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The Archipelago of Islands of Inversion
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Landscape of medium mass nuclei: Mergers
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N=40: SM framework
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ν

48

LNPS interaction:

based on realistic TBME
new fit of the pf shell (KB3GR, E. Caurier)

monopole corrections

g9/2-d5/2 gap now constrained to 2.5

Mev in 68Ni

Calculations:

Up to 14~ω excitations across Z=28 and
N=40 gaps

Matrix diagonalizations up to 2.1010

m-scheme code ANTOINE (non public
parallel version)



Portal to IoI at N=40: 68Ni

at first approximation, 68Ni has a
double closed shell structure for
GS

But low lying structure much more
complex

three coexisting 0+ states appear
between 0 and ∼ 2.5 MeV

new location of 0+
2 state !

Configuration mixing and relative transition

rates between low-spin states in 68Ni:
F. Recchia et al.
Phys. Rev. C88, 041302(R) (2013)

prediction of very low-lying
superdeformed band (β2 ∼ 0.4) of
6p6h nature!
•S. Lenzi et al.
Phys. Rev. C82, 054301 (2010)
•A. Dijon et al.
Phys. Rev. C85, 0311301(R) (2012)
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Shape transition at N=40
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Neutron effective single particle energies

-25

-20

-15

-10

-5

 0

 5

20 28 32

E
S

P
E

 (
M

eV
)

Z

(a)

N=40

f7/2
p3/2
f5/2
p1/2
g9/2
d5/2

reduction of the νf5/2-g9/2 gap with
removing f7/2 protons

proximity of the quasi-SU3 partner
d5/2

inversion of d5/2 and g9/2 orbitals
same ordering as CC calculations

60Ca 64Cr 68Ni

N=40

-25

-20

-15

-10

-5

 0

 5

8 14 16

E
S

P
E

 (
M

eV
)

Z

(b)

N=20

d5/2
s1/2
d3/2
f7/2
p3/2

reduction of the νd3/2-f7/2 gap with
removing d5/2 protons

proximity of the quasi-SU3 partner
p3/2

inversion of p3/2 and f7/2 orbitals

28O
32Mg

34Si

N=20



Neutron effective single particle energies

-25

-20

-15

-10

-5

 0

 5

20 28 32

E
S

P
E

 (
M

eV
)

Z

(a)

N=40

f7/2
p3/2
f5/2
p1/2
g9/2
d5/2

reduction of the νf5/2-g9/2 gap with
removing f7/2 protons

proximity of the quasi-SU3 partner
d5/2

inversion of d5/2 and g9/2 orbitals
same ordering as CC calculations

60Ca 64Cr 68Ni

N=40

-25

-20

-15

-10

-5

 0

 5

8 14 16

E
S

P
E

 (
M

eV
)

Z

(b)

N=20

d5/2
s1/2
d3/2
f7/2
p3/2

reduction of the νd3/2-f7/2 gap with
removing d5/2 protons

proximity of the quasi-SU3 partner
p3/2

inversion of p3/2 and f7/2 orbitals

28O
32Mg

34Si

N=20

G. Hagen et al.

Phys. Rev. Lett. 109, 032502 (2012)



Extension of collectivity N=40 towards N=50
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Physics around 78Ni

π

υ

sdg

pf

60Ca

PFSDG-U interaction:

realistic TBME
pf shell for protons and gds shell
for neutrons
monopole corrections ( 3N
forces )

proton and neutrons gap 78Ni
fixed to phenomenological
derived values

Calculations:

excitations across Z=28 and
N=50 gaps

up to 2*1010 Slater Determinant
basis states
m-scheme code ANTOINE (non
public version)

J-scheme code NATHAN
(parallelized version): 0.5*109 J
basis states
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Neutron intruders constraints
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Spherical structure of 78Ni

Ab-initio CC predictions for 78Ni



Spherical structure of 78Ni



Schematic SU3 predictions
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below 78Ni !!!



Shape coexistence in 78Ni

At first approximation, 78Ni has a double
closed shell structure for GS

But very low-lying competing structures

From the diagonalization,

the first excited states in 78Ni are :
• 0+

2 -2+
1 predicted at 2.6-2.9 MeV and to be

deformed intruders of a rotationnal band !!!

“1p1h” 2+
2 predicted at ∼ 3.1 MeV

Necessity to go beyond (fpg 9
2

d 5
2
) LNPS

space and beyond ab-initio description

Portal to a new Island of Inversion

Constrained deformed HF in the

SM basis

(B. Bounthong, PhD Thesis,

Strasbourg)
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Island of Deformation below 78Ni: PES’s
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Island of Deformation below 78Ni: PES’s
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Predicted New IoI centered at 74Cr



Island of Deformation below 78Ni: PES’s
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accepted for publication in Phys. Rev. Lett.



The N=40 and N=50 IoI’s Merge
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Like the N=20 and N=28 IoI’s did
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Summary

The physics around magic or semi-magic closures

depends of subtle balances between the spherical

mean field and the (very large) correlation energies of

the open shell configurations at play

There is a common mechanism explaining the

appearance of ”islands of inversion/deformation”

(IoI’s) in nuclei with large neutron excess, and shape

coexistence usually shows up as a its portal

The IoI’s at N=20 and N=28 merge in the Magnesium

isotopes.
68Ni is a case of triple coexistence, precursor of the

N=40 IoI

Shape coexistence in 78Ni is the portal to a new IoI at

N=50

The IoI’s at N=40 and N=50 merge in the Chromium

isotopes.
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