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Summary: results
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Data publicly available at
https://zenodo.org/records/13504271
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Pion mass = 0.36 GeV - Proton mass = 1.12 GeV
No continuum limit - signs of discretization errors / light-cone uncertainty
Matching at 2 GeV with leading logarithmic accuracy
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Represents completion of LQCD Year 2 milestone:
“Framework for GPDs at the twist-2 level within the short-distance factorization method.”
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Summary: kinematic coverage

186 (p,p,) pairs, with 116 points in the (§t) plane
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Outline

GPDs in the short-distance factorisation approach
Lattice implementation

Results

Based on JHEP 08 (2024) 162



https://arxiv.org/abs/2405.10304

Definitions

Fourier transform of the nucleon matrix element

Fiappp) = [ e (NG (—2/27 W (~2/2, 2/ 202N )

Defines leading twist unpolarised generalised parton distributions (GPDs)
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Matrix element decomposition

Express the matrix element as

2, M (pg, piy 2) = (£)A1—(D) [V€A5 - zQAz] +—— (0" 2,q0) [As + vAg — 260 A7 + 2°Ag]

m 2m

Extract GPDs from linear combinations

Hq(x,§,t) — IZH_)IIO [./41 —§A5] -Az :Ai(x7§7t> 22)
E'(z,€,t) = lim [As + vAs — 260 Ar + EA;] () =u(ps)Tu(p;)




Perturbative matching

Short-distance factorization relates pseudo loffe-time GPD to GPD in MS-bar scheme
AW, &1, 2%) = A, &1, 17)—asC (1 2) @A (v, €, 1, 1" + O (2* Agop, 2°t)
Perturbative kernel includes leading-order evolution of the GPD in loffe time space

Kernel relates u? and z2 at fixed skewness and momentum transfer

See PRD 100 (2019) 116011



https://arxiv.org/abs/1909.08474

Generalized form factors

We have

1/2
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where moments are given by
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And similar relations exist for E¥"9 GPD




Elastic form factors

In the local Euclidean limit

"

M (pg,20,0) = (P)EL(0) + 50" ) Folt) + o (1) A5(0,€,1,0

Ward identity requires that the final term vanishes:
nonvanishing contributions provide a measure of lattice artifacts

Form factors can also be accessed through nonlocal matrix elements

Fi(t) = lim A;(v = 0,v¢ = 0,t, 2%)
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Impact parameter distributions

Defined by
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With moments related to moments of GPDs
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Outline

Lattice implementation

Based on JHEP 08 (2024) 162
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Lattice implementation

1D a(fm) mz(MeV) B mzL L*xNp Ny Nges k(D)

a094m358  0.094(1)  358(3) 6.3 54 32°x64 348 4 64

Calculation carried out at a single lattice spacing on Nf = 2+1 Wilson-clover
ensembles from the JLab/W&M/LANL/MIT collaboration

Matrix elements constructed in the distillation framework PRD 80 (2009) 054506
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Correlator analysis

Matrix elements constructed from 2-point and 3-point functions
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Correlator analysis

Define summed ratio

T—ts
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Which we fit with the Ansatz
R4 (B, B3, 2, T) = C + M*(Bs,5i, 2)T + O (e 2F7)

We also study two-state exponential fits
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Outline

GPDs in the short-distance factorisation approach
Lattice implementation

Results

Based on JHEP 08 (2024) 162
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Form factor results
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Form factor comparison

e PRD 105, 054505 (2022)
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Comparison with PRD 105 (2022) 054505
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Form factor results
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Form factor results
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Generalised form factors
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Generalised form factors
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Impact parameter distributions
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D-term results
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Summary

]

Calculated unpolarised generalised and elastic form factors of the nucleon via
short-distance factorisation

a Data publicly available at https://zenodo.org/records/13504271
Determined Mellin moments of twist-2 unpolarised GPDs

o Studied momentum-transfer and (for first time) skewness dependence
Determined from 186 (p,p,) pairs, with 116 points in the () plane

o Made possible through distillation
Excited state contamination a significant systematic uncertainty

o Motivates a future GEVP analysis
Represents completion of LQCD Year 2 milestone: “Framework for GPDs at the twist-2
level within the short-distance factorization method.”
Future work requires careful study of higher twist and perturbative corrections

o Required for LQCD Year 4 milestone
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Perturbative matching

Short-distance factorization relates pseudo loffe-time GPD to GPD in MS-bar scheme
A, €,t,2%) = AM(v, ¢, ¢, u2)—a50§)(u222)®AM—S(1/, &, t, 1) +O(2* Ayep, 2°1)

Where

(2 [ln ( el 2> B+ L]

B® AM = da [(% cos(@év) + i O@/) — 5(2&)] AMS (au, €t 1?) a=1—-a«
+

LRAMS = [4 ln(_a ) cos(alv) — 28111(§§V) + 5(26)} AMS (au, €, ¢, 1?)
a v
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Excited state analysis
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Ground state dispersion relation

Obtained from two-state fit to two-point functions
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Matching: scale variation

as(2 GeV) = 0.28 - AY3' =165.0 MeV - t = -0.33 GeV?
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Form factor results

Fi(t) = A, (1 _ %) B

A (dipole at t = 0) A (MeV) z-exp order 2 at t =0

Fi(t) local 0.97 +0.004 + 0.006 | 1246 +3+6 | 0.989 £ 0.004 £ 0.008

Fi(t) non-local | 0.969 + 0.005 + 0.010 | 1248 +4 + 13 | 0.988 4+ 0.005 £ 0.012
F5(t) local 3.53 + 0.01 £ 0.06 966 + 2+ 7 3.38 +£0.01.4 003
F5(t) non-local | 3.44 £+ 0.01 +0.03 982+ 244 3.30 £ 0.01 £ 0.02

Z-expansion:

Fi(t) = Z a; 2" (t)  2(t)

_ \/tcut —t— \/tcut - tO
\/tcut =i + \/tcut - tO

to = teut (1 -V 1- tmax/tcut> teut = 4m72r tmax = —1.4 GeV?
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Skewness effects
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Generalised form factors
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