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Recent advances on proton-neutron pairing and
quartet correlations in nuclei, Session II

Summary Talk
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My goal:

Find correlations and clustering 
of ideas among the talks
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Workshop themes
Simple pictures of  cooperative behavior

proton-neutron	collective	behavior	is
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Workshop themes

Keep in mind 
this is a ‘mean-field’ summary, 

that is,
I won’t get all the high-resolution details, 

but instead focus on, well, 
the average picture….
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Evidence for pairing/ p-n pairing /clustering

theory cluster
experimental pair
(correlation in momentum
not coordinate space…)
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Evidence for pairing/ p-n pairing /clustering

Pairing “rotations” and
“vibrations” in spectra
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Evidence for pairing/ p-n pairing /clustering

pair vibrations and 
odd-even mass
differences
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Evidence for pairing/ p-n pairing /clustering

Band structure (0+ 2+, 3-,) and 
transition densities in inelastic a-12C 

shows evidence
of D3h discrete symmetry

a

aa
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experimental talk)
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Evidence for pairing/ p-n pairing /clustering

(weakly coupled
experimental talk)

+ bonus round on 40Mg…
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Evidence for pairing/ p-n pairing /clustering

Experimental searches for strong p-n pair 
correlations in (p,3He) transfer reactions
(T=0 pairing seems weaker in pf shell than sd)

and proposed tests for a-quartets via
(6Li,d) or (7Li,t) transfer reactions
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What drives pairing and clustering?

(a diffuse cluster
with long-range
correlations..?)
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What drives pairing and clustering?

Clustering occurs in states near 
continuum: residue of (g.s.) A-a

scattering resonances
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What drives pairing and clustering?

Deformation and low density 
drives scattering 

(not orthogonal to Volya)
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How can we better model nuclei?
“Mean-field” + projection

What the shell model can teach us

Condensing the shell model to pairs & quartets

(coupled via 
tensor force)
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How can we better model nuclei?
“Mean-field” + projection

Extend the reach of successful  
theories (coupled-cluster, MBPT) by 
symmetry breaking -> restoration

So far only U(1) (number) 
but SU(2) (deformation) promised!
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How can we better model nuclei?
“Mean-field” + projection

When driven to large deformation,
we can (sometimes) see clusters
arise in projected mean-field

calculations
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How can we better model nuclei?
“Mean-field” + projection

Use SO(8) model to
test VBP vs VAP
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How can we better model nuclei?
“Mean-field” + projection

Spin & isospin projection
seem most important!
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How can we better model nuclei?
“Mean-field” + projection

Importance of
tensor force
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How can we better model nuclei?
“Mean-field” + projection

Preliminary results
in mirror nuclei



ESNT	Workshop	on	Recent	Advances	on	Proton-Neutron	pairing…	Sept	2-6,	2019

How can we better model nuclei?

What the shell model can teach us

Condensing the shell model to pairs & quartets
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How can we better model nuclei?
Condensing the shell model to pairs & quartets

I approve!



ESNT	Workshop	on	Recent	Advances	on	Proton-Neutron	pairing…	Sept	2-6,	2019

How can we better model nuclei?
Condensing the shell model to pairs & quartets

Need to include interplay with deformation…
start with simple pairing in deformed (Nilsson)

single-particle basis
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What the shell model can teach us
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How can we better model nuclei?
What the shell model can teach us

Simple shell-model calculations, even in single-j shell, 
illustrate competition between deformation and pairing

Giving alpha clusters a little “boost” 
describes cluster states very well

Entropy may make supercomputers unnecessary
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Last but far from least:    Can cluster emissions tells us something?

A cluster unto himself….

Despite early hope for 
heavy cluster emissions
as a signature of
superheavy nuclei,

even for superheavies,
a-decay always dominates
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What lessons do we learn? 
Final thoughts

“How do you keep track 
of all those electrons?”
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What lessons do we learn? 
Final thoughts

“Everything should be made as 
simple as possible, but no simpler.”
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What lessons do we learn? 
Final thoughts

But when is something “too simple”?



ESNT	Workshop	on	Recent	Advances	on	Proton-Neutron	pairing…	Sept	2-6,	2019

What lessons do we learn? 
Final thoughts

It depends upon the question 
you’re asking!
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What lessons do we learn? 
Final thoughts
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The absolute g.s. energy of a rotational
band isn’t important…
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What lessons do we learn? 
Final thoughts
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The absolute g.s. energy of a rotational
band isn’t important…
... unless you need the Q-value.

Only relative g.s. energies are important…
… unless you need the equation
of state for neutron stars!
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What lessons do we learn? 
Final thoughts
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6

The absolute g.s. energy of a rotational
band isn’t important…
... unless you need the Q-value.

Only relative g.s. energies are important…
… unless you need the equation
of state for neutron stars!

“Simple” and “important” are 
relative terms!
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To summarize the summary:

Happiness is…. simple models 
of complex behavior!


