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Goal: internal structure of the nucleon

• Internal structure of hadrons → quantified by partonic functions

• Partons → quarks and gluons viewed in a high-energy scattering

• Independent constituents carrying fractions of the hadron momentum
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Generalized Parton Distribution Functions (GPDs)

• GPDs  d→ ifferent initial and final hadron states:

• Functions of:

 x  →  fraction of the hadron s momentum carried by a parton’
 
 t  ≡  ∆2    → square of the momentum transfer ∆μ  

 ξ  →  skewness, quantifies the fraction of momentum transferred in the longitudinal direction 
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Unpolarized Proton GPDs definition

• Wilson line   
• γ+  → unpolarized quark sector

In this work, proton state

Light-cone coordinates
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Unpolarized Proton GPDs definition

•  OPE + Parameterization on ME above → twist-2 GPDs

Unpolarized proton twist-2 GPDs  →  H and E 
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Mellin moments and polynomiality

Generalized form factors (GFFs) →  An+1,i(t), Bn+1,i(t),  Cn+1(t)

Mellin moments of H → 

Mellin moments of E → 
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Physical meaning of GFFs
• A10  and B10   information on the electromagnetic structure of the nucleon→

• A20 and B20, Ji s quark total angular momentum sum rule ’ → 

• C2     only contributes at → ξ ≠ 0  
     → related to the D-term structure of the energy-momentum tensor    
     → information on mechanical  structure inside hadrons“ ”

         Internal structure of the nucleon
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Methodology

How to use lattice QCD and ANNs compute these GFFs?
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Methodology
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Coordinate-space GPDs from Lattice Matrix Elements
• Coordinate-space GPDs:

● Linear combination of lattice matrix elements

● Discrete and defined in coordinate-space
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Reduced Ioffe-time Distributions (ITDs)

• Renormalization  ratio-scheme   → → divide by PDF  → cancel divergent factors

• Renormalized H and E → Reduced ITDs → 
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Pseudo-distribution – Short Distance Matching



13/25

From Matching + Polynomiality and Truncation to GFFs
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Kinematics of the data points – correlation between (ν,t,ξ)  

• For z = (0,0,0,z3) : 

In lattice units (z3 =1) → 
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Artificial Neural Network and GFFs

ANN is just a flexible global fit ansatz for the t-dependence of the GFFs
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Artificial Neural Network and GFFs
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Results: isovector u  d, NLO, − μ= 2 GeV,          
• Preliminary proof-of-concept results

● Controlling lattice systematics 

● Checks of stability of GFFs under small ANN setup variations

● Some of the data used for training may have large
 

● Large logs and αs in matching → breakdown of 
                         perturbation theory

• Cross-checked for and checked self-consistency

• Soon publication-ready
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A₁₀ and B₁₀
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A₂₀ and B₂₀
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C₂  
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Higher-Type GFFs  
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Conclusions

• Physical Goal:

● Extract Mellin moments of proton unpolarized GPDs at nonzero skewness

● GFFs encode nucleon internal structure
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Conclusions

• Methodology  pseudo-distributions:–

● Short-distance matching and polynomiality  → relation between GFFs and 
lattice data
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Conclusions

• Methodology  pseudo-distributions:–

● Short-distance matching and polynomiality  → relation between GFFs and 
lattice data

• Methodology –ANNs:

● ANNs parametrize the GFFs in a flexible way 
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Main message

• Consistent route to GFFs at nonzero skewness from lattice QCD matrix elements 

 

• Preliminary results show the method works 



Backup slides



Lattice setup
 



Connection to Previous Quasi-GPD Nonzero-Skewness Work 

Mellin moments → constrain GPDs → help reconstruct these missing regions



Coordinate-space GPDs from Lattice Matrix Elements
• Coordinate-space GPDs:



Coordinate-space GPDs from Lattice Matrix Elements

• Amplitudes are from found:

Linear combination Ai

System of linear equations

Discrete and defined 
in coordinate-space



Higher-Type GFFs - C₄ 

 

• Disclaimer on lack of control on C4

● Highest-skewness coefficient (ξ4)  

● Appears in both H  and E  sector

● Included mainly as a truncation-control term

 



Higher A-type GFFs

• Skewness-dependent GFFs have larger relative uncertainties



Higher B-type GFFs
• Skewness-dependent GFFs have larger relative uncertainties



ANN Predictions ∆=(1,0,0)    

The error bars of the ANN 
points are NOT a prediction 
of the error bar of the data 
points! 
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Using different z-data to train the ANN 
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Using different z-data to train the ANN 



Using different z-data to train the ANN 



Using different t-data to train the ANN 



Using different t-data to train the ANN 



Using different t-data to train the ANN 



Using different t-data to train the ANN 



Using different t-data to train the ANN 



Using different neurons 



Using different neurons 



Using different neurons 



Using different neurons 



Using different neurons 
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