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Motftivations

General Partons Distributions

GPDs are 3D functions describing partonic structure of
nucleons

Directly related to matrix elements of QCD energy-momentum
tensor

At twist-2 approximation there are four chiral-even functions for
each parton, related to QCD operators by Fourier transform
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Motftivations

They’re related to known objects:
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GPDs “contain” the Parton
Distribution Functions
probed in DIS
experiments




Motftivations
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Motftivations

GPDs hold other precious information...
¢NUCLEON TOMOGRAPHY
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They can help to solve the proton spin crysis



Motftivations

GPDs describe (and are studied in ) various experimental
channels:

DVCS TCS
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Motftivations

Studied in many experiments

- Available data
- Jlab: HallA, CLAS

© HERMES Jefferdon Lab 40
. HERA > °‘
. COMPASS CIQS’

- Future experiments

- JLab12
G @ob12




Motftivations

LARGE DISTANCE
CONTRIBUTION

Define GPD model

<aomxIT+d

Extraction of GPDs

SHORT DISTANCE

CONTRIBUTION FULL PROCESS

Calculate CFF Calculate diff. Cross

(DVCS-TCS-HEMP) Sections

at desired order (LO,
NLO..) (DVCS-TCS-HEMP)

Experimental
Phenomenology

AMPLITUDES
(DVCS -TCS -HEMP)

Observables
(X.S — Asymmetries)

Fits
(Local, Global)

Extraction of CFF Measurement

>->»0
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* Automation

* Accuracy

« Modularity

« Speed

« User friendly
« Fits
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PARTONS Project

Layered structure

PROCESS OBSERVABLES
Layer Layer

GPD Layer CFF Layer

« Each layer is a collection of objects (modules) with the same purpose
« Each module contains one physical development
* Operation on modules and between layers performed by Services

GPDResult computeGPDModel
(const GPDKinematic& gpdKinematic, GPDModule* pGPDModule) const;
GPDResult computeGPDModelRestrictedByGPDType
(const GPDKinematic& gpdKinematic, GPDModule*x pGPDModule,
GPDType: Type gpdType) const;
GPDResult computeGPDModelWithEvolution
(const GPDKinematicé& gpdKinematic, GPDModule* pGPDModule,
GPDEvolutionModule* pEvolQCDModule) const;
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K\ /_\

GPDKinematic GPDModule " GPDResult —m CFFResult
] ]
1 1 1 1 1 1
GK11Model VGGModel MyModel DVCSHeavyQuarkModulg

« Each module has standardized input and output
« C++ objects, inheritance, polymorphism..

« Easy to “plug in” new module

« Easy to study new phenomenology!!
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It can be used via the C++ interface...

/I Retrieve GPD service
GPDService* pGPDService =
Partons::getlnstance()->getServiceObjectRegistry()->getGPDService();
/I Load GPD module with the BaseModuleFactory
GPDModule* pGPDModel =
Partons::getinstance()->getModuleObjectFactory()->newGPDModule(GK11Model::classld);
/I Create a GPDKinematic(x, xi, t, MuF, MuR) to compute
GPDKinematic gpdKinematic(0.1, 0.00050025, -0.3, 8., 8.);
/I Compute data and store results
GPDResult gpdResult = pGPDService->computeGPDModel(gpdKinematic, pGPDModel, List<GPDType>());
/I Print results
std::cout << gpdResult.toString() << std::endl;
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...or XML interface (doesn’t even require compilation!)

<?xml version="1.0" encoding="UTF-8" standalone="yes" 7>
<scenario date="2016-03-25" description="Example : computation of one GPD model (GK11) without evolution">
<task service="GPDService" method="computeGPDModel" storeInDB="0">
<kinematics type="GPDKinematic">
<param name="x" value="0.1" />
<param name="xi" value="0.00050025" />
<param name="t" value="-0.3" />
<param name="MuF2" value="8" />
<param name="MuR2" value="8" />
</kinematics>
<computation_configuration>
<module type="GPDModule">
<param name="className" value="GK11Model" />
</module>
</computation_configuration>
</task></scenario>
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DATABASE

- Result computed by each layer can be stored/retrieved from database

// Retrieve GPD DAO service
GPDResultDaoService gpdResultDaoService;

// Insert
int computationId = gpdResultDaoService.insert (gpdResult) ;

// Retrieve
List{GPDResult> gpdList = resultService.getGPDResultListByComputationld(computationld);

- MySQL support
- Optimized for large transactions

- Database also to store experimental data — Fits
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Validation..

- We put a lot of effort in the validation of every module

- All existing modules have been tested reproducing published
results or results obtained with Mathematica

- Benchmark results stored in Database
- ..Non-Regression...

- After every manipulation of the code, all module are re-tested and
results compared with validated ones in database

- ..Debug



PARTONS Project

Existing modules

= GPDs = Cross Section (DVCS only)
= GK - VGG
- VGG = BMJ
= MPSSW13 - GV
= MMS13 - Observables
= Vinnikov
_ . Alu
- Evolution - Aul
Vinnikov code - Ac
- CFFs (DVCS only) = Al
- Fourier moments
. LO
Light Quaks e
NLO - Running coupling

Light Quarks and gluons

_ 4-loop PDG expression
Light Quarks, Heavy Quarks and gluons

Constant value
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Beam-spin asymmetries at EIC
— GK
— VGG
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Future developments

FITS

+ Local and Global fits of CFF
Phenomenology of DVCS at EIC

- Higher-order effects in ag
- Contribution of heavy flavors.

Modeling of GPDs

- Gap and Bethe-Salpeter equations.
Light Front Wave Functions.
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Abstract We describe the architecture and functional-
itics of a C++ software framework, coined PARTONS,
dedicated to the phenomenology of Generalized Parton
Distributions. PARTONS provides a necessary bridge
between models of Generalized Parton Distributions
and experimental data measured in various exclusive
channels. We outline the specifications of the PAR-
'TONS project in tern of practical needs, physical con-
fer i f

e RN

P I

tions of partons inside the hadron and FFs are the
Fourier transforms of the hadron charge distribution
in the transverse plane. PDFs and FFs appear as lim-
iting cases of GPDs and in the pion case GPDs also
extend the notion of a Distribution Amplitude (DA).
This generality is by one fea-
ture: GPDs are directly connected to the matrix cle-
ments of the QCD energy-momentum tensor evaluated
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Summary

GPDs hold keys to proton structure and they are explored in many experiments

PARTONS is software for GPDs phenomenoly about to be released (DVCS channel only)
Designed to be as automated as possible
Modular
To allow systematic and differential studies

Expected in 2016
Study of DVCS Observables at EIC kinematics
Local and global fits of CFFs
Release of the code



