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Abstract 

   Many properties of nuclear structure for even-even Ba128124

56


 isotopes have been investigated with 

𝐼𝐵𝑀 − 1 and 𝐼𝐵𝑀 − 2 .They examined carefully with benefit from continuously updating of nuclear 

decay schemes. Low-lying energy levels for even-even positive parity states, mixed symmetry states 

(MSS), reduced electric quadruple transitions probabilities B(E2), branching ratios, reduced magnetic 

dipole transitions probability B(M1), δ(E2/M1) ratio, reduced electric monopole transitions probability 

B(E0) and mixing ratio X(E0/E2) and potential energy surface  have been studied.  

   In the framework of 𝐼𝐵𝑀 − 1 noted the competition between the two parameters (𝑎0 and 𝑎2) in 124-

128Ba isotopes were the increases  of a0 associated with decreases of a2 which mean that the γ-unstable 

features were continuous increases with opposite of rotational properties , in IBM-2 χπ and χν were (-1.3 

and  around 0.7) which signified similarity  with IBM-1 expected. 124-128Ba isotopes described to be 

transitional nuclei , transitional between SU(3) and O(6) features. 

Key word: Nuclear structure ,124-128Ba isotopes, transitional nuclei, and Mixed Symmetry State.  

 

1. Introduction 
The interacting boson model (IBM) is based on the well-known shell model and 

on geometrical collective model of the atomic nucleus[1-3]. It is suitable for describing 

the structure of intermediate and heavy nuclei. In addition, it is of considerable 

theoretical interest since it shows the dynamical symmetries of the nuclei[ 4,5], which 

are made visible using lie algebra. The (IBM) was developed by Iachello and Arima [5-

7]. According to (IBM) postulates, the nuclear pairs are represented by bosons with 

angular momentum 𝐿 = 0 or 𝐿 = 2, i.e. the number of bosons relies on the number of 

active nuclear particle number (or hole) of the pairs outside a closed shell. While the 
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total boson number (N) is calculated by addition of the partial numbers i.e. 𝑁 = 𝑁𝜋 +
𝑁𝜈, where 𝑁𝜋  and  𝑁𝜈  are the number of proton and neutron bosons respectively. There 

are many studies that attempted to explain the behavior of Barium nuclei by using 

different models[8-14]. In this research many  properties of nuclear structure for even-

even 124-128Ba isotopes have been investigated with 𝐼𝐵𝑀 − 1 and 𝐼𝐵𝑀 − 2 they have 

been examined carefully with benefit from continuously updating of nuclear decay 

schemes.  

 

2 .The Interacting Boson Model 

In the 𝐼𝐵𝑀1, it is assumed that the Hamiltonian operator contains only one body 

and two body terms thus, introducing creation (𝑠†, 𝑑𝑚
†

) and annihilation (𝑠, 𝑑𝑚) 

operators where the index 𝑚 = 0, ±1, ±2. The most general Hamiltonian can be written 

as[15]:- 

𝐻 = 𝜀𝑠(𝑠†𝑠) + 𝜀𝑑 ∑ 𝑑𝑚
†

𝑚 𝑑𝑚 + ∑
1

2
(2𝐿 + 1)

1

2𝐿=0,2,4 𝐶𝐿[(𝑑†𝑑†)(𝐿). (𝑑𝑑)𝐿]
(0)

+

1

√2
υ2[(𝑑†𝑑†)(2). (𝑑𝑠)(2) + (𝑑†𝑠†)(2). (𝑑𝑑)(2)]

(0)
 +

1

2
υ0[(𝑑†𝑑†)(0). (𝑠𝑠)(0) +

(𝑠†𝑠†)(0). (𝑑𝑑)(0)]
(0)

+ u2[(𝑑†𝑠†)(2). (𝑑𝑠)2]
(0)

+
1

2
𝑢0[(𝑠†𝑠†)(0). (𝑠𝑠)(2)]

(0)
 

                                                                                                                                     (1) 

Where 𝐶𝐿(𝐿 = 0,2,4), 𝜐𝐿(𝐿 = 0,2), 𝑢𝐿(𝐿 = 0,2) describe the boson interaction. 

The most commonly used form of the IBM-1 Hamiltonian is[16]:-  

𝐻 = 𝜀𝑛𝑑 + 𝑎0𝑃†𝑃 + 𝑎1𝐿. 𝐿 + 𝑎2𝑄. 𝑄 + 𝑎3𝑇3𝑇3 + 𝑎4𝑇4𝑇4                                        (2)  

Where  𝜀 = 𝜀𝑑 − 𝜀𝑠 is the boson energy, for simplicity  𝜀𝑠was set equal to zero only 

𝜀 = 𝜀𝑑 appears , and  𝑎0, 𝑎1, 𝑎2, 𝑎3, and 𝑎4  designate the strengths of the quadrupole, 

angular momentum, pairing, octupole and hexadecapole interacting between bosons 

respectively. The five component of 𝑑 boson and the single component of the 𝑠 boson 

extend across a six dimentional space and for a fixed number of boson 𝑁, the group 

structure of the problem is that of 𝑈(6). Considering the different reductions of 𝑈(6), 

three dynamical symmetries emerge, namely 𝑈(5), 𝑆𝑈(3) and 𝑈(6); these symmetries 

are related to the geometrical idea of the spherical vibrator, deformed rotor and a 

symmetric (𝛾 −soft) deformed rotor, respectively[17-19]. In order to calculate 

transition rates the simplest form of 𝐼𝐵𝑀 − 1 the one body transition operator  has been 

given as follows[16-19]:-.  

𝑇𝑚
𝑙 = 𝛼2𝛿𝑙2[𝑑†𝑠 + 𝑠†𝑑]𝑚

(2)
+ 𝛽𝑙[𝑑†𝑑]𝑚

(𝑙)
+ 𝛾0𝛿𝑙0𝛿𝑚0[𝑠†𝑠]0

(0)
                                    (3) 

where 𝛼2, 𝛽𝑙, 𝛾0are the coefficients of the various terms in the operators. The three, 

corresponding dynamical symmetries group chains of 𝑈(6)can be written as [16-19]:- 

𝐼 − 𝑈(6) ⊃ 𝑆𝑈(5) ⊃ 𝑂(5) ⊃ 𝑂(3) ⊃ 𝑂(2)
                                                 

𝐼𝐼 − 𝑈(6) ⊃ 𝑆𝑈 (3) ⊃ 𝑂(3) ⊃ 𝑂(2)               
                                              

 𝐼𝐼𝐼 − 𝑈(6) ⊃ 𝑂(6) ⊃ 𝑂(5) ⊃ 𝑂(3) ⊃ 𝑂(2)                                                            (4) 
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The branching ratio for three, corresponding dynamical symmetries have been  written 

as[15]:-  

𝑅 =
𝐵(𝐸2; 41

+ → 21
+)

𝐵(𝐸2; 21
+ → 01

+)
; 𝑅′ =

𝐵(𝐸2; 22
+ → 21

+)

𝐵(𝐸2; 21
+ → 01

+)
; 𝑅" =

𝐵(𝐸2; 02
+ → 21

+)

𝐵(𝐸2; 21
+ → 01

+)
; 𝑅 = 𝑅′ = 𝑅" =

2(𝑁 − 1)

𝑁
< 2 𝑖𝑛 𝑈(5)

 

𝑅 =
𝐵(𝐸2; 41

+ → 21
+)

𝐵(𝐸2; 21
+ → 01

+)
=

10(𝑁 − 1)(2𝑁 + 5)

7𝑁(2𝑁 + 3)
≈

10

7
; 𝑅′ =

𝐵(𝐸2; 22
+ → 21

+)

𝐵(𝐸2; 21
+ → 01

+)
; 𝑅" =

𝐵(𝐸2; 02
+ → 21

+)

𝐵(𝐸2; 21
+ → 01

+)

⇒ 𝑅′ = 𝑅" = 0 𝑖𝑛 𝑆𝑈(3) 

𝑅 =
𝐵(𝐸2; 41

+ → 21
+)

𝐵(𝐸2; 21
+ → 01

+)
; 𝑅′ =

𝐵(𝐸2; 22
+ → 21

+)

𝐵(𝐸2; 21
+ → 01

+)
; 𝑅" =

𝐵(𝐸2; 02
+ → 21

+)

𝐵(𝐸2; 21
+ → 01

+)
, 𝑅 = 𝑅′ =

10

7

(𝑁 − 1)(𝑁 + 5)

𝑁(𝑁 + 4)

<
10

7
; 𝑅" = 0  𝑖𝑛 𝑂(6)      

           (5) 

The quadrupole moments, in 𝑈(5), 𝑆𝑈(3) and 𝑂(6) limits defined as 

𝑄21

+ = 𝛽2√16𝜋 5⁄ √2 7⁄ , 𝑄21

+ = −𝛼2√2𝜋 5⁄ 2/7(4𝑁 + 3) and 𝑄21

+ = 0                 (6)                  

𝐼𝐵𝑀 − 2 assumes proton and neutron bosons to have an intrinsic quantity, called 

𝐹 −spin, of value 𝐹 = 1/2  [16-20] which can be introduced in a formalism similar to 

that used for isotopic spin. Then proton bosons will have a 𝑍 −projection 𝐹𝑍 = +1/2  

while neutron bosons have𝐹𝑍 = −1/2, thus one can write 

 |𝜋⟩ = |
1

2
, +

1

2
⟩ ,  |𝜈⟩ = |

1

2
, −

1

2
⟩                                                                                     (7) 

   The underlying group structure to 𝐹 −spin is 𝑆𝑈(2). The three generators can be 

written explicitly as  𝐹+ = 𝑑𝜋
†𝑑𝜈 + 𝑠𝜋

†𝑠𝜈 , 𝐹− = 𝑑𝜈
†𝑑𝜋 + 𝑠𝜈

†𝑠𝜋 and its zero-component                                                                      

𝐹0 =
1

2
(𝑑𝜋

† 𝑑𝜋 + 𝑠𝜋
† 𝑠𝜋 − 𝑑𝜈

† 𝑑𝜈 + 𝑠𝜈
†𝑠𝜈)                                                                        (8) 

From the last equation it follows that  𝐹𝑍 is always a good quantum number for a given 

nucleus .A state with 𝑁 = 𝑁𝜋 + 𝑁𝜈 bosons is fully symmetric under the interchange of 

neutron and proton boson if it has maximal 𝐹 −spin  

 

𝐹𝑚𝑎𝑥 = |
𝑁𝜋+𝑁𝜈

2
| → |

𝑁

2
| , 𝐹 = 𝐹𝑚𝑎𝑥 − 1, 𝐹𝑚𝑎𝑥 − 2, … , 𝐹𝑚𝑖𝑛 = |

𝑁𝜋−𝑁𝜈

2
|                         (9) 

   While the mixed symmetry states characterized by decreasing 𝐹 −spin value. A state 

with only s- boson is naturally fully symmetric and has 𝐹 = 𝑁 2 ⁄  it should be noted 

that the state of maximum 𝐹 −spin are in one to one correspondence with the states of  

𝐼𝐵𝑀 − 1 while the states with 𝐹 −spin less than the maximum value of 𝑁/2 have no 

counterparts in 𝐼𝐵𝑀 − 1. They have mixed proton-neutron symmetry character, thus 

they are called mixed symmetry states. These states are considered as the main interest 

in studying the 𝐼𝐵𝑀 − 2. 

   A simple schematic Hamiltonian guided by microscopic consideration is given by 

[15,16, 21] 

𝐻 = 𝜀(𝑛𝑑𝜋 + 𝑛𝑑𝜈) + 𝜅𝑄𝜋. 𝑄𝜈 + 𝑉𝜋𝜋 + 𝑉𝜈𝜈 + 𝑀𝜋𝜈                                                   (10) 
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𝜀𝜋, 𝜀𝜈   are proton and neutron energy respectively, they are assumed equal 𝜀𝜋 = 𝜀𝜈 =
𝜀. The last term in eq. (10) contains the Majorana operator 𝑀𝜋𝜈 and it is usually added 

in order to remove states of mixed proton neutron symmetry. this term can be written 

as [15,22,23]  

  𝑀𝜋𝜈 = 𝜁2(𝑠𝜈
†𝑑𝜋

† − 𝑑𝜈
†𝑠𝜋

†)(2). (𝑠𝜈𝑑𝜋 − 𝑑𝜈𝑠𝜋)(2) + ∑ 𝜁𝑘(𝑑𝜈
†𝑑𝜋

†)(𝑘) − (𝑑𝜈𝑑𝜋)(𝑘)
𝑘=1,3                                       

                                                                                                                                   (11) 

     If there is experimental evidence for so called mixed symmetry state then the 

Majorana parameter are varied to fix the location of these states in the spectrum. The 

general single boson transition operator of angular momentum   has the same form as 

in eq.(3) in 𝐼𝐵𝑀 − 1 except the fact that in each term one has to consider 𝜋, 𝜈  degree 

of freedom and this can be written as[24-27]:-   

𝑇(𝑙) = 𝛼2𝜌𝛿ℓ2[𝑑†𝑠 + 𝑠†𝑑]𝜌
(2)

+ 𝛽ℓ𝜌[𝑑†𝑑]𝜌
(ℓ)

+ 𝛾0𝜌𝛿ℓ0[𝑠†𝑠]𝜌
(0)

… 𝜌 = 𝜋 𝑜𝑟 𝜈         (12) 

For 𝐸2 operator[15,26]  

𝑇𝐸2 = 𝑒𝜋𝑄𝜋 + 𝑒𝜈𝑄𝜈                                                                                                  (13) 

   Where 𝑄𝜌 is the same as in eq.(10) and 𝑒𝜋, 𝑒𝜈 are boson effective charges depending 

on the boson number 𝑁 and they can take any value to fit the experimental result. The 

quadruple  moment of  21
+  can be in 𝐼𝐵𝑀2 defined as:- 

𝑄21

+ = ⟨𝐿, 𝑀 = 2|�̂�|𝐿, 𝑀 = 2⟩                                                                                   (14)    

𝑄21

+ = √16𝜋 5⁄ √𝐿(2𝐿 + 1)𝐵(𝐸2) ↑/(2𝐿 + 1)(𝐿 + 1)(2𝐿 + 3)                                  (15) 

   The 𝑀1 operator obtained by letting ℓ = 1 in eq. (12) is written [15,25] as 

𝑇(𝑀1) = [
3

4𝜋
]

1

2(𝑔𝜋𝐿𝜋
(1)

+ 𝑔𝜈𝐿𝜈
(1)

)
                                                       

                         (16) 

  Where 𝑔𝜋 , 𝑔𝜈 are the boson 𝑔 −factor in unit of 𝜇𝑁and 𝐿𝜌
(1)

= √10(𝑑†𝑑)𝜌
(1)

, this 

operator can be written alternatively as:- 

𝑇(𝑀1) = [
3

4𝜋
]

1

2[
1

2
(𝑔𝜋 + 𝑔𝜈)(𝐿𝜋

(1)
+ 𝐿𝜈

(1)
) +

1

2
(𝑔𝜋 − 𝑔𝜈)(𝐿𝜋

(1)
− 𝐿𝜈

(1)
)]                       (17) 

      The first  term on the right hand side of this equation is diagonal; therefore, for 𝑀1 

transition the previous equation may be written as:-  

𝑇(𝑀1) = 0.77[(𝑑†𝑑)𝜋
(1)

− (𝑑†𝑑)𝜈
(1)

](𝑔𝜋 − 𝑔𝜈)                                                 (18) 

The M1 strength many be expressed in terms of the multipole mixing  

𝛿 (
𝐸2

𝑀1
) = 0.835𝐸𝛾(𝑀𝑒𝑉). Δ       where       Δ =

⟨𝐽𝑓‖𝑇(𝐸2)‖𝐽𝑖⟩

⟨𝐽𝑓‖𝑇(𝑀1)‖𝐽𝑖⟩
                                (19) 

The 𝐸0 reduced transitions probability is expressed as [28]. 

𝐵(𝐸0; 𝐼𝑖 → 𝐼𝑓) = 𝑒2𝑅2𝜌2(𝐸0)                                                                                  (20)                                                       

Where 𝑒  indicates the electronic charge, 𝑅 stands for the nuclear radius and ρ (E0) is 

the matrix element transition which is gotten by [28]:- 

𝜌(𝐸0) =  𝑍 𝑅2 ∑ 𝛽0𝜌 ⟨𝑓|𝑑𝜌
† × 𝑑𝜌|𝑖⟩⁄ , 𝜌 = 𝜋, 𝜈                                                         (21) 

where   𝛽𝜊𝜋 , 𝛽𝜊𝜈  represent the deformation parameters for (protons and neutrons) 

The X(E0/E2) ratio can be calculated as follows [28]: 

X(E0/E2)=
B(E0 ; Ii → If )

B(E2 ; Ii → If′ )
                                                                                             (22) 

https://extranet.issn.org/resource/issn/2312-8135
https://extranet.issn.org/resource/issn/1992-0652
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq


 

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (2): 2020   
Online ISSN: 2312-8135, Print ISSN: 1992-0652 

 

 

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative 
Commons Attribution 4. 0 International License, 2020. 

https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq 
 +9647823331373 (Viber and Telegram) 

 

194 

Where If = If′  for Ii =  If ≠ 0, and  If′ = 2 for Ii =  If = 0.  

   This ratio is so essential as it mirrors to what extent the transition between 𝐵(𝐸2) and 

𝐵(𝐸0) is strong. 

   The general formula for the potential energy surface as a function of geometrical 

variables (𝛽) and 𝛾 is given by [15,16] :- 

𝑉(𝛽, 𝛾) =
𝑁(𝜀𝑠+𝜀𝑑𝛽2)

1+𝛽2
+

𝑁(𝑁+1)

(1+𝛽2)2
(𝛼1𝛽4 + 𝛼2𝛽3𝐶𝑜𝑠3𝛾 + 𝛼3𝛽2 + 𝛼4)                       (23)                       

with 𝛼1 =
𝐶0

10
+

𝐶2

7
+

9𝐶4

35
, 𝛼2 = −√

8

35
𝜐2, 𝛼3 =

(𝜐0+𝑢2)

√5
, 𝛼4 = 𝑢0                             (24)                                                                                                                                      

where 𝑁 is the total boson number 𝛽 is the quadrupole deformation parameter operator  

from 𝛽 = 0 − 2.4. 𝛾 is the distortion parameter operator or (asymmetry angle) for  0° ≤
𝛾 ≤ 60°. The variables 𝛼1, 𝛼2, 𝛼3, 𝛼4 are related to the parameters in eq.(1). The energy 

surfaces has minima only at 𝛾 = 0°and 60° these expressions give for large 𝑁, 𝛽𝑚𝑖𝑛 =

0, √2, 𝑎𝑛𝑑 1 for 𝑈(5), 𝑆𝑈(3) and 𝑂(6) respectively. 

3. Results and Discussion  
The 124-128Ba isotopes, have 𝑍 = 56, then 3 particle bosons the number of protons and 

neutrons lying between 50 , 82 and 82, 126  magic shells, respectively, 124-128Ba  have 

68-72 neutrons which mean (7-5) hole  neutron bosons respectively, The parameters 

estimated  for the calculations of the levels of low- lying excited energy for Barium  

isotopes have been given the table (1). 

Table 1: The parameters  have been used in the 𝑰𝑩𝑴 − 𝟏 and 𝑰𝑩𝑴 − 𝟐 

Hamiltonian for even-even    124-128Ba isotopes (in MeV ) except 𝝌 , 𝛘𝛎 and 

𝝌𝝅were unit less. 

𝐼𝐵𝑀 − 1 parameters in MeV  unless 𝜒 
Isotopes 

χ a4 a3 a2 a1 a0 ε Nρ 

-0.4 0.0 0.04 -0.025 0.016 0.018 0.0 10 124Ba 

-0.4 0.0 0.04 -0.028 0.016 0.019 0.0 9 126Ba 

-0.42 0.0 0.041 -0.031 0.0172 0.02 0.0 8 128Ba 

IBM-2 parameters in MeV unless 𝜒𝜈   , 𝜒𝜋= -1.3 , 𝑁 𝜋 =3 
Isotopes 

𝐶𝜋
𝐿 𝐶𝜈

𝐿 𝜁1,3 𝜁2 χν 𝜅 𝜀𝑑 𝑁𝜈 

-0.74, 0.1 ,0.0 -0.57, 0.1, 0.0 0.02 0.03 0.8 -0.14 0.59 7 124Ba 

-0.6,0.15, 0.0 -0.68, 0.15, -0.08 0.03 0.03 0.7 -0.18 0.61 6 126Ba 

-0.6,0.15,0.0 -0.8,0.15,-0.09 0.03 0.04 0.7 -0.17 0.61 5 128Ba 

 

Experimental and theoretical energy ratios ( E41
+/E21

+ ), ( E61
+/E21

+ ) and 

(𝐸81
+/𝐸21

+) [15] compared to the standard ratios for 𝑈(5), 𝑆𝑈(3), and 𝑂(6) limits have 

been calculated for 124-128Ba  isotopes shown in figure (1) as a function of mass numbers. 
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The calculated energy levels comparison with experimental data [29-36] for 124-128Ba  

isotopes illustrated in figures from (2) to (4) . 

 

 

Figure 1:The experimental [29-36], theoretical and standard [15] energy ratios  ( 

E41
+/E21

+   ,E61
+/E21

+, and 𝑬𝟖𝟏
+/𝑬𝟐𝟏

+ ) respectively as a function of mass numbers for 

even –even    124-128Ba isotopes. 

 

Figure 2: Comparison between experimental [34] and calculated energy levels  for 124Ba  

isotope. 
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Figure 3: Comparison between experimental [35] and calculated energy levels  for 126Ba  

isotope. 

 

Figure 4: Comparison between experimental [36] and calculated energy levels  for 128Ba  

isotope. 

 

The effect of the Majorana parameters (𝜁1,3, 𝜁2 ) on the level of the calculated 

excitation energy for 124-128Ba isotopes have been conducted for all isotopes; this effect 

varies the 𝜁2  around the best-fitted with experimental data for the states 

(23
+, 24

+, 25
+, 31

+, 51
+, 11

+). The energy variation of these states is stated in figure (5) as a 

function of the Majorana parameter ζ2.  
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Figure (5) Mixed symmetry states (𝑴𝑺𝑺) in even- even  124-128Ba isotopes. 

  Effective boson charges used in 𝐼𝐵𝑀 − 1 and 𝐼𝐵𝑀 − 2 for electric quadruple 

transitions and calculated  branching ratios listed in table (2) have been compared with 

available experimental data[29-36]. Therefore calculated reduced electric quadruple 

transitions probability 𝐵(𝐸2), and electric quadrupole moment of 21
+ state comparison 

with the experimental values [29-36] for 124-128Ba  isotopes listed in tables (3). 
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Table 2: The effective boson charges used in 𝑰𝑩𝑴 − 𝟏and 𝑰𝑩𝑴 − 𝟐  to calculate B(E2) 

transition and comparisons between calculated branching ratios with experimental 

data[29-36] for even-even 124-128Ba. 

 

Table 3:Calculated reduced electric quadruple transitions probability 𝑩(𝑬𝟐) and 

electric quadrupole  moment of  𝟐𝟏
+

state  comparison with the  experimental values [29-

36] for 124-128Ba isotopes. 

𝐵(𝐸2) values in (𝑒2𝑏2)  126Ba 𝐵(𝐸2) values in (𝑒2𝑏2)  124Ba Isotopes 

𝐼𝐵𝑀 − 2 𝐼𝐵𝑀 − 1 𝐸𝑥𝑝. 𝐼𝐵𝑀 − 2 𝐼𝐵𝑀 − 1 𝐸𝑥𝑝. 𝐽𝑖
+ → 𝐽𝑓

+ 

0.351 0.352 0.352 0.416 0.418 0.418 21 → 01 

0.479 0.49 0.472 0.569 0.592 -- 41 → 21 

0.56 0.52 0.55 0.62 0.63 -- 61 → 41 

0.58 0.509 0.63 0.66 0.62 -- 81 → 61 

0.603 0.466 0.606 0.56 0.58 -- 101 → 81 

0.002 0.00156 -- 0.0022 0.00168 -- 02 → 21 

0.0185 0.03 -- 0.016 0.039 -- 22 → 02 

0.04 0.039 -- 0.53 0.36 -- 22 → 21 

0.198 0.164 -- 0.2 0.195 -- 42 → 22 

0.49 0.3699 -- 0.5 0.458 -- 31 → 22 

0.138 0.13 -- 0.12 0.13 -- 31 → 43 

0.29 0.227 -- 0.35 0.27 -- 51 → 31 

0.3 0.284 -- 0.437 0.35 -- 71 → 51 

0.34 0.279 -- 0.434 0.364 -- 91 → 71 

0.055 0.033 -- 0.04 0.032 -- 42 → 41 

-- 0.008 -- 0.00404 -- -- 31 → 11 

The effective boson charges (𝑒𝑏) 
Isotopes 

𝐼𝐵𝑀 − 2 𝐼𝐵𝑀 − 1 

𝑒𝜋 𝑒𝜈 𝐸2𝐷𝐷 𝐸2𝑆𝐷 

0.27 0.037 -0.127 0.1028 124Ba 

0.25 0.035 -0.126 0.1046 126Ba 

0.23 0.029 -0.123 0.1032 128Ba 

𝑅" 𝑅′ 𝑅 Isotopes 

IBM-2 IBM-1 Exp. IBM-2 IBM-1 Exp. IBM-2 IBM-1 Exp. 

0.0038 0.004 -- 0.01 0.0861 -- 1.366 1.416 -- 124Ba 

0.005 0.0044 -- 0.133 0.1122 -- 1.36 1.392 1.335 126Ba 

0.007 0.0046 -- 0.147 0.134 -- 1.362 1.4 1.28 128Ba 
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-- 0.042 -- 0.053 -- -- 11 → 21 

-- 0.00056 -- 0.00025 

 
-- -- 11 → 22 

-1.449 -1.5 -- -1.53 -1.69 -- Q21
+(𝑒𝑏) 

 

B(E2) values in (e2b2)  128Ba Isotopes 

IBM-2 IBM-1 Exp

. 

𝐽𝑖
+ → 𝐽𝑓

+ IBM-2 IBM-1 Exp. 𝐽𝑖
+ → 𝐽𝑓

+ 

0.104 0.109 -- 31 → 43 0.71 0.275 0.275 21 → 01 

0.22 0.169 -- 51 → 31 0.369 0.385 0.352 41 → 21 

0.27 0.204 -- 71 → 51 0.372 0.402 0.38 61 → 41 

0.24 0.189 -- 91 → 71 0.34 0.38 0.309 81 → 61 

0.036 0.029 -- 42 → 41 0.314 0.33 0.32 101 → 81 

-- 0.0083 -- 31 → 11 0.002 0.0012

9 

-- 02 → 21 

-- 0.035 -- 11 → 21 0.164 0.03 -- 22 → 02 

-- 0.0004

6 

-- 11 → 22 0.054 0.037 -- 22 → 21 

-1.22 -1.35 -- 𝑄21
+  (eb) 

0.15 0.1267 -- 42 → 22 

0.3 0.275 -- 31 → 22 

    

To calculate  𝐵(𝑀1) transition probability the effective 𝑔 −factors for proton ɡ𝜋 and 

neutron ɡ𝜈  calculated for for even -even 124-128Ba isotopes were ɡ𝜋 = (0.4µ𝑁)  and 

ɡ𝜈 = (0.34µ𝑁) equations (18) have been used in 𝐼𝐵𝑀 − 2  to calculate the 𝐵(𝑀1) 

transition probabilities as it is shown in table (4). The calculation values for 𝐵(𝑀1) and 

mixing ratio 𝛿(𝐸2/𝑀1) were compared with the available experiments data [29-36]. 
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Table 4: Comparison between calculated magnetic dipole transitions 𝑩(𝑴𝟏) in(𝝁𝑵
𝟐

) and  

mixing ratio 𝜹(𝑬𝟐/𝑴𝟏)  with the available experimental data [29-36] for even -

even 124-128Ba isotopes. 

126Ba 124Ba Isotopes 

 
𝛿(𝐸2/𝑀1)  𝐵(𝑀1) 𝜇𝑁

2  𝛿(𝐸2/𝑀1)  𝐵(𝑀1) 𝜇𝑁
2  𝐽𝑖

+ → 𝐽𝑓
+ 

𝐼𝐵𝑀 − 2 

 

𝐸𝑥𝑝. 𝐼𝐵𝑀 − 2 

 

𝐸𝑥𝑝. 𝐼𝐵𝑀

− 2 

 

𝐸𝑥𝑝. 𝐼𝐵𝑀 − 2 𝐸𝑥𝑝. 

-- -- 0.0005 -- -- -- 0.000462 -- 11 → 21 

-- -- 0.00027 -- -- -- 0.000218 -- 11 → 22 

-- -- 3.23×10-6 -- -- -- 4.21×10-6 -- 11 → 23 

+8.33 
 

0.00017 -- 10.61 -- 0.000135 -- 22 → 21 

-- -- 6.73×10-6 -- -- -- 4.77×10-6 -- 22 → 23 

+6.16 
 

9.14×10-6 -- -- -- 2.93×10-7 -- 21 → 23 

-1.53 
 

0.00015 -- -- -- 9.83×10-5 -- 31 → 21 

-2.34 -1.7 0.000217 -- -- -- 0.0002 -- 31 → 22 

+6.97 -- 0.00022 -- -- -- 0.000173 -- 41 → 31 

+5.06 
 

0.0006 -- 5.68 
 

0.000419 -- 42 → 41 

-- -- 0.000313 -- -6.48 -- 0.000199 -- 51 → 41 

+3.48 
 

0.0009 -- 5.35 -- 0.00066 -- 62 → 61 

 

128Ba Isotopes 

 
𝛿(𝐸2/𝑀1)  𝐵(𝑀1) 𝜇𝑁

2  𝐽𝑖
+ → 𝐽𝑓

+ 
𝛿(𝐸2/𝑀1)  𝐵(𝑀1) 𝜇𝑁

2  𝐽𝑖
+ → 𝐽𝑓

+ 

𝐼𝐵𝑀

− 2 

 

𝐸𝑥𝑝. 𝐼𝐵𝑀 − 2 𝐸𝑥𝑝. 𝐼𝐵𝑀

− 2 

 

𝐸𝑥𝑝. 𝐼𝐵𝑀 − 2 𝐸𝑥𝑝. 

+7.27 
 

3.93×10-5 -- 31 → 21 -- -- 0.000125 -- 11 → 21 

-8.21 -- 5.437×10-5 -- 31 → 22 -- -- 6.95×10-5 -- 11 → 22 

+11.53 
 

5.726×10-5 -- 41 → 31 -- -- 8.07×10-7 -- 11 → 23 

+9.87 
 

0.00015 0.00027 42 → 41 +17.3 
 

4.47×10-5 5.58×10-5 22 → 21 

-- -- 7.83×10-5 -- 51 → 41 -- -- 1.68×10-5 -- 22 → 23 

     -- -- 2.28×10-6 -- 21 → 23 

 

The deformation parameters for protons and neutrons have been used to 

calculate monopole transition matrix elements 𝐵(𝐸0) for  124-128Ba isotopes are (𝛽𝜊𝜋 =
0.053𝑓𝑚2, 𝛽𝜊𝜈 = −0.052𝑓𝑚2). The monopole transition matrix element 𝐵(𝐸0)and  
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mixing ratio Χ(𝐸0/𝐸2) have been calculated using eq.(21,22). Calculation values of  

monopole transition matrix element 𝐵(𝐸0) 𝑒2𝑏2 and 𝑋(𝐸0/𝐸2) listed in table (5). 

 

Table 5: Compression between calculated monopole transition matrix element 𝑩(𝑬𝟎) 

𝒆𝟐𝒃𝟐 and 𝑿(𝑬𝟎/𝑬𝟐) with the evaluable experimental data [34,37]  for even -even 124-

128Ba isotopes. 

126Ba 124Ba Isotopes 

 
𝑋(𝐸0/𝐸2) 𝐵(𝐸0)𝑒2𝑏2 𝑋(𝐸0/𝐸2) 𝐵(𝐸0)𝑒2𝑏2 

𝐽𝑖
+ → 𝐽𝑓

+ 

𝐸𝑥𝑝. 𝐼𝐵𝑀 − 2 𝐼𝐵𝑀 − 2 𝐸𝑥𝑝. 𝐼𝐵𝑀 − 2 𝐼𝐵𝑀 − 2 

-- 0.112 0.039 0.09 

 

0.0913 0.038 02 → 01 

-- 0.00213 0.00075 -- 0.00766 0.0031 03 → 01 

-- 0.00033 0.000117 -- 0.0049 0.00206 03 → 02 

-- 1.94 0.0918 -- 1.5 0.0803 22 → 21 

-- 5.15 0.0023 -- 0.12 0.000465 23 → 21 

-- 0.37 0.00209 -- 1.35 0.0145 22 → 23 

-- 2.95 0.164 -- 0.26 0.0113 42 → 41 

 

128Ba Isotopes 

 
𝑋(𝐸0/𝐸2) 𝐵(𝐸0)𝑒2𝑏2 𝐽𝑖

+ → 𝐽𝑓
+ 𝑋(𝐸0/𝐸2) 𝐵(𝐸0)𝑒2𝑏2 𝐽𝑖

+ → 𝐽𝑓
+ 

𝐸𝑥𝑝. 𝐼𝐵𝑀 − 2 𝐼𝐵𝑀 − 2 𝐸𝑥𝑝. 𝐼𝐵𝑀 − 2 𝐼𝐵𝑀 − 2  

-- 41.2 0.51 23 → 21 -- 0.128 0.0349 02 → 01 

-- 27.04 0.133 22 → 23 -- 0.01 0.0027 03 → 01 

-- 35.2 1.28 42 → 41 -- 3.6×10-5 

 

9.93×10-6 

 

03 → 02 

    -- 2.68 0.14 22 → 21 

 

The potential energy surface as a function to 𝛽  with contour diagrams  for 124-128Ba  

isotopes which calculated from equation (23) with 𝐼𝐵𝑀𝑃 computer code  represented  

in figure (6). 
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Figure 6: Potential energy surface as a function to β  with contour diagrams  for 

even -even 124-128Ba isotopes 
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4. Conclusion 

Barium nuclei always have been a great interest the evidence of structure 

evolutions from weakly to well deformation or γ soft shapes as a function of  mass 

number. The interacting boson model has been applied to calculated barium isotopes 

due to flexibility of the model to describe not only the exact symmetries corresponding 

to different geometrical models but also transitional cases within the same framework. 

The continuous updating of the decay schemes and the experimental information related 

to the barium nuclei have been presented in restudying these isotopes and rearranging 

them according to the dynamic symmetry, 124-128Ba isotopes where the researchers 

disagreed about their characteristics, some of them describe them as transitional 

characteristics between vibrational 𝑈(5) and 𝛾 −unstable 𝑂(6) , and the others 

described as pure 𝛾 −unstable nuclei. In the framework of 𝐼𝐵𝑀 − 1 the competition is 

noted between the two parameters (𝑎0 and 𝑎2) in 124-128Ba isotopes where the increases  

of 𝑎0 associated with decreases of 𝑎2. This mean that the 𝛾 −unstable features are 

continuous increases with opposite of rotational properties, in 𝐼𝐵𝑀 − 2,  χπ and  χνare 

(-1.3 and  around 0.7), signifying the similarity with 𝐼𝐵𝑀 − 1 expected as tabled in 

table (1).The experimental energy ratios (E41
+/E21

+),(E61
+/E21

+ and 𝐸81
+/𝐸21

+) have 

been sloped downward from higher values in 124Ba (2.83,5.33 and 8.36 ) which seemed 

as transitions between rotational and γ soft nuclei to the lowest values in 128Ba (2.68, 

4.95 and 7.70) as diagrammed in figure (1). The Majorana parameter effect ( ζ2 ) on the 

calculated excitation energy level for 124-128Ba isotopes, have been investigated  by vary 

the ζ2 around the best-fitted. The lowest mixed state was J=2+, 22
+ state staying 

conservative to its value in all isotopes denoted that this states may have a full 

symmetry. We cannot compare the calculated value of  1+ state with experimental value 

due to data lack. The calculated energy of scissor state 1+ of 124-128Ba is (2.039, 2.173 

and  2.102) MeV respectively which are close to observed energy of 1+ state  of the 

other neighbored  nuclei .The another  states (23
+,24

+,31
+,51

+ and 11
+) in  124-128Ba 

isotopes  were slowly increased with ζ2  as shown in figure (5). In tables (2)–(5) listed 

the calculated branching ratios, 𝐵(𝐸2) ,  𝐵(𝑀1) and 𝐵(𝐸0) depended on comparisons 

with fewer experimental data; however, the results are in accept agreement. The electric 

quadrupole moment 𝑄21

+   in 𝐼𝐵𝑀 − 1 and 𝐼𝐵𝑀 − 2 ranged from (-1.69 and -1.53) (𝑒𝑏) 

for 124Ba to (-1.35and -1.22)(𝑒𝑏) for 128Ba indicated a reduced rotational index .In some 

places of the  nuclear  chart,  the  shape  is  very  sensitive  to  structural  effects;  this 

is also able to  alter from  one specific nucleus to its neighbor. Moreover, the shape can 

also take different form with angular momentum or excitation energy within the same 

nucleus shape besides changes with proton or neutron number. These changes are 

happened by the orbital configuration rearrangement of the nucleons or by the nuclear 

system dynamic response to rotation. In  some  cases,  configurations conforming  to  

the various  shapes  coexist  at  similar  energies as illustrated in the potential energy 

𝑉(𝛽, 𝛾), where it is calculated as a  function of 𝛽 and 𝛾 deformations parameters  for 

124-128Ba isotopes, diagrammed in figure (6) that shows the transition behavior in  124-
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128Ba isotopes where 𝑉(𝛽, 𝛾)  with minimum 𝛽 values approaching from (1) in 𝛾 = 0𝜊 

side  equal to (-6.267,-5.833, and -5.224).Then 124-128Ba isotopes described to be 

transitional nuclei, transitional from 𝑆𝑈(3) features toured 𝑂(6). 
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 الخلاصة

𝐼𝐵𝑀تمت دراسةةا اديد د مخ ائةةالت ادترا ن اد ببس عاسةةتيما       − 𝐼𝐵𝑀ب 1 − ,ح ث فحئةةت قد ا عاتسةةت اد  مخ ادتحد ث  2
اد ب .ا مب عا ادتماثل بادمسةةتب.ات ماتةاا ادتماثل -ادمسةةتمر دماااات ات ح   اد بب.ات تد دراسةةا مسةةتب.ات اداا ا ادباالا اد ب .ا 

𝑀𝑆𝑆  رباعي ادقان ادمات    ب احتماد.ا ات تقاB(E2)  ب سةن ادت ر  حسةان احتماد.ا ات تقا  ث الي ادقان ادما اا.سةي ادمات دا 
B(M1)  ب سةةعا اداة𝛿(𝐸2/𝑀1)    بحسةةان احتماد.ا ات تقا  ادربربالي احادس ادقان ادماتB(E0)   ب سةةعا اداة𝑋(𝐸0/𝐸2) 

 ب سابح تسابس اد بدت 

ح ث  Ba128-124 في  بن    2aب  0a دبحظ اخ ه اك ت افس ق خ ادميامة خ  IBM-1تااار  مبذج دتحد د شةةةةال اد بن  ةةةةمخ       
بادذس .ي ي اسةةتمرار  ياد  ئةة ات ااما ا ر ادمسةةتقر  عاد ةةد مخ ادئةة ات اددبرا .ا ,في  مبذج  2aمترافقا ق قئةةاخ  0aاخ  ياد  ادميةد 

2-IBM   اا ت  .دπχ  بνχ (1بادذس .يا7ت0بتقريعا  3ت ) 1ي تشةةاعم مت تب ت  مبذج-IBM  ت اخ  ظالرBa128-124   اعتقرت ا بن
 تO(6)ب  SU(3)ا تقاد.ا , ت تقل  ق خ  ئ ات ادتحد د 
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