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Abstract: In this paper, we have calculated the energy excitation and gamma spectrum for transition strengths B(E2) and 

B(M1) of the phosphorus-32(14d) isotope in the lower HASP-shell region for the nuclei Phosphorus-32(14d). We have 

performed this calculation with the isovector T=1 and positive parity states for this isotope, using the shell model code 

OXBASH for Windows by employing the effective interactions HASP, HASN, VPNP and VPTH. The level schemes and 

B(E2) and B(M1) values are more reasonable in comparison with the available experimental data. 
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1. Introduction 

OXBASH is a powerful computer code for estimating the 

light and average nuclei energy levels. Using this code, one 

can compute the energy levels of hundreds of isotopes, and 

validate the results by comparing them with those obtained 

by experiments. In addition, studying the energy levels by 

means of shell model was always a challenge for nuclear 

physicists, and up to now, different models were proposed for 

investigating this issue. In this regard, too many 

computational codes were developed, and OXBASH is one 

of the recent advanced codes in this area. OXBASH is set of 

codes for carrying out shell-model calculations with 

dimensions up to about 100,000 in the J-T scheme and about 

2,000,000 in the M-scheme. OXBASH comes with a library 

of model spaces and interactions. The OXBASH version 

2005-08 for PC was used, which can be installed and used in 

any operating system. 

After selecting the appropriate model based on the valence 

nucleons, OXBASH lists the possible initial states, and then 

it develops the linear combination of initial states, by which 

the desired values for J and T are obtained. The number of 

linear combinations determines the size of J-T matrix. 

Finally, by selecting desired interaction, the Hamiltonian is 

formed, and then the calculations are performed. 

In this work, because of the quite importance of the 

Gamma decay spectrum of nuclei ���
��  in radiation medical, 

such as studying treatment of polycythemia Vera (excess red 

blood cells), we try to calculations energy excitation and 

transition probability in the lower HASP-shell region for the 

nuclei ���
�� , to test the ability of the present effective 

interactions in reproducing the experiment in this mass 

region. 

2. Model Space 

The “model space” indicates the orbitals and truncation 

within that set of orbitals which is assumed for a given 

calculation. Generally, the best and most complete results are 

obtained when the model space is as large as possible. 

However, the computation time increase exponentially with 

the size the model space, and empirical hamiltonians are 

better determined in the smaller model space. Thus the 

choice of model space is a compromise between what one 

would like to describe and what is computationally practical 

[1]. 
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As a result, due to existing single proton in 1�3/2 state for 

protons as well as three neutrons in this state, we have 

considered HASP model space which consisted of 1�3/

2,2�1/2,23/2,1�7/2 states. 

3. Hamiltonianism 

The microscopic calculations discussed on two different 

types of calculations. The first is the mean-field 

approximation which is applicable to all nuclei but which is 

based on the restriction to a single Slater determinant. The 

second is shell-model configuration mixing in which a matrix 

based upon all possible Slater determinants with in a 

relatively small subset of valence orbits are diagonalized [1]. 

Here, we have studied, the first subject which perform 

explicit calculations of the single- particle energies and 

density distributions. 

4. Theory and Calculations 

The structure of phosphorus-32(14d) isotope, has been 

studied in the framework of the shell model using the 

OXBASH code [1]. 

For the calculations, the shell model Hamiltonian can be 

written as [16] 

† † †
i i ijkl i j i j

i i

H a V a a a aε= +∑ ∑                  (1) 

Where iε : is the single-particle energies (SPE) that can be 

obtained from neighbors of closed shell nuclei having mass 

A=closed core+1. 

ijklV : is the Two-Body Matrix Element (TBME) coupled to 

good spin and isospin. 
† †
i ja a :Creation operators (create pair of fermions). 

i ja a : Annihilation operators (annihilate pair of fermions). 

The TBME where calculated by using Four effective 

interactions potential HASP [1], HASN [1], VPNP [1] and 

VPTH [1]. 

The reduced transition probability for electric multiple 

radiation is given by [17] 
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Where �����: is the charge density operator. 

���Ω�: is the spherical harmonics 

5. Excitation Energy 

As reminded of in the earlier section, the principal idea for 

studying this nuclei lies in the Appropriate of this isotope in 

the radiation medical science due to the importance of this 

applications in investigation treatment of polycythemia Vera 

[15]. 

First procedure to analyzing the excitation and gamma 

spectrum of ���
��  isotope relies on basic information for 

running OXBASH code (such as atomic number, neutron 

number, mass number of desired isotope, isospin, parity, 

number of valence particles, and the number of levels, in 

which nucleons can be excited to, are obtained by reference 

[1]. Four effective interactions potential HASP [1], HASN 

[1] VPNP [1] and VPTH [1] were employ with HASP model 

space for the calculations of level excitation energy and 

transition probabilities. 

We have to mention here that ���
��  has isovector part T=1 

and its total angular momentum changes from 0 to 4. 

Figure 1 show the comparison of the experimental 

excitation energies of ���
��  with calculated values from HASP, 

HASN, VPNP and VPTH effective interactions. The 

effective interactions VPTH gives close results in 

comparison with the experimental values up to �� = 3� . 

From Figure 1 we can notice that VPTH are in excellent 

agreement with the experiment better than HASP, HASN and 

VPNP. 

 

Figure 1. Comparison of the experimental excitation energies taken from Ref. [13] with the present theoretical work using HASP, HASN, VPNP, VPTH 

effective interactions. 
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6. Interaction Types 

The starting point for shell-model Hamiltonians is the 

renormalized G matrix based upon modern N-N interactions 

[8]. When the G matrix is used to calculate the spectra for the 

HASP-shell nuclei with more than two particles or holes, the 

agreement with the experimental energy spectra deteriorates 

rapidly as the number of particles or holes is increased [6]. 

There were several attempts to find improved empirical 

Hamiltonians. By 1979 Hasper [14], [8] had obtained 

empirical Hamiltonians for the lower-part of the HASP-shell. 

In OXBASH for HASP space model have been proposed 4 

different interactions were included [1, 2]. The calculations 

were done for all these potentials for	 ���
�� . 

7. Transition Probability 

HASP model space contains valence orbitals of 1�3/

2,2�1/2,23/2,1�7/2. Since the transition rates represent a 

sensitive test for the most modern effective interactions that 

have been developed to describe HASP-shell nuclei. The 

transition strengths calculated in this work performed using 

for each in-band transition by assuming pure E2 and M1 

transition. Our results from shell model code and the 

previous theoretical results using different models are listed 

in Table 1 for Some of Interaction effective. The same 

comparison was made, but the result of experimental data is 

not available, therefore we cannot judge which effective 

interaction reproduce the experimental data better. Here, we 

have supposed the effective charges for both of proton and 

neutron are same and taken to be 0.5e for the calculations of 

the transition strengths of ���
�� . Our theoretical results are in 

excellent agreement with the experimental values for the 

transitions 

2� → 1�  and 3� → 1�  using VPTH effective interaction 

has been summarized in Table 1. 

Table 1. The B(E2) and B(M1) values in the ground-state band of ���
�� . Their units are ��	� .". Exp [13]. 

#$
% → #&

%  
Exp.  Present Work  

B(M1) 

B(E2) 
VPTH HASP HASN VPNP 

2� → 1�  
1.613 

0.15E+01(M1) 0.13E+00(E2) 
-------- 
-------- 

0.01E+00(M1) 0.88E+00(E2) 
--------- 
-------- ------ 

0� → 1�  
0.853 

0.12E+01(M1) 0.00E+00(E2) 
--------- 
--------- 

0.20E+01(M1) 0.00E+00(E2) 0.53E+02(M1) 0.00E+00(E2) 
------- 

3� → 2�  
0.121 

0.00E+00(M1) 0.28E+02(E2) 0.00E+00(M1) 0.30E+02(E2) 0.00E+00(M1) 0.51E+02(E2) 0.00E+00(M1) 0.30E+02(E2) 
38.80 

3� → 1�  
0.062 

0.01E+00(M1) 0.50E+02(E2) 0.11E+00(M1) 0.45E+02(E2) 0.10E+00(M1) 0.35E+02(E2) 0.08E+01(M1) 0.52E+03(E2) 
58.20 

4� → 3�  
0.133 

0.10E+01(M1) 0.74E+02(E2) 0.19E+01(M1) 0.43E+02(E2) 0.25E+00(M1) 0.14E+04(E2) 0.15E+00(M1) 0.67E+01(E2) 
7.760 

4� → 2�  
------ 

0.00E+00(M1) 0.71E+02(E2) 0.00E+00(M1) 0.98E+02(E2) 0.00E+00(M1) 0.41E+02(E2) 0.00E+00(M1) 0.56E+02(E2) 
76.63 

4� → 1�  M1+E2 --------- --------- --------- --------- 

 

8. Conclusion 

Full HASP-space shell model calculations were performed 

using the OXBASH shell model code for Windows. The 

HASP model space were employed with the effective 

interactions HASP, HASN, VPNP and VPTH to reproduce 

the level spectra and transition strengths B(E2) and B(M1) 

for the phosphorus-32 (14d) Isotope. Excellent agreement 

was obtained by comparing these calculations with the 

recently available experimental data for the level spectra 

using VPTH effective interaction. Calculation of the 

transition strengths prove that VPTH effective potential is 

more consistent in reproducing the experiment respect to 

other interaction potentials for the lower HASP-shell region. 
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