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€ Reminder ¢’

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 with support also for PDFs and FFs.

It consists of several libraries organised in a modular way, which allows for
continuous improvements and addition of new models, channels, and theoretical
refinements.

Computing codes that contribute to 3DPartons

As of today, 3DPartons is based on parts of, or offers interfaces to, various existing
codes:

e PDFs/FFs: LHAPDF, APFEL/APFEL++, xFitter, MontBlanc, Denali,
e GPDs: PARTONS, EplC, GeParD,

e TMDs: NangaParbat, arTeMiDe, TMDIib, CASCADE.
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’ Progress during the last year &

e Maintainance and support
¢ Development of new codes
e Several spin-offs

e Plenty of physics result already published and in the pipeline both internal to
3DPartons and by external users.
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Public GPD analysis frameworks .

eoe M- < 8 gepard.phy.hr @ ¢ © & +

G Google PD PDFDrive [ CEA email account [] VPNCEA () GitHub & GitLab CEA &b GitLab CERN (] CERN Account X arxiv [l inspire  wR WordReference »

# gepard

# / Tool for studying the 3D quark and gluon distributions in the nucleon View page source

GQPO rd Tool for studying the 3D quark and gluon

distributions in the nucleon

Software documentation

eee M+ < @ partons.cea.fr % C

Gepard is software for analysis of three-dimensional distribution of quarks and gluons in hadrons, encoded in terms

G Google P PDF Drive  [4 CEA email account  [F] VPNCEA () GitHub &b Gitlab CEA &b GitLab CERN ()] CERN Account X arxiv  [[f] inspire  wR WordReference of the so-called Generalized Parton Distributions (GPDs).

PARTONS PARtonic Tomography Of Nucleon Software PanTons This web site has manifold purpose:

« Documentation of the software

Reference documentati
« Examples of the use of software
) « Interface to various representations of results: numerical and graphical
Maln Page  Interface to datasets used in analyses: numerical and graphical
What is PARTONS? Contents:
PARTONS is a software dedicated to the of 3D hadron structure, in particular Generalized Parton « Software documentation
Distributions (GPDs) and Tranverse Momentum Dependent (TMDs) parton distribution functions. J—L!J-Lé e .
PARTONS o Installation

The experimental program devoted to study GPDs and TMDs has been carrying out by experiments in several facilities, like CERN, o Quickstart
DESY, Fermilab, Jefferson Lab and BNL. The 3D structure of hadrons will be also a key component of the physics case for the future o Tutorial
US electron ion collider (EIC) and Chinese electron ion collider (ElcC). PARTONS is useful to theorists to develop new models, o Data points, sets and files
phenomenologists to interpret existing measurements and to experimentalists to design new experiments. STR ON G
PARTONS provides a necessary bridge between GPD models and experimental data measured in various channels, like for example https '//g epard ") p hy' h r/
deeply virtual Compton scattering (DVCS), timelike Compton scattering (TCS) and hard exclusive meson production (HEMP).

What is 3DPartons?

3DPartons is a virtual access infrastructure supported by the European project STRONG-2020. 3DPartons gives access to op ing codes y for
high precision phenomenology in the field of 3D hadron structure. Benefiting from the experience of decades of parton distribution function (PDF) studies, the GPD and
TMD communities can find in 3DPartons a forum where they can mutualize knowledge and know-how about scientific and technical problems related to the complexity
of the GPD and TMD computing chains.

https://partons.cea.fr/partons/doc/html/index.html
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Public TMD analysis frameworks Nl

eee M- < & github.com @ ¢ © Mt + O
G Google PD POF Drive [J7 CEA email account ] VPNCEA () GitHub &b GitLab CEA A GitLab CERN (@] CERN Account X arxiv [l Inspire  wR WordReference »
LJ KEAUME.MQ AQUEd 1090

© montns ago @ Python0.1% @ CSS0.0%

® TeX 0.0% ® CMake 0.0%
= README.md 7

Suggested Workflows

. Based on your tech stack
ece @ - e e we ® Nanga Parbat:
I
G Google P[ POF Drive  [§2 CEA emailaccount  [F] VPNCEA () GitHub &b GitLab CEA &b GitLab CERN (@] CERN Account X arxiv  [l] Inspire  wR WordReference a TM D fitti ng framework

arTeMiDe

Jekyll using Docker  configure
image

Package a Jekyll site using the
jekyllfbuilder Docker image.

SLSA Generic Configure
generator

Generate SLSA3 provenance for your

\d

existing release workflows

@ Pylint Configure

Lint a Python application with pylint.

Nanga Parbat is a fitting framework aimed at the determination of the non-perturbative component of TMD

. . kfl ismiss suggestions
News Articles, presentations & suppleme distributions. Hore veridlovs P suggest

materials

I Download

= }‘ 44 https://github.com/MapCollaboration/NangaParbat

12 Dec 2019: Version 2.02 released (+manual update).

23 Feb 2019: Version 1.4 released (+manual update). Extra pictures for the paper arXiv:1902.08474

https://teorica.fis.ucm.es/artemide/
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@ Highlights: EpIC Monte Carlo Event Generator ¢ *

eee M- < B github.com (¥ M+ ©
i G Google P[ PDFDrive [J1 CEAemailaccount [] VPNCEA () GitHub A Gitlab CEA &b GitLab CERN (O] CERN Account X arXiv [Jl] inspire  wR WordReference 4] DSF webpage »
. H + 4 releases
Based on PARTONS: can use all provided
README.md

exclusive channels in a transparent way. Contributors 2
Includes treatment of radiative EpIC: multi-channel Monte Carlo event generator with

) radiative corrections @
corrections. ) Hostrost

EpIC is a modern and versatile Monte Carlo generator used in studying exclusive processes. These processes

AI rea dy u SEd by t h e E | C CO m m u n Ity a n d are sensitive to generalised parton distributions (GPDs), which describe the 3D partonic structure of hadrons in

the language of quantum chromodynamics (QCD). EpIC has been developed to support the current and future Deployments 32
ru n at B N L_ experimental programmes, like electron-ion collider (EIC) to be constructed in Brookhaven National Laboratory.

g pawelsznajder Pawet Sznajder

@ github-pages 5 months ago
. . . EpIC is based on PARTONS framework, which provides the basic elements of its architecture. PARTONS is also 31 depl
P u b I IC Iy aval Ia b I e t h rough G ItH u b' used to evaluate Born cross-sections, which together with radiative corrections implemented in EpIC, are used + 31 deployments

Pa pe r p u b | iS h i n E PJ C_ to generate unweighted Monte Carlo events.

Exclusive processes currently available in EpIC are: Languages

« deeply virtual Compton scattering (DVCS) ® Ci+941% ® CMake 3.4%
+ time-like Compton scattering (TCS) ® C19% Shell 0.6%
. i i 0
e M- :2560155.322.10651.1,,,(“ o a H 20 @ =Ff deeply virtual mfeson production (DVMF’), only ¥ case
« double deeply virtual Compton scattering (DDVCS)
Eur. Phys. J. C (2022) 82:819 THE EUROPEAN + diphoton photoproduction (work in progress)
https:/doi.org/10.1140/epjc/s10052-022-10651-z PHYSICAL JOURNAL C ™ e

Special Article - Tools for Experiment and Theory

EpIC: novel Monte Carlo generator for exclusive processes

E. C. Asch L2V, Batozskaya®, S. Fazio’<, K. Gates*<, H. Moutarde’<, D. Sokhan®>, H. Spiesherger®:<,
Rsznajderlh ’K'TeZginU STR @NG-M




Highlights: PyPARTONS .

ece M- < localhost ¢ © 0 +
G Google PDPOFDve @ CEAemailaccount [ VPNCEA () Github b GitlabCeA g Gitlab GERN @ CERN Account X arxv [llInspire  we WordReference 5 DSF webpage »
* Jupyter PyPARTONS_notebook Last Checkpoint: 2 minutes ago (unsaved changes) A Logont
File  Edit  View Insert  Cell  Kerel  Widgets  Help Trusted | Python 3 (ipykernel) O
B + % @ B 4 v PRn WM C W Code ¢ | =

« Simplify interoperability with popular libraries on e.g.
« machine learning (e.g. TensorFlow), _
« plotting (e.g. Matplotlib), ) e

o statistical data analysis (e.g. Pandas). T e i

In [1]: import numpy as n
import matplotlib.pyplot as plt
import MatplotlibSettings
import pypartons

gpdService = inst.getServiceObjectRegistry().getGPDService()
gpdModel = inst.getModuleObjectFactory().newGPDModule ("GPDGK16" )

« Convenient for a wide community of new (young) P ————

21-09-2022 85:50:02 [INFO] (Partons::printVersion) Git branch and revision of this version is python_interface/5864
fad98ba3841706b222bfd75157186b33eaf9

21-09-2022 5:50:02 [INFO] (Partons::printVersion) Built using Elementary-Utils 3.0.0 (master/ceb@ecb0eab5869819822
u 6106368509e85c662e) and NumA++ 3.0.0 (master/d84c72cb2af5ad69bcd67338b97de081798eb34a)
sers.

« Facilitates dissemination of research through e.g. cre e ’ cere

G Google PO POFDIive @4 CEA emai [ VPNCEA () Gitiub A GitlabCEA & GittabCeRN (O] CeRN Account X anxiv  [ll nspire

” Ftonbistribution(
| " Jupyter PyPARTONS_notebook Last Checkpoint: 8 minutes ago. (autosaved) [ -
Jupyter notebooks.

File  Edt  View Insert  Cell Kemel Widgets Help

« Still working documentation. 1 g

#plt.savefig("6KI6_H.pdf")
plt.close()

| Python 3 (pykerel) O

PARTONS
T

GK16 Model 1

24 .
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@ Highlights: MontBlanc and FFs at NNLO ¢ *

. . . eoe [M - < @ github.com 2N © th + O
F I rst eXt ra Ct I O n Of p I O n a n d ka o n F FS at G Google P PDFDrive [J2 CEA email account [] VPNCEA () GitHub &b Gitlab CEA &) Gitlab CERN (0] CERN Account X arXiv [l Inspire  wR WordReference »
& PyPARTONS_notebook - Jupyter Notebook ©) Mapc i A code for the i of collinear distri
NNLO accuracy. -
= README.md 4

® Jupyter Notebook 99.2%

Code made publicly available:
» fully documented,
e many spin-offs.
FFs available through LHAPDF.
Paper published in PLB.

Suggested Workflows
Based on your tech stack

@ Pylint Configure

Lint a Python application with pylint.

DOI 10.5281/zenodo.6264693 A CMake based, multi- configure

1 platform projects

D ;;::;030370259322005901-main-pdi ® Q a 2 v 0 0 = o Build and test a CMake based project
MontB|anC on multiple platforms.
Physics Letters B 834 (2022) 137456 MontBlanc is a code devoted to the extraction of collinear distributions. So far, it has been used to @ Python Package Configure
determine the fragmentation functions (FFs) of the pion from experimental data for single-inclusive using Anaconda
Contents lists available at ScienceDirect annihilation and semi-inclusive deep-inelastic scattering. Details concerning this fit of FFs in particular and C'e:‘el a’;d:s' a Python package on
N N multiple Python versions using
Physics Letters B the methodology in general can be found in the reference below. Anaconda for package management.
The FF sets in the LHAPDF format for both positive and negative pions as well as for their sum can be o X
More workflows Dismiss suggestions
www.elsevier.com/locate/physletb found here.
Pion and kaon fragmentation functions at next-to-next-to-leading )
order £

¥ x
Rabah Abdul Khalek?, Valerio Bertone®, Alice Khoudli®, Emanuele R. Nocera ©* STR @N G-




€ Highlights: DDVCS in PARTONS/EpIC ¢

af T —Q@?=0(TCS)
« Revisitation of DDVCS at leading order: R NS et S
——Q?=01GeV?

« reformulation suitable for efficient Naol 0 T
numerical computation. I T
« Code available through PARTONS: -1.4}
. alsoavailableinEpic | e

 Paper published in PRD. "1.8 0.05 01 0.15 0.2 0.25 0.3

1.6 T T T T
GO0 L b e ©aad 200 = o L al T
. -
s
3 -
/'/
PHYSICAL REVIEW D 107, 094035 (2023) £ ST e mm———
5 ST e e
w12t
Phenomenology. of double deeply virtu:.xl Compton scattering - _ an =0 (DVCS)
in the era of new experiments — an =0.001 Gevz
K. Deja®,' V. Martinez-Fernandez®,' B. Pire®,? P. Sznajder®," and J. Wagner®' _,—"" """ le =0.01 GeV2
"National Centre for Nuclear Research (NCBJ), 02-093 Warsaw, Poland 1f o -—Q%=0.1 GeV?
*Centre de Physique Théorique, CNRS, Ecole Polytechnique, LP. Paris, 91128 Palaiseau, France
®  (Received 5 April 2023; accepted 25 April 2023; published 30 May 2023) L L 1 L L
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$10052-022-10211-5.pdf
@~ Page 1 of 16 ® a @

Eur. Phys. J. C (2022) 82:252
hitps://doi.org/10.1140/epjc/s10052-022-10211-5

Study of the parameterisation of GPDs:
 in direct (momentum) space
 in double-distribution space.

All relevant symmetries satisfied.

Exploitation of machine learning techniques.

Paper published in EPJC.
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PHYSICAL JOURNAL C ©

®

Regular Article - Theoretical Physics

Artificial neural network modelling of generalised parton

distributions

H. Dutrieux"?®, O. Grocholski’>"(, H. Moutarde'“(®, P. Sznajder>¢

! IRFU, CEA, Université Paris-Saclay, 91191 Gif-sur-Y vette, France
2 Deutsches Elektros

Synchrotron DESY, Notkestr. 85, 22607 Hamburg, Germany

3 National Centre for Nuclear Research (NCBJ), Pasteura 7, 02-093 Warsaw, Poland
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@ Highlights: Denali and polarised PDFs at NNLO ¢ ¢

eoe M- < 5 github.com @ ¢ h + ©

G Google [ CEAemailaccount [ VPNCEA (R GitHub A GitLabCEA g Gitlab CERN (O CERN Account X, arxiv [l Inspire  we WordReference 1 Digital Librar..ical Functions I F1 Streams »

« First extraction of polarised proton PDFs at
NNLO accuracy. [ ReAoME e GPLsoleense
» Code publicly available:
« fully documented, : e
* PDFs will be made available through LHAPDF.
» Paper soon on the arXiv.

F = Languages

g SLSA Generic Configure
generator
Generate SLSA3 provenance for your
existing release workflows

@ Python Package Configure
using Anaconda
2404.04712v1.pdf o C
eoe @M~ G ®© a a i 2 ~ 0 ® Q- Create and test a Python package on

Page 1 of 20
multiple Python versions using

Anaconda for package management.

HeliCity-dEP endent parton diStribut ion funCt ions 'f collinear longitudinally polarised parton distribution functions.

4i_Dianan e

at next-to-next-to-leading order accuracy F

from inclusive and semi-inclusive deep-inelastic scattering data

Valerio Bertone?, Amedeo Chiefa®¢, and Emanuele R. Nocera®
(MAP Collaboration)! [(

¢ IRFU, CEA, Université Paris-Saclay, F-91191 Gif-sur-Yvette, France
b The Higgs Centre for Theoretical Physics, University of Edinburgh,
JCMB, KB, Mayfield Rd, Edinburgh EH9 3JZ, Scotland

<t ¢ Universita degli Studi di Torino and INFN, Torino,
o\ Via P. Giuria 1 I-10125 Torino, Italy
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@ Highlights: NangaParbat and global TMDs ¢ *

eoe M- < } github.com @ ¢ ©

G
+
O

G Google PD PDFDrive [J2 CEA email account  [F] VPNCEA () GitHub &b GitLab CEA & GitLab CERN ()] CERN Account X arXiv [l inspire  wR WordReference »

e Global extraction TMD PDFs and FFs o e i B i
at N3LL accuracy and with flavour
dependence. Nanga Parbat:
« Code publicly available: a TMD fitting framework
« fully documented.
e TMDs available through TMDlib.

= README.md 7

Suggested Workflows
Based on your tech stack

SLSA Generic Configure
generator

\(

Generate SLSA3 provenance for your
existing release workflows

eee M- < anivorg th
@ Pylint Configure

G Google CEA email account VPN CEA GitHub. GitLab CEA GitLab CERN (O CERN Account X arXiv Inspire  wR WordReference 47 Digital Librar..ical Functions F1 Streams Annuaire
<} X a > D)

I Lierature Search - INSPIRE 13 https flanivorglpdt[2405.13833 Lint a Python application with pylint.

More workflows Dismiss suggestions

Flavor dependence of unpolarized quark
Transverse Momentum Distributions from a global fit

The MAP (Multi-dimensional Analyses of Partonic distributions) Collaboration pad

Alessandro Bacchetta,? * Valerio Bertone,> T Chiara Bissolotti,* ¥ Giuseppe Bozzi,% %% Matteo F
Cerutti,”® ¥ Filippo Delcarro,"? ** Marco Radici,? 't Lorenzo Rossi,""? # and Andrea Signori® -
’szarumento di Fisica, Universita di Pavia, via Bassi 6, I-27100 Pavia, Italy
2INFN - Sezione di Pavia, via Bassi 6, I-27100 Pavia, Italy
SIRFU, CEA, Université Paris-Saclay, F-91191 Gif-sur-Yvette, France
4 Argonne National Laboratory, Lemont, IL, USA
° Dipartimento di Fisica, Universita di Cagliari,
Cittadella Universitaria, 1-09042, Monserrato (CA), Italy
SINFN - Sezione di Cagliari, Cittadella Universitaria, 1-09042, Monserrato (CA), Italy
7Hampton University, Hampton, Virginia 23668, USA
8 Jefferson Lab, Newport News, Virginia 23606, USA
?Department of Physics, University of Turin, via Pietro Giuria 1, I-10125 Torino, Italy

10INFN, Section of Turin, via Pietro Giuria 1, I-10125 Torino, Italy ® LN
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@ Highlights: GPD evolution in APFEL++/PARTONS ¢ ¢

LO evolution fr?m Lo =2 GeV‘ to p =10 GeV LO evolution from gy = 2 GeV to u = 10 GeV
» Revisit and implement GPD evolution s 03— £=0 1
: . . e I [ — £=0.05
for all twist-2 polarisations So Szl £=05
. . . . - s [— &=1
« Code publicly available within 2o4} B
| 3 | 01|
PARTONS m
* 8 [ 8 t
. . . E 0.0 ]
e One paper already published in EPJC. 0 oe
+ [ + [
<2 <2F
H H o3l 2a7t
« Paper published in PRD. 2 52
= N L
0
?n*s 102 10! 10° 1073
° ° D] . PhysRevD.109.034023.pdf @ Q Q l—I] Vzd " D" ® o} w
Page 1of 21 £
LO evolution from pg = 2 GeV to p = 10 GeV
PHYSICAL REVIEW D 109, 034023 (2024) 04r ¢ = 7]
— [ = ]
T [ — £=005
<03
< F £=0.5
One-loop evolution of twist-2 generalized parton distributions §o2f— E=1
N
Valerio Bertone ,1‘* Rafael F. del Castillo,“ Miguel G. Echevarria ,3‘4’3 Hscar del Rio ,2‘§ and Simone Rodini®>®! | :« [
11RFU, CEA, Université Paris-Saclay, F-91191 Gif-sur-Yvette, France 0.1
2Depan‘amenw de Fisica Tedrica and IPARCOS, Universidad Complutense de Madrid, ] r
E-28040 Madrid, Spain t
*Department of Physics, University of the Basque Country UPV/EHU, 48080 Bilbao, Spain 0.0 +—+—t+——++++
*EHU Quantum Center, University of the Basque Country UPV/EHU, 48940 Leioa, Spain E% r
SDeutsches Elektronen-Synchrotron DESY, Notkestr. 85, 22607 Hamburg, Germany S 2 :\
SCPHT, CNRS, Ecole polytechnique, Institut Polytechnique de Paris, 91120 Palaiseau, France g 8 F
®  (Received 29 November 2023; accepted 29 January 2024; published 23 February 2024) T
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@ Highlights: Connecting PDFs and GPDs :’

 Investigate the connection between GPDs and PDFs.
« A method to established the connection and gauge
its accuracy is put forward.

It made use of PARTONS.

e Published in PRD. _
>
S
3

Y @ ED" sahg}gR;\qla)JOZﬂllMB.pdf @ Q Q rﬁ £ o j ® Qv

PHYSICAL REVIEW D 107, 114019 (2023)

Exclusive meets inclusive particle production at small Bjorken xz: How to
relate exclusive measurements to PDFs based on evolution equations

Hervé Dutrieux ,* Michael Winn ,J' and Valerio Bertone®*
IRFU, CEA, Université Paris-Saclay, 91191 Gif-sur-Yvette, France

10°° 1073 1074 1073 1072
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e,

‘ An example of interoperability: reconstructing GTMDs 4

 Interoperability of codes belonging to 3DPartons
allowed us to reconstruct GTMDs: GK model + PV19 + NNLL
o PARTONS (GPD model) —~  s—02
« NangaParbat (TMD model)
o APFEL++ (perturbative input)
« Code publicly available through GitHub.
» Paper published in EPJC.

Y ° [iml% ::;JEO‘SL)%-.?;ZZ-!OEGZ'I-S,pdf ® Q @ m 2 |- ET ® Q
Eur. Phys. J. C (2022) 82:941 THE EUROPEAN ()
hitps://doi.org/10.1140/epjc/s10052-022-10863-3 PHYSICAL JOURNAL C S

Regular Article - Theoretical Physics

000 e Lo v v v e b
Matching generalised transverse-momentum-dependent 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

distributions onto generalised parton distributions at one loop kr [GeV]

Valerio Bertone®
IRFU, CEA, Université Paris-Saclay, 91191 Gif-sur-Yvette, France

Annual Meeting, 20-21 June 2024 STR@N G_m




> Summary :’

e 3DPartons delivered impactful results in many areas of hadronic structure, in
some respects beyond the original plans.

e It is built upon a solid code infrastructure that consistently incorporates the
resulting developments making them publicly available.

e 3DPartons in a unique position to exploit present and future opportunities:
e current and future experimental facilities,
o theoretical developments,

e technological advances.
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