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Toroidal Modes

https://www.thecigarstore.com/blog/ti
ps-blowing-cool-cigar-smoke-rings/

= Toroidal modes appear in a large variety
of physics problems from hydrodynamics
to solid state physics to cosmology
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Nuclear Toroidal Modes

= Quantum phenomenon, mean-field origin

= Predicted more than 50 years ago, hydro/fluid-
dynamical models, QPM, relativistic and
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Toroidal E1 Mode in Heavy Nuclel
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Theoretical Predictions from QRPA
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Experimental Approach

= Combined analysis of high-resolution (p,p’), (y,y') and (e,e’)
experiments in N

" (p,p’) reaction at several hundred MeV and very forward angles

selective to E1, spinflip M1
PvNC and A. Tamii, EPJA 55, 110 (2019)

= (y,y’) reaction selective to E1,M1; unique parity information with
polarized beam
A. Zilges et al., PPNP 122, 103903 (2022)

= (e,e’) reaction at low momentum transfer and backward angles
selective to M1
W. Mettner et al., NPA 473, 160 (1987)
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Identification of Toroidal Candidates in °8Ni
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= Energy region covered by all experiments 7 - 12 MeV
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Evidence of Toroidal Nature from (e,e‘) Data
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Summary and Outlook

= Combined analysis of high-resolution (p,p’), (y,y') and (e,e’) experiments
on °8Ni reveals candidates for the long-sought toroidal E1 mode

= Experimental signature: large transverse form factors in inelastic
electron scattering

= QRPA calculations with the SVmas10 Skyrme interaction can reproduce
their features

Next steps
= Establish mode as a generic feature, should appear in all nuclei

= Advanced tests with (e,e‘y) experiments
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