, 
10B) isotopes. For comparison the experimental data (denoted by the filled circle symbols) of stable isotopes 9Be 

(Jansen et al., 1972), 12C (Crannell, 1966) and 10B(Stovall, 1966)are also shown in this figure. It is obvious from 

these figures that there are importantdifferences between the calculated form factors of unstable nuclei (the 

dashed curves) and those of stable nuclei (the solid curves) although the number of the protons for unstable 

nucleus and its stable isotope is the same. In these figures each of the solid curve and the dashed curve has one 

diffraction maxima and one diffraction minima throughout all range of considered momentum transferq.Besides, 

the dashed curve has inward shiftcompared with the solid curve. This change is due to the contribution of the 

charge distribution of the neutrons themselves and also to the enhancement of the proton densities in the 

peripheral region.  
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Fig.3:The calculated elastic charge form factors of unstable nuclei compared with those of stable nuclei. 

 

4. Summary and conclusions: 

The single-particle radial wave functions of Woods-Saxon (WS) potential have been used within the two-

body model of (𝐶𝑜𝑟𝑒 + 𝑛) [within the three-body model of (𝐶𝑜𝑟𝑒 + 𝑛 + 𝑛)] to study the ground statedensities 

and the associated root mean square (rms) radii of one neutron halo nuclei 11Be and 15C [of two neutrons halo 

nuclei16C and17B]. Elastic electron scattering from these halo nuclei are also investigated using PWBA. In the 

present work, it is possible to draw the following conclusions: 

1- The calculated results of the matter density distributions using the single-particle radial wave functions 

of Woods-Saxon (WS) potential within the two-body model of (𝐶𝑜𝑟𝑒 + 𝑛) [within the three-body model of 

(𝐶𝑜𝑟𝑒 + 𝑛 + 𝑛)]are in a good agreement with those of the experimental data. 

2- The halo structure of one neutron (11Be and 15C) and two neutrons (16C and 17B) halo nuclei is 

emphasized through exhibiting the long tail performance in their calculated neutron andmatter density 

distributions, where this performance is considered as a distinctive feature of halo nuclei. 

3- A supplementary support for the halo structure of these halo nuclei is found due to the noticeable 

difference between the calculated overall proton and neutron root mean square radii. 

4- This study confirms the following: 

a) The structure of the halo (valence) neutron in 11Be and 15C is in a pure 2s1/2. 

b) The structure of two halo (valence) neutrons in 16C and 17B are in a pure (2s1/2)2. 

 



 143                                                                                  Ahmed N. Abdullah, 2017 

Australian Journal of Basic and Applied Sciences, 11(9) June 2017, Pages: 136-143 

 

REFERENCES 

 

Tanihata, I., et al., 1985a. Measurement of interaction cross sections and radii of He isotopes. Physics 

Letters B, 160(6): 380-384. 

Tanihata, I., et al., 1985b. Measurement of interaction cross sections and nuclear radii in the light p-shell 

region. Physical Review Letters, 55(24): 2676-2679. 

Zukov, M.V., et al., 1993. Bound state properties of Borromean halo nuclei: 6He and 11Li. Physics Reports, 

231(4): 151-199. 

Guo, H.Z. et al., 2008. The properties of halo structure for 17B. Science in China Series G: Physics, 

Mechanics & Astronomy, 51: 781-787.    

Suda, T. and M. Wakasugi, 2005. Structure studies of unstable nuclei by electron scattering. Progress in 

Particle and Nuclear Physics, 55: 417-436. 

Suda, T., 2002. Challenges of Nuclear Structure, Proceedings of the 7th International Spring Seminar on 

Nuclear Physics, ed. Aldo Covello, World Scientific, Singapore p: 13. 

Antonov, A.N., et al., 2005. Charge and matter distributions and form factors of light, medium, and heavy 

neutron-rich nuclei. Physical Review, C, 72: 1-11.  

Karataglidis, S. and Amos, K., 2007. Electron scattering form factors from exotic nuclei. Phys. Lett. B, 650: 

148-151. 

Hamoudi, A.K., G.N. Flaiyh and A.N. Abdullah, 2014. Density distributions, form factors and reaction cross 

sections for exotic 11Beand 15C nuclei.Iraqi Journal of Physics, 12(24): 10-24. 

Ren, Z.Z. and G.O. Xu, 1990. A three-body model of 11Li, 14Be and 17B. Physics Letters B, 252(3): 311-

313. 

Suzuki, T., et al., 1999. Nuclear radii of 17,19B and 14Be. Nuclear Physics A, 658: 313-326. 

Abdullah, A.N., 2017. Elastic electron scattering from some proton-rich exotic nuclei.International Journal 

of Science and Research (IJSR), 6(3): 2083-2087. 

Brown, B.A., S.E. Massen and P.E. Hodgson, 1979. Proton and neutron density distributions for A=16-58 

nuclei. Journal of Physics G, 5: 1655-1698.  

Elton, L.R.B., and A. Swift,1967. Single particle potentials and wave functions in the 1p and 2s-ld shells.  

Nuclear Physics A, 94: 52-72. 

Ring, P. and P. Schuck, 1981. The Nuclear Many-Body Problem (Springer-Verlag). 

Qiang, L.G., 1991. A systematic study of nuclear properties with Skyrme forces. J. Phys. G. Nuclear and 

Particle Physics, 17: 1-34. 

Stovall, T., J. Goldemberg and D.B. Isabelle, 1966. Coulomb form factors of 10B and 11B. Nuclear Physics, 

86: 225-240. 

Brown, B.A., R. Radhi and B.H. Wildenthal, 1983. Electric quadrupole and hexadecupole nuclear 

excitations from the perspectives of electron scattering and modern shell-model theory. Physics Reports, 101(5): 

313-358. 

Wang, M., et al., 2012. The AME 2012 atomic mass evaluation (II). Tables, graphs and references. Chin. 

Phys. C 36: 1603-2014. 

Audi, G., et al., 2012. The NUBASE2012 evaluation of nuclear properties.Chin. Phys. C, 36: 1157-1286.  

Bertulani, C.A. and H. Sagawa, 1995. Probing the ground-state and transition densities of halo nuclei. 

Nuclear Physics A, 588: 667-692.  

Ozawa, A., T. Suzuki, I. Tanihata, 2001. Nuclear size and related topics. Nuclear Physics A, 693: 33-62. 

Brown, B.A. and W.D.M. Rae, 2014. The Shell-Model Code NuShellX@MSU. Nuclear Data Sheets, 120: 

115-118. 

Fukuda, M. et al., 1991. Neutron halo in 11Be studied via reaction cross sections. Physics Letters B, 268: 

339-344. 

Fang, D.Q., et al., 2004. One-neutron halo structure in 15C.Physical Review C, 69: 1-6.   

Zheng,T., et al., 2002. Study of halo structure of 16C from reaction cross section measurement. Nuclear 

Physics A, 709: 103-118. 

Yamaguchi, Y., et al., 2004. Density distribution of 17B from a reaction cross-section measurement. 

Physical ReviewC, 70: 1-6.  

Jansen, J.A., R.T. Peerdeman and C.D. Vries, 1972. Nuclear charge radii of 12C and 9Be.  Nuclear Physics 

A, 188: 337-352. 

Crannell, H., 1966. Elastic and inelastic electron scattering from 12C and 16O. Physical Review, 148: 1107-

1118.  


