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● Looking back efforts up to now                                                                                                                                
    - Experiments                                                                                                                    
    - Parametrizations                                                                                           
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● Chiral Dynamics                                                                           
    - Link to QCD                                                                                
    - Non-analytic behavior
● Summary & Outlook 



P.Achenbach et al., The present and future of QCD,NPA1047(2024)122874













Theoretical Simulation of the Virtual Meson 
  Production in the Forward Direction

















HERA @ DESY and COMPASS @ CERN
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CLAS and Hall A @ JLab 
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Lattice QCD Development
● Nucleon Electromagetic Form Factors,

C. Alexandrou et.al.,PRD74,034508(2006)
● LaMET & Quasi-PDF, X.Ji, 

PRL110,262002(2013)
● Pseudo-PDF, K.Orginos,A.Radyushkin et al.,

PRD96,094503(2017)
● Lattice Good Cross Sections, Y.-Q Ma and 

J.-W Qiu, PRD98,074021(2018);
    PRL120,022003(2018)



● Unpolarized and Helicity GPDs,
C. Alexandrou et.al.,PRL125,262001(2020)

● Nucleon Tomography and GPD at Physical Pion Mass,        
H.-W.Lin, PRL127,182001(2021)

● GPDs from LQCD with asymmetric momentum transfer, 
S.Bhattacharya et al.,
PRD106,114512(2022)

● …



Various Model Computations are useful to 
explore insights on characteristics of GPDs.

● Chiral Quark Soliton Model - Large Nc picture of nucleon
● Light-Front Quark Model - Light-Front Dynamics

● Nambu–Jona-Lasinio Model
● Color Glass Condensate Model
● Models in Covariant Bethe-Salpeter Approach, etc.



Incorporating Chiral Effective Theory in hadron structure study 



model-independent leading nonanalytic (LNA) behavior 
consistent with Chiral Symmetry of QCD. 

Thomas, Melnitchouk, Steffens,
     PRL 85, 2892 (2000)

Connection with QCD

Nonanalytic behavior vital for chiral extrapolation of lattice data







Chiral Effective Theory for GPDs

Z.Gao,F.He,C.Ji,W.Melnitchouk,Y.Salamu,P.Wang,[arXiv:2406.03412 [hep-ph]]











F. He,C.Ji,W.Melnitchouk,
A.Thomas and P.Wang,  
PRD106,054006(2022)



Summary and Outlook

● We summarized the present state of nucleon GPDs and identified 
the theory progress needed for maximizing the impact on the study 
of nucleon GPDs. 

● There are many theoretical challenges that have to be addressed. 
● Examples include the incorporation of lattice QCD data into global 

analysis increasing utilization of AI/ML tools to meet complexity 
challenge.     

● Useful tools to study the nucleon structures include the meson 
structure studies incorporating the chiral effective theory.

● We need to pay attention to the importance of strong theory 
support alongside the experimental program to realize the full 
discovery potential of the 3D nucleon structure via GPDs. 


