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The Valence Proton-Neutron Interaction
A Key to the Evolution of Structure and
Collectivity

Microscopic origins of phase transitional
behavior

Changes in single particle energies, magic
numbers and shell structure — Monopole p-n

Growth and growth rates of configuration
mixing, collectivity, and deformation



Valence p-n interactions--key to collectivity
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Can we measure the p-n interaction?

Empirical average p-n interaction of the last proton

and neutron — 6Vp

Double difference of binding energies

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

studied about 15 years ago

with new 2003 Mass evaluation, many more masses available and
hence 6Vpn values.



Empirical interactions of the last proton with the last neutron
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Concept of proton-neutron spatial overlaps
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Hence, if the protons and neutrons are filling similarly, p-n
Interaction should be largest. We introduce the concept of
fractional filling



Fractional Filling of major shells and the p-n interaction
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Empirical p-n
interactions

Strongest along
diagonal where
highest p-n
overlaps occur
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Specific Regions — an example

e Rare earth nuclei from Gd-W

 Remarkably regular pattern of p-n
interaction strengths



Rare earth region
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“Theorem” (still to be proved): If it looks simple, it has a simple explanation !



Calculating proton-neutron
Interactions in deformed nuclel

How to do it?
Deformed — hence nucleons occupy Nilsson orbits

Each Nilsson wave function can be expanded in a basis
of spherical shell model wave functions. The C
coefficients give the relative amplitudes of each nlj orbit
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Experiment Calculation
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But now for something much more realistic

Microscopic Density Functional
Calculations

e Witek Nazarewicz and Mario Stoitsov

* Density Functional

heory with Skyrme

forces and different treatments of pairing

Preliminary results
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Stoitsov et al
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Fractional Filling of major shells and the p-n interaction
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What happens far off Stability

* Fragility of Magicity

e Can masses, p-n interaction filters give
clues to shell structure?



Possible Changes in
Structure for Skin Nuclei

J. Dobaczewski and

W. Nazarewicz
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Region of To compute Mass Measurements Mass
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Mass Measurements: Scales of Accuracy

* Phase transitions: ~10’s - 100’s keV
* Interaction filters (V) : ~10 — 20 keV
» Except N = Z nuclei ~100 keV
 Tests of Fundamental Symmetries: <<10 keV

Mass Measurements: Where?

 Neutron-rich nuclei
 Heavier N = Z nuclei
«Z=50-66, N =106-126

» Specific selected nuclei (see Table)




Summary

p-n interactions — key to collectivity

Empirical interactions of last protons and neutrons. Remarkable
patterns.

Link to shell structure — closed shells, major shells (fractional filling)
Correlation to empirical growth rates of collectivity.
Simple patterns in special regions — calculations with & force

Extensive, realistic, Density Functional Theory calculations work
extremely well and point to missing ingredients

Phase transitional regions

Scales of needed measurements
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