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Problems and unexpected features in SD nuclei
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HOW PRACTICAL WE CAN PREDICT THE SHAPE OF THE NUCLEUS
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Deformation Parameter which measure Deformation from Sphere

Normal deformed (ND) bands with deformation β ~ 0.3 (axis ratio 1.3:1:1) and 

superdeformed (SD) bands with deformation β ~ 0.6 (axis ratio 2:1:1) 



Phase Transition
Isotopic series of some nuclei show different phase transitions

The phase transition can be investigated using different methods  

Tests To Predict  Phase Transitions In  Series Of 
Isotopes Of Some Elements

Energy Ratios  
Transition 

Energy Over 
Spin (EGOS)

Electric 

Transition Rates

In (ND) bands, Spins and State excitation energies are known,

In (SD) bands γ-ray transition energies are the only information available. The spins and
excitation energies are not determined because of the non observation of the transition
energies linking the (SD) states and the normal deformed states.

How Can We Theoretical Predict The Shape of the  Nucleus



Spherical nuclei «vibrational» spectrum
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The nuclear shape : spectrum ?



Nuclear shapes
Spherical

𝛃 = 0, γ=0

Ratio  of 
lengths

1 : 1 :1

Normal 
Deformed

𝛃 < 0.35

1 : 1 :1.3

Superdeformed

A~190 𝛃 = 0.46

1 : 1 : 1.65

A~150 𝛃 = 0.6

1 : 1 : 2

A~130 𝛃 = 0.5

2 : 2 :3

Hyperdeformed

𝛃 > 0.8

1 : 1 : 3

Deformed

Axially 
Symmetric

x=y≠z

Triaxial

X≠y≠z 3:4:6

𝛃 > 0,   0 < γ < 60



Nuclear Shape Models

Liquid Drop 
Model
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Model
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Boson Models
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IBFM
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IBFFM
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Why We Need the Model?
To describe and predict nuclear shapes and  properties associated with 
the structure.



Vibrator Rotator
The transition energies between

energy levels are constant.

The transition energies between

levels are increase.

The excitation energy is given by

E(I)= B.I

The excitation energy is given by 

E(I)= A.I(I+1).

Energy ratio = E(4)/E(2) = 2. Energy ratio = E(4)/E(2)= 3.3333.

Nuclear models



• The kinematic moments of inertia J(1).

• The dynamic moment of inertia J(2).
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• The moments of inertia

which are related to the first (kinematic) and second (dynamic)

order derivatives of the excitation energy with respect to the spin.
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Experimentally

• The rotational frequency ћω is 

The moments of inertia, which are related to the first and second order

derivatives of the excitation energy with respect to the spin.
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The first order derivative is the kinematic moments of inertia J(1)

The second order derivative is the dynamic moment of inertia J(2)
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Staggering

A regular ∆I = 2 staggering pattern of the transition energies
was observed It manifests itself in systematic shifts of
energy levels which are alternately pushed up and down
with respect to rotational sequence.

Where the behavior of ∆I = 1 staggering is shown in two
different bands in signature partner pairs.
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∆I = 1 STAGGERING

The behavior of ∆I = 1 staggering in signature partner pairs, one
may calculate the differences between the average transition I +
2 → I → I - 2 energies in one band and the transition I + 1 → I -
1 energies in its signature partner
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The EGOS staggering function. It represents the gamma 

transition energy over the spin 



To show the staggering phenomenon the three functions have been calculated and illustrated 



Nature of cross-talk transitions and ∆I = 1 energy staggering in signature 

partners of odd mass SD nuclei



APPEARANCE OF ∆I=1 STAGGERING EFFECTS IN SIGNATURE PARTNERS OF 

ODD SD Tl AND Pb NUCLEI



∆I = 2 STAGGERING

Band sequence is split into two branches separated by ∆I = 4 shift up 
and down in energy (bifurcation), spin I, I+4, I+8, is displaced 
from the sequence I+2, I+6, I+10 

The finite difference approximation to the fourth order derivative of 
transition energies is calculated and denoting as staggering 
quantity ∆I = 2 staggering (five-point formula)





Extended Exponential Model with Pairing Attenuation and Investigation of Energy 

Staggering and Identical Bands Effects in SD Thallium Nuclei



Description of SD Bands of the Isotones N = 113 for Nuclear Mass Region A ∼ 190 



Identical Bands 

The identical bands(IB's) or twin bands in SD bands, bands with
nearly identical transition energies and identical dynamical
moment of inertia in neighboring nuclei with different mass
number.

The difference in γ-ray transition energies ∆Eγ was found to be only
1-3 Kev.

In order to determine whether a pair of SD bands is identical or not,
one must compare the γ-ray transition energies or the dynamical
moment of inertia.



We see that both J(1) and J(2) of the two bands in the two isotopes are

almost identical, and thus their γ- transition energies are equal.
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Expected Coming Work  

The phenomena of the duple backbendings of superdeformed bands

Suggested A model can deal with the properties & other phenomena of 

coexistence nuclei

Study two new types of deformation.

Hyperdeformed nuclei (HD)

Triaxial superdeformed nuclei (TSD)

new general models to solve the problems in the  SD, ND nuclei

new general models to solve the problems in the IB,S of SD, ND nuclei 

The phenomena of  staggering     ∆I=4 
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