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Nucleon Matrix Elements from Lattice QCD
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LaMET and PDF

1) Quasi-PDF approach (x-space matching):

Fow, PPo) = [ 5267 Rz A, ) Bz, PPn) = (PIOy (2IP)/(2P), P* = (P',0,0, P*)

calculable in perturbation theory,
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Light cone PDF  Access the z-dependence for PDF, except for x — 0 and z — 1

2) Short distance factorization:

Wilson coefficients Cn =1+ a,C& (u?2%) + ...
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A=2zP, - Ioﬂe time; one needs large A\ to probe higher moments of PDF

1) And 2) are equivalent in the infinite momentum limit £, — 00

Renormalization: RI-MOM, ratio scheme, hybrid scheme
linear self-energy (//a) divergence in the Wilson line




Lattice QCD setup

HISQ quark sea + HYP smeared tadpole improved clover Wilson action
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Helicity PDF : renormalization via ratio scheme
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Short distance factorization: moments of helicity PDF
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The first two moments are larger than the one obtained from the global analysis



Short distance factorization: moments of transversiy PDF
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Moments of twist-3 transversity
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Determination of d, on the lattice
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Determination of helicity PDF in LaMET
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Determ

ination of helicity PDF in LaMET
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C—Yxz/y,u/P,) is calculated
up to NNLO with and without
threshold resummation.

Y. Su, J. Holligan, X. Ji, F. Yao, J.H. Zhang,
R. Zhang, NPB 991 (2023) 1162901

good control over uncertainties
for intermediate x but
disagreement with global
analysis x > 0.4

Combine LaMET with SDF
for large and small x
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Determination of transversity PDF in LaMET

— JAM3D-2022
—— Radici, Bacchetta ‘18

—— x-space (NLO+LRR)
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Good agreement with JAM3D-22 but the results from Radic, Bacchetta 2018 are

significantly lower.

12

1.0



2.43 GeV, z=64/2 a)

RI[R,1(P*

Nucleon PDF from LaMET in Coulomb Gauge
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Helicity and Transversity PDF in Coulomb Gauge
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global analysis
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Summary

* Nucleon PDF can be studied on the lattice using LaMET approach down
to physical light quark masses

« The first two moment of helicity PDF are larger than the global analysis and
and helicity PDF is larger than global analysis result for x>0.4 when momentum
boost of 7.5 GeV; For transversity PDF there is an overall agreement with JAM3D-22

« The moment of genuine twist-3 contribution to grhas been determined to be very
small on the lattice through short distance factorization

« The use of quasi-PDF operators in Coulomb gauge allows to go to much larger
momentum boost leading to better agreement with the global analysis:

=> while not all systematic uncertainties in the LaMET calculations are under control

the smallness of momentum boost could be the most important sources
of systematic errors.
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