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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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Inclusion of lattice
moments
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First Monte Carlo global analysis of nucleon transversity

with lattice QCD constraints
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A21¥¢n+¢s) (%)

4

Inclusion of gT as
Bayesian prior
can complement
experimental data
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Inclusion of lattice
off-the light-cone
correlation functions
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Perturbative matching (analogous to factorization)
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PDF “reconstruction” approach PDF fitting approach

pro: no need to involve additional data pro: can be combined with experimental data
con: relies on unmeasured |z| --> infinity regions con: PDF modeling is needed



Applicability of lattice factorization

Lattice Experiments

2
P3 z g
4 3

Q2
)
&4 Lattice volume >
)
a i
Mlle
4 \m«r . 2
\ " 4
high x &= Tk; small x

My (2, 1) = Zr(z, 1) (N (P3)| 9,(0, 2) T W3(2) 1,4(0,0) [N (P3))



Unpolarized PDF analysis

~10 0

z(u — d)

0.4}

ReM,(z 0 = - [ ' dy cos(yPs?) [aly) — 7(0)] + O(a2),

TN = /0 dy sin(yPs2) [q(y) + 4()] + O(a?),

B exp
B cxp-+lat
[—Jlat (DFT)

/\w\

Q2% = 4GeV?

Opposite
dbar-ubar
asymmetry!

107!

1



S0 what if things were perfect ?
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Real lattice data

No significant impact
Mock data
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Re Mp,(z,1) = — /0 1 dy cos(yPsz) [Aq(y) + Aq(y)] + O(a?),

Polarized PDF analysis
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S0 what if things were perfect ?

significant impact }
Real lattice data Mock data
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High-|z| lattice data
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Summary and Qutlook

A new paradigm

e Inclusion of lattice data with
experimental data

e MC methods for reliable uncertainty
quantification

Near future

e Global analysis of lattice polarized
twist 3 (gT)

e Meson exp data + lattice data
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