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GPDs (generalized parton distributions  ) 
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GPDs             naturally embody the information of both PDFs and FFs, 
and, therefore, display the unique properties to present  a  “3-D”   
description for a system. 

q
H ( x, ,Q ) 2

Parton distributions (PDFs) 

Form Factors(FFs) 

1, Introduction 



GPDs (generalized parton distributions  ) 

Generalized Parton distributions for pion, e. g. 
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GPDs for pion (S=0), 
           Broniowski, PLB 574, PRD78; Choi et al., PRD64; Fanelli, EPJC76; …… 

           for nucleon  (s=1/2, proton and neutron) 
             Diehl et al., EPJC 73; Kroll, EPJA53; Pire et al., PRD79; Selyugin, PRD91;…… 

           Light Nuclei: He-3 
           Rinaldi et al., PRC87…… 

           Deuteron (S=1) 
             Cano et al., PRL87, YBD et al., JPG19,…… 

 Broniowski, PLB574, 
In the limit of =0 



Parton correlation function: 

The Dirac matrix Γ selects the 
twist and the parton spin degrees 
of freedom. 

It may be measured by  

Deeply virtual Compton scattering  

OR 

Deeply virtual meson electro-productions  

A GPD factorization formula: 

flavor by 

flavor 

DVCS, TCS, meson productions 

Gauge A+=0 

  GPDs (generalized parton distributions) 

[Chueng-Ryong Ji ’06, Diehl ’16  ] 
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Deep virtual Compton Scattering 



forward limit 

Schemes [ Diehl ’16  ] 
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• Unpolarized 

• Polarized 

           

Symmetry properties: 

 

T 

G 

Definitions of GPDs (spin -1) 

[ PRL: Berger ’01 , for the deuteron] 

LO 

2, Spin-1 particle and basic properties 
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V :

{g ,P n ,P n ,P P ,n n }



        



• Form factor decomposition of Local current 
FFs in flavor  

• Sum rules of GPDs  • Conventional Form factors 
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[Hoodbhoy ’89, Frederico ’97,  
Berger ’01,  Broniowski ’08 Cosyn’17] 

-H1 and -H5 for x < 0, antiquark 

Quark densities:  
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• EMT (Energy--Momentum tensor): Gravitational Form Factors  

Cosyn  et al., EPJC19 

Polyakov, Sun, PRD19  
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 Sum rules of EMT and GPDs:  

 Gravitational radius  

D-term  
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Mass distribution: 

Energy density: 

Share--force,  pressure 



                                      Effective Chiral Lagrangian: 

         

 
      
       Quark field doublets: 

 

• 5 un-polarized GPDs: Isospin combinations 
 

  

 

G parity: 

Isospin combinations: 

Isospin combinations [ Berger ’01, Frederico ’09 , Bronioski’03] 

3,  Light-front constituent quark model 
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Phenomenal vertex: 
 

Bethe-Salpeter 
amplitude(BSA): 

 
Meson vertex: 

 
Kinematic invariant  

mass: 
 

Dispersion relation  

Phenomenological  vertex  meson [ Choi ’04, Frederico ’09 ] 
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S-wave 

Dokshitzer-Gribov-Lipatov-Altarelli-Parisi (DGLAP) 
Efremov-Radyushkin-Brodsky-Lepage (ERBL) 

Poles (Valence) 

1
; '

1

n k k x
x x

n P P 





 
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 

Non-valance kinematic invariant mass 
Residuals considerations  

[ Choi ’04, Frederico ’09, Miller’09] 

  [Prescription： Chueng-Ryong Ji . et al,’06] 
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Results: Form factors GC,M,Q  • low-energy observables 
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This 
work 

Melo1
1997 

Exp. 
[Gudino2

014] 

0.52 0.37 -- 

2.06 2.19 2.1(5) 

0.021 0.050 -- 2

2 (fm )Q



22 (fm )r

m (constituent 
mass) 

mR (regulator 
mass) 

0.403GeV 1.61GeV 
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[Krutov, Polezhaev, and 
Troitsky,  

PRD97, 033007] 
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1

1 4 /M t
 



The non-valence contributions to FFs 
G1,2,3 at  = -0.2 (dotted), -0.4 (dashed), 
and -0.6 (dotted-dashed).  
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Form Factors G1,2,3, Non-valence contributions 
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1

1 4 /M t
 


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Results: Unpolarized GPDs H1,2,3 (x,0,t) 

X=0,1 
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1

1 4 /M t
 


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Results: Un-polarized GPDs H1,2,3 (x,0,t) 
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Polarized GPDs of -meson 

Transverse spin density 

[ PRL: Berger ’01 , for the deuteron] 
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1,2 ( , , )  Results Polarized GPDs H x t：
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• GPDs for  meson (spin-1)  
 

• Phenomenological approach for  meson  
 

• ρ meson FFs / GPDs and others  
  
• Results are reasonable comparing 
           to other calculation  
           (models,Lattice) 
 
 

 

4, Summary 
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[ PRL: Diehl ’98, ’03, Kumano ‘17  ]  

GDA (Generalized Distribution Amplitude) 
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[Kawamura ‘13, Kumano ’17, ‘18  for pion] 

o  GDAs 
o Double parton distributions (DPDs) 
o In particular for Deuteron 

Outlook 

Thanks! 



BACKUP 
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QCD evolution of the structure functions 
The moments of the structure functions 
at different scale  

Possible Lattice calculation with 

quench approximation at =2.4 GeV,   
Best’97, PRD56, 2743 

For the polarized structure function 
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Forward  Limit: Single-Flavor F1
q,  b1

q 



Fourier transformation 

Density interpretation 

• Spin ½  

• Spin 1 

[ Burkardt ’03, Hoodbhoy ’89 ] 

Impact Parameter Space 
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  Electric and magnetic proton form factors 

 Proton and Neutron charge distributions 

 Nucleon spin structure 

 Nucleon-Delta transition (other resonances) 

 Quark-hadron duality in structure functions 

 Generalized parton distributions 

 Pion and deuteron form factors ……  

Electromagnetic probes 

28 

1, Introduction 
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L3 Collaboration 

Exp: 
PLUTO/ TASSO/ CELLO/ ARGUS @ 
DESY, ’82-’91 
L3 @ LEP, ’03-’06  
STAR @ RHIC, ’07-’09  
Babar @ PEP-II, ‘08 
LHCb, ‘12 (TeV, double charm) 
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L3 Collaboration 
Exp: 

PLUTO/ TASSO/ CELLO/ ARGUS 
@ DESY, ’82-’91 
L3 @ LEP, ’03-’06  
STAR @ RHIC, ’07-’09  
Babar @ PEP-II, ‘08 
LHCb, ‘12 (TeV, double charm) 

ARGUS Collaboration etc. 
[ Albrecht ’90, ’91 ] 
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o GDAs & 𝜌𝜌 production 


