Analog pygmy-dipole resonance and
low-lying charge-exchange dipole state
in neutron-rich nuclei
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Giant resonances: typical collective mode of surface vibration

classical and intuitive picture
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uclear response: appearance of modes of excitation

rich variety of modes: S (spin), T (isospin), and L (angular mom.
vibration in spin-space, isospin-space and real-space, and coupling among them

influenced by many-body correlations (deformation and superfluidity)
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Nuclear response: appearance of modes of excitation
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Nuclear response: appearance of modes of excitation
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Nuclear response: appearance of modes of excitation
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Unique modes of excitation in neutron-rich nuclei

neutron-skin structure
a new degree of freedom

i GDR
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neutron-skin excitation modes ??



: For a review: N. Paar et al., Rep. Prog. Rev. 70 (2007) 691
Mysterious PDR

Theoretical calculations predict

PDR appears in neutron-rich nuclei systematically
Its collectivity depends on the nucleus, and the model employed

Unravelling the structure is a big issue in nuclear physics

Isospin structure
vortical nature
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IV dipole excitations in neutron-rich nuclei
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analog of pygmy dipole mode??

understanding of PDR in terms of iso-triplet states
isospin character of PDR
general mechanism for emergence of the PDR

any other types of excitation mode??



IV dipole excitations in neutron-rich nuclei

systematic calculation based on nuclear DFT

fully-selfconsistent calculation

Skyrme-HFB + proton-neutron QRPA




IV dipole strength distributions (7 = — 1)

KY, PRC96(2017)051302R
SkM*, I'=2.0 MeV
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echanism for occurrence of the low-lying states

cross-shell (N—N-1) excitation in low-energy

—1Aw excitation

neutrons are weakly bound/ i
quasi)neutrons are in the continuum when [\|=




Onset of the low-lying states: strong shell effect

summed strength in low-energy (w < 15 MeV, Er<0 MeV)
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Onset of the low-lying states: strong shell effect
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Effect of the low-lying dipole states on 3-decay rate
Allowed + FF transitions
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IV dipole strength distributions (7 = — 1)
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Appearance of the analog PDR

summed strength below the GR
excluding —1hw type states
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Appearance of the analog PDR

summed strength below the GR
excluding —1hw type states
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Microscopic structure of the analog PDR
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Microscopic structure of the analog PDR
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NOT a single-particle excitation

superposition of 2gp excitations
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Occurrence of the CE dipole states in n-rich nuclei

v cross-shell (N—N-1) excitation N+1

neutrons are weakly bound ShBonoDae

protons are deeply bound: N
low-lying — 1A excitation
v cross-shell (N—N+1) excitation NE

he continuum:
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Summary

v low-lying dipole state appears uniquely in very n-rich nuclei

— 17w excitation

y'strong s

steady se

nell effect

ection rule due to the deeply-bound proton orbitals

single-particle type excitation
# of neutron hole states satisfying the selection rule is limited

v affects the half-life substantially
together with the axial-vector (spin-flip) dipole excitations




