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ABSTRACT 

In tungsten isotopes Z=74 (A=180-186), energy levels, B(E2), B(M1) and mixed symmetry states (MSS) have 

been discussed using the interacting boson model (IBM-2). The effect of the Majorana parameters on energy of the highly 

excited state have been investigated. The variation of these parameters have great effect on properties of MSS. All the 

calculated results were compared with the available experimental data and get reasonable agreement. It is found that the 2�� 

in 180W and 182W are the first 2+ mixed symmetry states, while the 2��in 184W and 186W are the first 2+ mixed symmetry 

states. 
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INTRODUCTION 

The proton-neutron interacting boson model (IBM-2) has been very successful in describing the collective 

properties of vas number of nuclei. The IBM-2 distinguishes between proton and neutron bosons can produce all the 

collective states of IBM-1 in addition it produced states called the mixed symmetry states (MSS). The presence of mixed 

symmetry states built on the basis of the properties of electromagnetic transitions [1]. 

To understand the basis mechanism of how the interaction between protons and neutrons, which offers a complex 

formula for the nuclear structures, and it is the first task of the nuclear structures physics studies. That information can we 

get from studies of nuclear states and which are sensitive to the of the proton and the neutron degrees of freedom [2]. 

The even-even mass tungsten isotopes have been a matter of study by several authors using different methods 

shown in references [3-5].  

The aims of the present study are the following: 

• The implementation IBM-2 calculation of the even-even 180-186W isotopes in the context of new experimental data. 

• Study of the mixed symmetry characters through a study of various quantities, the wave function, the F-spin 

values and the electromagnetic transition probabilities. 

• Identification of the one – phonon and two – phonon mixed symmetry states.  

Interaction Boson Model (IBM-2) 

The IBM-2 Hamiltonian can be written as [6,7]  

� = �� + 
����� + ���� + ��,�����. ���� + ���� + ���� + ����                                                                                (1) 
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Where the index (�) and (�) refer to neutron and proton bosons, respectively, �� 	is a constant which contributes to 

the total binding energy only. Moreover:  

��� = ( !".  #!)                                                                                                                                                         (2) 

��! = % !" × '̃! + '!" ×  #!)(*) + +!% !" ×  #!)(*)                                                                                                      (3) 

���� = ,
* -*	%'�

" ×  �" − '�" ×  �")
(*). %'̃� ×  #� − '̃� ×  #�)(*)  

	−∑ -0% �" ×  �")(0)01,,2 . % #� ×  #�)(0).                                                                                                                  (4) 

The Majorana term ���� is responsible for the location of mixed symmetry states with respect to fully symmetric 

ones. The term ��!! shows from microscopic considerations represents the interaction between same bosons, it given 

following form:  

��!! = ,
*∑ 	34!% !" ×  !")(4). % #! ×  #!)(4)(415.*.�)                                                                                                       (5) 

For the calculation of reduced transition probability and moments the following one-body electromagnetic 

operators were considered [8] : 

6�(�2) = 7���� + 7����                                                                                                                                             (6) 

                                                             (7) 

Where 7� and 7� the proton and neutron boson charges, 8� a and 8� are g-factors for proton and neutron boson, 

9�! is the angular momentum operator. 

For a gamma ray decaying from :; 	state to :< state carried by a photon of multipole order L, the reduced transition 

probabilities, for electric B(EL) and magnetic transition B(ML) are defined as follows [9]: 

=��9: :; → :<� = ,
*@A�,

BCDB��BEFB*                                                                                                                            (8) 

=��9: :; → :<� = ,
*@A�,

BCDB��BEFB*.                                                                                                                          (9) 

Where ��  and �	Gare the electric and magnetic multipole operators, respectively.  

In IBM-2, the isospin formalism can be straight-forwardly applied on the boson level, i.e., the bosons are 

considered as elementary particles that form an isospin doublet with projections +1/2 (proton boson) and -1/2                     

(neutron boson). This "boson-isospin" is called F-spin. The lowest-energy nuclear states have the maximum F-spin 

quantum number, F=N/2, where N is the total number of bosons. Such states are symmetric with respect to the pairwise 

exchange of boson isospin labels. Boson states, that contain at least one-pair of bosons which is antisymmetric under the 

exchange of boson isospin labels, possess non-maximum values of the F-spin quantum number, F < N/2, and are called                           

"mixed-symmetry states (MSS's)". Mixed symmetry states appear when the motions of the proton and neutron are not in 

phase. The signature of MSS's is the existence of strong F-vector M1 transitions to symmetric states with allowed M1 

matrix elements of the order of 1 µN [10, 11]. In the IBM-2, F-spin operators written as: 
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H� = '�"'� + � �" .  #��		                                                                                                                                           (10) 

HI = '�"'� + � �".  #��,							HJ = (K�IKL)
* 	.																														                                                                                      (11) 

Both bosons form of (F-spin) multiplet written as; 

|�N >= P,* N , N
,
*Q |�N >= P,* N , − N,

*Q .                                                                                                                                  (12) 

The total symmetry states have the maximum value of (F-spin) [12]. 

HRST = (K��KU)
*                                                                                                                                                        (13) 

While the mixed symmetry states properties by decreasing (F-spin) value where:  

H = HRST − 1	, HRST − 2	, …… . , HR;X = K�IKL
*                                                                                                      (14) 

In the vibrational nuclei, lowest lying mixed symmetry state has spin–parity2�, and the congruence is located at 

the levels around 2 MeV. It is decay to the 2,� level by the basic strong M1 transition [13]. 

RESULTS AND DISCUSSIONS 

For180-186W isotopes, there are four proton - boson holes and neutron hole bosons decrease gradually with mass 

number A. The calculated energy levels spectrum are obtained by diagonalizing the Hamiltonian in Eq.(1), using the 

NPBOS code[14]. 

The best fitted parameters are listed in Table 1. It can be seen from the table the values of	3Y4 = 3�4(9 = 0,2,4) for 

each isotope, the present of these terms corresponding to print out the sequences of levels. The parameter ��� has been 

kept constant in all the isotopes. The parameters \Y = \� been kept constant in all set of the isotopes and equal to SU (3) 

limit value =−√7 2⁄ . 

The values of the Majorana parameters will depress 2R`�  with respect first scissor mode state. The aim was to 

minimize the position of 2� mixed symmetry states in the W isotopes, and to monitor the effects of such a change on the 

calculated energy spectrum. On the other hand, we fixed the value of ξ, = 0.24 MeV for all isotopes and vary	ξ* andξ2. 

The calculated energy spectrums of the 180-186W nuclei are shown in Figures 1-4. Reproduction of the trend in 

the experimental data [15] can be seen, the energy states have been grouped according to bands and F-spin values, and they 

provide an opportunity to study possible collective band structures that are predicted in these nuclei. As can be seen,                 

our results agree well with the available experimental data. In particular, all symmetry states in different band are 

reproduced correctly, all second	0*� and 2*� states, except the	0*� in the180W isotope where the deviation is 0.276 MeV 

lower than the experimental value. The IBM-2 predictions of the γ- band of the selected set of W- isotopes are also 

satisfactory. Though the calculated 02� state at 1.651 MeV in the182W isotope has not been observed, while the	02� states in 

the 180,184,186W isotopes are very close to the experimental ones. All 	3,� states are fully symmetric states, i.e belong to                   

γ-collective band. The deviations between theoretical and experimental data may be attributed to the mixing of the 

collective excitation with quasiparticle excitations. 
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Table 1: The Parameters of the IBM-2 Hamiltonian. bc = bd = − √e

f
, gh = i. fj Have Been Chosen for 180-186W 

Isotopes, All Parameters are in Mev Unit except bc and bd which are Dimensionless 

gk gf lc
j = ld

j  lc
f = ld

f  lc
i = ld

i  m no pd pq A 
0.10 0.10 0.13 -0.10 0.05  -0.062 0.28 4 10 180 
0.10 0.10 0.13 -0.10 0.05  -0.062 0.28 4 9 182 
0.04 0.04 0.15 -0.10 0.10  -0.062 0.30 4 8 184 
0.04 0.04 0.20 -0.20 0.10 -0.060 0.33 4 7 186 

 

 

Figure 1: Comparison between Calculated Energy Levels and Experimental Data in (_74^180) W Isotope 

 

Figure 2: Comparison between Calculated Energy Levels and Experimental Data in rej
hsf  Isotope 

 

Figure 3: Comparison between Calculated Energy Levels and Experimental Data in rej
hsj  Isotope 



Identification of Mixed Symmetry States in180-186 W Isotopes in the Framework of IBM-2                                                                                           5 

 
editor@tjprc.org                                                                                                                                               www.tjprc.org 

 

Figure 4: Comparison between Calculated Energy Levels and Experimental Data in rejhst  Isotope 

Mixed Symmetry States 

The excitation energy of the mixed symmetry states are depend on the Majorana terms. In which we can found the 

ratio by [16]  

R = CvBwxBvF
wyz{(wyz{�,)			                                                                                                                                                  (15) 

Where:  |NJ} = α|NF���} + β|NF��� − 1}, α
* + β* = 1                                                                                              (16) 

We can be calculate     

 �J|F*|J} = α*F���(F��� + 1) + β
*(F��� − 1)F���                                                                                              (17) 

The values ofα and βare playing an important role in the measurement of symmetry in each state. We found that N 

depends on the energy excitation, this the energy of the mixed symmetry states increases with the N to deformed nuclei 

[17]. In the SU(3) limit that the difference in the excitation energies for two different Majerona force are important. Can be 

noted in most of the deformed nuclei by mixing the quotient of the wave function of the proton and the neutron.	1,
� states 

can be observed in rotational nuclei SU(3) [18]. 

The -* component of Mojorana interaction should has an extreme effect on the energy of the MSS. We set, as 

starting point, the three parameters -,, -* and	-2 which obtained the best fit to experimental data and then allow -* to vary. 

The completely symmetric 2+ states do not effected by changing -*, or reach the saturation value very quick, while the 

energy of the MSS increase ( decrease) rapidly by changing the -* value and become constant at a certain energy as shown 

in figures 5 and 6. The energy of the 1R`	
� shows a linear increase with	-*. The 3R`

�  and 4R`	
� behave in the same manner of 

the2R`
� . The F-spin projection calculation confirm this criteria, in other word, we recommended the two methods in 

searching for the mixed symmetry states. The values (F*F/max) of low lying states which reflect of the amount of the 

symmetry in the state can is shown in Figure 7.  

According to the above discussion, it is found that the 2�
� and 2�

� at calculated energy around 2 MeV in���
,�5  

isotope are mixed symmetry states, plus the 1,
� and 1*	

�at 2.130 MeV and 2.877 MeV respectively. The same states in182W 

isotopes are mixed symmetry states. In 184W isotope, it is found that the	2�
� and 2�

� states at experimental and theoretical 
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energies (1.386, 1.431) and (1.408, 1.441) MeV respectively are the mixed symmetry states. In 186W has the similar 

behavior as previous isotope, i.e the 2�� and 2�� states at experimental and theoretical energies (1.285, 1.322) and (1.226, 

1.254) MeV respectively are mixed symmetry states.  

 

Figure 5: The Variation in Levels Energy of 180,182W Isotopes as a Function of gf  

 

Figure 6: The Variation in Levels Energy of 184,186W Isotopes as a Function of gf 
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Figure 7: The F*F/Max (%) Values of the Low-Lying Positive Parity States  
   in IBM-2, Lower Numbers Denote the Order of the States 

Electromagnetic Transitions 

Most characteristics and measurable quantities of MSS states is the electromagnetic decay by allowed F-vector 

any M1 transition to symmetric states. This is an important feature because the M1 transitions between FSS are prohibited 

and therefore M1 transition is a distinct of MSS states. The M1 transitions between MSS and FSS are proportional to the 

quantity [(8� − 8�)*����], while, E2 transitions between FSS are proportional to the quantity [(7��� + 7���)*] and E2 

transition between MSS and FSS are proportional to the quantity [(7� − 7�)*����]. The proportionality factors depend on 

the structures of the wave functions are included.  

From equation (6) we note that an E2 transition mainly depends on identifying proton and neutron bosons 

effective charges and in the case of the mixed symmetry states (7� ≠ 7Y) [19]. The relationship between (7�	, 7Y) and the 

reduced transition probability B(E2) for rotational limit SU(3) is given in the form [20]: 

�(�f: fh� → ih�) = (fp�k)(�dpd���p�)
�p                                                                                                                   (18) 

This relation was used to estimate the effective charges for proton and neutron bosons. It was found that the 

values 7� = 0.12	7� and 7Y = 0.14	7� are suitable values for the selected W isotopes order to calculate the reduced 

electric transition probability B (E2).  

In order to calculate the M1 transition probabilities, one has to estimate the two g-factors in Eq.(7) and to do so, 

we used relation for the total g-factor written as[21]  

� = �d
pd

pd�p� + ��
p�

p��pd                                                                                                                                      (19) 

The predicted values were8� = 0.75	�K	  and8� = 0.15	�K	 . These parameters were kept constant for the whole 

series of isotopes. The model results and experimental values of the electromagnetic transition probabilities have been 

listed in tables 2 and 3. 

From the calculated values for the transition probability B(E2) and B(M1) in 180W and182W in table 2 , it found 
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that the 2�� state is a mixed symmetry state and represent 2,,R`� , because B(E2) < B(M1) as well as the 2�� state which 

represents the mixed symmetry for the same reason. Whereas	2�� state is a totally symmetric state because of                         

B (M1) < B(E2). While, in the case of 184-186W, the 	2�� represent the 2,,R`�  according to the values of B(E2) and B(M1). 

In most cases the values of B(M1) and their ratios are very helpful in nuclear shape coexistence. Normally the 

value of B(M1;1�→ 0�) is the largest value in the M1 transition probability between states, so we applied the B(M1) ratio 

normalized to the value of this transition, according to the fallowing relations;   

�h = �(�h;	hh�→ih�)
�(�h;	��→��)  ,�f = �(�h;	hh�→fh�)

�(�h;	��→��) ,�k = �(�h;	hh�→ff�)
�(�h;	��→��)                                                                                      (20) 

Figure 8, represents the relationship between the ratio	�, and the mass number (A) by the following formula; 

�h = �(�h;	hh�→ih�)
�(�h;f��	→f��)

      where: i= 4 , 5 , 6 , 7 and f=1,2.                                                                                          (21) 

Since the value of the =(�1;	1,� → 0,�) in the above equation, is constant, which means, that the �, ratio depends 

on the=(�1;	f�� 	→ f��). The large value of �, means that the 2;� state is a totally symmetric state and this is consistent 

with the values calculated in the program and with the  F-spin values. For small	�, values the =(�1;	f�� 	→ fh�) is large 

(>>1), means that, the state f��is a mixed symmetry state and it has the strong M1 decay to the fh� state and one must take 

into account that the states in which the M1 decay are one-phonon or two-phonon differences. The relationship between 

the (R,) for the (2� → 2*) transition with the (A) number can be seen in the figure also. The ratio will be different in values 

depending on the amountB(M1; 2� → 2*). It can be seen that (R,) is small (<<1) when (Nυ = 12), because this isotope has 

larger value of B(M1) than the other isotopes. The procedure was applied to identify the totally symmetric sates using the 

ratios R2 and R3; the results are presented in figures 9 and 10. 

Table 2: Experimental and Calculated B (E2) (In Unit�f f) and B (M1) (in Unit¡pf ) for 180-182W Isotopes 
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Table 3: Experimental and Calculated B (E2) (in Unit�f f) and B (M1) (Inunit ¡pf ) for 184-186W Isotopes 

 

 

Figure 8: Ratio (fh) for (f�� → f��) (I= 4, 5, 6, 7 and F =1, 2) Transitions with Mass Number 

 

Figure 9: Ratio (ff) for (f�� → f��) (I= 4, 5, 6, 7 and F =1, 2) Transitions with Mass Number 
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Figure 10: Ratio (fk) for (f�� → f��) (I= 4, 5, 6, 7 and F =1, 2) Transitions with Mass Number 

CONCLUSIONS 

In this work, a satisfactory description of the mixed symmetry states properties in tungsten isotopes A=180 to 186 

has been obtained using M1 transition strength. The calculation was done in the framework of IBM-2. These properties 

provided us with an example of details of nuclear structure of the selected nuclei. The analyses demonstrate the sensitivity 

of the mixed symmetry states energy to the model parameters F-spin and the Majorana term	22. The comparison with 

experimental data shows that, we still lacking of experimental data on the B(M1; 1+	→ 0+) in order to focus on these aspect.  

REFERENCES 

1. Giannatiempo, A, Nannini, A, Sona, P, & Cutoiu D. (1995). Full-symmetry and mixed-symmetry states in even 

ruthenium isotopes. Phys. Rev. C 52, 2969 - 2983. 

2. Pietralla, N, von Brentano, P, & Lisetskiy A. F. (2008). Experiments on multiphonon states with proton – neutron 

mixed symmetry in vibrational nuclei. Pros. Part. Nucl. Phys, 60, 225 - 282. 

3.  Mosbah, D. S, Evans, J. A, & Hamilton, W.D, (1994). An IBM-2 calculation of E2/M1 multipole mixing ratios 

of transition in 182-184-186W. J. Phys. G: Nucl. Part. Phys. 20, 787 – 794. 

4. Navratil, P, Barrett, B. R, & Dobes, J, (1996). M1 properties of Tungsten in the interacting boson model-2.                

Phys. Rev. C 53, 2794 – 2800. 

5. Nomura, K, Otsuka, Rodrıguez-Guzman, T, R, Robledo, L. M, & Sarriguren, P, (2011).                               

Spectroscopic calculations of the low-lying structure in exotic Os and W isotopes. C 84, 054316 (1-7). 

6. Iachello, F. & Arima, A. (1987). The Interacting Boson Model (Cambridge: Cambridge University Press). 

7. Pfeifer W. (1998). The Interacting Boson Model (IBM) of Atomic Nucleus, an Introduction (vdfhochschulverlag, 

Zurich). 

8. Giannatiempo A, Nannini, A, Perego, A, Sona, P, & Maino, G. (1991). Full-symmetry and mixed-symmetry 

states in 110-112-114Cd. Phys. Rev. C 44, 1508 – 1514. 

9. Ejiri, J. A. H. (1989). Gamma- Ray and Electron Spectroscopy in Nuclear Physics (Oxford science publications). 

10. Yilmax, A. H. & Kuruoglu, M. (2006). Investigation of even – even isotopes in interacting boson model-2, 



Identification of Mixed Symmetry States in180-186 W Isotopes in the Framework of IBM-2                                                                                           11 

 
editor@tjprc.org                                                                                                                                               www.tjprc.org 

Commun. Theor. Phys. 46, 697 – 703. 

11. Zhang, J, Al-Khudair, F, Long, L. G, Zhu, S. J, & Ruan, D.. (2002). Mixed Symmetry States in Even-Even               
96-108Mo Nuclei. Commun. Theor. Phys. 37, 335 – 340. 

12. Al-khudair, F. H. & Long G. L. (2002). Detailed Description of Mixed Symmetry States in 94Mo Using 

Interacting Boson Model. Commun. Theor. Phys, 37, 699 – 705. 

13. Ahmad, S. T, Hamilton, W. D, Van Isacker, P, Hamada, S. A, & Robinson, S. J. (1989). Mixed symmetry states 

and the structure of 200Hg. Phys. G: Nucl. Part. Phys, 15, 93 – 112. 

14. Otsuka, T. & Yoshida, N. (1985). Program NPBOS, Japan Atomic Energy Research Institute Report                           

JAERI-M85-094. 

15. ENSDF 2014 Nuclear Data sheet, www.nndc.bnl.gov/ensdf. 

16. Scholten, O, Heyde, K, Van Isacker P, & Otsuka, T. (1985). Mixed-symmetry interpretation of some low-lying 

bands in deformed nuclei. Phys. Rev. C 32, 1729 – 1734. 

17. Scholten, O, Heyde, K, Van Isacker, P, Jolie, J, Moreau, J, Waroquier, M, & Sau J. (1985). Mixed symmetry 

states in the proton – neutron interaction boson model. Nucl. Phys. A 438, 41 – 77. 

18. Subber, A. R. H. & AL-khudair, F. H. (2011). Nuclear structure of the neutron-rich140–148Ba isotopes. Phys. Scr. 

84 035201 (1-5). 

19. Hamilton, W. D, Irback, A, & Elliot J. P. (1984). Mixed-Symmetry Interacting-Boson-Model States in the Nuclei 
140Ba, 142Ce, and 144Nd with N = 84. Phys. Rev. Lett. 53, 2469 -2472. 

20. Van Isacker, P, Heyda, K, Jolie, J. & Seyrin A. (1986). The F-Spin Symmetric Limits of the Neutron-Proton 

Interacting Boson Model. Ann of Phys, 171, 253 – 296. 

21. Goodin, C, Stone, J. R, Stone, N. J, Ramayya, A. V, Daniel, A. V, Hamilton, Li, J. H, K, Hwan, Ter-Akopian,               

J. K, & Rasmussen, J. O.. (2009). g - factors of first 2+ states of neutron-rich Xe, Ba, and Ce isotopes.                              

Phys. Rev. C 79, 034316 (1-7). 

 




