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UNDERSTANDING REGULARITIES
for both SPHERICAL and DEFORMED systems

New Magic Numbers: 24O, 48Ni, 54Ca, 78Ni, 100Sn

Vanishing of shell closures: 12Be, 32Mg, 42Si, 64Cr, 80Zr ...

Island of deformation around A∼ 32, A∼ 64

Low-lying dipole excitations in Ne, Ni isotopes

Variety of phenomena dictated by shell structure

Close connection between collective behaviour and underlying
shell structure

H = Hm +HM

Interplay between
• Monopole field (spherical mean field)
• Multipole correlations (pairing, Q.Q, ...)



Development of deformation at N=8,20,40,70

Magic numbers are associated to enegy gaps in the spherical mean
field. Therefore, to promote particles above the Fermi levels costs
energy

However some intruders configurations can overwhelm their loss of
monopole energy with their huge gain in correlation energy

Several examples of this phenomenon exist in stable magic nuclei
(as in 40Ca nucleus) in the form of coexisting spherical, deformed
and superdeformed states in a very narrow energy range

At the very neutron rich or very proton rich edges, the T=0 and T=1
channels of the effective nuclear interaction weight very differently
than they do at the stability line. Therefore the effective single
particle structure may suffer important changes, leading in some
cases to the vanishing of established shell closures or to the
appearance of new ones



Development of deformation at N=8,20,40,70



H.O. vs Spin-Orbit shell closure at N=Z
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Island of Inversion at the N=Z line

⋄ Strongly deformed states at N = Z :

Configuration mixing in 72Kr

Most deformed cases for 76Sr, 80Zr

Shape transition between 84Mo and 86Mo

NSCL/GRETINA Experiment
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R.D.O. Llewellyn et al., Phys. Rev. Lett. 124, 152501 (2020)

ZBM3 valence space:

extension of JUN45

to pseudo-SU3 + Quasi-SU3

New effective interaction

( Realistic TBME

+ Monopole “3N” constraints”)

SM + DNO-SM for most deformed cases



Discrete Non-Orthogonal Shell Model

Generator Coordinate Method: |Ψeff〉 =
∑

i fi |Φi〉

1) Deformed Hartree-Fock (HF) Slater determinants

2) Restoration of rotational symmetry

3) Mixing of shapes:
|Ψeff〉= + + . . .

Intrinsic/Laboratory Description

• Deformation structure of nuclear states: {Jπ
α}, q = (β, γ)

M(J)
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Discrete Non-Orthogonal Shell Model

First “SM” calculations for superheavies !!!
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⋄ Strongly deformed states at N = Z

Configuration mixing in 72Kr

Most deformed cases for 76Sr, 80Zr

Shape transition between 84Mo and 86Mo

NSCL/GRETINA Experiment
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Three body forces and persistence of spin-orbit shell gaps in medium-mass nuclei:

Towards the doubly magic 78Ni,

K. Sieja, F. Nowacki

Phys. Rev. C85, 051301(R) (2012)



Summary

Monopole drift develops in all regions but the Interplay

between correlations (pairing + quadrupole) and spherical

mean-field (monopole field) determines the physics.

New “island of inversion” or “island of deformation” present

for neutron-rich systems show up also at N=Z line.

Around A∼ 80, an “island of enhanced collectivity” show

very deformed rotors dominated by

Many-particles-Many-holes configurations.

Shape transition between 84Mo and 86Mo and first

fingerprint of 3N forces in deformed systems



Summary

Special thanks to:

J. Ha, S. Lenzi, F. Recchia

J. Herzfeld-Nowacki



Discrete Non-Orthogonal Shell Model

Generator Coordinate Method: |Ψeff〉 =
∑

i fi |Φi〉

1) Deformed Hartree-Fock (HF) Slater determinants

2) Restoration of rotational symmetry

3) Mixing of shapes: |Ψeff〉= + + . . .

Basis Truncation Method

? choice of relevant deformed Hartree-Fock states

• E. Caurier’s Minimization Technique:

(E. Caurier, Proc. on GCM, BLG report 484 (1975))
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Three-body forces in medium mass nuclei

Evolution of the neutron effective single-particle energies

with neutron filling in ds, fp, and gd shells

“Universal” mechanism for the generation of T=1 spin-orbit

shell closures

Connection with 3N forces and ab-initio calculations:

• “works” for Coupled-Cluster and to be checked in nickels

• problems for “ab-initio” core shell-model

Three body forces and persistence of spin-orbit shell gaps in medium-mass nuclei: Towards the doubly magic 78Ni
K. Sieja, F. Nowacki
Phys. Rev. C85, 051301(R) (2012)


