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Valence Proton-Neutron Interaction
and
Structural Evolution

Development of configuration mixing

Key role in the onset of collectivity and
deformation in nuclei

Changes in single particle energies and
magic numbers
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Valence Proton-Neutron Interactions

Correlations, collectivity, deformation. Sensitive to magic numbers.
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Measurement p-n Interaction Strengths

Vo,

Average p-n interaction between
last proton and last neutron

‘Double Difference of Binding Energies‘

8V, (Z,N) = 7 [{B(Z,N) - B(Z, N-2)} - {B(Z-2, N) - B(Z-2, N-2)} ]

Ref: J.-y. Zhang and J. D. Garrett




Empirical interactions of the last proton with the last neutron
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Generic sequencing of shell model orbits
low J, high n

high |, low n

low J, high n

==
p

Hence, if the protons and neutrons are filling their shells similarly

high j, low n

6l 1€

—(similar fractional filling, f, ~ f |-

p-n interaction should be largest, that is, along the “diagonal” in
an N-Z fractional filling plot



Valence p-n Interactions
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Breaking Paradigms
Changes in Shell Structure
as a functionof N/ Z

Two mechanisms

Monopole proton- neutron interactions (tensor?)
(everywhere)

Changes in shape of nuclear potential
(near drip lines — weakly bound nuclei)






Microscopic mechanism for

phase trans. behavior
H(N-N)~ Hpy + H

resid.

Multipole decomposition of
2-body Residual interactions

Vi (Vs ) = ;Vkpk (cos ®)
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Part of the story — other orbits, tensor Forces ??




Microscopic Density Functional
Calculations with Skyrme forces and
different treatments of pairing

W. Nazarewicz, M. Stoitsov, W. Satula







Stable Nuclei
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Valence p-n Interactions
Regional comparison with microscopic calculations
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Integrated p-n interaction strengths and growth rates of collectivity
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The evolution of collective motion in complex nuclei: Heavier nuclei exhibit novel collective
properties. In many cases, these regularities arise from underlying symmetries. Goals include
identifying the relevant collective coordinates, understanding their connections to these
symmetries, and how [they] arise from microscopic theory. One example is the sharp structural

change in nuclear ground states that occurs in certain mass regions.

Quantum phase transitions in equilibrium shapes of nuclei with N, Z

I Critical Point Symmetries — A new paradigm I
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Themes in Nuclear Structure

Changing Shell Structure — The nucleonic foundation of
nuclear behavior — changing paradigms after half a century

The evolution of structure — Symmetries, phase transitions,
and critical points -- simplicity in complex nuclei

Nucleonic interactions — especially pairing and p-n
The limits of nuclear existence
The heaviest nuclei — Quantal binding

The links to Astrophysics, and exploiting opportunities to
test fundamental symmetries



Classifying Equilibrium Collective Structure —

The Casten Triangle
|

Benchmarks/paradigms

Dynamical Symmetries
(the IBA)

Phase/shape
Transitions(Critical
Point Symmetries)

@ Deformed

Most nuclei do not exhibit the idealized symmetries but
rather lie in transitional regions.
Trajectories of structural evolution
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