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Introduction
Island of inversion: 
An island of inversion is a region of the chart of nuclides that contains isotopes 
with a non-standard ordering of single particle levels in the nuclear shell 
model. Such an area was first described in 1975 by French physicists carrying out 
spectroscopic mass measurements of exotic isotopes of lithium and sodium.

• Centered at neutron-rich 
isotopes of five elements 

•Also called “islands of shell 
breaking” associated with the 
magic neutron numbers 8, 
14, 20, 28, and 40.

11Li, 20C, 31Na, 42Si, 
and 64Cr.
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The Nilsson diagram for protons or neutrons around N = Z = 20 with quadrupole deformation
from the HFB calculation using the D1S force 

http://www-phynu.cea.fr/science_en_ligne/carte_potentiels_microscopiques/carte_potentiel_nucleaire_eng.htm
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Shell-model and nuclear shape

Cross-shell excitations: sd to pf shell
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Monte Carlo shell model

Introduction



The Extended Kuo–Krenciglowa (EKK) method 

Introduction

•a version of many-body perturbation theory
•starting from a bare nuclear force to derive an effective 

interaction designed for a given model space (for example, the sd 
or sd-pf shells)

Problem of the KK method: divergence of the perturbative 
expansion for a model space composed of more than one 
major shell.

The EKK method has overcome this difficulty by resumming the 
perturbative series so that one can avoid the divergence. 
- The resummation is performed with a formula similar to the 

Taylor expan- sion but in the operator form. 
- One can avoid the divergence by choosing an appropriate value of 

the ‘origin’ of the expansion, without changing the result, as long 
as the summation of the series converges. 
N. Tsunoda, K. Takayanagi, M. Hjorth-Jensen, & T. Otsuka, Multi-shell effective
interactions. Phys. Rev. C 89, 024313 (2014)



Numerical details

The contributions from three-nucleon forces 
(3NF) are further included into this effective 
NN interaction, where the 3NF represents 
effects of virtual excitations to the Δ particle, 
that is, the Fujita–Miyazawa force (Methods). 
The present effective interaction, called 
EEdf1, is thus constructed 

This interaction has been derived via the 
extended Kuo–Krenciglowa (EKK) method, 
from the fundamental chiral-effective-
field-theory (χEFT) interaction by Machleidt 
and Entem stemming from quantum 
chromodynamics (Methods).
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Results and discussion

Prolate

Triaxial
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Monopole term:

Pairing term:
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Results and discussion

Contributions of 
• the rest (四极形变能为主) component of the NN interaction (solid)
• Single-particle energy plus monopole effects (dashed)



Results and discussion
Ground-state expectation value of the 3NF for the Ne and Mg isotopes.
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New dripline mechanismTraditional dripline mechanism Neutron separation energy

Island of inversion 



Summary


