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Abstract- In this study, we determined the most appropriate Hamiltonian that is needed 

for present calculations of nuclei in the A  130 region by interacting boson model. The 

second version of interacting boson model (IBM-2) has been widely used for describing 

the quadrupole collective states of the medium heavy nuclei. The proton and neutron 

variables are distinguished when this version of the model is applied. Because it is 

important to describe the proton and neutron variables explicitely. Using the best-fitted 

values of parameters in the Hamiltonian of the IBM-2, we have calculated energy levels 

and B(E2) values for 
130,132

Te. The results were compared with the previous 

experimental and theoretical data and it is observed that they are in good agreement. 

Some B(E2) values that are still not known so far are stated and the set of parameters 

used in these calculations is the best approximation that has been carried out so far. It 

has turned out that the interacting boson approximation (IBA) is fairly reliable for the 

calculation of spectra in the entire set of such Te isotopes. 

 

Key Words- Interacting Boson Model, Energy Levels, Electromagnetic Transitions, 

Even-Even Te. 

 

1. INTRODUCTION 

 

The even stable tellurium isotopes with only two protons outside the magic shell of 

50 proton and a number of neutrons ranging from 78 to 80 could be expected to be 

nearly spherical and their level structure should be reasonably well explained by the 

vibrational model. Very little is known about the multipolarities of interband transitions 

in tellurium nuclei. In earlier studies on measurements of the reorientation effect in 
122

Te,
 126

Te and 
128

Te showed that the quadrupole moment of the 2
+
 levels of these 

nuclei was appreciably different from zero [1]. In order to explain these large Q2+ 

values, a considerable amount of theoretical work has been developed. N. K. B. Shu et 

al. [2] stated that the even Te nuclei exhibit general collective nuclei properties and 

theoretical calculations on these nuclei have been based on the vibrational model, the 

quasiparticle model, and the interacting boson approximation model(IBA). The spectra 

of these nuclei have been investigated by - and -spectroscopic measurements and by 

neutron capture and inelastic scattering experiments [3]. The low-lying states of this 

region show a rich collective structure and they were investigated extensively in terms 

of various models, such as the interacting boson model (IBM) [4-13], the fermion 

dynamical symmetry model (FDSM) [14-16], the pair-truncated shell model (PTSM) 

[17-22] and the nucleon-pair shell model [23-26]. 
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      In the present work, the structures of 
130,132

Te was undertaken to provide 

more detail on the neutron-rich isotopes. So, the aim is to carry out B(E2) transition 

probabilities of such Te nuclei which are around the mass region A  130 by employing 

the most appropriate Hamiltonian of IBM-2 and to give a clear description about their 

structure in the dynamic symmetry limits. n Section 2, we give a review of the 

theoretical background of the study. n Section 3, the previous experimental and 

theoretical [27-30] data are compared with calculated values and the general features of 

Te (Z=52, N=78,80) isotopes are reviewed. The last section contains some concluding 

remarks. 

 

2. THEORY 

 

     The IBM-2 formalism is a general model specifying the parameters of the 

Hamiltonian and it is considered as the neutrons' and protons' degrees of freedom are 

taken into account explicitly. It has the advantage of being closer to a microscopic 

theory, however the matrices that have to be diagonalized are much larger. Also, one 

can regard the IBM-1 model space , in which neutron and proton degrees of freedom 

are distinguished as a subspace of the IBM-2 model space, namely that of the fully 

symmetric states. From the IBA-2 Hamitonian one can thus project out its IBA-1 piece 

[31]. In the projection form IBA-2 onto IBA-1 the number of neutron (N) and proton 

(N) bosons play an important role. The program code PHINT [32] is used within the 

option of specifying the parameters in the neutron-proton formalism where it takes care 

of projecting on maximum symmetry states. If the lowest states are indeed fully 

symmetric, the calculation with PHINT will give exactly the same excitation energies. 

Thus the Hamiltonian can be written as 

 

H =
v 
n

dv
+ 

 
n

d
 +  Q


.Q

v
+V


+V

vv
+M

v
            (1) 

 

where n
 d  is the neutron (proton) d-boson number operator. 

 

n
d = d

+


d , = , 



d m = (-1)
m 

d
,-m

                                               (2) 

 

where  s+

 ,  

d
m  and   s

 , d
m represent  the s-boson and d-boson creation and 

annihilation operators. The parameters , ,  and CL are the free parameters that have 

been determined so as to reproduce as closely as possible the excitation-energy of all 

positive parity levels for which a clear indication of the spin value exists, following the 

same procedure described in [33]. The value of  has been kept fixed along the isotopic 

chain as suggested by microscopic considerations which predict that this parameter 

depends only on the proton number. Due to admixtures of non-fully symmetric states in 

the IBA-2 the projection gives different results and parameters, mostly  (ED) and  

(RKAP), have to be normalized. The rest of the operators in the Eq. 1  are defined as,  
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and M
v  

is referred to as the Majorana force. In particular, in this work we focus on the 

E2 transitions that are one of the important factors within the collective nuclear 

structure. So the electromagnetic transitions can also be analyzed in the framework of 

the IBM-2 and the most general E2 transition operator can be written as [4,34] , 

T(E2) = e

 (s+


 x



d 
 + d+


 x



s 
 )

(2
+

 
( d+


 x



d 
)
(2)

                              

           = eQ + eQ                                               (4) 

where 

 is a dimensionless coefficient and e


 is the effective quadrupole charges. 

 

3. CALCULATIONS AND RESULTS 

 

The 
120-132

Te isotopes have N = 1, and N varies from 2 to 1, while the 

parameters ,   and ,  as well as CL ,  with L=0,2,4 were treated as free parameters 

and their values were estimated by fitting to the measured level energies (Table 1). This 

procedure was made by selecting the “traditional” values of parameters and then 

allowing one parameter to vary while keeping the others constant until a best fit was 

obtained. This was carried out iteratively until an overall fit was achieved. Having 

obtained wave functions for the states in  
120-132

Te after fitting the experimental energy 

levels in IBM-2, we can calculate the electromagnetic transition rates between states 

using the program PHINT [32]. We take  =-1.2 in the fit for Te isotopes. In particular, 

the spectrum of the SU(5) nuclei is dominated by value of , large in comparison with 

the other parameters, whereas O(6) nuclei are characterized by value of , large 

compared to   [35]. 

 

Table 1 . IBM-2 Parameters Used in The Present Study. 

A

Z X N N N     CL (L=0,2,4) CL (L=0,2,4) 

130

52 Te

78 
1 2 3 0.820 0.00 

0.

9 
-1.2 0.0 , 0.0 , 0.0 0.0 , 0.0 , 0.0 

132

52 Te

80 
1 1 2 0.860 0.00 

0.

9 
-1.2 0.0 , 0.0 , 0.0 0.0 , 0.0 , 0.0 

 

Table 2 shows that the calculated results of energies are in good agreement with the 

experimental ones. 
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Table 2.  Comparison of Calculated IBM-2 Energies with Experimental Results for 
130,132

Te. 

Isotope 
Spin Parity 

(I  ) 
This Work(MeV) 

Experiment (MeV) 

[26] 

130

52 Te78 2 

1  0.820 0.840 

 

4 

1  1.640 1.633 

6 

1  2.460 1.815 

132

52 Te80 2 

1  0.860 0.974 

 4 

1  1.720 1.671 

 

The following table (Table 3) is related to B(E2) values of some transitions for
 130,132

Te 

isotopes. As it is seen from the table, except B(E2;   11 02 ), there is no any 

experimental and theoretical transition probability values of such nuclei. They are 

compared with the calculated results of present study and there is a very nice agreement 

between them. 

 

Table 3.  Comparison of Calculated B(E2) Values with Some Previous Theoretical and 

Experimental Results for 
130,132

Te. 

Isotope J 

i  J 

s  
B(E2) (

 
e

2
b

2
) 

This 

Work 
Theory Experimental 

130

52 Te78 
  11 02  0.296 

0.290
(b)

 

0.295
(d)

 

0.058
(a)

 

0.302
(b)

 

0.300
(c)

 

 

1 22 0   0.079 - - 

  11 23  0.0 - - 

  11 43  0.085 - - 

  11 24  0.394 - - 

  12 20  0.394 - - 

  12 02  0.0 - - 

  12 44  0.141 - - 

  22 24  0.155 - - 

  12 22  0.394 - - 
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Table 3.  (Continued) 

Isotope J 

i
 J 

s
 

B(E2) (
 
e

2
b

2
) 

This 

Work 
Theory Experimental 

132

52
Te80 2 

10 

1  0.189 0.190
(d)

 - 

 

0 

2 2 

1  0.188 - - 

2 

10 

2  0.038 - - 

2 

2  0 

1  0.0 - - 

(a) ref.[28], (b)ref.[29], (c) ref.[30], (d) ref.[1] 

 

Some B(E2) transition ratios of 
130,132

Te isotopes are discussed as    R1= 

B(E2;4 

12 

1 )/B(E2;2 

10 

1 ),R2=B(E2;2 

2 2 

1 )/B(E2;2 

10 

1 ),R3= B(E2;0 

2 2 

1 )/ 

B(E2;2 

10 

1 ),R4=B(E2;2 

2 0 

1 )/B(E2;2 

2 2 

1 ), R5= B(E2;3 

12 

1 )/ B(E2;3 

14 

1 ), 

R6=B(E2;4 

2 4 

1 )/B(E2;4 

2 2 

2 ) and R7= B(E2;4 

12 

1 )/ B(E2;2 

2 2 

1 ) and the 

calculated ratios are compared with that of SU(5),O(6),SU(3) ratio limits [35] in Table 

4. The similar calculations for the quantities in this table are also made in some previous 

works like [36] (for 
70-82

Se), [37] (for 
122-134

Xe ) and [38] (for 
128-140

Nd).  

 

 

Table 4.  Comparison of R1, R2, R3, R4, R5, R6 And R7 Ratios with Those of 

SU(5),O(6),SU(3) Ratio Limits for 
130,132

Te 

Isotopes R1 R2 R3 R4 R5 R6 R7 

SU(5) 2.00 2.00 2.00 0.0110 0.060 0.72 1.00 

SU(3) 1.60 0.02 0.00 0.7000 2.500 0.03 6.93 

O(6) 1.60 0.79 0.00 0.0700 0.120 0.75 1.84 

130

52 Te7

8 
Present 1.33 - - 0 0 0.91 - 

 Experiment - - - - - - - 

132

52 Te8

0 
Present - - 0.99 - - - - 

 Experiment - - - - - - - 
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4. CONCLUSION 

 

In this paper we have described the results of calculations for 
130,132

Te isotopes 

in terms of the neutron-proton interacting boson model IBM-2 model, in which protonic 

and neutronic distinction made between the bosons and it has found that, in many cases, 

there is a good agreement between our calculations and experiments. Using the best-

fitted values of parameters in the Hamiltonian of the IBM-2, we have calculated energy 

levels and B(E2) values for 
130,132

Te. While the results are compared with the previous 

experimental and theoretical data it is observed that they are in good agreement. Some 

B(E2) values that are still not known so far are stated and the set of parameters used in 

these calculations is the best approximation that has been carried out so far. It has turned 

out that the interacting boson approximation (IBA) is fairly reliable for the calculation 

of spectra in the entire set of such Te isotopes. The energy values are better reproduced 

by the calculation for such Te isotopes along the N=78,80. On the contrary, 

electromagnetic properties seem to be better reproduced in the process. The systematics 

of the recent studies, obtained by different counting schemes for effective boson 

number, are tested by the tables of energies and B(E2) values. Finally, it should be 

remarked that the reported value in the literature agrees well with the presented results.  

 

 

5. REFERENCES 

 

1. J. Barrette, M. Barrette, R. Haroutunian, G. Lamoureux, and S. Monaro, Investigation 

of the reorientation effect on 
122

Te, 
124

Te, 
126

Te, 
128

Te, and 
130

Te, Phys. Rev. C 10, 1166-

1171, 1974. 

2. N. K. B. Shu, R. Levy, N. Tsoupas, A. Lopez-Garcia, W. Andrejtscheff and N. 

Benczer-Koller, Magnetic moments of the 21
+
 states of even-even Te isotopes, Phys 

.Rev. C 24,  954-959, 1981. 

3. E. Degrieck, G. Vanden Berghe, Structure and electromagnetic properties of the 

doubly even Te isotopes, Nucl. Phys. A 231, 141-158, 1974. 

4. F. Iachello, A.Arima, The Interacting Boson Model, Cambridge  University Press, 

Cambridge, 1987. 

5. R. F. Casten and P. Von Brentano, An extensive region of O(6)-like nuclei near A = 

130,  Phys. Lett. B 152, 22-28, 1985. 

6. R. F. Casten, P. Von Brentano, K. Heyde, P. Van Isacker and J. Jolie, Nucl. The 

interplay of γ-softness and triaxiality in O(6)-like nuclei,  Nucl. Phys. A 439, 289-298, 

1985. 

7. A. Sevrin, K. Heyde, and J. Jolie, Triaxiality in the proton-neutron interacting boson 

model: Perturbed O(6) symmetry with application to the mass A≃130 Xe, Ba nuclei, 

Phys. Rev. C 36, 2631-2638, 1987. 

8. P. von Brentano, A. Gelberg, S. Harissopulos and R. F. Casten, Test of the O(6) 

character of nuclei near A=130, Phys. Rev. C 38, 2386-2388, 1988. 

9. X.-W. Pan, T. Otsuka, J.-Q. Chen and A. Arima, A pairing effect in γ-soft nuclei, 

Phys. Lett. B 287, 1-8, 1992.  

10. T. Otsuka, Microscopic calculation of IBM in the Te-Ba region, Nucl. Phys. A 557, 

531-550, 1993. 



 

 

The Investigation of 
130,132

Te by IBM-2 54 

11. T. Mizusaki and T. Otsuka, Microscopic Calculations for O(6) Nuclei by the 

Interacting Boson Model, Prog. Theor. Phys. 125,  97-150,  1996. 

12. N. V. Zamfir, W. T. Chou, R. F. Casten, Evolution of nuclear structure in O(6)-like 

nuclei, Phys. Rev. C 57, 427-429, 1998. 

13. C. L. Wu, D. H. Feng, X.-G. Chen, J.-Q. Chen and M. W. Guidry, Fermion 

dynamical symmetries and the nuclear shell model, Phys. Lett. B 168, 313-317, 1986. 

14. A.Küçükbursa and A.Yörük, IBM-2 Calculations on the some even-even Tellurium 

isotopes, Bull. Pure and App. Sci. 18D, 177-184, 1999. 

15. C. L. Wu, D. H. Feng, X.-G. Chen, J.-Q.Chen and M. W. Guidry, Fermion 

dynamical symmetry model of nuclei: Basis, Hamiltonian, and symmetries, Phys. Rev. 

C 36, 1157-1180, 1987. 

16. X. W. Pan, J. L. Ping, D. H. Feng, J. Q. Chen, C. L. Wu and M. W. Guidry, Fermion 

dynamical symmetry model for the even-even and even-odd nuclei in the Xe-Ba region, 

Phys. Rev. C 53, 715-729, 1996. 

17. N. Yoshinaga, Pair approximation and the OAI mapping in the deformed limit, 

Nucl. Phys. A 503, 65-76, 1989. 

18. N. Yoshinaga and D. M. Brink, Pair approximation and the OAI mapping for non-

degenerate orbits, Nucl. Phys. A 515, 1-20, 1990. 

19. N. Yoshinaga, Fundamental pairs in nuclear collective motion, Nucl. Phys. A 570, 

421-428, 1994. 

20. N. Yoshinaga, T. Mizusaki, A. Arima and Y. D. Devi, Microscopic Foundations of 

the Interacting Boson Model from the Shell-Model Point of View, Prog. Theor. Phys. 

125, 65-95, 1996. 

21. N. Yoshinaga, Y. D. Devi and A. Arima, Microscopic derivation of interacting 

boson-fermion model Hamiltonian and its application to singly magic nuclei, Phys. Rev. 

C 62, 024309, 2000. 

22. K. Higashiyama, N. Yoshinaga and K. Tanabe, Pair-truncated shell-model approach 

to backbending and low-lying states in 
132

Ba, Phys. Rev. C 67, 044305, 2003. 

23. J. Q. Chen, Nucleon-pair shell model: Formalism and special cases, Nucl. Phys. A 

626, 686-714, 1997. 

24. Y. A. Luo and J. Q. Chen, Shell model calculation in the S-D subspace, Phys. Rev. 

C 58, 589-592, 1998. 

25. Y. M. Zhao, S. Yamaji, N. Yoshinaga and A. Arima, Nucleon pair approximation of 

the nuclear collective motion, Phys. Rev. C 62, 014315, 2000. 

26. Y. A. Luo, J. Q. Chen and J. P. Draayer, Nucleon-pair shell model calculations of 

the even–even Xe and Ba nuclei , Nucl. Phys. A 669, 101-118, 2000. 

27. R. B. Firestone, Table of Isotopes, J.Wiley-Interscience, USA, 1996. 

28. W. Lieberz, A. Dewald, W. Frank, A. Gelberg, W. Krips, D. Lieberz, R. Wirowski 

and P. Von Brentano, Evidence for variable γ deformation in 
126

Xe, Phys. Lett. B 

240,38-43, 1990. 

29. A. Dewald et al., Electromagnetic transition probabilities in 
130

Ce , Nucl. Phys. A 

545, 822-834, 1992. 

30. F. Seiffert, W. Lieberz, A. Dewald, S. Freund, A. Gelberg, A. Granderath, D. 

Lieberz, R. Wirowski, P. von Brentano, Band structures in 
126

Xe , Nucl. Phys. A 554, 

287-321, 1993. 



 

 

S. İnan, N. Türkan and İ. Maraş
 

 

 
 

55 

31. O. Scholten, The Interacting Boson Fermion Model and its Applications, PhD 

Thesis, University of Groningen, 1980. 

32. O. Scholten,  The program package PHINT (KVI Reports), 1990. 

33. A. Giannatiempo, A. Nannini, P.Sona and D. Cutoiu, Full-symmetry and mixed-

symmetry states in even ruthenium isotopes, Phys. Rev. C 52, 2969-2983, 1995. 

34. J. E. Garcia-Ramos, J. M. Arias, J. Barea and A. Frank, Phase transitions and critical 

points in the rare-earth region, Phys. Rev. C 68, 024307, 2003. 

35. J. Stachel, P. Van Isacker and K. Heyde, Interpretation of the A≈100 transitional 

region in the framework of the interacting boson model, Phys. Rev. C 25, 650-657, 

1982. 

36. N. Turkan, D. Olgun and I.Uluer, IBM-2 calcılations of some even-even selenium 

nuclei, Cent. Eur. J. Phys. 4(1), 124-154, 2006. 

37. N.Turkan, Search for E(5) behavior: IBM and Bohr-Mottelson model with Davidson 

potential calculations of some even-even Xe isotopes, J. Phys. G:Nucl. Part. Phys. 34, 

2235-2247, 2007. 

38. N.Turkan, Nuclear Structure of 
128-140

Nd in IBM, Phys. At. Nucl.70(9), 1477-1484, 

2007. 


