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Abstract : 

      In this paper , 
170-176

 Yb     isotopes have been studied  by using interacting boson model 

(IBM-1) to determine energy levels and it was classified in two bands the ground state and 

bata band addition, the square of rotational energy and the moment of inertia  values for 
170-

176
 Yb were calculated and compared with the experimental data. The obtained results  for 

170-

176
 Yb were reasonably in good agreement with the experimental data .The attestations refer 

to this isotopes belong  to the rotational limit SU(3).        

 

 

 

Ybلنظائر ) ومربع الطاقة الدورانية وعزم القصور الذاتيحساب مستويات الطاقة 
170-176

( باستخدام 

 (IBM-1) 1 –نموذج البوزونات المتفاعلة 

هادي كاظمسهى        فائق عبدالله محمد التميمي         جعفر عبدعلي ابتسام       علي عبد ابوجاسم الحميداوي  

لوم / قسم الفيزياءجامعة الكوفة / كلية الع  

 :الخلاصة 

نظائر درستفي هذا البحث                   
170-176

 Yb  ات الطاقتة   لتحديد مستتوي 3-باستعمال نموذج البوزونات المتفاعلة

حستا  مربتا الطاقتة الدورانيتة وعتزم الالتور التذا ي  إلت  بالإضتافةو نطتا  بيتتا   الأرضتيةالحالتة  إلت  صتنفي   وصنفت

gنظائر      
170-176

 Yb   الاتيم العمليتة و رتير  والنتتائج  طتابج جيتد للاتيم النظريتة  وأظهترت.  ما النتائج العمليةوماارنتها

 . SU(3)المنطاة الدورانية  إل هذه النظائر  نتمي  إنالدلائل 
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Introduction : 

                

  The most fames of models is the 

Interacting Boson Model of the atomic 

nucleus, introduced in 1974 by Arima and 

Iachello, in which the fundamental 

constituents were correlated pairs of 

protons and neutrons treated as bosons [1]. 

The algebraic structure of this model is 

that of the unitary group in six dimensions, 

U(6). This model, together with the 

Nuclear Shell Model and the Liquid Drop 

Model, form the basis for the description 

of all nuclear phenomena. Several aspects 

of nuclear structure physics were being 

investigated at the moment, including the 

nature of shape phase transitions [2], the 

origin of anharmonicites, and the 

occurrence of collective states in which 

protons and neutrons move out of phase. 

The concept of symmetry was enlarged in 

the 70’s to include a new type, called 

supersymmetry. One of the most important 

models which exploits the concept of 

supersymmetry is the Interacting Boson-

Fermion Model of the nucleus, in which 

the fundamental constituents were 

correlated pairs (bosons) together with 

unpaired protons and neutrons (fermions). 

This model, introduced in 1980 by 

Iachello, forms the basis for the 

description of nuclei with an odd number 

of particles [3]. The IBM is a model for 

the structure of even-even collective nuclei 

which assumes that the monopole and 

quadruple degrees of freedom were the 

most important. It also assumes that all 

excitations were boson because of the 

existence of pairing interactions which 

were dominant at low energies. It is 

suitable for describing intermediate and 

heavy atomic nuclei. Adjusting a small 

number of parameters, it reproduces the 

majority of the low-lying states [4]. In 

(1990) D. S. Chuu etal[5] studied asimple 

procedure to optimize the interaction 

parameters in IBM-1 was 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 is found 

that there was variation in the interaction 

parameters for each isotope. The B(E2) 

values were also calculated.              

 In(1999)[6] N. Minkov and etal studied 

and derove analytic expressions for the 

energies and B(E2)-transition probabilities 

in the states of the ground and γ bands of 

heavy deformed nuclei (including Yb 

Isotopes) within a collective vector-boson 

model with SU(3) dynamical symmetry. E 

Biémont etal [7] in ( 2001) the analysis of 

the spectrum of Yb III which 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. In2008 R. Rodríguez-Guzmán 

and etal[9] 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 were 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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 Theory of IBM-1  model : 

        The (IBM-1) was described for low 

lying collective state of energy levels in 

(even – even) nucleus which can be 

described by bosons (s) bosons when (J
Π
 = 

0
+
) and (d) bosons when  

(J
Π
 = 2

+
)  The general Hamilton operator 

function formula for this isotopes is[10] 

)1.....(....................
2^

2

2^

1

1^

QaLaH 

 

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 transition operator  
)( 2E

mT  for this 

limits were given by following formula 

[10]: 

     While The formulas for calculating all 

the square of rotational energy and the 

moment of inertia are : [15]
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Method of calculation : 

The isotopes Yb
170 – 176

 have NΠ = 6 and 

Nν varies from 9 , 10  ,11 and 12, while the 

parameters L.L, Q.Q and CH1 as below in 

table (1) which take the energy levels a 

good agreement with the previous 

experimental data  shown in table (2) . the 

square of rotational energy and the 

moment of inertia can be calculated from 

equations (4,5) after found the energy 

levels by using (IBM-1) program and 

angular moment to all energy levels were 

found by using(IBM-1) program . Table 

(3) shows comparison between the 

theoretical and experimental values ,for all 

the square of rotational energy and the 

moments of inertia

Table 1. Hamiltonian parameters 

For calculation Energy Levels 
Isotopes 

CH1 Q.Q L.L 

-1.000 -0.0136 0.0089 Yb
170 

-1.000 -0.0125 0.0085 Yb
172

 

-1.000 -0.0167 0.0066 Yb
174 

-1.000 -0.0150 0.0082 Yb
176
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Table 2. Calculated and experimental energy levels of Yb
170-176 

 

Energy Levels (MeV) 
Spin Parity 

I
+

 

Energy Band 

K
+

 
Isotopes 

Experimental.[13] This Work    

0.0000 0.0000 0
+

 

G
ro

u
n
d
 s

ta
te

 

B
an

d
 K

+
=

 0
+

 

Y
b

1
7
0

 

0.080.0 0.081.1 2
+

 

0..2200 0..220. 4
+

 

0.7210 0.78.02 6
+

 

0.6010 0.66810 8
+

 

3.0126 3.7.027 10
+

 

3.00617 3.00208 2
+

 

B
at

a 
B

an
d
 

K
+
=

 2
+

 

3.3160 3.03727 3
+

 

(3..601) 3..3383 4
+

 

3.7.30 3.73676 5
+

 

3.8012 3.61821 6
+

 

(..3100) ..00821 
+
2 

0.0000 0.0000 0
+

 

G
ro

u
n
d
 s

ta
te

 

B
an

d
 K

+
=

 0
+

 

Y
b

1
7
2

 

0.0282 0.07819 2
+

 

0..00. 0..0001 4
+

 

0.7168 0.702.1 6
+

 

0.6337 0.61261 8
+

 

3.1068 3.01.03 10
+

 

3.00.6 1.04117 2
+

 

B
at

a 
B

an
d
 

K
+
=

 2
+

 

3.33287 0.68833 3
+

 

3..807 3.32.33 4
+

 

3.7127 3.00307 5
+

 

3.8710 3.87078 6
+

 

...3.7 ..17.03 
+
2 

0.0000 0.0000 0
+

 

G
ro

u
n
d
 s

ta
te

 

B
an

d
 K

+
=

 0
+

 

Y
b

1
7
4

 

0.02008 0.02001 2
+

 

0..713.1 0..7103 4
+

 

0.7.00.6 0.71.00 6
+

 

0.8867 0.63386 8
+

 

3.110. 3.16.22 10
+

 

3.08201 1.48652 2
+

 

B
at

a 
B

an
d
 

K
+
=

 2
+

 

3.70303 3.127.0 3
+

 

3.23700 3.77071 4
+

 

3.6063 3.81002 5
+

 

--------- ...367. 6
+

 

--------- ..20002 
+
2 

0.0000 0.0000 0
+

 

G
ro

u
n
d
 s

ta
te

 

B
an

d
 K

+
=

 0
+

 

Y
b

1
7
6

 

0.08.31 0.08.33 2
+

 

0..2306 0..2106 4
+

 

0.7008 0.72020 6
+

 

0.6703 0.68702 8
+

 

3.013. 3.70021 10
+

 

(1.2609) 3..8101 2
+

 

B
at

a 

B
an

d
 

K
+
=

 

2
+

 (3.110) 3..0.80 3
+
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(3.0170) 3.01781 4
+

 

--------- 3.21886 5
+

 

--------- ..3738. 6
+

 

--------- ..02011 
+
2 

Table 3. the comparative between experimental and theoretical the values of  square of 

rotational energy , the moment of inertia 

 

 

 

 

 

 

the moment of inertia in(Mev)
-1

  square of rotational energy 

in(Mev)
2

 

I 
+

i--I 
+

f 

Is
o
to

p
es

 

Experimental[12]  This work Experimental [13] This work 

71.20817 72.08939 0.002367 0.002309 2
+
→0

+
 

Y
b

1
7
0

 

50.45954 50.465 0.020423 0.020418 4
+
→2

+
 

38.33688 37.77019 0.08437 0.086921 6
+
→4

+
 

31.13325 30.05109 0.235226 0.252473 8
+
→6

+ 

26.42743 24.92212 0.521185 0.586046 10
+
→8

+ 

76.43312 76.73616 0.002054 0.002038 2
+
→0

+
 

Y
b

1
7
2

 

53.78761 53.716 0.017974 0.018022 4
+
→2

+
 

40.75282 40.20247 0.074663 0.076721 6
+
→4

+
 

32.91278 31.98533 0.210478 0.222861 8
+
→6

+ 

27.74128 26.52501 0.472986 0.517357 10
+
→8

+ 

78.45188 78.91622 0.00195 0.001927 2
+
→0

+
 

Y
b

1
7
4

 

55.30908 55.24644 0.016998 0.017037 4
+
→2

+
 

41.82279 41.34872 0.070892 0.072527 6
+
→4

+
 

33.72681 32.8987 0.20044 0.210658 8
+
→6

+ 

28.43886 27.28376 0.450067 0.488982 10
+
→8

+ 

73.05491 73.07271 0.002248 0.002247 2
+
→0

+
 

Y
b

1
7
6

 

51.52932 51.15276 0.019584 0.019873 4
+
→2

+
 

38.95184 38.28084 0.081727 0.084617 6
+
→4

+
 

31.44324 30.45469 0.230611 0.245825 8
+
→6

+ 

26.55115 25.2537 0.516339 0.570757 10
+
→8

+ 

 

 Results and Discussion: 

          The whole Hamiltonian is then 

diagonal zed in the selected model space . 

The interaction parameters are determined 

by using IBM-1 program to the energy 

spectra of the Yb
170-176

 even-even isotopes 

which its contain of (70) proton and (100-

106) neutron. The (20) proton fall out 

 closed shell of (50). There are some 

pointed refer to this isotopes belong  to the 

rotational limit SU(3) . 

The number of protons and neutrons in this 

isotopes fall at near half closed shell (50-

82) ,(82-126) respectively [17,18].The 

ratio of energy levels  
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  refers to this isotopes belong to the 

rotational limit SU(3).[12,16].   

















1

1

1

1

1

1

1

2

2

6
,

2

8
,

2

4
,

2

0

E

E

E

E

E

E

E

E
     

Also  the Hamiltonian parameters which it 

show in table (1) refers to this isotope 

belong  to the rotational limit SU(3).[4] . 
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