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The current study is about the structure of 17B, which has been investigated by the Microscopic Cluster Model. The binding energy 
and neutron position of two valence neutrons of Beta-decay and neutron emission have been calculated. A cluster configuration of 
the Halo nucleus inspired me to consider all radioisotopes have cluster configuration before the decay process. The Jacobi 
coordinates has been used to investigated the 17B nucleus. The Jacobi coordinate is a very well technique to describe such as a three-
body system or halo structure. The 17B has Borromean property, so it has been defined in T-configuration in this coordinates. The 
angle in the figure defines an angle of halo neutron motion around the core. The study has considered a deformation of the core as a 
high influence on the binding of the valence neutrons. 
Keywords: 17B; neutron-halo structure; β—decay; neutron emission; microscopic cluster model. 
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There are many works have been done in investigates of nuclei away from the line of β-stable through the 
beginning of new facilities and technologies. Experimental studies [l–3] on light atomic nuclei have shown exotic large 
r.m.s. radius and specifically [4] that has ascribed this to the halo property. Halo structure is defined as the effect of 
threshold that happens in weakly bound nuclei where the nucleons are connected in very small-range potential. The halo 
atomic nuclei are confined as more loosely. 

The three-body halo nuclei of choice with two neutrons move around the core are drip-line of light nuclei, the 
(17B= 15B +n +n) nucleus. Actually, the first observation of (Boron-17) is in 1973 [5], interest of the Boron 17B nucleus is 
exotic properties (neutron emission and β-decayed [6] and an abnormal radius [7,8]). The very large matter radius is a 
significance of a halo, formed by external nucleons far from a core that increases meaningfully the matter radius [9]. 

Many studies have been done using the microscopic cluster model and the three-body models [10,11] of 17B 
depending on different configurations of 13B + di-neutron + di-neutron. The wavefunction was built on the shell of lp 
with the excitations of the core on the harmonic–oscillator. The angular momentum and parity of 17B have been 
investigated. The R.M.S. radius and electric quadrupole of (Boron-17) were observed to be around 2.81 fm and around 
2.74 e.fm2, without the 15B+n+n configuration [11]. Ren and Xu [12] investigated the 17B ground state with a three-body 
model including two neutrons and 15B core. Ren and Xu have calculations regarding a 15B + n interaction that was 
complicated and explained about the large RMS radius. The shell model spectrum of several boron isotopes has also 
been used by Warburton and Brown has used several Boron isotopes by the shell model. [13] 

Several experimental studies on 17B have been achieved [14, 15]. The separation energy of two neutrons (S2-n) was 
1.39 MeV±0.14 MeV for 17B [14] while the radius of 17B was 4.10 fm±0.46 fm [8] and 3.0 fm±0.6 fm [16] by Ozawa in 
1993. The abnormal large radius has been taken as a halo structure and loosely bound. The halo phenomenon 
(especially, the neutron-halo nuclei) is fairly common in nuclei and with high N/Z ratios which lead to β--decay and 
neutron emissions. The weakening in the correlation of p-n distribution is a typical of the stable nuclei [17]. In this 
approach, the skin nucleons can be released from the nuclei to form β--decay and neutron emissions and move away 
freely from the other nucleons. The deformation or the core electric quadrupole moment as predicted by the shell model 
that caused by nucleons outside a close closed shell. [18]. 

In the current work, the Boron-17 was investigated to determine where is the position of valence neutron to start β-

-decay or neutron emissions by using the Microscopic Cluster Model. The hyperspherical harmonic method has been 
used to solve the model. The core was considered deformed and this deformation has a high role in determining the 
position of decay. The protons and neutrons far from the magic number in the core shaped the deformations. Thus, the 
deformation has a clear influence on the energy of valence neutrons. The Jacobi coordinates were space coordinates of 
17B nucleus which were used in this calculation, as formerly used for 14Be [21] and 11Li [22]. 
 

THEORETICAL ASPECT 
The Jacobi coordinates has been used to investigate the 17B nucleus. The Jacobi coordinate is a very well technique 

to describe such as a three-body system or halo structure as in Fig. 1. The 17B has Borromean property [23], so it has 
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been defined in T-configuration in this coordinates. The angle in the figure defines an angle of halo neutron motion 
around the core. 

 
Figure 1. Jacobi coordinates for free-body system with two shapes of the core and angle of two-halo neutrons 

The halo structure was defined as the core plus valence neutrons. The total wavefunction of the system is: 
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The Hamiltonian of the core is given as 
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The angular part, the radial part, and spin of the valence neutrons have been included in ψ(x,y).) 
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The valence neutrons wave function is 
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Total Hamiltonian of the system is 
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with 
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For more information about the formulas [26-28]. 
 

RESULTS 
The 17B is radioisotope with a half-life of about 5.08(5) ms and its probabilities of decay are  
β−, n (63.0%), 
 β− (22.1%),  
β−, 2n (11.0%), 
β−, 3n (3.5%) and  
β−, 4n (0.4%).  

The biggest probability is β−, n (63.0%), which has been focused in the current work.  The 17B has two neutrons 
far from the rest nucleons, which be the reason for that decay. The two valence neutrons surround and move around the 
deformed core. The Hamiltonian of this system depended on the microscopic of the core and the clusterization of the 
valence neutrons. This clusterization depended on many factors; one of them is the angle (θ) of valence neutron 
position. The binding energy of the valence neutrons is calculated depending on Eq.(6). 

Eq.(5) defines a wavefunction of the two valence neutrons, whereas   in eq. (2), describes the core wavefunction 
calculated by the shell model. So the wave function of the valence neutrons has been a function of the angle as appear in 
eq.(5), where the core is connected to the valence neutrons and deformed. In eq.(9), Y20(θ,ϕ) was taken as  
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Motion of the valence neutrons around the deformed core make binding energy of these neutrons diverse regarding 
the angle (θ) and also regarding the shape of deformation (prolate or oblate). In figure (2), the energy diverse from 
(-0.2MeV to -1.8MeV) with angle from (0o to 90o) that for deformation of β2=0.7. 
 

 
Figure 2. The Binding energy of the valence neutrons as function of the angle with deformation parameter (β2=0.7) 

The Figures (2,3,4 and 5) have considered the core is prolate and its deformation parameter β2 (0.7, 0.5, 0.3 
and 0.1) respectively. Regarding to the structure of the shell model, the core of 17B (it is 15B) has three protons outside 
the first closed shell and two neutrons outside the second closed shell. That reason to make a high influence for an 
electric quadrupole moment. The electric quadrupole moment of this nucleus is Q=Qj+Qc, it collected from Qj that 
caused from the two neutrons which has been neglected in this study and Qc of the core. In general Qc>>Qj [29, 30]  
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 24
5

Q ZR    (13) 

The Ω is the projection of j  
and δ has relation with the parameter β2 as 

(β2=2/3(4π/5)1/2δ) [28, 29]. 

From the eq. (12) and eq. (13), the proton has a high effect on deformation, so we expect the deformation 
parameter about 0.2 to 0.4 if it is prolate and about -0.2 to -0.4 if it is oblate. However, the experimental data is 
β2=0.437 [31]. Depending on the experimental data and from the fig. (2), the lowest value of energy is 0.3MeV in the 
angle (θ=0). 

 
Figure 3. The Binding energy of the valence neutrons as function of the angle with deformation parameter (β2=0.5) 

 

 
Figure 4. The Binding energy of the valence neutrons as function of the angle with deformation parameter (β2=0.3) 

 

 
Figure 5. The Binding energy of the valence neutrons as function of the angle with deformation parameter (β2=0.1) 

The oblate shape has been taken into consideration. The figures (6,7,8 and 9) have considered the core is oblate 
and its deformation parameter β2 (-0.7, -0.5, -0.3, and -0.1) respectively. 
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The procedure applied within this work has relied on the use of influence the total angular moment, atomic 
number, and angle characterizes both the clusters and the parent nucleus. All possible deformation parameters and 
angles in clusterization channels have been studied. The point of starting is always the deformation parameter of the 
core. The deformation theoretical values that have been studied instead of experimental values is modified by the space 
of our study: if only experimental values have been used, several probable clusterization canals cannot be done because 
of the lack of values of deformation for both or one of the clusters.  

The many energies of the neutrons regarding relative motion was calculated as seen in figures using the virtual 
description. The predilection of diverse cluster configurations is categorized by the reciprocal forbiddingness. Using 
deformation of the ground state for the parent makes all cluster configurations possible and turn out to be allowed 
theoretically. A clear configuration towards radioactivity (or neutron emission) may be deduced from these figures. 
Always keep in mind that “forbidden” in the theoretical structural analysis should mean restrained. We should expect 
that looks to be of certain advantage: the cluster configuration of  low-lying of prolate nucleus isn't meaning the pole-to-
pole; instead of both clusters are tended with regard to the axis. 

 
Figure 6. The Binding energy of the valence neutrons as function of the angle with deformation parameter (β2=-0.7) 

 
Figure 7. The Binding energy of the valence neutrons as function of the angle with deformation parameter (β2=-0.5) 

 
Figure 8. The Binding energy of the valence neutrons as function of the angle with deformation parameter (β2=-0.3) 
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Figure 9. The Binding energy of the valence neutrons as function of the angle with deformation parameter (β2=-0.1) 

This clusterization configuration is of particular interest for starting point of decay or neutron emission as seen in a 
binary neutron emission channel. The pole-pole shapes, favored by calculation of penetrability, are highly Pauli 
principle forbidden as seen in results.  

So they only can be a small compounds in the wave function of the ground state of the system. Also, if there are 
allowed clusterizations have been addressed in the case when one change the core deformation to superdeformation or 
hyperdeformation which connected to the valence neutrons.  

The results are presented the clusters of neutrons and the core are considered to have deformation of the ground 
state. It is exciting to get that in these situations have allowed clusterizations also. In a superdeformed case; the allowed 
clusterizations connected to mostly to two particular areas wherein: (a) both neutron clusters have big prolate electric 
quadrupole deformation (around the region with Zlight,36), (b) first cluster with prolate deformation (electric 
quadrupole), and the second with oblate shape (around with Zlight,22). For the case of the hyperdeformed more 
channels are exposed, and from Figs. 2,3,4 and 5 and figs.6,7,8 and 9 a clear inferred to symmetric clusterization. 

One of the interesting questions is if clusterization of the Halo nuclei exists in other radioactivity nuclei before the 
decay process. The clusterization is predicted for radioisotopes at excitation states close the relative multiple Beta 
decays. Actually, the main point is to determine when and where the decay starting. The position of the valence 
neutrons to decay or emission is our goal. However, the results determined the starting point of decay regarding 
energies.  

The sizes of nuclei and the nucleon distributions give us the important parameters which connected extremely to 
the strong or weak interaction and decay. Also, the main idea of this study is to drive the clusterization of nucleons in 
Halo nuclei to other nuclei, which have radioactivity and large radii. The idea that Halo nuclei and radioisotopes having 
radii greater than those of the stable nuclei. These nuclei can be presented in a clusterization system. 

From the results and regarding the decay energy of 17B, the figures 4, 5, 8, and 9 have been excluded. The figures 
2 and 3 represent the prolate shape and the figures 6 and 7 represent the oblate shape. Regardless of the experimental 
deformation parameter and from equation (13), the theoretical value of deformation is around (β2=0.5). from the 
Figure 3, the energy is about (-0.3MeV) with angle (θ=0). 

By normalization, the experimental data of deformation parameter has been used to get the energy, which is about 
(-0.387MeV). 

CONCLUSIONS 
In this study, the halo structure and decay process have been investigated by clusterization configuration. The 

Microscopic Cluster Model (MCM) was the main tool and logical form to describe such as this system. This model 
gave us a wide range to take into consideration all components even freedom degrees of the core. The results obviously 
refer to the two considerations, first based on the angle of clusters of the microscopic cluster structure and the second on 
freedom degrees of the core.  

The movement of the valence neutrons around the core represented various energies based on the angles. From that 
variance, we can determine the location of the valence neutron to emission or to decay.  The deformation selection rule has 
a similar propensity for affecting on the energy. The core deformation parameter has high influence on the decay process. 
Our results clearly indicate to that the asymmetric binary microscopic cluster forms are preferred for the ground state. I can 
strongly say, we can expand this approach to all radio nuclei to appoint the energies and the neutron position of decay. 

 
ORCID IDs 

Waleed S. Hwash, https://orcid.org/0000-0002-0105-4540 
 

REFERENCES 
[1] I. Tanihata, T. Kobayashi, O. Yamakawa, S. Shimoura, K. Ekuni, K. Sugimoto, N. Takahashi, et al, Phys. Lett. B, 206, 592 

(1988), https://doi.org/10.1016/0370-2693(88)90702-2 

-1,6
-1,4
-1,2

-1
-0,8
-0,6
-0,4
-0,2

0
0 20 40 60 80 100

Bi
nd

in
g 

En
er

gy
 (M

eV
)

The Angle (θ)

β2=-…

https://doi.org/10.1016/0370-2693(88)90702-2


159
Solutions of the Schrödinger Equation with Hul Neutron Position...          EEJP. 2 (2022)

[2] W. Mittig, J. M. Chouvel, Z.W. Long, L. Bianchi, A. Cunsolo, B. Fernandez, A. Foti, et al, Phys. Rev. Lett. 59, 1889 (1987), 
https://doi.org/10.1103/PhysRevLett.59.1889 

[3] M.G. Saint-Laurent, R. Anne, D. Bazin, D. Guillemaud-Mueller, U. Jahnke, Jin Gen Ming, A. C. Mueller, et al, Z. Phys. A, 
332, 457 (1989), https://doi.org/10.1007/BF01292431 

[4] P.G. Hansen, and B. Johnson, Europhys. Lett. 4, 409 (1987), https://doi.org/10.1209/0295-5075/4/4/005 
[5] J.D. Bowman, A.M. Poskanzer, R.G. Korteling, and G.W. Butler, Phys. Rev. Lett. 31, 614 (1973), 

https://doi.org/10.1103/PhysRevLett.31.614 
[6] J.D. Bowman, J.P. Dufour, R. Del Moral, F. Hubert, D. Jean, M.S. Pravikoff, A. Fleury, A.C. Mueller, et al, Phys. Lett. B 206, 

195 (1988), https://doi.org/10.1016/0370-2693(88)91491-8 
[7] I. Tanihata, Nucl. Phys. A, 488, 113 (1988), https://doi.org/10.1016/0375-9474(88)90257-6 
[8] J.D. Bowman, J.P. Dufour, R. Del Moral, F. Hubert, D. Jean, M.S. Pravikoff, A. Fleury, A.C. Mueller, et al, Europhys. Lett. 13, 

401 (1990), https://doi.org/10.1209/0295-5075/13/5/004 
[9] P.G. Hansen, Nucl. Phys. A 553, 89 (1993), https://doi.org/10.1016/0375-9474(93)90617-7 
[10] Z. Ren, N. Li, H.Y. Zhang, and W.Q. Shen, Modern Physics Letters A, 18, 174 (2003), 

https://doi.org/10.1142/S0217732303010193 
[11] P. Descouvemont, Nuclear Physics A, 581, 61 (1995), https://doi.org/10.1016/0375-9474(94)00461-U 
[12] Z. Ren and G. Xu, Phys. Lett. B, 252, 311 (1990), https://doi.org/10.1016/0370-2693(90)90542-E 
[13] E.K. Warburton and B.A. Brown, Phys. Rev. C, 46, 923 (1992), https://doi.org/10.1103/PhysRevC.46.923 
[14] T. Suzuki, R. Kanungo, O. Bochkarev, L. Chulkov, D. Cortina, M. Fukuda, H. Geissel, et al, Nuclear Physics A, 658, 313 

(1999), https://doi.org/10.1016/S0375-9474(99)00376-0 
[15] Zs. Dombrádi, Z. Elekes, R. Kanungo, H. Baba, Zs. Fülöp, J .Gibelin, Á. Horváthe, et al, Physics Letters B, 621, 81(2005), 

https://doi.org/10.1016/j.physletb.2005.06.031 
[16] A. Ozawa, T. Kobayashi, H. Sato, D. Hirata, I. Tanihata, O. Yamakawa, K. Omatac, et al, Phys. Lett. B, 334, 18 (1994), 

https://doi.org/10.1016/0370-2693(94)90585-1 
[17] A. Ozawa, T. Suzuki, and I. Tanihata, Nucl. Phys. A, 693, 32 (2001), https://doi.org/10.1016/S0375-9474(01)01152-6 
[18] H. Ogawa, K. Asahi, K. Sakai, T. Suzuki, H. Izumi, H. Miyoshi, M. Nagakura, et al, Phys. Rev. C, 67, 064308 (2003), 

https://doi.org/10.1103/PhysRevC.67.064308 
[19] A. Ozawa, O. Bochkarev, L. Chulkov, D. Cortina, H. Geissel, M. Hellström, M. Ivanov, et al, Nucl. Phys. A, 691, 599 (2001), 

https://doi.org/10.1016/S0375-9474(01)00563-2 
[20] H. Sagawa, X.R. Zhou, X.Z. Zhang, and T. Suzuki, Phys Rev. C, 70, 054316 (2004), 

https://doi.org/10.1103/PhysRevC.70.054316 
[21] W.S. Hwash, R. Yahaya, S. Radiman, and A.F. Ismail, Journal of the Korean physical society, 61, 27 (2012), 

https://doi.org/10.3938/jkps.61.27 
[22] W.S. Hwash, R. Yahaya, S. Radiman, and A.F. Ismail, International Journal of Modern Physics E, 21, (07), 1250066 (2012). 
[23] Alzahraa Yaseen A Alsajjad, Ahmed N Abdullah, Al-Nahrainб Journal of Science, 22(3), 65 (2019), 

https://doi.org/10.22401/ANJS. 22.3.09 
[24] F.M. Nunes et al. Nucl. Phys. A, 609, 43 (1996), https://doi.org/10.1142/S0218301312500668 
[25] T. Tarutina, I.J. Thompson, and J.A. Tostevin, Nucl. Phys. A, 733, 53 (2004), https://doi.org/10.1016/j.nuclphysa.2003.12.003 
[26] W.S. Hwash, Int. J. Mod. Phys. E, 25 No. 12, 1650105 (2016), https://doi.org/10.1142/S0218301316501056 
[27] W.S. Hwash, Turkish Journal of Physics, 41, 151 (2017), https://journals.tubitak.gov.tr/physics/vol41/iss2/8/ 
[28] W.S. Hwash, R. Yahaya, and S. Radiman, Effect of core deformation on 17B halo nucleus, Phys. Atom. Nuclei 77, 275–281 

(2014), https://doi.org/10.1134/S1063778814020094 
[29] W.S. Hwash, The beta+-decay in proton halo nucleus. Rev. Cubana Fis. 38, 108 (2021), 

https://www.revistacubanadefisica.org/RCFextradata/OldFiles/2021/RCF2021v38p108.pdf 
[30] W.E. Hornyak, Nuclear Structure Book, (New York) (1975). 
[31] H. Izumi, K. Asahi, H. Ueno, H. Okuno, H. Sato, K. Nagata, Y. Hori, et al, Physics Letters B, 366, 51 (1996), 

https://doi.org/10.1016/0370-2693(95)01312-1 
 
РІШЕННЯ РІВНЯННЯ ШРЕДІНГЕРА З ПОЛОЖЕННЯМ НЕЙТРОНІВ ХУЛА ДЛЯ БЕТА (Β-) РОЗПАДУ ТА ЕМІСІЇ НЕЙТРОНІВ 

Валід С. Хваш 
Фізичний факультет педагогічного факультету чистих наук, Університет Анбара, Анбар, Ірак 

Школа прикладної фізики, факультет науки і техніки, Університет Кебангсаан Малайзія, 43600 Бангі, Селангор, Малайзія 
Нинішнє дослідження стосується структури 17B, яка була досліджена за допомогою моделі мікроскопічного кластера. 
Розраховано енергію зв'язку та положення нейтронів двох валентних нейтронів бета-розпаду та нейтронного 
випромінювання. Кластерна конфігурація ядра Halo надихнула мене розглянути, що всі радіоізотопи мають кластерну 
конфігурацію до процесу розпаду. Координати Якобі були використані для дослідження ядра 17B. Координата Якобі є дуже 
вдалою технікою для опису, наприклад, системи трьох тіл або структури гало. 17B має властивість Борромея, тому він був 
визначений у Т-конфігурації в цих координатах. Кут на малюнку визначає кут руху нейтронів гало навколо ядра. У 
дослідженні деформація ядра розглядається як так що має великий вплив на зв'язування валентних нейтронів. 
Ключові слова: 17B, нейтронно-галоструктура, β--розпад, нейтронна емісія, мікроскопічна кластерна модель. 
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