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Outline

 Lecture 1: Introduction
 Elastic scattering, form factors (FFs)
 Deep Inelastic scattering, parton distribution functions (PDFs)
 Exclusive reactions, Generalized Parton Distributions (GPDs)

 Lecture 2: Deeply Virtual Compton Scattering
 Experimental results on proton targets
 Flavor separation using quasi-free neutrons

 Lecture 3: Deeply Virtual Meson Production & GPD models
 Rosenbluth separation
 Access to transversity GPDs
 GPD models and parametrizations

 Lecture 4: GPDs at JLab12 and beyond
 Review of GPD programs in other facilities worldwide
 Future experiments at JLab at 12 GeV

 Lecture 5: Electron-Ion Collider
 Imaging gluons inside the nucleon
 The EIC project
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Deeply Virtual Meson Production

Different quark weights: flavor separation of GDPs
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Deeply Virtual Meson Production: high Q2 limit
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Deeply Virtual Meson Production: high Q2 limit



Beam helicity

Depends on beam energy
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Azimuthal dependence

ArXiv: 2011.11125
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 Indication of significant transverse component
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Exclusive p0 cross section: GPD prediction

E. Fuchey et al. (2011)
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Rosenbluth separation

Depends on beam energy
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Rosenbluth separation

M. Defurne et al. (2016)
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Modified factorization approach

ArXiv: 2011.11125

Goloskokov and Kroll (2011)
https://arxiv.org/abs/1106.4897

 Singularities with transverse photons 

regularized by transverse momenta 

kT of meson quarks/antiquarks 

 Transverse amplitude: convolution of 

transversity GPDs of the nucleon with 

a higher twist pion wave function

https://arxiv.org/abs/1106.4897
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Transversity GPDs
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GPDs from off-forward quark distributions

See eg. Dielh (2001)
https://arxiv.org/pdf/hep-ph/0101335.pdf

Quark-helicity flip

Helicity conserving 
distributions

https://arxiv.org/pdf/hep-ph/0101335.pdf
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p0 electroproduction off the neutron

 LD2 as a target

 Quasi-free p events subtracted using normalized data with LH2 target
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p0 electroproduction off the neutron: cross section

 Cross section off coherent d found negligible within 
uncertainties

 Very low Ebeam dependence of the n cross section 
dominance of sT
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p0 electroproduction: L/T separation

 Dominated by the transverse cross section

 Relative large uncertainties due to the 
correlations between d and n cross sections

 Access to transversity GPDs in the modified 
factorization approach

 Flavor decomposition possible when combined 
with data off the proton

M. Mazouz et al. (2017)
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p0 electroproduction: L/T separation

M. Mazouz et al. (2017)
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Modeling GPDs
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Reminder lecture 1: GPD properties

Forward limit: 1st moments:

Polynomiality:
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Polynomiality: highly non-trivial property

Radyushkin (1997): solution in terms of double distribution Ansatz

Polyakov & Weiss (1999): D-term is needed to respect the polynomiality in the full form

Belitsky, Müller, Kirchner (2002): General solution

x and  dependencies are interrelated:
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Usual choice in models using Double Distributions

Profile function            Parton distribution

Normalization
constant

Profile function 
only depends on b

 Larger b imply 
softer -dependence 
of the GPD
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t-dependence

More sophisticated options, inspired in different physical models; eg:

: free parameter

Factorized dependence:
1st moments:
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GPD models: comparaison to data

Defurne et al (2015)

 Reasonable agreement with experiment

 Exact azimuthal dependence difficult to 

describe by current models
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A complentary approach: fits (CFFs) to data

Several techniques:
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Local fits

Guidal (2008)

https://arxiv.org/pdf/0807.2355.pdf
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Global fits

Kumericki (2014)
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Global fits

Kumericki (2014)

https://arxiv.org/pdf/1205.6967.pdf
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Neural networks

Kumericki (2012)

 Fit of a complicated many-parameter function

 No theoretical bias

https://arxiv.org/pdf/1112.1958.pdf
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Comparaison of different methods
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3D imaging from fits to DVCS data

Dupré et al (2017)

From a simultaneous fit of JLab DVCS data:

 Fast-moving partons localized in 
the center of the proton

 Low energy and sea quarks 
mostly in the outer region

Much more to come with Jlab12 data: 

neutron, polarized protons…

https://arxiv.org/pdf/1606.07821.pdf
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Summary lecture 3

 Deeply Virtual Meson Production provides a complementary way to access GPDs of the nucleon

 At moderate values of Q2 the DVMP cross section seems to be dominated by the transverse 
amplitude.

 p0 electroproduction may allow to probe the transversity GPDs, which do not enter the 
handbag diagram of DVCS

 Modeling GPDs is challenging and great progress has been made recently within different 
approaches

 First 3D images of the internal structure of the nucleon start to come out based on 
experimental data 


