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Virtual access infrastructure (2019-23).
From independent research initiatives to common tools.

3DPartons gives access to open-source code necessary
for high precision phenomenology in the field of 3D hadron
structure, with a specific emphasis on GPDs and TMDs.
It consists of several libraries organized within a fully
modular and open architecture, which allows the
possibility of permanent improvement by the addition of
new models, channels or theoretical refinements.

Aims
1 Make sure we can use existing codes together.
2 Mutualize common tools.
3 Save time for future developments by building on existing

tools or solutions.
4 Devise common solutions for similar problems from

different subfields.
H. Moutarde 3DPartons Week 2 / 22
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Software for 3D hadron structure.
Different questions to be answered with the same tools.

Higher
twists?

New
facilities?

Radiative
corrections?

Uncertainty
propagation?

Theoretical
constraints?

Different
channels?

Model
dependence?

Higher
orders?
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Software for 3D hadron structure.
Different questions to be answered with the same tools.

Higher
twists?

New
facilities?

Radiative
corrections?

Uncertainty
propagation?

Theoretical
constraints?

Different
channels?

Model
dependence?

Higher
orders?
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A 10-year perspective.
From the original idea to the current strategy.
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A 10-year perspective.
From the original idea to the current strategy.
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Computing chain design.
EIC perspective considered at the time of design.

Large distance
First

principles and
fundamental
parameters

Small distance
Computation
of amplitudes

Full processes
Experimental

data and
phenomenology

GPD at µ ̸= µref
F

GPD at µref
F

DV
CS

TC
S

DV
M

P

DV
CS

TC
S

DV
M

P

PARtonic
Tomography
Of
Nucleon
Software

Perturbative
approximations.
Physical models.
Fits.
Numerical
methods.
Accuracy and
speed.

Evolution

b Berthou et al. (2015)
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A collection of tools.
PARTONS is not just a GPD model but a complete framework.
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Current active branches.
Physics and new functionalities for users and developpers.
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Interfaces to external libraries.
Benefiting of existing state-of-the-art libraries.

Built-in

Vinnikov
MPSSW13
MMS13

HM18
GK11/16

GPD 
Model

GPD 
Evolution

APFEL++

LHAPDF

Forward 
Model

Forward 
Evolution

APFEL++

αs Evolution

Vinnikov
APFEL++
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Interfaces to external libraries.
Benefiting of existing state-of-the-art libraries.
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Towards GPD evolution with APFEL++.
x-space evolution publicly available (and documented).

Evolution code for
PDFs, GPDs and
TMDs.

APFEL++
numerically solves
evolution equations
in x-space.

Fully modular.

Heavy quark
threshold crossing.

-

b Bertone et al. (2022)

i See Valerio’s talk on Friday and Hervé’s talk on Wednesday
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Enlarging the ecosystem.
EpIC: novel MC generator for exclusive processes.

b Aschenauer et al. (2022)

i See Kemal’s, Daria’s and Salvatore’s talks on Wednesday
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Enlarging the ecosystem.
EpIC: novel MC generator for exclusive processes.
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Enlarging the ecosystem beyond GPDs.
A common framework for TMD and GPD studies.

i See Valerio’s talk on Wednesday
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Enlarging the ecosystem beyond GPDs.
A common framework for TMD and GPD studies.

i See Valerio’s talk on Wednesday
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Enlarging the ecosystem beyond GPDs.
A common framework for TMD and GPD studies.

i See Valerio’s talk on Wednesday
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GPD channels in PARTONS.
Contributions provided by (at least part of) the framework (1/2).

Exclusive diphoton photoproduction γp → γγp
Implementation at LO and NLO.
Direct treatment of iϵ-prescription and MC multi-
dimensional integrations.
Demanding: heavy use of a computing farm.

i See Lech’s talk on Wednesday
b Grocholski et al. (2021)

DDVCS γ∗p → γ∗p
Preliminary integration of cross-sections and LO CFFs.
Possible mismatch in original papers and recalculation of
analytic expressions partially done.

i See Victor’s talk on Friday
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GPD channels in PARTONS.
Contributions provided by (at least part of) the framework (2/2).

DVCS off a pion target γ∗π → γπ

NLO CFFs + LO evolution + various GPD models.
Ready for phenomenology with EIC/EIcC-focused papers.

b Morgado Chavez et al. (long) (2021)

b Morgado Chavez et al. (short) (2021)

Ultra-peripheral collisions and GPDs
i See Jakub’s talk on Wednesday

GPD modeling with neural networks
i See Pawel’s talk on Thursday

GPD modeling from double distributions
i See Pietro’s talk on Friday
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Python interface.
Python wrapper for PARTONS.

Simplify connection to popular libraries on e.g.
machine learning
plotting
statistical data analysis

Convenient for a wide community of new users, in
particular PhD students of postdocs.
Facilitates dissemination of research through e.g.
Jupyter notebooks.
Remaining work on documentation and dissemination
before public release

H. Moutarde 3DPartons Week 15 / 22
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Python interface.
Python wrapper for PARTONS.
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Python interface.
Python wrapper for PARTONS.
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Official release of PARTONSv3.
Simultaneous releases of EpIC and PARTONS.
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Official release of PARTONSv3.
Simultaneous releases of EpIC and PARTONS.
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STRONG-2020 and 3DPartons.
Report on the period between 28 Apr. 2022 and 26 Oct. 2022.

Geographical repartition of users
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STRONG-2020 and 3DPartons.
Report on the period between 28 Apr. 2022 and 26 Oct. 2022.

Most interested countries
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STRONG-2020 and 3DPartons.
Report on the period between 28 Apr. 2022 and 26 Oct. 2022.

Analytics
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STRONG-2020 and 3DPartons.
Report on the period between 28 Apr. 2022 and 26 Oct. 2022.

Access to the website
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Conclusion and prospects.
Better physics with better tools.

Wide set of computing tools publicly available.
Some unique physics studies made possible.
Possible connections to lattice QCD and TMDs.
Need for multi-channel analysis beyond LO on a wide
kinematic coverage. EIC and EIcC much needed!
The GPD deconvolution problem is ill-posed. Huge
sensitivity to numerical noise or experimental
uncertainties. Development of the software

ecosystem PARTONS for 3D hadron
structure studies.
Need for coordinated effort
involving fits, computing chains,
continuum and lattice QCD to
make the best from experiments.
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Abbreviations used in this presentation.

ANN artificial neural network
APFEL a PDF evolution library
DDVCS double deeply virtual Compton scattering
DVCS deeply virtual Compton scattering
DVMP deeply virtual meson production
EIC electron-ion collider
EIcC electron-ion collider in China
FF fragmentation function
GPD generalized parton distribution
LO leading order
NLO next-to-leading order
PDF parton distribution function
TCS timelike Compton scattering
TMD transverse momentum dependent PDF
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