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Axial asymmetry, triaxiality
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Triaxiality in an even-even nucleus
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Triaxiality in an odd-A nucleus 
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Rotations of Nd Nuclei
133Nd-137Nd

137Nd-141Nd
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MoI's : rigid or hydronamicalMoI's : rigid or hydronamical
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Wobbling mode

Exotic rotational motion, in the sense that the axis of rotation does not
coincide with any of the inertia axes of deformation.
The nuclear wobbling motion has been considered by analogy with the
spinning motions of an asymmetric top (classical rigid-body), where
perturbations are superimposed on the main rotation around one of the
principal axes with the largest moment of inertia.
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The known candidates:
 161,163,165,167Lu and 167Ta
112Ru
135Pr

 Wobbling mode
J 2=J 1
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Frauendorf and Dönau, PRC 89 (2014)

 Transverse  Simple

- Old concept : discovered by
Bohr and Mottelson 50 years ago,
but the first example was
observed experimentally at the
beginning of this century.

- has the character of a harmonic
vibration.

A1=6A2, A3=3A2

A1=6A3,A2=3A3



Transverse wobbling frequency : 
TND versus TSD, hole versus particle

0.116√- 0.01J2+0.39J+1 - 163Lu

1.66√0.017J2-0.26J+1 - 133Ce0.42√- 0.028J2-0.34J+1 - 135Pr

133Ce : Hole + TND

163Lu : Particle + TSD
135Pr : Particle + TND



133Ce : Hole + TND

135Pr : Particle + TND

163Lu : Particle + TSD

Important discrepancy !
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Wobbling frequency in odd-even Lu
nuclei not reproduced by the originally

proposed longitudinal wobbling

How to explain the conflict?
How to explain the conflict ?



Which other measurable quantities are
characteristic for the wobbling mode ? 

● EM character of the connecting transitions : 

ΔI=1 transitions should be predominantly E2

● Transition probabilities of the connecting transitions : 

large B(E2), small B(M1), staggering
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Similarity between 
the γ-bands of 
135Pr and 133Ce

Difference between
the yrast bands of 

135Pr and 133Ce

The γ-bands do not feel the
difference between
 1 particle or 1 hole

The yrast bands feel the
difference between
 1 particle or 1 hole

Odd-N

Odd-Z



Difference between 135Pr and 133Ce

Similarity between the wobbling/γ-bands of
135Pr and 134Ce

Difference between the yrast bands of 
133Ce and 134Ce



Wobbling 2-qp and 3-qp
bands of 134Ce and 133Ce

No staggering in 3-qp bands → More axial symmetric
Quadratic E-I behavior → More rigid

Wobbling 2-qp and 3-qp
bands of 136Nd and 135Nd



Meyer-ter-Vehn, 1975

Difference between 135Pr and 133Ce



Semkow et al., PRC 34, 523 (1986) J. Matta, PhD Thesis (2015) 

135Pr Wobbling or γ-bands ?



Perspectives on wobbling/γ-bands ?
from an experimental point of view

1. Precise measurement of angular distribution,
polarization, and lifetimes are needed.

2. QRPA with QQ+IVLL for TND nuclei are needed.

Clover
detectors

Gamma array

Plunger or
DSAM

lifetime
measurements

Linear
polarizations

angular
distributions

mixing ratio
           δ

transition
probabilities
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