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H, H, E, E (x,ξ,t) ~ ~

Standard Parton Distributions 

Hq(x,0,0) = q(x),   
Hq(x,0,0) = Δq(x)  ~

x 

Elastic Form Factors 

∫ H(x,ξ,t)dx = F(t) (∀ 
ξ) 

x 

Ji’s sum rule 

2Jq = ∫ x(H+E)(x,ξ,0)dx 

(nucleon spin) 
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H    E    q spin diff.	
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H,E,H,E ~ ~ 
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x : mute variable !

ξ∼xΒ	


Hq(x,ξ,t) but only ξ and t accessible experimentally 

dσ !
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GPD and DVCS 

Cross-section measurement 
and beam charge asymmetry (ReT) 

integrate GPDs over x 

Beam or target spin asymmetry 
contain only ImT, 

therefore GPDs at x = ξ and -ξ 	


(at leading order:) 



γ 

φ	


leptonic plane 
hadronic 

plane 
N’ 

e’ 

e 

Im{Hn, En, En} 

Unpolarized beam, longitudinal target (lTSA) : 
ΔσUL ~ sinφIm{F1H+ξ(F1+F2)(H + xB/2E) –ξkF2 E+…}dφ	
~ Im{Hp, Hp} 

~ 

~ 
~ 

Polarized beam, longitudinal target (BlTSA) : 
ΔσLL ~ (A+Bcosφ)Re{F1H+ξ(F1+F2)(H + xB/2E)…}dφ	
~                      Re{Hp, Hp} 

~ 

Re{Hn, En, En} ~ 

Unpolarized beam, transverse target (tTSA) : 
ΔσUT ~ sinφIm{k(F2H – F1E) + ….. }dφ	


        Im{Hp, Ep} 
Im{Hn} 

ξ= xB/(2-xB)    k=-t/4M2 

ΔσLU ~ sinφ Im{F1H + ξ(F1+F2)H -kF2E}dφ	
~ 
Polarized beam, unpolarized target (BSA) :           Im{Hp, Hp, Ep} ~ 

          Im{Hn, Hn, En} 

Proton     Neutron 

~ 

Extracting GPDs from DVCS observables 
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   Given the well-established LT-LO DVCS+BH amplitude 

DVCS Bethe-Heitler 

GPDs 

 8 unknowns (the CFFs), non-linear problem, strong correlations 
     Only 3 CFFs come out from the fit with finite error bars: 
      HIm , HIm and HRe  

~ 

Obs=Amp(DVCS+BH)      CFFs 

 Can one recover the CFFs from data ? 

 Model-independent fit, at fixed xB, t and Q2, 
   of DVCS observables with 
                 MINUIT + MINOS 



         Compton Form Factors 

(in practice, EIm set to 0)  
~ 
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The experimental actors 

p-DVCS 
BSAs,lTSAs 

p-DVCS 
(Bpol.) X-sec 

Hall B Hall A 
JLab CERN 

COMPASS 

p-DVCS 
X-sec,BSA,BCA, 
tTSA,lTSA,BlTSA  

p-DVCS 
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p-DVCS 
BSA,BCA, 

tTSA,lTSA,BlTSA 
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LH2 / LD2 target 
Polarized Electron Beam 
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N

Nucleon Detector 

Left HRS 

Charged  
Particle 
Tagger 

Electromagnetic Calorimeter 

HALL A ep         epγ	




JLab Hall A Collaboration, PRL 97:262002,2006  

DVCS Bethe-Heitler 

GPDs 

Difference of (beam-)polarized  
cross sections 



Hall A : σ & σz0 , xB=0.36,Q2=2.3,t=.17,.23,.28,.33  

χ2=1.01 χ2=0.92 χ2=1.44 χ2=2.31 



Result of the (model independent) fit 

M.G. EPJA 37 (2008) 319 
 Bounds (for ALL CFFs): 
{-3,3}, {-5,5}, {-7,7} x VGG 

  HIm    HRe  



VGG prediction 
Result of the (model independent) fit 

M.G. EPJA 37 (2008) 319 

  HIm    HRe  
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420 PbWO4 crystals : ~10x10 mm2, l=160 mm  
Read-out : APDs +preamps 

JLab/ITEP/ 
Orsay/Saclay 
collaboration 

HALL B 



CLAS DVCS BSAs 
CLAS DVCS lTSAs 

ξ~0.16,-t~0.31,Q2~1.82  

Can we extract (in a model-independent way) 
some CFFs from fitting (simultaneously)  
the CLAS DVCS BSAs and TSAs ? 
(at approximatively the same kinematics) 



CLAS DVCS BSAs 
CLAS DVCS lTSAs 

ξ~0.16,-t~0.31,Q2~1.82 (average)  

Can we extract (in a model-independent way) 
some CFFs from fitting (simultaneously)  
the CLAS DVCS BSAs and TSAs ? 
(at approximatively the same kinematics) 



VGG prediction 

Fit with 7 CFFs 
(boundaries 5xVGG CFFs) 

Fit with 7 CFFs 
(boundaries 3xVGG CFFs) 

Fit with ONLY H and H 
~ 

t-dependence at fixed xB 

       of HIm & HIm 
~ 

Axial charge more concentrated than    
         electromagnetic charge ? 

M.G. PLB 689 (2010) 156 



p-DVCS BSA, BCA, lTSA, tTSA, BlTSA  

A. Airapetian et al., JHEP 0806, 066 (2008) 

A. Airapetian et al., JHEP 0911, 083 (2009) 

A. Airapetian et al., JHEP 1006, 019 (2010) 



VGG prediction 

Result of fit 

17 out of 23 	

Φ moments 



            Bounds: 
         {-3,3} x VGG 
         {-5,5} x VGG  
         {-7,7} x VGG 
         {-10,10} x VGG 

Average kinematics 

xB=0.09,Q2=2.5 

M.G. & H. Moutarde 
 EPJA 37 (2008) 319 

M.G. PLB 693 (2010) 17 

VGG prediction 

 {-5,5} x VGG  
Bounds: 

 {-3,3} x VGG 



xB dependence at fixed t 






