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DVCS Compton Form Factors

σ ∝ |𝒜 |2 = |𝒜BH + 𝒜DVCS |2 = |𝒜BH |2 + |𝒜DVCS |2 + ℐ

Cross-section for single photon production :
(l + N → l + N + γ)

calculable within QED 
parametrised by elastic FFs

Bethe-Heitler process Deeply Virtual Compton scattering

calculable within QCD 
parametrised by CFFs  

(frame dependent! we use BMJ)

see e.g. NPB 878 (2014) 214 

for more details
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DVCS Compton Form Factors

List of Compton form factors: 
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deconvolution discussed by 

Marija Čuić

interpretation of subtraction 

const. discussed by Victor 

Martinez-Fernandez



  

• probing nucleon tomography at low-xB (see: JHEP 09 (2013) 093) 

• extraction of D-term  
(see: Nature 570 (2019) 7759, E1, EPJC 81 (2021) 4, 300) 

• Froissart-Gribov projections (see: PRD 109 (2024) 5, 054010) 

• distilled version of experimental data and  
impact studies (see: PRD 112 (2025) 3, 036010) 

• predictions for TCS (see: EPJC 80 (2020) 2, 171) 

• input to modern Monte Carlo generators 

• comparison with lattice-QCD results 

• fast analyses of GPDs

Why extract CFFs?
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New extraction framework

Part of a well established software environment:  

PARTONS: http://partons.cea.fr

EpIC: https://pawelsznajder.github.io/epic

OpenDatabase: https://opengpd.github.io/gpddatabase 
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Theory-agnostic model

Two parameterisations

Theory-augmented model

Two separate models are used, both based on machine learning techniques: 

Re part:

Im part:

Re part:

Im part:

× ξα(t,Q2)(1 − ξ)β × (1 −
t

Λ2 )
ANN(ξ,Q2)

from dispersion relation  
(involving flexible Ansatz for subtraction constant)
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Theory-agnostic model 

• uses simple neural networks to separately 
parameterize the real and imaginary parts 
of each CFF 

• remains free from model assumptions 

• provides a baseline for further extractions 

• serves as an ideal tool for impact studies

Two parameterisations

Theory-augmented model 

• implements dispersion relations and 
power laws 

• remains susceptible to model 
assumptions 

• provides a more intuitive physical picture 

• serves as an ideal tool for further GPD 
extractions

Independent extractions for proton and neutron data

Two separate models are used, both based on machine learning techniques: 
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• addressing bias-variance problem  

• training with Adam algorithm 

• warm start 

• careful tuning of hyper-parameters 

Solving problems

χ2
anchor(θi) =

1
Npar

Npar

∑
j=1

(θi,j − θ(prior)
i,j )

2
χ2(θi) = χ2

data(θi) + λ χ2
anchor(θi)

@λ = 0

chi2 vs. network size chi2 vs. lambda

underfitting signs of overfitting bias too significant
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• addressing sparsity of data problem 
 

Solving problems

χ2
data(θi) =

1
Ndata

Ndata

∑
j=1

wj
vj(θi) − v(exp)

j

σ(exp)
j

2

wj = Ndata
wj,raw

∑k wk,raw
wj,raw = 1/Nunique,i

effect of weightening

distribution of weights
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Data selection

• kinematic cuts  
(significant change w.r.t. previous analyses) 

Q2 > 1 GeV2

−t/Q2 < 0.4

new
new

new

new
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Fit performance 
th.-agnostic th.-augmented

proton neutron
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Fit performance 
th.-agnostic th.-augmented

• cross-section data measured by CLAS excluded  
from the fit due to a tension with other results
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BH

• COMPASS data excluded due to computationally  
expensive multidimensional integration



• CFF H++ for proton 

Results
th.-agnostic

th.-augmented

GK model / LO

GK model / NLO
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• helicity-flip CFFs for proton 

Results
th.-agnostic

th.-augmented

possible signal of CFF H0+ 
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• Subtraction constant vs. lattice-QCD and Continuum Schwinger Method predictions 

Results
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Subtraction constant at :  at  t = 0 Δ0 = − 0.69+6.92
−3.13 Q2 = 2 GeV2

See the article for neutron data extraction → surprising sensitivity found!



• Isovector CFFs

Results
th.-agnostic

th.-augmented

GK model / LO

GK model / NLO

Paweł Sznajder / A new framework for extracting GPDs / Sep. 10th, 2026 17



• Comparison with TCS data 

Results
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LO relation between  
amplitudes

NLO relation between  
amplitudes



• Standardizing GPD research 

transitioning the community from isolated tools to a unified, open-source framework (see backup slides)


• PARTONS  

core modular framework for robust GPD modeling and evaluation


• EpIC  

universal, long-term event generator for next-generation facilities (EIC, JLab)


• Open Database  

flexible, YAML-based data storage seamlessly bridging theory and experiment


• New results on the extraction of DVCS CFFs from world data

Summary

Paweł Sznajder / A new framework for extracting GPDs / Sep. 10th, 2026 19



DVCS TCS HEMP

Observable Layer

DVCS TCS HEMP

Process Layer     

DVCS TCS HEMP

CCF Layer

GPDs and Evolution

GPD Layer

PARTONS FRAMEWORK

PARTONS - a platform to study GPDs 

• includes a variety of utility tools and built-in physics developments 

• written in C++ to ensure high performance (requires some technical expertise) 

• functions either as a library within custom programs or  
as a standalone executable using XML input files 

• groups evaluations into computational layers 

• features a highly modular structure, making it easy to integrate new developments 

• integrates with external physics-oriented libraries: 

• Apfel++ for GPD evolution 

• LHAPDF for PDFs 

• note another project of this type  
GeParD: https://gepard.phy.hr/ 
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• Licensing:  
distributed as an open-source project, with specific licenses varying by subproject 

• Main Website & Source Code:  
http://partons.cea.fr    
https://github.com/3d-partons (note: source code repository recently relocated) 

• Available as a Docker image: 
https://hub.docker.com/repository/docker/partons/partons  

• Reference publication:  
Eur. Phys. J. C 78 (2018) 6, 478 

• Version 5 available 
optimized to be “lighter” 

• Processes included: 
DVCS, TCS, DDVCS, DVMP, and GAM2

PARTONS FRAMEWORK
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• universal (generic):  

standardized for CERN, JLab, and the EIC, …  

replaces "home-made" generators


• multichannel:  

brings all processes (DVCS, TCS, DVMP, etc.) implemented in PARTONS


• modular:  

built for maximum flexibility and simplicity.


• uses rigorous coding practices and modern C++ paradigms


• highly maintainable 

engineered for a 20+ year lifespan with comprehensive documentation

EPIC MC GENERATOR
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• Licensing:  
distributed as an open-source project 

• Main Website & Source Code:  
https://pawelsznajder.github.io/epic  
https://github.com/pawelsznajder/epic 

• Available as a Docker image: 
https://hub.docker.com/repository/docker/partons/epic   

• Reference publication:  
Eur. Phys. J. C 82 (2022) 9, 819 

• Version 1.1.8 available 
a few bugs corrected, some minor improvements 

• Processes included: 
DVCS, TCS, DDVCS, DVMP, and GAM2

EPIC MC GENERATOR
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OPEN DATABASE

• comprehensive data storage: 

accommodates experimental, lattice QCD, and theoretical data 

a clear distinction between actual and pseudo-data


• tailored YAML format:  

uses human-readable YAML with predefined types for units and observables,  

optimized specifically for GPD physics


• dual-language interfaces:  

features native Python and C++ interfaces


• GitHub-backed ecosystem:  

leverages GitHub for version control, CI/CD pipelines, user communication, and team management


• scalable architecture:  

built to allow seamless future transfer to external databases (e.g., MySQL) to bypass hosting storage limits.
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• Licensing:  
distributed as an open-source project 

• Main Website & Source Code:  
https://github.com/opengpd/gpddatabase  
https://opengpd.github.io/gpddatabase  

• Available as a Python module: 
https://pypi.org/project/gpddatabase    

• Reference publication:  
Eur. Phys. J. C 85 (2025) 8, 838 

• Version 1.1.3 available 
a few bugs corrected, some minor improvements 

• Data included: 
all DVCS data on proton 
some DVCS EIC pseudo-data 
some lattice-QCD data

OPEN DATABASE
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