Nuclear Monopole Interaction
and Shell Structure Evolution

A. Umeyal) G. Kaneko?) S. Kobayashi?) K. Muto?)

1) RIKEN 2) Tokyo Institute of Technology

A. Umeya and K. Muto, Phys. Rev. C 69 (2004) 024306; 74 (2006) 034330.
A. Umeya, S. Nagai, G. Kaneko and K. Muto, Phys. Rev. C 77 (2008) 034318.
A. Umeya, G. Kaneko, T. Haneda and K. Muto, Phys. Rev. C 77 (2008) 044301.

June 16-18, 2010 EENEN10 1



Motivation

1. We have understood, since 1970s, a close relation
between single-particle energies and monopole:
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2. We have found, by experimental studies, new phenomena

In neutron-rich nuclel, such as the disappearance of magic
numbers (N=8, N=20).

Discussion of changes of single-particle energies
from a nucleus to another - shell structure evolution

Q1: How should single-particle energies be
defined, especially in open-shell nuclei?

Q2: Roles of C, T, and LS interactions?
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Definition of single-particle energies (1)
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Definition of single-particle energies (2)
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Monopole and single-particle energies

— . valence
gy, = &, +;A€jj’<gp|Nj’|l‘p> 55
> (1= (=1)%d,) 2T+ 1D){F7V1is",
Ae., — 2 monopole
7 (27 +1)(25 + 1)

This formula can be applied to any nucleus (state), and thus
allows quantitative discussion of shell structure evolution.

The s.p. energies are determined by the monopole strengths.

Note that Ac‘fjjf # V;-j; for ] = j’

The present definition of s.p. energies is consistent with
multipole expansion and binding energies.
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Monopole interaction : multipole expansion

The monopole interaction is defined as the lowest-rank
term of multipole expansion of two-body NN interaction.

Proton-neutron interaction eXCha”ge
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Aé:jjf . exactly the same gquantity that appears in s.p. energies.
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Roles of C, T and LS interactions (1)

Example for tensor interaction

multipole expansion Fourier transfrom
of radial potentials

Vin = A dg ¢* Z‘Uz {fTNO + fine (71 ’7'2)}
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Roles of C, T and LS interactions (2)

Direct terms of the monopole vanish for tensor interactions:
ASP(TN) = 0.

Sum over spin-orbit partners:
> gl Aeﬁfh(VTN) — const Z(—l)K |K| W11k k,; 2K)
K
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(27« +1) Agjr; (Vin) + (255 + 1) Aeyy (Vpy) = 0
for any 7/, including 7' = j., 7' = j-
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Example-1: s.p. energies in sd-shell nuclel

Shell-model calculation in the (sd)" configuration on 160 core
USD interaction (B. H. Wildenthal, Prog. Part. Nucl. Phys. 11, 5 (1984))
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The monopole due to Triplet-Even attraction

The spin-tensor decomposition clarifies that the monopole strengths
are dominated by triplet-even attraction of central interaction, which
Includes the second order tensor effects.
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Example-2 : s.p. energies in N = 16 nuclel

Single Particle Energy [MeV]

Neutron s.p. energies
USD + Millener Kurath

A. Umeya and K. Muto
. Phys. Rev. C74 (2006) 034330

7 In the neutron-rich region,

.4 1pg, is lower than 0f,/,, due to
different slopes between 1p- and
Of-orbits, since 1p-0d interaction
- IS less attractive than Of-Od.

- p-wave neutron halo in 3'Ne

T. Nakamura et al.
L1 Phys. Rev. Lett. 103,
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Conclusions -1

Single-particle energies, defined according to the
prescription by Baranger, are

1. expressed as
AT 1
e = £ 1Y Ay (WIN W) &7
b

J

2. applied to any nucleus

3. determined by the monopole strengths
%ﬁ (1= (=1)6,0) 2T + 1) {35 1V155")s
(27 + 125"+ 1)

which are consistent with the multipole expansion of NN
Interaction (and binding energies).

June 16-18, 2010 EENEN10 12



Conclusions - 2

Roles of central, tensor and spin-orbit interactions are
studied by multipole expansion and evaluating their
contributions to the monopole strengths.

When both spin-orbit partners are completely filled,
the interaction with these nucleons gives, for single-
particle energies of a pair of spin-orbit partners,

1. the same large gain by the central interaction,
due to the strong triplet-even channel attraction,

2. no shift by the tensor interaction,

3. expansion of the splitting by the spin-orbit interaction.
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