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Rotation about the symmetry axis

The equator part is expanded
due to the centrifugal force

— Moment of inertia increases

Example: The earth

The rotation about the symmetry axis
IS quantum-mechanically forbidden




Spin alignments

Q=A+2
(m=4_{,+0,)

non-collective motion

By spin alignments which break the time-reversal
symmetry, qguantum objects can have the angular
momentum about the symmetry axis



Objective

m A drastic example:
If many nucleons breaking the time-reversal
symmetry rotates about the symmetry axis
— torus configuration

m  Search for stable torus isomers in high-spin
states from 28Si to °6Ni using the cranked
Hartree-Fock (HF) method

B How is their excited states?
— Precession motion
— Describe the precession motion using the
time-dependent Hartree-Fock (TDHF) method




Density distribution of a stable solution

Cranked 3D Hartree-Fock method
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Convergence of K (J>)
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A stable solution
exists from 1.2 to
1.7 MeV

The stable solution
has only K =60 h

quasi stable states
with 20 and 100 h




I Alignments of orbital angular momentum
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Systematics of torus isomers

:' 3:6| IR B ':" 4IO| IR L ': System J, Eex £0 Ry d T\ ,7”
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Macroscopic circulating current of nucleons

*Ca K=60h (4x4+5x4+6 x4)
?
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How is the moment of inertia for the rotation about an
axis perpendicular to the symmetry axis when
macroscopic circulating current occurs”?



Precession motion

The torus isomer has a very large
angular momentum about the
symmetry axis

If we give an impulsive force to the
symmetry axis

— Precession motion starts

Describe the precession motion
using TDHF method

cf. a top in zero gravity



Time evolution of density distribution

= TDHF equation it = [h, p] — Code Sky3d
B give an impulsive force at t = 0 by an external field
=+ [/[=K+1=61h
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Summary

m \We find stable isomers with the exotic torus configuration in high-spin
states from 3°Ar to °°Fe

®  To build the torus isomer of “°Ca with K = 60 A, totally 12 nucleons with A

= +4, +5, and +6 are aligned with the symmetry axis in both proton and
neutron

®m  We also describe the precession motion of torus isomers using the TDHF
method and the obtained moments of inertia for the rotation about an
axis perpendicular to the symmetry axis are almost the rigid-body values

= By comparing to the RPA calculation, we found that the precession
motion obtained by the TDHF calculation corresponds to the excited
mode generated by coherent superposition of many 1p-1h excitations
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