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GPDs 
   Polarized Wide Angle Compton 

Scattering in 12-GeV era 

What are the issues of hadron physics? 

What do we want to do in the ALL experiment? 

How will we do the measurements? 

B. Wojtsekhowski 



        December 11, 2012                                                 WACS ALL with SBS           Bogdan Wojtsekhowski                      2 

GPDs 
WACS: Introduction	



 Part of the Hard Exclusive Reactions program 

•  Elastic Form Factors: GMP,GEP,GMN,GEN,FFπ   
•  WACS: high-t  two-photon reaction  
•  Deeply Virtual Compton Scattering (DVCS) 
•  Deeply Virtual Meson Production 

Common issues: 

•  Handbag diagram 
•  Interplay between the hard and soft processes 
•  Threshold for onset of the asymptotic regime 
•  Role of the hadron helicity flip 
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GPDs 

GPDs	



DIS	

 Form factors	



DVCS	

 WACS	



t x	



N -> N*	

DVMP	



Unification of nucleon structure  
            within GPDs 

ξ 
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GPDs 

 The experiment provides the answer  

Test of the reaction 
mechanism in the cloud 
chamber. 

Arthur  

Compton  

Physical Review (1925) 

photon 
detected 

electron 
detected 

beam 
dump 



        December 11, 2012                                                 WACS ALL with SBS           Bogdan Wojtsekhowski                      5 

GPDs 

GPDs and form factors of WACS 
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GPDs 

Cross section of  Wide-Angle 
Compton Scattering	



•    Three-quark mechanism: 
   It dominates at “asymptopia”. 
   Two hard gluon exchanges.    
   Constituent counting rules: 

     dσ/dt = f(θCM)/s6 

   “complicated” polarization              
                observables 

•   Single-quark mechanism: 
  “Handbag” diagram dominates.  
   Form factors (P. Kroll): 
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GPDs 

Polarization observables of  WACS 
in GPDs handbag calculations 

LO + RT : 

hard 

soft LO: 



Mixed e/γ beam –> productivity 1300 times  
higher than the beam of “clean” γ   

 ep events 
RCS  
events 

“pion” events  

Two body kinematics 

1013 photons/sec 



E99-114 experiment in 2002 



        December 11, 2012                                                 WACS ALL with SBS           Bogdan Wojtsekhowski                      10 

GPDs 

Results of 6 GeV WACS experiment 
PRL 94, 242001 (2005)  

RA/RV = 0.81 +/- 0.11 
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GPDs 

PRL 98, 152001 (2007)  

n = 8.0 +/- 0.2 

Results of 6 GeV WACS experiment 
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GPDs 
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GPDs 
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GPDs 

Results of 6 GeV WACS experiment 
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GPDs 

Form factors of RCS and partonic  
structure of the nucleon  
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GPDs 

 s  = 8.0 GeV2 , -t  = 2.1 GeV2, 
   -u = 4.1 GeV2 

E07-002 KLL result 

Hall C, analysis in  
progress 
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GPDs 
   WACS perspective with 12 GeV JLab beam   
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GPDs 

 Polarized WACS in 12-GeV era 

Initial state double polarization correlation 

ALL- KLL diff. as a measure  
of quark spin flip  ~ mq/Eγ	



First Contents Back Conclusion

Frontiers of Nuclear Science:
Theoretical Advances
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Hint of support in Lattice-QCD results

confinement signal

Mass from nothing.

In QCD a quark’s effective mass

depends on its momentum. The

function describing this can be

calculated and is depicted here.

Numerical simulations of lattice

QCD (data, at two different bare

masses) have confirmed model

predictions (solid curves) that the

vast bulk of the constituent mass

of a light quark comes from a

cloud of gluons that are dragged

along by the quark as it

propagates. In this way, a quark

that appears to be absolutely

massless at high energies

(m = 0, red curve) acquires a

large constituent mass at low

energies.

Craig Roberts – Exposing the Dressed Quark’s mass
4th Workshop on Exclusive Reactions at High Momentum Transfer, 18-21 May 2010 . . . 27 – p. 13/28
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Proposed ALL measurementOld proposal 2004! 
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GPDs 
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Helium

Magnet C opening polar angle      +/- 51o 

                      and also from    90o +/- 18o 

Magnet B opening polar angle      +/- 45o 

                      and also from    90o +/- 14o 

Electron beam intensity 0.09 µA 
10% Cu radiator at 25 cm from target 

Luminosity: polarized proton:    8 x 1034 Hz/cm2 

  (LeN)   total nucleon      : 4.8 x 1035  

Compare with E99-114, Lep = 1.2 x 1038 

 Polarized WACS in 12-GeV era 
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GPDs 
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EM Calorimeter: 
CLAS LAC calorimeter 

 Polarized WACS in 12-GeV era 
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GPDs 

 Polarized WACS in 12-GeV era 

The EM calorimeter: 
2.17 x 4.46 m2 
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GPDs 

sin( θ
cm

γ

2 ) =
√
−ts

(s−m2)

The photon & proton scattering angles (lab) 

All these points are “kinematically” admissible 

 Polarized WACS in 12-GeV era 
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GPDs 
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The photon & proton scattering angles (lab) 

This is also a good GEP data point! 

 Polarized WACS in 12-GeV era 
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GPDs 

Pion/RCS ratio and cross section for the 4.3 GeV photon energy 

photon flux solid angle cross section 

 Polarized WACS in 12-GeV era 
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GPDs 

 Polarized WACS in 12-GeV era 
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GPDs Collaboration buildup	



  Polarized experts: JLab/UVa group, D.Keller 

  E99-114 Ph.D.: D.Hamilton, V.Mamyan, J.Sjögren 

  E07-002 WACS PIs: D.Day, BW 

  INFN/JLab LAC PI: P.Rossi 
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GPDs   Summary	



  The RCS 6-GeV experiment has made an “unexpected”  
    observation of the handbag dominance (KLL result)  
    and the measured s-scaling power value n=8.2+/-0.2 

  The ALL 12-GeV experiment will explore handbag dominance 
    and may find a 50-year-old constituent quark in the proton due  
    to “direct” connection between the ALL and the quark mass 
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GPDs 
Eγ = 4 GeV, s = 8.4 GeV2

θ�
γ , [deg] 14 20 28 37 50 69

E�
γ , [GeV ] 3.6 3.2 2.7 2.2 1.6 1.1

θp, [deg] 57 47 37 30 22 16
Jh × Jv 6 3 1.3 0.6 0.2 0.08
Pp, [GeV/c] 1.0 1.5 2.1 2.6 3.2 3.8
θcm , [deg] 42 57 75 92 110 130
−t, [GeV 2] 0.84 1.5 2.5 3.5 4.5 5.5

Eγ = 8 GeV, s = 15.9 GeV2

θ�
γ , [deg] 7 11 15 19 28 33 40 48 55

E�
γ , [GeV ] 7.5 6.9 6.2 5.5 4.0 3.4 2.7 2.1 1.7

θp, [deg] 60 47 39 32 23 30 16 13 11.4
Jh × Jv 25 10 4.5 2.2 0.6 0.4 0.2 0.1 0.06
Pp, [GeV/c] 1.1 1.8 2.6 3.3 4.8 5.5 6.2 6.8 7.2
θcm , [deg] 29 45 58 71 93 103 114 124 131
−t, [GeV 2] 0.90 2.0 3.4 4.7 7.5 8.7 10 11 11.8

   RCS perspective with 12-GeV JLab beam   
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GPDs 

 Polarized WACS in 12-GeV era 
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GPDs 

from the 2004 ALL proposal to PAC27 

 Polarized WACS in 12-GeV era 


