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Lattice nucleon unpolarized PDF: P, & m,
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Lattice nucleon unpolarized PDF: PZ & m_ %E
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Dominance of £, or Accidental coincidence ?

This work 0.076 Physical 2.29 <0.9 ?
A Unlversalltx Test .
The lattice determination reflects the underlying physics rather than a partlcular

cho|ce of ensemble Or extractlon method o ,



Large /°, with Controlled Systematics g]EETE
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ve a=0.076 fm, L, X L, = 64° X 64; Physical Point

v Isovector (u — d) & connected isoscalar (u + d)

= P.={1.78,2.29} GeV, aP, < 0.9

Coulomb-Gauge quark bilinears Enhanced interpolating operators

CL P,z 152) = ) e PPUPUNKX, 1)7(2)7'g(0)N,(0,0))
X,y
& Avoids the divergence in the Wilson line

N (X, 1) = €, U, (X, 1) [ubT (x,)Cy,ysd (X, t)]

& Ground-state overlap grows with boost
- Simpler renormalization, better SNR at large 7
& SNR improves at large P,

& Belongs to universality class in LaMET
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Two Fit Strategies %E
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v¢ Two-state Fit:
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¢ Exponential Summation Fit:
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Representative Examples
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Renormalization & Extrapolation
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Y-{ Hybrid renormalization:
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hR

Isovecter

Isoscalar

P,=1.78 GeV

" NLA Extrap.
= I R
® 9

u—d, P,=1.78 GeV

1.0FE = . NLA Extrap.
s m R
i @ 3
0.8}
= i
-~ 0.6f w+d, P,=1.78 GeV

LA Extrap.

u—d, P,=2.29 GeV

0 N
0 =®
® S

LA Extrap.

u-+d, P,=2.29 GeV

KENT
STATE

UNIVERSITY.

15



KENT
PDF STATE

JNIVERSITY.

dz

_e—le ZhR(Z, z? z )
2T

v Quasi-PDF: g, P.,z) =P J

W NLO: o In (u*/ (2yP,)%)

- dy x\ o (wC X B _
o= 2 [5(1_;) 0% (2 )| 022 =
— 00 Z

v NLO+NLL RGR: py=2xzP,, In (,ug / (2yPZ)2) = u =2GeV |NPB99I (2023) 116201

= dy (® dz X U
q(x,//t)=J —J —C | ay(ug), —,
o IV o 2] Z My

16



Light-cone PDF: u — d
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& X | — scale dependece 1

¢ x S 0.5 uy/u < 1, RGR correction

¢ 0.25 < x < 0.75: Consistent with global fits

& x — 1:threshold resummation in the future
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Light-cone PDF: connected u + d BT
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& Consistent within the scale variation

€ Omit the disconnect diagrams — Offset in the central curves

18




P _-dependence: u — d
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& Perturbative matching improves the consistency between diff. momenta

& LaMER expectation: momentum-independent light-cone results
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P_-dependence: connected u + d
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Entire-x PDF: Compare w. Global fits
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¢ RGR-improved results are needed

MSHT?20: : : 3 —

EPJC 81 (2021) 341 ¢ |sovector: good agreement with global analyses; antiquark: d(x) > i(x) forx > 0
NNPDF4.0:
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antiquark: —[i(x) + d(x)] < 0 for x > 0, overlook the disconnected diagrams
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Entire-x PDF: Compare w. Other lattice results KESWNE
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<\The universality of unpolarized PDF from first principle QCD>
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KENT

Summary & Outlook STATE
[ Nucleon unpolarized PDF JNNLO + NNLL RGR
physical point improve the perturbative accuracy
large, discretization-controlled PZ study the perturbative convergence

Isovector and connected isoscalar DThreshoI d resummation

[F] Consistent with global fits control the large logarithms near x — 1
NLO & NLL RGR
0.25 < x < 0.75 [_] Disconnected diagrams in u + d
it + d is underestimated ] Extend to multiple a & continuum limit
[A Universality of Lattice QCD determination remove the residual discretization artifacts
combining previous works more definitive test of the universality

Thanks for your attention!
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