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Nuclear lattice effective field theory (NLEFT)
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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



We can write exponentials of the interaction using a Gaussian 
integral identity

We remove the interaction between nucleons and replace it 
with the interactions of each nucleon with a background field.
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Auxiliary field method
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Essential elements for nuclear binding
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Pinhole algorithm
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Pinhole configurations



14

Summerfield, Lu, Plumberg, D.L., Noronha-Hostler, Timmins, Phys. Rev. C 104, L041901 (2021)

16O16O collisions
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Structure of 16O and 20Ne
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Wavefunction matching
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Binding energies
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Charge radii
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Charge radii of silicon isotopes
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Emergent geometry and duality of 12C
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Beryllium isotopes
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Pinhole sign problem
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Generalizations of Markov chains

Markov chain:
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A(i1) A(i2) A(i3) A(i4) A(i5) A(i6)

A sequence of events where the probability of each future 
event depends only on the present state, not on the sequence 
of events that preceded it



Markov tree with finite-length branches:
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A(i1) A(i2) A(i3,1) A(i4) A(i5) A(i6,1)
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A(i3,N)
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⋯ ⋯

“branch” “branch”



Markov products:
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A(i,j) = L(i)R(j)

A(i1,j1) A(i1, j2) A(i1, j3) A(i1, j4)

A(i2, j1)

A(i3, j1)

A(i4, j1)

A(i2, j2) A(i2, j3) A(i2, j4)

A(i3, j2) A(i3, j3) A(i3, j4)

A(i4, j2) A(i4, j3) A(i4, j4)

L(i1) L(i2) L(i3) L(i4)

R(j1) R(j2) R(j3) R(j4)

╳



Symmetric Markov products:
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Mirror approximation of symmetric Markov products:

same

A(i,j) = L(i)L(j)

L(i1) L(i2) L(i3) L(i4)

L(j1) L(j2) L(j3) L(j4)

╳

L(i1) L(i2) L(i3) L(i4)

L(i1) L(i2) L(i3) L(i4)

╳



Markov product trees:
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We can greatly reduce the sign problem in pinhole simulations using 
Markov product trees and the mirror approximation.

Shen, et al., work in progress

A(i1,j1,k1) A(i2,1, j2, k2,1) A(i3, j3, k3)

A(i2,2, j2, k2,1) A(i2,1, j2, k2,2)

A(i2,2, j2, k2,2)A(i2,3, j2, k2,1) A(i2,1, j2, k2,3)
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Summary and Outlook

NLEFT is an ab initio approach to nuclear 
many-body  systems that combines effective 
field theory with lattice methods.  It has 
been benchmarked against precision low-
energy experiments and is able to compute 
full A-body correlations and provide initial 
states for relativistic ion collisions.

Pinhole calculations with N3LO chiral 
interactions are in progress.  After our 
precision benchmarks are met and the paper 
on Markov product trees and the mirror 
approximation is finished, we will make 
production runs of pinhole configurations 
with high-fidelity chiral interactions for light 
and medium-mass nuclei of interest to the 
relativistic ion community.
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