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Nucleons in a finite volume
from ground states to the continuum
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From Scattering Experiments to EFT

From Theory to Experiments?
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# of BASIS

Discreet levels



α cos(p ⋅ L /2) + β sin(p ⋅ L /2) = 0
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Analytical tools: Finite Volume effects

H. Hergert j.physrep.2015.12.007

Boundary Condition!
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Summary: Why Finite Volume?
• Consequence of lattice regularization 


• Scattering matrices


• Nuclear EFT and reaction theory 
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Discreet levels of spectra do not reproduce scattering info
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Assumption: Interactions are Short-Ranged



We are considering a non-relativistic 
system short-range interactions + 
repulsive Coulomb interactions 

                                        

 With COM frame coordinates:     
r = x1 − x2
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Main result
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Milestones of NLEFT

• First ab initio Calculation of 12C Holye state


• First ab initio alpha - alpha scattering


• Accessing correlated densities


• Now: Free from sign problem                                                                            
(Wave function matching + SU(4) invariant interaction)
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S. Elhatisari, et. al. Nature 528 111 (2015) 

S. Elhatisari, et. al. Nature 630 8015 (2024) 
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16O: a Multi-Channel Case Prelim results & PhD Thesis
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Solution: Applying for grants
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ANCs of 16O and 20Ne

 HY, et. al.  2024 (WIP)
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ANCs of 16O and 20Ne

+ Geometric Factors
 HY, et. al.  2024 (WIP)
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So, it is working. And…
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Volume dependences:  
from ground states to the continuum

• We include the difficult coulomb 
interactions (no-PT) for bound 
states in the volume 
dependencies


• This difficult interaction opens 
doors to the continuum


• Application: ab initio calculations 
(work in progress)


• …

Wrapping up…
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Thank you!
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