
Dean Lee 
Facility for Rare Isotope Beams

Michigan State University
Nuclear Lattice EFT Collaboration

Nuclear physics at the edge of stability
ECT* Workshop

June 28, 2021

1

Effective interactions between nuclear clusters



Outline

Lattice effective field theory

Local versus nonlocal interactions

Nuclear physics near a quantum phase transition

Effective interaction between nuclear clusters

Nuclear clustering and the spectrum of carbon-12

Summary

2



3

n

n

p

p

Lattice effective field theory
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Review: D.L, Prog. Part. Nucl. Phys. 63 117-154 (2009)
Springer Lecture Notes: Lähde, Meißner, “Nuclear Lattice Effective Field Theory” (2019) 



Construct the effective potential order by order
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Contact interactions

Leading order (LO) Next-to-leading order (NLO)

Chiral effective field theory
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Euclidean time projection
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Local interaction Nonlocal interaction

Local versus nonlocal interactions
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Nonlocal short-range interactions
+ Local short-range interactions

A tale of two interactions

We consider two different interactions, A and B, at leading order (LO) in 
chiral effective field theory.  They both have the same one-pion exchange 
potential and Coulomb potential.  The difference between A and B resides 
with their short-range interactions.

Interaction A Interaction B

Nonlocal short-range interaction
Nonlocal short-range interaction

+ 
Local short-range interaction

Elhatisari, Li, Rokash, Alarcon, Du, Klein, Lu, Meißner, Epelbaum, Krebs, Lähde, D.L., Rupak, 
PRL 117, 132501 (2016)
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Bose condensate of alpha particles!
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alpha-alpha S-wave scattering
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Elhatisari, Li, Rokash, Alarcon, Du, Klein, Lu, Meißner, Epelbaum, Krebs, Lähde, D.L., Rupak, 
PRL 117, 132501 (2016)



A = 20!

A = 16!

A = 12!

A = 8!

λ	
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Nuclear physics near a quantum phase transition



Rokash, Epelbaum, Krebs, D.L., Rupak, PRL 118, 232502 (2017)
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Effective interaction between bound states

Numerical tweezers used to probe the relation between particle-particle 
interactions and the effective interaction between bound states
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Dimer-dimer system at zero range
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Summary

After a short introduction to lattice

effective field theory, we discussed the

difference between local and nonlocal

interactions and the importance of the

range and locality of nuclear forces on

nuclear binding. We presented evidence

that nuclear physics sits near a quantum

phase transition and considered the effective

interations between nuclear clusters. We

concluded with recent calculations of

nuclear clustering and the spectrum of

carbon-12.
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Model-independent measure of alpha cluster geometry  

For the carbon isotopes, we can map out the alpha cluster geometry 
by computing the density correlations of the three spin-up protons.  
We compute these density correlations using the pinhole algorithm.
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Elhatisari, Epelbaum, Krebs, Lähde, D.L., Li, Lu, Meißner, Rupak, PRL 119, 222505 (2017) 
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