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Abstract

In this work we calculate Generalized Form Factors (GFFs) of the proton transversity GPDs via a short-distance expansion to matrix elements of nonlocal tensor operators. We use a Lorentz-invariant parametrization
in an asymmetric kinematic frame, which substantially reduces the computational cost and provides broad momentum-transfer coverage. The calculation uses a N_f = 2+1+1 clover-improved twisted-mass ensemble at
a pion mass of approximately 260 MeV. These results provide complementary information on the proton’s transverse spin structure, impact-parameter distributions, and transverse quark densities.
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Background and Motivation

GPDs provide aspects of three dimensional description of hadron structure
by correlating the momentum and spatial distribution of quarks and gluons.

The four leading-twist transversity GPDs describe correlations between
transverse quark polarization and proton structure. Their Mellin moments
provide iput for transverse quark-spin densities.

Transversity GPDs are chiral-odd and are difficult to access experimentally.

Use of nonlocal matrix elements, developed to access x-dependent PDFs and
GPDs within a short-distance expansion to access Mellin moments.

A Lorentz-invariant parametrization applicable to asymmetric kinematic
frames [1] leading to a broad range of momentum transfers at reduced
computational cost.

Methodology for OPE

Lattice Setup
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=> Asymmetric-frame matrix elements at zero skewness &: Ensemble | a [fm] | volume L® x T | mx [MeV] (£1,0,0), (0,£1,00 017 | 8 269 8 17216
[i0HY 5] — . 1/ cA211.32 0.093 32° x 64 260 (£1,4£1,0) 0.34 16 195 8 24960
Fto sl = (N(pp) | (2) ic**W(0, 2)y (0) [N (pr — A)) (1) (£2,0,0), (0,42,0) 065 | 8 269 8 17216
: : : 4+1,42.0), (£2,41,0) 0.81 16 195 8 24960
=> Parametrize quasi-GPDs through Egs. (2)-(3), and renormalize > P.=1.25 GeV ( ( ﬂ), 1(2,0) ) 194 | 16 105 8 24960
through single ratio (SR): Hi'(z, P, A) - - - ' (£3,0,0), (0,£3,0) 138 | 8 269 8 17216
2 2 (SR) /ﬁlﬁ}T(P L 7) = ;;u o Calculate 2pt- and 3pt- functions (£1,43,0), (£3,£1,0)  1.52 16 195 8 24960
Ll(z,0,0) => Ground-state of Eq.(1): plateau fit  (+4,0,0), (0,+4,0) 2.29 8 269 8 17216
-> Relate SR to the Mellin moments (GFFs) short-distance expansion =>» Calculate Lorentz-invariant amplitudes:
with perturbative Wilson coefficients [2,3,4] FUo sl (2, P, A) = (p; X [9(—5) i0™ 1 W(—5, §)$(5) pis A
00 s+ n ( i 2yp+1 — p [p‘z’/] P[“AV] z[“ 2] ( P_V] mzy] AV]
AP -7) = Z (ll::'z) Iis a;CF 2H, ., - Din (Zz,uze ; ) 5 (H,% N H,Ez)) > An.(] (ps, X') [P YsAT1 + — Vs ATz + 2 AV ys A3 + 7y ( — Ara + Ars + — AT6)’Y5 (2)
_ . T WAV
" - ) +mys (P[“ZU]AT7 £ P[m? ]ATS + Z[“AU]ATQ) +i0" 5 Ar1o + i€" T Ar1r + iGWZAATm] u(pi, A)
=> Test different ranges of z for the fits 2
. . _ LI __ —_ — .
-> Conduct a weighted average to get the final GFFs - Extract quasi-GPDs, e.g., H "% Hr = =247, (1 mz) +Ap —A-z2A+Ang (3)
Weighted average analysis Final Results - Mellin Moments
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to estimate systematic effects
assoclated with the Wilson-line
separation.

Consistent determinations across
multiple fit ranges indicate the
stability of the extracted moments.
Final values are obtained through a
welghted average procedure that
incorporates statistical uncertainties
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=> Mellin moments up to fifth order
are successfully extracted from
non-local matrix elements!

The Lorentz-invariant framework
provides broad momentum-transfer
coverage at reduced computational

A non-trivial (-t)-dependence 1s
observed 1n the extracted moments.

Conclusions and Future Work

=> Extract the 1soscalar (u+d) combinations of the transversity GPDs, and perform a flavor decomposition

—=> Parametrize the -t dependence of the GFFs: dipole fit, z-expansion, ANN

-=> Obtain impact parameter space distributions to probe the spatial structure of the proton.

—=> Extend the analysis to all leading-twist transversity GPDs.
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