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Abstract  

In the present work, the interacting boson model (IBM-1) was used in 

the calculations of the energy ratios, energy levels and energy bands for even-

even isotopes of Yb(A=168-172). The dynamical symmetries for the isotopes 

under study have been determined, which is found to be SU(5)-SU(3).The 

well-deformed even-even nuclei in general populate in high-spin states, so that 

the low-lying bands will extinctions to a high spin also. The energy ratios of 

Yb (A=168-172)   is the 
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will give a big values.  The 

energy spectrum according to the sequences of energy bands (g, β, γ)give very 

good agreement of the level sequence of each band with the typical sequence 

of ground band (0+, 2+, 4+,……), β – band (0+, 2+, 4+,……), and γ – band (2+, 

3+,4+, 5+,……). There are good agreement between the present results and the 

experimental data. 
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 Yb(A=168-172)زوجيه-و نسب الطاقه للنواة الزوجيه  (g,β,γ)حزم الطاقه
  

 خالد سلمان ابراهيم )أستاذ(        أيمان طارق العلوي )استاذ(
 سلامه صادق حمادي

 ه المستنصريةالجامع/كليه العلوم/ قسم الفيزياء
 

 المستخلص
لحستا   مستا القا ت   (IBM-1)في البحث الحالي استخدم  موتج ا البجنامتال الوخلا اتو ا ا 

. ااظهترل النختائب نتا  Yb(A=168-172)  ضون ا  تما   ناجي  –الزاجي    لانظائر  احز  القا و
ناجيتتتو الوهتتتجاو  ايتتتا   -و. النتتتجال الزاجيتتتSU(5)-SU(3النظتتتائر منخوتتتي التتتا الخنتتتاظرال الم نا ي يتتتو   

Yb(A=168-172)  نصتجةل  ا تتو م تج  فتتي حالت   اةا   اليتتو الهتحا موختتم الحتز  الجا  تتو التا حتتا ل
 اةاميو  اليو امسا القا و
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E 172لانظائر) -Yb (A=168 .م ج   يوخها  بيرل 

.  تم ا قتا مجافًتا فتي مساستو  ستخجطال القا تو  (g, β, γ)ا   يت  القا تو افًتا  لخختانز  حتز  القا تو  
0)+2 ,+ ,ا حز تو ييختا   0)+2 ,+4 ,+(……,لتي لاحز تو ا ةضتيو  ل تو حز تو  تز الخساستو الو تا

اانتا  مجافتج جيتم يتين الًتيي الختي حصتانا  ايهتا  ا  2)+3 ,+4,+5 ,+(……,ا لحز و  ا تا  4+(……,
 الًيي العوايو الوخجفرل.

1. Introduction 

A study of nuclear physics centers around tow main problems, first one 

hopes to understand the properties of the force which holds the nuclear 

together. Second one attempts to describe the behavior of systems of many 

particles. A transition between excited states occurs by emission of 

electromagnetic radiation (gamma rays) completely analogous to light 

emission from atoms. The main difference is that, where as atomic states are 

separated by energies of the order of an electron volt [1]. 

The underlying physical picture one has in mind the spherical shell 

model, here the particles move in the average due to all others. This average 

field is producing the single-particle level, with quantum numbers l , j  where 

l  is the orbital angular momentum and j  is the total angular momentum. The 

nature of average potential is such that gives a rise to a shell structure. 
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Major shell closures occur at certain nucleon numbers. These magic 

numbers are usually taken as 2,8,20,28,50,82,126,184. Sometimes, one also 

considers ‘partially magic’ numbers where smaller but non- negligible gaps 

occur in the single particle spectrum. In order to calculate properties of given 

even-even nuclei, diagonlization of the residual interaction in the space 

provided by average field is necessary.  This is an extremely difficult (and in 

some cases impossible) problem. One thus seeks truncation of the shell- model 

space.  First we usually assume that the closed shells corresponding to the 

magic number are inert. Second, assume that the important particle 

configurations in even-even nuclei are those in which identical particles are 

paired together states with total angular momentum and parity Iπ =0+ and Iπ 

=2+. Finally, the treatments of each pair as a boson of all these assumptions 

can be slightly relaxed and there exist already several calculations with active 

closed shells with Iπ =4+ pair and with pairs explicitly treated as fermions. If 

one retains all three approximations one is led to consider a system of 

interacting boson of two types, proton bosons and neutron bosons. 
 

2. Basic consideration 

The most commonly used form of IBM-1 Hamiltonian is [2, 3]: 

)ˆ.ˆ()ˆ.ˆ()ˆ.ˆ()ˆ.ˆ()ˆ.ˆ(ˆˆ
444333210 TTaTTaQQaIIappanH d                                     

(1) 

Where  
sd

    is the boson energy. 
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and a0 ,a1,a2,a3,a4 are the phenomenological parameter . 

(2) 
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The electromagnetic transition rates, B(E2) values of this chain and the 

quadrupole moments (QI) are described by (4): 
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In particular, for I=0, or 2 

B (E2;   11 02 ) = N2

2                                (5) 
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The basic condition for the observation of a SU(5) symmetry in the 

electromagnetic transition is (4) : 

2
)1(

2
)02;2(

)20;2(

)02;2(

)22;2(

)02;2(

)24;2(

11

12

11

12

11

11 






 



























N

N

EB

EB

EB

EB

EB

EB
         (7) 

Where the necessary conditions for the observation of the SU(3) symmetry 

are(4): 
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3. Transitional Regions in IBM-1 

      SU(3)-SU(5) transitional dynamical symmetry  

This transitional region includes the two groups, SU(3) and SU(5). The 

SU(3) has to be broken with dn term. The general form of Hamiltonian 

operator of this region can be given as [4, 5, 6]: 

QQaIIanH d
ˆ.ˆˆ.̂ˆˆ

21                                     (10) 

The solution of the equation (10) depends on the ratio of (/a2), when 

the ratio (/a2) is large the eigenfunction of Ĥ are those appropriate to the 

limiting SU(5). Also the B(E2) values are affected by the ratio (/a2). 

The B(E2) ratios ( Branching Ratios) can be given by (4,5): 
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R= 
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Where:  R= 0  in SU(5) region 

   R=7/10  in SU(3) region 

 

 

4. Results and Desiccations 

    4.1. Energy Bands spectrum (g, β, γ): 

 The behaviors of the structure of each nucleus considered in this work 

which is deduced by studying the dynamical symmetry and energy spectrum 

according to the sequences of energy bands (g, β, γ). Yb (A=168-172) 

rotational spectra occur in even-even nuclei with permanent qurdrupole 

deformation in lowest part of the experimental spectrum of the nucleus 

A=(168,170,172) at the highest angular momentum the expected degeneracy's 

are broken having as a result vibrational spectrum. A transition from 

vibrational to rotational character is observed as one move away from closed 

major shells. 

The Yb (A=168-170) are clearly rotational. The rotational character 

becoming more profound as the number of valance neutrons increases. The 

SU(3) limit of IBM-1. The fallowing discrepancies between theory and 

experiment exist. We have seen that in this limit the γ1 band and β1 band 

belong to the same SU(3) irrep, (2N-4,2). As a result, the levels of the tow 

bands are predicted to be degenerated. In this limit the ground state band 

belongs to the (2N,0) irrep, while the β1 and γ1 bands belong to the (2N-4,2) 

irrep )2(ˆ E
T  transition operator can connect only states within the same irrep as 

a result, B(E2) for γ1→ β1 transitions, while the γ1→ ground and the β1→ 

ground transitions should be forbidden. 

The (β) vanishes for spherical shapes, while it is different from zero for 

deformed shape . (γ) vanishes for prolate shapes and has the value 
3


 for 

oblate shapes. Nuclei in transitional region are through to be triaxial γ-

unstable. Continuously changing their shape from prolate to oblate and vice 

versa. Figures (1→3) show the energy levels for the selected isotopes where 

they obey the typical energy bands spectrum. Noticed that there are very good 
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agreement of the level sequence of each band with the typical sequence of 

ground band (0+, 2+, 4+,……), (β – band) (0+, 2+, 4+,……), and (γ – band) (2+, 

3+,4+, 5+,……). There are good agreement between the present results and the 

experimental values of the energy bands.   

 

 

 

 

 

 

 

Figure (1):Comparison between calculated IBM (PW); and experimental 

isotope of the dynamical  98

168

70Ybbands ) in -γ  energy bands states(g, β,

symmetry SU(3)-SU(5). 
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Figure (2):Comparison between calculated IMB (PW); and experimental 

isotope of the dynamical  100

170

70Ybbands) in-γ β, s (g,energy bands state

symmetry SU(3)-SU(5). 
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Figure (3):Comparison between calculated IMB (PW); and experimental 

isotope of the dynamical  102

172

70Ybbands) in-energy bands states (g,β,γ

symmetry SU(3)-SU(5). 
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4.2. Energy Ratio  

The Yb (A=168- 172) isotopes are characterized by high deformed due 

to increasing the neutron number. The deformation is caused by the distorting 

influence of particles (holes) outside a closed shell. Near closed shells, the 

nuclear ground state wave-function represents a linear combination of 

spherical and deformed shapes. As we go away from the closed shells, the 

“deformed” part of the wave function increases and the “spherical” part 

decreases. When the number of particles (holes) reaches a critical value, the 

“spherical” part vanishes and the spherical deformed phase transition sets. 

Table 1 tabulated the corresponding energy ratios for each limit. 

        Table (1): The energy ratios of corresponding limits [7]. 

Limit E (41
+) / E(21

+) E(61
+) / E(21

+) E(81
+) / E(21

+) 

SU(5) 2.3 3 4 

O(6) 2.5 4.5 7 

SU(3) 3.33 7 12 

      The predicted ratios 
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E
 is 3.33 in remarkable agreement with the 

symmetries of nuclear levels for 150 <A< 190. Nuclei Yb (A=168-172) show 

structures most characteristic of rotations of a non spherical system. The well-

deformed even-even nuclei Yb(A=168-172) in general populate high-spin 

states, so that an extinctions of the low-lying bands to a high spin and the level 

spacing shows that the energy ratios of Yb (A=168-172) highest energy ratios 

of 
)2(
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E
.  Table 2 shows the comparison between the 

calculated theoretical and experimental energy ratios for each limit. The 

comparison shows good agreement. Also figure (4) shows the relation 

between the energy ratios as a function of number of neutron (N) for the even-

even Yb (A=168-172) isotopes. The comparison is in good agreement.   
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Table (2): Theoretical energy ratios compared with the experimental data for 

chosen even-even isotopes. 

 

Isotopes 

E(41
+) / E(21

+) E(61
+) / E(21

+) E(81
+) / E(21

+) 

EXP. IBM-1 

(pw) 

EXP. IBM-1 

(pw) 

EXP. IBM-1 

(pw) 

98

168

70Yb  3.3058[8] 3.3058 6.7044[8] 6.7044 11.1111[8] 11.8819 

100

170

70Yb  3.2918[9] 3.3525 6.8030[9] 6.9938 11.4317[9] 11.9795 

102

172

70Yb  3.0330[10] 3.3325 6.7386[10] 6.9942 11.5761[10] 11.9803 
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Figure (4-A,B,C): The relation between the energy ratios as a function of 

number of neutron (N) for the even-even Yb (A=168-172) isotopes. 
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