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Lattice QCD: Nucleons & Nuclei

• Calculate matrix elements of electroweak currents directly from the QCD 
Lagrangian. 

• Ensembles of gauge fields + effective field theory. 

• Finite volume (finite memory) and Euclidean time signature (finite human 
lifetime) imply: 

• highest statistical precision for hadron masses, hadronic matrix 
elements with 1 initial hadron and 0 or 1 final hadron(s); 

• highest statistical precision for the pion, then other mesons, then 
baryons; 

• scattering and bound states need more math and more data.

nuclei
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Baryons

• Nucleon matrix elements are 
ingredients for nuclear physics: 

• includes PDFs in DIS; 

• includes N → resonance; 

• includes NN initial/final state. 

• New ideas (realizations) for 
multi-hadron final states: 

• “quick & dirty” form factors for resonances; 

• hadron tensor for shallow (as well as deep) inelastic scattering.
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Nuclei

• Simple calculations for small nuclei are already underway, but all need a 
few more years before all uncertainties will be under control: 

• up to 3H and 3He, even 4He; 

• magnetic moments, gA quenching. 

• Plan is to push to physical pion mass for these nuclei, and to push to 
larger nuclei (at first with 800 MeV): 

• carbon in 15 years!?!  40Ar with quantum computers?!? 

• These calculations are needed to test and improve the effective theories 
that are the foundation of modern nuclear theory: pointless EFT; chiral EFT.


