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Explore Hadron’s Partonic Structure without seeing quarks/gluons directly 

NO quarks and gluons can be seen in isolation!q 3D hadron structure:

GPDs

TMDs

q Need new observables with two distinctive scales:
Q1 � Q2 ⇠ 1/R ⇠ ⇤QCD

§ Hard scale:             to localize the probe to see the  
         particle nature of quarks/gluons

Q1

§ “Soft” scale:           to be more sensitive to the emergent  
                                       regime of hadron structure ~ 1/fm

Q2
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Partonic Structure with or without breaking the hadron

Inclusive scattering Exclusive diffraction
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Confined motion

Emergence of a hadron
hadronization

<latexit sha1_base64="JXSVTdHsajNoISIdFKg3IhJIuEk=">AAAB83icdVDJSgNBEO2JW4xb1KOXxiAIgWEyWb0FvHiMYBbIDKGnU5M06Vno7hHCkN/w4kERr/6MN//GniSCij4oeLxXRVU9L+ZMKsv6MHIbm1vbO/ndwt7+weFR8fikJ6NEUOjSiEdi4BEJnIXQVUxxGMQCSOBx6Huz68zv34OQLArv1DwGNyCTkPmMEqUlB8odR0UYytPyYFQsWeZVq2HXbWyZltW0q42M2M2aXcUVrWQooTU6o+K7M45oEkCoKCdSDitWrNyUCMUoh0XBSSTEhM7IBIaahiQA6abLmxf4Qitj7EdCV6jwUv0+kZJAynng6c6AqKn87WXiX94wUX7LTVkYJwpCulrkJxzrN7MA8JgJoIrPNSFUMH0rplMiCFU6poIO4etT/D/p2WalYdZva6V2bR1HHp2hc3SJKqiJ2ugGdVAXURSjB/SEno3EeDRejNdVa85Yz5yiHzDePgHkApDs</latexit>

e+ P ! e+ h+X

Gluon shower 
 – QCD evolution

Diffraction
<latexit sha1_base64="Qq/vCSgo3z5MRj5R8CjH2OLibDA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotYFy1J8LURCm5ctmAf0KZlMp22QyeTMDMRQqi/4saFIm79EHf+jZM2C209cC+Hc+5l7hwvZFQqy/o2cmvrG5tb+e3Czu7e/oF5eNSSQSQwaeKABaLjIUkY5aSpqGKkEwqCfI+Rtje9S/32IxGSBvxBxSFxfTTmdEQxUloamMVG37mtlHuEsUrazs77zsAsWVVrDrhK7IyUQIb6wPzqDQMc+YQrzJCUXdsKlZsgoShmZFboRZKECE/RmHQ15cgn0k3mx8/gqVaGcBQIXVzBufp7I0G+lLHv6UkfqYlc9lLxP68bqdGNm1AeRopwvHhoFDGoApgmAYdUEKxYrAnCgupbIZ4ggbDSeRV0CPbyl1dJy6naV9XLxkWp5mRx5MExOAFlYINrUAP3oA6aAIMYPINX8GY8GS/Gu/GxGM0Z2U4R/IHx+QMVt5MV</latexit>

Q2 = �(`� `0)2
<latexit sha1_base64="MI0Pw+NHlMcGJxpfuJ/92C3e1pQ=">AAAB+3icbVDLSgMxFM3UV62vsS7dBItYFy0zxddGKLhxWcE+oB1LJs1MQzOZkGTEMvRX3LhQxK0/4s6/MW1noa0HLhzOuZd77/EFo0o7zreVW1ldW9/Ibxa2tnd29+z9YkvFicSkiWMWy46PFGGUk6ammpGOkARFPiNtf3Qz9duPRCoa83s9FsSLUMhpQDHSRurbxV4YwkpZVMTJ6UMNXsOK7tslp+rMAJeJm5ESyNDo21+9QYyTiHCNGVKq6zpCeymSmmJGJoVeoohAeIRC0jWUo4goL53dPoHHRhnAIJamuIYz9fdEiiKlxpFvOiOkh2rRm4r/ed1EB1deSrlINOF4vihIGNQxnAYBB1QSrNnYEIQlNbdCPEQSYW3iKpgQ3MWXl0mrVnUvqud3Z6V6LYsjDw7BESgDF1yCOrgFDdAEGDyBZ/AK3qyJ9WK9Wx/z1pyVzRyAP7A+fwBXdpID</latexit>

� �(p� p0)2 = �t

Measured  kT  of TMDs  =\=  the confined motion inside the hadron! 
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Partonic Structure with or without breaking the hadron

Inclusive scattering Exclusive diffraction
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<latexit sha1_base64="6R5TB/oXgQrtipdLhhtWQsbTU+E="></latexit>

�+ = 2⇠P+

<latexit sha1_base64="YqN3egrHnFViFtOXDOoa9G+Sn6o="></latexit>

F q(x, ⇠, t)

<latexit sha1_base64="49zMzANNJgqbXw4R0xQLiBK1Cew="></latexit>

k
<latexit sha1_base64="YPcHGRR0+8kCen+OKcErJ1FoG0w="></latexit>

k0
<latexit sha1_base64="Iq0vHk2YgVJyx696j/PmX6tf4yo="></latexit>

p0<latexit sha1_base64="ZRg1N86gOJAG2HE7OaBq+sGb0qE="></latexit>p

Physics at a scale:
<latexit sha1_base64="4NpUcm2Oli7OlcPeB7ZEW4PIL9s=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHiQjJD8LExIXHjEhN5JDCSTulAQ9tp2o6GIJ/ixoXGuPVL3Pk3FpiFoie5yck59+bee0LJqDae9+VklpZXVtey67mNza3tHTe/29BxojCp45jFqhUiTRgVpG6oYaQlFUE8ZKQZDq+mfvOeKE1jcWtGkgQc9QWNKEbGSl0339GUw6I8kUfHd2V4CU3XLXglbwb4l/gpKYAUta772enFOOFEGMyQ1m3fkyYYI2UoZmSS6ySaSISHqE/algrEiQ7Gs9Mn8NAqPRjFypYwcKb+nBgjrvWIh7aTIzPQi95U/M9rJya6CMZUyMQQgeeLooRBE8NpDrBHFcGGjSxBWFF7K8QDpBA2Nq2cDcFffPkvaZRL/lnp9KZSqFbSOLJgHxyAIvDBOaiCa1ADdYDBA3gCL+DVeXSenTfnfd6acdKZPfALzsc3ZNiSHA==</latexit>

⇠ (p� p0)2 = t

Probe at a time:
<latexit sha1_base64="at/J1FTsx1WvOt93AUK1Pcd59a4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKe4GX8eAF48JmAckS5idzCZDZmbXmVkhLPkJLx4U8ervePNvnGz2oIkFDUVVN91dQcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcjf3O09UaRbJBzONqS/wSLKQEWys1O1rJpB30RyUK27VzYBWiZeTCuRoDMpf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X6a3TtDZ1YZojBStqRBmfp7IsVC66kIbKfAZqyXvbn4n9dLTHjrp0zGiaGSLBaFCUcmQvPn0ZApSgyfWoKJYvZWRMZYYWJsRCUbgrf88ipp16redfWqeVmp1/I4inACp3AOHtxAHe6hAS0gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH9iuPOg==</latexit>

⇠ 1/Q

FAC

Diffraction
<latexit sha1_base64="Qq/vCSgo3z5MRj5R8CjH2OLibDA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotYFy1J8LURCm5ctmAf0KZlMp22QyeTMDMRQqi/4saFIm79EHf+jZM2C209cC+Hc+5l7hwvZFQqy/o2cmvrG5tb+e3Czu7e/oF5eNSSQSQwaeKABaLjIUkY5aSpqGKkEwqCfI+Rtje9S/32IxGSBvxBxSFxfTTmdEQxUloamMVG37mtlHuEsUrazs77zsAsWVVrDrhK7IyUQIb6wPzqDQMc+YQrzJCUXdsKlZsgoShmZFboRZKECE/RmHQ15cgn0k3mx8/gqVaGcBQIXVzBufp7I0G+lLHv6UkfqYlc9lLxP68bqdGNm1AeRopwvHhoFDGoApgmAYdUEKxYrAnCgupbIZ4ggbDSeRV0CPbyl1dJy6naV9XLxkWp5mRx5MExOAFlYINrUAP3oA6aAIMYPINX8GY8GS/Gu/GxGM0Z2U4R/IHx+QMVt5MV</latexit>

Q2 = �(`� `0)2
<latexit sha1_base64="MI0Pw+NHlMcGJxpfuJ/92C3e1pQ=">AAAB+3icbVDLSgMxFM3UV62vsS7dBItYFy0zxddGKLhxWcE+oB1LJs1MQzOZkGTEMvRX3LhQxK0/4s6/MW1noa0HLhzOuZd77/EFo0o7zreVW1ldW9/Ibxa2tnd29+z9YkvFicSkiWMWy46PFGGUk6ammpGOkARFPiNtf3Qz9duPRCoa83s9FsSLUMhpQDHSRurbxV4YwkpZVMTJ6UMNXsOK7tslp+rMAJeJm5ESyNDo21+9QYyTiHCNGVKq6zpCeymSmmJGJoVeoohAeIRC0jWUo4goL53dPoHHRhnAIJamuIYz9fdEiiKlxpFvOiOkh2rRm4r/ed1EB1deSrlINOF4vihIGNQxnAYBB1QSrNnYEIQlNbdCPEQSYW3iKpgQ3MWXl0mrVnUvqud3Z6V6LYsjDw7BESgDF1yCOrgFDdAEGDyBZ/AK3qyJ9WK9Wx/z1pyVzRyAP7A+fwBXdpID</latexit>

� �(p� p0)2 = �t
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Generalized Parton Distributions (GPDs)

(x+ ξ)P+ (x− ξ)P+

(1− ξ)P+(1 + ξ)P+

q Definition:
<latexit sha1_base64="DLf1CSbgfhk7cibu7o6NqkgXluA="></latexit>
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�5�+

2m
u(p)

�
.

DGLAP DGLAPERBL

𝒒 PDF"𝒒 PDF DA

q Combine PDF and Distribution Amplitude (DA):

Forward limit                      :
<latexit sha1_base64="KQ/X7qiVE0I//AtxRRQ7YEyAp+U="></latexit>

⇠ = t = 0
<latexit sha1_base64="bTqpjfXK5CwhrOu3v0RRY5cwrMg="></latexit>

H
q(x, 0, 0) = q(x), H̃

q(x, 0, 0) = �q(x)

<latexit sha1_base64="6R5TB/oXgQrtipdLhhtWQsbTU+E="></latexit>

�+ = 2⇠P+

<latexit sha1_base64="ggG1/XuMDBpjUBebaS6BDRtbQsg="></latexit>

P+ =
p+ + p0+

2
<latexit sha1_base64="x0kTZ05SDEW8/wBi+M3td98OAHk="></latexit>

� = p� p0
<latexit sha1_base64="B4DbY2Mic1Yl9DOZqtG2+Ompu4M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWol6Egh48VrAfsF1LNs22odlkSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEiuAHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqilrUSWU7obEMMElawEHwbqJZiQOBeuE45uZ33li2nAlH2CSsCAmQ8kjTglYyYdr3LtlAshjrV+uuFV3DrxKvJxUUI5mv/zVGyiaxkwCFcQY33MTCDKigVPBpqVealhC6JgMmW+pJDEzQTY/eYrPrDLAkdK2JOC5+nsiI7Exkzi0nTGBkVn2ZuJ/np9CdBVkXCYpMEkXi6JUYFB49j8ecM0oiIklhGpub8V0RDShYFMq2RC85ZdXSbtW9S6q9ft6pVHL4yiiE3SKzpGHLlED3aEmaiGKFHpGr+jNAefFeXc+Fq0FJ585Rn/gfP4AOyyQiA==</latexit>

t = �2

Similar definition
for gluon GPDs

D. Müller, D. Robaschik, B. Geyer, F.-M. Dittes, J. Hořejši, 
Fortsch. Phys. 42 (1994) 101

See X. Ji’s talk

GPDs depend on 
the choice of “+” 
component for 
given p and p’ !
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Properties of GPDs – Partonic 

q Impact parameter dependent parton density distribution:

Measurement of       fixes   
<latexit sha1_base64="VvfiB482ukMvKLd8TQJsMXqxnso=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA9hd3g6xjw4jGKeUCyhNlJbzJkdnaZmRXCkj/w4kERr/6RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9JGe9UtmtuDOQZeLlpAw56r3SV7cfszRCaZigWnc8NzF+RpXhTOCk2E01JpSN6AA7lkoaofaz2aUTcmqVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU1442dcJqlByeaLwlQQE5Pp26TPFTIjxpZQpri9lbAhVZQZG07RhuAtvrxMmtWKd1W5vL8o16p5HAU4hhM4Bw+uoQZ3UIcGMAjhGV7hzRk5L8678zFvXXHymSP4A+fzBzkIjR8=</latexit>

p0
<latexit sha1_base64="DE7wAv7z1+fHbhd8OWx4hePrjUg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNgNvo4BLx4jmAckS5idzCZDZmeXmV4xhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+85FrI2L1gKOE+xHtKxEKRtFKzRKed57EWbdQdMvuDGSZeBkpQoZat/DV6cUsjbhCJqkxbc9N0B9TjYJJPsl3UsMTyoa0z9uWKhpx449n507IqVV6JIy1LYVkpv6eGNPImFEU2M6I4sAselPxP6+dYnjjj4VKUuSKzReFqSQYk+nvpCc0ZyhHllCmhb2VsAHVlKFNKG9D8BZfXiaNStm7Kl/eXxSrlSyOHBzDCZTAg2uowh3UoA4MhvAMr/DmJM6L8+58zFtXnGzmCP7A+fwBYISO6A==</latexit>

(t, ⇠)
<latexit sha1_base64="NjmD1SpQfZ1ao6v7lsZQG0qhV2Q=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryOJF4+QyCOBDZkdemFkdnYzM2skhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHst7M07Qj+hA8pAzaqxUf+oVS27ZnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzUrZuypf1i9K1UoWRx5O4BTOwYNrqMId1KABDBCe4RXenAfnxXl3PhatOSebOYY/cD5/AOSpjPY=</latexit>x = momentum flow 

    between the pair

Quark density in 
<latexit sha1_base64="rNLFR7Go8CBviH+uInR5NPRl2CM="></latexit>

dx d2bT

q(x, b?, Q) =

Z
d
2�?e

�i�?·b?Hq(x, ⇠ = 0, t = ��2
?, Q)

Proton radii from quark and gluon spatial 
density distribution,             &        

<latexit sha1_base64="PfjgW5zvrZ3s2husd1IDe8AC938=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuKeqx4MVjBfsB7VKyabaNzSZrkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfD3z249UaSbFnZnE1I/wULCQEWys1FL9h/LTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippVSveRaV2WyvVq1kceTiBUyiDB5dQhxtoQBMI3MMzvMKbI50X5935WLTmnGzmGP7A+fwBBbiOug==</latexit>

rq(x)
<latexit sha1_base64="ESgl3UKBuRLLhYK91v2I7KEN4H0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuKdVjwYvHCvYD2qVk02wbm02WJCuWpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5Gbudx6p0kyKezONqR/hkWAhI9hYqa0Go/LT5aBYcivuAmideBkpQYbmoPjVH0qSRFQYwrHWPc+NjZ9iZRjhdFboJ5rGmEzwiPYsFTii2k8X187QhVWGKJTKljBoof6eSHGk9TQKbGeEzVivenPxP6+XmPDaT5mIE0MFWS4KE46MRPPX0ZApSgyfWoKJYvZWRMZYYWJsQAUbgrf68jppVytevVK7q5Ua1SyOPJzBOZTBgytowC00oQUEHuAZXuHNkc6L8+58LFtzTjZzCn/gfP4A9mOOsA==</latexit>

rg(x)

Tomographic image of hadron
in slice of x

How fast does 
glue density fall?

How far does glue 
density spread?

Modeled by 
M. Burkdart, 

PRD 2000

bx=?

Slice in (x,Q)

<latexit sha1_base64="AyT5UBNzM7U7K2rspTKHXegKSyM="></latexit>

hqN? i ⌘
Z

db?b
N
? q(x, b?, Q)
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Properties of GPDs – Partonic 

§ Should             >            , or vice 
versa?   

§ Could             saturates as 

§ How do they compare with 
known radius (EM charge 

radius, mass radius, … ), & why?
§ How the image correlate to 

hadron spin, … ?
§ …

<latexit sha1_base64="PfjgW5zvrZ3s2husd1IDe8AC938=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuKeqx4MVjBfsB7VKyabaNzSZrkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfD3z249UaSbFnZnE1I/wULCQEWys1FL9h/LTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippVSveRaV2WyvVq1kceTiBUyiDB5dQhxtoQBMI3MMzvMKbI50X5935WLTmnGzmGP7A+fwBBbiOug==</latexit>

rq(x)
<latexit sha1_base64="ESgl3UKBuRLLhYK91v2I7KEN4H0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuKdVjwYvHCvYD2qVk02wbm02WJCuWpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5Gbudx6p0kyKezONqR/hkWAhI9hYqa0Go/LT5aBYcivuAmideBkpQYbmoPjVH0qSRFQYwrHWPc+NjZ9iZRjhdFboJ5rGmEzwiPYsFTii2k8X187QhVWGKJTKljBoof6eSHGk9TQKbGeEzVivenPxP6+XmPDaT5mIE0MFWS4KE46MRPPX0ZApSgyfWoKJYvZWRMZYYWJsQAUbgrf68jppVytevVK7q5Ua1SyOPJzBOZTBgytowC00oQUEHuAZXuHNkc6L8+58LFtzTjZzCn/gfP4A9mOOsA==</latexit>

rg(x)

<latexit sha1_base64="ESgl3UKBuRLLhYK91v2I7KEN4H0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuKdVjwYvHCvYD2qVk02wbm02WJCuWpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5Gbudx6p0kyKezONqR/hkWAhI9hYqa0Go/LT5aBYcivuAmideBkpQYbmoPjVH0qSRFQYwrHWPc+NjZ9iZRjhdFboJ5rGmEzwiPYsFTii2k8X187QhVWGKJTKljBoof6eSHGk9TQKbGeEzVivenPxP6+XmPDaT5mIE0MFWS4KE46MRPPX0ZApSgyfWoKJYvZWRMZYYWJsQAUbgrf68jppVytevVK7q5Ua1SyOPJzBOZTBgytowC00oQUEHuAZXuHNkc6L8+58LFtzTjZzCn/gfP4A9mOOsA==</latexit>

rg(x)
<latexit sha1_base64="Kvaiw0q2DB+FN9Zdwxeft9XdMIw=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykwp6rLgxmUF+4B2KJk008ZmkiHJiGXoP7hxoYhb/8edf2PazkJbDwQO59xL7jlhIrixnveN1tY3Nre2CzvF3b39g8PS0XHLqFRT1qRKKN0JiWGCS9a03ArWSTQjcShYOxzfzPz2I9OGK3lvJwkLYjKUPOKUWCe1nnpWYa9fKnsVbw68SvyclCFHo1/66g0UTWMmLRXEmK7vJTbIiLacCjYt9lLDEkLHZMi6jkoSMxNk82un+NwpAxwp7Z60eK7+3shIbMwkDt1kTOzILHsz8T+vm9roOsi4TFLLJF18FKUCu4iz6HjANaNWTBwhVHN3K6Yjogm1rqCiK8FfjrxKWtWKf1mp3dXK9WpeRwFO4QwuwIcrqMMtNKAJFB7gGV7hDSn0gt7Rx2J0DeU7J/AH6PMH/+qOtg==</latexit>

x ! 0

q Impact parameter dependent parton density distribution:

Measurement of       fixes   
<latexit sha1_base64="VvfiB482ukMvKLd8TQJsMXqxnso=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA9hd3g6xjw4jGKeUCyhNlJbzJkdnaZmRXCkj/w4kERr/6RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9JGe9UtmtuDOQZeLlpAw56r3SV7cfszRCaZigWnc8NzF+RpXhTOCk2E01JpSN6AA7lkoaofaz2aUTcmqVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU1442dcJqlByeaLwlQQE5Pp26TPFTIjxpZQpri9lbAhVZQZG07RhuAtvrxMmtWKd1W5vL8o16p5HAU4hhM4Bw+uoQZ3UIcGMAjhGV7hzRk5L8678zFvXXHymSP4A+fzBzkIjR8=</latexit>

p0
<latexit sha1_base64="DE7wAv7z1+fHbhd8OWx4hePrjUg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNgNvo4BLx4jmAckS5idzCZDZmeXmV4xhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+85FrI2L1gKOE+xHtKxEKRtFKzRKed57EWbdQdMvuDGSZeBkpQoZat/DV6cUsjbhCJqkxbc9N0B9TjYJJPsl3UsMTyoa0z9uWKhpx449n507IqVV6JIy1LYVkpv6eGNPImFEU2M6I4sAselPxP6+dYnjjj4VKUuSKzReFqSQYk+nvpCc0ZyhHllCmhb2VsAHVlKFNKG9D8BZfXiaNStm7Kl/eXxSrlSyOHBzDCZTAg2uowh3UoA4MhvAMr/DmJM6L8+58zFtXnGzmCP7A+fwBYISO6A==</latexit>

(t, ⇠)
<latexit sha1_base64="NjmD1SpQfZ1ao6v7lsZQG0qhV2Q=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryOJF4+QyCOBDZkdemFkdnYzM2skhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHst7M07Qj+hA8pAzaqxUf+oVS27ZnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzUrZuypf1i9K1UoWRx5O4BTOwYNrqMId1KABDBCe4RXenAfnxXl3PhatOSebOYY/cD5/AOSpjPY=</latexit>x = momentum flow 

    between the pair

Proton radii from quark and gluon spatial 
density distribution,             &        

<latexit sha1_base64="PfjgW5zvrZ3s2husd1IDe8AC938=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuKeqx4MVjBfsB7VKyabaNzSZrkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfD3z249UaSbFnZnE1I/wULCQEWys1FL9h/LTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippVSveRaV2WyvVq1kceTiBUyiDB5dQhxtoQBMI3MMzvMKbI50X5935WLTmnGzmGP7A+fwBBbiOug==</latexit>

rq(x)
<latexit sha1_base64="ESgl3UKBuRLLhYK91v2I7KEN4H0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuKdVjwYvHCvYD2qVk02wbm02WJCuWpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5Gbudx6p0kyKezONqR/hkWAhI9hYqa0Go/LT5aBYcivuAmideBkpQYbmoPjVH0qSRFQYwrHWPc+NjZ9iZRjhdFboJ5rGmEzwiPYsFTii2k8X187QhVWGKJTKljBoof6eSHGk9TQKbGeEzVivenPxP6+XmPDaT5mIE0MFWS4KE46MRPPX0ZApSgyfWoKJYvZWRMZYYWJsQAUbgrf68jppVytevVK7q5Ua1SyOPJzBOZTBgytowC00oQUEHuAZXuHNkc6L8+58LFtzTjZzCn/gfP4A9mOOsA==</latexit>

rg(x)

Tomographic image of hadron
in slice of x

How fast does 
glue density fall?

How far does glue 
density spread?

Modeled by 
M. Burkdart, 

PRD 2000

Quark density in 
<latexit sha1_base64="rNLFR7Go8CBviH+uInR5NPRl2CM="></latexit>

dx d2bT

q(x, b?, Q) =

Z
d
2�?e

�i�?·b?Hq(x, ⇠ = 0, t = ��2
?, Q)
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Properties of GPDs – Hadronic  =  Various Moments of GPDs

q QCD energy-momentum tensor:

with and

Polyakov, schweitzer, Inntt. 
J. Mod. Phys. 

A33, 1830025 (2018)
Burkert, Elouadrhiri , Girod

Nature 557, 396 (2018)

Related to pressure 
& stress force inside h

<latexit sha1_base64="wh1HKSt2X/MC0LkSP0/DiuhlkYE=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoMQL3EmxOUYiAePEcwCyTD0dHqSJj0L3TVKGHLz4q948aCIV3/Bm39jZ5KDRh8UPN6roqqeFwuuwLK+jNzS8srqWn69sLG5tb1j7u61VJRIypo0EpHseEQxwUPWBA6CdWLJSOAJ1vZG9anfvmNS8Si8hXHMnIAMQu5zSkBLrnlYd3kJTnqC+SD5YAhEyugeX2XqadU1i1bZyoD/EntOimiOhmt+9voRTQIWAhVEqa5txeCkRAKngk0KvUSxmNARGbCupiEJmHLS7I8JPtZKH/uR1BUCztSfEykJlBoHnu4MCAzVojcV//O6CfiXTsrDOAEW0tkiPxEYIjwNBfe5ZBTEWBNCJde3YjokklDQ0RV0CPbiy39Jq1K2z8tnN9VirTKPI48O0BEqIRtdoBq6Rg3URBQ9oCf0gl6NR+PZeDPeZ605Yz6zj37B+PgGUDqYRQ==</latexit>

Ci(t) $ Di(t)/4

q “Gravitational” form factors:

q Connection to GPD moments:

q Angular momentum sum rule:
3D tomography
Relation to GFFs
Angular Momentum

x-dependence
of GPDs!

Need to know the x-dependence of GPDs to construct the proper moments!

Ji, PRL78, 1997
V. D. Burkert, et al. RMP 95 (2023) 041002

See X. Ji’s talk
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How to Find Physical Processes to be Sensitive to GPDs? 
Qiu & Yu, JHEP 08 (2022) 103

PRD 107 (2023) 014007
PRL 131 (2023) 161902

q Two-scale exclusive processes – minimal              configuration:
<latexit sha1_base64="/p9pXcwLcyxfM6IwX7JsWVkozWM=">AAAB7XicdVDLSgMxFL1TX7W+qi7dBIvgaphOn+4KblxWsA9oh5JJM200MxmSjFCG/oMbF4q49X/c+Tdm2goqeiBwOOdecs/xY86UdpwPK7e2vrG5ld8u7Ozu7R8UD4+6SiSS0A4RXMi+jxXlLKIdzTSn/VhSHPqc9vy7y8zv3VOpmIhu9CymXognEQsYwdpIXXeoBaqMiiXHvmjW3ZqLHNtxGm6lnhG3UXUrqGyUDCVYoT0qvg/HgiQhjTThWKlB2Ym1l2KpGeF0XhgmisaY3OEJHRga4ZAqL11cO0dnRhmjQEjzIo0W6veNFIdKzULfTIZYT9VvLxP/8gaJDppeyqI40TQiy4+ChCMTMYuOxkxSovnMEEwkM7ciMsUSE20KKpgSvpKi/0nXtct1u3ZdLbWqqzrycAKncA5laEALrqANHSBwCw/wBM+WsB6tF+t1OZqzVjvH8APW2yf81Y66</latexit>

2 ! 3

Process:
<latexit sha1_base64="05+AtPu2Na/G9dut496eBQhnR+0=">AAACEHicbVBLSwMxGMzWV62vVY9egkW6pVB2i69jsR48VrAPaMuSTbPd0OxuTLJCWfoTvPhXvHhQxKtHb/4b08dBWwdChpnvI5nxOKNS2fa3kVlZXVvfyG7mtrZ3dvfM/YOmjBOBSQPHLBZtD0nCaEQaiipG2lwQFHqMtLxhbeK3HoiQNI7u1IiTXogGEfUpRkpLrlkILF4sXVncrRRhV8UwKFi8UIQlWLPuXUeTa31Xiq6Zt8v2FHCZOHOSB3PUXfOr249xEpJIYYak7Dg2V70UCUUxI+NcN5GEIzxEA9LRNEIhkb10GmgMT7TSh34s9IkUnKq/N1IUSjkKPT0ZIhXIRW8i/ud1EuVf9lIa8USRCM8e8hMGdfBJO7BPBcGKjTRBWFD9V4gDJBBWusOcLsFZjLxMmpWyc14+uz3NVyvzOrLgCBwDCzjgAlTBDaiDBsDgETyDV/BmPBkvxrvxMRvNGPOdQ/AHxucPsS+X6w==</latexit>

h(p) +B(p2) ! h0(p0) + C(q1) +D(q2)

<latexit sha1_base64="3VRvk8i1JVWaq1zulfD9yxQtBwo=">AAAB63icdVDLSgMxFM3UV62vqks3wSLUTUlK6WNXcOOygq2FdiiZNO2EJpkhyQhl6C+4caGIW3/InX9jpq2gogcuHM65l3vvCWLBjUXow8ttbG5t7+R3C3v7B4dHxeOTnokSTVmXRiLS/YAYJrhiXcutYP1YMyIDwe6C2VXm390zbXikbu08Zr4kU8UnnBKbSWE5vhwVS6iCEMIYw4zgRh050mo1q7gJcWY5lMAanVHxfTiOaCKZslQQYwYYxdZPibacCrYoDBPDYkJnZMoGjioimfHT5a0LeOGUMZxE2pWycKl+n0iJNGYuA9cpiQ3Nby8T//IGiZ00/ZSrOLFM0dWiSSKgjWD2OBxzzagVc0cI1dzdCmlINKHWxVNwIXx9Cv8nvWoF1yu1m1qpXV3HkQdn4ByUAQYN0AbXoAO6gIIQPIAn8OxJ79F78V5XrTlvPXMKfsB7+wSuWY36</latexit>

h(p)
<latexit sha1_base64="Uys3t80Aecjof9fsjLdWS0qrTQI=">AAAB7XicdVDLSgMxFM3UV62vqks3wSKtm5KU0seu4MZlBfuAdiiZNNPGZiZDkhHK0H9w40IRt/6PO//GTFtBRQ9cOJxzL/fe40WCa4PQh5PZ2Nza3snu5vb2Dw6P8scnXS1jRVmHSiFV3yOaCR6yjuFGsH6kGAk8wXre7Cr1e/dMaS7DWzOPmBuQSch9TomxUndaLEXFy1G+gMoIIYwxTAmu15AlzWajghsQp5ZFAazRHuXfh2NJ44CFhgqi9QCjyLgJUYZTwRa5YaxZROiMTNjA0pAETLvJ8toFvLDKGPpS2QoNXKrfJxISaD0PPNsZEDPVv71U/MsbxMZvuAkPo9iwkK4W+bGARsL0dTjmilEj5pYQqri9FdIpUYQaG1DOhvD1KfyfdCtlXCtXb6qFVmUdRxacgXNQAhjUQQtcgzboAAruwAN4As+OdB6dF+d11Zpx1jOn4Aect09woY5c</latexit>

h0(p0)

<latexit sha1_base64="f+Dg76sGcvLE0XOuc+qiOG+RjF0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUTZmU0seu0I3LCvYB7VAyaaaNzSRjkhHK0H9w40IRt/6PO//GTFtBRQ9cOJxzL/fe40ecaeO6H05mY3Nreye7m9vbPzg8yh+fdLWMFaEdIrlUfR9rypmgHcMMp/1IURz6nPb8WSv1e/dUaSbFjZlH1AvxRLCAEWys1G0V70bocpQvuCXXdRFCMCWoVnUtaTTqZVSHKLUsCmCN9ij/PhxLEodUGMKx1gPkRsZLsDKMcLrIDWNNI0xmeEIHlgocUu0ly2sX8MIqYxhIZUsYuFS/TyQ41Hoe+rYzxGaqf3up+Jc3iE1Q9xImothQQVaLgphDI2H6OhwzRYnhc0swUczeCskUK0yMDShnQ/j6FP5PuuUSqpYq15VCs7yOIwvOwDkoAgRqoAmuQBt0AAG34AE8gWdHOo/Oi/O6as0465lT8APO2yeeJ456</latexit>

C(q1)

<latexit sha1_base64="peFx4qbZ+EcmxAhZsmNYWHlIvMo=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUTUlK6WNX0IXLCvYB7VAyaaaNzWTGJCOUof/gxoUibv0fd/6NmbaCih64cDjnXu69x4sE1wahDyeztr6xuZXdzu3s7u0f5A+POjqMFWVtGopQ9TyimeCStQ03gvUixUjgCdb1phep371nSvNQ3phZxNyAjCX3OSXGSp3L4t2wfD7MF1AJIYQxhinBtSqypNGol3Ed4tSyKIAVWsP8+2AU0jhg0lBBtO5jFBk3IcpwKtg8N4g1iwidkjHrWypJwLSbLK6dwzOrjKAfKlvSwIX6fSIhgdazwLOdATET/dtLxb+8fmz8uptwGcWGSbpc5McCmhCmr8MRV4waMbOEUMXtrZBOiCLU2IByNoSvT+H/pFMu4Wqpcl0pNMurOLLgBJyCIsCgBprgCrRAG1BwCx7AE3h2QufReXFel60ZZzVzDH7AefsEoTWOfA==</latexit>

D(q2)

Colliding beam:
<latexit sha1_base64="987nAjpSNC5y4MRJ2E3gFGEgUNE=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAh1E5IY2rorunFZwT6gDWUynbRjJzNhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyaMKu04H9bK6tr6xmZhq7i9s7u3Xzo4bCuRSkxaWDAhuyFShFFOWppqRrqJJCgOGemEk6vc79wTqajgt3qakCBGI04jipE2Uvuykgy8s0Gp7NgX9arnV6FjO07N9dyceDX/3IeuUXKUwRLNQem9PxQ4jQnXmCGleq6T6CBDUlPMyKzYTxVJEJ6gEekZylFMVJDNr53BU6MMYSSkKa7hXP0+kaFYqWkcms4Y6bH67eXiX14v1VE9yChPUk04XiyKUga1gPnrcEglwZpNDUFYUnMrxGMkEdYmoKIJ4etT+D9pe7Zbtf0bv9zwlnEUwDE4ARXgghpogGvQBC2AwR14AE/g2RLWo/VivS5aV6zlzBH4AevtE6+1joU=</latexit>

B(p2)
<latexit sha1_base64="PL1kYpucvs7xgh+7/XRm9l3fB2w=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBhZSZUtSNUHDjsoJ9QDuUTJppQ5PMkGQKZeifuHGhiFv/xJ1/Y9rOQlsPXO7hnHvJzQkTzrTxvG+nsLG5tb1T3C3t7R8cHrnHJy0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w/H93G9PqNIslk9mmtBA4KFkESPYWKnvuneIXqHeEAuBbU9Y3y17FW8BtE78nJQhR6PvfvUGMUkFlYZwrHXX9xITZFgZRjidlXqppgkmYzykXUslFlQH2eLyGbqwygBFsbIlDVqovzcyLLSeitBOCmxGetWbi/953dREt0HGZJIaKsnyoSjlyMRoHgMaMEWJ4VNLMFHM3orICCtMjA2rZEPwV7+8TlrVin9dqT3WyvVqHkcRzuAcLsGHG6jDAzSgCQQm8Ayv8OZkzovz7nwsRwtOvnMKf+B8/gBrkJIy</latexit>= e, �,⇡

Single diffractive hard exclusive process
(SDHEP)

<latexit sha1_base64="nx1oBgjNB+aA4wuBF77+kDT5p7c=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEurAkoT42QsGNyxbsA9o0TKaTduhkEmcmQgkFf8WNC0Xc+h3u/BunbRbaeuByD+fcy9w5fsyoVJb1beRWVtfWN/Kbha3tnd09c/+gKaNEYNLAEYtE20eSMMpJQ1HFSDsWBIU+Iy1/dDv1W49ESBrxezWOiRuiAacBxUhpyTOP6j0H3sBzWIo9R7cHzz7rOZ5ZtMrWDHCZ2Bkpggw1z/zq9iOchIQrzJCUHduKlZsioShmZFLoJpLECI/QgHQ05Sgk0k1n50/gqVb6MIiELq7gTP29kaJQynHo68kQqaFc9Kbif14nUcG1m1IeJ4pwPH8oSBhUEZxmAftUEKzYWBOEBdW3QjxEAmGlEyvoEOzFLy+TplO2L8sX9UqxWsniyINjcAJKwAZXoAruQA00AAYpeAav4M14Ml6Md+NjPpozsp1D8AfG5w9I/pJ0</latexit>

Q2 = �(p2 � q1)
2Two scales:

<latexit sha1_base64="2M5STpj99DUNloj+tAwnyG3YGic=">AAAB/XicbVDLSgMxFM34rPU1PnZugkWsi5aZ4msjFNy4rGAf0I4lk2amoZlMSDJCHYq/4saFIm79D3f+jWk7C209cOHknHvJvccXjCrtON/WwuLS8spqbi2/vrG5tW3v7DZUnEhM6jhmsWz5SBFGOalrqhlpCUlQ5DPS9AfXY7/5QKSiMb/TQ0G8CIWcBhQjbaSuvd8JQ1iCRVESxyf3FXhlHrprF5yyMwGcJ25GCiBDrWt/dXoxTiLCNWZIqbbrCO2lSGqKGRnlO4kiAuEBCknbUI4iorx0sv0IHhmlB4NYmuIaTtTfEymKlBpGvumMkO6rWW8s/ue1Ex1ceinlItGE4+lHQcKgjuE4CtijkmDNhoYgLKnZFeI+kghrE1jehODOnjxPGpWye14+uz0tVCtZHDlwAA5BEbjgAlTBDaiBOsDgETyDV/BmPVkv1rv1MW1dsLKZPfAH1ucPCl6SVw==</latexit>

� �(p� p0)2 = �t

or
<latexit sha1_base64="ja3e3hiebuVZ7dVqyguS4lU8Q9E=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCCJakeFsW3Lis0Bu0JUym03ToTJLOnAgl9B3c+CpuXCji1o0738ZJW0Fbfxj4+M85nDm/HwuuwXG+rKXlldW19dxGfnNre2fX3tuv6yhRlNVoJCLV9IlmgoesBhwEa8aKEekL1vAHN1m9cc+U5lFYhVHMOpIEIe9xSsBYnn069KptzSUeeqlbHeMfLmUcBNgYQwXpGYaxZxecojMRXgR3BgU0U8WzP9vdiCaShUAF0brlOjF0UqKAU8HG+XaiWUzogASsZTAkkulOOrlpjI+N08W9SJkXAp64vydSIrUeSd90SgJ9PV/LzP9qrQR6152Uh3ECLKTTRb1EYIhwFhDucsUoiJEBQhU3f8W0TxShYGLMmxDc+ZMXoV4qupfFi7vzQrk0iyOHDtEROkEuukJldIsqqIYoekBP6AW9Wo/Ws/VmvU9bl6zZzAH6I+vjG0OVnRs=</latexit>

qT ⇠ q1T ⇠ q2T �
p
�t



9

How to Find Physical Processes to be Sensitive to GPDs? 
Qiu & Yu, JHEP 08 (2022) 103

PRD 107 (2023) 014007
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q Two-scale exclusive processes – minimal              configuration:
<latexit sha1_base64="/p9pXcwLcyxfM6IwX7JsWVkozWM=">AAAB7XicdVDLSgMxFL1TX7W+qi7dBIvgaphOn+4KblxWsA9oh5JJM200MxmSjFCG/oMbF4q49X/c+Tdm2goqeiBwOOdecs/xY86UdpwPK7e2vrG5ld8u7Ozu7R8UD4+6SiSS0A4RXMi+jxXlLKIdzTSn/VhSHPqc9vy7y8zv3VOpmIhu9CymXognEQsYwdpIXXeoBaqMiiXHvmjW3ZqLHNtxGm6lnhG3UXUrqGyUDCVYoT0qvg/HgiQhjTThWKlB2Ym1l2KpGeF0XhgmisaY3OEJHRga4ZAqL11cO0dnRhmjQEjzIo0W6veNFIdKzULfTIZYT9VvLxP/8gaJDppeyqI40TQiy4+ChCMTMYuOxkxSovnMEEwkM7ciMsUSE20KKpgSvpKi/0nXtct1u3ZdLbWqqzrycAKncA5laEALrqANHSBwCw/wBM+WsB6tF+t1OZqzVjvH8APW2yf81Y66</latexit>

2 ! 3

Process:
<latexit sha1_base64="05+AtPu2Na/G9dut496eBQhnR+0=">AAACEHicbVBLSwMxGMzWV62vVY9egkW6pVB2i69jsR48VrAPaMuSTbPd0OxuTLJCWfoTvPhXvHhQxKtHb/4b08dBWwdChpnvI5nxOKNS2fa3kVlZXVvfyG7mtrZ3dvfM/YOmjBOBSQPHLBZtD0nCaEQaiipG2lwQFHqMtLxhbeK3HoiQNI7u1IiTXogGEfUpRkpLrlkILF4sXVncrRRhV8UwKFi8UIQlWLPuXUeTa31Xiq6Zt8v2FHCZOHOSB3PUXfOr249xEpJIYYak7Dg2V70UCUUxI+NcN5GEIzxEA9LRNEIhkb10GmgMT7TSh34s9IkUnKq/N1IUSjkKPT0ZIhXIRW8i/ud1EuVf9lIa8USRCM8e8hMGdfBJO7BPBcGKjTRBWFD9V4gDJBBWusOcLsFZjLxMmpWyc14+uz3NVyvzOrLgCBwDCzjgAlTBDaiDBsDgETyDV/BmPBkvxrvxMRvNGPOdQ/AHxucPsS+X6w==</latexit>

h(p) +B(p2) ! h0(p0) + C(q1) +D(q2)

<latexit sha1_base64="3VRvk8i1JVWaq1zulfD9yxQtBwo=">AAAB63icdVDLSgMxFM3UV62vqks3wSLUTUlK6WNXcOOygq2FdiiZNO2EJpkhyQhl6C+4caGIW3/InX9jpq2gogcuHM65l3vvCWLBjUXow8ttbG5t7+R3C3v7B4dHxeOTnokSTVmXRiLS/YAYJrhiXcutYP1YMyIDwe6C2VXm390zbXikbu08Zr4kU8UnnBKbSWE5vhwVS6iCEMIYw4zgRh050mo1q7gJcWY5lMAanVHxfTiOaCKZslQQYwYYxdZPibacCrYoDBPDYkJnZMoGjioimfHT5a0LeOGUMZxE2pWycKl+n0iJNGYuA9cpiQ3Nby8T//IGiZ00/ZSrOLFM0dWiSSKgjWD2OBxzzagVc0cI1dzdCmlINKHWxVNwIXx9Cv8nvWoF1yu1m1qpXV3HkQdn4ByUAQYN0AbXoAO6gIIQPIAn8OxJ79F78V5XrTlvPXMKfsB7+wSuWY36</latexit>

h(p)
<latexit sha1_base64="Uys3t80Aecjof9fsjLdWS0qrTQI=">AAAB7XicdVDLSgMxFM3UV62vqks3wSKtm5KU0seu4MZlBfuAdiiZNNPGZiZDkhHK0H9w40IRt/6PO//GTFtBRQ9cOJxzL/fe40WCa4PQh5PZ2Nza3snu5vb2Dw6P8scnXS1jRVmHSiFV3yOaCR6yjuFGsH6kGAk8wXre7Cr1e/dMaS7DWzOPmBuQSch9TomxUndaLEXFy1G+gMoIIYwxTAmu15AlzWajghsQp5ZFAazRHuXfh2NJ44CFhgqi9QCjyLgJUYZTwRa5YaxZROiMTNjA0pAETLvJ8toFvLDKGPpS2QoNXKrfJxISaD0PPNsZEDPVv71U/MsbxMZvuAkPo9iwkK4W+bGARsL0dTjmilEj5pYQqri9FdIpUYQaG1DOhvD1KfyfdCtlXCtXb6qFVmUdRxacgXNQAhjUQQtcgzboAAruwAN4As+OdB6dF+d11Zpx1jOn4Aect09woY5c</latexit>

h0(p0)

<latexit sha1_base64="f+Dg76sGcvLE0XOuc+qiOG+RjF0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUTZmU0seu0I3LCvYB7VAyaaaNzSRjkhHK0H9w40IRt/6PO//GTFtBRQ9cOJxzL/fe40ecaeO6H05mY3Nreye7m9vbPzg8yh+fdLWMFaEdIrlUfR9rypmgHcMMp/1IURz6nPb8WSv1e/dUaSbFjZlH1AvxRLCAEWys1G0V70bocpQvuCXXdRFCMCWoVnUtaTTqZVSHKLUsCmCN9ij/PhxLEodUGMKx1gPkRsZLsDKMcLrIDWNNI0xmeEIHlgocUu0ly2sX8MIqYxhIZUsYuFS/TyQ41Hoe+rYzxGaqf3up+Jc3iE1Q9xImothQQVaLgphDI2H6OhwzRYnhc0swUczeCskUK0yMDShnQ/j6FP5PuuUSqpYq15VCs7yOIwvOwDkoAgRqoAmuQBt0AAG34AE8gWdHOo/Oi/O6as0465lT8APO2yeeJ456</latexit>

C(q1)

<latexit sha1_base64="peFx4qbZ+EcmxAhZsmNYWHlIvMo=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUTUlK6WNX0IXLCvYB7VAyaaaNzWTGJCOUof/gxoUibv0fd/6NmbaCih64cDjnXu69x4sE1wahDyeztr6xuZXdzu3s7u0f5A+POjqMFWVtGopQ9TyimeCStQ03gvUixUjgCdb1phep371nSvNQ3phZxNyAjCX3OSXGSp3L4t2wfD7MF1AJIYQxhinBtSqypNGol3Ed4tSyKIAVWsP8+2AU0jhg0lBBtO5jFBk3IcpwKtg8N4g1iwidkjHrWypJwLSbLK6dwzOrjKAfKlvSwIX6fSIhgdazwLOdATET/dtLxb+8fmz8uptwGcWGSbpc5McCmhCmr8MRV4waMbOEUMXtrZBOiCLU2IByNoSvT+H/pFMu4Wqpcl0pNMurOLLgBJyCIsCgBprgCrRAG1BwCx7AE3h2QufReXFel60ZZzVzDH7AefsEoTWOfA==</latexit>

D(q2)

Colliding beam:
<latexit sha1_base64="987nAjpSNC5y4MRJ2E3gFGEgUNE=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAh1E5IY2rorunFZwT6gDWUynbRjJzNhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyaMKu04H9bK6tr6xmZhq7i9s7u3Xzo4bCuRSkxaWDAhuyFShFFOWppqRrqJJCgOGemEk6vc79wTqajgt3qakCBGI04jipE2Uvuykgy8s0Gp7NgX9arnV6FjO07N9dyceDX/3IeuUXKUwRLNQem9PxQ4jQnXmCGleq6T6CBDUlPMyKzYTxVJEJ6gEekZylFMVJDNr53BU6MMYSSkKa7hXP0+kaFYqWkcms4Y6bH67eXiX14v1VE9yChPUk04XiyKUga1gPnrcEglwZpNDUFYUnMrxGMkEdYmoKIJ4etT+D9pe7Zbtf0bv9zwlnEUwDE4ARXgghpogGvQBC2AwR14AE/g2RLWo/VivS5aV6zlzBH4AevtE6+1joU=</latexit>

B(p2)
<latexit sha1_base64="PL1kYpucvs7xgh+7/XRm9l3fB2w=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBhZSZUtSNUHDjsoJ9QDuUTJppQ5PMkGQKZeifuHGhiFv/xJ1/Y9rOQlsPXO7hnHvJzQkTzrTxvG+nsLG5tb1T3C3t7R8cHrnHJy0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w/H93G9PqNIslk9mmtBA4KFkESPYWKnvuneIXqHeEAuBbU9Y3y17FW8BtE78nJQhR6PvfvUGMUkFlYZwrHXX9xITZFgZRjidlXqppgkmYzykXUslFlQH2eLyGbqwygBFsbIlDVqovzcyLLSeitBOCmxGetWbi/953dREt0HGZJIaKsnyoSjlyMRoHgMaMEWJ4VNLMFHM3orICCtMjA2rZEPwV7+8TlrVin9dqT3WyvVqHkcRzuAcLsGHG6jDAzSgCQQm8Ayv8OZkzovz7nwsRwtOvnMKf+B8/gBrkJIy</latexit>= e, �,⇡

Single diffractive hard exclusive process
(SDHEP)

<latexit sha1_base64="nx1oBgjNB+aA4wuBF77+kDT5p7c=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEurAkoT42QsGNyxbsA9o0TKaTduhkEmcmQgkFf8WNC0Xc+h3u/BunbRbaeuByD+fcy9w5fsyoVJb1beRWVtfWN/Kbha3tnd09c/+gKaNEYNLAEYtE20eSMMpJQ1HFSDsWBIU+Iy1/dDv1W49ESBrxezWOiRuiAacBxUhpyTOP6j0H3sBzWIo9R7cHzz7rOZ5ZtMrWDHCZ2Bkpggw1z/zq9iOchIQrzJCUHduKlZsioShmZFLoJpLECI/QgHQ05Sgk0k1n50/gqVb6MIiELq7gTP29kaJQynHo68kQqaFc9Kbif14nUcG1m1IeJ4pwPH8oSBhUEZxmAftUEKzYWBOEBdW3QjxEAmGlEyvoEOzFLy+TplO2L8sX9UqxWsniyINjcAJKwAZXoAruQA00AAYpeAav4M14Ml6Md+NjPpozsp1D8AfG5w9I/pJ0</latexit>

Q2 = �(p2 � q1)
2Two scales:

<latexit sha1_base64="2M5STpj99DUNloj+tAwnyG3YGic=">AAAB/XicbVDLSgMxFM34rPU1PnZugkWsi5aZ4msjFNy4rGAf0I4lk2amoZlMSDJCHYq/4saFIm79D3f+jWk7C209cOHknHvJvccXjCrtON/WwuLS8spqbi2/vrG5tW3v7DZUnEhM6jhmsWz5SBFGOalrqhlpCUlQ5DPS9AfXY7/5QKSiMb/TQ0G8CIWcBhQjbaSuvd8JQ1iCRVESxyf3FXhlHrprF5yyMwGcJ25GCiBDrWt/dXoxTiLCNWZIqbbrCO2lSGqKGRnlO4kiAuEBCknbUI4iorx0sv0IHhmlB4NYmuIaTtTfEymKlBpGvumMkO6rWW8s/ue1Ex1ceinlItGE4+lHQcKgjuE4CtijkmDNhoYgLKnZFeI+kghrE1jehODOnjxPGpWye14+uz0tVCtZHDlwAA5BEbjgAlTBDaiBOsDgETyDV/BmPVkv1rv1MW1dsLKZPfAH1ucPCl6SVw==</latexit>

� �(p� p0)2 = �t

or
<latexit sha1_base64="ja3e3hiebuVZ7dVqyguS4lU8Q9E=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCCJakeFsW3Lis0Bu0JUym03ToTJLOnAgl9B3c+CpuXCji1o0738ZJW0Fbfxj4+M85nDm/HwuuwXG+rKXlldW19dxGfnNre2fX3tuv6yhRlNVoJCLV9IlmgoesBhwEa8aKEekL1vAHN1m9cc+U5lFYhVHMOpIEIe9xSsBYnn069KptzSUeeqlbHeMfLmUcBNgYQwXpGYaxZxecojMRXgR3BgU0U8WzP9vdiCaShUAF0brlOjF0UqKAU8HG+XaiWUzogASsZTAkkulOOrlpjI+N08W9SJkXAp64vydSIrUeSd90SgJ9PV/LzP9qrQR6152Uh3ECLKTTRb1EYIhwFhDucsUoiJEBQhU3f8W0TxShYGLMmxDc+ZMXoV4qupfFi7vzQrk0iyOHDtEROkEuukJldIsqqIYoekBP6AW9Wo/Ws/VmvU9bl6zZzAH6I+vjG0OVnRs=</latexit>

qT ⇠ q1T ⇠ q2T �
p
�t

q  SDHEP – Two-stage paradigm:

Necessary condition: 
<latexit sha1_base64="HqowxEEi0Of3qGLkq7TjSjoZoHA="></latexit>

qT �
p
�t ' ⇤QCD

<latexit sha1_base64="b5o6UF+LtX0x3oQwiYRG6OQVXbk=">AAACB3icbVBLSwMxGMz6rPW16lGQYJFuFctuKepFqHjxWME+oK0lm6bd0Gw2JFmhlN68+Fe8eFDEq3/Bm//GtN2Dtg4EJjPfRzLjC0aVdt1va2FxaXllNbWWXt/Y3Nq2d3arKoolJhUcsUjWfaQIo5xUNNWM1IUkKPQZqfn967FfeyBS0Yjf6YEgrRD1OO1SjLSR2vZB4IhcU0cwyDoim4Mn8Or+2BFt71Kcmnvbzrh5dwI4T7yEZECCctv+anYiHIeEa8yQUg3PFbo1RFJTzMgo3YwVEQj3UY80DOUoJKo1nOQYwSOjdGA3kuZwDSfq740hCpUahL6ZDJEO1Kw3Fv/zGrHuXrSGlItYE46nD3VjBk3ucSmwQyXBmg0MQVhS81eIAyQR1qa6tCnBm408T6qFvHeWL94WM6VCUkcK7IND4AAPnIMSuAFlUAEYPIJn8ArerCfrxXq3PqajC1ayswf+wPr8AWFUlcU=</latexit>

h(p) ! h0(p0) +A⇤(p1 = p� p0)

Factorization

Single diffractive:

<latexit sha1_base64="bKcvGXWGLaNv/egJLCfO23D6vDE="></latexit>

A⇤(p1) +B(p2) ! C(p3) +D(p4)Hard exclusive:
Diffractive at a scale:

<latexit sha1_base64="4NpUcm2Oli7OlcPeB7ZEW4PIL9s=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHiQjJD8LExIXHjEhN5JDCSTulAQ9tp2o6GIJ/ixoXGuPVL3Pk3FpiFoie5yck59+bee0LJqDae9+VklpZXVtey67mNza3tHTe/29BxojCp45jFqhUiTRgVpG6oYaQlFUE8ZKQZDq+mfvOeKE1jcWtGkgQc9QWNKEbGSl0339GUw6I8kUfHd2V4CU3XLXglbwb4l/gpKYAUta772enFOOFEGMyQ1m3fkyYYI2UoZmSS6ySaSISHqE/algrEiQ7Gs9Mn8NAqPRjFypYwcKb+nBgjrvWIh7aTIzPQi95U/M9rJya6CMZUyMQQgeeLooRBE8NpDrBHFcGGjSxBWFF7K8QDpBA2Nq2cDcFffPkvaZRL/lnp9KZSqFbSOLJgHxyAIvDBOaiCa1ADdYDBA3gCL+DVeXSenTfnfd6acdKZPfALzsc3ZNiSHA==</latexit>

⇠ (p� p0)2 = t

2-to-2 elastic scattering
= Hard probe at a scale:

<latexit sha1_base64="jFn1Ku172xMp307PGYQa+wSvqTw=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHqwpIEX8uCG5cV7APaGibTSTt0Jokzk0IJ/RM3LhRx65+482+ctllo64ELh3Pu5d57goQzpR3n21pZXVvf2CxsFbd3dvf27YPDhopTSWidxDyWrQAryllE65ppTluJpFgEnDaD4e3Ub46oVCyOHvQ4oV2B+xELGcHaSL5tdxQTqJz43vmT7549er5dcirODGiZuDkpQY6ab391ejFJBY004ViptuskupthqRnhdFLspIommAxxn7YNjbCgqpvNLp+gU6P0UBhLU5FGM/X3RIaFUmMRmE6B9UAtelPxP6+d6vCmm7EoSTWNyHxRmHKkYzSNAfWYpETzsSGYSGZuRWSAJSbahFU0IbiLLy+ThldxryqX9xelqpfHUYBjOIEyuHANVbiDGtSBwAie4RXerMx6sd6tj3nripXPHMEfWJ8/S4ySGg==</latexit>

⇠ (p2 � q1)
2

<latexit sha1_base64="sFPHkMHa3bLaJlwY6JO62dP7hiM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktVj0WvHis0C9s15JNs21okl2TrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMviDnTxnW/ndza+sbmVn67sLO7t39QPDxq6ShRhDZJxCPVCbCmnEnaNMxw2okVxSLgtB2Mb2Z++4kqzSLZMJOY+gIPJQsZwcZK9z3NBHrsNx4q/WLJLbtzoFXiZaQEGer94ldvEJFEUGkIx1p3PTc2foqVYYTTaaGXaBpjMsZD2rVUYkG1n84vnqIzqwxQGClb0qC5+nsixULriQhsp8BmpJe9mfif101MeO2nTMaJoZIsFoUJRyZCs/fRgClKDJ9Ygoli9lZERlhhYmxIBRuCt/zyKmlVyt5luXp3UapVsjjycAKncA4eXEENbqEOTSAg4Rle4c3Rzovz7nwsWnNONnMMf+B8/gDPm5BR</latexit>

⇠ q2T

<latexit sha1_base64="3VRvk8i1JVWaq1zulfD9yxQtBwo=">AAAB63icdVDLSgMxFM3UV62vqks3wSLUTUlK6WNXcOOygq2FdiiZNO2EJpkhyQhl6C+4caGIW3/InX9jpq2gogcuHM65l3vvCWLBjUXow8ttbG5t7+R3C3v7B4dHxeOTnokSTVmXRiLS/YAYJrhiXcutYP1YMyIDwe6C2VXm390zbXikbu08Zr4kU8UnnBKbSWE5vhwVS6iCEMIYw4zgRh050mo1q7gJcWY5lMAanVHxfTiOaCKZslQQYwYYxdZPibacCrYoDBPDYkJnZMoGjioimfHT5a0LeOGUMZxE2pWycKl+n0iJNGYuA9cpiQ3Nby8T//IGiZ00/ZSrOLFM0dWiSSKgjWD2OBxzzagVc0cI1dzdCmlINKHWxVNwIXx9Cv8nvWoF1yu1m1qpXV3HkQdn4ByUAQYN0AbXoAO6gIIQPIAn8OxJ79F78V5XrTlvPXMKfsB7+wSuWY36</latexit>

h(p)
<latexit sha1_base64="Uys3t80Aecjof9fsjLdWS0qrTQI=">AAAB7XicdVDLSgMxFM3UV62vqks3wSKtm5KU0seu4MZlBfuAdiiZNNPGZiZDkhHK0H9w40IRt/6PO//GTFtBRQ9cOJxzL/fe40WCa4PQh5PZ2Nza3snu5vb2Dw6P8scnXS1jRVmHSiFV3yOaCR6yjuFGsH6kGAk8wXre7Cr1e/dMaS7DWzOPmBuQSch9TomxUndaLEXFy1G+gMoIIYwxTAmu15AlzWajghsQp5ZFAazRHuXfh2NJ44CFhgqi9QCjyLgJUYZTwRa5YaxZROiMTNjA0pAETLvJ8toFvLDKGPpS2QoNXKrfJxISaD0PPNsZEDPVv71U/MsbxMZvuAkPo9iwkK4W+bGARsL0dTjmilEj5pYQqri9FdIpUYQaG1DOhvD1KfyfdCtlXCtXb6qFVmUdRxacgXNQAhjUQQtcgzboAAruwAN4As+OdB6dF+d11Zpx1jOn4Aect09woY5c</latexit>

h0(p0)

<latexit sha1_base64="U/NS76BMw7Hge01fnJyoNHecv4I=">AAAB9HicdVDLSsNAFJ34rPVVdelmsIhVsCQxtHUhVNy4rGAf0MYymU7aoZNknJkUSuh3uHGhiFs/xp1/46StoKIHLhzOuZd77/E4o1KZ5oexsLi0vLKaWcuub2xubed2dhsyigUmdRyxSLQ8JAmjIakrqhhpcUFQ4DHS9IZXqd8cESFpFN6qMSdugPoh9SlGSkvu5d1JgXetC37Kj467ubxZPK+UbKcEzaJpli3bSoldds4caGklRR7MUevm3ju9CMcBCRVmSMq2ZXLlJkgoihmZZDuxJBzhIeqTtqYhCoh0k+nRE3iolR70I6ErVHCqfp9IUCDlOPB0Z4DUQP72UvEvrx0rv+ImNOSxIiGeLfJjBlUE0wRgjwqCFRtrgrCg+laIB0ggrHROWR3C16fwf9Kwi1ap6Nw4+ao9jyMD9sEBKAALlEEVXIMaqAMM7sEDeALPxsh4NF6M11nrgjGf2QM/YLx9Ar6vkMI=</latexit>

A
⇤ (p1 =

p� p0 )

<latexit sha1_base64="f+Dg76sGcvLE0XOuc+qiOG+RjF0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUTZmU0seu0I3LCvYB7VAyaaaNzSRjkhHK0H9w40IRt/6PO//GTFtBRQ9cOJxzL/fe40ecaeO6H05mY3Nreye7m9vbPzg8yh+fdLWMFaEdIrlUfR9rypmgHcMMp/1IURz6nPb8WSv1e/dUaSbFjZlH1AvxRLCAEWys1G0V70bocpQvuCXXdRFCMCWoVnUtaTTqZVSHKLUsCmCN9ij/PhxLEodUGMKx1gPkRsZLsDKMcLrIDWNNI0xmeEIHlgocUu0ly2sX8MIqYxhIZUsYuFS/TyQ41Hoe+rYzxGaqf3up+Jc3iE1Q9xImothQQVaLgphDI2H6OhwzRYnhc0swUczeCskUK0yMDShnQ/j6FP5PuuUSqpYq15VCs7yOIwvOwDkoAgRqoAmuQBt0AAG34AE8gWdHOo/Oi/O6as0465lT8APO2yeeJ456</latexit>

C(q1)

<latexit sha1_base64="peFx4qbZ+EcmxAhZsmNYWHlIvMo=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUTUlK6WNX0IXLCvYB7VAyaaaNzWTGJCOUof/gxoUibv0fd/6NmbaCih64cDjnXu69x4sE1wahDyeztr6xuZXdzu3s7u0f5A+POjqMFWVtGopQ9TyimeCStQ03gvUixUjgCdb1phep371nSvNQ3phZxNyAjCX3OSXGSp3L4t2wfD7MF1AJIYQxhinBtSqypNGol3Ed4tSyKIAVWsP8+2AU0jhg0lBBtO5jFBk3IcpwKtg8N4g1iwidkjHrWypJwLSbLK6dwzOrjKAfKlvSwIX6fSIhgdazwLOdATET/dtLxb+8fmz8uptwGcWGSbpc5McCmhCmr8MRV4waMbOEUMXtrZBOiCLU2IByNoSvT+H/pFMu4Wqpcl0pNMurOLLgBJyCIsCgBprgCrRAG1BwCx7AE3h2QufReXFel60ZZzVzDH7AefsEoTWOfA==</latexit>

D(q2)

<latexit sha1_base64="987nAjpSNC5y4MRJ2E3gFGEgUNE=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAh1E5IY2rorunFZwT6gDWUynbRjJzNhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyaMKu04H9bK6tr6xmZhq7i9s7u3Xzo4bCuRSkxaWDAhuyFShFFOWppqRrqJJCgOGemEk6vc79wTqajgt3qakCBGI04jipE2Uvuykgy8s0Gp7NgX9arnV6FjO07N9dyceDX/3IeuUXKUwRLNQem9PxQ4jQnXmCGleq6T6CBDUlPMyKzYTxVJEJ6gEekZylFMVJDNr53BU6MMYSSkKa7hXP0+kaFYqWkcms4Y6bH67eXiX14v1VE9yChPUk04XiyKUga1gPnrcEglwZpNDUFYUnMrxGMkEdYmoKIJ4etT+D9pe7Zbtf0bv9zwlnEUwDE4ARXgghpogGvQBC2AwR14AE/g2RLWo/VivS5aV6zlzBH4AevtE6+1joU=</latexit>

B(p2)
<latexit sha1_base64="PL1kYpucvs7xgh+7/XRm9l3fB2w=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBhZSZUtSNUHDjsoJ9QDuUTJppQ5PMkGQKZeifuHGhiFv/xJ1/Y9rOQlsPXO7hnHvJzQkTzrTxvG+nsLG5tb1T3C3t7R8cHrnHJy0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w/H93G9PqNIslk9mmtBA4KFkESPYWKnvuneIXqHeEAuBbU9Y3y17FW8BtE78nJQhR6PvfvUGMUkFlYZwrHXX9xITZFgZRjidlXqppgkmYzykXUslFlQH2eLyGbqwygBFsbIlDVqovzcyLLSeitBOCmxGetWbi/953dREt0HGZJIaKsnyoSjlyMRoHgMaMEWJ4VNLMFHM3orICCtMjA2rZEPwV7+8TlrVin9dqT3WyvVqHkcRzuAcLsGHG6jDAzSgCQQm8Ayv8OZkzovz7nwsRwtOvnMKf+B8/gBrkJIy</latexit>= e, �,⇡

Colliding beam:<latexit sha1_base64="yQvaOAUlPGidYvSO86Ex2YYa638=">AAAB8XicdVDLSgMxFM3UV62vqks3wSKIi2E6fbqruHFZwT6wHUsmzbShSWZIMkIZ+hduXCji1r9x59+YaSuo6IELh3Pu5d57/IhRpR3nw8qsrK6tb2Q3c1vbO7t7+f2DtgpjiUkLhyyUXR8pwqggLU01I91IEsR9Rjr+5DL1O/dEKhqKGz2NiMfRSNCAYqSNdNtXMR8kF3dns0G+4Njn9apbcaFjO07NLVVT4tbKbgkWjZKiAJZoDvLv/WGIY06Exgwp1Ss6kfYSJDXFjMxy/ViRCOEJGpGeoQJxorxkfvEMnhhlCINQmhIaztXvEwniSk25bzo50mP120vFv7xerIO6l1ARxZoIvFgUxAzqEKbvwyGVBGs2NQRhSc2tEI+RRFibkHImhK9P4f+k7drFql25Lhca5WUcWXAEjsEpKIIaaIAr0AQtgIEAD+AJPFvKerRerNdFa8ZazhyCH7DePgG5ypDv</latexit>X

A⇤



10

SDHEP: Two-stage Paradigm plus Power Expansion in 

+⋯
≥ 𝟑 parton connection:

             further Power suppressed

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

A
∗ (p1 =

p− p′ )

F

H = A
∗ = γ

∗ (p1)

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

H

F

Leading Power in
<latexit sha1_base64="yQvaOAUlPGidYvSO86Ex2YYa638=">AAAB8XicdVDLSgMxFM3UV62vqks3wSKIi2E6fbqruHFZwT6wHUsmzbShSWZIMkIZ+hduXCji1r9x59+YaSuo6IELh3Pu5d57/IhRpR3nw8qsrK6tb2Q3c1vbO7t7+f2DtgpjiUkLhyyUXR8pwqggLU01I91IEsR9Rjr+5DL1O/dEKhqKGz2NiMfRSNCAYqSNdNtXMR8kF3dns0G+4Njn9apbcaFjO07NLVVT4tbKbgkWjZKiAJZoDvLv/WGIY06Exgwp1Ss6kfYSJDXFjMxy/ViRCOEJGpGeoQJxorxkfvEMnhhlCINQmhIaztXvEwniSk25bzo50mP120vFv7xerIO6l1ARxZoIvFgUxAzqEKbvwyGVBGs2NQRhSc2tEI+RRFibkHImhK9P4f+k7drFql25Lhca5WUcWXAEjsEpKIIaaIAr0AQtgIEAD+AJPFvKerRerNdFa8ZazhyCH7DePgG5ypDv</latexit>X

A⇤

<latexit sha1_base64="PkkZgMkeHLaqcaj7x5dnTgJtNEg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpIUX8uCG5ct2Ac0oUymk3bo5OHMjRBC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1bZTW1jc2t8rblZ3dvf0D8/Coq6JEUtahkYhk3yOKCR6yDnAQrB9LRgJPsJ43vZ35vUcmFY/Ce0hj5gZkHHKfUwJaGppVx5eEZo56kJCdQ55n7Xxo1qy6NQdeJXZBaqhAa2h+OaOIJgELgQqi1MC2YnAzIoFTwfKKkygWEzolYzbQNCQBU242Pz7Hp1oZYT+SukLAc/X3REYCpdLA050BgYla9mbif94gAf/GzXgYJ8BCuljkJwJDhGdJ4BGXjIJINSFUcn0rphOi0wCdV0WHYC+/vEq6jbp9Vb9sX9SajSKOMjpGJ+gM2egaNdEdaqEOoihFz+gVvRlPxovxbnwsWktGMVNFf2B8/gCbWZVb</latexit>p
�t

Q

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

A
∗ = [gg]

∗ (p1)

F

HA
∗ = [qq̄]

∗ (p1)

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

H

F

+ + Next Leading Power in
<latexit sha1_base64="PkkZgMkeHLaqcaj7x5dnTgJtNEg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpIUX8uCG5ct2Ac0oUymk3bo5OHMjRBC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1bZTW1jc2t8rblZ3dvf0D8/Coq6JEUtahkYhk3yOKCR6yDnAQrB9LRgJPsJ43vZ35vUcmFY/Ce0hj5gZkHHKfUwJaGppVx5eEZo56kJCdQ55n7Xxo1qy6NQdeJXZBaqhAa2h+OaOIJgELgQqi1MC2YnAzIoFTwfKKkygWEzolYzbQNCQBU242Pz7Hp1oZYT+SukLAc/X3REYCpdLA050BgYla9mbif94gAf/GzXgYJ8BCuljkJwJDhGdJ4BGXjIJINSFUcn0rphOi0wCdV0WHYC+/vEq6jbp9Vb9sX9SajSKOMjpGJ+gM2egaNdEdaqEOoihFz+gVvRlPxovxbnwsWktGMVNFf2B8/gCbWZVb</latexit>p
�t

Q

<latexit sha1_base64="3jezw+BcN29JzU/j8OGe9YWkGfw=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvxhlxO3gIePEYIRskQ+jp9CRNepZ01wTCkO/w4kERr36MN//GTjIHTXxQ8Hiviqp6XiyFRtv+tlZW19Y3NnNb+e2d3b39wsFhXUeJYrzGIhmppkc1lyLkNRQoeTNWnAae5A1v8DD1GyOutIjCKo5j7ga0FwpfMIpGctt6qDA9x8nFsFPtFIp2yZ6BLBMnI0XIUOkUvtrdiCUBD5FJqnXLsWN0U6pQMMkn+XaieUzZgPZ4y9CQBly76ezoCTk1Spf4kTIVIpmpvydSGmg9DjzTGVDs60VvKv7ntRL079xUhHGCPGTzRX4iCUZkmgDpCsUZyrEhlClhbiWsTxVlaHLKmxCcxZeXSf2y5NyUrp+uiuX7LI4cHMMJnIEDt1CGR6hADRgM4Rle4c0aWS/Wu/Uxb12xspkj+APr8we8jJIS</latexit>p
�t/qT
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SDHEP: Two-stage Paradigm plus Power Expansion in 

+⋯
≥ 𝟑 parton connection:

             further Power suppressed

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

A
∗ (p1 =

p− p′ )

F

H = A
∗ = γ

∗ (p1)

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

H

F

Leading Power in
<latexit sha1_base64="yQvaOAUlPGidYvSO86Ex2YYa638=">AAAB8XicdVDLSgMxFM3UV62vqks3wSKIi2E6fbqruHFZwT6wHUsmzbShSWZIMkIZ+hduXCji1r9x59+YaSuo6IELh3Pu5d57/IhRpR3nw8qsrK6tb2Q3c1vbO7t7+f2DtgpjiUkLhyyUXR8pwqggLU01I91IEsR9Rjr+5DL1O/dEKhqKGz2NiMfRSNCAYqSNdNtXMR8kF3dns0G+4Njn9apbcaFjO07NLVVT4tbKbgkWjZKiAJZoDvLv/WGIY06Exgwp1Ss6kfYSJDXFjMxy/ViRCOEJGpGeoQJxorxkfvEMnhhlCINQmhIaztXvEwniSk25bzo50mP120vFv7xerIO6l1ARxZoIvFgUxAzqEKbvwyGVBGs2NQRhSc2tEI+RRFibkHImhK9P4f+k7drFql25Lhca5WUcWXAEjsEpKIIaaIAr0AQtgIEAD+AJPFvKerRerNdFa8ZazhyCH7DePgG5ypDv</latexit>X

A⇤

<latexit sha1_base64="PkkZgMkeHLaqcaj7x5dnTgJtNEg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpIUX8uCG5ct2Ac0oUymk3bo5OHMjRBC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1bZTW1jc2t8rblZ3dvf0D8/Coq6JEUtahkYhk3yOKCR6yDnAQrB9LRgJPsJ43vZ35vUcmFY/Ce0hj5gZkHHKfUwJaGppVx5eEZo56kJCdQ55n7Xxo1qy6NQdeJXZBaqhAa2h+OaOIJgELgQqi1MC2YnAzIoFTwfKKkygWEzolYzbQNCQBU242Pz7Hp1oZYT+SukLAc/X3REYCpdLA050BgYla9mbif94gAf/GzXgYJ8BCuljkJwJDhGdJ4BGXjIJINSFUcn0rphOi0wCdV0WHYC+/vEq6jbp9Vb9sX9SajSKOMjpGJ+gM2egaNdEdaqEOoihFz+gVvRlPxovxbnwsWktGMVNFf2B8/gCbWZVb</latexit>p
�t

Q

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

A
∗ = [gg]

∗ (p1)

F

HA
∗ = [qq̄]

∗ (p1)

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

H

F

+ + Next Leading Power in
<latexit sha1_base64="PkkZgMkeHLaqcaj7x5dnTgJtNEg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpIUX8uCG5ct2Ac0oUymk3bo5OHMjRBC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1bZTW1jc2t8rblZ3dvf0D8/Coq6JEUtahkYhk3yOKCR6yDnAQrB9LRgJPsJ43vZ35vUcmFY/Ce0hj5gZkHHKfUwJaGppVx5eEZo56kJCdQ55n7Xxo1qy6NQdeJXZBaqhAa2h+OaOIJgELgQqi1MC2YnAzIoFTwfKKkygWEzolYzbQNCQBU242Pz7Hp1oZYT+SukLAc/X3REYCpdLA050BgYla9mbif94gAf/GzXgYJ8BCuljkJwJDhGdJ4BGXjIJINSFUcn0rphOi0wCdV0WHYC+/vEq6jbp9Vb9sX9SajSKOMjpGJ+gM2egaNdEdaqEOoihFz+gVvRlPxovxbnwsWktGMVNFf2B8/gCbWZVb</latexit>p
�t

Q

<latexit sha1_base64="3jezw+BcN29JzU/j8OGe9YWkGfw=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvxhlxO3gIePEYIRskQ+jp9CRNepZ01wTCkO/w4kERr36MN//GTjIHTXxQ8Hiviqp6XiyFRtv+tlZW19Y3NnNb+e2d3b39wsFhXUeJYrzGIhmppkc1lyLkNRQoeTNWnAae5A1v8DD1GyOutIjCKo5j7ga0FwpfMIpGctt6qDA9x8nFsFPtFIp2yZ6BLBMnI0XIUOkUvtrdiCUBD5FJqnXLsWN0U6pQMMkn+XaieUzZgPZ4y9CQBly76ezoCTk1Spf4kTIVIpmpvydSGmg9DjzTGVDs60VvKv7ntRL079xUhHGCPGTzRX4iCUZkmgDpCsUZyrEhlClhbiWsTxVlaHLKmxCcxZeXSf2y5NyUrp+uiuX7LI4cHMMJnIEDt1CGR6hADRgM4Rle4c0aWS/Wu/Uxb12xspkj+APr8we8jJIS</latexit>p
�t/qT

Bethe-Heitler

EM form factor

Quark GPD Gluon GPD

Energy ≫ virtuality
Ensured by 

<latexit sha1_base64="MxNhvp3mmAK9Mf0rl3DsfJ6y6cg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxppIfSwLblxW6AuaECbTSTt08ujMjVBC/RU3LhRx64e482+ctllo64ELh3Pu5d57/ERwBZb1bRTW1jc2t4rbpZ3dvf0D8/CoreJUUtaisYhl1yeKCR6xFnAQrJtIRkJfsI4/upv5nUcmFY+jJkwS5oZkEPGAUwJa8syyo8YSsnOYXoy9JnaEwLZnVqyqNQdeJXZOKihHwzO/nH5M05BFQAVRqmdbCbgZkcCpYNOSkyqWEDoiA9bTNCIhU242P36KT7XSx0EsdUWA5+rviYyESk1CX3eGBIZq2ZuJ/3m9FIJbN+NRkgKL6GJRkAoMMZ4lgftcMgpiogmhkutbMR0SSSjovEo6BHv55VXSvqza19Wrh1qlXsvjKKJjdILOkI1uUB3dowZqIYom6Bm9ojfjyXgx3o2PRWvByGfK6A+Mzx+xY5Qc</latexit>p
�t/qT ⌧ 1

Factorization into GPDs
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SDHEP: Two-stage Paradigm plus Power Expansion in 

+⋯
≥ 𝟑 parton connection:

             further Power suppressed

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

A
∗ (p1 =

p− p′ )

F

H = A
∗ = γ

∗ (p1)

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

H

F

Leading Power in
<latexit sha1_base64="yQvaOAUlPGidYvSO86Ex2YYa638=">AAAB8XicdVDLSgMxFM3UV62vqks3wSKIi2E6fbqruHFZwT6wHUsmzbShSWZIMkIZ+hduXCji1r9x59+YaSuo6IELh3Pu5d57/IhRpR3nw8qsrK6tb2Q3c1vbO7t7+f2DtgpjiUkLhyyUXR8pwqggLU01I91IEsR9Rjr+5DL1O/dEKhqKGz2NiMfRSNCAYqSNdNtXMR8kF3dns0G+4Njn9apbcaFjO07NLVVT4tbKbgkWjZKiAJZoDvLv/WGIY06Exgwp1Ss6kfYSJDXFjMxy/ViRCOEJGpGeoQJxorxkfvEMnhhlCINQmhIaztXvEwniSk25bzo50mP120vFv7xerIO6l1ARxZoIvFgUxAzqEKbvwyGVBGs2NQRhSc2tEI+RRFibkHImhK9P4f+k7drFql25Lhca5WUcWXAEjsEpKIIaaIAr0AQtgIEAD+AJPFvKerRerNdFa8ZazhyCH7DePgG5ypDv</latexit>X

A⇤

<latexit sha1_base64="PkkZgMkeHLaqcaj7x5dnTgJtNEg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpIUX8uCG5ct2Ac0oUymk3bo5OHMjRBC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1bZTW1jc2t8rblZ3dvf0D8/Coq6JEUtahkYhk3yOKCR6yDnAQrB9LRgJPsJ43vZ35vUcmFY/Ce0hj5gZkHHKfUwJaGppVx5eEZo56kJCdQ55n7Xxo1qy6NQdeJXZBaqhAa2h+OaOIJgELgQqi1MC2YnAzIoFTwfKKkygWEzolYzbQNCQBU242Pz7Hp1oZYT+SukLAc/X3REYCpdLA050BgYla9mbif94gAf/GzXgYJ8BCuljkJwJDhGdJ4BGXjIJINSFUcn0rphOi0wCdV0WHYC+/vEq6jbp9Vb9sX9SajSKOMjpGJ+gM2egaNdEdaqEOoihFz+gVvRlPxovxbnwsWktGMVNFf2B8/gCbWZVb</latexit>p
�t

Q

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

A
∗ = [gg]

∗ (p1)

F

HA
∗ = [qq̄]

∗ (p1)

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

H

F

+ + Next Leading Power in
<latexit sha1_base64="PkkZgMkeHLaqcaj7x5dnTgJtNEg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpIUX8uCG5ct2Ac0oUymk3bo5OHMjRBC/BU3LhRx64e482+ctllo64ELh3Pu5d57vFhwBZb1bZTW1jc2t8rblZ3dvf0D8/Coq6JEUtahkYhk3yOKCR6yDnAQrB9LRgJPsJ43vZ35vUcmFY/Ce0hj5gZkHHKfUwJaGppVx5eEZo56kJCdQ55n7Xxo1qy6NQdeJXZBaqhAa2h+OaOIJgELgQqi1MC2YnAzIoFTwfKKkygWEzolYzbQNCQBU242Pz7Hp1oZYT+SukLAc/X3REYCpdLA050BgYla9mbif94gAf/GzXgYJ8BCuljkJwJDhGdJ4BGXjIJINSFUcn0rphOi0wCdV0WHYC+/vEq6jbp9Vb9sX9SajSKOMjpGJ+gM2egaNdEdaqEOoihFz+gVvRlPxovxbnwsWktGMVNFf2B8/gCbWZVb</latexit>p
�t

Q

<latexit sha1_base64="3jezw+BcN29JzU/j8OGe9YWkGfw=">AAAB9HicbVDJSgNBEK1xjXGLevTSGAQvxhlxO3gIePEYIRskQ+jp9CRNepZ01wTCkO/w4kERr36MN//GTjIHTXxQ8Hiviqp6XiyFRtv+tlZW19Y3NnNb+e2d3b39wsFhXUeJYrzGIhmppkc1lyLkNRQoeTNWnAae5A1v8DD1GyOutIjCKo5j7ga0FwpfMIpGctt6qDA9x8nFsFPtFIp2yZ6BLBMnI0XIUOkUvtrdiCUBD5FJqnXLsWN0U6pQMMkn+XaieUzZgPZ4y9CQBly76ezoCTk1Spf4kTIVIpmpvydSGmg9DjzTGVDs60VvKv7ntRL079xUhHGCPGTzRX4iCUZkmgDpCsUZyrEhlClhbiWsTxVlaHLKmxCcxZeXSf2y5NyUrp+uiuX7LI4cHMMJnIEDt1CGR6hADRgM4Rle4c0aWS/Wu/Uxb12xspkj+APr8we8jJIS</latexit>p
�t/qT

Bethe-Heitler

EM form factor

Quark GPD Gluon GPD

Energy ≫ virtuality
Ensured by 

<latexit sha1_base64="MxNhvp3mmAK9Mf0rl3DsfJ6y6cg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxppIfSwLblxW6AuaECbTSTt08ujMjVBC/RU3LhRx64e482+ctllo64ELh3Pu5d57/ERwBZb1bRTW1jc2t4rbpZ3dvf0D8/CoreJUUtaisYhl1yeKCR6xFnAQrJtIRkJfsI4/upv5nUcmFY+jJkwS5oZkEPGAUwJa8syyo8YSsnOYXoy9JnaEwLZnVqyqNQdeJXZOKihHwzO/nH5M05BFQAVRqmdbCbgZkcCpYNOSkyqWEDoiA9bTNCIhU242P36KT7XSx0EsdUWA5+rviYyESk1CX3eGBIZq2ZuJ/3m9FIJbN+NRkgKL6GJRkAoMMZ4lgftcMgpiogmhkutbMR0SSSjovEo6BHv55VXSvqza19Wrh1qlXsvjKKJjdILOkI1uUB3dowZqIYom6Bm9ojfjyXgx3o2PRWvByGfK6A+Mzx+xY5Qc</latexit>p
�t/qT ⌧ 1

Factorization into GPDs

GPDs are defined by the
quantum states of A*
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Exclusive             Electroproduction

Traditional representation (LO in QED) – Breit frame:
q Exclusive electroproduction of a real photon:

<latexit sha1_base64="CVGDp8lYkUJGd1rckr6C6m8/SE4=">AAACGXicbVDLSgMxFM3UV62vqks3wSJtEcqM1Mey4MZlBfuAzlAy6W0bmsyMSUYoQ3/Djb/ixoUiLnXl35i2s9DWAyGHc+4lOcePOFPatr+tzMrq2vpGdjO3tb2zu5ffP2iqMJYUGjTkoWz7RAFnATQ00xzakQQifA4tf3Q99VsPIBULgzs9jsATZBCwPqNEG6mbt6HkAudlfIqHpaiMXR3iuVRMtdntDogQpHRfLHfzBbtiz4CXiZOSAkpR7+Y/3V5IYwGBppwo1XHsSHsJkZpRDpOcGyuICB2RAXQMDYgA5SWzZBN8YpQe7ofSnEDjmfp7IyFCqbHwzaQgeqgWvan4n9eJdf/KS1gQxRoCOn+oH3Ns4k9rwj0mgWo+NoRQycxfMR0SSag2ZeZMCc5i5GXSPKs4F5Xz22qhVk3ryKIjdIxKyEGXqIZuUB01EEWP6Bm9ojfryXqx3q2P+WjGSncO0R9YXz/VYpvN</latexit>

e(`) + h(p) ! e(`0) + h(p0) + �(q0)

+

DVCS: in 
terms of 
Compton
Scattering
Amplitude

Bethe-Heitler
subprocess in 
terms of EM 
form factors

2

18 scalar functions 2 EM form factors

Real photon 
          is in 

Hadronic plan

<latexit sha1_base64="bULQ5jFj0FcM+NiXTYri3vK+8MY=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHihewSX0cSLx4xkUeEDZkdZmHCzOw6M2tCNvyFFw8a49W/8ebfOMAeFKykk0pVd7q7gpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqt56o0iyS92YcU1/ggWQhI9hY6aE7wELg8uPpWa9YcivuDGiZeBkpQYZ6r/jV7UckEVQawrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYslVhQ7aeziyfoxCp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+53USE177KZNxYqgk80VhwpGJ0PR91GeKEsPHlmCimL0VkSFWmBgbUsGG4C2+vEya1Yp3Wbm4Oy/VqlkceTiCYyiDB1dQg1uoQwMISHiGV3hztPPivDsf89ack80cwh84nz+FXpAg</latexit>

�(q0)

Factorization – Leading power Approximation:

<latexit sha1_base64="EMkOOAXUbAsrk+XGVC8bphJuFjQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kknx61jw4rGC/YA2lM120i7d3YTdjVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYsGNdd1vZ219Y3Nru7RT3t3bPzisHB23TZRohi0WiUh3A2pQcIUty63AbqyRykBgJ5jc5X7nCbXhkXq00xh9SUeKh5xRm0t9FGJQqbo1dw6ySryCVKFAc1D56g8jlkhUlglqTM9zY+unVFvOBM7K/cRgTNmEjrCXUUUlGj+d3zoj55kyJGGks1KWzNXfEymVxkxlkHVKasdm2cvF/7xeYsNbP+UqTiwqtlgUJoLYiOSPkyHXyKyYZoQyzbNbCRtTTZnN4ilnIXjLL6+Sdr3mXdeuHi6rjXoRRwlO4QwuwIMbaMA9NKEFDMbwDK/w5kjnxXl3Phata04xcwJ/4Hz+AAvWjjU=</latexit>

`

<latexit sha1_base64="EMkOOAXUbAsrk+XGVC8bphJuFjQ=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kknx61jw4rGC/YA2lM120i7d3YTdjVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYsGNdd1vZ219Y3Nru7RT3t3bPzisHB23TZRohi0WiUh3A2pQcIUty63AbqyRykBgJ5jc5X7nCbXhkXq00xh9SUeKh5xRm0t9FGJQqbo1dw6ySryCVKFAc1D56g8jlkhUlglqTM9zY+unVFvOBM7K/cRgTNmEjrCXUUUlGj+d3zoj55kyJGGks1KWzNXfEymVxkxlkHVKasdm2cvF/7xeYsNbP+UqTiwqtlgUJoLYiOSPkyHXyKyYZoQyzbNbCRtTTZnN4ilnIXjLL6+Sdr3mXdeuHi6rjXoRRwlO4QwuwIMbaMA9NKEFDMbwDK/w5kjnxXl3Phata04xcwJ/4Hz+AAvWjjU=</latexit>

`

<latexit sha1_base64="uO3KKd5SaHqW7xKVu7u097VgwYk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKX8eCF48VTFtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SjGacYxHQgecQZNVbyuyjEea9ccavuHGSVeDmpQI5Gr/zV7Scsi1EaJqjWHc9NTTChynAmcFrqZhpTykZ0gB1LJY1RB5P5sVNyZpU+iRJlSxoyV39PTGis9TgObWdMzVAvezPxP6+Tmeg2mHCZZgYlWyyKMkFMQmafkz5XyIwYW0KZ4vZWwoZUUWZsPiUbgrf88ipp1qredfXq4bJSr+VxFOEETuECPLiBOtxDA3xgwOEZXuHNkc6L8+58LFoLTj5zDH/gfP4AbXWOZg==</latexit>

`0

<latexit sha1_base64="uO3KKd5SaHqW7xKVu7u097VgwYk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKX8eCF48VTFtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SjGacYxHQgecQZNVbyuyjEea9ccavuHGSVeDmpQI5Gr/zV7Scsi1EaJqjWHc9NTTChynAmcFrqZhpTykZ0gB1LJY1RB5P5sVNyZpU+iRJlSxoyV39PTGis9TgObWdMzVAvezPxP6+Tmeg2mHCZZgYlWyyKMkFMQmafkz5XyIwYW0KZ4vZWwoZUUWZsPiUbgrf88ipp1qredfXq4bJSr+VxFOEETuECPLiBOtxDA3xgwOEZXuHNkc6L8+58LFoLTj5zDH/gfP4AbXWOZg==</latexit>

`0

<latexit sha1_base64="+GBMELS/kvNBCZpiaQZvPDE25vI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vmkm/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6peNmuVei2PowgncArn4ME11OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/2SOM8A==</latexit>p <latexit sha1_base64="sP+R8HtIpK2MebWnwoKy6pBOdcQ=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA9hV2Jj2PAi8co5gHJEmYnvcmQ2dllZlYIS/7AiwdFvPpH3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0kJz1SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhjZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaV5UvKvK5X21XKvmcRTgGE7gHDy4hhrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPHzmijSE=</latexit>

p0

Separation of GPDs:  angle distribution between leptonic (               ) and hadronic (               ) planes! 
<latexit sha1_base64="5ChOI34cJQIwqjQZ2PcXgucLo5U=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvoqsxIfSwLblxWsA/oDCWTZtrQTDIkGaEM/Q03LhRx68+482/MtLPQ1gOXezjnXnJzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244ucv97hNVmknxaKYJDWI8EixiBBsr+T7l3Dcyb+eDas2tu3OgVeIVpAYFWoPqlz+UJI2pMIRjrfuem5ggw8owwums4qeaJphM8Ij2LRU4pjrI5jfP0JlVhiiSypYwaK7+3shwrPU0Du1kjM1YL3u5+J/XT010G2RMJKmhgiweilKOjER5AGjIFCWGTy3BRDF7KyJjrDAxNqaKDcFb/vIq6VzWvev61UOj1mwUcZThBE7hAjy4gSbcQwvaQCCBZ3iFNyd1Xpx352MxWnKKnWP4A+fzB9bRkYY=</latexit>

` ! `0
<latexit sha1_base64="kvop4Z8SnIRpTPSTvDVE2fLod/8=">AAAB7nicbVDLSgMxFL2pr1pfVZdugkV0VWakPpYFNy4r2Ae0Q8mkmTY0kwlJRihDP8KNC0Xc+j3u/BvTdhbaeiBwOOdecs8JleDGet43Kqytb2xuFbdLO7t7+wflw6OWSVJNWZMmItGdkBgmuGRNy61gHaUZiUPB2uH4bua3n5g2PJGPdqJYEJOh5BGnxDqprXo2weq8X654VW8OvEr8nFQgR6Nf/uoNEprGTFoqiDFd31M2yIi2nAo2LfVSwxShYzJkXUcliZkJsvm5U3zmlAGOEu2etHiu/t7ISGzMJA7dZEzsyCx7M/E/r5va6DbIuFSpZZIuPopSgV3GWXY84JpRKyaOEKq5uxXTEdGEWtdQyZXgL0deJa3Lqn9dvXqoVeq1vI4inMApXIAPN1CHe2hAEyiM4Rle4Q0p9ILe0cditIDynWP4A/T5A7fmjyI=</latexit>

p ! p0

<latexit sha1_base64="zld6Pv/fKfGU0Z2YvGY8rC1yk4Q=">AAAB7XicbVDLSgMxFL1TX7W+Rl26CRbBVZmpz4WLghuXFewD2qFk0kwbm0mGJCOUof/gxoUibv0fd/6NaTsLbT0QOJxzL7nnhAln2njet1NYWV1b3yhulra2d3b33P2DppapIrRBJJeqHWJNORO0YZjhtJ0oiuOQ01Y4up36rSeqNJPiwYwTGsR4IFjECDZWala7RqKznlv2Kt4MaJn4OSlDjnrP/er2JUljKgzhWOuO7yUmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLNrJ+jEKn0USWWfMGim/t7IcKz1OA7tZIzNUC96U/E/r5Oa6DrImEhSQwWZfxSlHNmI0+iozxQlho8twUQxeysiQ6wwMbagki3BX4y8TJrVin9Zubg/L9du8jqKcATHcAo+XEEN7qAODSDwCM/wCm+OdF6cd+djPlpw8p1D+APn8wecVI5+</latexit>

2 ! 3

+ Bethe-Heitler
subprocess in 
terms of EM 
form factors

2

2 EM form factors

DVCS: in 
terms of 

factorized 
GPDs

<latexit sha1_base64="+GBMELS/kvNBCZpiaQZvPDE25vI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vmkm/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6peNmuVei2PowgncArn4ME11OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/2SOM8A==</latexit>p
<latexit sha1_base64="sP+R8HtIpK2MebWnwoKy6pBOdcQ=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA9hV2Jj2PAi8co5gHJEmYnvcmQ2dllZlYIS/7AiwdFvPpH3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0kJz1SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhjZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaV5UvKvK5X21XKvmcRTgGE7gHDy4hhrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPHzmijSE=</latexit>

p0

<latexit sha1_base64="LjPKMOxqbWThxJ0FPUYD4cHD61Y=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwISFJn+4KblxWsA9oQ5lMJ+nQySSdmRRK6He4caGIWz/GnX/jpK2gogcuHM65l3vv8WJGpbKsDyO3sbm1vZPfLeztHxweFY9POjJKBCZtHLFI9DwkCaOctBVVjPRiQVDoMdL1JjeZ350RIWnE79U8Jm6IAk59ipHSkjsdeEik08UVDAI4LJYs87pRc6oOtEzLqjvlWkacesUpQ1srGUpgjdaw+D4YRTgJCVeYISn7thUrN0VCUczIojBIJIkRnqCA9DXlKCTSTZdHL+CFVkbQj4QuruBS/T6RolDKeejpzhCpsfztZeJfXj9RfsNNKY8TRTheLfITBlUEswTgiAqCFZtrgrCg+laIx0ggrHROBR3C16fwf9JxTLtmVu8qpWZlHUcenIFzcAlsUAdNcAtaoA0wmIIH8ASejZnxaLwYr6vWnLGeOQU/YLx9AnbhkeE=</latexit>

qq̄, gg GPD
<latexit sha1_base64="Df4JOn2OJpBC5G4/Fx+UPDADDK4=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FmsnqLePEY0SyQjKGn05M06Vno7hFCyCd48aCIV7/Im39jTxJBRR8UPN6roqqeF3MmlWV9GJmV1bX1jexmbmt7Z3cvv3/QklEiCG2SiEei42FJOQtpUzHFaScWFAcep21vfJn67XsqJIvCWzWJqRvgYch8RrDS0s3F3Vk/X7DM81rFKTvIMi2r6hQrKXGqJaeIbK2kKMASjX7+vTeISBLQUBGOpezaVqzcKRaKEU5nuV4iaYzJGA9pV9MQB1S60/mpM3SilQHyI6ErVGiufp+Y4kDKSeDpzgCrkfztpeJfXjdRfs2dsjBOFA3JYpGfcKQilP6NBkxQovhEE0wE07ciMsICE6XTyekQvj5F/5OWY9oVs3xdKtSdZRxZOIJjOAUbqlCHK2hAEwgM4QGe4NngxqPxYrwuWjPGcuYQfsB4+wQNHo2f</latexit>

A⇤
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Angular Modulations – Separation of Different GPDs & Global Analyses
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BH is not a “t”-channel process:

Propagators of k1 & k2 have 
different f-dependence! 

Angular modulation between “leptonic” and “hadronic” planes do not necessarily 
select the definite spin-state of A* - different GPDs!

Out-going photon is in 
the hadronic plane

q  Experimental Breit frame is not ideal:
<latexit sha1_base64="k8KlpaiusC5Sv2pLutTNOzUTwB0=">AAACGnicbVDLSgMxFM3UV62vqks3wSK2CGWm1Mey4MZlBfuAzjBk0ts2NJkZk4xQSr/Djb/ixoUi7sSNf2PazkJbD4QczrmX5Jwg5kxp2/62Miura+sb2c3c1vbO7l5+/6CpokRSaNCIR7IdEAWchdDQTHNoxxKICDi0guH11G89gFQsCu/0KAZPkH7IeowSbSQ/70DRBc5L+AwPinEJuzrCc+k01Wa32ydCkOK9Xyn5+YJdtmfAy8RJSQGlqPv5T7cb0URAqCknSnUcO9bemEjNKIdJzk0UxIQOSR86hoZEgPLGs2gTfGKULu5F0pxQ45n6e2NMhFIjEZhJQfRALXpT8T+vk+jelTdmYZxoCOn8oV7Csck/7Ql3mQSq+cgQQiUzf8V0QCSh2rSZMyU4i5GXSbNSdi7K57fVQq2a1pFFR+gYFZGDLlEN3aA6aiCKHtEzekVv1pP1Yr1bH/PRjJXuHKI/sL5+AKk5nEE=</latexit>

e(`) + h(p) ! e(`0) + h(p0) + �(q2)

<latexit sha1_base64="DoLuooV/uPwx4mnvfIM9G94dc4U=">AAACCXicbVDLSgMxFM3UV62vUZdugkVsFcpM8bUsuHFZwT6gM5ZMetuGJjNjkhFK6daNv+LGhSJu/QN3/o1pOwutHggczrmXm3OCmDOlHefLyiwsLi2vZFdza+sbm1v29k5dRYmkUKMRj2QzIAo4C6GmmebQjCUQEXBoBIPLid+4B6lYFN7oYQy+IL2QdRkl2khtG0PBA86L2NNRyg+Lx16PCEFujwp3xbadd0rOFPgvcVOSRymqbfvT60Q0ERBqyolSLdeJtT8iUjPKYZzzEgUxoQPSg5ahIRGg/NE0yRgfGKWDu5E0L9R4qv7cGBGh1FAEZlIQ3Vfz3kT8z2slunvhj1gYJxpCOjvUTTg2qSe14A6TQDUfGkKoZOavmPaJJFSb8nKmBHc+8l9SL5fcs9Lp9Um+Uk7ryKI9tI8KyEXnqIKuUBXVEEUP6Am9oFfr0Xq23qz32WjGSnd20S9YH98QGJf9</latexit>

e(`) ! e(`0) + �⇤(q)

<latexit sha1_base64="Yw6udk3YSvPsMpdR3aE+kBtmxU8=">AAACEXicbVDLSsNAFJ34rPUVdelmsIiphZIUX8uCG5cV7AOaWCbTaTt0JklnJkIJ/QU3/oobF4q4defOv3HSZqGtBwYO59zLnXP8iFGpbPvbWFpeWV1bz23kN7e2d3bNvf2GDGOBSR2HLBQtH0nCaEDqiipGWpEgiPuMNP3hdeo3H4iQNAzu1DgiHkf9gPYoRkpLHdNy+4hzdH9qjYqwBAdWVISuClNyUizNTGvUqRQ7ZsEu21PAReJkpAAy1Drml9sNccxJoDBDUrYdO1JegoSimJFJ3o0liRAeoj5paxogTqSXTBNN4LFWurAXCv0CBafq740EcSnH3NeTHKmBnPdS8T+vHavelZfQIIoVCfDsUC9mUEdO64FdKghWbKwJwoLqv0I8QAJhpUvM6xKc+ciLpFEpOxfl89uzQrWS1ZEDh+AIWMABl6AKbkAN1AEGj+AZvII348l4Md6Nj9nokpHtHIA/MD5/AEeYmh4=</latexit>

�⇤(q) + h(p) ! h(p0) + �(q2)

DVCS”
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Angular Modulations – Separation of Different GPDs & Global Analyses
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BH is not a “t”-channel process:

Propagators of k1 & k2 have 
different f-dependence! 

Angular modulation between “leptonic” and “hadronic” planes do not necessarily 
select the definite spin-state of A* - different GPDs!

Out-going photon is in 
the hadronic plane

q  Experimental Breit frame is not ideal:
<latexit sha1_base64="k8KlpaiusC5Sv2pLutTNOzUTwB0=">AAACGnicbVDLSgMxFM3UV62vqks3wSK2CGWm1Mey4MZlBfuAzjBk0ts2NJkZk4xQSr/Djb/ixoUi7sSNf2PazkJbD4QczrmX5Jwg5kxp2/62Miura+sb2c3c1vbO7l5+/6CpokRSaNCIR7IdEAWchdDQTHNoxxKICDi0guH11G89gFQsCu/0KAZPkH7IeowSbSQ/70DRBc5L+AwPinEJuzrCc+k01Wa32ydCkOK9Xyn5+YJdtmfAy8RJSQGlqPv5T7cb0URAqCknSnUcO9bemEjNKIdJzk0UxIQOSR86hoZEgPLGs2gTfGKULu5F0pxQ45n6e2NMhFIjEZhJQfRALXpT8T+vk+jelTdmYZxoCOn8oV7Csck/7Ql3mQSq+cgQQiUzf8V0QCSh2rSZMyU4i5GXSbNSdi7K57fVQq2a1pFFR+gYFZGDLlEN3aA6aiCKHtEzekVv1pP1Yr1bH/PRjJXuHKI/sL5+AKk5nEE=</latexit>

e(`) + h(p) ! e(`0) + h(p0) + �(q2)

<latexit sha1_base64="DoLuooV/uPwx4mnvfIM9G94dc4U=">AAACCXicbVDLSgMxFM3UV62vUZdugkVsFcpM8bUsuHFZwT6gM5ZMetuGJjNjkhFK6daNv+LGhSJu/QN3/o1pOwutHggczrmXm3OCmDOlHefLyiwsLi2vZFdza+sbm1v29k5dRYmkUKMRj2QzIAo4C6GmmebQjCUQEXBoBIPLid+4B6lYFN7oYQy+IL2QdRkl2khtG0PBA86L2NNRyg+Lx16PCEFujwp3xbadd0rOFPgvcVOSRymqbfvT60Q0ERBqyolSLdeJtT8iUjPKYZzzEgUxoQPSg5ahIRGg/NE0yRgfGKWDu5E0L9R4qv7cGBGh1FAEZlIQ3Vfz3kT8z2slunvhj1gYJxpCOjvUTTg2qSe14A6TQDUfGkKoZOavmPaJJFSb8nKmBHc+8l9SL5fcs9Lp9Um+Uk7ryKI9tI8KyEXnqIKuUBXVEEUP6Am9oFfr0Xq23qz32WjGSnd20S9YH98QGJf9</latexit>

e(`) ! e(`0) + �⇤(q)

<latexit sha1_base64="Yw6udk3YSvPsMpdR3aE+kBtmxU8=">AAACEXicbVDLSsNAFJ34rPUVdelmsIiphZIUX8uCG5cV7AOaWCbTaTt0JklnJkIJ/QU3/oobF4q4defOv3HSZqGtBwYO59zLnXP8iFGpbPvbWFpeWV1bz23kN7e2d3bNvf2GDGOBSR2HLBQtH0nCaEDqiipGWpEgiPuMNP3hdeo3H4iQNAzu1DgiHkf9gPYoRkpLHdNy+4hzdH9qjYqwBAdWVISuClNyUizNTGvUqRQ7ZsEu21PAReJkpAAy1Drml9sNccxJoDBDUrYdO1JegoSimJFJ3o0liRAeoj5paxogTqSXTBNN4LFWurAXCv0CBafq740EcSnH3NeTHKmBnPdS8T+vHavelZfQIIoVCfDsUC9mUEdO64FdKghWbKwJwoLqv0I8QAJhpUvM6xKc+ciLpFEpOxfl89uzQrWS1ZEDh+AIWMABl6AKbkAN1AEGj+AZvII348l4Md6Nj9nokpHtHIA/MD5/AEeYmh4=</latexit>

�⇤(q) + h(p) ! h(p0) + �(q2)

DVCS”

q  SDHEP frame  =  A* - lepton frame (switch the role of lepton and hadron in the Breit frame): 

�(q2)

F
N(p)

N
(p 0)

A⇤(�)

e(p2)di
↵r
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ve
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e �

scatteringplane
e(q1)

✓
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ŷ

�Tẑlab
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ŷlab

�
S

~sT

Angular modulation between “diffractive” and “scattering” planes 
to select the spin-state of A* - different GPDs See the talk by Z. Yu later today!

N(p)
N(p′)

A∗

e(p2)

e(q1)

γ(q2) γ(q2)

e(q1)

e(p2)

A′∗

N(p)
N(p′)

H H

<latexit sha1_base64="TZTIL4BCZPAoV2JmRIqStm3lx2Q="></latexit>

cos[(��A)�]
<latexit sha1_base64="rIWedxJ1BOv6bYRpjHWJ78zXOAo="></latexit>

sin[(��A)�]
<latexit sha1_base64="7XmU2Z0kJ7vmR0JDKFgu/GjBUbc="></latexit>

��A = �A � �0
A



16

Simple Numerical Examples for Angular Distribution/Modulation
<latexit sha1_base64="bVK1A54wnKndoz5FZAfcyBCqQWo="></latexit>

d�

dt d⇠ d�S d cos ✓ d�
=

1

(2⇡)2
d�unpol

dt d⇠ d cos ✓
·

1 + �e�NALP
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+
�
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�
�eA
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+ sT
�
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�

+ �esT
�
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(a) Reconstructed azimuth
) = (0, 0, 0)eλ, Nλ, T = 12 GeV.  (seE

2 0.2 GeV≤ t
 1 GeV≥ TqSDHEPφ = φ

BREITφ = φ

unpolarized

(normalized)

Breit fit to 
<latexit sha1_base64="AXNtsaifd0cnXEjsmJhDGXeeOcQ="></latexit>

1.00 + 0.15 cos�� 0.12 cos 2�� 0.01 cos 3�+ 0.01 cos 4�

• No straightforward interpretation of the coefficients.
• Need to introduce more gears in GPD extraction.

Generate 𝟏𝟎𝟔 events and reconstruct 

SDHEP fit to 
<latexit sha1_base64="WDz06wK4Lji/nrlNT8JEasRY9aE="></latexit>

1.00 + 0.190 cos�
<latexit sha1_base64="bC3ibckQXVuFf/g5uolHDd47e2Q="></latexit>

hANLP
UU i = 0.190

[A.V. Belitsky et al., 2002]
[B. Kriesten et al., 2020, 2022]
[Y. Guo et al., 2021, 2022]
…

See talk by Z. Yu
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(b) Reconstructed azimuth
) = (0, 0, 1)eλ, Nλ, T = 12 GeV.  (seE

2 0.2 GeV≤ t
 1 GeV≥ TqSDHEPφ = φ

BREITφ = φ

single electron polarization

<latexit sha1_base64="+Ak4VZjDNyMEJd9UF1zqI20X1lk="></latexit>

hANLP
UU i = 0.19

hANLP
UL i = 0.51

?

Simple Numerical Examples for Angular Distribution/Modulation
<latexit sha1_base64="bVK1A54wnKndoz5FZAfcyBCqQWo="></latexit>
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(a) Reconstructed azimuth
) = (0, 0, 0)eλ, Nλ, T = 12 GeV.  (seE

2 0.2 GeV≤ t
 1 GeV≥ TqSDHEPφ = φ

BREITφ = φ

Generate 𝟏𝟎𝟔 events and reconstruct 

<latexit sha1_base64="UDz34YkfpGdC0BcWzh1vecAsCnI="></latexit>

1.00 + 0.19 cos�+ 0.51 sin�

See talk by Z. Yu
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Classification of SDHEPs – Known processes for extracting GPDs

π(q1)

h(p)

h′(p′)

γ(pγ)

J/ψ

q⃗T
l−(q1)

l+(q2)

h′(p′)

γ(pγ)

q⃗T

h(p)

P (p′)

γ(pγ)

q⃗T
γ(q1)

γ(q2)

P (p)

h′(p′)

γ(pγ)

q⃗T
π(q1)

γ(q2)

h(p) θ

P (p′)

e(p2)

q⃗T
e(q1)

γ∗(Q′)

P (p)

P (p′)

e(p2)

q⃗T
e(q1)

γ(q2)

P (p)

DVCS

P (p′)

e(p2)

q⃗T
e(q1)

P (p)

π0(q2)

DVMP DDVCS
add 

virtuality DHQP…

q  Electro-production (JLab, EIC, …)

q  Photo-production (JLab, EIC, …)

q  Meso-production (AMBER, J-PARC, …)
l−(q1)

l+(q2)

h′(p′)

π(p2)

q⃗T

h(p)

γ(q1)

γ(q2)

h′(p′)

π(p2)

q⃗T

h(p) …

In the SDHEP frame, all GPDs are defined with 
the same choice of “+” component – defined 
by the colliding beam of momentum p2 – good 
for Global analyses, …
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Why is the GPD’s 𝒙-dependence so difficult to measure?

q  Amplitude nature of the exclusive processes:

x+ ξ x− ξ

p p′

q q′

x

γ∗ γDVCS
x+ ξ x− ξ

p p′
GPD

𝒙 ∼ loop momentum

<latexit sha1_base64="WTjFKLcclxC9DOvYOYuVLtIYUMQ="></latexit>

iM ⇠
Z 1

�1
dxF (x, ⇠, t) · C(x, ⇠;Q/µ)

P

l

k

q
⊗

l
q

k̂

P

k

PDF

cross section: cut diagram
<latexit sha1_base64="TZB3IAlDoMe3eYS2BlUdihYNgnw="></latexit>

�DIS '
Z 1

xB

dx f(x) �̂(x/xB)

Compare with DIS

Full range of 𝒙, 𝐢𝐧𝐜𝐥𝐮𝐝𝐢𝐧𝐠  
<latexit sha1_base64="XvWXi4NkUYEsP4lwfeJOo95VatE=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiTpU6RQcOOygm2FJpTJdNIOnTyYmUhDqb/ixoUibv0Qd/6Nk7aCih64cDjnXu69x4sZFdI0P7Tc2vrG5lZ+u7Czu7d/oB8edUWUcEw6OGIRv/WQIIyGpCOpZOQ25gQFHiM9b3KZ+b07wgWNwhuZxsQN0CikPsVIKmmgF6ewCc0LBzpw2nTiADpTOtBLpnHeqNlVG5qGadbtci0jdr1il6GllAwlsEJ7oL87wwgnAQklZkiIvmXG0p0hLilmZF5wEkFihCdoRPqKhiggwp0tjp/DU6UMoR9xVaGEC/X7xAwFQqSBpzoDJMfit5eJf3n9RPoNd0bDOJEkxMtFfsKgjGCWBBxSTrBkqSIIc6puhXiMOMJS5VVQIXx9Cv8nXduwakb1ulJqVVZx5MExOAFnwAJ10AJXoA06AIMUPIAn8Kzda4/ai/a6bM1pq5ki+AHt7RNcxZNM</latexit>

x = 0; x = ±⇠
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Why is the GPD’s 𝒙-dependence so difficult to measure?

q  Amplitude nature of the exclusive processes:

x+ ξ x− ξ

p p′

q q′

x

γ∗ γDVCS
x+ ξ x− ξ

p p′
GPD

𝒙 ∼ loop momentum

<latexit sha1_base64="WTjFKLcclxC9DOvYOYuVLtIYUMQ="></latexit>

iM ⇠
Z 1

�1
dxF (x, ⇠, t) · C(x, ⇠;Q/µ)

P

l

k

q
⊗

l
q

k̂

P

k

PDF

cross section: cut diagram
<latexit sha1_base64="TZB3IAlDoMe3eYS2BlUdihYNgnw="></latexit>

�DIS '
Z 1

xB

dx f(x) �̂(x/xB)

Compare with DIS

q  Sensitivity to 𝒙: comes from 𝑪(𝒙, 𝝃; 𝑸/𝝁)

<latexit sha1_base64="Y29/CDk9KoL4qQiyN3QSo0z5aeM="></latexit>

iM /
Z 1

�1
dx

F (x, ⇠, t)

x� ⇠ + i"
⌘ “F0(⇠, t)”

[Bertone et al. PRD `21]

Equally fit!
“moment”

<latexit sha1_base64="2xWXJPyzC5/olcx6ZPM5JaIOMzg="></latexit>

C(x, ⇠;Q/µ) = T (Q/µ) ·G(x, ⇠) / 1

x� ⇠ + i✏
· · ·

Full range of 𝒙, 𝐢𝐧𝐜𝐥𝐮𝐝𝐢𝐧𝐠  
<latexit sha1_base64="XvWXi4NkUYEsP4lwfeJOo95VatE=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiTpU6RQcOOygm2FJpTJdNIOnTyYmUhDqb/ixoUibv0Qd/6Nk7aCih64cDjnXu69x4sZFdI0P7Tc2vrG5lZ+u7Czu7d/oB8edUWUcEw6OGIRv/WQIIyGpCOpZOQ25gQFHiM9b3KZ+b07wgWNwhuZxsQN0CikPsVIKmmgF6ewCc0LBzpw2nTiADpTOtBLpnHeqNlVG5qGadbtci0jdr1il6GllAwlsEJ7oL87wwgnAQklZkiIvmXG0p0hLilmZF5wEkFihCdoRPqKhiggwp0tjp/DU6UMoR9xVaGEC/X7xAwFQqSBpzoDJMfit5eJf3n9RPoNd0bDOJEkxMtFfsKgjGCWBBxSTrBkqSIIc6puhXiMOMJS5VVQIXx9Cv8nXduwakb1ulJqVVZx5MExOAFnwAJ10AJXoA06AIMUPIAn8Kzda4/ai/a6bM1pq5ki+AHt7RNcxZNM</latexit>

x = 0; x = ±⇠

DVCS is an example
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Where can the 𝐒𝐃𝐇𝐄𝐏	𝐠𝐞𝐭	𝐭𝐡𝐞	𝒙-sensitivity?

D

F

h

h
0

Bdi
↵r
ac
ti
ve

pl
an
e �

scatteringplane C

✓
H

z

xy

�T

A
⇤

q  𝒙-sensitivity ⇔ 𝟐 → 𝟐 hard scattering:

Kinematics: 

1. '𝒔 = 𝟐	𝝃	𝒔	/	(𝟏 + 𝝃)

2. 𝜽 or 𝒒𝑻 = ( '𝒔/𝟐)	sin𝜽

3. 𝝓 

𝝃

𝒙

(𝑨∗𝑩)	spin states

[suppressing 𝒕 and 𝝃 dependence]

<latexit sha1_base64="2t8pBrOTyq9kDSwSbPym8p1KiQM="></latexit>

(Q = ✓ or qT )

<latexit sha1_base64="Zoq2MZ/e7fXN9gui0EmKqcKGnKU="></latexit>

M(Q,�) '
X

A

ei(�A��B)� ·
Z 1

�1
dxFA(x)CA(x;Q)



22

Where can the 𝐒𝐃𝐇𝐄𝐏	𝐠𝐞𝐭	𝐭𝐡𝐞	𝒙-sensitivity?
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q  𝒙-sensitivity ⇔ 𝟐 → 𝟐 hard scattering:

Kinematics: 

1. '𝒔 = 𝟐	𝝃	𝒔	/	(𝟏 + 𝝃)

2. 𝜽 or 𝒒𝑻 = ( '𝒔/𝟐)	sin𝜽

3. 𝝓 

𝝃

𝒙

(𝑨∗𝑩)	spin states

[suppressing 𝒕 and 𝝃 dependence]

<latexit sha1_base64="2t8pBrOTyq9kDSwSbPym8p1KiQM="></latexit>

(Q = ✓ or qT )

<latexit sha1_base64="Zoq2MZ/e7fXN9gui0EmKqcKGnKU="></latexit>

M(Q,�) '
X

A

ei(�A��B)� ·
Z 1

�1
dxFA(x)CA(x;Q)

§ Moment-type sensitivity:

Inversion problem:  shadow GPD
<latexit sha1_base64="XjjMZKhSj9fDWmS1mSSzOVWwCY0="></latexit>

SG =

Z 1

�1
dxG(x)S(x, ⇠) = 0 [Bertone et al. PRD `21]

Independent of 𝑸 
Scaling for 𝑭𝑮

§ Enhanced sensitivity:
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What Kind of Process Could be Sensitive to the x-Dependence?
q Create an entanglement between the internal x and an externally measured variable?

<latexit sha1_base64="JfQrlMchdNP9pIdo6fGjkMDlY+E="></latexit>

iM /
Z 1

�1
dx

F (x, ⇠, t)

x� xp(⇠, q) + i"
Change external q to sample different part of x.

§ Double DVCS (two scales):
<latexit sha1_base64="a8499XGZTZ2SEzfLLmAajSb1/4o="></latexit>

xp(⇠, q) = ⇠

✓
1� q2/Q2

1 + q2/Q2

◆
<latexit sha1_base64="XuTtG2QW5/jOyErZnu/Poc3/RKw="></latexit>

! ⇠ same as DVCS if q ! 0
x+ ξ x− ξ

p p′

q q′

x

γ∗ γ

Q
q

§ Production of two back-to-back high pT particles (say, two photons):  
<latexit sha1_base64="Un1R/YS5K7qNumc1ze8DdVCHl2k=">AAACHHicbVDLSgMxFM3UV62vqks3g0WcoVhmalGXBTeupIJ9QGccMmlaQ5OZmGSEMvRD3Pgrblwo4saF4N+YPhBtvRBycs693JwTckqkcpwvI7OwuLS8kl3Nra1vbG7lt3caMk4EwnUU01i0QigxJRGuK6IobnGBIQspbob985HevMdCkji6VgOOfQZ7EekSBJWmgvyxx8nNkcUDfdvFmsVtT8Wm14OMQesucO1i7udRtouXFj+0g3zBKTnjMueBOwUFMK1akP/wOjFKGI4UolDKtutw5adQKIIoHua8RGIOUR/2cFvDCDIs/XRsbmgeaKZjdmOhT6TMMft7IoVMygELdSeD6lbOaiPyP62dqO6Zn5KIJwpHaLKom1BT+x8lZXaIwEjRgQYQCaL/aqJbKCBSOs+cDsGdtTwPGuWSe1KqXFUK1fI0jizYA/vAAi44BVVwAWqgDhB4AE/gBbwaj8az8Wa8T1ozxnRmF/wp4/MbQZ6eSw==</latexit>

⇡�(p⇡) + P (p) ! �(q1) + �(q2) +N(p0)
p

p′

pπ

q1

q2

x

G
PDHard scale: 𝒒𝑻 ≫ 𝚲𝐐𝐂𝐃	 Soft  scale: 𝒕 ∼ 𝚲𝐐𝐂𝐃𝟐

§ Factorization:

[suppressing pion DA factor]
<latexit sha1_base64="OnCGF/18SfsYLxevNU+gWq6er/o="></latexit>

M (t, ⇠, qT ) =

Z 1

�1
dxF (x, ⇠, t;µ) · C (x, ⇠; qT /µ) +O (⇤QCD/qT )

<latexit sha1_base64="owiJfrg4xMd4yCRKA1/dwfUrjeY="></latexit>

d�

dt d⇠ dqT
⇠ |M (t, ⇠, qT )|2

𝑥 ↔ 𝑞$
𝒒𝑻 distribution is “conjugate” to 𝒙 distribution

Qiu & Yu
JHEP 08 (2022) 103
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Enhanced 𝒙-Sensitivity: (1) Diphoton Meso-production

q1

q2

qTx

γ(q1)

γ(q2)

N ′(p′)

π(p2)

q⃗T

N(p) θ

In addition to
<latexit sha1_base64="e5U/RczGxGfFbz5Anw598MZsOMI="></latexit>

F0(⇠, t) =

Z 1
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dxF (x, ⇠, t)

x� ⇠ + i✏

also contains
<latexit sha1_base64="TK5aQR4OXP082SD48rn1Eb+Klh8="></latexit>

iM

−1 1−ξ ξ x0

<latexit sha1_base64="aJP0ggxScolW4oukViXfNxz5Jeg="></latexit>

⇢(z; ✓) = ⇠ ·

1� z + tan2(✓/2) z

1� z � tan2(✓/2) z

�
2 (�1,�⇠] [ [⇠,1)

When two photons are radiated from the same charged line

Qiu & Yu, PRD 109 (2024) 074023
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Enhanced 𝒙-Sensitivity: (2) 𝜸-𝝅 Pair Photoproduction

−1 1−ξ ξ x0

also contains the special integral:
<latexit sha1_base64="TK5aQR4OXP082SD48rn1Eb+Klh8="></latexit>
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𝑵	𝝅 → 𝑵'	𝜸	𝜸

ξ−x−ξ− x

x
−ξ ξ0 1−1

+ξxxξ− x+ξ x−ξ

DGLAP DGLAPERBL

Complementary sensitivity:

<latexit sha1_base64="1j+u1Fq+uY/0nz6UB1YXZI1lUzY="></latexit>

⇢0(z; ✓) = ⇠ ·

cos2(✓/2) (1� z)� z

cos2(✓/2) (1� z) + z

�
2 [�⇠, ⇠]

G. Duplancic et al., JHEP 11 (2018) 179
G. Duplancic et al., JHEP 03 (2023) 241

G. Duplancic et al., PRD 107 (2023), 094023
Qiu & Yu, PRL 131 (2023), 161902
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<latexit sha1_base64="sxRNoW0atDkZYGUy3DoUFsRVnqY="></latexit>
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Enhanced 𝒙-Sensitivity: 𝜸-𝝅 Pair Photoproduction (at JLab Hall D)

q Polarization asymmetries:
<latexit sha1_base64="yDnApfwxGLIlmbLqyGI6LaqM8nU="></latexit>
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Neglecting: (1) 𝑬 and :𝑬; (2) gluon channel

Qiu & Yu, PRL 131 (2023), 161902
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Enhanced 𝒙-sensitivity: (2) 𝜸-𝝅 pair photoproduction (at JLab Hall D)
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Enhanced 𝒙-sensitivity: (2) 𝜸-𝝅 pair photoproduction (at upgraded energy)
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Summary and Outlook

Thanks!
A long but challenging & exciting way to go!

3D imageq GPDs are fundamental, carrying rich information on:

§ Tomographic images of confined quarks and gluons
§ Underline dynamics of hadronic properties

q QCD Global analyses to extract GPDs:

§ SDHEP frame is the right one for evaluating angular modulations
§ Need SDHEPs with x of GPDs entangled with measured hard scales!

q The              SDHEPs are necessary physical processes for extracting of GPDs
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2 ! 3

§ With               , the choice of “+” component is not unique 
§ SDHEP frame for all known SDHEPs provides a unique 

way to define the GPDs, necessary for Global analyses
§ Need to identify more factorizable SDHEPs for extracting 

GPDs through Global analyses
§ …
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SDHEPs:

Two stages for physics at 
two different scales, plus  
natural power expansion


