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Abstract: 

In this work interacting boson model (IBM-1) has been used to study the 

nuclear structure of Mg(A=26) isotope where it belong to dynamical symmetries (6). 

The energy levels, the electric quadrupole probabilities B(E2), reduced matrix 

elements <If||
)2(ET ||Ii> and intrinsic moments Qo has been predicted. 

Two main programs were used in the present calculation, (IBSS1.for) to 

calculate the energy levels and (IBMT.for) to calculate the B(E2) , <If||
)2(ET ||Ii> and 

Qo. Our results are compared with available experiment data where they show good 

agreement.    

 

 
 

رات التناظر  Mg-26هستىيات الطاقة والانتقالات الكهرتائية رتاعية القطة لنظير 

 IBM-1تاستخذام نوىرج  O(6)الذيناهيكي 
  

 علي عثذ الىهاب رضا ، عواد عثذ الرزاق ، علاء جثار غساي
 

 جاهعة ري قار –كلية العلىم  –قسن الفيسياء 

 :الخلاصة
 ل راستتة الدرب تتن البتتننر لب  تتر(IBM-1)  استتدخ ف  تتا اتتحا الوذتتا بوتتنحت الونفنبتتالأ الود ا تت  ا ن 

، إح دتف ذستان وستدن الأ الةاوتة ناذدوال تة O(6)نالحر  بدوا الى الدبا ر الت  باو با   Mg(A=26) الوغب س نف
 <Ii || الوخدفلتة                 ن باصر الوصت ن ة B(E2)وائ ة روا  ة القةنالابدقالالأ البهر 

)2(ET  <If||  ندتف
 . Qoالعفف الحادا البهروائا بحلك ذسان 

نو  اسدخ ف ورباوج ن جفئ  ن ون الورباوج الرئ سا لهحا البونحت  ا إ جا  البدائج الب ر ة ناوتا بت  وتن 
(IBSS1.For) نوربتتاوج وستتدن الأ الةاوتتة الختتاب وذستتان (IBMT.For) الختتاب وذستتان بتت  وتتن B(E2) 
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،||Ii> )2(ET  <If|| ،Qo  . ودنا قتة وكتب  ندف وقاربة البدائج الدا ذصلبا  ل ها وع القت ف العول تة الودتن رك  بابتلأ
 .ج  

Introduction: 

Arima and Iachello (1979)
 (1)

 have developed the interacting boson model 

(IBM), which is based on the well-known shell model and on geometrical collective 

model of the atomic nucleus.  

This model is to describe nuclear properties such as spins, energies of the 

levels, decay probabilities for the emission of gamma quanta, probabilities of 

electromagnetic transition and their reduced matrix elements for different 

transitions multipole moment and mixing ratios
 (1, 2)

.  

The (IBM-1) is used in the present work, this model represents very 

important step formed in the description of collective nuclear excitations. The 

underlying U(6) group structure of model basis leads to a simple Hamiltonian which 

is capable of describing the three specific limits of collective structure vibrational 

U(5), rotational SU(3) and gamma unstable O(6)
 (1,3)

. 

 In the simplest version of the interacting boson model (IBM-1), its assumed 

that low-lying collective states in even-even nuclei away from closed shells are 

dominated by excitation of the valence protons and the valence neutrons (particles 

outside the major closed shell) while the closed shell core is inert. Furthermore, its 

assumed that the particle configurations which are most important in shaping the 

properties of the low-lying states are these in which identical particles are coupled 

together forming pairs of angular momentum  0  and  2
(1,2)

 . 

 Brown B. and Wildenthal B. (1983)
(3)

, they used IBM-1 to calculate the 

energy levels, μI and B(M1) for Mg-24 of O(6) dynamical symmetry which they 

show a good agreement of Hamiltonian equation for internal levels in (A=17-39) 

isotopes. 

 Zhang J. et al. (1997)
(4)

, study of 
24

Mg and 
28

Si angular momentums, 

branching ratios and B(E2) comparing with experimental data.     

Theoretical part: 

1- The Hamiltonian operator of the (IBM-1) 

The Hamiltonian operator according IBM-1can be written as follows
(1, 2)

: 

 

)1...(..........ˆ
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Where  εi: is the boson energy. 

 Vij: is the boson-boson interacting energy. 

 N: is the total number of bosons. 

 The most commonly used from of the (IBM-1) Hamiltonian
 (5)

:  

 

Where                         is the boson energy. 

The operators: 

  

 

 

 

 

 

 

 

 

 

 

    The rotational dynamical symmetry and equal zero for vibration 

and γ-soft dynamical symmetry. And ao,a1,a2,a3,a4 are the phenomenological 

parameters. 

2- Gamma unstable Dynamical symmetry O(6) 

For O(6) dynamical symmetry, the Hamiltonian operator becomes
(6)

: 

 )2....().........T̂.T̂(a)L̂.L̂(a)P̂.P̂(aĤ 3331o   

The electric quadrupole transition operator in the IBM-1 can be written as
(2)

:    
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           Where   2  is the effective charge of boson. 

                         2   is the effective of one particle in d-boson. 

 

While the electric quadrupole transition probability can calculated by
(7)

: 

)2....().........ˆˆ()ˆ.ˆ()ˆ.ˆ()ˆ.ˆ()ˆ.ˆ(ˆˆ
44433321 TTaTTaQQaLLaPPadnH o 
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ddnd The boson number operator 

The pairing bosons operator 

The angular momentum operator  

The quadrapole operator 

The octupole operator  

The hexadecapole operator 
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And the electric quadrupole moment (QI) is
(1,2)

: 

   5..............IT̂I
I0I

I2I

5

16
Q i

2E

fI 











  

Results & Discussion: 

           In this work we have studied the nuclear structure of even-even                     

Mg (A=26) isotope which is classified to gamma unstable dynamical symmetry O(6) 

by comparing the energy ratios E4/E2=2.39 , E6/E2=4.53 , E8/E2=7.29 with ideal 

values for three dynamical symmetries U(5), O(6) and SU(3) of IBM-1. This study 

past over energy levels, γ-transitions, electric quadrupole transition probabilities, 

reduced matrix elements and intrinsic quadrupole moments. Table (1) presents the 

isotope used in the present work according to its atomic mass number, total number 

of boson and the corresponding Hamiltonian parameters according to gamma 

unstable dynamical symmetries O(6).  

 
Table (1): The parameters of Hamiltonian operator and electric transitions for Mg 

(A=26) isotope used in present work of IBM-1. 

 

         Tables (2) presents values of the energy levels (present work), according to 

energy bands (g, β, and γ bands) in comparison with available experimental data. 

This table list the new energy levels belong to, β1, β2, β3 and β4 bands with their spins 

and parties. The results show that, the β-band is a large extent emerge than the γ-

band for the dynamical symmetry U(5) and SU(3), while the emergence of γ-band is 

increasing for the isotopes having the transitional dynamical symmetry U(5)-O(6). 

The β-band is not difficult to see it in the dynamical symmetry O(6), in the low spin 

states, but it is difficult to find it due to the high spin state. 

Isotopes Nπ Nυ N 
PP ˆ.ˆ   

(MeV) 

II ˆ.ˆ  

(MeV) 

33
ˆ.ˆ TT  

(MeV) 

α2  

(eb) 

β2 

 (eb) 

26
Mg 2 3 5 0.5980 0.1325 0.5520 0.0600 0.1910 
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Figure (1) shows the gamma energy transitions comparison with 

experimental data as a function of spin sequences, it is noted that the sequences (04--

-21 and 81---61) have a high probability of gamma transitions. 

          Figure (2) shows energy levels for 
26

Mg isotope present work      corresponding 

to the typical energy band spectrum, in comparisons with available experimental 

data. The energy levels in β2, β3, β4 and γ1, γ2 are shown in this figure. Table (3) list 

values of intrinsic quadrupole moments, gamma energy transitions, electric 

quadrupole transitions probability and reduce matrix elements which show a good 

agreement comparison with a available experimental data for Mg-26 isotope. 

Figure (3) explains the relationship between electric quadrupole transitions 

probability and it's reduce matrix elements as a function of spin sequences, the 

transitions (02---22, 03---21) show an inverse relation between them by using IBM-1 

and the transitions (02---22) has a very high probability of electric quadrupole 

transitions. Figure (4) shows the electric quadrupole moments as a function of 

angular momentum by using "IBMT.for" program of IBM-1 for Mg-26 isotope.    
 

Table (2): The energy levels of the 
26

Mg isotope according to energy bands 

 (g,β,γ-band) in comparison with available experimental data
(8,9)

. 

   Level 

B.E 

0+ 2+ 4+ 6+ 8+ 10+ 

2+ 3+ 4+ 5+ 6+ 7+ 

g. exp. 0.0000 1.8087 4.3184 8.2010 13.1900 - 

g. IBM-1 0.0000 1.5678 4.3060 8.2146 13.2936 19.5430 

β1. exp. 3.5888 4.8343 5.4737 - - - 

β1. IBM-1 3.5880 5.1558 5.5140 10.9746 16.6056 - 

β2. exp. 4.9003 - - - - - 

β2. IBM-1 4.9680 6.8118 7.8940 11.8026 - - 

β3 exp 6.2560 - - - - - 

β3 IBM-1 5.9800 7.5478 9.2740 - - - 

β4 exp - - - - - - 

β4 IBM-1 8.5560 11.5038 12.5860 - - - 
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γ1. exp. 2.9384 - - - - - 

γ1. IBM-1 3.2238 5.8956 10.1020 13.3590 14.2866 15.3688 

γ2. exp. - - - - - - 

γ2. IBM-1 8.1918 9.4836 - 10.0470 - - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (3): electric moments, gamma transitions, electric quadrupole 

transitions probability and reduce matrix elements comparison with 

experimental data
(8,9,10,11)

 for Mg-26 isotope. 
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Figure (1): gamma energy transitions comparison with experimental data as 

a function of spin sequences in (IBM-1) for Mg-26.   
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Figure (3): electric quadrupole probabilities and its reduce matrix elements as a function 

of spin sequences in (IBM-1) for Mg-26. 

Figure (4): electric quadrupole moments as a function of angular momentum in 

IBM-1 for Mg-26. 
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