
 

   

Calculations of Ground Band in even-even 
170-180

W  nuclei by  

Interacting boson model (IBM-1)  

  Mushtaq Abed  Dawood Al-Jubbori*    Hussein Ali Hassan Al-Saffar** 

 

 

125 Vol: 10 No: 4 , October 2014 ISSN: 2222-8373  

Calculations of Ground Band in even-even 
170-180

W  nuclei by 

Interacting boson model (IBM-1)  
 

  Mushtaq Abed  Dawood Al-Jubbori*    Hussein Ali Hassan Al-Saffar** 

 
* Department of Physics, College of Education for Pure Science, Mosul University, Iraq 

**Ministry of Education , General Directorate for Nineva Education, Iraq 

 

Received 8 December  2013 ; Accepted 3 February 2014 

  

Abstract 

 
   In this work, the properties of  

170-180
W isotopes are studied by the E-GOS curves and the 

relation between energy levels and E2  showed that 
170-180

W lie  in SU(3)-O(6) transition 

region were investigated to calculate  the energy levels of ground state band according to the 

Interacting Boson Model (IBM-1). The entire calculations and drawing of the figures 

implemented by one program written by matlab language.  The results are compared with 

experimental data and showed good agreement.  
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 الخلاصة

 
في هذا البحث تم دراسة خصائص نظائر التنكستن          

170-180
W  بواسطة منحنيات كاما مقسووما  للوا الوزخمE-GOS 

أ  فووي المنطقووة  SU(3)-O(6) ان هووذا النظووائر تقووا بووين التحديوودين E2وتبووين موون العبقووة بووين مسووتويات الطاقووة ومسووتو  

ية بين النوى الدورانيوة والنووى تات خصوائص كاموا النالموةب  مسوبي مسوتويات الطاقوة للنظوائر المدروسوة ب سوت دام الأنتقال

يفي بهذا الغرض من اجراء الحسوابات  matlabمن خبل برنامج ماسوبي كتب بلغة  IBM-1انموتج البوزونات المتفاللة 

 النتائج العملية وتبين انها تتفق بشكل جيدبورسم الأشكال المطلوبةب  قورني  الحسابات الحالية ما 

 

 ، IBM-1، أنموتج البوزونات المتفاللة   E-GOS،SU(3)-O(6)نظائر التنكستن، منحنيات  :الكلمات المفتاحية 

 مستويات الطاقةب                         
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Introduction 

 
      Several phenomenological and geometrical models [1] have been proposed to investigate 

the nuclear structure by the prediction of the ground states and the description of 

electromagnetic transition rates [2]. The quadrupole correlations and electromagnetic 

transition in nuclei depends mainly on the neutron-proton interaction. However, the excitation 

energies of collective quadrupole excitations in nuclei near a closed shell are strongly 

dependent on the number of nucleons outside the closed shell [3,4]. The tungsten isotopes 

received considerable attention both theoretically and experimentally in recent years. Abdul 

Ameer and Al-Shimmary [5] calculated the energy levels,  B(E2) transition probabilities and 

electric quadrupole moment of the even-even 
180-190

W isotopes in the transition region SU(3)-

O(6). The energy levels, electric quadrupole moments, B(E2) values of 
182-186

W isotopes have 

been calculated by, Salem et al [6]  within the framework of the interacting boson model 

IBM-2. Due to the increased interest  in this subject recent years, the energy levels and E-Gos 

of even-even 
170-180

W isotopes in SU(3)-

by  the Interacting Boson Model (IBM-1) . 

 

Theory 
 Energy Gamma Over Spin (E-GOS) 

Many nuclei exhibit a decay sequence consistent with quasi-vibrational excitations at 

lower spins, the perfect harmonic vibrator of gamma-ray decay energies are given by : 

w)2JJ(E                                                                      (1) 

 where J  is spin state,  is plank's constant and w  is angular frequency. While, for an axially 

symmetric rotor,  
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where  is moment of inertia of the nucleus. 

The gamma-soft nucleus can be written as 
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 provides an effective way of distinguishing  

     axially symmetric rotational, -unstable and harmonic vibrational mode [7]. 
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Figure (1) shows these theoretical limits plotted for three schematic nuclei: (i) a vibrator in 

which the first 2
+
 excited state lies at an energy of 500 keV, (ii) a rotor where this energy is 
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100 keV and (iii) a  -unstable of energy 300 keV (These values were taken to represent 

typical nuclear vibrator, rotor and  -unstable energies, respectively.)  

 

 

 
Figure (1): Standard curve of  E-GOS plot for vibrational U(5), gamma unstable O(6) 

and rotational bands SU(3) 

 

Interacting Boson Model (IBM-1)  
 In the present work, the IBM-1 states of the low lying collective state of even-even nuclei can 

be described by the interaction of s and d−bosons, carrying angular momentum L = 0 and L= 

2, respectively. The IBM-1 Hamiltonian is written  

444333210d

" T̂.T̂aT̂.T̂aQ̂.Q̂aL̂.L̂aP̂P̂an̂H  
               (7) 

Where ao , a1 , a2 , a3 and a4 are strength of pairing, angular momentum and multipole terms. 

The Hamiltonian  tends to reduce into three limits, the vibration U(5), γ-soft O(6) and the 

rotational SU(3) nuclei [8]. In U(5) limit, the effective parameter is ε, in the γ-soft limit O(6) 

the effective parameter is the pairing ao and in the SU(3) limit the effective parameter is the 

quadrupole a2 . 

The eigenvalues for the SU(3)-O(6) limit is given by [9] 

 

)1())(3()]4()4([),,( 5

22

23  JJKKNNKJE    (8)  

            

for low-laing N=σ, μ=0 and λ=2N therefore    
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Discussion  and Conclusions 
 The parameters of  Eq.(9) were calculated for 

170-180
W nucleus and listed in  table (1),  it was 

found that K2 decreases and K5 increases with mass number. 

 

 

Table(1): The Parameters K2, K5 and the ratio R=E4/E2 for 
170-180

W isotopes 

 
 

Figure (2) shows that the ratio EJ/E2 of 
170-180

W versus spin (J) in  which the limit lies between  

SU(3)-O(6).  Eq.(9) used to calculate the energy levels of ground state band. 

 

Figure (3) shows the E-GOS curves of the ground states band of   isotopes. Comparing these 

curves with the ideal limits of vibration, rotational and γ -soft show the evolution in the 

property of these isotopes, were the slow  reduce of all the curves from the first to the last 

excited states confirms that the 
170-180

W isotopes  lies between  SU(3)-O(6) limit. 
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Figure (2): E(J1)/E(21) versus spin J 
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Fig. 2. (continued) 
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Figure (3):  The E-GOS of 

170-180
W isotopes. 
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Fig. 3. (continued) 
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Figure (4) shows the present calculations of the energy levels were found to be in a reasonable 

agreement with measured values. 

        
Figure (4): Comparison between experimental energy levels and calculated data 
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