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Landscape of medium mass nuclei: Mer
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N=40: SM framework
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LNPS interaction:

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

monopole corrections

99/2-05/2 gap now constrained to 2.5
Mev in ®8Ni

Calculations:
Up to 14Aw excitations across Z=28 and
N=40 gaps
Matrix diagonalizations up to 2.10'0

m-scheme code ANTOINE (non public
parallel version)
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Portal to lol at

. . . . shell model exp.
@ at first approximation, 68Ni has a
double closed shell structure for 8t— 4390
GS 6t ————4244 gt 4508
67— 3909
@ But low lying structure much more
complex
4F———3184 g+ 3y47
@ three coexisting 0* states appear 2*— 2863 5 2848
between 0 and ~ 2.5 MeV 757 S5———219 4 — oma
L e W -
0 2627 0*—— 2511
2t 2169,
2t 2034

@ new location of 05 state !
Configuration mixing and relative transition o*—}—1611 o*—1—1600
rates between low-spin states in ®8Ni:

F. Recchia et al.
Phys. Rev. C88, 041302(R) (2013) M

@ prediction of very low-lying
superdeformed band (32 ~ 0.4) of
6p6h nature! . .
eS. Lenzietal. 0F——0 oF——0
Phys. Rev. C82, 054301 (2010) 68N
eA. Dijon et al.

Phys. Rev. €85, 0311301(R) (2012)




Portal to lol at N=40:

@ at first approximation, 88Ni has a shell model exp.
double closed shell structure for
GS 8t — 4300
6T —4244 gt 4208
+
@ But low lying structure much more s 3999
complex
. . l"_
@ three coexisting 0* states appear 4 84 a3y
between 0 and ~ 2.5 MeV ° 2863 —
2p2h)™ +(4pah)” - § ————2848
(2p2h) ™ +(4p4h) 5 '127792*._,_\_,‘_,743
U 2627 0*—— 2511
. 2+ 2169
@ new location of 02’ state ! 2t 2034
Configuration mixing and relative transition
rates between low-spin states in ®8Ni: (2p2h+0p0 ot——1611 ot—]— 1600
F. Recchia et al.
Phys. Rev. C88, 041302(R) (2013)
a1 52
@ prediction of very low-lying
superdeformed band (82 ~ 0.4) of
6p6h nature!
eS. Lenzietal. + -
Phys. Rev. C82, 054301 (2010) (0pOh+2p2h)” 0"————0 oF———0
oA. Dijon et al. 68, |.
Phys. Rev. C85, 0311301(R) (2012) Ni
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Portal to lol at

. . . 68NI: shell model exp.
@ at first approximation, °8Ni has a
double closed shell structure for 8t— 4390
GS 6" ———4244 gt 4z
67— 3909
@ But low lying structure much more
complex
384 g+t 3147
@ three coexisting 0* states appear _ 2848
1o B A——
between 0 and ~ 2.5 MeV 2+ _—\_2743
0*—— 2511
—2169
2t 2034

@ new location of 05 state !
Configuration mixing and relative transition o*—}—1611 o*—1—1600
rates between low-spin states in ®8Ni:

F. Recchia et al.
Phys. Rev. C88, 041302(R) (2013) M

@ prediction of very low-lying
superdeformed band (32 ~ 0.4) of
6p6h nature! . .
eS. Lenzietal. 0F——0 oF——0
Phys. Rev. C82, 054301 (2010) 68N
eA. Dijon et al.

Phys. Rev. €85, 0311301(R) (2012)




Shape transition at N=40
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1 EXP +
0 0
20 22 24 26 28 20 22 24 26 28
Z Z

Nucleus vgg, vds/m configuration
B8N 0.98 0.10 0pOh(51%)
66Fe 3.17 0.46 4p4h(26%)
64Cr 3.41 0.76 6p6h(23%)
62T 3.17 1.09 4p4h(48%)
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Shape transition at N=40
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Neutron effective single particle energ

ESPE (MeV)
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512 —e—
pl/2 —a— _
Qo2 —v— N=40
d5/2 —e—

20 28 32

reduction of the vf5 /2-gg /2 gap with
removing f7 /2 protons

proximity of the quasi-SU3 partner
ds /2

inversion of ds,» and gy orbitals
same ordering as CC calculations
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@ reduction of the vdj »-f; /> gap with
removing ds /> protons
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Neutron effective single particle ene

PRL 109, 032502 (2012) PHYSICAL RE’

TABLE I1. Energies of the 5/27 and 9/2% resonances in
333561Cy, Re[E] is the energy relative to the one-neutron
emission threshold, and the width is I' = —2Im[E] (in MeV).

530, SCa e s1/2 —m— T

cepc /an)

32 —e—
Ve RfE] T ReE] T  ReE] T 20 1 N=20
52 199 197 163 133 L4 062 f7/2
9/2* 475 028 443 023 219 00 25 p3/2 —
8 14 16
G. Hagen et al. Z

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

< reduction of the vz 2-f /2 gap with

removing 7> protons removing ds,» protons

@ proximity of the quasi-SU3 partner
ds /2

@ inversion of d5/» and gy /> orbitals
same ordering as CC calculations

@ proximity of the quasi-SU3 partner
P3/2
@ inversion of p3/» and £ orbitals




Extension of collectivity N=40 towards
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PRL 115, 192501 (2015) PHYSICAL REVIEW LETTERS 6 NOVEMBER 2015

Extension of the N = 40 Island of Inversion towards N = 50: Spectroscopy of °Cr, 7*72Fe

? C. Loucharl,3 A. Oberlelli,l‘2 V. Werner,"‘4 P Doomenbal,2 F. Nowacki,5 G. Aulhelet,l H. Baba,2
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FIRST MINOS Experiment at RIKEN
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Extension of collectivity N=40 towarc
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Extension of collectivity N=40 towards

7T T T ]
; TABLE I: Quadrupole deformation properties of Cr and Fe |NPS-m - m-— ]
@ 2 isotopes. Energies are in MeV, B(E2) in e? fm? and Q in e |€rature o |
E fm?. Experimental energies are the same as Fig. 3. is work .4+
; SQC([MCI‘)C[‘ 68y 66y 6570y TORe T2Fe | & @@
fo I N’ ]
P E*(2/) exp. 044 0.42 0.39 - 0.57 0.52 0.48 0.52 24+ 1
8 E*(2]) theo. 046 0.43 0.42 0.41 0.54 0.49 049 051 | -@ -g-—@ ]
(1T Qspec -38 -38 -39 -38 -37 -40 -39 -33 ]
C B(E2){ th. 378 388 389 367 372 400 382 279 | —‘1—~1—1

Qint from Qupee 135 136 137 132 131 140 135 116 | 42 44 46 48

Qint from B(E2) by 136 137 142 139 118 number
<f> 0.33 0.33 0.3200.30 0.29 0.30 0.28 0.24

—_
-1 1 T ]|

c-\ll- E*(4]) exp. 117 1.13 1.07 - 1.41 1.39 1.35 1.33 |NPS-m —m-—
W E(4]) theo, 1.18 1.13 1.06 1.15 1.34 1.34 1.36 1.36 gi\t’g;ﬁ o
= 2 Qupec 49 -49 46 AT -AT -51 -48 -40 4
+ B(E2)/ th. 562 534 562 530 553 608 574 377 .
L Qe from Qupee 135 134 134 130 129 141 132 111 | 87 7w
w Qin: from B(E2) 141 140 141 137 139 146 142 115 o
Tl <g> 0.34 0.33 0.32 0.31 0.29 0.30 0.29 0.23
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Physics around “®Ni

©

sdg

PFSDG-U interaction:

realistic TBME
pf shell for protons and gds shell
for neutrons

@ monopole corrections ( 3N

forces )

proton and neutrons gap 8Ni
fixed to phenomenological
derived values

Calculations:

excitations across Z=28 and
=50 gaps

up to 2*10'° Slater Determinant

basis states

m-scheme code ANTOINE (non

public version)

J-scheme code NATHAN
(parallelized version): 0.5*10° J
basis states

Dac



Physics around “®Ni
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PFSDG-U interaction:
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for neutrons
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Neutron intruders constraints
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Neutron intruders constraints
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Neutron intruders constraints
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Neutron intruders constraints
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Neutron intruders constraints
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Neutron intruders constraints
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PRL 117, 172501 (2016) PHYSICAL REVIEW LETTERS 21 OCTOBER 3016

Structure of ®Ni from First-Principles Computations

G. Ha\gen,"z G.R. szsen,g‘I and T. Papenbrock"2
lPhysicx Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA
ZDPparnnem of Physics and Astronomy, University of Tennessee, Knoxville, Tennessee 37996, USA
*National Center for Computational Sciences, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA
(Received 4 May 2016; revised manuscript received 18 August 2016; published 17 October 2016)
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Ab-initio CC predictions for 78Ni

N=8 N=10 N=12 N=14 Exp

FIG. 2. Correlation between the energies of the 2 excited state
in “Ca and "8Ni, obtained from the interactions NNLO, (circle),
“2.0/2.0 (PWA)” (square), “2.0/2.0 (EM)” (diamond), “2.2/2.0
(EM)” (triangle up), and “1.8/2.0 (EM)” (triangle down). The
error bars estimate uncertainties from enlarging the model space
from N =12 to N = 14. The thin horizontal line marks the
known energy of the 2 state in **Ca.

FIG. 3. Convergence of the first 2] excited state of **Ca and
78Ni with increasing model-space size and compared to the data
for the interaction 1.8/2.0 (EM) of Ref. [33].
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°Ni
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FIG. 2. Correlation between the energies of the 2 excited state N=8 N=10 N=12 N=14 Exp

in *¥Ca and "*Ni, obtained from the interactions NNLOy (circle), ) N i ) 48
“2.0/2.0 (PWA)” (square), “2.0/2.0 (EM)” (diamond), “2.2/2.0 fSIG 3: lConvergence of the first ?1 excited slalft of *Ca and
(EM)” (triangle up), and “1.8/2.0 (EM)" (triangle down). The Ni wqh increasing model-space size a.nd compared to the data
error bars estimate uncertainties from enlarging the model space for the interaction 1.8/2.0 (EM) of Ref. [33].

from N =12 to N = 14. The thin horizontal line marks the

known energy of the 2 state in **Ca.
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Schematic SUS predictions

PHYSICAL REVIEW C 92, 024320 (2015)

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

A. P. Zuker,! A. Poves, >3 F. Nowacki,! and S. M. Lenzi*

monopole + quadrupole model

proton gap (5MeV) and neutron gap (5
MeV) estimates

Quasi-SU3 (protons) and Pseudo-SU3
(neutrons) blocks

Qs = ((2gz0) +3.)b%)?/3.5

m 2
En = GIP(50)— hwors ({BGD 4 (BN

GrP(50) = n (327 +2.25) + A(n) + 5p(n)

Prediction of Island of strong collectivity
below 78Ni !l!
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Shape coexistence in “°Ni

78N

@ 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 :
e 07 -2 predicted at 2.6-2.9 MeV and to be

deformed intruders of a rotationnal band !!!

@ “Ip1h” 2] predicted at ~ 3.1 MeV

0 0.09 0.18 0.27 0.36 B 045

@ Necessity to go beyond (pgs ds ) LNPS Constrained deformed HF in the
space and beyond ab-initio description SM basis

(B. Bounthong, PhD Thesis,

@ Portal to a new Island of Inversion
Strasbourg)
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Shape coexistence in “°Ni

Sf1t—
L 7+
@ At first approximation, 78Ni has a double [ ot .
closed shell structure for GS 4 _3+ " 6
[ 5_,_—6
@ But very low-lying competing structures [ 4 ——4"'
- +_
o 32 —2
@ From the diagonalization, > [ —
the first excited states in 78Ni are : Q | 0
e 0-27 predicted at 2.6-2.9 MeV and to be b
deformed intruders of a rotationnal band !!! 2 [
@ “1p1h” 2] predicted at ~ 3.1 MeV 1 X
@ Necessity to go beyond (fogs ds) LNPS [
2 L
space and beyond ab-initio description oF 0+_
@ Portal to a new Island of Inversion 78N I
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Shape coexistence in “°Ni

Sf1t—
L 7+
@ At first approximation, 78Ni has a double [ ot =
closed shell structure for GS 4 _3+ " 6
5 6
@ But very low-lying competing structures [ 4+ ——4"'
L At
3 2 _2"’
@ From the diagonalization, > [ —
the first excited states in 78Ni are : Q | 0
e 03-27 predicted at 2.6-2.9 MeV and to be b
deformed intruders of a rotationnal band !!! 2 [ \
@ “1p1h” 2] predicted at ~ 3.1 MeV I N
1 N 2 — of
) i AE* th. 0.229
@ Necessity to go beyond (foge ds ) LNPS L Qs -39
L2020 L BE2] th. 516
space and beyond ab-initio description ok 0+_ Q(efm?) 135
- from Qg
) Qj(e.fm?) 195
@ Portal to a new Island of Inversion from BE2
B ~0.3
2 prolate
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Shape coexistence in “°Ni

51—
[
@ At first approximation, 78Ni has a double - 7...
closed shell structure for GS 4 '_3+
5
@ But very low-lying competing structures [ 4+
5 +
3k2
@ From the diagonalization, > [
the first excited states in 78Ni are : o [
e 03-27 predicted at 2.6-2.9 MeV and to be b
deformed intruders of a rotationnal band !!! 2 [

@ “1p1h” 2] predicted at ~ 3.1 MeV

2 2 2

® . 54 1.0 1.0 05
Necessity to go beyond (fpg% d%) LNPS n go ds s: gr ds

space and beyond ab-initio description 0 [ 720 122 028 025 024

@ Portal to a new Island of Inversion EING I



Island of Deformation below “°Ni: PES’S
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Island of Deformation below SNi:

A

A

PE

o E*27) Qs BE2] Qm B"
(MeV) (e.fm?) (e2.fm%) (e. fm2)

o 70Cr  0.30 -41 420 340 0.26
2Cr  0.23 -48 549 407 0.30
ACr  0.24 -51 630 552 0.39

2Fe  0.44 -36 316 289

74Fe  0.47 -39 330 308

. ®Fe 0.35 -39 346 320

.,, Predicted New lol centered at "“Cr
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Ni: PES’s

et
Shape Coexistence in ®*Ni as the Portal to the Fifth Island of@)’s‘rsion

F. Nowacki,'? A. Poves,® BE. Caurier,"? and B, ao'\ﬁtkgngl'z
! Université de Strasbourg, IPHC, 23 rue du (P Strasbourg, France
2CNRS, UMR7178, 6703 ﬁum, France
3 Departamento de Fis c‘w oNca e IFT-UAM/CSIC,
Universidad Autor eé adrid, E-28049 Madrid, Spain
and ]nstitweﬁhnced Study, Université de Strasbourg vy
(Dated: October 7, 2016)
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The N=40 and N=50 lol’s Merge
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Like the N=20 and N=28 lol’s did
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@ 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”
(loI’s) in nuclei with large neutron excess, and shape
coexistence usually shows up as a its portal

@ The lol’'s at N=20 and N=28 merge in the Magnesium
isotopes.

@ %8Ni is a case of triple coexistence, precursor of the
N=40 lol

@ Shape coexistence in Ni is the portal to a new lol at
N=50

@ The lol's at N=40 and N=50 merge in the Chromium
isotopes.
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