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Proton spin decomposition
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Background

Gluon helicity distribution from global fit
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Previous Work

Total gluon spin
RME of (KH)y
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Previous Work

loffe-time pseudo-distribution
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Gluon Helicity PDF

Quasi PDF
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sz(z, P,,1/a) = (PS|F"W(z, 0)13'01' + F9W (2, U)ﬁ}j —{(z < —2)}|PS)

Gluon helicity PDF
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Total gluon helicity
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AG(P,, 1/a) = fdx.ﬁg(x, P, 1/a) = —f dz h(z, P,,1/a).
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Balitsky, et al., J High Energ. Phys. 193 (2022).
Pang, Z., Yao, F. & Zhang, JH. J High Energ. Phys. 222 (2024).



Lattice Setup

sl | Sea Type N; X N Latti(_:e m,(f)(MeV) Valence Ncfg Nsource
Clach (fm)
C32P29
323 x 64 0.1052 292.4(1.1) 980 64
E32P29 | Clover (2+1)
+TITLS 323 X 64 0.0897 287.3(2:5) Clover 1700 64
F32P30
323 x 96 0.0775 300.4(1.2) 800 96

Zhi-Cheng Hu et al. Phys. Rev. D 109, 054507 (2024).




Bare Matrix

Feynman-Hellmann method Bare matrix
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C. C. Chang, et al., Nature 558, 91 (2018).
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Ratio (z=0.6975 fm)
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Ratio (z=0.6975 fm)
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Self Renormalization
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Renormalization

Renormalized Matrix
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Renormalized Matrix
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Matching
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Infinite Momentum & Continuum Limit

d(z)
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Distribution after Fourier transformation and matching
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Infinite Momentum & Continuum Limit
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Final PDF
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Summary and Outlook

Summary

* Extracted the first ab /nitio gluon helicity PDF entirely from Lattice
QCD and compared it with global fits.

* Achileved continuum and large-momentum limits using gauge
configurations at three distinct lattice spacings.

* Implemented a self-renormalization scheme for purely imaginary,
antisymmetric observables.

Outlook

* Investigate the pion mass dependence of the gluon helicity PDF.
* Further enhance the signal-to-noise ratio and systematically reduce
uncertainties.
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Vector current in the nucleon state
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Backup
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