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spatial projection 

Example of a Wigner function  
(a particle passing an interferometer)  

The Wigner function contains the  
most complete (one-body) info  

about a quantum system.   € 

W (x, p) = ψ* x −η /2( )∫ ψ x +η /2( )eipηdη
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GPDs describe e.g. correlations of 
transverse position and 
longitudinal momentum 
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BH: LARGE 
+ known 

DVCS: small 
+ unknown 

Interference: medium 
+ non-zero azimuthal 
   asymmetries 

Direct access to DVCS matrix elements 
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longitudinal  
beam spin 

unpolarized 
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Asymmetry of 
DVCS  

Asymmetry of 
interference term  
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“Direct” access to GPDs: 

⬆ 
see talk by Michel GUIDAL 
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First non-zero DVCS SSA (2000) 



M. Düren, Univ. Giessen 15 



M. Düren, Univ. Giessen 16 

Cloud of 
polarized 
atoms 
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Recoil fibre detector made in Giessen 

e+ 
p 

JINST 8 (2013) P05012 



M. Düren, Univ. Giessen 19 

1. 2. 3. 
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-t xB Q2 
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-t xB Q2 

JHEP 10 (2012) 042 
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-t xB Q2 

KM= Global fit of world data: Kumericki-Müller, Nucl. Phys. B 841 (2010) 1 
(JLab, HERMES and HERA, dashed excludes JLab Hall A cross section) 

VGG Regge= Model calculation: Vanderhaeghen-Guichon-Guidal, Phys. Rev. D60 (1999) 094017  
                       and K. Goeke, M.V. Polyakov, M. Vanderhaeghen Prog. Nucl. Phys. 47 (2001) 401  

JHEP 10 (2012) 042 
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pure 

unresolved 
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GPD Model for exclusive meson production: Kroll, Moutarde, Sabatié, Eur. Phys. J. C (2013) 73:2278 
compared to HERMES data: 

● = no recoil 
☐ = HERMES recoil (pure)  JHEP 10 (2012) 042 

JHEP 07 (2012) 032 



-t xB Q2 

M. Düren, Univ. Giessen JHEP 07 (2012) 032 



-t xB Q2 

M. Düren, Univ. Giessen JHEP 07 (2012) 032 



M. Düren, Univ. Giessen 26 

Select associated DVCS by: 
•  recoil detector 
•  measure all but 1 particle 
•  use kinematic fit and recoil PID 

→ access to transition GPDs  
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ep→eΔ+γ
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→ pπ 0

→nπ+
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•  JHEP 07 (2012) 032 
•  Nucl. Phys. B829 (2010) 1 
•  JHEP 10 (2012) 042 

•  JHEP 06 (2008) 066 

•  JHEP 06 (2010) 019 
•  Nucl. Phys. B 842 (2011) 265 
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•  Phys. Lett. B 704 (2011) 15   
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M. Düren, Univ. Giessen Phys. Rev. C 81 (2010) 035202 
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