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Motivation.
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e Virtual Compton Scattering (DVCS, TCS),
- Deeply Virtual Meson production (DVMP).
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Anatomy of the nucleon.

Cea Facing the high precision era.
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Need for global fits of world data.

Different facilities will probe different kinematic domains.
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Need for global fits of world data.
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Basic steps towards 3D proton imaging.
Extracting GPDs is not enough..

B Extract H(x, &, t, /f“f) from experimental data.
B Extrapolate to vanishing skewness H(x, 0, t, z%<f).

Compute 2D Fourier transform in transverse plane:
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0

Propagate uncertainties.
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Handling multi-data sets.
What is the impact of one particular set of data?

Methods for Fits to CLAS and HERMES data
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analysis.
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Developing the theoretical framework.

Are subdominant contributions negligible?

T
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Moutarde et a;., Phys. Rev. D87, 054029 (2013)

m Systematic tests of perturbative QCD assumptions.

m Wide kinematic range (from JLab to EIC).

m Accuracy set by JLab 12 GeV expected statistical
accuracy.

m Modularity for integration methods (time vs accuracy).
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- Estimating parameterization uncertainties.
Cea What is the model dependence of the theoretical prediction?
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Computing chain design.

Cea Differential studies: physical models and numerical methods.
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Computing chain design.

Cea Differential studies: physical models and numerical methods.
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Status.

Currently: integration, tests, validation.

3 stages:
Design.

Integration and validation.
Production.

m Flexible software architecture.
B. Berthou et al., PARTONS: a computing platform for
the phenomenology of Generalized Parton Distributions

1 new physical development = 1 new module.

Aggregate knowledge and know-how. Do not reinvent the
wheel!

What can be automated will be automated.

Get ready for 12 GeV!
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GPD computing made simple.

Each line of code corresponds to a physical hypothesis.

gpdExample()

// Lots of includes
#include <src/Partons.h>

// Retrieve GPD service

GPDService* pGPDService = ServiceObjectRegistry::getGPDService();
// Load GPD module with the BaseModuleFactory

GPDModule* pGK11Model = ModuleObjectFactory::newGPDModule(
GK11Model::classld);

// Create a GPDKinematic(x, xi, t, MuF, MuR)

GPDKinematic gpdKinematic(0.1, xBToXi(0.001), —0.3, 8., 8.);

// Compute data and store results

GPDResult gpdResult = pGPDService—>
computeGPDModelRestrictedByGPD Type(gpdKinematic, pGK11Model,
GPDType::ALL);

// Print results

std :: cout << gpdResult.toString() << std::endl;

delete pGK11Model;
pGK11Model = 0;
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11
12
13
14
15
16

18

GPD computing automated.

Each line of code corresponds to a physical hypothesis.

computeOneGPD.xml

<?xml version="1.0" encoding="UTF-8" standalone="yes" 7>

<scenario id="01" date="" description="Example,: computation, of one GPD
.model, ;(GK11) without_evolution">
<! Select type of computation >
<task service="GPDService" method="computeGPDModel" >
<!—— Specify kinematics ——>
<GPDKinematic>
<param name="x" value="0.1" />
<param name="xi" value="1.00050025" />
<param name="t" value="-0.3" />
<param name="MuF2" value="8" />
<param name="MuR2" value="8" />
< /GPDKinematic>
<!—— Choose GPD model and set parameters ——>
<GPDModule>
<param name="id" value="GK11Model" />
</GPDModule>
< /task>
< /scenario>
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GPD computing automated.

Cea Each line of code corresponds to a physical hypothesis.

Methods f [V —

30 Imaging computeOneGPl| HY = 0.822557 B
1 <7?xml version="1.0" encoding="UTF-8" stand H“("") = 0.165636

) 2 <scenario id="01" date="" description="Exam _ )

Introd u(=) —

neroduction vmodel ;(GK11) jwithout_evolution"> H 1.47948

;r°Wa,'d5 30 3 <I—— Select type of computation ——

:::j:ialaccess 4 <task service:"GPD.Servlice" method: Hd — 0421431

Kinematic reach of 5 <!—— Specify kinematics ——> g

D e <GPDKinematic> HY+) = 0.0805182

3D images 7 <param name="x" val Hd(f) = 0.762344

Case studies 8 <param name="xi" vq ’

Data selection 9 <param name="t" val

s 10 Sparam name="WuF2"| - pE — (,00883408

Model dependence 11 <param name="Mul s(+

Challenges 12 </GPDKinematic> H( ) — 00176682

PARTONS 13 <!—— Choose GPD model and Hs(*) =0

Project 14 <GPDModule>

2"“"“]”“ 15 <param name="id" va

wartcre 16 </GPDModule> Hé = 0.385611

Team 17 < /task> -

Conclusions 18 </scenario> and E’ H’ E’
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CFF computing automated.

Each line of code corresponds to a physical hypothesis.

computeOneCFF.xml

<?xml version="1.0" encoding="UTF-8" standalone="yes" 7>
<scenario id="03" date="" description="Example,: computation of one,
convol coeff function model  (DVCSCFF) _with GPD_model, (GK11)">
<task service="DVCSConvolCoeffFunctionService" method="
computeWithGPDModel"
<DVCSConvolCoeffFunctionKinematic>
<param name="xi" value="0.5" />
<param name="t" value="-0.1346" />
<param name="Q2" value="1.5557" />
<param name="MuF2" value="4" />
<param name="MuR2" value="4" />
< /DVCSConvolCoeffFunctionKinematic>
<GPDModule>
<param name="id" value="GK11Model" />
</GPDModule>
<DVCSConvolCoeffFunctionModule>
<param name="id" value="DVCSCFFModel" />
<param name="qcd_order_type" value="L0" />
< /DVCSConvolCoeffFunctionModule>
< /task>
< /scenario>
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CFF computing automated.

Cea Each line of code corresponds to a physical hypothesis.

Methods for computeOneCFF.xml
3D Imaging 1 ~7ym| version="1.0" encoding="UTF-8" standalone="yes" 7>
2 <scenario id="03" date="" description="Example,: computation, of one,
Introduction convol coeff function model, ,(DVCSCFF) _with GPD model, (GK11)">
3 <task service="DVCSConvolCoeffFunctionService" method="
Towards 3D .
Imaging computeWithGPDModel"
Experimental access 4 <DVCSConvolCoeffFunctionKinematic>
Kinematic reach of 5 <param name="xi" value="0.5" />
From observables to O <param name="t" value="-0.1346" />
30 images 7 <param name="Q2" value="1.5557" />
Case studies g <param name="MuF2" value="4" />
Data selection 9 <param name="MuR2" value="4" />
P 10 < /DVCSConvolCoeffFunctionKinematic>
Model dependence 17 < GPDModu |e>
Chllenges 12 <param name="id" value="GK11Model" />
PARTONS 13 </GPDModule
o 14 <DVCSConvold H = 1.47722 + 1.76698 i
o 10 <pary £ —0.12279 + 0.512312
Architecture 16 <parg —~ >
Team 17 </DVCSConvol H = 1.54911 + 0.953728 i
Conclusons 19 </task> £ = 18.8776 + 3.75275 i
19 </scenario>
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Modularity.

Cea Inheritance, standardized inputs and outputs.
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Modularity and automation.

Parse XML file, compute and store result in database.
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Modularity and layer structure.
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Members and areas of expertise.

Cea Collaborations at the national and international levels.

Methods for Development team

3D Imaging
[}

Towards 3D

Imaging

Experimental access B. Berthou N. Chouika C. Mezrag H. Moutarde F. Sabatié P. Sznajder J. Wagner
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Introduction
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Team R Experimental data analysis Perturbative QCD
World data fits GPD modeling
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Conclusions.

Versatile tools for hadron structure studies.

Methods for

3D Imaging m PARTONS software Platform for GPD phenomenology
near completion for DVCS channel.

Introduction

Towards 3D m Designed to simplify:
Imaging .
Experimental access m Integration of new modules.
pves m Systematic differential studies.
;gimm:l;seesrvables to
Case studies m Aim: up-to-date and validated GPD tools for:
Data selection
Subdominant m Tests of pQCD assumptions.
Madel dependence m Tests of model dependence.
Challenges . .

‘ m Predictions of observables.
PARTONS . .
Project m Experiment design.
Computing chain ™ Flts
Examples . i
Archiecture m 3D nucleon imaging.

Team

m Fitting test in 2016.

H. Moutarde | CLAS Coll. Meeting 2015 | 25 / 26



Commissariat 3 I'énergie atomique et aux énergies alternatives
Centre de Saclay | 91191 Gif-sur-Yvette Cedex
T. +33(0)1 60 08 73 88 | F. +33(0)1 60 08 75 84

Etablissement public 3 caractére industriel et commercial | R.C.S. Paris B 775 685 010

«O>» 4« F» <«

!
v
a
Wl
v

Q>



	Towards 3D Imaging
	Experimental access
	Kinematic reach of DVCS
	From observables to 3D images

	Case studies
	Data selection
	Subdominant contributions
	Model dependence
	Challenges

	PARTONS Project
	Computing chain
	Examples
	Architecture
	Team


