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Possible Evidence for a Toroidal E1 Mode in °8Ni
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=" Fundamental E1 modes
= Signatures of a toroidal mode

= Combined analysis of high-resolution (p,p’), (y,y') and (e,e’)
experiments on %8N

® Conclusions and outlook
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Toroidal E1 Mode

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

y 1o oscillations along the streamlines

/@‘\C/‘i = Similar to Hill's spherical vortex ring, but corresponds

Iz = Quantum phenomenon, contradicts fluid-dynamical
pictures of giant resonances

" Transverse “zero sound” mode (Landau) indicating
that nuclei can be described as an elastic medium

= Other example orbital M2 twist mode

PVNC et al., PRL 82, 1105 (1999); B. Reitz et al., PLB 532, 179 (2002)

Peter von Neumann-Cosel | 13th International Spring Seminar on Nuclear Physics, Ischia, Italy | May 15-20, 2022 3



/A TECHNISCHE
UNIVERSITAT
DARMSTADT

Toroidal E1 Mode in Heavy Nuclel
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[/I l l]\ = Overlaps with isoscalar part of the PDR
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PDR . .. ..
) observed in nuclei with sufficient neutron
\\E excess
A. Bracco et al., PPNP 106, 360 (2019)
1208n
.4 —
o2 QRPA S {  ®Questions interpretation of the PDR as

neutron skin oscillation
A. Repko et al., PRC 024305 (2013)
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0 2 4 6 8 1012 14 A. Repko et al., EPJA 55, 242 (2019)
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A. Repko et al., EPJA 55, 242 (2019)
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® Residual interaction slightly repulsive but shifts part of the
toroidal strength to low energy
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Theoretical Predictions: Strength

A. Repko et al., EPJA 55, 242 (2019)
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= Excitation energy and collectivity depend on effective mass
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Possible Experimental Signatures: A TECHNISCHE
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Low-Energy Bump in the ISGDR Strength DARMSTADT
M. Uchida et al., PRC 69, 051301(R) (2004) Y.-W. Lui et al, PRC 73, 014314 (2006)
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Possible Experimental Signatures: TECHNISCHE
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Individual ,Pure’ Toroidal States in Light Nuclel DARMSTADT

V.O. Nesterenko et al., PRL 120, 182501 (2018)
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Experimental Approach
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= Combined analysis of high-resolution (p,p’), (y,y’) and (e,e’)
experiments in %8Ni

" (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,M2

W. Mettner et al., NPA 473, 160 (1987)
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(p,p‘) Experiment at RCNP

Large Acceptance ; /
2y ; | ' ”
Spectrometer , % SR W8
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7> Proton source
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0° Setup at RCNP
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Focal Plane Detectors

Large Acceptance
Spectrometer (LAS)

Polarized protons

E, = 295 MeV

A. Tamii et al., NIMA 605, 326 (2009)

= E,= 295 MeV

= Measured at spectrometer
angles 0°, 2.5°, 4.5°

= 7 spectra between 0.4° and
5.2° extracted

= AE = 22 keV (FWHM)
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S8Ni Spectra
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Peak-by-Peak Analysis

I. Brandherm, MSc thesis, TU Darmstadt (2020)
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= Peak-by-peak analysis between 5 and 13.3 MeV

® |n total 147 transitions

Peter von Neumann-Cosel | 13th International Spring Seminar on Nuclear Physics, Ischia, Italy | May 15-20, 2022 13



Multipole Decomposition Analysis
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= Transition amplitudes and single-particle wave functions from QPM

= Assumption single multipolarity or superposition of two

= Signature for dipole transitions: angular distributions peaks at 0°
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Examples of MDA Results
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(v,y‘) Experiments at HlyS

= High-Intensity Gamma-Ray Source (HIyS) @ Duke University
= Quasi-monoenergetic, 100% linearly polarized photon beam

\\\\

“’"\ " AE = 5 - 10 keV (FWHM)

Ve
F
%egount "
ol talk of Norbert Pietralla
on Wednesday
H. R. Weller et al., Prog. Part. Nucl. Phys. 62, 257 (2009)
N. Pietralla et al., Phys. Rev. Lett. 88, 012502 (2002)
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Parity Determination
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= Unigue determination of the
electric/magnetic character of
dipole transitions and thereby
the parity of the excited states

Counts /1.3 keV
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(e,e‘) Experiment
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W. Mettner et al., NPA 473, 160 (1987)
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Dipole Strength Distributions

|. Brandherm, MSc thesis, TU Darmstadt (2020)
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J. Sinclair, PhD thesis, UWS (in preparation)

= Good agreement of observed dipole transitions and their multipolarity
= Strength difference due to unobserved branching ratios in (y,y’)
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Dipole Strength Distributions
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Results for 8.24 MeV and 10.04 MeV Transitions
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Predictions for Different E1 Modes
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Summary and Outlook
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= 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 SVbas Skyrme interaction can
reproduce their features

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

New Experimental Setup at the S-DALINAC
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G. Steinhilber, Doctoral thesis, in preparation (2022)
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(e,e‘y) Experiments:
Sensitivity to L/T Interference Term
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Form Factors Toroidal E1 Mode
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