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ABSTRACT Two phenomenological methods, namely ab formula and power expression, have been used to study the 
systematics of superdeformed (SD) bands in A~80 mass region by taking the case of 80Sr. Calculations have been 

performed on four SD bands of 80Sr for transition energies and results are compared with their experimental counterparts. Kinematic 
moment of inertia have also been extracted for these SD bands and are plotted against rotational frequencies. Besides this, ratio of 
transition energy over spin (RTEOS) has also been plotted against spin and compared with the available experimental data in order 
to check the validity and reliability of the phenomenological methods applied. The calculated results show an overall good agreement 
with the corresponding experimental data for all the SD bands.
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1. Introduction
The discovery of superdeformation is one of the significant 
advances in nuclear structure physics. Superdeformed (SD) 
bands were first observed in fission isomers in the actinide re-
gion [1].  With rapid advancements in the experimental facili-
ties, particularly the detectors and data acquisition systems, 
SD shapes at higher spins were discovered in the last decade 
of 20th century. The first discrete line SD shapes were found in 
152Dy nucleus [2]. Since then vast experimental and theoretical 
studies have been undertaken. At present numerous SD bands 
have been observed in various mass region A= 30, 60, 80, 130, 
150 and 190 [3,4].

The detailed experimental investigations of SD bands have 
revealed their interesting features which differ from normal 
deformed (ND) bands. A superdeformed nucleus is highly de-
formed with axes ratios around 2:1:1 giving it ellipsoidal shape. 
Because of the high degree of deformation their quadrupole 
moments are very large and the most important degree of 
freedom is the collective rotation. A SD nucleus is thus a good 
quantum rotor and its rotational energy spectrum is character-
ized by sequence of highly collective electric quadrupole (E2) 
transitions with regular energy spacing. One of the outstanding 
features exhibited by SD states is identical band phenomenon. 
The transition energies and dynamic moment of inertia of dif-
ferent SD cascades are nearly equal in such cases [5]. 

Although a general understanding of SD bands has been 
achieved, there are still some striking features which remain 
partially understood. The excitation energy and firm assign-
ment of spin-parity are not known for most of the SD bands 
because of the near absence of information of the linking tran-
sitions between ND and SD bands except in a few cases. Sev-
eral phenomenological formulae have been proposed to fit the 
transition energies and assign spin angular momentum to the 
observed levels of SD bands. The transition energies, spins and 
identical band phenomenon for SD bands in the mass 150 and 
190 regions have been predicted by various two and three pa-
rameter expressions viz. VMI, ab formula, Harris expansion, 
SUq(2) model, [6-11]. 

The present work aims to describe the nuclear properties SD 
bands of 80Sr nucleus. We have employed the two-parameter ab 
formula and the power expression to calculate the transition 
energies and kinematic moment of inertia for the four SD bands 
of 80Sr and compared it with the experimental data. The appli-
cability of the two models to the SD bands has been verified by 
the plots of transition energy over spin versus spin. The present 
paper is organised as follows. Section 2 of the paper presents a 
brief theory of the empirical methods used in the present work. 
In section 3, the discussion of the results obtained through pre-
sent calculations is presented along with their comparison with 
the available experimental data. Finally, the paper is summa-
rised in Section 4. 

2. 	 Phenomenological Methods
In phenomenological analysis of the rotational band spectra of 
even-even nuclei, Bohr and Mottelson [12] pointed out a series 
expansion of the form

......),( 32 +++= ξξξ CBAKIE                                             (1)

where ξ = I(I+1) – K2 with I the nuclear spin and K the projec-
tion of nuclear spin on symmetry axis, and A, B, C, … are the 
parameters of expansion. For higher spins, the convergence of 
this series expansion is poor. Thus, other empirical expressions 
with two or three parameters were formulated and employed 
to characterize SD bands. The simple and effective phenomeno-
logical formula used to fit transition energies of SD bands is the 
two-parameter ab formula developed by Holmberg and Lipas 
[13].

                                                              (2)

This formula was also derived theoretically by C.S. Wu et al. [14] 
for rotational spectrum of well-deformed nucleus with axial 
symmetry. The ab formula considers the variable moment of in-
ertia and thus includes in itself the stretching effect. Using this 
formula, the transition energies of SD bands have been repro-
duced in many nuclei [15-16].

Transition energy from spin I to spin I-2 can be obtained from 
ab formula as

                                                                                                              (3)

The observed transition energies of SD band can be used to 
fit the equation (3) and the value of the parameters are deter-
mined using which the transition energies of the SD band are 
calculated.

Gupta et al. [17] suggested a single-term expression for ground 
state band of a soft rotor. They replaced the concept of the arith-
metic mean of the two terms used in the Bohr-Mottelson ex-
pression by the geometric mean and introduced a two-parame-
ter formula called the power expression

    	                                                                        (4)
where a and b are two parameters. The index b is the measure 
of the deformation of the nuclear core, being 1.0 for a spherical 
nucleus and about 2.0 for a deformed rotor. The coefficient a 
plays the role of inverse of moment of inertia. The parameters 
a, b can be determined by fitting the E2 transitions of SD band.
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The values of the parameters are then used to obtain the transi-
tion energies of the SD band.

The kinematic moment of inertia )1(ℑ  for SD bands can be ex-
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tracted from the nuclear energy spectra by using the equation. 

                                                     (6)

Its value is nearly constant with nuclear spin for SD bands.

To check the validity of the phenomenological expressions to SD 
bands we have also calculated the transition energy over spins 
(RTEOS)                               

( )
2
1−I
IEγ

3. Results and Discussion
Four SD bands of 80Sr, viz., SD1, SD2, SD3 and SD4, have been 
studied in this work. For SD1 and SD2 bands, the values of the 
parameters have been determined by fitting the Eγ(20→18) and 
Eγ(22→20) transitions for both ab formula and power expres-
sion. The experimental data for transition energies and the spin 
assignment of levels has been adopted from ref [3]. We have cal-
culated the transition energies for both these SD bands up to 
spin 38ħ. Theoretical energies so obtained for the SD1 and SD2 
bands have been compared with the corresponding experimen-
tal values in Table 1.

Table 1. Comparison of theoretical and experimental re-
sults on transition energies of SD1 and SD2 bands.

Spin (I)

Eγ(I) (MeV)

SD1 SD2

Expt. power ab Expt. power ab

20 1.443 1.443 1.443 1.688 1.688 1.688

22 1.613 1.613 1.613 1.821 1.821 1.821

24 1.776 1.785 1.791 1.950 1.951 1.945

26 1.948 1.958 1.977 2.092 2.078 2.061

28 2.117 2.133 2.174 2.255 2.203 2.169

30 2.282 2.310 2.385 2.364 2.325 2.269

32 2.441 2.488 2.610 2.575 2.446 2.362

34 2.594 2.667 2.853 - 2.565 2.448

36 2.744 2.848 3.119 - 2.682 2.527

38 2.860 3.029 3.413 - 2.797 2.601

 
It is clear from the Table 1 that the theoretical transition en-
ergies obtained by using the power expression agree well with 
the experimental data for SD1 band. The experimental transi-
tion energies are nicely reproduced by the ab formula for the 
SD1 band upto spin 30ħ. Beyond that discrepancy between the 
theoretical and experimental transition energies increases as 
the nuclear spin increases. For SD2 band, experimental data 
for transition energies is available only upto spin 32ħ. We have 
calculated the theoretical values for this band upto spin 38ħ. It 
may further be noted from Table 1 that the transition energies 
obtained theoretically by using power expression for SD2 band 
show satisfactory agreement with the corresponding experi-
mental ones.

For SD3 and SD4 bands the experimental transition energies 
and the spins of energy levels of the bands has been adopted 
from ref [3]. We have computed the values of parameters for 
both ab formula and power expression by fitting the experimen-
tal transition energies for Eγ(22→20) and Eγ(24→22) transi-
tions. Transition energies for both of these SD bands have been 
calculated up to spin 38ħ. A comparison of the theoretical ener-
gies so obtained for SD3 and SD4 bands by using the two phe-
nomenological formulae with the corresponding experimental 
values has been presented in Table 2. It should be noted that 
the experimental data for transition energies for SD3 and SD4 

bands is available only upto spins 34ħ and 30ħ respectively.

Table 2. Comparison of theoretical and experimental re-
sults on transition energies of SD3 and SD4 bands.

Spin (I)

Eγ(I) (MeV)

SD3 SD4

Expt. power ab Expt. Power ab

22 1.712 1.712 1.712 2.140 2.140 2.140

24 1.845 1.845 1.845 2.291 2.291 2.291

26 2.039 1.976 1.972 2.459 2.439 2.433

28 2.216 2.105 2.094 2.621 2.584 2.565

30 2.390 2.232 2.210 2.764 2.726 2.689

32 2.571 2.358 2.320 - 2.865 2.805

34 2.747 2.483 2.425 - 3.003 2.912

36 - 2.606 2.524 - 3.138 3.012

38 - 2.728 2.618 - 3.272 3.105

 
Table 2 shows that the theoretical transition energies obtained 
for SD3 band by using both the theoretical models show good 
agreement with the experimental values upto spin 28ħ. Theo-
retical calculations beyond this spin reasonably agree with the 
experimental data for higher spins but the deviations from ex-
perimental results increase as spin increases beyond 28ħ. How-
ever, experimental transition energies for SD4 band are nicely 
reproduced by both the phenomenological expressions.

We have also studied the variation of kinematic moment of in-
ertia with angular frequency for all the four SD bands of the 80Sr 
nucleus by using the ab formula as well as power expression. 
The theoretical results so obtained have been compared with 
the results computed from experimental data. Figure 1 shows 
that the experimental kinematic moment of inertia is almost 
constant with spin. Similar trend is displayed by the theoretical 
results except at higher angular frequency where the theoreti-
cal values exceed the experimental ones. However, the overall 
agreement is excellent for power expression and quite reason-
able for ab formula. It is pertinent to mention here that the pa-
rameters for both the empirical formulae were derived for the 
lowest spins, therefore, discrepancy results at higher angular 
frequencies.

Figure 1. Plots showing variation of Kinematic moment of 
Inertia with angular frequency.
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In order to verify the validity of the two theoretical formulae, we 
have plotted experimental transition energies over spin (RTE-
OS) versus spin for four SD bands of 80Sr as shown in Figure 2. 
Plots of RTEOS against spin obtained from theoretical models 
have also been presented in the same figure for the sake of com-
parison. 

Figure 2. Plots of RTEOS versus spin.

Figure 2 shows that the experimental values of RTEOS are near-
ly constant with spin for all the SD bands. For SD1, SD2 and SD4 
bands the results obtained by power expression are in reasona-
bly good agreement with experimental results except for higher 
spins. Similar results have been obtained by the ab formula for 
these bands except that the deviation from experimental plot is 
more as compared to power expression for the higher spins. In 
case of SD3 band, the experimental value of transition energy 
over spin remains constant as spin is increased. But the theo-
retical values predicted by the two expressions decrease as spin 
increases. The deviation from experimental results is more for 
the ab formula than power expression in higher spin domain in 
all the SD bands, however, the overall agreement is quite satis-
factory. The discrepancy between experimental and theoretical 
results at higher spins arises owing to the fact that the values of 
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