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Abstract:            

            In this paper  Yb
170-176  

 even
 
  isotopes have been studies  by  the interacting boson model (IBM-1) to 

determine the nucleus shape by studying the  surface potential energy using the equations of Hamilton 

function . In addition, the program IBMT-1  was used for evaluating the reduced transition probability  B(E2). 

The obtained results  for 
170-176

 Yb were reasonably in good agreement with the previous experimental and 

theoretical values . According to the IBM , It was  found  that these isotopes belong to the rotational region 

SU(3). 

 

 

Ybلنظائر )  المختزلة الكهربائية احتمالية الانتقال وحساب طاقة جهد السطح  
170-176

( باستخدام نموذج  

(IBM-1 ) 

 

 فلاح حسون عريبي                                فائق عبدالله محمد التميمي

 جامعة الكوفة / كلية العلوم / قسم الفيزياء

 الخلاصة :

  Ybفي هذاا الحثذد ست ذظ ئرذا  
170-176 

شذك  الوذواب با ذععاا  ستا ذة  اقذة ج ذد  لعثديذد (IBM-1)با ذععاا  ئاذو ا الحونائذال الاعفا لذة   

 اأظ ذ ل .لعثديذد احعااليذة الائعلذا  الك  با يذة الاةعزلذة  IBMT-1)ا ذععاا  الح ئذام)   إلذ ضذافة الأبالسطح حسب معاسلال سالذة هذاملعو،   

  Ybئرا   ئعا )
170-176 

هذا  الورذا  بذا، اجذد  IBMامذ  لاذ   ئاذو ا الحونائذال الاعفا لذة  ,  السذابلة ا لللذيم العاليذة مذل الور يذةتطابلا جيذد
 
 

 . SU(3)   الاوطلة الداتائيةوعاي إل  ت
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1-Introduction :

 

          Since the discovery of the discrete line 

superdeformed energy bands (denoted as SD band 

hereafter) [ 1]                                                        

Extensive experimental and theoretical studies 

have been launched in this fieldThere are several 

striking features for these SD bands. The 

quadrupole moments are quite large. In a given 

mass region the dynamic moments of inertia 

deduced from the energy spectra data are 

sometimes quite similar for different SD bands. 

Also, many SD bands for different superdeformed 

nuclei have nearly the same transition energies. It 

was conjectured that quantized pseudo-spin 

alignments are responsible for the occurrence of 

identical SD bands [2].. The preliminary success of 

the geometrical model suggests that in the 

superdeformed nuclei the most important 

excitation degree of freedom is the collective 

rotation .Based on the dominant role of the J” = 

O+ and 2+ nuclear pairs in the Nilsson wave 

functions, Otsuka and Honma proposed an 

algebraic super deformed interacting boson model 

[3]. In this model the inert core is smaller as 

compared with the normal interacting boson model 

and the number of valence bosons is increased by a 

factor of 2 to 3. The model was analyzed in the 

SU(3) limit which provides analytical expressions 

for energy eigen values. The normal interacting 

boson model has been quite successful in 

correlating collective nuclear properties in both 

dynamic symmetry limits and transitional regions. 

The important feature of the superdeformed 

interacting boson model is the smaller core and 

large numbers of valence bosons. Therefore, it will 

be very helpful if we can find a way to deal with 

large number of active bosons. If this technical 

problem can be solved, we can apply the model to 

superdeformed nuclei without any restriction to a 

specific dynamic symmetry limit. This work is an 

effort toward this direction. 

           In (1990) D. S. Chuu et al[4] studied 

asimple procedure to optimize the interaction 

parameters in IBA-1 as used to calculate the 

energy levels of strongly deformed nuclei 
154-

158
Sm, 

154-160
Gd, 

156-164
Dy, 

160-168
Er, 

162-172
Yb and 

168-176
Hf. It was found that the variation in the 

interaction parameters for each isotope. The B(E2) 

values were also calculated, and compared with the 

experimental data and previous work. Satisfactory 

agreement was obtained. In(1999)[5] N. Minkov 

and etal studied derive analytic expressions for the 

energies and B(E2)-transition probabilities in the 

states of the ground and γ bands of heavily 

deformed nuclei (including Yb Isotopes) within a 

collective vector-boson model with SU(3) 

dynamical symmetry. E Biémont ,etal[6] in ( 2001) 

The analysis of the spectrum of Yb III has been 

extended allowing us to establish 11 new energy 

level values. The good agreement between 

experimental results and semi-empirical 

calculations performed with the relativistic 

Hartree-Fock method including core-polarization 

effects allows the determination of transition 

probabilities for 15 lines. In (2003) A. K. Rath, 

Stevenson, Regan, XU, and Walkr[7] were studied 

Ground-state deformations, binding energies, and 

potential energy surfaces as calculated for even-

even dysprosium isotopes between 
160

Dy and 
180

Dy 

in the framework of density-dependent Hartree-

Fock calculations with BCS pairing correlations. 

In2008 R. Rodríguez-Guzmán and etal[8] were 

studied the evolution of shapes with the number of 

nucleons in various chains of Yb, Hf, W, Os, and 

Pt isotopes from neutron number N=110 up to 

N=122 

        In 2011 The low-lying quadrupole collective 

states in neutron-rich even-even Yb, Hf, W, Os, 

and Pt isotopes were studied in a systematic way. 

Spectroscopic calculations are performed in terms 

of the Interacting Boson Model Hamiltonian, 

which is determined from the Hartree-Fock-

Bogoliubov (HFB) approach with Gogny Energy 

Density Functionals (EDFs)[9]. 
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2- IBM  model : 

               In the scheme of interacting boson model- 

I (IBM-I) which does not distinguish between the 

neutron- and proton- boson there are 31 valence 

bosons. To carry out a calculation with so many 

bosons an efficient  

method of calculating the boson coefficients of 

fractional parentage (cfp) is needed. The 

Hamiltonian for IBM-I is given by [10] : 

 

 

 
 

The general Hamilton operator function formula 

for this isotopes is[11] 

)2(............................................................2

2
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and the equation of eigen value to Hamilton is 

given by [12] : 
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 where : 

{(λ,µ),K,L,M} the quantum numbers, but (λ,µ) 

determined the rotational limit SU(3)  state. 

The potential energy surface function of total 

number of bosons and deformation factors of (β,γ) 

were calculated from the equation (9).[11,12]  
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By differentiating  the equation (9) with respect 

(α,β) we obtain :[11,12] 
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N : total number of bosons. 

β : magnitude of nuclear deformation ,take the 

value (0 to 2.4). 

γ : asymmetry angle , take the value from 0
o
 to 60

o
. 

A1,A2,A3,A4 : Parameters of potential surface . 

The Deformed Nuclei depended on (β,γ) factors 

.when β=0 the Nuclei is spherical and when β>0 

the Nuclei is Deformed , otherwise when γ =0
o
 the 

Deformed nuclei are spherical of Prelate Shape and 

when γ =60
o
 the Deformed nuclei are spherical of 

Oblate Shape . The equation which is used for 

calculating the reduced transition probability  

B(E2) is [13] : 

)6)...(32)(2(
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The formula for determining  the electric quadruple 

moment (Q) to these limits is :[13] 
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The relation between (α2) and (β2) for these  limits 

is :[12] 

)10....(..........
2

7
22   

Where ((α2) and (β2)) parameters used for 

determining the reduced transition probability. 

3-Calculations 

      When we studied the surface potential energy 

of  Yb
170-176

 isotopes, it was found that these 

isotopes determine rotational limit ,Depending on 

the results which were calculated by using 

interacting boson model -1 (IBM-1)program ,we 

compared our results with experimental results 

such as the shape of surface potential energy     . 

3.1. Calculation potential energy surface : 

           The potential energy surface was calculated 

after determining the parameters of Hamilton 

function operator that specialized  for Yb
170-176

 

isotopes . Table (1) shows the parameters which 

are used in (IBMP-1) program for calculating 

potential energy surface V(β,γ )                            

……………(1)

…………

………. 
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Table1. parameters used in this program for calculating potential energy surface for  
170-176

 Yb in MeV 

 

Isotopes ao a1 a2 a3 E2SD E2DD 

Yb
034 

-0.004 -0.029 -0.055 0.000 -0.068 0.026 

Yb
031

 -0.004 -0.027 -0.050 0.000 -0.062 0.026 

Yb
030

 -0.005 -0.036 -0.067 0.000 -0.083 0.006 

Yb
031

 -0.005 -0.034 -0.060 0.000 -0.075 0.017 

 

The surface potential energy gives the last shape of nucleus .Its agreed with Hamilton function [15] of two 

parameters (β,γ).Fig (1) shows the rotational limit SU(3) for Yb
170-176

 isotopes  as compared of the papers 

 ].2[1 

 

4- Calculation the square of rotational energy 

and the moment of inertia.: 

        Depending on the values of parameter (β2, α2) 

which were calculated from equations(5,8). In this 

 paper we studied the determination of these 

parameters depending on the experimental values 

for transitions B(E2,21
+
   02

+
) the parameters 

which were used in(IBMT-1)program (E2SD & 

E2DD) could be calculated as follow: [16]               

           9.......................22 SDE 

                              10................5 22 DDE 

In addition to ,The value of (α2)can be found after 

calculated transition B(E2) from the following 

equation .[17] 

 
   11....

1

57.56
)( 22

2

1

52 be
tE

EB
tot 

 

Where : 

Eγ   : gamma ray transition energy in (KeV) , t1/2  : 

half life for the level (22
+
) 

α tot : Total internal conversion coefficient which 

can be found from the table [18]. 

Table (2) show the parameters (E2SD & E2DD) 

used in (IBMT-1) program for calculation reduced 

transition probability B(E2)of  Yb
170 – 176

 while 

table (4) shows the comparison  between the 

previous experimental and theoretical values. 

 

Table 2. Parameters for calculation reduced transition probability B(E2) 

 

 

Transition Energy 
Isotopes 

E2DD E2SD 

-0.30463 4.04133 Yb
170 

-0.31250 4.04110 Yb
172

 

-0.28890 4.43313 Yb
174 

-0.41458 4.00401 Yb
176
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Figure (1):  Show the surface potential energy for Yb
170-176
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Table 3.shows the experimental and theoretical  reduced transition probability B(E2) of Yb
170-176

 

Transition Energy B(E2)↓e
2
b

2 Spin Parity (Ii
+
---- 

If
+
) 

Isotopes 
Experimental.[15,16] This Work 

 0.41 1.0503110 21
+
→01

+
 

Y
b

1
7
0

 

---------- 4.400701 21
+
→02

+
 

---------- 4.0470113 22
+
→01

+
 

---------- 4.4413144 22
+
→02

+
 

---------- 4.4443333 24
+
→02

+
 

---------- 4.1071333 24
+
→03

+
 

---------- 0.0041334 41
+
→21

+
 

---------- 4.4401171 41
+
→22

+
 

---------- 4.4330343 41
+
→23

+
 

---------- 4.4170131 42
+
→21

+
 

---------- 4.0017010 42
+
→22

+
 

---------- 4.4401333 42
+
→23

+
 

0.11 0.1133174 21
+
→01

+
 

Y
b

1
7
2

 

---------- 4.4101130 21
+
→02

+
 

---------- 4.0013013 22
+
→01

+
 

---------- 4.4413113 22
+
→02

+
 

---------- 4.4443303 24
+
→02

+
 

---------- 4.1303131 24
+
→03

+
 

---------- 0.1331334 41
+
→21

+
 

---------- 4.4403371 41
+
→22

+
 

---------- 4.4331433 41
+
→23

+
 

---------- 4.4140734 42
+
→21

+
 

---------- 4.1007774 42
+
→22

+
 

---------- 4.4401333 42
+
→23

+
 

0.1 0.1071434 21
+
→01

+
 

Y
b

1
7
4

 

---------- 4.4034111 21
+
→02

+
 

---------- 4.0410734 22
+
→01

+
 

---------- 4.4410111 22
+
→02

+
 

---------- 4.4441307 24
+
→02

+
 

---------- 4.1303733 24
+
→03

+
 

---------- 4.4444401 41
+
→21

+
 

---------- 4.0770013 41
+
→22

+
 

---------- 4.4447701 41
+
→23

+
 

---------- 0.1000374 42
+
→21

+
 

---------- 4.4401314 42
+
→22

+
 

---------- 4.4331311 42
+
→23

+
 

4.33 4.3310331 21
+
→01

+
 

Y
b

1
7
6

 

---------- 4.4047330 21
+
→02

+
 

---------- 4.4334001 22
+
→01

+
 

---------- 4.4410314 22
+
→02

+
 

---------- 4.4441700 24
+
→02

+
 

---------- 4.1001703 24
+
→03

+
 

---------- 0.7073414 41
+
→21

+
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---------- 4.4407177 41
+
→22

+
 

---------- 4.4103103 41
+
→23

+
 

---------- 4.4011117 42
+
→21

+
 

---------- 4.0400110 42
+
→22

+
 

---------- 4.4471133 42
+
→23

+
 

 

 

 

 

5- Result and discussion : 

    Our calculated values of the surface potential  

energy and reduced transition probability B(E2)  of 

Yb
170-176

 had reasonable agreements with 

experimental data . The obtained results for 

transition energies of   Yb
170-176

  of transition 

(21
+
→01

+
) for the (0.08323 , 0.07819 ,0.07603 and  

 0.08211)MeV were   ( 1.0503110 , 1.2577230 , 

1.2136070 and 0.9724975) e
2
b

2
  on succession so 

they were in good agreement with the experimental 

values. The figures in uppermost refer to the 

 Yb
170-176

 isotopes rotational limits SU(3).  
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