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• Partial wave expansion  
   with ⌫ = 0 ! ✓t = 90o

• Charge conjugation 
two-pion intermediate state with

I = 0 J = 0, 2, · · ·

Unitarity Relations in the t-channel
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<latexit sha1_base64="nvfyYMkNtFsiBaw/RnW8hVJg6Cg=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oMFYkNpaYyIeBk+wte7Bhd++yu2dCLvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NElWaRvDfTmPoCjyQLGcHGSg9l9ViLK+qyPCiW3Kq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhFd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2req5Ve+uVmpcZ3Hk4QzOoQIe1KEBt9CEFhAQ8Ayv8OYo58V5dz6WrTknmzmFP3A+fwAlGY9H</latexit><latexit sha1_base64="nvfyYMkNtFsiBaw/RnW8hVJg6Cg=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oMFYkNpaYyIeBk+wte7Bhd++yu2dCLvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NElWaRvDfTmPoCjyQLGcHGSg9l9ViLK+qyPCiW3Kq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhFd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2req5Ve+uVmpcZ3Hk4QzOoQIe1KEBt9CEFhAQ8Ayv8OYo58V5dz6WrTknmzmFP3A+fwAlGY9H</latexit><latexit sha1_base64="nvfyYMkNtFsiBaw/RnW8hVJg6Cg=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oMFYkNpaYyIeBk+wte7Bhd++yu2dCLvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NElWaRvDfTmPoCjyQLGcHGSg9l9ViLK+qyPCiW3Kq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhFd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2req5Ve+uVmpcZ3Hk4QzOoQIe1KEBt9CEFhAQ8Ayv8OYo58V5dz6WrTknmzmFP3A+fwAlGY9H</latexit><latexit sha1_base64="nvfyYMkNtFsiBaw/RnW8hVJg6Cg=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oMFYkNpaYyIeBk+wte7Bhd++yu2dCLvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NElWaRvDfTmPoCjyQLGcHGSg9l9ViLK+qyPCiW3Kq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhFd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2req5Ve+uVmpcZ3Hk4QzOoQIe1KEBt9CEFhAQ8Ayv8OYo58V5dz6WrTknmzmFP3A+fwAlGY9H</latexit>

radial pressure distributionradial pressure distributionradial pressure distribution

r2p(r) =
1

3

d

dr
r2

d

dr
D̃(r)

<latexit sha1_base64="+83yCW2XRPFhxa19rwMYozK0TLs="></latexit>Z 1

0
dr r2 p(r) = 0

<latexit sha1_base64="Y4qcF33fz/zMYfvWeJOIAAqV8ZQ="></latexit>

Tij(~r) = s(~r)

✓
rirj
r2

� 1

3
�ij

◆
+ p(~r)�ij

<latexit sha1_base64="yISdBKip15Fh4vgsje+M7y6zI2A="></latexit>

shear forces pressure

neglecting gluon contribution:



Necessary to verify model assumptions in the exp extraction

with more data coming  from JLab, COMPASS and the future EIC, EIcC

Kumericki, Nature 570 (2019) 7759; Dutrieux et al, Eur. Phys. J. C81 (2021) 4

CLAS data, with fixed param., 
Girod et al.

CLAS data, with neural networks 
Kumericki

global fit to DVCS data  
with artificial neural networks

X

q

dq1 < 0

<latexit sha1_base64="XUDBbRbIZ2ki00vIUmAfiL7UwUA=">AAACGnicbVA9SwNBEN3zM8avqKXNYhDEItyFiBYWARvLCOYDkvPY25skS/b2Lrt7QjjyO2z8KzYWitiJjf/GTXJFTHww8Hhvhpl5fsyZ0rb9Y62srq1vbOa28ts7u3v7hYPDhooSSaFOIx7Jlk8UcCagrpnm0IolkNDn0PQHNxO/+QhSsUjc61EMbkh6gnUZJdpIXsHp+NBjIoWhIFKS0fk431FJ6A1x4DkPQ3xt5zsggjnfKxTtkj0FXiZORoooQ80rfHWCiCYhCE05Uart2LF2UyI1oxzMvkRBTOiA9KBtqCAhKDedvjbGp0YJcDeSpoTGU3V+IiWhUqPQN50h0X216E3E/7x2ortXbspEnGgQdLaom3CsIzzJCQdMAtV8ZAihkplbMe0TSag2aeZNCM7iy8ukUS45ldLFXblYrWRx5NAxOkFnyEGXqIpuUQ3VEUVP6AW9oXfr2Xq1PqzPWeuKlc0coT+wvn8BoXOgjw==</latexit>

in all model calculations 
for a stable proton



Parametrizations of GPDs



�P � (1 + ↵)�/2

<latexit sha1_base64="9RQ1wC6dqJq4lhEvoDqEMnSMFXA="></latexit>

�P + (1� ↵)�/2

<latexit sha1_base64="M5oRXCyMA/1z+6pbocVqvDs1bXA="></latexit>

P ��/2

<latexit sha1_base64="fmVvjQv6m8lLFt1KDkpQ0ff4GBA=">AAACFXicbVBNS8NAEN3U7/oV9ehlsQgiWpNS0aOgB48VrBWaUCbbaV262cTdjVBC/4QX/4oXD4p4Fbz5b9zWHrT6YODx3gwz86JUcG0879MpTE3PzM7NLxQXl5ZXVt219SudZIphnSUiUdcRaBRcYt1wI/A6VQhxJLAR9U6HfuMOleaJvDT9FMMYupJ3OANjpZa7F0TY5TLHWwlKQX93UKS1/eAMhYGDSoCy/cNquSWv7I1A/xJ/TEpkjFrL/QjaCctilIYJ0Lrpe6kJc1CGM4GDYpBpTIH1oItNSyXEqMN89NWAblulTTuJsiUNHak/J3KIte7Hke2MwdzoSW8o/uc1M9M5DnMu08ygZN+LOpmgJqHDiGibK2RG9C0Bpri9lbIbUMCMDbJoQ/AnX/5Lriplv1o+vKiUTqrjOObJJtkiO8QnR+SEnJMaqRNG7skjeSYvzoPz5Lw6b9+tBWc8s0F+wXn/AvXjnqc=</latexit>

P +�/2

<latexit sha1_base64="DDdw8apk87hfG2keUSLEe9Hs6w8=">AAACFXicbVBNS8NAEN3U7/oV9ehlsQiiUpNS0aOgB48VrBWaUCbbaV262cTdjVBC/4QX/4oXD4p4Fbz5b9zWHrT6YODx3gwz86JUcG0879MpTE3PzM7NLxQXl5ZXVt219SudZIphnSUiUdcRaBRcYt1wI/A6VQhxJLAR9U6HfuMOleaJvDT9FMMYupJ3OANjpZa7H0TY5TLHWwlKQX93UKS1veAMhYGDSoCy/cNquSWv7I1A/xJ/TEpkjFrL/QjaCctilIYJ0Lrpe6kJc1CGM4GDYpBpTIH1oItNSyXEqMN89NWAblulTTuJsiUNHak/J3KIte7Hke2MwdzoSW8o/uc1M9M5DnMu08ygZN+LOpmgJqHDiGibK2RG9C0Bpri9lbIbUMCMDbJoQ/AnX/5Lriplv1o+vKiUTqrjOObJJtkiO8QnR+SEnJMaqRNG7skjeSYvzoPz5Lw6b9+tBWc8s0F+wXn/AvKtnqU=</latexit>

[Mueller et al., 94; Radyushkin 97, Polyakov,Weiss 99]

hp0|q̄(�1

2
z)/zq(
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2
z)|pi|z2=0

<latexit sha1_base64="pF0fHgHdP9FFAjy/ZjthHSFhJ0o="></latexit>

DD(�,↵, t)

<latexit sha1_base64="Qha8bCuUSASqzVDAd6YxlFEfazA=">AAACG3icbVDLSgNBEJz1bXxFPXpZDIJKCLtB0aOgB48RjAlkQ+iddJLB2dl1plcIS/7Di7/ixYMingQP/o2Tx0GNBQNFVTU9XWEihSHP+3JmZufmFxaXlnMrq2vrG/nNrRsTp5pjlccy1vUQDEqhsEqCJNYTjRCFEmvh7fnQr92jNiJW19RPsBlBV4mO4EBWauXLQYhdoTK8U6A19A8HFxf7ViMoBiCTHhTpIEDV/hFo5QteyRvBnSb+hBTYBJVW/iNoxzyNUBGXYEzD9xJqZqBJcImDXJAaTIDfQhcbliqI0DSz0W0Dd88qbbcTa/sUuSP150QGkTH9KLTJCKhn/npD8T+vkVLntJkJlaSEio8XdVLpUuwOi3LbQiMn2bcEuBb2ry7vgQZOts6cLcH/e/I0uSmX/KPS8VW5cHY6qWOJ7bBdts98dsLO2CWrsCrj7IE9sRf26jw6z86b8z6OzjiTmW32C87nN1+uoZg=</latexit>

� = 0

<latexit sha1_base64="n8I7Wi3rsPo6GapegA1n6A+Kde8=">AAACE3icbVA9SwNBEN3z2/h1ammzGARJEe6CYhpB0MJSwSRC7ghzm0myZG/v3N0TjiP/wca/YmOhiK2Nnf/GTUzh14OBx3szzMyLUsG18bwPZ2Z2bn5hcWm5tLK6tr7hbm41dZIphg2WiERdR6BRcIkNw43A61QhxJHAVjQ8HfutW1SaJ/LK5CmGMfQl73EGxkodtxJE2OeywBsJSkFeGQVnKAzQY48GKLvfjI5b9qreBPQv8aekTKa46LjvQTdhWYzSMAFat30vNWEBynAmcFQKMo0psCH0sW2phBh1WEx+GtE9q3RpL1G2pKET9ftEAbHWeRzZzhjMQP/2xuJ/XjszvXpYcJlmBiX7WtTLBDUJHQdEu1whMyK3BJji9lbKBqCAGRtjyYbg/375L2nWqv5B9fCyVj6pT+NYIjtkl+wTnxyRE3JOLkiDMHJHHsgTeXbunUfnxXn9ap1xpjPb5Aect08O3548</latexit>

P = 0

<latexit sha1_base64="UU0OxcGdzwbt4M8/I4YOB+rqC5E=">AAACDnicbVA9SwNBEN2LXzF+nVraLIaAWIS7oJhGCNhYRjAfkBxhbzNJluztnbt7wnHkF9j4V2wsFLG1tvPfuEmuiIkPBh7vzTAzz484U9pxfqzc2vrG5lZ+u7Czu7d/YB8eNVUYSwoNGvJQtn2igDMBDc00h3YkgQQ+h5Y/vpn6rUeQioXiXicReAEZCjZglGgj9exS14chEyk8CCIlSc4ndXzt4C6I/oLWs4tO2ZkBrxI3I0WUod6zv7v9kMYBCE05UarjOpH2UiI1oxwmhW6sICJ0TIbQMVSQAJSXzt6Z4JJR+ngQSlNC45m6OJGSQKkk8E1nQPRILXtT8T+vE+tB1UuZiGINgs4XDWKOdYin2eA+k0A1TwwhVDJzK6YjIgnVJsGCCcFdfnmVNCtl96J8eVcp1qpZHHl0gk7RGXLRFaqhW1RHDUTRE3pBb+jderZerQ/rc96as7KZY/QH1tcvDimcFA==</latexit>

forward matrix element  
defining the collinear PDFs

probability amplitude of finding        
    pair in the nucleon qq̄

<latexit sha1_base64="8rGbIxzt4Jr69TWrDUtfMLE5uMc=">AAACEXicbVA9SwNBEN3zM8avqKXNYhCCRbgTRUvBxjKCMULuCHN7k2TJ3t5ld08IR/6CjX/FxkIRWzs7/42beEU0Phh4vDfDzLwwFVwb1/1yFhaXlldWS2vl9Y3Nre3Kzu6tTjLFsMkSkai7EDQKLrFpuBF4lyqEOBTYCgeXE791j0rzRN6YUYpBDD3Ju5yBsVKnUvND7HGZ41CCUjA6GpeHfgiKDn2U0YzcqVTdujsFnSdeQaqkQKNT+fSjhGUxSsMEaN323NQEOSjDmcBx2c80psAG0MO2pRJi1EE+/WhMD60S0W6ibElDp+rsRA6x1qM4tJ0xmL7+603E/7x2ZrrnQc5lmhmU7GdRNxPUJHQSD424QmbEyBJgittbKeuDAmZsiGUbgvf35Xlye1z3Tuqn18fVi/MijhLZJwekRjxyRi7IFWmQJmHkgTyRF/LqPDrPzpvz/tO64BQze+QXnI9vJ+yd0g==</latexit>

GPDs from Double Distributions (DDs)
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<latexit sha1_base64="9RQ1wC6dqJq4lhEvoDqEMnSMFXA="></latexit>

�P + (1� ↵)�/2

<latexit sha1_base64="M5oRXCyMA/1z+6pbocVqvDs1bXA="></latexit>

P ��/2

<latexit sha1_base64="fmVvjQv6m8lLFt1KDkpQ0ff4GBA=">AAACFXicbVBNS8NAEN3U7/oV9ehlsQgiWpNS0aOgB48VrBWaUCbbaV262cTdjVBC/4QX/4oXD4p4Fbz5b9zWHrT6YODx3gwz86JUcG0879MpTE3PzM7NLxQXl5ZXVt219SudZIphnSUiUdcRaBRcYt1wI/A6VQhxJLAR9U6HfuMOleaJvDT9FMMYupJ3OANjpZa7F0TY5TLHWwlKQX93UKS1/eAMhYGDSoCy/cNquSWv7I1A/xJ/TEpkjFrL/QjaCctilIYJ0Lrpe6kJc1CGM4GDYpBpTIH1oItNSyXEqMN89NWAblulTTuJsiUNHak/J3KIte7Hke2MwdzoSW8o/uc1M9M5DnMu08ygZN+LOpmgJqHDiGibK2RG9C0Bpri9lbIbUMCMDbJoQ/AnX/5Lriplv1o+vKiUTqrjOObJJtkiO8QnR+SEnJMaqRNG7skjeSYvzoPz5Lw6b9+tBWc8s0F+wXn/AvXjnqc=</latexit>

P +�/2

<latexit sha1_base64="DDdw8apk87hfG2keUSLEe9Hs6w8=">AAACFXicbVBNS8NAEN3U7/oV9ehlsQiiUpNS0aOgB48VrBWaUCbbaV262cTdjVBC/4QX/4oXD4p4Fbz5b9zWHrT6YODx3gwz86JUcG0879MpTE3PzM7NLxQXl5ZXVt219SudZIphnSUiUdcRaBRcYt1wI/A6VQhxJLAR9U6HfuMOleaJvDT9FMMYupJ3OANjpZa7H0TY5TLHWwlKQX93UKS1veAMhYGDSoCy/cNquSWv7I1A/xJ/TEpkjFrL/QjaCctilIYJ0Lrpe6kJc1CGM4GDYpBpTIH1oItNSyXEqMN89NWAblulTTuJsiUNHak/J3KIte7Hke2MwdzoSW8o/uc1M9M5DnMu08ygZN+LOpmgJqHDiGibK2RG9C0Bpri9lbIbUMCMDbJoQ/AnX/5Lriplv1o+vKiUTqrjOObJJtkiO8QnR+SEnJMaqRNG7skjeSYvzoPz5Lw6b9+tBWc8s0F+wXn/AvKtnqU=</latexit>

[Mueller et al., 94; Radyushkin 97, Polyakov,Weiss 99]
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<latexit sha1_base64="pF0fHgHdP9FFAjy/ZjthHSFhJ0o="></latexit>

DD(�,↵, t)

<latexit sha1_base64="Qha8bCuUSASqzVDAd6YxlFEfazA=">AAACG3icbVDLSgNBEJz1bXxFPXpZDIJKCLtB0aOgB48RjAlkQ+iddJLB2dl1plcIS/7Di7/ixYMingQP/o2Tx0GNBQNFVTU9XWEihSHP+3JmZufmFxaXlnMrq2vrG/nNrRsTp5pjlccy1vUQDEqhsEqCJNYTjRCFEmvh7fnQr92jNiJW19RPsBlBV4mO4EBWauXLQYhdoTK8U6A19A8HFxf7ViMoBiCTHhTpIEDV/hFo5QteyRvBnSb+hBTYBJVW/iNoxzyNUBGXYEzD9xJqZqBJcImDXJAaTIDfQhcbliqI0DSz0W0Dd88qbbcTa/sUuSP150QGkTH9KLTJCKhn/npD8T+vkVLntJkJlaSEio8XdVLpUuwOi3LbQiMn2bcEuBb2ry7vgQZOts6cLcH/e/I0uSmX/KPS8VW5cHY6qWOJ7bBdts98dsLO2CWrsCrj7IE9sRf26jw6z86b8z6OzjiTmW32C87nN1+uoZg=</latexit>

GPDs from Double Distributions (DDs)

= ū(p0)/zu(p)

Z
d�d↵ e�i�(Pz)+i↵(�z)/2fq(�,↵, t)

<latexit sha1_base64="n1Duc3PQNwfwd6+t0LUr0Otaq6I="></latexit>

+ū(p0)
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2M
u(p)

Z
d�d↵ e�i�(Pz)+i↵(�z)/2kq(�,↵, t)

<latexit sha1_base64="NpKdq75nE/exKIuHLx2/eGlJFbs="></latexit>

�ū(p0)
� · z
2M

u(p)

Z
d�d↵ ei↵(�z)/2Dq(↵, t)

<latexit sha1_base64="GE8SIAO/A1IKN05aG2WBSDfnJ0Q="></latexit>
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<latexit sha1_base64="pF0fHgHdP9FFAjy/ZjthHSFhJ0o="></latexit>



�P � (1 + ↵)�/2

<latexit sha1_base64="9RQ1wC6dqJq4lhEvoDqEMnSMFXA="></latexit>

�P + (1� ↵)�/2

<latexit sha1_base64="M5oRXCyMA/1z+6pbocVqvDs1bXA="></latexit>

P ��/2

<latexit sha1_base64="fmVvjQv6m8lLFt1KDkpQ0ff4GBA=">AAACFXicbVBNS8NAEN3U7/oV9ehlsQgiWpNS0aOgB48VrBWaUCbbaV262cTdjVBC/4QX/4oXD4p4Fbz5b9zWHrT6YODx3gwz86JUcG0879MpTE3PzM7NLxQXl5ZXVt219SudZIphnSUiUdcRaBRcYt1wI/A6VQhxJLAR9U6HfuMOleaJvDT9FMMYupJ3OANjpZa7F0TY5TLHWwlKQX93UKS1/eAMhYGDSoCy/cNquSWv7I1A/xJ/TEpkjFrL/QjaCctilIYJ0Lrpe6kJc1CGM4GDYpBpTIH1oItNSyXEqMN89NWAblulTTuJsiUNHak/J3KIte7Hke2MwdzoSW8o/uc1M9M5DnMu08ygZN+LOpmgJqHDiGibK2RG9C0Bpri9lbIbUMCMDbJoQ/AnX/5Lriplv1o+vKiUTqrjOObJJtkiO8QnR+SEnJMaqRNG7skjeSYvzoPz5Lw6b9+tBWc8s0F+wXn/AvXjnqc=</latexit>

P +�/2

<latexit sha1_base64="DDdw8apk87hfG2keUSLEe9Hs6w8=">AAACFXicbVBNS8NAEN3U7/oV9ehlsQiiUpNS0aOgB48VrBWaUCbbaV262cTdjVBC/4QX/4oXD4p4Fbz5b9zWHrT6YODx3gwz86JUcG0879MpTE3PzM7NLxQXl5ZXVt219SudZIphnSUiUdcRaBRcYt1wI/A6VQhxJLAR9U6HfuMOleaJvDT9FMMYupJ3OANjpZa7H0TY5TLHWwlKQX93UKS1veAMhYGDSoCy/cNquSWv7I1A/xJ/TEpkjFrL/QjaCctilIYJ0Lrpe6kJc1CGM4GDYpBpTIH1oItNSyXEqMN89NWAblulTTuJsiUNHak/J3KIte7Hke2MwdzoSW8o/uc1M9M5DnMu08ygZN+LOpmgJqHDiGibK2RG9C0Bpri9lbIbUMCMDbJoQ/AnX/5Lriplv1o+vKiUTqrjOObJJtkiO8QnR+SEnJMaqRNG7skjeSYvzoPz5Lw6b9+tBWc8s0F+wXn/AvKtnqU=</latexit>

[Mueller et al., 94; Radyushkin 97, Polyakov,Weiss 99]
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<latexit sha1_base64="pF0fHgHdP9FFAjy/ZjthHSFhJ0o="></latexit>

DD(�,↵, t)

<latexit sha1_base64="Qha8bCuUSASqzVDAd6YxlFEfazA=">AAACG3icbVDLSgNBEJz1bXxFPXpZDIJKCLtB0aOgB48RjAlkQ+iddJLB2dl1plcIS/7Di7/ixYMingQP/o2Tx0GNBQNFVTU9XWEihSHP+3JmZufmFxaXlnMrq2vrG/nNrRsTp5pjlccy1vUQDEqhsEqCJNYTjRCFEmvh7fnQr92jNiJW19RPsBlBV4mO4EBWauXLQYhdoTK8U6A19A8HFxf7ViMoBiCTHhTpIEDV/hFo5QteyRvBnSb+hBTYBJVW/iNoxzyNUBGXYEzD9xJqZqBJcImDXJAaTIDfQhcbliqI0DSz0W0Dd88qbbcTa/sUuSP150QGkTH9KLTJCKhn/npD8T+vkVLntJkJlaSEio8XdVLpUuwOi3LbQiMn2bcEuBb2ry7vgQZOts6cLcH/e/I0uSmX/KPS8VW5cHY6qWOJ7bBdts98dsLO2CWrsCrj7IE9sRf26jw6z86b8z6OzjiTmW32C87nN1+uoZg=</latexit>

GPDs from Double Distributions (DDs)

= ū(p0)/zu(p)

Z
d�d↵ e�i�(Pz)+i↵(�z)/2fq(�,↵, t)

<latexit sha1_base64="n1Duc3PQNwfwd6+t0LUr0Otaq6I="></latexit>

+ū(p0)
i�µ↵zµ�↵

2M
u(p)

Z
d�d↵ e�i�(Pz)+i↵(�z)/2kq(�,↵, t)

<latexit sha1_base64="NpKdq75nE/exKIuHLx2/eGlJFbs="></latexit>

�ū(p0)
� · z
2M

u(p)

Z
d�d↵ ei↵(�z)/2Dq(↵, t)

<latexit sha1_base64="GE8SIAO/A1IKN05aG2WBSDfnJ0Q="></latexit>

hp0|q̄(�1

2
z)/zq(

1

2
z)|pi|z2=0

<latexit sha1_base64="pF0fHgHdP9FFAjy/ZjthHSFhJ0o="></latexit>

take                       and compare with GPD correlatorz+ = ~z? = 0

<latexit sha1_base64="RHFThLyUnzxXboVXJ97i2qDQhcM=">AAACG3icbVDLSgMxFM34rPU16tJNsAiiUGaKYjeFghuXFewDOrVk0ts2NJMZk0yhHfofbvwVNy4UcSW48G9MH4vaeiBwOOdcbu7xI86Udpwfa2V1bX1jM7WV3t7Z3du3Dw4rKowlhTINeShrPlHAmYCyZppDLZJAAp9D1e/djP1qH6RiobjXgwgaAekI1maUaCM17ZznQ4eJBB4FkZIMzkfDh4uC1weKh00vAhkVHA9Eay7QtDNO1pkALxN3RjJohlLT/vJaIY0DEJpyolTddSLdSIjUjHIYpb1YQURoj3SgbqggAahGMrlthE+N0sLtUJonNJ6o8xMJCZQaBL5JBkR31aI3Fv/z6rFu5xsJE1GsQdDponbMsQ7xuCjcYhKo5gNDCJXM/BXTLpGEalNn2pTgLp68TCq5rHuZvbrLZYr5WR0pdIxO0Bly0TUqoltUQmVE0RN6QW/o3Xq2Xq0P63MaXbFmM0foD6zvX+gWoew=</latexit>



+ D-term for GPDs H and EGPDq(x, ⇠, t) =

Z 1

�1
d�

Z 1�|�|

�1+|�|
d↵�(x� � � ⇠↵)DD(↵,�, t)

<latexit sha1_base64="NjmD/ruLVKKq4r6bE4D/BoypMP8="></latexit>

• Support region: |�|+ |↵|  1

DGLAP ERBL
x > ⇠

<latexit sha1_base64="wVZ/QkRJhXBs0RYEy1nNlS5klVM=">AAACD3icbVDLSsNAFJ3UV42vqEs3waKIi5IUXyspuHFZwT6gKWUyuWmHTiZxZiItoX/gxl9x40IRt27d+TdOH4vaeuDC4Zx7ufceP2FUKsf5MXJLyyura/l1c2Nza3vH2t2ryTgVBKokZrFo+FgCoxyqiioGjUQAjnwGdb93M/LrjyAkjfm9GiTQinCH05ASrLTUto49HzqUZ/DAsRB4cDo0+9den3rAgxmxbRWcojOGvUjcKSmgKSpt69sLYpJGwBVhWMqm6ySqlWGhKGEwNL1UQoJJD3egqSnHEchWNv5naB9pJbDDWOjiyh6rsxMZjqQcRL7ujLDqynlvJP7nNVMVXrUyypNUASeTRWHKbBXbo3DsgAogig00wURQfatNulhgonSEpg7BnX95kdRKRfeseH5XKpQvpnHk0QE6RCfIRZeojG5RBVURQU/oBb2hd+PZeDU+jM9Ja86YzuyjPzC+fgHOgZ0c</latexit>

�⇠ < x < ⇠

<latexit sha1_base64="IEcabJg/v9cIyPO20gPcEZwHzFo=">AAACFHicbVDLSsNAFJ3UV42vqEs3wSKIYkmKr0UXBTcuK9gHNKVMprft0MkkzkykIfQj3Pgrblwo4taFO//G6WNRWw/cy+Gce5m5x48YlcpxfozM0vLK6lp23dzY3NresXb3qjKMBYEKCVko6j6WwCiHiqKKQT0SgAOfQc3v34z82iMISUN+r5IImgHuctqhBCsttaxTz4cu5Sk8cCwETk6G5pk3oMVBUXcPeHvGaVk5J++MYS8Sd0pyaIpyy/r22iGJA+CKMCxlw3Ui1UyxUJQwGJpeLCHCpI+70NCU4wBkMx0fNbSPtNK2O6HQxZU9Vmc3UhxImQS+ngyw6sl5byT+5zVi1bluppRHsQJOJg91Ymar0B4lZLepAKJYogkmguq/2qSHBSZK52jqENz5kxdJtZB3z/MXd4Vc6XIaRxYdoEN0jFx0hUroFpVRBRH0hF7QG3o3no1X48P4nIxmjOnOPvoD4+sXTIee8g==</latexit>



b free parameter which  
governs the   dependence

• Ansatz for DD which smoothly interpolates between a PDF and DA

with h(�,↵) / [(1� |�|)2 � ↵2]b

(1� |�|)2b+1

<latexit sha1_base64="4srGyoBoHVYkrCWQZVoRv/c4Rb4="></latexit>

f(�,↵) = h(�,↵)H(�, 0, t)

<latexit sha1_base64="Y0ZMTvpqtkxRr75CJOMknn2OtDU="></latexit>

H(x, ⇠, t) =

Z
d�

Z
d↵ �(x� � � ⇠↵)f(�,↵, t) + ✓(⇠ � |x|) 1

Nf
D

✓
x

⇠
, t

◆

<latexit sha1_base64="tyYYfHSZK/BWPn8/llw3q+ZrQOY="></latexit>

• forward limit: 

Z
d↵ f(�,↵, 0) = H(�, 0, 0) = f1(�)

<latexit sha1_base64="mp8H/BXC6k+RrxOHhSi4XCJaTiA="></latexit>

• t-dependence to reproduce behaviour of e.m. form factor

• D-term fitted to data (assuming a dipole functional form with adjustable mass parameter)

Model for GPDs from DDs 

[Radyushkin, PRD59, 014030 (1998); PLB 449, 81 (1999)]

⇠

<latexit sha1_base64="dqsh2zj3cKX28rPNQyuZ+SJaf7Q=">AAACDXicbVBNS8NAEN3Ur1q/oh69BKsgHkpSKnosePFYwX5AG8pmM2mXbjZxdyOG0D/gxb/ixYMiXr1789+4bXOorQ8GHu/NMDPPixmVyrZ/jMLK6tr6RnGztLW9s7tn7h+0ZJQIAk0SsUh0PCyBUQ5NRRWDTiwAhx6Dtje6nvjtBxCSRvxOpTG4IR5wGlCClZb65knPgwHlGdxzLAROz8el3iPtAffnpL5Ztiv2FNYycXJSRjkaffO750ckCYErwrCUXceOlZthoShhoFckEmJMRngAXU05DkG62fSbsXWqFd8KIqGLK2uqzk9kOJQyDT3dGWI1lIveRPzP6yYquHIzyuNEASezRUHCLBVZk2gsnwogiqWaYCKovtUiQywwUTrAkg7BWXx5mbSqFadWubitluu1PI4iOkLH6Aw56BLV0Q1qoCYi6Am9oDf0bjwbr8aH8TlrLRj5zCH6A+PrF1RInFA=</latexit>



‣accessible in exclusive reactions

‣factorization for large Q2,  |t|<< Q2 , W2

‣depend on 3 variables: x, ⇠, t

Compton Form Factors

How to measure GPDs



DVCS BH

�(lp ! l�p) /

<latexit sha1_base64="PsVcZxaHcIDtV6i0pl2EB/ATuHs="></latexit>

�(lp ! l�p) / |T BH|2 + |T DVCS|2 + el I

<latexit sha1_base64="9/MEB3Ax58uGwYF3O0ePCWDwU1U="></latexit>

  BH: calculable in QED with ~1% knowledge of e.m. at low momentum transfer         

 |DVCS|2: bilinear in GPDs  

                        : linear combination of GPDsI(BH ·DVCS)

<latexit sha1_base64="nqYUThWxkU7rm4CoPOffJztOoYA="></latexit>

Golden channel: deeply virtual Compton scattering

l

<latexit sha1_base64="jxnQMDv9REdZ3HwtnJMNdzGQVmk=">AAACC3icbVBNS8NAEN3Urxq/oh69hBZBPJSkKHosePFYwX5AG8pmM2mXbjZxdyOE0LsX/4oXD4p49Q9489+4bXOorQ8GHu/NMDPPTxiVynF+jNLa+sbmVnnb3Nnd2z+wDo/aMk4FgRaJWSy6PpbAKIeWoopBNxGAI59Bxx/fTP3OIwhJY36vsgS8CA85DSnBSksDq9L3YUh5Dg8cC4Gz84nJ+sCDBWFgVZ2aM4O9StyCVFGB5sD67gcxSSPgijAsZc91EuXlWChKGEzMfiohwWSMh9DTlOMIpJfPfpnYp1oJ7DAWuriyZ+riRI4jKbPI150RViO57E3F/7xeqsJrL6c8SRVwMl8UpsxWsT0Nxg6oAKJYpgkmgupbbTLCAhOl4zN1CO7yy6ukXa+5F7XLu3q1US/iKKMTVEFnyEVXqIFuURO1EEFP6AW9oXfj2Xg1PozPeWvJKGaO0R8YX7+w8Ztp</latexit>

l

<latexit sha1_base64="jxnQMDv9REdZ3HwtnJMNdzGQVmk=">AAACC3icbVBNS8NAEN3Urxq/oh69hBZBPJSkKHosePFYwX5AG8pmM2mXbjZxdyOE0LsX/4oXD4p49Q9489+4bXOorQ8GHu/NMDPPTxiVynF+jNLa+sbmVnnb3Nnd2z+wDo/aMk4FgRaJWSy6PpbAKIeWoopBNxGAI59Bxx/fTP3OIwhJY36vsgS8CA85DSnBSksDq9L3YUh5Dg8cC4Gz84nJ+sCDBWFgVZ2aM4O9StyCVFGB5sD67gcxSSPgijAsZc91EuXlWChKGEzMfiohwWSMh9DTlOMIpJfPfpnYp1oJ7DAWuriyZ+riRI4jKbPI150RViO57E3F/7xeqsJrL6c8SRVwMl8UpsxWsT0Nxg6oAKJYpgkmgupbbTLCAhOl4zN1CO7yy6ukXa+5F7XLu3q1US/iKKMTVEFnyEVXqIFuURO1EEFP6AW9oXfj2Xg1PozPeWvJKGaO0R8YX7+w8Ztp</latexit>

l

<latexit sha1_base64="jxnQMDv9REdZ3HwtnJMNdzGQVmk=">AAACC3icbVBNS8NAEN3Urxq/oh69hBZBPJSkKHosePFYwX5AG8pmM2mXbjZxdyOE0LsX/4oXD4p49Q9489+4bXOorQ8GHu/NMDPPTxiVynF+jNLa+sbmVnnb3Nnd2z+wDo/aMk4FgRaJWSy6PpbAKIeWoopBNxGAI59Bxx/fTP3OIwhJY36vsgS8CA85DSnBSksDq9L3YUh5Dg8cC4Gz84nJ+sCDBWFgVZ2aM4O9StyCVFGB5sD67gcxSSPgijAsZc91EuXlWChKGEzMfiohwWSMh9DTlOMIpJfPfpnYp1oJ7DAWuriyZ+riRI4jKbPI150RViO57E3F/7xeqsJrL6c8SRVwMl8UpsxWsT0Nxg6oAKJYpgkmgupbbTLCAhOl4zN1CO7yy6ukXa+5F7XLu3q1US/iKKMTVEFnyEVXqIFuURO1EEFP6AW9oXfj2Xg1PozPeWvJKGaO0R8YX7+w8Ztp</latexit>

l

<latexit sha1_base64="jxnQMDv9REdZ3HwtnJMNdzGQVmk=">AAACC3icbVBNS8NAEN3Urxq/oh69hBZBPJSkKHosePFYwX5AG8pmM2mXbjZxdyOE0LsX/4oXD4p49Q9489+4bXOorQ8GHu/NMDPPTxiVynF+jNLa+sbmVnnb3Nnd2z+wDo/aMk4FgRaJWSy6PpbAKIeWoopBNxGAI59Bxx/fTP3OIwhJY36vsgS8CA85DSnBSksDq9L3YUh5Dg8cC4Gz84nJ+sCDBWFgVZ2aM4O9StyCVFGB5sD67gcxSSPgijAsZc91EuXlWChKGEzMfiohwWSMh9DTlOMIpJfPfpnYp1oJ7DAWuriyZ+riRI4jKbPI150RViO57E3F/7xeqsJrL6c8SRVwMl8UpsxWsT0Nxg6oAKJYpgkmgupbbTLCAhOl4zN1CO7yy6ukXa+5F7XLu3q1US/iKKMTVEFnyEVXqIFuURO1EEFP6AW9oXfj2Xg1PozPeWvJKGaO0R8YX7+w8Ztp</latexit>

l

<latexit sha1_base64="jxnQMDv9REdZ3HwtnJMNdzGQVmk=">AAACC3icbVBNS8NAEN3Urxq/oh69hBZBPJSkKHosePFYwX5AG8pmM2mXbjZxdyOE0LsX/4oXD4p49Q9489+4bXOorQ8GHu/NMDPPTxiVynF+jNLa+sbmVnnb3Nnd2z+wDo/aMk4FgRaJWSy6PpbAKIeWoopBNxGAI59Bxx/fTP3OIwhJY36vsgS8CA85DSnBSksDq9L3YUh5Dg8cC4Gz84nJ+sCDBWFgVZ2aM4O9StyCVFGB5sD67gcxSSPgijAsZc91EuXlWChKGEzMfiohwWSMh9DTlOMIpJfPfpnYp1oJ7DAWuriyZ+riRI4jKbPI150RViO57E3F/7xeqsJrL6c8SRVwMl8UpsxWsT0Nxg6oAKJYpgkmgupbbTLCAhOl4zN1CO7yy6ukXa+5F7XLu3q1US/iKKMTVEFnyEVXqIFuURO1EEFP6AW9oXfj2Xg1PozPeWvJKGaO0R8YX7+w8Ztp</latexit>

l

<latexit sha1_base64="jxnQMDv9REdZ3HwtnJMNdzGQVmk=">AAACC3icbVBNS8NAEN3Urxq/oh69hBZBPJSkKHosePFYwX5AG8pmM2mXbjZxdyOE0LsX/4oXD4p49Q9489+4bXOorQ8GHu/NMDPPTxiVynF+jNLa+sbmVnnb3Nnd2z+wDo/aMk4FgRaJWSy6PpbAKIeWoopBNxGAI59Bxx/fTP3OIwhJY36vsgS8CA85DSnBSksDq9L3YUh5Dg8cC4Gz84nJ+sCDBWFgVZ2aM4O9StyCVFGB5sD67gcxSSPgijAsZc91EuXlWChKGEzMfiohwWSMh9DTlOMIpJfPfpnYp1oJ7DAWuriyZ+riRI4jKbPI150RViO57E3F/7xeqsJrL6c8SRVwMl8UpsxWsT0Nxg6oAKJYpgkmgupbbTLCAhOl4zN1CO7yy6ukXa+5F7XLu3q1US/iKKMTVEFnyEVXqIFuURO1EEFP6AW9oXfj2Xg1PozPeWvJKGaO0R8YX7+w8Ztp</latexit>



Filter out interference term 
using cross section dependence on

• beam charge

• azimuth

• beam polarization

• target polarization 

|TBH|2 /
(
cBH

0
+

2X

n=1

cBH

n cos(n�) + sBH

1
sin�

)

<latexit sha1_base64="gj+hX2oI72cbbr1COnYlAARRFj0="></latexit>

|TDVCS|2 /
(
cDVCS
0 +

2X

n=1

cDVCS
n cos(n�) + sDVCS

n sin(n�)

)

<latexit sha1_base64="pn+ojhQKLi4qyiX3mzecwfv+rkk="></latexit>

I /
(
cI0 +

3X

n=1

cIn cos(n�) + sIn sin(n�)

)

<latexit sha1_base64="Is9d9jSHs7Qzhe9bwHhyMCcVTKw="></latexit>

• Similar decomposition for various polarization states of the target, but different dependence of  
the coefficients on the CFFs 

dominated by leading-twist GPDs                                 

Belitsky, Kirchner, Müller, NPB629, 323 (2001)

DVCS cross section

cDVCS,I
0 , (c, s)I1

<latexit sha1_base64="JXTAba8G5BJ1NzbOjc9I+tuCdK4="></latexit>



World-data kinematic coverage

Kumericki, Liuti, Moutarde, EPJA52, 157 (2016)



JLab 12 kinematics

Arrington et al., arXiv:2112.00060



d4� = |TBH|2 + TBH Re
�
TDVCS

�
+ |TDVCS|2

<latexit sha1_base64="6qUcndZWf8Sz1zD7Vavp87HfpD0="></latexit>

Re
�
TDVCS

�
⇠ cI0 + cI1 cos(�) + cI2 cos(2�)

<latexit sha1_base64="qXnVuvVQyKD+gp0ZQJc3cDjT/BE="></latexit>

|TDVCS|2 ⇠ cDVCS
0 + cDVCS

1 cos�

<latexit sha1_base64="dTa35GV71q8NQ/YXCYSvxRz4wgw="></latexit>

�4� =
d4�!� � d4 ��

2
⇠ Im

�
TDVCS

�

<latexit sha1_base64="d3nRilCIEvwo2YHjlwLHOXYSM68="></latexit>

Im
�
TDVCS

�
⇠ sI1 sin�+ sI2 sin(2�)

<latexit sha1_base64="ifER3djXBDHBQjXRRSq0oURFhQM="></latexit>

Q2 = 2.36GeV2, xB = 0.37, �t = 0.32GeV2

<latexit sha1_base64="XCjS3D3Z3q2HSsiHi4IFqUiqpTs="></latexit>

Defurne, et al., PRDC 92,  055202 (2015)

A sample of typical results



d4� = |TBH|2 + TBH Re
�
TDVCS

�
+ |TDVCS|2

<latexit sha1_base64="6qUcndZWf8Sz1zD7Vavp87HfpD0="></latexit>

Re
�
TDVCS

�
⇠ cI0 + cI1 cos(�) + cI2 cos(2�)

<latexit sha1_base64="qXnVuvVQyKD+gp0ZQJc3cDjT/BE="></latexit>

|TDVCS|2 ⇠ cDVCS
0 + cDVCS

1 cos�

<latexit sha1_base64="dTa35GV71q8NQ/YXCYSvxRz4wgw="></latexit>

�4� =
d4�!� � d4 ��

2
⇠ Im

�
TDVCS

�

<latexit sha1_base64="d3nRilCIEvwo2YHjlwLHOXYSM68="></latexit>

Im
�
TDVCS

�
⇠ sI1 sin�+ sI2 sin(2�)

<latexit sha1_base64="ifER3djXBDHBQjXRRSq0oURFhQM="></latexit>

Q2 = 2.36GeV2, xB = 0.37, �t = 0.32GeV2

<latexit sha1_base64="XCjS3D3Z3q2HSsiHi4IFqUiqpTs="></latexit>

Defurne, et al., PRDC 92,  055202 (2015)

keeping only twist-2 contribution

A sample of typical results



Defurne, et al., PRDC 92,  055202 (2015)

unpolarized cross section

helicity dependent cross section

twist-2twist-2 eff. twist-3

twist-2 eff. twist-3

•No Q2 dependence observed

•Limited range in Q2

•Support leading-twist dominance

DVCS cross section: Q2 dependence



(x)

<latexit sha1_base64="t7XA8QIXwNSP+nsvFEmoh+vqdj8=">AAACDnicbVC7SgNBFJ2Nr7i+opY2gyEQLcJuiGgZsLGMYB6QLGF2cpMMmZ1dZ2bFZckX2PgrNhaK2Frb+TdOHkVMPHDhcM693HuPH3GmtOP8WJm19Y3Nrey2vbO7t3+QOzxqqDCWFOo05KFs+UQBZwLqmmkOrUgCCXwOTX90PfGbDyAVC8WdTiLwAjIQrM8o0Ubq5godHwZMpHAviJQkOR/buPh41gHRW9C6ubxTcqbAq8Sdkzyao9bNfXd6IY0DEJpyolTbdSLtpURqRjmM7U6sICJ0RAbQNlSQAJSXTt8Z44JRergfSlNC46m6OJGSQKkk8E1nQPRQLXsT8T+vHev+lZcyEcUaBJ0t6scc6xBPssE9JoFqnhhCqGTmVkyHRBKqTYK2CcFdfnmVNMolt1K6uC3nq5V5HFl0gk5REbnoElXRDaqhOqLoCb2gN/RuPVuv1of1OWvNWPOZY/QH1tcv/C6cBg==</latexit>

• Domain space of  the unknown functions: 3 dimensions for GPDs           vs 1 dimension for PDF(x, ⇠, t)

<latexit sha1_base64="3hl6Gx9g26fh5EPsJ2hYr6ZxJJo=">AAACFXicbVDLSgNBEJyNr7i+oh69DAYhSgi7IaLHgBePEcwDsiHMTjrJkNnZdWZWEpb8hBd/xYsHRbwK3vwbJ49DTCxoKKq66e7yI86UdpwfK7W2vrG5ld62d3b39g8yh0c1FcaSQpWGPJQNnyjgTEBVM82hEUkggc+h7g9uJn79EaRiobjXowhaAekJ1mWUaCO1M3nPhx4TCTwIIiUZXYxtnBvmvSHL63PbA9FZsNqZrFNwpsCrxJ2TLJqj0s58e52QxgEITTlRquk6kW4lRGpGOYxtL1YQETogPWgaKkgAqpVMvxrjM6N0cDeUpoTGU3VxIiGBUqPAN50B0X217E3E/7xmrLvXrYSJKNYg6GxRN+ZYh3gSEe4wCVTzkSGESmZuxbRPJKHaBGmbENzll1dJrVhwS4XLu2K2XJrHkUYn6BTlkIuuUBndogqqIoqe0At6Q+/Ws/VqfVifs9aUNZ85Rn9gff0ChFaeXw==</latexit>

curse of dimensionality: “It is easy to find a coin lost on a 100 meter line, but difficult to find it on a 
football field.”  
Here we could say that we deal with a haystack, 100 m per side!

•Mapping of GPDs will significantly improve with the release of new data of unprecedented 
accuracy (JLab) and data in a larger kinematic domain (EIC)

•Fitting strategies: 

Global fits: use a parametrization of GPD and consider all kinematic bins at the same time

Local fits: take each kinematic bin independently and fit CCF-value at this point 

Artificial neural network: already used for PDF fits. In progress for GPDs.

Extraction of Compton form factors



• Continuous curves: global fits based on double distributions or dispersion relations 

• Two fit methods are compatible: good consistency check!

K. Kumericki, S. Liuti, H. Moutarde, Eur. Phys. J. A52 (2016) 157 

Comparison of different extraction methods



Recent JLab12 results

F. Georges et al. (Hall A Coll.), arXiv:2201.03714 

Exploit energy dependence of cross section to separate              and    contributions I

<latexit sha1_base64="nQS9BfdUtfZL1V/RTQYg/v0J6o8=">AAACE3icbVA9SwNBEN2L3+fXqaXNYhDEItwFv8qAjXYKxgRyR5jbTOLi3t65uyeEI//Bxr9iY6GIrY2d/8ZNTBGjDwYe780wMy/OBNfG97+c0szs3PzC4pK7vLK6tu5tbF7rNFcM6ywVqWrGoFFwiXXDjcBmphCSWGAjvj0d+o17VJqn8sr0M4wS6Ene5QyMldrefhhjj8sC7yQoBf39gUuLkIGg54MQZWfCaHtlv+KPQP+SYEzKZIyLtvcZdlKWJygNE6B1K/AzExWgDGcCB26Ya8yA3UIPW5ZKSFBHxeinAd21Sod2U2VLGjpSJycKSLTuJ7HtTMDc6GlvKP7ntXLTPYkKLrPcoGQ/i7q5oCalw4BohytkRvQtAaa4vZWyG1DAjI3RtSEE0y//JdfVSnBQObyslmtH4zgWyTbZIXskIMekRs7IBakTRh7IE3khr86j8+y8Oe8/rSVnPLNFfsH5+AZDl55e</latexit>

|DVCS|2

<latexit sha1_base64="F8p4CSFdlozX9ujTfAbVPsW3tTM=">AAACGHicbVDJTgJBEO1xRdxGPXrpSEyMB5whbkcSPHjEKEvCIOlpCujQ0zN295iQgc/w4q948aAxXrn5NzbLAcGXVPLyXlWq6vkRZ0o7zo+1tLyyurae2khvbm3v7Np7+2UVxpJCiYY8lFWfKOBMQEkzzaEaSSCBz6Hidwsjv/IMUrFQPOheBPWAtAVrMUq0kRr2medDm4kEngSRkvROB+l+4skA35QL94P+Y84D0ZxxG3bGyTpj4EXiTkkGTVFs2EOvGdI4AKEpJ0rVXCfS9YRIzSiHQdqLFUSEdkkbaoYKEoCqJ+PHBvjYKE3cCqUpofFYnZ1ISKBUL/BNZ0B0R817I/E/rxbr1nU9YSKKNQg6WdSKOdYhHqWEm0wC1bxnCKGSmVsx7RBJqDZZpk0I7vzLi6Scy7rn2Yu7XCZ/OY0jhQ7RETpBLrpCeXSLiqiEKHpBb+gDfVqv1rv1ZX1PWpes6cwB+gNr+Ata6qCO</latexit>

|T DVCS|2 / 1/y2

<latexit sha1_base64="hXNO5XT9casvsX7kDKeB8h9jKgg="></latexit>

I / 1/y3

<latexit sha1_base64="4VObQaS/ITfnCtXPKQgJOLBrbhw=">AAACH3icbVDLSgMxFM34rPU16tJNsAjios74Xhbc6K6CtUKnljvpbQ3NZMYkIwxD/8SNv+LGhSLirn9jWrvQ6oHA4ZxzubknTATXxvMGztT0zOzcfGGhuLi0vLLqrq1f6zhVDGssFrG6CUGj4BJrhhuBN4lCiEKB9bB3NvTrD6g0j+WVyRJsRtCVvMMZGCu13OMgxC6XOd5LUAqy3X4xDxgIetEPEhUnJqb+XnZ7EKBs/wi13JJX9kagf4k/JiUyRrXlfgbtmKURSsMEaN3wvcQ0c1CGM4H9YpBqTID1oIsNSyVEqJv56L4+3bZKm3ZiZZ80dKT+nMgh0jqLQpuMwNzpSW8o/uc1UtM5beZcJqlByb4XdVJB7dXDsmibK2RGZJYAU9z+lbI7UMCMrbRoS/AnT/5LrvfL/mH56HK/VDke11Egm2SL7BCfnJAKOSdVUiOMPJJn8krenCfnxXl3Pr6jU854ZoP8gjP4Ao3Ho0A=</latexit>

y = Eb/⌫

<latexit sha1_base64="AhK0/rpQPeRg4I5VHe0mFgoKvmQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSJIFzUpvjZCQQSXFewDmlImk5t26GQSZyZCCP0HN/6KGxeKuHXjzr9x+ljU1gMXDufcy733eDGjUtn2j5FbWl5ZXcuvFzY2t7Z3zN29howSQaBOIhaJloclMMqhrqhi0IoF4NBj0PQG1yO/+QhC0ojfqzSGToh7nAaUYKWlrllyPehRnsEDx0LgtDQspFc3Xe/E5YkL3J8xumbRLttjWIvEmZIimqLWNb9dPyJJCFwRhqVsO3asOhkWihIGw4KbSIgxGeAetDXlOATZycY/Da0jrfhWEAldXFljdXYiw6GUaejpzhCrvpz3RuJ/XjtRwWUnozxOFHAyWRQkzFKRNQrI8qkAoliqCSaC6lst0scCE6VjLOgQnPmXF0mjUnZOy2d3lWL1fBpHHh2gQ3SMHHSBqugW1VAdEfSEXtAbejeejVfjw/ictOaM6cw++gPj6xdxoJ57</latexit>

with



First extraction of all four helicity conserving CFFs!

F. Georges et al. (Hall A Coll.), arXiv:2201.03714 

Recent JLab12 results



Timelike Compton scattering
Chatagnon et al. (CLAS12 Coll.), PRL127, 262501(2021)

✓ Test of the universality of GPDs

✓ New promising path towards the extraction of          and then the D-term            ReH

<latexit sha1_base64="HJqihPuWvzv3Nmx7FpfVXZYtyyE=">AAACHXicbVDLSgMxFM3UV62vUZdugkUQkTJTKnZZcONSxarQKeVOetuGZjJjkhHKMD/ixl9x40IRF27EvzGtXdTHgcDhnHO5uSdMBNfG8z6dwtz8wuJScbm0srq2vuFubl3pOFUMmywWsboJQaPgEpuGG4E3iUKIQoHX4fBk7F/fodI8lpdmlGA7gr7kPc7AWKnj1oIQ+1xmeCtBKRgd5KUsUBG9wDw4pFnAQNDTPEDZnYl03LJX8Sagf4k/JWUyxVnHfQ+6MUsjlIYJ0Lrle4lpZ6AMZwLzUpBqTIANoY8tSyVEqNvZ5Lqc7lmlS3uxsk8aOlFnJzKItB5FoU1GYAb6tzcW//NaqenV2xmXSWpQsu9FvVRQE9NxVbTLFTIjRpYAU9z+lbIBKGDGFlqyJfi/T/5LrqoVv1Y5Oq+WG/VpHUWyQ3bJPvHJMWmQU3JGmoSRe/JInsmL8+A8Oa/O23e04ExntskPOB9fzlaiVQ==</latexit>

✓ Further data from JLab12 and future EIC 

photon polarization asymmetry forward-backward asymmetry

ImH

<latexit sha1_base64="vblYJ/vtqov4WpMIgr37JAa9LlE=">AAACHXicbVBNSwMxFMz6WetX1aOXYBFEpOwWRY8FL3pTsLbQLeVt+lqDSXZNskJZ9o948a948aCIBy/ivzGtPWjrQGCYmcfLmygR3Fjf//JmZufmFxYLS8XlldW19dLG5rWJU82wzmIR62YEBgVXWLfcCmwmGkFGAhvR7enQb9yjNjxWV3aQYFtCX/EeZ2Cd1CkdhhH2ucrwToHWMNjPi1moJT2XeXhAs5CBoGd5iKr7K9Iplf2KPwKdJsGYlMkYF53SR9iNWSpRWSbAmFbgJ7adgbacCcyLYWowAXYLfWw5qkCiaWej63K665Qu7cXaPWXpSP09kYE0ZiAjl5Rgb8ykNxT/81qp7Z20M66S1KJiP4t6qaA2psOqaJdrZFYMHAGmufsrZTeggVlXaNGVEEyePE2uq5XgsHJ0WS3XTsZ1FMg22SF7JCDHpEbOyAWpE0YeyBN5Ia/eo/fsvXnvP9EZbzyzRf7A+/wGzK6iVA==</latexit>

access to ReH

<latexit sha1_base64="HJqihPuWvzv3Nmx7FpfVXZYtyyE=">AAACHXicbVDLSgMxFM3UV62vUZdugkUQkTJTKnZZcONSxarQKeVOetuGZjJjkhHKMD/ixl9x40IRF27EvzGtXdTHgcDhnHO5uSdMBNfG8z6dwtz8wuJScbm0srq2vuFubl3pOFUMmywWsboJQaPgEpuGG4E3iUKIQoHX4fBk7F/fodI8lpdmlGA7gr7kPc7AWKnj1oIQ+1xmeCtBKRgd5KUsUBG9wDw4pFnAQNDTPEDZnYl03LJX8Sagf4k/JWUyxVnHfQ+6MUsjlIYJ0Lrle4lpZ6AMZwLzUpBqTIANoY8tSyVEqNvZ5Lqc7lmlS3uxsk8aOlFnJzKItB5FoU1GYAb6tzcW//NaqenV2xmXSWpQsu9FvVRQE9NxVbTLFTIjRpYAU9z+lbIBKGDGFlqyJfi/T/5LrqoVv1Y5Oq+WG/VpHUWyQ3bJPvHJMWmQU3JGmoSRe/JInsmL8+A8Oa/O23e04ExntskPOB9fzlaiVQ==</latexit>

access to 

AFB =
d�(✓,�)� d�(180� � ✓, 180� + �)

d�(✓,�) + d�(180� � ✓, 180� + �)

<latexit sha1_base64="P3ejs8ITcX2hrw6kwshfQxuxno0="></latexit>

A�U =
d�+ � d��

d�+ + d��

<latexit sha1_base64="IKtjewSy+YUAeSEJbt6lZL3AZW0="></latexit>



is a future electron-proton and electron-ion collider to be constructed in the United States  
in this decade and foreseen to start operation in 2030

The Electron Ion Collider

•Large center of mass energy range,
p
s = 20� 140GeV

<latexit sha1_base64="K/KgbbIip9KMok35RupiEFRZYbo=">AAACJnicbVDLSgMxFM3UV62vUZdugkUQ0TJT6mNTKLjQZQX7gE4pmfS2Dc1kpklGKEO/xo2/4sZFRcSdn2L6WNTqgcDhnHOT3ONHnCntOF9WamV1bX0jvZnZ2t7Z3bP3D6oqjCWFCg15KOs+UcCZgIpmmkM9kkACn0PN799O/NoTSMVC8aiHETQD0hWswyjRRmrZRc+HLhMJDASRkgzPRhlPDaRO1KiYdy7cguOd48STAb6DqvFAtBeyLTvr5Jwp8F/izkkWzVFu2WOvHdI4AKEpJ0o1XCfSzYRIzSgHc3+sICK0T7rQMFSQAFQzma45widGaeNOKM0RGk/VxYmEBEoNA98kA6J7atmbiP95jVh3bpoJE1GsQdDZQ52YYx3iSWe4zSRQzYeGECqZ+SumPSIJ1abZjCnBXV75L6nmc24hd/mQz5au5nWk0RE6RqfIRdeohO5RGVUQRc/oFY3Ru/VivVkf1ucsmrLmM4foF6zvH1dzpQg=</latexit>

•Polarized electron, proton and light nuclear beam, � 70%

<latexit sha1_base64="E92+KQnIGUBosvYj++iY2/lasGM=">AAACE3icbVDLSsNAFJ34rPEVdelmsBSki5IUtS4LblxWsA9oSplMb9Ohk0mcmQgl9B/c+CtuXCji1o07/8bpY1FbD1w4nHMv994TJJwp7bo/1tr6xubWdm7H3t3bPzh0jo4bKk4lhTqNeSxbAVHAmYC6ZppDK5FAooBDMxjeTPzmI0jFYnGvRwl0IhIK1meUaCN1naIfQMhEBg+CSElGxbHth4Arrl+wfRC9BaPr5N2SOwVeJd6c5NEcta7z7fdimkYgNOVEqbbnJrqTEakZ5WAWpQoSQockhLahgkSgOtn0pzEuGKWH+7E0JTSeqosTGYmUGkWB6YyIHqhlbyL+57VT3b/uZEwkqQZBZ4v6Kcc6xpOAcI9JoJqPDCFUMnMrpgMiCdUmRtuE4C2/vEoa5ZJ3Ubq8K+erV/M4cugUnaFz5KEKqqJbVEN1RNETekFv6N16tl6tD+tz1rpmzWdO0B9YX7/2g52L</latexit>

•Nuclear beams with heavy ions, up to U

•High luminosity (100 X HERA), 1033�34 cm�2 s�1

<latexit sha1_base64="JfkjKRD1fl+qXb34ffwRyDIOPN0="></latexit>



Gluons Sea quarks Valence quarks

Accardi et al., The Electron Ion Collider: the next QCD Frontier, Eur. Phys. J., A52, 2016 

hermes

EIC

Paste, present and future DVCS experiments



Impact of EIC on GPD measurements

H - sea H - gluon E - sea

EIC Yellow Report: arXiv: 2103.05419 

sea in 
unp. proton

gluon in 
unp. proton

sea in 
transv. pol  

proton

x = 10�3, Q2 = 4GeV2

<latexit sha1_base64="4OHxogc+GbKfAps/q3tdd4GPRj4="></latexit>


