Revolving rotation or transverse wobbling?
1gp-plus-triaxial-rotor model calculations
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Three-dimensional (3D) rotation or wobbling ?

the rotational axis precesses around another axis
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Wobbling around the axis with largest MOI
in triaxial even-even nuclei

wobbling withAl1=1,A2=4,A3=4
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Wobbling around the axis with largest MOI — 1-axis wobbling with A1 =1, A2 = 4, A3 = 4
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Transverse wobbling - wobbling around an axis with medium MOI

S. Frauendorf and F. Dénau, Phys. Rev. C 89, 014322 (2014).
J. T. Matta et al., Phys. Rev. Lett. 114 (2015) 082501
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Transverse wobbling - wobbling around an axis with medium MOI, 3-axis, A; <A;< A,

frozen particle angular momentum along the 3-axis
S. Frauendorf and F. Donau, Phys. Rev. C 89, 014322 (2014).

H=A (3= +A 12+ A, 1,2 = Ay (1-j)2+ a (n+1/2) + 1/2B(c*c* + cc), A = Ag(1-i/1)

E(n,I) = A; (I-))? + (n+1/2)hw

hw = (a2 - B2)1/2 = 2I[(A-AS)(A,-A,)] Y2 - decreasing with |
B(E2,n,I »>n,I1+2)= —e —Qz
B(EZnI—>n—11—1)——e—(\/_Qox—\/_sz)2 - large
B(M1,n,I »n—1,1—-1) ———[](g] gR)x] ;

Wobbling approximation is valid if:

1) frozen particle angular momentum

2) Al-A=A -A(1-j/1)>0 limitatl . <jAy/(As-A;)

3) 12+1,2<< I or  (2n+1) (A, +A, —2A.") /[(A;-AS)Y2(A, - AS)Y?] << |
or f=(2n+1) (A,+A; —2A.") /[(A;-AS)Y2(A,-A)Y?] /I << 1,
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Approximation condition for the harmonic wobbling description in PRM

f=(2n+1) (A, +A; —2A.") [[2(A-A)Y2(A,-A) 2] /1 << 1
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The approximation of 3D rotation as transverse wobbling is a
bad approximation!
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3D rotation, A1=1,A2=4,A3 =2

3D rotation and Transverse wobbling
are they the same?

transverse wobbling, A1=1,A2=4,A3=1.6
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Physics : Transverse wobbling
J is frozen around the short nuclear axis

E(n,1) =A; (I -))? + (n+1/2)ho
rotation around the short nuclear axis coupled to the excitation of n wobbling quanta

1, intermediate |

g
*,
>

‘e
‘e
.

3, short 2, long AN N1 wobbling

‘e
'0
.

----

n Wobbling
3, short

each wobbling quantum has the same energy and angular momentum
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Physics : 3D rotation
J is frozen on the short axis

Total angular momentum: intersection of sphere and ellipsoid
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Revolving rotation:

low spins = rotation along the short axis,
3, short 2, long (like rotation-aligned limit)

higher spins - rotation along tilted axis

(like deformation-aligned limit)
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J. T. Matta et al., Phys. Rev. Lett. 114 (2015) 082501
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Good agreement with QTR supports interpretation as revolving rotation
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Revolving rotation or Transverse wobbling?
excitation energy

PRM,A1=1,A2=4,A3=2, 135Pr Experimental data transverse wobbling, Al =
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Revolving rotation or Transverse wobbling?
B(E2)out/B(E2)in

Revolving rotation, free Transverse Wobbling
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Revolving rotation or Transverse wobbling?
B(M1)out/B(E2)in

Revolving rotation, free Transverse Wobbling
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Summary

The wobbling approximation is a bad approximation of the 3D rotational Hamiltonian,
I.e. it neglects terms that are not negligible.

Transverse wobbling and Revolving rotation - different physics

Revolving rotation - rotational axis moves from the shot to the intermediate axis,
looks a bit like a transition from rotation-aligned to a deformation-aligned coupling

To test transverse wobbling or revolving rotation

 the trends of the reduced transition probabilities — gradual decrease with a steep
Increase near the top for transverse wobbling

 absolute values of the B(M1)out, B(E2)out, etc.

« distinct differences in the energies, B(E2)s, B(M1) for n=2, excited bands

experimental data of 135Pr
does not match the expected trends of the transition probabilities for transverse wobbling
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South African Isotope Facility (SAIF)
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