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Wobbling around the axis with largest MOI
in triaxial even-even nuclei
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Approximation valid if I2
2 + I3

2 << I2

good approximation at high spins only 



Transverse wobbling - wobbling around an axis with medium MOI

Where?
 in odd nuclei
 one qp with large spin, e.g. h11/2

 triaxial shape

S. Frauendorf and F. Dönau, Phys. Rev. C 89, 014322 (2014).
J. T. Matta et al., Phys. Rev. Lett. 114 (2015) 082501

How to identify it?
 large mixing ratios on the linking transitions
 decreasing wobbling energy

135Pr



H = A3 (I3 − j)2 + A1 I1
2+ A2 I2

2 = A3 (I − j)2 + H’

H’ = (A1-A3’) I1
2+ (A2-A3’) I2

2   (n+1/2) + 1/2(c+c+ + cc), where A3’ = A3(1-j/I)

E(n,I) = A3 I(I+1) + (n+1/2)ћω

ћω = (2 - 2)1/2 = 2I[(A1-A3’)(A2-A3’)]1/2
 decreasing with I

Transverse wobbling - wobbling around an axis with medium MOI, 3-axis, A1  < A3 < A2

S. Frauendorf and F. Dönau, Phys. Rev. C 89, 014322 (2014).

𝐵 𝑀1, 𝑛, 𝐼 → 𝑛 − 1, 𝐼 − 1 =
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2
;

𝐵 𝐸2, 𝑛, 𝐼 → 𝑛, 𝐼 ± 2 =
5

16𝜋
𝑒2

𝑛

𝐼
𝑄2

2

𝐵 𝐸2, 𝑛, 𝐼 → 𝑛 − 1, 𝐼 − 1 =
5

16𝜋
𝑒2

𝑛

𝐼
( 3𝑄𝑜𝑥 − 2𝑄2𝑦)

2
 large

3)     I1
2 + I2

2  <<  I2 or (2n+1) (A2 + A1 – 2A3’) /[(A1-A3’)1/2(A2 - A3’)1/2] << I
or   f = (2n+1) (A2 + A1 – 2A3’) /[(A1-A3’)1/2(A2-A3’)1/2] /I << 1,                            

2)  A1 - A3’ = A1 - A3(1 - j/I) > 0   limit at Imax < j A3/(A3-A1)

Wobbling approximation is valid if:

1)  frozen particle angular momentum
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Irrotational MOI, γ = 30o


wobbling approximation crashes at Imax < 15/2 
by an increase of the MOI along the 3-axis
(by a factor of 2.5) Imax < 31/2 

S. Frauendorf and F. Dönau, Phys. Rev. C 89, 014322 (2014).



f = (2n+1) (A2 + A1 – 2A3’) /[2(A1-A3’)1/2(A2-A3’)1/2] /I << 1

Approximation condition for the harmonic wobbling description in PRM
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f = (2n+1) (A2 + A1 – 2A3’) /[2(A1-A3’)1/2(A2-A3’)1/2] /I << 1

bad approximation!
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PRM      transverse  wobbling

Approximation condition for the harmonic wobbling description in PRM



0

1

2

3

4

5

6

7

4 9 14

En
e

rg
y 

(M
e

V
)

Spin I

transverse wobbling, 
A1 = 1, A2 = 4, A3 = 1.6
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Particle – rotor model interpretation of the bands
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135Pr, γ=30o, ph11/2 frozen on short axis
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the two bands are signature partners
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rotation & deformation
alignment with gamma

j frozen on the short axis

competition between 
deformation alignment
and rotation alignment

Ki = Kl ↗
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If wobbling is claimed
 use the wobbling equations for the energy
and the transition probabilities!

J. T. Matta et al., Phys. Rev. Lett. 114 (2015) 082501

Good agreement with PRM does not support wobbling, but the PRM interpretation, 
i.e. competition of rotation & deformation alignment

Warning!



Summary

The wobbling approximation in PRM is a bad approximation,
i.e. it neglects terms that are not negligible.

To test the wobbling interpretation use the wobbling equations!

Wobbling approximation and PRM describe different physics

The experimental data in 135Pr is well described by PRM!
thus it is not transverse wobbling, 

but evolution of rotation alignment towards deformation alignment!

PRM interpretation  competition of rotation and deformation aligned bands 



 h11/2 (frozen)
• j on s-axis, 
• max rotation along 

intermediate axis
• j does not aligns

 h11/2 (free )
• j on s-axis, 
• max rotation along 

intermediate axis
• j aligns

Standard PRM Approximation 1  Approximation 2

 rotations along the l-
and i-axes are 
replaced by wobbling 
quantum excitations

2)     I1
2 + I2

2  <<  I2 or (2n+1) (A2 + A1 – 2A3’) /[(A1-A3’)1/2(A2 - A3’)1/2] << I
or   f = (2n+1) (A2 + A1 – 2A3’) /[(A1-A3’)1/2(A2-A3’)1/2] /I << 1,                            i.e. low I

1)  A1 - A3’ = A1 - A3(1 - j/I) > 0   
since A1  < A3 <  A2 this is ok   for  I <   jA3/(A3-A1),      limit at Imax < j A3/(A3-A1)
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Wobbling approximation is valid if:

S. Frauendorf and F. Dönau, Phys. Rev. C 89, 014322 (2014).

?



H = A1 I1
2 + A2 I2

2 + A3I3
2 = A1 I2 + H’  A1 I2 + ħ (n+1/2)

Bohr & Mottelson
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Approximation valid if I2
2 + I3

2 << I2

good approximation at high spins only 
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Wobbling around the axis with largest MOI – 1-axis

K=2 γ-band

g.s. band

K=4 γ-band

gamma bands are not wobbling !

E ≠ const
low I fewer states


