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Confronting lattice parton distributions with global QCD analysis

J. Bringewatt, N. Sato, W. Melnitchouk, Jian-Wei Qiu, F. Steffens, M. Constantinou

We present the first Monte Carlo based global QCD analysis of spin-averaged and spin-dependent parton distribution
functions (PDFs) that includes nucleon isovector matrix elements in coordinate space from lattice QCD. We investigate
the degree of universality of the extracted PDFs when the lattice and experimental data are treated under the same
conditions within the Bayesian likelihood analysis. For the unpolarized sector, we find rather weak constraints from the
current lattice data on the phenomenological PDFs, and difficulties in describing the lattice matrix elements at large
spatial distances. In contrast, for the polarized PDFs we find good agreement between experiment and lattice data, with
the latter providing significant constraints on the spin-dependent isovector quark and antiquark distributions.
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Motivations

Nucleon Structure Hadronization

Hadrons are emergent
phenomena of QCD



What do we mean by “hadron structure” ? (1D)
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What do we mean by “hadronization” ? (1D)
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So how do we get hadron structure from experimental data?

What part of this is the
“‘internal structure”?

> Factorization

Want to see
internal structure

But we only see debris



e.g. Gollinear Factorization theorems
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e Area under the curve is
dominated by moderate-x region

e Area in the high-¢ region is not
that important

moderate x 1



High “x”
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JAM global QCD analysis paradigm
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Bayesian inference

Experiments = theory + errors
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Hadron
Structure
RGE boundary conditions
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S0 how do we get hadron structure from lattice?
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Perturbative matching (analogous to factorization)
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N

Moo= [ doen [ Loy (2 LY pen)

(

. > —i1xP3z : dé' Zz ,U
MAq(Z: ,u) - \/;oo dz e o E CAq(Ea a) qu(é.) /1')

. J

PDF fitting approach
pro: can be combined with experimental data
con: PDF modeling is needed
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Applicability of lattice “factorization”

Lattice
P3 z
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Unpolarized PDF analysis h
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Polarized PDF analysis Re M) = = | dy conlyPie) [8a0) + Agt)] + O(c?).
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Impact of lattice data

(z™) ratio to exp

Real lattice data Mock data
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Importance of high-|z| lattice data

PDFs are not sensitive
to large z
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JAM'18 (3D experiment + lattice QCD: gT moment)
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JAM PIONS with Threshold Resummation

(in preparation)

Pion PDFs at input scale
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JAM PIONS with Threshold Resummation
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Summary and Outlook

A new paradigm
- Inclusion of lattice data with experimental data

- MC methods for reliable uncertainty quantification

Near future

- Global analysis of lattice polarized twist 3 (gT)

- Meson exp data + lattice data
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