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Outline
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§ ConsumerΩs Guide to Lattice Hadron Calculations
xNucleon structure with controlled systematics

in the physical limit (ά ᴼά , ὥᴼπ, ὒO Њ)

§ Bjorken-x Dependent Structure
xNucleon Parton Distribution Functions (PDFs)

xMeson PDFs

xMeson Distribution Amplitude (DAs)

Apologies to those whose results I cannot cover due to time constraints



§ Lattice QCD is an ideal theoretical tool for investigating the 
strong-coupling regime of quantum field theories 

§ Physical observables are calculated from the path integral
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xQuark mass parameter 

(described by ά )
x Impose a UV cutoff 

discretize spacetime
x Impose an infrared cutoff

finite volume

§ Recover physical limit

ά ᴼά ,╪ᴼ ,╛O Њ
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What is Lattice QCD?



§ Lattice gauge theory was proposed in the 
1970s by Wilson
xWhy havenȭt we solved QCD yet?

§ Progress is limited by computational resources

§ Greatly assisted by advances in algorithms
xPhysical pion-mass ensembles are not uncommon!

1980s Today

Are We There Yet?
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§ Pick a QCD vacuum
xGauge/fermion actions, flavors (2, 2+1, 2+1+1), ά , a, L, ȣ

Nucleon Matrix Elements
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§ Construct correlators (hadronic observables)
xRequires Ȱquark propagatorȱ

Invert Dirac-operator matrix (rank O(1012 )) 

Nucleon Matrix Elements
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Lattice-QCD calculation of ộN| qτɱq| NỚ
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Nucleon Matrix Elements
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Lattice-QCD calculation of ộN| qτɱq| NỚ
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§ Careful analysis needed to remove systematics
xWrong results if excited -state systematic not controlled



Nucleon Matrix Elements
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Lattice-QCD calculation of ộN| qτɱq| NỚ
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§ Systematic uncertainty (nonzero a, finite L, etc.)
xExcited-state contamination 
xExtrapolation to the continuum limit 

(mʌO mʌ
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Precision Nucleon Couplings
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§ gT: zeroth moment of transversity 
§ A state-of-the art calculation (PNDME) 
xExtrapolate to the physical limit

First extrapolation to the physical limit
of a nucleon matrix element!

Ὣ Ὠὼ‏ήὼ
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PNDME, 1506.06411



FLAG 2019
§ Finally adopted by FLAG!
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https://arxiv.org/pdf/ 1902.08191.pdf

PNDME, 1806.09006


