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Landscape of medium mass nuclei
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Landscape of medium mass nucle

UNDERSTANDING REGULARITIES
for both SPHERICAL and DEFORMED systems

New Magic Numbers: 240, “8Ni, >4Ca, "8Ni, 1905n o
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+ Hy

Monopole eld (spherical mean eld)
Multipole correlations (pairing, Q.Q, ...)

Interplay between




Separation of the effective Hamiltonia

Monopole and multipole

Multipole expansion:

H = Hmonopole * Hmuttipole

Spherical mean- eld
Hmonopole:  Evolution of the spherical
single particle levels

A. Poves and A. Zuker (Phys. Report 70, 235 (1981)) @ (SR
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Correlations
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Pairing (SU2) semi-magic (n-n) (p-p)
Quadrupole (SU3/p-SU3/g-SU3) p-ninH.O.or j=2

M. Dufour and A. Zuker (PRC 54 1996 1641)



Separation of the effective Hamilto

Monopole and multipole
Multipole expansion:

Hmonopole:

A. Poves an

Hmuttipole:

Pail
Qui

M. Dufour a

Pairing regime: spherical nuclei
ground state = pairs of like-particles coupled at J=0 (seniority v=0)
2* state (break of pair; v=2) at high energy

li m>

super uid nucleus:

Typical example: semi-magic Tin isotopes

Quadrupole regime: deformed nuclei

prolate nucleus:

Typical example: open shell N=Z nuclei




Separation of the effective Hamiltonia

Monopole and multipole

Multipole expansion:

H = Huonopole + Hpp + Hog

Spherical mean- eld
Hmonopole:  Evolution of the spherical
single particle levels
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Nilsson-SU3 estimates

PHYSICAL REVIEW C 92, 024320 (2015)

Nilsson-SU3 self-consistency in heavy N = Z nuclei

A. P. Zuker,! A. Poves,23 F. Nowacki,! and S. M. Lenzi*
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Nilsson-SU3 estimates

PHYSICAL REVIEW C 92, 024320 (2015)

Nilsson-SU3 self-consistency in heavy N = Z nuclei
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of deformation at

evelopm

F. Nowacki, A. Obertelli and A. Poves Progress in Particle and Nuclear Physics 120 (2021) 103866
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Fig. 40. Schematic view of the valence spaces at N = 8, 20, 40 and 70. The intruder configurations that develop quadrupole collectivity are highlighted.
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Island of inversion at N=40, an old Story:

The Physics around the doubly-magic “®Ni Nucleus

Leuven, Bejeftlt
November 4 %

A. Poves
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More recent experimental information

RAPID COMMUNICATIONS

PHYSICAL REVIEW C81, 051304(R) (2010)
Collectivity at N D 40 in neutron-rich %4Cr
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A. Ratkiewicz}? S. R. Stroberd;? K. A. Walsh*? D. Weisshaat,R. Winkler, and S. Zhd
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RAPID COMMUNICATION

Onset of collectivity in neutron-rich Fe isotopes: Toward a new island of inversion?

PHYSICAL REVIEW C81, 061301(R) (2010)
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Island of inversion around ~ %4Cr

S. Lenzi, F. Nowacki, A. Poves and K. Sieja

@

Phys. Rev. C82, 054301, 2010
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SM framework

LNPS interaction:
based on realistic TBME
new t of the pf shell (KB3GR, E. Caurier)
monopole corrections
Jg=2-ds=» gap now constrained to 2.5
Mev in 68Ni

Calculations:
Up to 14~! excitations across Z=28 and
N=40 gaps
Matrix diagonalizations up to 2:101°

m-scheme code ANTOINE (non public
parallel version)

DNO-SM for most deformed cases
(D. D. Dao Strasbourg)



Discrete Non-Orthogonal Shell Model

P
Generator Coordinate Method @ j ei = fij il

1) Deformed Hartree-Fock (HF) Slater determinants

2) Restoration of rotational symmetry . .
i .i-@) @ @

3) Mixing of shapes:

Intrinsic /Laboratory Description
Deformation structure of nuclear states : fJ g; q=(; )
X
MO(qiK) = RA (% 0) 10 K
q0;k0

Probability of a conguration (; ):

S
PP@) = MV(qgK)?

particle-hole interpretation : K—quantum numbers :
d3=2 ——e— x
J Kk 2
sl=2 —ee— P! )(K)= M()(CI,K)
d5=2 -ee-e0% !

M -scheme



Discrete Non-Orthogonal Shell Mode

P
Generator Coordinate Method @ j ei = fij il

1) Deformed Hartree-Fock (HF) Slater determinants

2) Restoration of rotational symmetry . . =
ii-@ @ @
3) Mixir\n f chAanac:

PHYSICAL REVIEW C 105, 054314 (2022)

Nuclear structure within a discrete nonorthogonal shell model approach: New frontiers

D. D. Dao® and F. Nowacki
Université de Strasbourg, CNRS, IPHC UMR7178, 23 rue du Loess, F-67000 Strasbourg, France

®  (Received 8 March 2022; accepted 6 May 2022; published 23 May 2022)

particle-hole interpretation : K—quantum numbers :
d3=2 ——e— x
J J . 2
s1=2 —ee— PO(K) = M (g; K)
q
d5=2 -ee-e0%

M -scheme



Shape transition at N=40
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Shape transition at N=40
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Spectroscopy and moments of

Amplitudes

TABLE L. Top: spin-parity, excitation energy and magnetic
moment of the ground and first two excited states of “'Cr
determined in this work from experiment (left) and from
shell-model calculations (right, see text for details). Bottom:
ground state proton and neutron occupations computed with
our shell-model calculations.

Exp. Th

" BolkeV] e I" By [keV] g un]
1/2 0 40540(13) 1/~ 0 40558
(3/27) 70.8(9.3 : 3/2~ 283 +127
(5/2)" 97.7(24.9)" - 5/2° 397 +0.342
“Crgs.  fip pap Jsp2 P12 9op2 ds )z

Proton 3.33 0.29 0.33 0.04 - -
Neutron 8.0 378 249 107 146 019

2 Value from Ref. [36]
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Amplitudes
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TABLE L. Top: spin-parity, excitation energy and magnetic
moment of the ground and first two excited states of “'Cr
determined in this work from experiment (left) and from
shell-model calculations (right, see text for details). Bottom:
ground state proton and neutron occupations computed with

our shell-model calculations.

Exp. Th x
A e
1/2- 0 40 mu(% +0.558
(3/27) 70 3j2~ 283 4127
(5/2)" ng = 5/27 397 40342
frz Pap Jsp2 P12 9op2 ds/2

Proton 333 0.29 0.33 0.04 - g
Neutron 8.0 3.78 249 1.07 1.46 0.19

2 Value from Ref. [36]
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N=40 at N=Z

quasi-SU3

pseudo-SU3

@ p shell: 150
2812 ——@— 281, —@—r
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1pg=p [ e e 1pg=p [ e e
:[ ] 0:[ ] w7 @ sd shell: °Ca
oo o, 40440 spherical/doubly
magic
ANNRRRRRNNRNNNNNN
26N 28 @ pf shell: 8zr

deformed nucleus

@ Low-lying states in H.O. N=2Z=8: CS , 4p4h, 8p8h
@ Low-lying states in H.O. N=2=20: CS , 4p4h,8p8h
@ Low-lying states in H.O. N=Z=40: 4p4h ? 8p8h ? 12p12h ?



Ab-initio predictions ?

= TRIUMF Ab Initio Progress: How Heavy Can We Go?

Tremendous progress in ab initio reach, largely due to polynomially scaling methods!

“ 2022

N=i
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m2019
m 2022

2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 60 94
N

Jason Holt 2023



Island of Inversion at the N=Z line

Strongly deformed states at N = Z:
@ Con guration mixing in "2Kr

@ Most deformed cases for Sy, 80zr By @ i —@——

o
2
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FIG. 3. Schematics of the B(E2) values for the N = Z nuclei



Island of Inversion at the N=Z line

Strongly deformed states at N = Z

@ Con guration mixing in "2Kr

@ Most deformed cases for Sr, 8zr

@ Shape transition between Mo and #Mo
NSCL/GRETINA Experiment
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Strongly deformed states at N = Z

@ Con guration mixing in "2Kr

@ Most deformed cases for Sr, 8zr

@ Shape transition between Mo and #Mo
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Strongly deformed states at N = Z

@ Con guration mixing in "2Kr

@ Most deformed cases for Sr, 8zr

@ Shape transition between Mo and #Mo
NSCL/GRETINA Experiment

s. p. energy levels

s. p. quadrupole moments

quasi-SU3

21— ——

;

+1.61
-

+6.83
-

K=1/2

+4.11
-0
K =32

+1.42
K =5/2

s. p. energy levels

s. p. quadrupole moments

pseudo-SU3

1, — @@—

ofs-: —@@O—

-2.37
-0
+1.41
---0-

+5.06

-0
K=1/2

-2.57

+1.08
---0-
K =32

-2.61
K =5/2

o[ B2 ——@— 251, —@——
2
.Kg 1ds-; —@—— s, ———@—
2
3| 0> —@—@— 0% —@—@— zN-=10
o | P [—O—C—]  Wpree[— OO
p}
S 2| —O—O— | Ofsz| —O—O—
é 1ps=2 1ps=2
g
ANNTRRNTTNNNNNNNNNN
28N 28
B(E2)(e?.fm?)
nucleus  Np-Nh ZRP  PHF Exp.  DNO-SM SM
4p-ah 1104 1193 + 580
84 1740 -
Mo 8p-8h 1801 1732 430 1765
0p-0h 542 196
2p-2h 1030 871
86
Mo ap-ah 16 1170 I 707(71) 980 731|
6p-6h 1858 1655




Island of Inversion at the N=Z line

Strongly deformed states at N = Z

@ Con guration mixing in "2Kr

@ Most deformed cases for "6Sr, 8zr

@ Shape transition between Mo and %Mo

NSCL/GRETINA Experiment
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Island of Inversion at the N=Z line

Strongly deformed states at N = Z

@ Con guration mixing in "2Kr

@ Most deformed cases for Sr, 8zr

@ Shape transition between Mo and #Mo
NSCL/GRETINA Experiment
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N3LO NN calculations
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Stronalv deformed states At Nl = 7
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Ongoing NN + 3N(Inl) ab-initio calculations
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