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This research utilizes the Interacting Boson Model (IBM-1) to calculate the energy levels and their 

ratios, as well as the B(E2) transition probabilities between even-even energy levels of tungsten 

isotopes 170-172W. By comparing the theoretical calculations with experimental data, the study 

demonstrates that the IBM-1 model provides reliable estimates of both energy levels and B(E2) 

values. The findings underline the model's efficacy in understanding the nuclear structure of 

tungsten isotopes and its potential to predict future energy levels and electromagnetic transition 

probabilities. This study contributes to a deeper understanding of the collective behavior of 

nucleons within a nucleus and reinforces the IBM-1 model as a valuable tool for nuclear physics 

research. 
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1. Introduction 

Arima, Iachello, and Casten[1-3] highlighted the complexity of studying atomic nuclei, which 

are composed of numerous interacting nucleons (protons and neutrons). They noted that the 

energy required to excite collective quadrupole states in nuclei near closed shells is 

significantly affected by the number of nucleons not in a closed shell. To effectively describe 

these phenomena, they developed the Interacting Boson Model (IBM-1), a valuable 

theoretical framework. The IBM-1 models the collective states of nuclei using bosons, 
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representing pairs of nucleons (either two protons or two neutrons). This approach facilitates 

the description, correlation, and prediction of the low-energy collective behaviors of complex 

nuclei. The IBM-1 is particularly effective in explaining various properties related to 

collective quadrupole excitations in nuclei near closed shells, providing insights into the 

structure and behavior of such systems. 

In a prior investigation, R. F.,Heyde, K.,Nomura, K., Shimizu, N., & Otsuka, T,Bohr, A.& 

Mottelson[4-7] employed the Interacting Boson Model 1 (IBM-1) to explore the low-lying 

collective states in even-even nuclei. The IBM-1 framework models nuclei by assuming a 

constant number N of bosons, where each boson can exist in either an s-boson state with 

angular momentum (L=0) or a d-boson state with angular momentum (L=2). This model does 

not differentiate between proton and neutron bosons, focusing instead on the algebraic 

structure formed by the s and d boson operators. The study specifically examined the isotopes 
170W and 172W, which are part of the even-mass hafnium series. These isotopes have been 

extensively studied through various experimental methods, including γ,γ, d,p α,2nγ, α,4nγ, n,γ 

and n,nγ. These experimental investigations have provided substantial insights into the excited 

states of these isotopes, contributing to a better understanding of their nuclear structure. The 

study aimed to calculate the B(E2) transition probabilities for electromagnetic transitions 

between even-even energy levels in the 170W and 172W isotopes using the IBM-1 model. The 

calculated results were then compared with experimental data, offering deeper insights into 

nuclear phenomena and the collective behavior of nucleons within these nuclei. 

Kumar, R., & Sharma, M. K, McCutchan, E. A., & Zamfir, N. V.Nuclear [8-9] physics 

research has been instrumental in advancing our understanding of the fundamental nature of 

matter and energy. The atomic nucleus, being the central hub of this discipline, is of particular 

interest due to its complex and dynamic nature. To study the behavior of atomic nuclei, 

theoretical models are often utilized to predict various properties of nuclear systems. The 

Interacting Bosons Model (IBM-1) has been a well-established model in the field of nuclear 

physics for predicting energy levels and ratios in nuclei. Despite its popularity, it is important 

to critically assess the accuracy of this model and identify its limitations in predicting nuclear 

properties. In this study, we focus on the 170-172W isotopes, which exhibit a range of interesting 

nuclear phenomena. Our objective is to employ the IBM-1 model to predict the energy levels 

and ratios in these isotopes and compare them with experimental data. This analysis will 

provide us with valuable insights into the predictive capabilities of the IBM-1 model and its 

applicability to other nuclear systems. Furthermore, it will contribute to the broader 

understanding of the physics of atomic nuclei, paving the way for the development of more 

sophisticated models to predict and interpret nuclear properties. 

The Interacting Boson Model (IBM-1) is used in each study to learn more about the nuclear 

structure and behavior of tungsten isotopes. The studies focus on energy levels, their ratios, 

and B(E2) transitions. 

Kumar, A., & Saxena, A. (2013) [10] conducted a detailed analysis of energy levels in mid-

mass nuclei, including tungsten isotopes, using IBM-1. Their findings showed consistent 

results for the energy ratios and B(E2) transition rates, aligning well with experimental data, 

demonstrating the robustness of the IBM-1 in modeling even-even nuclei. 

Singh, D., & Sharma, S. K. (2014) [11]  investigated the quadrupole deformation properties 

and B(E2) transition probabilities of tungsten isotopes. Utilizing the IBM-1, their study 
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provided insights into the shape evolution of these isotopes and the role of boson interactions 

in determining nuclear structure. 

Chen, Y., Li, J., & Zhang, W. (2015) [12] explored the energy spectra and electromagnetic 

transition properties of tungsten isotopes. The research applied the IBM-1 framework and 

highlighted the significance of neutron number in influencing nuclear shape transitions. Their 

results offered precise calculations of B(E2) values, which were corroborated by empirical 

data. 

Mahmoud, A. A., & Rashdan, M. (2016) [13]  focused on the structural evolution of tungsten 

isotopes in the transitional region. Their application of IBM-1 revealed critical points of 

symmetry breaking and phase transition, with comprehensive data on energy levels and B(E2) 

transition rates. 

Hossain, M. M., & Hossain, S. (2017) [14]  analyzed the gamma-ray strength functions and 

level densities in heavy tungsten isotopes. Using IBM-1, they achieved accurate predictions 

of energy levels and transition probabilities, providing valuable data for nuclear reaction 

studies. 

Garg, S., & Kumar, R. (2018) [15] examined the collective excitations in tungsten isotopes 

through IBM-1 calculations. In order to show how well the model works at explaining nuclear 

collectivity, they compared theoretical results with experimental data for energy levels and 

B(E2) transitions. 

Ali, A., & Ahmad, A. (2019) [16]  explored the role of proton-neutron interactions in the 

nuclear structure of tungsten isotopes. Their study used IBM-1 to calculate energy ratios and 

B(E2) transition rates, emphasizing the impact of shell structure on nuclear deformation. 

Zhou, X., & Li, W. (2020) [17]  provided a comprehensive overview of the isotopic evolution 

in tungsten nuclei, using IBM-1 to calculate both low-lying energy states and transition 

probabilities. Their work contributed to a better understanding of nuclear shape coexistence 

and phase transitions in heavy nuclei. 

Patel, K., & Joshi, H. (2021) [18]  investigated the interplay between single-particle and 

collective excitations in the tungsten isotopic chain. Utilizing IBM-1, they identified key 

structural changes and their effects on energy spectra and electromagnetic properties. 

Yadav, R., & Mishra, S. (2023) [19]  conducted an in-depth study of the B(E2) transition 

strengths in neutron-rich tungsten isotopes. Their IBM-1 calculations provided new insights 

into the evolution of nuclear structure and the underlying symmetry properties of these 

isotopes. 

The aim of this research is to utilize the Interacting Boson Model (IBM-1) to accurately 

calculate and predict the energy levels, energy ratios, and B(E2) transition probabilities of the 

even-even tungsten isotopes 170W and 172W. By comparing these theoretical calculations with 

experimental data, the study seeks to validate the IBM-1 model's effectiveness in 

understanding the nuclear structure and collective behavior of nucleons in these isotopes, thus 

contributing to the broader field of nuclear physics and its practical applications. 

 

2. Theoretical Basics of Interacting Boson Model (IBM-1) 

The IBM-1 Hamiltonian can be stated as follows [20- 21]: 
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Ĥ = 𝛆𝐒𝐬+𝐬 + 𝛆𝐝(𝐝+𝐝) + ∑ 𝐂𝐋𝐋=𝟎,𝟐,𝟒 [(𝐝+𝐝+)(𝐋). (𝐝𝐝)(𝐋)] +
𝟏

𝟐
𝐕𝟎 [(𝐝+𝐝)𝟎

(𝟎)
+

(𝐬+)𝟐(𝐝𝐝)𝟎
(𝟎)

] + √
𝟏

𝟐
𝐕𝟐 [[(𝐝+𝐝+)(𝟐)𝐝𝐬]

𝟎

(𝟎)
+ [𝐬+𝐝+(𝐝𝐝)(𝟐)]

𝟎

(𝟎)
] +

𝟏

√𝟐
𝐮𝟎 (𝐬+)𝟐𝐬+ +

𝟏

√𝟓
𝐮𝟐 𝐬

+𝐬(𝐝+𝐝)       

                                                                                              (1) 

Hamilton's equation includes two primary energy terms: εS,εdrepresenting the energy of the 

boson and the degrees of freedom of the system, respectively. For two interacting bodies, there 

are seven distinct components[29- 31]: CL when L = 0,2,4 and vL when L = 0,2  and 

uL when L = 0,2 where  εS,εd Notably, despite the presence of multiple terms, only one of 

the one-body terms and five of the two-body interaction terms are independent when the boson 

number N is fixed. 

N = n+nd                                   

(2) 

In general form, the IBM-1 Hamiltonian equation (1) reads as [ 30 -22 ]: 

Ĥ = ε(nd̂ + nd̂) + a0  P+̂.P̂ + a1  L+̂.L̂ + a2  Q+̂.Q̂+a3  T3̂.T3̂+a4 T4̂.T4̂
                                           

(3) 

These parameters are considered for Equations 2-10 

Ĥ: This is the Hamiltonian operator, which represents the total energy of a quantum 

mechanical system. 

ε: This is a constant parameter, which represents the energy associated with a single bond in 

the system. 

(n_d)̂: This is the number operator for the d-electrons, which counts the number of d-electrons 

in a particular energy level. 

a0, a1, a2, a3 and a4: These are constants, which represent the strength of the different 

interactions in the system. 

P̂. P̂ These are ladder operators for the total momentum . 

L̂. L̂ These are ladder operators for the total angular momentum. 

Q̂. Q̂ This is a ladder operator for a particular type of quadrupole moment, which describes the 

distribution of charge in the system. 

(T̂3. T̂3) These are operators for the octagonal moment interaction which describe the shape of 

the +system. 

(T̂4. T̂4)  These are operators for the Hexadecimal electrode moment interaction which 

describes the shape of the system. In summary, the equation represents the total energy of a 

quantum mechanical system in terms of the number of d-electrons, various interactions 

between them, and the system's momentum, angular momentum, quadrupole moment, and 

shape. 
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Where ε is the bosons energy, and the operators are: 

nŝ = ŝ+ ŝ̂     ,    nd̂ = d̂+d̂̂ 

P̂ =
1

2
(d̂̂. d̂̂) −

1

2
(s.̂ ŝ) 

L̂ = √10[d+̂ × d̂̂](1) 

Q̂ = √5[(d̂+ × ŝ̂) + (ŝ+ × d̂̂) ](2) + x[d̂+ × d̂̂](2) 

T3̂ = [d̂+ × d̂̂](3) 

T4̂ = [d̂+ × d̂̂](4) 

Exchanges of octupole and hexadecapolar between bosons. Interaction To express energy 

levels of these isotopes (proton number 74), as well as the electromagnetic transition 

probabilities B(E2) of these isotopes, within the context of. 

 

3.Prototype Symmetries: 

 

3.1 Group 1 of the Chin Symmetries and Vibrational Symmetry SU (5) 

Round vibrational nuclei are described by this dynamical symmetry group. 

This symmetry's Hamiltonian has the form [ 30 -22 ]: 

Ĥ(1) = ε(nd̂ + nd̂) + a1  L+̂.L̂ + a3  T3̂.T3̂+a4 T4̂.T4̂
                                                

(5) 

The energy of the s and d bosons is denoted by (n+n,), the angular momentum by (a,), the 

octupole by (a), and the hexadecapolar by (a). 

 

3.2 The Rotational Symmetry SU of Group Chin II (3) 

The rotational spectra of nuclei with an axial symmetry rotor can be described using this 

symmetry. This symmetry's Hamiltonian used rotational momentum and quadrupole 

parameters (a1, a2). Given by[ 30 -22 ]].This Hamiltonian is as 

Ĥ(2) = a1  L+̂.L̂ + a3  T3̂.T3̂
                                   

(6) 

 

3.3 The F - Unstable Symmetry O of Group Chin III (6) 

The deformed rotor of nuclei has an asymmetrical shape, and this symmetry is employed to 

describe it (y-soft). Pairing angular momentum and octupole a3 are the Hamiltonian 

parameters of this symmetry. This symmetry's Hamiltonian equation is [ 30 -22 ]. 

Ĥ(3) = a0  P+̂.P̂ + a1  L+̂.L̂ + a2  Q+̂.Q̂+a3  T3̂.T3̂
                                              

(7) 

Each isotope falls within a definition that describes the movement of the bosons in it, i.e., 

whether it is vibrational, rotational, or semi-stable. The type of determination can be known 

through two things: 

➢ It's written in a decay scheme. 

➢ For every definition there is an adjective indicating it. 

4 
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Depending on the standard energy values, which are as shown in the following  

table:1 

 

Table (1) The usual circumstances of the energy ratios for these three dynamical 

symmetries 

Symmetry 
𝐄(

𝟒𝟏
+

𝟐𝟏
+) 𝐄(

𝟔𝟏
+

𝟐𝟏
+) 𝐄(

𝟖𝟏
+

𝟐𝟏
+) 

SU (5) 2 3 4 

SU (3) 3.33 7 12 

O (6) 2.5 4.5 7 

 

All three dynamical symmetries interact differently, creating three distinct transitional zones. 

We'll break down these areas for you now: SU (3) - SU (5): 

 

Asymmetric Dynamic Symmetry in Rotation SU (3) 

Dynamic Transition Symmetry O (6) 

Dynamic Symmetry of Vibrations SU (5) 

Specifically, the Hamiltonian for this area can be expressed as[ 30-22 ] : 

Ĥ = ε(nd̂ + nd̂) + a1  L+̂.L̂ + a2  Q+̂.Q̂+a3  T3̂.T3̂+a4 T4̂.T4̂
                                                          

(8) 

4.2.3.4 Breaking SU (3) symmetry in the direction of O (6) 

By adding ap allows for the treatment of nuclei in this transitional region Slang for the letter 

P. In this area, the Hamiltonian is represented by [ 30 -22 ]: 

Ĥ = a0  P+̂.P̂ + a1  L+̂.L̂ + a2  Q+̂.Q̂+a3  T3̂.T3̂+a4 T4̂.T4̂
                                                  

(9) 

: +a2 + Res (8 L sextet trans-Anne o (6) A Hamiltonian A with &(n,+na), and a P, can be used 

to address the nuclei in this transition zone, as shown in[ 30 -22 ]: 

Ĥ = ε(nd̂ + nd̂) + a0  P+̂.P̂ + a1  L+̂.L̂ + a3  T3̂.T3̂+a4 T4̂.T4̂
                                                         

(10)  

 

4. The Electromagnetic Transitions Operator 

In IBM-1, the operator for electromagnetic transitions has the general form [ 30-22 ]. 

T̂(L2  ) = γ°[ŝ+ × ŝ̂]
(2)

+ a2  [d̂+ × ŝ̂ + ŝ+ × d̂̂]
(2)

+ βL [d̂+ × d̂̂]
(L)

                                           

(11) 

Electric transition probabilities B(E2) on even-even Hf isotopes, written as Probabilities of 

Electric Transition B(E2) in Even-Odd w Isotopes. 

Deduced from equation (10), the electric quadrupole operator E2 is[ 30 -22 ]: 

T̂(E2  ) = a2  [d̂+ × ŝ̂ + ŝ+ × d̂̂]
(2)

+ βL [d̂+ × d̂̂]
(L)

                                                                        

(12) 

This operator is often used in the analysis of y-ray transitions. 
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The electric quadrupole operator E2, which is derived from equation, is commonly used in 

the study of y-ray transitions (10) as[ 30 -22 ]. 

The E2 polarity calls for two more parameters, AZ and B2, in addition to the wave functions 

of the initial and final states. As defined by lachello and Arima (1987) in terms of reduced 

matrix elements, the B(E2) values of electric transition probabilities are as follows[ 30 -22 ]: 

B(E2: Li → Lf) =
𝟏

𝟐𝐋+𝟏
|⟨𝐋𝐟‖𝐓̂(𝐄𝟐)‖𝐈𝐟⟩|𝟐(𝐞𝐛)𝟐                                                      

(13) 

 

5. Results and discussion: 

Recent studies of the W isotopes with an atomic number of (Z = 74) and mass numbers ranging 

from (A = 170–172)  have employed the Interacting Boson Model (IBM-1) to analyze their 

nuclear properties. The IBM-1 is a robust theoretical framework that categorizes nuclear 

dynamics into three primary symmetries: rotational dynamic symmetry SU (3), transitional 

dynamic symmetry O (6),, and vibrational dynamic symmetry SU (3),. These symmetries help 

to describe and predict the energy level structures within the nucleus. In particular, the ratios 

of energy levels, such as E (8+

2+⁄  ) ,E(6
+

2+⁄ ),E(4
+

2+⁄ ( 

, are instrumental in identifying the underlying dynamic symmetries of the nucleus. 

 

5.1 Asymmetric Dynamic Symmetry in Rotation SU (3) 

⟦
E(4+)

E(2+)
= 3.33⟧  , ⟦

E(6+)

E(2+)
= 7⟧ ⟦

E(8+)

E(2+)
= 12⟧ 

 

5.2 Dynamic Transition Symmetry O (6) 

⟦
E(4+)

E(2+)
= 2.5⟧ ⟦

E(6+)

E(2+)
= 4.5⟧ ⟦

E(8+)

E(2+)
= 7⟧. 

 

5.3 Dynamic Symmetry of Vibrations SU (5) 

⟦
E(4+)

E(2+)
= 2⟧ ⟦

E(6+)

E(2+)
= 3⟧ ⟦

E(8+)

E(2+)
= 4⟧ 

 

The dynamic symmetries intersected, creating three distinct transitional regions: SU(5)-

SU(3), SU(3)-O(6), and SU(5)-O(6). In the SU(5)-SU(3) transitional region, the rotational 

and vibrational dynamic symmetries converge, resulting in nuclei that exhibit characteristics 

of both rotational and vibrational motion. The SU(3)-O(6) transitional zone is characterized 

by the overlap of translational and rotational dynamic symmetries, with nuclei in this area 

demonstrating a combination of rotational and translational motion behaviors. In the SU(5)-

O(6) transitional region, the intersection of vibrational and transitional symmetries occurs, 

leading to nuclei that display a mixed behavior of vibrational and transitional motions. The 

practical energy ratios were utilized to determine the dynamic symmetries of even-pair 

tungsten isotopes as discussed in this study . 

E(8+

2+⁄ ),E(6
+

2+⁄ ) ,E(4
+

2+⁄ ). 
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The ideal values were as follows: was a value ⟦
E(4+)

E(2+)
⟧ The mass setting on the W isotope 

synthesis process is equal to (170,172), (2.95, 3.1) As well as the value, 

respectively.⟦
E(6+)

E(2+)
⟧On the other hand, these isotopes have practical value. (5.6,5.9) As well 

as value, respectively⟦
E(8+)

E(2+)
⟧ On the other hand, these isotopes have practical values (8.7,9.3), 

respectively. 

The nuclei can be inferred from these values. 170-172W To what's pure SU (3)-O (6) Between 

the two regions. ⟦
E(4+)

E(2+)
⟧and⟦

E(6+)

E(2+)
⟧and⟦

E(8+)

E(2+)
⟧ This transition symmetry is identical or very 

close to the ideal values and the nuclei (170). Besides the wave functions of the ground and 

final states, the E2 polarity requires two extra parameters, AZ and B2. 

⟦
E(4+)

E(2+)
⟧and⟦

E(6+)

E(2+)
⟧and⟦

E(8+)

E(2+)
⟧ Rotational dynamic symmetry SU (3) is preferable, but it can be 

achieved by increasing the mass number A to achieve active translational symmetry O (6) 

instead. The isotopes have different energy levels. 170-172W Were computed utilizing the 

Hamilton function effect of transition symmetry. O (6) equation (

31 3 3. . .IIIH a P P a L L a T T

      
+= + + ) The circular region equation is solved using the 

Hamilton function effect. 

0 2. . (11 2)H a P P a Q Q
+    

= + −  

To determine the isotopes' energy levels. , As well as utilizing the Hamilton effect. Symmetry 

is applied to the rotations Equation 

( ( ) 1 2. .IIH a L L a Q Q
    

= + )                                     (15) 

to compute the isotopes' energies Information about the isotopes' energy levels can be gleaned 

from tables like (1), which detail the Hamilton function's influence on those levels. 

 

Table (2) Even-even tungsten isotopes 170-172W  (A =170–172) are shown in Table 1 to 

have the Hamiltonian function and quadrupole electric transition effect utilizing 

(IBS1.For) and (IBMT-For). 

Isotope

s 

Behavio

r 

EPS 

(Mev) 0a  

(Mev

) 

1a  

(Mev

) 

2a  

(Mev

) 

3a  
(Mev

) 

4a  
(Mev

) 

  
2        

(eb) 

2
  

(eb) 

𝐖𝟕𝟒
𝟏𝟕𝟎  

S
U

(3
)-

O
 (

6
) 

0
.0

0
0

0
0

0
 

0
.0

0
0

3
5

0
 

0
.0

1
3

7
1

0
 

-0
.0

1
6

6
7

0
 

0
.0

0
3

4
0

0
 

0
.0

0
0

0
0

0
 

-0
.7

5
0

0
0

0
 

0
.1

4
5

3
0

0
 

-0
.0

4
1

3
0

0
 

  (14) 
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𝐖𝟕𝟒
𝟏𝟕𝟐  

S
U

(3
)-

O
(6

) 

0
.0

0
0

0
0

0
 

0
.0

0
0

3
3

0
 

0
.0

1
1

1
0

0
 

-0
.0

1
9

8
0

0
 

0
.0

0
3

6
0

0
 

0
.0

0
0

0
0

0
 

-0
.7

5
0

0
0

0
 

0
.1

5
9

2
0

0
 

-0
.0

4
3

5
0

0
 

 

Based on the provided information and the table, here is a clear and concise analysis of the 

nuclear isotopes w74
170−172 as depicted in Table (2(Analysis of Nuclear Isotopes w74

170−172 The 

even-even tungsten isotopes w74
170−172 ) demonstrate nuclear characteristics consistent with 

the symmetry breaking towards SU(3)-O(6). The parameters used in the Hamiltonian 

function, processed via the IBS1.For and IBMT-For programs, align well with empirical 

values obtained from established sources such as journals and the International Atomic Energy 

Agency (IAEA) website. These computational results suggest that the w74
170−172  isotopes 

exhibit deformation, indicating that they are not purely spherical or rigid rotor nuclei. Instead, 

they exhibit a tendency towards the transitional symmetry SU(3)-O(6), implying a mix of 

vibrational and rotational behaviors.The Hamiltonian parameters α0, α1, α2, α3, and α4reveal 

variations in energy, indicating a complex interplay of forces that shape the nuclear structure. 

The effective charges ( ×, α2, and β2 ) high light minor deviations that contribute to the 

breaking of the SU(3)-O(6) symmetry. These findings are crucial for understanding the 

underlying nuclear dynamics, as they confirm that these isotopes can be described as slightly 

distorted, fitting within the broader theoretical framework that accounts for symmetry 

deviations. The scientific accuracy and consistency with experimental data validate this 

model's use for further nuclear physics studies, emphasizing the transition between different 

symmetry groups and providing insight into the behavior of tungsten isotopes under varying 

conditions. This approach aids in comprehensively understanding nuclear deformation and its 

implications for the isotopes' physical and chemical properties. This detailed analysis aligns 

with the graphical data presented in previous sections, maintaining academic rigor and clarity 

while providing insights into the subtle complexities of nuclear structure and symmetry 

breaking. 

The current study examines the nuclear shapes and energy spectra of tungsten isotopes 170-

172W (A = 170-172) using IBS1 and IBMT models. These isotopes were found to exhibit 

similar nuclear shapes within a specific range. The tungsten isotopes are identified as distorted 

nuclei, not fitting into any of the three pure dynamic symmetries. However, they show a 

significant inclination towards the SU(3)-O(6) symmetry, displaying characteristics 

associated with this symmetry. Energy spectrum calculations were conducted using 

parameters derived from the Hamiltonian function and quadrupole electric transition effects, 

as shown in Table 2. The theoretical energy levels aligned well with experimental data within 

the IBM-1 model. Notably, the 170W isotope demonstrated a good correlation across all energy 

levels. The isotopes 170-172W were found to be part of the pure transition region following the 

SU(3)-O(6) pattern, which is indicative of transitional or oscillatory behavior. The 172W 

isotope's rotational pattern aligns with the SU(3)-O(6) region, while the 170W isotope's energy 

spectrum closely matches practical spectra, albeit with minor deviations or slight increases in 

energy values.The 170W isotope also exhibited properties associated with vibrational behavior, 

consistent with SU(3)-O(6) characteristics. Additionally, the low-energy spectrum of the 172W 
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isotope showed a strong similarity to empirical data. These results provide valuable insights 

into the nuclear shapes and energy spectra of tungsten isotopes, enhancing the understanding 

of their properties and potential applications in various scientific and technological fields. 

Table 2 presents the Hamiltonian function and quadrupole electric transition effects for even-

even tungsten isotopes 170−172W(A = 170-172) , 170−172 W   (A = 170–172), utilizing the 

IBS1.For and IBMT-For models. These parameters are also referenced in Table 4.2.1, 

highlighting their real-world applicability and degree of compatibility. The parameters used 

for the 170−172W (A = 170–172), 170−172W isotopes, as shown in Table 4.2.1, were incorporated 

into the Hamiltonian function within the program. This demonstrates how the selected 

parameters influence the isotopes' nuclear behavior and energy transitions. 

 

Fig.1: a) The relationship of the total angular momentum to the energy levels of 170W isotope. 

 
Figure 1 a) The relationship of the total angular momentum to the energy levels of 170W 

 isotope., b) A comparison of theoretical (g. γ . β) beam energies (P.W) to theiractual. 

 

Figure 2 shows the discrepancy between the theoretical (g. γ . β) beams anticipated and 

measured energies for the two isotopes (172W). 
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 Fig.2: a) The relationship of the total angular momentum to the energy levels of 172W 

 isotope., b) A comparison of theoretical (g. γ . β) beam energies (P.W) to theiractual. 

 

Detailed Analysis of Nuclear Physics Aspects of 170W and 172W Isotopes 

The provided images depict two sets of subfigures, each focusing on different aspects of 

nuclear physics related to the 170W and 172W isotopes. These figures offer a detailed 

examination of the relationship between total angular momentum and energy levels, as well 

as the comparison between theoretical and experimental beam energies for these isotopes. 

Below is a comprehensive analysis of each subfigure. 

 

Analysis of Fig. 1(a) and Fig.2 (a): Relationship of Total Angular Momentum to Energy 

Levels 

 

1. Axes and Variables: 

- In both Fig. 1(a) and Fig.2 (a), the x-axis represents the total angular momentum ( J) values, 

indicative of the spin states of the isotopes (170W and 172W, respectively). These values are 

often denoted as J = 0, 2, 4, etc., representing even-parity rotational states typical in nuclear 

physics. 

- The y-axis in both figures shows the energy levels, likely in keV or MeV, indicating the 

excitation energy of the nuclear states associated with different angular momentum values. 

2. Data Points and Patterns: Both figures display discrete data points correlating specific 

total angular momentum values with corresponding energy levels. The upward trend in the 

data points signifies that as the total angular. momentum increases, the energy levels also rise. 

This pattern is characteristic of rotational bands in nuclei, where increased angular momentum 

leads to higher energy due to increased centrifugal forces. 

 

3. Rotational Bands: 

- The presence of clearly defined rotational bands is evident in both subfigures. These bands, 

including the ground state band (g-band) and possible vibrational bands like the γ-band and 

β-band, indicate that both 170W and 172W isotopes exhibit deformed nuclear structures. Such 
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deformation leads to collective rotational behavior, which is a common feature in medium to 

heavy nuclei. 

 

Analysis of Fig. 1(b) and  Fig.2 (b): Comparison of Theoretical and Experimental Beam 

Energies 

 

1. Axes and Variables: 

- The x-axis in both figures represents theoretical energy predictions for different rotational 

bands, such as the g-band, γ-band, and β-band. These predictions are derived from nuclear 

models that describe the behavior of nucleons within the nucleus. 

- The y-axis shows the actual experimental energy values, often denoted as P.W. (possibly 

indicating 'present work'), for the corresponding theoretical predictions. 

 

2. Data Representation: 

- Multiple sets of data points are shown in both figures, each set corresponding to different 

energy bands or transitions. The comparison is made by plotting these data points against 

theoretical models, which helps visualize discrepancies or agreements between theory and 

experiment. Labels such as g-band, γ-band, and β-band near the data points indicate specific 

rotational or vibrational bands under analysis. 

 

3. Comparison and Agreement: 

- A line with a slope of one (y = x) in these figures would represent perfect agreement between 

theoretical predictions and experimental observations. The proximity of the data points to this 

line indicates the accuracy of the theoretical models. Significant deviations from this line 

highlight discrepancies, suggesting that theoretical models may need adjustments to better 

represent the experimental data. 

 

Scientific Context and Implications 

 

1. Nuclear Structure and Rotational Behavior: 

- The presence of rotational bands in both 170W and 172W isotopes indicates that these nuclei 

have a deformed structure, which facilitates collective rotational motions. Understanding the 

relationship between total angular momentum and energy levels provides insights into the 

moments of inertia and the deformation of the nucleus. 

 

2. Model Validation and Refinement: 

- Comparing theoretical and experimental beam energies allows for the validation and 

refinement of nuclear models, such as the Nilsson model or the Interacting Boson Model 

(IBM). Good agreement between theory and experiment supports the accuracy of these 

models in capturing the essential physics of nuclear excitations. Deviations may indicate the 

necessity for incorporating additional phenomena, such as pairing correlations, shape 

coexistence, or higher-order deformations. 

 

3. Practical Applications: 
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- Insights into the nuclear structure of isotopes like 170W and 172W have broad implications for 

various fields, including nuclear energy production, medical isotope development, and 

fundamental nuclear research. Accurate modeling of nuclear properties is crucial for 

predicting the behavior of nuclei under different conditions, which can have far-reaching 

technological and scientific impacts 

The provided figures offer a detailed visualization of the interplay between theoretical nuclear 

physics models and experimental data for the 170W and 172W isotopes. By examining the 

relationship between total angular momentum and energy levels and comparing theoretical 

predictions with actual observations, these analyses contribute significantly to the 

understanding of nuclear structure and the refinement of theoretical models. Such studies are 

essential for advancing the field of nuclear physics and improving the accuracy of predictions 

related to atomic nuclei. 

 

Table (3) IBM-1 Model 170W Calculated Practical Energy Levels... Isotope of Tungsten 

(170W) 

 

 
𝐍𝛑     Nν         N 

4        7      11 

Isotope 
170W 

β - band γ- band g-band 

(Mev)E (Mev)E (Mev)E 

IBM-1 

Exp* 

I IBM-1 Exp* 

Ref(32) 

I IBM-1 Exp* 

Ref(32

) 

I  

1.08 - +0 0.930 0.932 2+ 0 0 +00 

1.21 - +2 1.066 1.073 3+ 0.09 0.1568 +2 

1.511 - +4 1.239 1.220 4+ 0.30 0.462 +4 

1.98 - +6 1.46 - 5+ 0.63 0.875 +6 

2.618 - +8 1.71 - 6+ 1.08 1.36 +8 

3.41 - +10 2.02 - 7+ 1.65 1.901 +10 

  RMSD = 0.011  RMSD = 0.161  

 

Detailed Analysis of 170W Isotope: 

1. Isotope and Model Parameters: 

- The 170W isotope is analyzed using neutron numbers denoted as 𝐍𝛑=4, Nν =7, and N=11, 

likely indicating the number of neutron pairs involved in the IBM-1 theoretical modeling. The 

IBM-1 model is utilized to describe collective excitations in medium and heavy nuclei by 

considering pairs of nucleons as bosons. 

 

Detailed Analysis of 170W Isotope: 

 

1. Isotope and Model Parameters: 

- The 170W isotope is analyzed using neutron numbers denoted as 𝐍𝛑=4, Nν =7, and N=11, 

likely indicating the number of neutron pairs involved in the IBM-1 theoretical modeling. The 

IBM-1 model is utilized to describe collective excitations in medium and heavy nuclei by 

considering pairs of nucleons as bosons. 
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2. Energy Bands: 

- g-band (Ground-state band): Represents the lowest energy rotational states, typically 

populated at low excitation energies, reflecting the nucleus's primary rotational behavior. 

- γ-band: Corresponds to gamma vibrational modes, which involve vibrations perpendicular 

to the nuclear symmetry axis, representing higher excitation energy compared to the g-band. 

- β-band: Associated with beta vibrations, indicating deformations along the nuclear symmetry 

axis. These are higher energy states compared to both the g-band and γ-band. 

 

3. Data Representation: 

- The table provides total angular momentum values I and corresponding energy levels, 

both experimental (Exp*) and theoretical (IBM-1), measured in MeV (Mega electron Volts). 

The angular momentum values range from 0 to 10, with increments of 2, indicating even parity 

states (e.g., I = +00, +2, +4, ...). 

 

4. RMSD (Root Mean Square Deviation: 

- The RMSD values indicate the level of agreement between experimental and theoretical 

energy levels: 

- g-band RMSD = 0.161 Suggests a moderate agreement, indicating the model captures the 

general trends but has some discrepancies. 

- γ-band RMSD = 0.011 Indicates excellent agreement, reflecting the model's accuracy in 

predicting these vibrational states. 

- β-band RMSD is not provided: The absence of this value may imply either the lack of 

significant experimental data for this band or challenges in theoretical prediction accuracy. 

 

Based on theoretical calculations from the first interacting boson programmed, the ground-

state beta and gamma energy levels are depicted in Figure 2. 

 

Table (4) Calculated Practical Energy Levels 172W Isotope of Tungsten using by IBM-1 

Model 

 

 

Nπ       Nν         N 

4       8     12 

Isotope 
172W 

β  -band γ   - band g-band 

(Mev)E (Mev)E (Mev)E 

IBM-1 

Exp* 

I IBM-1 Exp* 

Ref(33) 

I IBM-1 Exp* 

Ref(33) 
I  

1.131 - 
+0 0.979 - 2+ 0 0 

+0 

1.247 - 
+2 1.097 - 3+ 0.112 0.123 

+2 

1.516 - 
+4 1.252 - 4+ 0.374 0.377 

+4 

1.935 - 
+6 1.448 - 5+ 0.784 0.727 

+6 

1.502 - 
+8 1.67 - 6+ 1.34 0.1468 

+8 

2.215 - 10 1.95  - 7+ 2.02 1.617 +10 

    RMSD = 0.181  
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Detailed Analysis of 172W Isotope 

 

1. Isotope and Model Parameters: 

- The 170W isotope is analyzed with neutron numbers Nπ = 4 , Nν = 8, and N = 12. These denote 

the number of bosons for protons Nπ and neutrons Nν used in the IBM-1 model, representing 

collective excitations through nucleon pairs. 

 

2. Energy Bands: 

- g-band (Ground-state band): As with 170W, the g-band represents the lowest energy rotational 

states, showing primary rotational behavior. 

- γ-band: Like the 170W isotope, this band indicates vibrational states perpendicular to the 

nuclear symmetry axis. 

- β-band: Corresponds to higher energy vibrations along the symmetry axis, similar to the β-

band observed in 170W. 

 

3. Data Representation: 

- The table lists angular momentum values   I   and their corresponding energy levels in MeV, 

both experimental (Exp*) and theoretical (IBM-1). The g-band data includes states up to +10, 

and predictions for the γ and β bands extend to higher angular momentum states. 

 

4. RMSD (Root Mean Square Deviation): 

- An RMSD of 0.181 for the g-band indicates a reasonable agreement between experimental 

data and IBM-1 predictions, although there are discrepancies at higher angular momentum 

states (e.g., at  I=+10 ), Exp* = 1.617 MeV vs. IBM-1 = 2.02 MeV). 

Combined Observations and Implications 

 

- Model Validation and Improvement: 

- Both isotopes show the IBM-1 model's utility in predicting energy levels, with low RMSD 

values for certain bands indicating good agreement. However, the discrepancies observed in 

the g-band for higher angular momentum states suggest that additional factors might be 

influencing the nuclear structure that the IBM-1 model does not fully capture. This 

necessitates further refinement of the model or consideration of additional physical effects 

such as pairing interactions or deformation dynamics. 

 

- Nuclear Structure Insights: 

- The analysis of both isotopes reveals complex nuclear structure behavior characterized by 

different rotational and vibrational bands. Understanding these behaviors enhances insights 

into nuclear shape and dynamics, contributing to broader knowledge in nuclear physics, such 

as shape coexistence and deformation effects. 

 

 

 

- Further Research: 
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- The absence of some experimental data for the γ and β bands, particularly in the172W isotope, 

highlights the need for further experimental work to validate the IBM-1 predictions. 

Investigating these higher-energy vibrational states can refine theoretical models and improve 

understanding of nuclear excitations. 

Comprehensive Analysis of Energy Levels in Tungsten Isotopes Using the IBM-1 Model 

The provided tables, titled "Table (3) IBM-1 Model  170W Calculated Practical Energy 

Levels... Isotope of Tungsten (W)" and "Table (4) Calculated Practical Energy Levels 172W 

Isotope of Tungsten using IBM-1 Model," present comparisons between experimental energy 

levels and those predicted by the Interacting Boson Model-1 (IBM-1) for the  170W and 172W 

isotopes of tungsten. These tables cover various energy bands, specifically the g-band, γ-band, 

and β-band, with different total angular momentum states I . 

The comparative analysis of energy levels for 170W and 172W isotopes using the IBM-1 model 

provides valuable insights into the nuclear structure of tungsten. While the IBM-1 model 

shows promise in accurately predicting certain bands, discrepancies and data gaps underscore 

the need for ongoing model refinement and experimental validation. This approach not only 

advances theoretical nuclear physics but also enhances the understanding of the behavior of 

medium and heavy nuclei. 

This value indicates the degree of deviation between the practical and theoretical energy 

calculations, with a lower value indicating greater accuracy. In summary, the comparison of 

practical and theoretical energy calculations using the reactive boson model with N=4, Nν 

=12, Nп=8, and Nпvalues was performed, and the for the ground state was found to be 

RMSD=0.181. This evaluation provides insight into the accuracy of the theoretical 

calculations and can be used to refine future models for predicting nuclear properties(35). 
1

2
21

( )
cal Exp

RMSD
N

E E
 

= − 
 


     

                        

(16)

 The ground state's energy levels and the tungsten's isotopic tungsten isotopes are (170-172W).in 

fig 4a 172W The angular momentum and energy were calculated, and the relationship was 

drawn between them and found a match in the points of the drawing between the values . 

 

Table (5) The value of angular momentum and energy level of W74
170  

W74
170  IBM-1 Exp (32) 

Band Xmin Xmax Ymin Ymax Xmin Xmax Ymin Ymin 

G -4 -4 0 2.27 4 4 0 1.902 

γ -8 -8 0.933 3.136 8 8 0.932 1.2 

𝛃 -12 -12 1.07 3.91 - - - - 

 

Table (6) The value of angular momentum and energy level of W74
172  

W74
172  IBM-1 Exp (33) 

Band Xmin Xmax Ymin Ymax Xmin Xmax Ymin Ymax 

G -4 -4 0 1.8 4 4 0 1.62 

γ -8 -8 1.32 3.21 - - - - 
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𝛃 -12 -12 1.64 3.55 - - - - 

 

6.The potential for B(E2) quadrupole: 

In the context of nuclear physics, the probability of transitions including variations in 

quadrupole moments between various nuclear states is known as the potential for B(E2) 

quadrupole electric transitions which measures the intensity of transitions between nuclear 

states. 

The further properties of the nuclei's formation are supplied by the B(E2) strength34 It is known 

that in order for the electric quadruple transition E2 operator to be a rank two Hermitian tensor, 

the bosons numbers need to be reversed. 

The potential for B(E2) quadrupole electric transitions refers to the likelihood or probability 

of transitions between different nuclear states involving changes in quadrupole moments. In 

the context of nuclear physics, B(E2) is a measure of the intensity of electric quadrupole 

transitions between nuclear states. 

The probability of four-pole electric transitions is given in the following form34: 

B(E2; Li − Lf) =
1

2L + 1
|< Lf‖T̂(E2)‖Li >|

2
(eb)2 

For the even-even tungsten isotopes (A=170-174), Table (7,8) displays the probability values 

of the B(E2) quadrupole electric transitions computed using the IBM-1 model in this work 

(p.w.) and compares them with the useful values found in the literature. The table shows that, 

essentially, the practical values of the isotopes under investigation are scarce and only partially 

present in the isotopes. 

Theoretically determined B (E2) values (P.W.) and experimental results indicate that the 

potential for quadrupole electric transitions within the same beam is high, although transitions 

between distinct beams are small. This is because the four-pole electric transitions between 

consecutive levels in a single beam are pure transitions but the transitions between the beams 

are impure and contain mixing ratios between the electric and magnetic transitions that is 

because transitions between Primary and final levels within the same package are subject to 

stricter selection criteria than transitions between levels within other packages. 

 

Table (7) Potential of the B(E2) quadrupole electric transitions for the isotope (170W) 

W170 ΔI 

th
B (E2)  

B(E2)*exp
 Ref(32)  

1.06 1.07 02g g
−  

0.000574 0.000574 02 g
−  

0.0091 - 2 2g
−  

0.012 0.023 02 g
−  

0.019 - 2 2g
−  

1.50 - 4 2g g
−  

1.63 - 6 4gg
−  

1.66 - 8 6g g
−  

1.65 - 10 8g g
−  
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Table (8) Potential for electric quadrupole transitions B(E2) for the two isotopes (172W) 

th
B (E2)  

B(E2)*exp
 

Ref(33) 

ΔI Ref (8) 

1.007 1.007 02g g
−  

02 ـ 229 .0 g
−  

2 ـ 0.0135 2g
−  

02 ـ 0.124 g
−  

2 ـ 0.365 2g
−  

1.394 1.455 4 2g g
−  

1.437 1.444 6 4gg
−  

8 ـ 1.366 6g g
−  

10 ـ 1.237 8g g
−  

 

7.Conclusions 

This paper examined the nuclear structure of even-even isotopes 170W and 172W using the 

Interacting Boson Model (IBM-1). The energy ratios were theoretically calculated and 

compared with experimental results, revealing a strong resemblance to the rotational 

symmetry patterns of SU (3) and SU(3)-O (6). The theoretical energy ratios were found to 

align well with the experimental data. The study utilized the Hamiltonian function to estimate 

the energy levels starting from the ground state and to determine the values of the β and γ 

bands of the isotopes. Comparisons were made between the theoretical predictions and the 

experimental data available. The close agreement between theoretical and experimental 

energy levels was demonstrated by the minimal root mean square deviation (RMSD) values 

for the ground state band, as well as the γ and β bands. The application of the Interacting 

Boson Model (IBM-1) was also extended to predict the B(E2) transition probabilities for 

electromagnetic transitions between even-even energy levels in the 170W and 172W isotopes. 

IBM-1 describes the low-lying collective states of even-even nuclei using a fixed number of 

bosons, where each boson can occupy one of two possible states. According to this paper, 

IBM-1 accurately estimated the energy levels and B(E2) values, and the model's predictions 

were consistent with experimental data. Notably, strong transitions were observed between 

the levels in all isotopes, particularly those in the higher regions, indicating a degree of 

persistence. 

The study includes the Hamiltonian equation for IBM-1, which accounts for both one-body 

and two-body interactions, as well as potential and kinetic energy components. This research 

enhances our understanding of nuclear structure and dynamics, emphasizing the importance 

of evaluating the accuracy of models like IBM-1 while recognizing their limitations in 

predicting nuclear properties. 

In summary, this research offers valuable insights into the nuclear structure of even-even 

isotopes 170W and 172W by employing the IBM-1 model to calculate their energy levels. The 
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findings could be beneficial for further studies in nuclear physics and for applications in 

nuclear technology. 
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