
M. Kimura (Hokkaido Univ.)



Island of Inversion

Neutron-rich F, Ne, Na, Mg isotopes (Z=9-12, 
N=18-22)



Experiment
Anomalous masses and 

spin
C. Thibault et al., PRC12, 644(1975).

Theory
Dominance of intruder 

config.
E.K.Warburton, et al., 
PRC41,1147(1990).



Small Ex(2+) and Large B(E2)



� Several neutrons are promoted into pf-shell
� Those neutrons bring about strong deformation to the 

system
� Strong deformation reduces Ex(2+) and enhances 

B(E2)

Dominance of the Intruder Configurations and 
Deformation

N=20 shell gap

Neutron excitation
across the shell gap

Normal Config. Intruder Config.



Coexistence of MPMH Configurations and 
Deformations

Argument:
Island of Inversion is more dynamical region.

There is always a competition between mpmh 
configurations and between spherical and deformed 
states.

It leads to 
A)Coexistence of mpmh configurations
B)Precursor of the inversion around the island



A-body Hamiltonian

Parity projected Slater determinant

Single particle wave packets

Variational parameters

Gogny D1S



Energy  variation (frictional cooling)

Rough sketch of wave function and variation

Initial wave function
(randomly generated)

Variation

(deformed)
shells

clustered



Angular momentum projection

GCM

Generator Coordinate:   quadrupole deformation 
ββββ

Hill-Wheeler eq.



S. Takeuchi, et al., PRC79, 054319 (2009).



N=20 shell gap

0p0h (normal config.)

2p2h (intruder)
4p4h (intruder)

• 2 orbits of sd 
and 2 of pf shell 
participate in this 
game
• From this one 
can deduce a 
naive rule for ph 



Rule #1: Up to 4p and up to 4h configurations 
appear in 

small excitation energy.
Example: 

Note that this rule also explains magic number 
N=16

Rule #2: As the number of particles (neutrons in pf 
shell)

0p1h 2p3h 4p5h

N=19 System (e.g. 31Mg, 29Ne)

0p1h 3p2h 5p4h

N=21 System (e.g. 33Mg, 31Ne)





• Rule #1,2 are working
• Relative energy between ph states 
depends

on the proton number

The Island



• Strongly deformed 2p2h 
takes over the ground state

• Note that 0p0h, 2p2h and 4p4h
appear  in the Island

• 4p4h (more deformed)
also participates in.

• Some experimental evidences



� 2p2h dominates in
N=20, 22 system

� 4p4h (4hωωωω)appears 
only in N=20 isotopes

� Intermediate 
character 
of N=18 isotopes

� Precursor in N=18 
system



V. Tripathi, et. al., PRC77034310(2008).



� Great reduction of 
3p3h energy

� 1p1h is not so 
sensitive to the 
proton number



� Great reduction of 
1hωωωω excitation 
energy

� Due to the reduction, 
de-excitation is also 
possible in the 
island

• Precursor in N=18 
system



Spin parity of the ground state: Jππππ= 7/2-, 1/2+, 3/2- , 3/2+? 



PLB685, 253 (2010).

PRL103,262501(2009).

PRL101,142504(2008).

Spin parity of the ground state: Jππππ= 3/2- , 3/2+? 



• Competition between 2p1h (3/2+) and 3p2h (3/2-) config.
• No chance for 1p0h (7/2-, normal config)



• Almost degenerated 3/2+, 3/2- states



• 3/2- is the ground state, consistent with one-
neutron removal experiment



� A simple rule
Rule #1: Up to 4p and up to 4h configurations 
appear in 

small excitation energy.
Rule #2: As the number of particles (neutrons in pf 
shell)

increases,  deformation becomes large.
� Coexistence and competition between mpmh 

states
� Behavior of 0,2+ and 1-,2- states as function of 

proton and neutron numbers
� Precursor of the inversion in N=18 system

� Ground states of N=21 system
� Competition between mpmh states, normal config is 

excluded


