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The Potential Energy Surface (PES) of a system
a fundamental concept in physics at all scales

energy barrier
physical systems
tend to minimize
local their potential
minimum global energy

minimum

Parameter

in Quantum Mechanics
a system trapped in a local minimum can decay into the global minimum,
specifically, into the ground state of the system



Selected Examples
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Potential Energy Surface (PES) of a NUCLEUS ‘

two-dimensional contour one-dimensional representation
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>60 years of Shape Coexistence studies at I=0

(@) STRONG BARRIER and
EXTREME HINDRANCE

ACTINIDES™

» . | " | RAREST Case
An UblC]UltOUS (FIRST observed (1961)

phenom enon MOST spectacular)

across the o USUAL Case:

nuclear chart” Shape MIXING
B(E2: 0* > 2*,) > 1 W.u.

(T4, from 0.1 ps to 102 ns)
NO retardation observed

deformation

weakly
deformed prsleto

Fission Shape ISOMERS
(T1/2 ~102 nS)

B(E2: 0+ 2*,) ~10° 8 w.u.

K. Heyde and J. L. Wood, Rev. Mod. Phys. 83, 1467 (2011) very retarded Decay
P.E. Garrett, M. Zielinska, E. Clément, Prog. Part. Nucl. Phys. 124,103931 (2022)

S. Leoni, B. Fornal, N. Marginean, J, Wilson, Eur. Phys. J. Spec. Top. 233, 1061 (2024)
S. Leoni, B. Fornal, A. Bracco, Y. Tsunoda, T. Otsuka, Prog. Part. Nucl. Phys. 139, 104119 (2024) - SURVEY of 0* states from Ca to U




Superdeformation at High Spin:

a spectacular example of Shape Coexistence
> 350 cases discovered with EUROBALL and GAMMASPHERE

Shape coexistence
at spin 0 and
superdeformation
are two faces

of the same medal
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We are missing a
unified description
from 0 to high spins:
a major unresolved
problem

in nuclear physics

B(E2)
103-10% W.u.

from
LINKING transitions at

decay-out Spin

available only for
12 SD bands
(out of >350)

Heyde and Wood,
Rev. Mod. Phys. 83(2011)




OUR AIM

CONNECT in Exp. and Theory

Shape Coexistence at Spin 0
and Superdeformation at High Spins

focusing on cases where wave functions are well localized
in different PES minima
separated by a sizable barrier

retarded decay: B(E2) << 1 W.u.
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Extended experimental investigation: 4 Exps in 4 Labs
transfer@(IFIN-HH), (n,y)@ILL, Coulex@ANL, (y,y')@TUNL

decay scheme, state lifetimes, transition rates,

Experiment
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0*,~> 2*; and 2*,-> 0%,
two E2 transitions strongly hindered !!
N. Marginean, et al., Phys. Rev. Lett. 125, 102502 (2020)

Strong E2 Hindrance caused by
shape change (prolate = spherical)

SHAPE-ISOMER-LIKE structure




64Ni shape coexistence in
T Sy 2023 US LONG RANGE PLAN

4 Shape coexistence predicted and
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Figure 4.4. The evolution of the nuclear shape in

stable nickel-64 as predicted by large-scale nuclear

model calculations. Now, new research has confirmed

the coexistence of three nuclear shapes [20].
Meanwhile, the study of very elongated shapes in nu-
clei provides a window into nucleonic shell structure
at large deformation. Extensive work earlier this cen-
tury enabled the characterization of nuclear shapes
with 2:1 axis ratio. In the coming decade, GRETA at
ATLAS is poised to enable the discovery and study of
structures with even bigger deviations.

‘... Complementarity of experimental activities ...
the direction for future experiments of low-energy Nuclear Physics ...”
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Leoni, Fornal, Marginean et al., PRL118, 162502(2017)



PHYSICAL REVIEW C 94, 034301 (2016)

- - Single-particle and collective excitations in **Ni
HIGH SPIN data in 2Ni i
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®2Ni data from ¢'Ni(n,y) reaction with FIPPS at ILL

thermal-neutron capture on a 250 mg °'Ni target of metallic powder

Large statistics and high-precision y—y angular correlations Pencil-like intense
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N. Margineanl, R. V. F Janssens, T. Otsuka, ... to be submitted
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Connecting

Shape Coexistence at Spin 0

to Superdeformation at High Spins

in 52Nj
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Connecting

Shape Coexistence at Spin 0

to Superdeformation at High Spins

in 52Nj
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triaxial deformed 0* state could be the main component of the

fragmented BANDHEAD of rotational structures observed at high spins
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Connecting
Shape Coexistence at Spin 0
to Superdeformation at High Spins

in 52Nj
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triaxial deformed 0* state could be the main component of the
fragmented BANDHEAD of rotational structures observed at high spins




Perspectives

® 2% exp 8 0" exp Lines: Theory (MCSM)

In neutron-rich Ni isotopes
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Thank you for the attention !
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