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QCD Landscape of Nucleons and Nuclei

Color Confinement Asymptotic freedom

Probing
scale

Q (GeV)

200 MeV (1 fm) 2 GeV (1/10 fm)20 MeV (10 fm)

Asymptotic
regime
PQCD
works

beautifully!

QCD at the Fermi Scale:  Femto-science (0.1-10 fm)
§ The most interesting, rich, and complex regime of the theory!
§ All emergent phenomena depend on the scale at which we probe them!
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QCD Landscape of Nucleons and Nuclei

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:           could be more sensitive to the 

hadron structure ~ 1/fm

Q2

Color Confinement Asymptotic freedom

Probing
scale

Q (GeV)

200 MeV (1 fm) 2 GeV (1/10 fm)20 MeV (10 fm)

Asymptotic
regime
PQCD
works

beautifully!

QCD at the Fermi Scale:  Femto-science (0.1-10 fm)

§ The most interesting, rich, and complex regime of the theory!
§ All emergent phenomena depend on the scale at which we probe them!
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“See” Internal Structure of Hadron without seeing quarks/gluons? 

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

Confined motion - TMDsTomographic images - GPDs

SciDAC5 – QuantOm Collab.
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“See” Internal Structure of Hadron without seeing quarks/gluons? 

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

q QCD factorization – Matching hadrons to partons:

Lattice QCD data

Experimental data
PQCD

Calculation

<latexit sha1_base64="exMuuD8xd0EF+io6IR0Il02n2z8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE1I1QcOOygn1AE8pkOmmHTh7M3Iil9FfcuFDErT/izr9x0mahrQcGDufcw71zglQKjY7zbZXW1jc2t8rblZ3dvf0D+7Da1kmmGG+xRCaqG1DNpYh5CwVK3k0Vp1EgeScY3+Z+55ErLZL4AScp9yM6jEUoGEUj9e3qDfGIJ2L0BgnqnJC+XXPqzhxklbgFqUGBZt/+MmGWRTxGJqnWPddJ0Z9ShYJJPqt4meYpZWM65D1DYxpx7U/nt8/IqVEGJEyUeWb5XP2dmNJI60kUmMmI4kgve7n4n9fLMLz2pyJOM+QxWywKM0kwIXkRZCAUZygnhlCmhLmVsBFVlKGpq2JKcJe/vEra53X3su7eX9QaF0UdZTiGEzgDF66gAXfQhBYweIJneIU3a2a9WO/Wx2K0ZBWZI/gD6/MH8muTtA==</latexit>

=

Z
· · ·

Z
<latexit sha1_base64="k3sLoPlC0wFfnhVu1GzGMi7cvzc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0N/NbT9xYodUjjlMeJnSgRCwYRSe1uhpFwm2vXPGr/hxklQQ5qUCOeq/81e1rliVcIZPU2k7gpxhOqEHBJJ+WupnlKWUjOuAdRxV1S8LJ/NwpOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcY34USoNEOu2GJRnEmCmsx+J31hOEM5doQyI9ythA2poQxdQiUXQrD88ippXlSDq2rwcFmp3eZxFOEETuEcAriGGtxDHRrAYATP8ApvXuq9eO/ex6K14OUzx/AH3ucPh+OPsw==</latexit>⌦

Quantum
Correlation
Functions
Unknown

Factorization
Theory

Quark
Polarization

Nucleon
Polarization

Confined motion - TMDsTomographic images - GPDs

SciDAC5 – QuantOm Collab.
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“See” Internal Structure of Hadron without seeing quarks/gluons? 

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

Bayesian inference
Theory/Phenomenology

AI/ML, Computation Extract QCFs

q QCD factorization – Matching hadrons to partons:

Lattice QCD data

Experimental data
PQCD

Calculation

<latexit sha1_base64="exMuuD8xd0EF+io6IR0Il02n2z8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE1I1QcOOygn1AE8pkOmmHTh7M3Iil9FfcuFDErT/izr9x0mahrQcGDufcw71zglQKjY7zbZXW1jc2t8rblZ3dvf0D+7Da1kmmGG+xRCaqG1DNpYh5CwVK3k0Vp1EgeScY3+Z+55ErLZL4AScp9yM6jEUoGEUj9e3qDfGIJ2L0BgnqnJC+XXPqzhxklbgFqUGBZt/+MmGWRTxGJqnWPddJ0Z9ShYJJPqt4meYpZWM65D1DYxpx7U/nt8/IqVEGJEyUeWb5XP2dmNJI60kUmMmI4kgve7n4n9fLMLz2pyJOM+QxWywKM0kwIXkRZCAUZygnhlCmhLmVsBFVlKGpq2JKcJe/vEra53X3su7eX9QaF0UdZTiGEzgDF66gAXfQhBYweIJneIU3a2a9WO/Wx2K0ZBWZI/gD6/MH8muTtA==</latexit>

=

Z
· · ·

Z
<latexit sha1_base64="k3sLoPlC0wFfnhVu1GzGMi7cvzc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMhszPLTK8QQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0N/NbT9xYodUjjlMeJnSgRCwYRSe1uhpFwm2vXPGr/hxklQQ5qUCOeq/81e1rliVcIZPU2k7gpxhOqEHBJJ+WupnlKWUjOuAdRxV1S8LJ/NwpOXNKn8TauFJI5urviQlNrB0nketMKA7tsjcT//M6GcY34USoNEOu2GJRnEmCmsx+J31hOEM5doQyI9ythA2poQxdQiUXQrD88ippXlSDq2rwcFmp3eZxFOEETuEcAriGGtxDHRrAYATP8ApvXuq9eO/ex6K14OUzx/AH3ucPh+OPsw==</latexit>⌦

Quantum
Correlation
Functions
Unknown

Factorization
Theory

Quark
Polarization

Nucleon
Polarization

Confined motion - TMDsTomographic images - GPDs

SciDAC5 – QuantOm Collab.
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How to Explore Internal Structure of Hadron without Breaking it? 

q Form factors: q

p'p
Elastic electric form factor               Charge distributions

Proton “Radius”
in EM charge distribution

q But, there is NO elastic “color” form factor!
No Proton “Radius”
in color charge distribution!
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How to Explore Internal Structure of Hadron without Breaking it? 

q Form factors: q

p'p
Elastic electric form factor               Charge distributions

Proton “Radius”
in EM charge distribution

q But, there is NO elastic “color” form factor!
No Proton “Radius”
in color charge distribution!

Spatial distribution of quark/gluon density, quark/gluon correlations, …

Generalized “form factor” for quark and parton “density” distribution
Generalized PDF (GPD) – without breaking the proton               

<latexit sha1_base64="H6GOc1BihvXl2Ya9WGxHz6RvQdw=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVoolKUXdCAU3LiPYCzS1TKaTduhkEmYmYgndufFV3LhQxK2v4M63cdJmodUfBj7+cw5nzu9FjEplWV9GbmFxaXklv1pYW9/Y3DK3d5oyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8kaXab11R4SkIb9R44h0AzTg1KcYKW31zH33nl64vkA4KTknztHxbXmiqTyjQs8sWhVrKvgX7AyKIJPTMz/dfojjgHCFGZKyY1uR6iZIKIoZmRTcWJII4REakI5GjgIiu8n0jgk81E4f+qHQjys4dX9OJCiQchx4ujNAaijna6n5X60TK/+8m1AexYpwPFvkxwyqEKahwD4VBCs21oCwoPqvEA+RDkXp6NIQ7PmT/0KzWrFPK7XrWrFezeLIgz1wAErABmegDq6AAxoAgwfwBF7Aq/FoPBtvxvusNWdkM7vgl4yPbxc6ltY=</latexit>

⇠ =
(P � P 0)+

(P + P 0)+
skewness

q 3D hadron tomography:

<latexit sha1_base64="tR7C+gFGQdci9Gt7V61jJI6qz94=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BItQodSkFPVYEMRjBfsBbQib7aZd3Gzi7qa0hP4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzz48Zlcq2v43c2vrG5lZ+u7Czu7d/YB4etWSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtP97M/PaICEkj/qAmMXFDNOA0oBgpLXmmeeulTxfDaWlc7o1pWZ17ZtGu2HNYq8TJSBEyNDzzq9ePcBISrjBDUnYdO1ZuioSimJFpoZdIEiP8iAakqylHIZFuOr98ap1ppW8FkdDFlTVXf0+kKJRyEvq6M0RqKJe9mfif101UcO2mlMeJIhwvFgUJs1RkzWKw+lQQrNhEE4QF1bdaeIgEwkqHVdAhOMsvr5JWteJcVmr3tWK9msWRhxM4hRI4cAV1uIMGNAHDCJ7hFd6M1Hgx3o2PRWvOyGaO4Q+Mzx9EDpK7</latexit>

Fq/h(x, ⇠, t)



8

Generalized Parton Distribution (GPD)

(x+ ξ)P+ (x− ξ)P+

(1− ξ)P+(1 + ξ)P+

q Definition:
<latexit sha1_base64="DLf1CSbgfhk7cibu7o6NqkgXluA="></latexit>

F
q(x, ⇠, t) =

Z
dz�

4⇡
e
�ixP+z�

hp0|q̄(z�/2)�+
q(�z

�
/2)|pi

=
1

2P+


H

q(x, ⇠, t) ū (p0) �+
u(p)� E

q(x, ⇠, t) ū (p0)
i�

+↵�↵

2m
u(p)

�
,

eF q(x, ⇠, t) =

Z
dz�

4⇡
e
�ixP+z�

hp0|q̄(z�/2)�+
�5q(�z

�
/2)|pi

=
1

2P+


eHq(x, ⇠, t) ū (p0) �+

�5u(p)� eEq(x, ⇠, t) ū (p0)
�5�+

2m
u(p)

�
.

<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 Similar definition
for gluon GPDs
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Generalized Parton Distribution (GPD)

(x+ ξ)P+ (x− ξ)P+

(1− ξ)P+(1 + ξ)P+

q Definition:
<latexit sha1_base64="DLf1CSbgfhk7cibu7o6NqkgXluA="></latexit>

F
q(x, ⇠, t) =

Z
dz�

4⇡
e
�ixP+z�

hp0|q̄(z�/2)�+
q(�z

�
/2)|pi

=
1

2P+


H

q(x, ⇠, t) ū (p0) �+
u(p)� E

q(x, ⇠, t) ū (p0)
i�

+↵�↵

2m
u(p)

�
,

eF q(x, ⇠, t) =

Z
dz�

4⇡
e
�ixP+z�

hp0|q̄(z�/2)�+
�5q(�z

�
/2)|pi

=
1

2P+


eHq(x, ⇠, t) ū (p0) �+

�5u(p)� eEq(x, ⇠, t) ū (p0)
�5�+

2m
u(p)

�
.

DGLAP DGLAPERBL

! PDF"! 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 Similar definition
for gluon GPDs
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Properties of GPDs
q “Mass” – QCD energy-momentum tensor:

with

q Form factors:

Ji, PRL78, 1997
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Properties of GPDs
q “Mass” – QCD energy-momentum tensor:

with

q Form factors:

Ji, PRL78, 1997

q “Spin” – Light-cone helicity operator:

with

q Connection to the proton spin:

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

q Impact parameter dependent parton density distribution:

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

dx d2bT

M. Burkdart, PRD 2000

q(x, b?, Q) =

Z
d
2�?e

�i�?·b?Hq(x, ⇠ = 0, t = ��2
?, Q) Unpolarized proton

§ = momentum flow 

between the pair

§ = conjugate to the 

diffracted momentum

§ Small x:  large “meson cloud”

§ Large x: compact “valence 

core”

§ =               narrow 

distribution
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Properties of GPDs

q Impact parameter dependent parton density distribution:

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

dx d2bT

M. Burkdart, PRD 2000

q(x, b?, Q) =

Z
d
2�?e

�i�?·b?Hq(x, ⇠ = 0, t = ��2
?, Q) Unpolarized proton

Proton radii of 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)

3D image
How fast does 

glue density fall?
How far does glue 

density spread?

§ = momentum flow 
between the pair

§ = conjugate to the 
diffracted momentum

§ Small x:  large “meson cloud”
§ Large x: compact “valence 

core”
§ =               narrow 

distribution
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Properties of GPDs

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

dx d2bT

M. Burkdart, PRD 2000

Unpolarized proton

Proton radii of 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)

3D image
How fast does 

glue density fall?
How far does glue 

density spread?

§ Should             >            , or 

vice versa?   

§ Could             saturates as 

§ How do they compare with 

known radius (EM charge 

radius, mass radius, … )?

§ Tomographic images in 

slides of different x value!

<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:

q(x, b?, Q) =

Z
d
2�?e

�i�?·b?Hq(x, ⇠ = 0, t = ��2
?, Q)
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Exclusive Diffractive Process for Extracting GPDs at the EIC

!∆Tp
p′

γ∗(q)

<latexit sha1_base64="iytWmy3q0ddhI9UJcfOitaDVd8w="></latexit>

Q

q Hit the proton hard without breaking it ⟹ Diffractive scattering to keep proton intact

HERA discovery:  
~15% of HERA events with the Proton stayed intact 
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Exclusive Diffractive Process for Extracting GPDs at the EIC

!∆Tp
p′

γ∗(q)

<latexit sha1_base64="iytWmy3q0ddhI9UJcfOitaDVd8w="></latexit>

Q

q Hit the proton hard without breaking it ⟹ Diffractive scattering to keep proton intact

HERA discovery:  
~15% of HERA events with the Proton stayed intact 

• Hard scale ":  allows pQCD, factorization
• Low scale #:  probes non-pert. hadron structure

<latexit sha1_base64="Q4OSnw1rkanwrnd9EHrhCjYyi/c=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BItYD5bdUtSLUPDisYL9wHYt2TRtQ7PZkMwKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz8wIluAHX/XYyK6tr6xvZzdzW9s7uXn7/oGGiWFNWp5GIdCsghgkuWR04CNZSmpEwEKwZjG6mfvOJacMjeQ9jxfyQDCTvc0rASg9wXVTn6vTssdzNF9ySOwNeJl5KCihFrZv/6vQiGodMAhXEmLbnKvATooFTwSa5TmyYInREBqxtqSQhM34yu3iCT6zSw/1I25KAZ+rviYSExozDwHaGBIZm0ZuK/3ntGPpXfsKlioFJOl/UjwWGCE/fxz2uGQUxtoRQze2tmA6JJhRsSDkbgrf48jJplEveRalyVylUy2kcWXSEjlEReegSVdEtqqE6okiiZ/SK3hzjvDjvzse8NeOkM4foD5zPH7ygj50=</latexit>

t = (p� p0)2

GPDs: 
<latexit sha1_base64="JbMe5E2thCVenOGHAKXuIZg1EDA=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxChVKTUlRwU3DjsoJ9QBPCZDpph84kYWYiraH4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4MaNSWda3kVtZXVvfyG8WtrZ3dvfM/YOWjBKBSRNHLBIdH0nCaEiaiipGOrEgiPuMtP3hzdRvPxAhaRTeq3FMXI76IQ0oRkpLnnkUeCk9H0xKo7IzomV17fDkzDOLVsWaAS4TOyNFkKHhmV9OL8IJJ6HCDEnZta1YuSkSimJGJgUnkSRGeIj6pKtpiDiRbjq7fgJPtdKDQSR0hQrO1N8TKeJSjrmvOzlSA7noTcX/vG6igis3pWGcKBLi+aIgYVBFcBoF7FFBsGJjTRAWVN8K8QAJhJUOrKBDsBdfXiatasW+qNTuasV6NYsjD47BCSgBG1yCOrgFDdAEGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gBS9pR0</latexit>

fi/h(x, ⇠, t;µ)

Factorization

<latexit sha1_base64="wKm/TQG34Vnx39lcmUuPgPpZ4wo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjwmYB6YrGF2MpsMmZ1dZnqFkOQvvHhQxKt/482/cfI4aGJBQ1HVTXdXkEhh0HW/nczG5tb2TnY3t7d/cHiUPz5pmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGtzO/+cS1EbG6x1HC/Yj2lQgFo2ilh9pjqdPvkwlOuvmCW3TnIOvEW5ICLFHt5r86vZilEVfIJDWm7bkJ+mOqUTDJp7lOanhC2ZD2edtSRSNu/PH84im5sEqPhLG2pZDM1d8TYxoZM4oC2xlRHJhVbyb+57VTDG/8sVBJilyxxaIwlQRjMnuf9ITmDOXIEsq0sLcSNqCaMrQh5WwI3urL66RRKnpXxXKtXKiUlnFk4QzO4RI8uIYK3EEV6sBAwTO8wptjnBfn3flYtGac5cwp/IHz+QP6s5Bu</latexit>

Q2 � |t|Feature:  Two-scale observables

q Known exclusive processes for extracting GPDs in lepton-hadron collisions:

DVCS: Q2 >> |t| 

x+ ξ x− ξ

p p′

q q′

x

γ∗ γ

DVMP 

x

γ∗

x+ ξ x− ξ

p p′

q

q′

DVQP 

xx+ ξ x− ξ

γ∗

p p′

q
q′

+ DDVCS, …
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DVCS at a Future EIC (White Paper)

q Spatial distributions:

q Cross Sections:

<latexit sha1_base64="Q4OSnw1rkanwrnd9EHrhCjYyi/c=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BItYD5bdUtSLUPDisYL9wHYt2TRtQ7PZkMwKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz8wIluAHX/XYyK6tr6xvZzdzW9s7uXn7/oGGiWFNWp5GIdCsghgkuWR04CNZSmpEwEKwZjG6mfvOJacMjeQ9jxfyQDCTvc0rASg9wXVTn6vTssdzNF9ySOwNeJl5KCihFrZv/6vQiGodMAhXEmLbnKvATooFTwSa5TmyYInREBqxtqSQhM34yu3iCT6zSw/1I25KAZ+rviYSExozDwHaGBIZm0ZuK/3ntGPpXfsKlioFJOl/UjwWGCE/fxz2uGQUxtoRQze2tmA6JJhRsSDkbgrf48jJplEveRalyVylUy2kcWXSEjlEReegSVdEtqqE6okiiZ/SK3hzjvDjvzse8NeOkM4foD5zPH7ygj50=</latexit>

t = (p� p0)2

Effective ”proton radius” in terms of quarks as a function of xB
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q Spatial distributions:

<latexit sha1_base64="Q4OSnw1rkanwrnd9EHrhCjYyi/c=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BItYD5bdUtSLUPDisYL9wHYt2TRtQ7PZkMwKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz8wIluAHX/XYyK6tr6xvZzdzW9s7uXn7/oGGiWFNWp5GIdCsghgkuWR04CNZSmpEwEKwZjG6mfvOJacMjeQ9jxfyQDCTvc0rASg9wXVTn6vTssdzNF9ySOwNeJl5KCihFrZv/6vQiGodMAhXEmLbnKvATooFTwSa5TmyYInREBqxtqSQhM34yu3iCT6zSw/1I25KAZ+rviYSExozDwHaGBIZm0ZuK/3ntGPpXfsKlioFJOl/UjwWGCE/fxz2uGQUxtoRQze2tmA6JJhRsSDkbgrf48jJplEveRalyVylUy2kcWXSEjlEReegSVdEtqqE6okiiZ/SK3hzjvDjvzse8NeOkM4foD5zPH7ygj50=</latexit>

t = (p� p0)2

Effective ”proton radius” in terms of gluons

Imaging the Gluon at the EIC (White Paper)
q Exclusive vector meson production:

The bT space density for gluons 
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It is Difficult to Extract the !-dependence of GPD –Why?

x+ ξ x− ξ

p p′

q q′

x

γ∗ γ

DVCS

q “Shadow GPDs”

x+ ξ x− ξ

p p′
GPD

Blue and dashed 
Fit the same CFFs !
PRD103 (2021) 114019 

q Amplitude nature:  exclusive processes

! ∼ loop momentum

never pin down to some !

<latexit sha1_base64="YDxUNbtk9q68oTvIyxXAUl23Aog="></latexit>

M ⇠
Z 1

�1
dxF (x, ⇠, t) · C(x, ⇠;Q/µ)
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It is Difficult to Extract the !-dependence of GPD –Why?

x+ ξ x− ξ

p p′

q q′

x

γ∗ γ

DVCS

q “Shadow GPDs”

x+ ξ x− ξ

p p′
GPD

Blue and dashed 
Fit the same CFFs !
PRD103 (2021) 114019 

q Amplitude nature:  exclusive processes

! ∼ loop momentum

never pin down to some !

<latexit sha1_base64="YDxUNbtk9q68oTvIyxXAUl23Aog="></latexit>

M ⇠
Z 1

�1
dxF (x, ⇠, t) · C(x, ⇠;Q/µ)

q Sensitivity to ! comes from #(!, &; (/*)

<latexit sha1_base64="cVPsrVs38RbMuY6cFKn5dm/dz44="></latexit>

C(x, ⇠;Q/µ) = CQ(Q/µ) · Cx(x, ⇠) /
1

x� ⇠ + i"
· · ·

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

iM /
Z 1

�1
dx

F (x, ⇠, t)

x� ⇠ + i"
⌘ “F0(⇠, t)”

At LO, DVCS hard coefficient factorizes

• also true for most other processes
• !-dependence is only constrained by a “moment”
• easy to fit to the data



21

Inclusive Process vs. Exclusive Process
q Deeply Inelastic Scattering (DIS):

Cross section:  Cut diagrams
<latexit sha1_base64="TZB3IAlDoMe3eYS2BlUdihYNgnw="></latexit>

�DIS '
Z 1

xB

dx f(x) �̂(x/xB)

• PDF ∼ probability
• At LO: " = "$
• Beyond LO: " ∈ ["$, (]

x-dependence:  Part of measurement

P

l

k

q

⊗

l
q

k̂

P

k

<latexit sha1_base64="xRLOe5s/r4pgicnteA2WT5fBC+o="></latexit>

PDF f(x)
<latexit sha1_base64="551UvnvLaSbiLE6UO47X8KUkV10="></latexit>

x = k+/P+

q Deeply Virtual Compton Scattering (DVCS)

l
q

l′

q′

p

k

p′
k′ ⊗

k̂′

l
q

l′

q′

k̂

p

k

p′
k′

<latexit sha1_base64="9AaT9WVAAVK/sGqccmX/b6b1E7o="></latexit>

GPD F (x, ⇠, t)

<latexit sha1_base64="03F55RqMQYt4jCsYal8ZiyEkHPM="></latexit>

x =
(k + k0)+

(p+ p0)+

⇠ =
(p� p0)+

(p+ p0)+

t = (p� p0)2

Amplitude:  Uncut diagrams
<latexit sha1_base64="4jKnYphTFpc22i52gnFrlfGTWCg="></latexit>

MDVCS(⇠, t) '
Z 1

�1
dxF (x, ⇠, t)M̂(x, ⇠)

• GPD ∼ amplitude
• *+ = (" + .) 0+ is loop momentum
• At any order: " ∈ [−(, (]

x-dependence:  Hard to measure
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Single-Diffractive Hard Exclusive Processes (SDHEP)

q Two-stage diffractive             hard exclusive processes:
<latexit sha1_base64="13Lm00+64hTxk7Luc6adPu2iolA=">AAAB7XicbVBNTwIxFHzFL8Qv1KOXRmLiiewiUY8kXjxiIkgCG9ItXah0203bNSEb/oMXDxrj1f/jzX9jgT0oOEmTycx76ZsJE8GN9bxvVFhb39jcKm6Xdnb39g/Kh0dto1JNWYsqoXQnJIYJLlnLcitYJ9GMxKFgD+H4ZuY/PDFtuJL3dpKwICZDySNOiXVSu9azCl/0yxWv6s2BV4mfkwrkaPbLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpd2TFs/V3xsZiY2ZxKGbjIkdmWVvJv7ndVMbXQcZl0lqmaSLj6JUYBdxFh0PuGbUiokjhGrubsV0RDSh1hVUciX4y5FXSbtW9S+r9bt6pVHL6yjCCZzCOfhwBQ24hSa0gMIjPMMrvCGFXtA7+liMFlC+cwx/gD5/AJkAjnM=</latexit>

2 ! 3

<latexit sha1_base64="85+Osl3gs2C+LGhyXz6b21rUqfQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6aJT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCG3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJ66LqXVUv72uVei2PowgncArn4ME11OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/cD5/ANxbjOI=</latexit>

P

Probing its structure
without breaking it!

Qiu & Yu, JHEP 08 (2022) 103

§ Single diffractive: 

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

h(p) ! h0(p0) +A⇤(p1 = p� p0)

<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="FZx1kmhOOXZcVerIhcfjvymBVaw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR68KShKJuhIIblxXsA9o0TKbTdugkGWcmhRLqxl9x40IRt/6FO//GSZuFVg9cOJxzL/fe43NGpbKsLyO3tLyyupZfL2xsbm3vmLt7DRnFApM6jlgkWj6ShNGQ1BVVjLS4ICjwGWn6o+vUb46JkDQK79SEEzdAg5D2KUZKS555oK5K/IyfnHadDrmP6Rhyz+46sOCZRatszQD/EjsjRZCh5pmfnV6E44CECjMkZdu2uHITJBTFjEwLnVgSjvAIDUhb0xAFRLrJ7IMpPNZKD/YjoStUcKb+nEhQIOUk8HVngNRQLnqp+J/XjlX/0k1oyGNFQjxf1I8ZVBFM44A9KghWbKIJwoLqWyEeIoGw0qGlIdiLL/8lDadsn5crt5Vi1cniyINDcARKwAYXoApuQA3UAQYP4Am8gFfj0Xg23oz3eWvOyGb2wS8YH98mc5S6</latexit>

t = (p� p0)2 ⌘ p21

<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)

§ Hard probe:                 high          exclusive process <latexit sha1_base64="Ipv8XSo9oTZD413X7AdYXsL1+y0=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswMRV0W3LisYB/SDiWTZtrQJDMkGaEM/Qo3LhRx6+e482/MtLPQ1gOBwzn3kntOmHCmjet+O6WNza3tnfJuZW//4PCoenzS0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3uZ+94kqzWL5YGYJDQQeSxYxgo2VHv2BiZGPUGVYrbl1dwG0TryC1KBAa1j9GoxikgoqDeFY677nJibIsDKMcDqvDFJNE0ymeEz7lkosqA6yxcFzdGGVEYpiZZ80aKH+3siw0HomQjspsJnoVS8X//P6qYlugozJJDVUkuVHUcqRTZmnRyOmKDF8ZgkmitlbEZlghYmxHeUleKuR10nHr3tX9cZ9o9b0izrKcAbncAkeXEMT7qAFbSAg4Ble4c1Rzovz7nwsR0tOsXMKf+B8/gB8LI7a</latexit>

2 ! 2
<latexit sha1_base64="P2/D0xIxFf1+MzGjD8G8oU/Zy5U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4rNK3QhrLZbtqlu5u4uxFK6G/w4kERr/4gb/4bN20O2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRahPYh6rhxBrypmkvmGG04dEUSxCTnvh9Db3e09UaRbLjpklNBB4LFnECDZW8h+HHVQZVmtu3V0ArROvIDUo0B5WvwajmKSCSkM41rrvuYkJMqwMI5zOK4NU0wSTKR7TvqUSC6qDbHHsHF1YZYSiWNmSBi3U3xMZFlrPRGg7BTYTverl4n9ePzXRTZAxmaSGSrJcFKUcmRjln6MRU5QYPrMEE8XsrYhMsMLE2HzyELzVl9dJt1H3rurN+2at1SjiKMMZnMMleHANLbiDNvhAgMEzvMKbI50X5935WLaWnGLmFP7A+fwBwBKN8w==</latexit>qT

<latexit sha1_base64="/hCtbivtWAbiANQgcFLVkxFU1hc=">AAACDHicbZC7SgNBFIZn4y3GW9TSZjAINobdENRGCNhYRsgNkmWZnUySIbOXzJwVwiYPYOOr2FgoYusD2Pk2zm620MQfBj7+cw5nzu+GgiswzW8jt7a+sbmV3y7s7O7tHxQPj1oqiCRlTRqIQHZcopjgPmsCB8E6oWTEcwVru+PbpN5+YFLxwG/ANGS2R4Y+H3BKQFtOsTSbOLHlNOYzfIMTrqTcGw5xT00kxBcw111m2UyFV8HKoIQy1Z3iV68f0MhjPlBBlOpaZgh2TCRwKti80IsUCwkdkyHravSJx5Qdp8fM8Zl2+ngQSP18wKn7eyImnlJTz9WdHoGRWq4l5n+1bgSDazvmfhgB8+li0SASGAKcJIP7XDIKYqqBUMn1XzEdEUko6PwKOgRr+eRVaFXK1mW5el8t1SpZHHl0gk7RObLQFaqhO1RHTUTRI3pGr+jNeDJejHfjY9GaM7KZY/RHxucPCCGa8Q==</latexit>

|q1T | = |q2T | �
p
�t

<latexit sha1_base64="8Bua0Nrm1pGQskqq4Mb5iqDJFrI=">AAACDnicbVBLTwIxGOziC/GFevTSSEhYScjuhqhHFA8eMZFHAuumWwo0dLtr2zUhG36BF/+KFw8a49WzN/+N5XFQcJKmk5nvSzvjR4xKZVnfRmpldW19I72Z2dre2d3L7h80ZBgLTOo4ZKFo+UgSRjmpK6oYaUWCoMBnpOkPqxO/+UCEpCG/VaOIuAHqc9qjGCktedn8xd1JIfJss3ipL8fsqBBmqoV7L7HHZvFKE8eEGS+bs0rWFHCZ2HOSA3PUvOxXpxviOCBcYYakbNtWpNwECUUxI+NMJ5YkQniI+qStKUcBkW4yjTOGea10YS8U+nAFp+rvjQQFUo4CX08GSA3kojcR//PaseqduwnlUawIx7OHejGDOvOkG9ilgmDFRpogLKj+K8QDJBBWusFJCfZi5GXScEr2aal8U85VnHkdaXAEjkEB2OAMVMA1qIE6wOARPINX8GY8GS/Gu/ExG00Z851D8AfG5w9TCJfR</latexit>

A⇤(p1) +B(p2) ! C(q1) +D(q2)

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

B(p2)

<latexit sha1_base64="UQvtA9E0severNjvr5mvO8XkUz4=">AAACBXicbVA9SwNBEN2LXzF+RS21WAxiLAx3IahlwMYygvmA3BH2Nptkyd7euTsnhEsaG/+KjYUitv4HO/+Nm+QKjT4YeLw3w8w8PxJcg21/WZml5ZXVtex6bmNza3snv7vX0GGsKKvTUISq5RPNBJesDhwEa0WKkcAXrOkPr6Z+854pzUN5C6OIeQHpS97jlICROvnDYnQWnZy6tBsCltjt97Gr7xQkYxhPOvmCXbJnwH+Jk5ICSlHr5D/dbkjjgEmggmjdduwIvIQo4FSwSc6NNYsIHZI+axsqScC0l8y+mOBjo3RxL1SmJOCZ+nMiIYHWo8A3nQGBgV70puJ/XjuG3qWXcBnFwCSdL+rFAkOIp5HgLleMghgZQqji5lZMB0QRCia4nAnBWXz5L2mUS855qXJTKVTLaRxZdICOUBE56AJV0TWqoTqi6AE9oRf0aj1az9ab9T5vzVjpzD76BevjG0Qhl8k=</latexit>

(p� p0) · n �
p

|t|

<latexit sha1_base64="PL1kYpucvs7xgh+7/XRm9l3fB2w=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBhZSZUtSNUHDjsoJ9QDuUTJppQ5PMkGQKZeifuHGhiFv/xJ1/Y9rOQlsPXO7hnHvJzQkTzrTxvG+nsLG5tb1T3C3t7R8cHrnHJy0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w/H93G9PqNIslk9mmtBA4KFkESPYWKnvuneIXqHeEAuBbU9Y3y17FW8BtE78nJQhR6PvfvUGMUkFlYZwrHXX9xITZFgZRjidlXqppgkmYzykXUslFlQH2eLyGbqwygBFsbIlDVqovzcyLLSeitBOCmxGetWbi/953dREt0HGZJIaKsnyoSjlyMRoHgMaMEWJ4VNLMFHM3orICCtMjA2rZEPwV7+8TlrVin9dqT3WyvVqHkcRzuAcLsGHG6jDAzSgCQQm8Ayv8OZkzovz7nwsRwtOvnMKf+B8/gBrkJIy</latexit>= e, �,⇡
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Single-Diffractive Hard Exclusive Processes (SDHEP)

q Two-stage diffractive             hard exclusive processes:
<latexit sha1_base64="13Lm00+64hTxk7Luc6adPu2iolA=">AAAB7XicbVBNTwIxFHzFL8Qv1KOXRmLiiewiUY8kXjxiIkgCG9ItXah0203bNSEb/oMXDxrj1f/jzX9jgT0oOEmTycx76ZsJE8GN9bxvVFhb39jcKm6Xdnb39g/Kh0dto1JNWYsqoXQnJIYJLlnLcitYJ9GMxKFgD+H4ZuY/PDFtuJL3dpKwICZDySNOiXVSu9azCl/0yxWv6s2BV4mfkwrkaPbLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpd2TFs/V3xsZiY2ZxKGbjIkdmWVvJv7ndVMbXQcZl0lqmaSLj6JUYBdxFh0PuGbUiokjhGrubsV0RDSh1hVUciX4y5FXSbtW9S+r9bt6pVHL6yjCCZzCOfhwBQ24hSa0gMIjPMMrvCGFXtA7+liMFlC+cwx/gD5/AJkAjnM=</latexit>

2 ! 3

<latexit sha1_base64="85+Osl3gs2C+LGhyXz6b21rUqfQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6aJT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCG3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJ66LqXVUv72uVei2PowgncArn4ME11OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/cD5/ANxbjOI=</latexit>

P

Probing its structure
without breaking it!

Qiu & Yu, JHEP 08 (2022) 103

§ Single diffractive: 

§ The single diffractive              exclusive hard processes: 
<latexit sha1_base64="13Lm00+64hTxk7Luc6adPu2iolA=">AAAB7XicbVBNTwIxFHzFL8Qv1KOXRmLiiewiUY8kXjxiIkgCG9ItXah0203bNSEb/oMXDxrj1f/jzX9jgT0oOEmTycx76ZsJE8GN9bxvVFhb39jcKm6Xdnb39g/Kh0dto1JNWYsqoXQnJIYJLlnLcitYJ9GMxKFgD+H4ZuY/PDFtuJL3dpKwICZDySNOiXVSu9azCl/0yxWv6s2BV4mfkwrkaPbLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpd2TFs/V3xsZiY2ZxKGbjIkdmWVvJv7ndVMbXQcZl0lqmaSLj6JUYBdxFh0PuGbUiokjhGrubsV0RDSh1hVUciX4y5FXSbtW9S+r9bt6pVHL6yjCCZzCOfhwBQ24hSa0gMIjPMMrvCGFXtA7+liMFlC+cwx/gD5/AJkAjnM=</latexit>

2 ! 3
<latexit sha1_base64="pf0rK6WpsGjFoLl/5SQCXm5f0zE=">AAACE3icbZDLSsNAFIYn9VbrrerSzWCRpgolCUVdFuvCZQV7gbaEyXTSDp0k48xEKKHv4MZXceNCEbdu3Pk2TtoutPWHgY//nMOZ83ucUaks69vIrKyurW9kN3Nb2zu7e/n9g6aMYoFJA0csEm0PScJoSBqKKkbaXBAUeIy0vFEtrbceiJA0Cu/UmJNegAYh9SlGSltu/nRo8hI8g1cmd50S7KooNyyavJh6NfPetVO41uCU3HzBKltTwWWw51AAc9Xd/Fe3H+E4IKHCDEnZsS2uegkSimJGJrluLAlHeIQGpKMxRAGRvWR60wSeaKcP/UjoFyo4dX9PJCiQchx4ujNAaigXa6n5X60TK/+yl9CQx4qEeLbIjxlUEUwDgn0qCFZsrAFhQfVfIR4igbDSMeZ0CPbiycvQdMr2eblyWylUnXkcWXAEjoEJbHABquAG1EEDYPAInsEreDOejBfj3fiYtWaM+cwh+CPj8wejXZhS</latexit>

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

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

h(p) ! h0(p0) +A⇤(p1 = p� p0)

<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)

§ Necessary condition for QCD factorization: 
<latexit sha1_base64="/hCtbivtWAbiANQgcFLVkxFU1hc=">AAACDHicbZC7SgNBFIZn4y3GW9TSZjAINobdENRGCNhYRsgNkmWZnUySIbOXzJwVwiYPYOOr2FgoYusD2Pk2zm620MQfBj7+cw5nzu+GgiswzW8jt7a+sbmV3y7s7O7tHxQPj1oqiCRlTRqIQHZcopjgPmsCB8E6oWTEcwVru+PbpN5+YFLxwG/ANGS2R4Y+H3BKQFtOsTSbOLHlNOYzfIMTrqTcGw5xT00kxBcw111m2UyFV8HKoIQy1Z3iV68f0MhjPlBBlOpaZgh2TCRwKti80IsUCwkdkyHravSJx5Qdp8fM8Zl2+ngQSP18wKn7eyImnlJTz9WdHoGRWq4l5n+1bgSDazvmfhgB8+li0SASGAKcJIP7XDIKYqqBUMn1XzEdEUko6PwKOgRr+eRVaFXK1mW5el8t1SpZHHl0gk7RObLQFaqhO1RHTUTRI3pGr+jNeDJejHfjY9GaM7KZY/RHxucPCCGa8Q==</latexit>

|q1T | = |q2T | �
p
�t

The state                lives much longer 

than               hard exclusive collision!
<latexit sha1_base64="Ipv8XSo9oTZD413X7AdYXsL1+y0=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswMRV0W3LisYB/SDiWTZtrQJDMkGaEM/Qo3LhRx6+e482/MtLPQ1gOBwzn3kntOmHCmjet+O6WNza3tnfJuZW//4PCoenzS0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3uZ+94kqzWL5YGYJDQQeSxYxgo2VHv2BiZGPUGVYrbl1dwG0TryC1KBAa1j9GoxikgoqDeFY677nJibIsDKMcDqvDFJNE0ymeEz7lkosqA6yxcFzdGGVEYpiZZ80aKH+3siw0HomQjspsJnoVS8X//P6qYlugozJJDVUkuVHUcqRTZmnRyOmKDF8ZgkmitlbEZlghYmxHeUleKuR10nHr3tX9cZ9o9b0izrKcAbncAkeXEMT7qAFbSAg4Ble4c1Rzovz7nwsR0tOsXMKf+B8/gB8LI7a</latexit>

2 ! 2

<latexit sha1_base64="yeKAsYkshFiXrs/rePNOPaWyaic=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJUD2W3FPVY8eKxgv2Adi3ZNNuGZpM1yQpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDP1W09UaSbFvRnH1I/wQLCQEWys1L5+OC/FPe+sVyi6ZXcGtEy8jBQhQ71X+Or2JUkiKgzhWOuO58bGT7EyjHA6yXcTTWNMRnhAO5YKHFHtp7N7J+jUKn0USmVLGDRTf0+kONJ6HAW2M8JmqBe9qfif10lMeOWnTMSJoYLMF4UJR0ai6fOozxQlho8twUQxeysiQ6wwMTaivA3BW3x5mTQrZe+iXL2rFmuVLI4cHMMJlMCDS6jBLdShAQQ4PMMrvDmPzovz7nzMW1ecbOYI/sD5/AFoLY7d</latexit>

A⇤(p1)

Not necessarily sufficient!

<latexit sha1_base64="FZx1kmhOOXZcVerIhcfjvymBVaw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR68KShKJuhIIblxXsA9o0TKbTdugkGWcmhRLqxl9x40IRt/6FO//GSZuFVg9cOJxzL/fe43NGpbKsLyO3tLyyupZfL2xsbm3vmLt7DRnFApM6jlgkWj6ShNGQ1BVVjLS4ICjwGWn6o+vUb46JkDQK79SEEzdAg5D2KUZKS555oK5K/IyfnHadDrmP6Rhyz+46sOCZRatszQD/EjsjRZCh5pmfnV6E44CECjMkZdu2uHITJBTFjEwLnVgSjvAIDUhb0xAFRLrJ7IMpPNZKD/YjoStUcKb+nEhQIOUk8HVngNRQLnqp+J/XjlX/0k1oyGNFQjxf1I8ZVBFM44A9KghWbKIJwoLqWyEeIoGw0qGlIdiLL/8lDadsn5crt5Vi1cniyINDcARKwAYXoApuQA3UAQYP4Am8gFfj0Xg23oz3eWvOyGb2wS8YH98mc5S6</latexit>

t = (p� p0)2 ⌘ p21

<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)

§ Hard probe:                 high          exclusive process <latexit sha1_base64="Ipv8XSo9oTZD413X7AdYXsL1+y0=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswMRV0W3LisYB/SDiWTZtrQJDMkGaEM/Qo3LhRx6+e482/MtLPQ1gOBwzn3kntOmHCmjet+O6WNza3tnfJuZW//4PCoenzS0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3uZ+94kqzWL5YGYJDQQeSxYxgo2VHv2BiZGPUGVYrbl1dwG0TryC1KBAa1j9GoxikgoqDeFY677nJibIsDKMcDqvDFJNE0ymeEz7lkosqA6yxcFzdGGVEYpiZZ80aKH+3siw0HomQjspsJnoVS8X//P6qYlugozJJDVUkuVHUcqRTZmnRyOmKDF8ZgkmitlbEZlghYmxHeUleKuR10nHr3tX9cZ9o9b0izrKcAbncAkeXEMT7qAFbSAg4Ble4c1Rzovz7nwsR0tOsXMKf+B8/gB8LI7a</latexit>

2 ! 2
<latexit sha1_base64="P2/D0xIxFf1+MzGjD8G8oU/Zy5U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4rNK3QhrLZbtqlu5u4uxFK6G/w4kERr/4gb/4bN20O2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRahPYh6rhxBrypmkvmGG04dEUSxCTnvh9Db3e09UaRbLjpklNBB4LFnECDZW8h+HHVQZVmtu3V0ArROvIDUo0B5WvwajmKSCSkM41rrvuYkJMqwMI5zOK4NU0wSTKR7TvqUSC6qDbHHsHF1YZYSiWNmSBi3U3xMZFlrPRGg7BTYTverl4n9ePzXRTZAxmaSGSrJcFKUcmRjln6MRU5QYPrMEE8XsrYhMsMLE2HzyELzVl9dJt1H3rurN+2at1SjiKMMZnMMleHANLbiDNvhAgMEzvMKbI50X5935WLaWnGLmFP7A+fwBwBKN8w==</latexit>qT

<latexit sha1_base64="/hCtbivtWAbiANQgcFLVkxFU1hc=">AAACDHicbZC7SgNBFIZn4y3GW9TSZjAINobdENRGCNhYRsgNkmWZnUySIbOXzJwVwiYPYOOr2FgoYusD2Pk2zm620MQfBj7+cw5nzu+GgiswzW8jt7a+sbmV3y7s7O7tHxQPj1oqiCRlTRqIQHZcopjgPmsCB8E6oWTEcwVru+PbpN5+YFLxwG/ANGS2R4Y+H3BKQFtOsTSbOLHlNOYzfIMTrqTcGw5xT00kxBcw111m2UyFV8HKoIQy1Z3iV68f0MhjPlBBlOpaZgh2TCRwKti80IsUCwkdkyHravSJx5Qdp8fM8Zl2+ngQSP18wKn7eyImnlJTz9WdHoGRWq4l5n+1bgSDazvmfhgB8+li0SASGAKcJIP7XDIKYqqBUMn1XzEdEUko6PwKOgRr+eRVaFXK1mW5el8t1SpZHHl0gk7RObLQFaqhO1RHTUTRI3pGr+jNeDJejHfjY9GaM7KZY/RHxucPCCGa8Q==</latexit>

|q1T | = |q2T | �
p
�t

<latexit sha1_base64="8Bua0Nrm1pGQskqq4Mb5iqDJFrI=">AAACDnicbVBLTwIxGOziC/GFevTSSEhYScjuhqhHFA8eMZFHAuumWwo0dLtr2zUhG36BF/+KFw8a49WzN/+N5XFQcJKmk5nvSzvjR4xKZVnfRmpldW19I72Z2dre2d3L7h80ZBgLTOo4ZKFo+UgSRjmpK6oYaUWCoMBnpOkPqxO/+UCEpCG/VaOIuAHqc9qjGCktedn8xd1JIfJss3ipL8fsqBBmqoV7L7HHZvFKE8eEGS+bs0rWFHCZ2HOSA3PUvOxXpxviOCBcYYakbNtWpNwECUUxI+NMJ5YkQniI+qStKUcBkW4yjTOGea10YS8U+nAFp+rvjQQFUo4CX08GSA3kojcR//PaseqduwnlUawIx7OHejGDOvOkG9ilgmDFRpogLKj+K8QDJBBWusFJCfZi5GXScEr2aal8U85VnHkdaXAEjkEB2OAMVMA1qIE6wOARPINX8GY8GS/Gu/ExG00Z851D8AfG5w9TCJfR</latexit>

A⇤(p1) +B(p2) ! C(q1) +D(q2)

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

B(p2)

<latexit sha1_base64="UQvtA9E0severNjvr5mvO8XkUz4=">AAACBXicbVA9SwNBEN2LXzF+RS21WAxiLAx3IahlwMYygvmA3BH2Nptkyd7euTsnhEsaG/+KjYUitv4HO/+Nm+QKjT4YeLw3w8w8PxJcg21/WZml5ZXVtex6bmNza3snv7vX0GGsKKvTUISq5RPNBJesDhwEa0WKkcAXrOkPr6Z+854pzUN5C6OIeQHpS97jlICROvnDYnQWnZy6tBsCltjt97Gr7xQkYxhPOvmCXbJnwH+Jk5ICSlHr5D/dbkjjgEmggmjdduwIvIQo4FSwSc6NNYsIHZI+axsqScC0l8y+mOBjo3RxL1SmJOCZ+nMiIYHWo8A3nQGBgV70puJ/XjuG3qWXcBnFwCSdL+rFAkOIp5HgLleMghgZQqji5lZMB0QRCia4nAnBWXz5L2mUS855qXJTKVTLaRxZdICOUBE56AJV0TWqoTqi6AE9oRf0aj1az9ab9T5vzVjpzD76BevjG0Qhl8k=</latexit>

(p� p0) · n �
p

|t|

<latexit sha1_base64="PL1kYpucvs7xgh+7/XRm9l3fB2w=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBhZSZUtSNUHDjsoJ9QDuUTJppQ5PMkGQKZeifuHGhiFv/xJ1/Y9rOQlsPXO7hnHvJzQkTzrTxvG+nsLG5tb1T3C3t7R8cHrnHJy0dp4rQJol5rDoh1pQzSZuGGU47iaJYhJy2w/H93G9PqNIslk9mmtBA4KFkESPYWKnvuneIXqHeEAuBbU9Y3y17FW8BtE78nJQhR6PvfvUGMUkFlYZwrHXX9xITZFgZRjidlXqppgkmYzykXUslFlQH2eLyGbqwygBFsbIlDVqovzcyLLSeitBOCmxGetWbi/953dREt0HGZJIaKsnyoSjlyMRoHgMaMEWJ4VNLMFHM3orICCtMjA2rZEPwV7+8TlrVin9dqT3WyvVqHkcRzuAcLsGHG6jDAzSgCQQm8Ayv8OZkzovz7nwsRwtOvnMKf+B8/gBrkJIy</latexit>= e, �,⇡
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Single-Diffractive Hard Exclusive Processes (SDHEP)

q Two-stage diffractive             hard exclusive processes:
<latexit sha1_base64="13Lm00+64hTxk7Luc6adPu2iolA=">AAAB7XicbVBNTwIxFHzFL8Qv1KOXRmLiiewiUY8kXjxiIkgCG9ItXah0203bNSEb/oMXDxrj1f/jzX9jgT0oOEmTycx76ZsJE8GN9bxvVFhb39jcKm6Xdnb39g/Kh0dto1JNWYsqoXQnJIYJLlnLcitYJ9GMxKFgD+H4ZuY/PDFtuJL3dpKwICZDySNOiXVSu9azCl/0yxWv6s2BV4mfkwrkaPbLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpd2TFs/V3xsZiY2ZxKGbjIkdmWVvJv7ndVMbXQcZl0lqmaSLj6JUYBdxFh0PuGbUiokjhGrubsV0RDSh1hVUciX4y5FXSbtW9S+r9bt6pVHL6yjCCZzCOfhwBQ24hSa0gMIjPMMrvCGFXtA7+liMFlC+cwx/gD5/AJkAjnM=</latexit>

2 ! 3

<latexit sha1_base64="85+Osl3gs2C+LGhyXz6b21rUqfQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6aJT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCG3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJ66LqXVUv72uVei2PowgncArn4ME11OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/cD5/ANxbjOI=</latexit>

P

Probing its structure
without breaking it!

§ Single diffractive: 

§ The single diffractive              exclusive hard processes: 
<latexit sha1_base64="13Lm00+64hTxk7Luc6adPu2iolA=">AAAB7XicbVBNTwIxFHzFL8Qv1KOXRmLiiewiUY8kXjxiIkgCG9ItXah0203bNSEb/oMXDxrj1f/jzX9jgT0oOEmTycx76ZsJE8GN9bxvVFhb39jcKm6Xdnb39g/Kh0dto1JNWYsqoXQnJIYJLlnLcitYJ9GMxKFgD+H4ZuY/PDFtuJL3dpKwICZDySNOiXVSu9azCl/0yxWv6s2BV4mfkwrkaPbLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpd2TFs/V3xsZiY2ZxKGbjIkdmWVvJv7ndVMbXQcZl0lqmaSLj6JUYBdxFh0PuGbUiokjhGrubsV0RDSh1hVUciX4y5FXSbtW9S+r9bt6pVHL6yjCCZzCOfhwBQ24hSa0gMIjPMMrvCGFXtA7+liMFlC+cwx/gD5/AJkAjnM=</latexit>

2 ! 3
<latexit sha1_base64="pf0rK6WpsGjFoLl/5SQCXm5f0zE=">AAACE3icbZDLSsNAFIYn9VbrrerSzWCRpgolCUVdFuvCZQV7gbaEyXTSDp0k48xEKKHv4MZXceNCEbdu3Pk2TtoutPWHgY//nMOZ83ucUaks69vIrKyurW9kN3Nb2zu7e/n9g6aMYoFJA0csEm0PScJoSBqKKkbaXBAUeIy0vFEtrbceiJA0Cu/UmJNegAYh9SlGSltu/nRo8hI8g1cmd50S7KooNyyavJh6NfPetVO41uCU3HzBKltTwWWw51AAc9Xd/Fe3H+E4IKHCDEnZsS2uegkSimJGJrluLAlHeIQGpKMxRAGRvWR60wSeaKcP/UjoFyo4dX9PJCiQchx4ujNAaigXa6n5X60TK/+yl9CQx4qEeLbIjxlUEUwDgn0qCFZsrAFhQfVfIR4igbDSMeZ0CPbiycvQdMr2eblyWylUnXkcWXAEjoEJbHABquAG1EEDYPAInsEreDOejBfj3fiYtWaM+cwh+CPj8wejXZhS</latexit>

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

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

h(p) ! h0(p0) +A⇤(p1 = p� p0)

<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="FZx1kmhOOXZcVerIhcfjvymBVaw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR68KShKJuhIIblxXsA9o0TKbTdugkGWcmhRLqxl9x40IRt/6FO//GSZuFVg9cOJxzL/fe43NGpbKsLyO3tLyyupZfL2xsbm3vmLt7DRnFApM6jlgkWj6ShNGQ1BVVjLS4ICjwGWn6o+vUb46JkDQK79SEEzdAg5D2KUZKS555oK5K/IyfnHadDrmP6Rhyz+46sOCZRatszQD/EjsjRZCh5pmfnV6E44CECjMkZdu2uHITJBTFjEwLnVgSjvAIDUhb0xAFRLrJ7IMpPNZKD/YjoStUcKb+nEhQIOUk8HVngNRQLnqp+J/XjlX/0k1oyGNFQjxf1I8ZVBFM44A9KghWbKIJwoLqWyEeIoGw0qGlIdiLL/8lDadsn5crt5Vi1cniyINDcARKwAYXoApuQA3UAQYP4Am8gFfj0Xg23oz3eWvOyGb2wS8YH98mc5S6</latexit>

t = (p� p0)2 ⌘ p21

<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)

§ Hard probe:                 high          exclusive process <latexit sha1_base64="Ipv8XSo9oTZD413X7AdYXsL1+y0=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswMRV0W3LisYB/SDiWTZtrQJDMkGaEM/Qo3LhRx6+e482/MtLPQ1gOBwzn3kntOmHCmjet+O6WNza3tnfJuZW//4PCoenzS0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3uZ+94kqzWL5YGYJDQQeSxYxgo2VHv2BiZGPUGVYrbl1dwG0TryC1KBAa1j9GoxikgoqDeFY677nJibIsDKMcDqvDFJNE0ymeEz7lkosqA6yxcFzdGGVEYpiZZ80aKH+3siw0HomQjspsJnoVS8X//P6qYlugozJJDVUkuVHUcqRTZmnRyOmKDF8ZgkmitlbEZlghYmxHeUleKuR10nHr3tX9cZ9o9b0izrKcAbncAkeXEMT7qAFbSAg4Ble4c1Rzovz7nwsR0tOsXMKf+B8/gB8LI7a</latexit>

2 ! 2
<latexit sha1_base64="P2/D0xIxFf1+MzGjD8G8oU/Zy5U=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4rNK3QhrLZbtqlu5u4uxFK6G/w4kERr/4gb/4bN20O2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRahPYh6rhxBrypmkvmGG04dEUSxCTnvh9Db3e09UaRbLjpklNBB4LFnECDZW8h+HHVQZVmtu3V0ArROvIDUo0B5WvwajmKSCSkM41rrvuYkJMqwMI5zOK4NU0wSTKR7TvqUSC6qDbHHsHF1YZYSiWNmSBi3U3xMZFlrPRGg7BTYTverl4n9ePzXRTZAxmaSGSrJcFKUcmRjln6MRU5QYPrMEE8XsrYhMsMLE2HzyELzVl9dJt1H3rurN+2at1SjiKMMZnMMleHANLbiDNvhAgMEzvMKbI50X5935WLaWnGLmFP7A+fwBwBKN8w==</latexit>qT

<latexit sha1_base64="/hCtbivtWAbiANQgcFLVkxFU1hc=">AAACDHicbZC7SgNBFIZn4y3GW9TSZjAINobdENRGCNhYRsgNkmWZnUySIbOXzJwVwiYPYOOr2FgoYusD2Pk2zm620MQfBj7+cw5nzu+GgiswzW8jt7a+sbmV3y7s7O7tHxQPj1oqiCRlTRqIQHZcopjgPmsCB8E6oWTEcwVru+PbpN5+YFLxwG/ANGS2R4Y+H3BKQFtOsTSbOLHlNOYzfIMTrqTcGw5xT00kxBcw111m2UyFV8HKoIQy1Z3iV68f0MhjPlBBlOpaZgh2TCRwKti80IsUCwkdkyHravSJx5Qdp8fM8Zl2+ngQSP18wKn7eyImnlJTz9WdHoGRWq4l5n+1bgSDazvmfhgB8+li0SASGAKcJIP7XDIKYqqBUMn1XzEdEUko6PwKOgRr+eRVaFXK1mW5el8t1SpZHHl0gk7RObLQFaqhO1RHTUTRI3pGr+jNeDJejHfjY9GaM7KZY/RHxucPCCGa8Q==</latexit>

|q1T | = |q2T | �
p
�t

<latexit sha1_base64="8Bua0Nrm1pGQskqq4Mb5iqDJFrI=">AAACDnicbVBLTwIxGOziC/GFevTSSEhYScjuhqhHFA8eMZFHAuumWwo0dLtr2zUhG36BF/+KFw8a49WzN/+N5XFQcJKmk5nvSzvjR4xKZVnfRmpldW19I72Z2dre2d3L7h80ZBgLTOo4ZKFo+UgSRjmpK6oYaUWCoMBnpOkPqxO/+UCEpCG/VaOIuAHqc9qjGCktedn8xd1JIfJss3ipL8fsqBBmqoV7L7HHZvFKE8eEGS+bs0rWFHCZ2HOSA3PUvOxXpxviOCBcYYakbNtWpNwECUUxI+NMJ5YkQniI+qStKUcBkW4yjTOGea10YS8U+nAFp+rvjQQFUo4CX08GSA3kojcR//PaseqduwnlUawIx7OHejGDOvOkG9ilgmDFRpogLKj+K8QDJBBWusFJCfZi5GXScEr2aal8U85VnHkdaXAEjkEB2OAMVMA1qIE6wOARPINX8GY8GS/Gu/ExG00Z851D8AfG5w9TCJfR</latexit>

A⇤(p1) +B(p2) ! C(q1) +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, �,⇡

<latexit sha1_base64="UQvtA9E0severNjvr5mvO8XkUz4=">AAACBXicbVA9SwNBEN2LXzF+RS21WAxiLAx3IahlwMYygvmA3BH2Nptkyd7euTsnhEsaG/+KjYUitv4HO/+Nm+QKjT4YeLw3w8w8PxJcg21/WZml5ZXVtex6bmNza3snv7vX0GGsKKvTUISq5RPNBJesDhwEa0WKkcAXrOkPr6Z+854pzUN5C6OIeQHpS97jlICROvnDYnQWnZy6tBsCltjt97Gr7xQkYxhPOvmCXbJnwH+Jk5ICSlHr5D/dbkjjgEmggmjdduwIvIQo4FSwSc6NNYsIHZI+axsqScC0l8y+mOBjo3RxL1SmJOCZ+nMiIYHWo8A3nQGBgV70puJ/XjuG3qWXcBnFwCSdL+rFAkOIp5HgLleMghgZQqji5lZMB0QRCia4nAnBWXz5L2mUS855qXJTKVTLaRxZdICOUBE56AJV0TWqoTqi6AE9oRf0aj1az9ab9T5vzVjpzD76BevjG0Qhl8k=</latexit>

(p� p0) · n �
p

|t|

Qiu & Yu, JHEP 08 (2022) 103
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Challenge for QCD Factorization of SDHEP
q Example:

<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)
<latexit sha1_base64="BuMKpn9UJiRyytELpLRXxQBkkHY=">AAACE3icbVDNS8MwHE3n16xfU49egkMQkdmOoR4HXjxusC9YR0nTdAtL2i5JhVH2P3jxX/HiQRGvXrz535h1Pejmg4THe+9H8ntezKhUlvVtFNbWNza3itvmzu7e/kHp8Kgjo0Rg0sYRi0TPQ5IwGpK2ooqRXiwI4h4jXW98N/e7D0RIGoUtNY3JgKNhSAOKkdKSW7pwmA77CDqScshdJ6ZXzUvoTBLkZ5fZzJyJ23JLZatiZYCrxM5JGeRouKUvx49wwkmoMENS9m0rVoMUCUUxIzPTSSSJER6jIelrGiJO5CDNdprBM634MIiEPqGCmfp7IkVcyin3dJIjNZLL3lz8z+snKrgdpDSME0VCvHgoSBhUEZwXBH0qCFZsqgnCguq/QjxCAmGlazR1CfbyyqukU63Y15Vas1auV/M6iuAEnIJzYIMbUAf3oAHaAINH8AxewZvxZLwY78bHIlow8plj8AfG5w8n650J</latexit>

� ⇠ m⇡/Q, Q ⇠ qT

Gluons in the Glauber region:
<latexit sha1_base64="w+ra3We5Cx2atD7eMr48j1OQ4hk=">AAACEHicdVDLSgMxFM3UV62vqks3wSJWKGVmHNq6EApuXLZgH9AZh0wmbUMzD5KMUEo/wY2/4saFIm5duvNvzLQVfB4IHM65h5t7vJhRIXX9XcssLa+srmXXcxubW9s7+d29togSjkkLRyziXQ8JwmhIWpJKRroxJyjwGOl4o4vU79wQLmgUXslxTJwADULapxhJJbn545Er4Dks2kxlfHRtln6xE7sEm26+oJfPahXTqkC9rOtVwzRSYlatUwsaSklRAAs03Pyb7Uc4CUgoMUNC9Aw9ls4EcUkxI9OcnQgSIzxCA9JTNEQBEc5kdtAUHinFh/2IqxdKOFO/JiYoEGIceGoyQHIofnqp+JfXS2S/5kxoGCeShHi+qJ8wKCOYtgN9ygmWbKwIwpyqv0I8RBxhqTrMqRI+L4X/k7ZZNiplq2kV6uaijiw4AIegCAxQBXVwCRqgBTC4BffgETxpd9qD9qy9zEcz2iKzD75Be/0AvZCbHw==</latexit>

ks = (�2,�2,�)Q Transverse component contribute to the leading region!

N
N ′

p p′

π

p2

ks
ki + ks

lj−
ks

q1

q2

D̂1

D̂2

Ĥ

ERBL region

<latexit sha1_base64="FN7QnMRhdzf4mg7KZnZV+dI+7lw="></latexit>

1

(ki + ks)2 + i"
! 1

k�s + i"
<latexit sha1_base64="mw3HFfQR3V+yQN70mc68OwMtVAo="></latexit>

1

(lj � ks)2 + i"
! 1

�k+s + i"

<latexit sha1_base64="+i+TlNK0KYxLMdfjNM8x5rzvsCo=">AAACLXicbVDLSgMxFM34rOOr6tJNsAiCWGZKUZcFXbisYB/QGYdMmmlDM8mQZApl6A+58VdEcFERt/6GaTuIth4IHM45l5t7woRRpR1nYq2srq1vbBa27O2d3b394sFhU4lUYtLAggnZDpEijHLS0FQz0k4kQXHISCsc3Ez91pBIRQV/0KOE+DHqcRpRjLSRguKtF0mEM3ecDQL1WDmn3hBJkijKBB/bnhb2T+Ai88IIDsbLuaBYcsrODHCZuDkpgRz1oPjqdQVOY8I1Zkipjusk2s+Q1BQzYvamiiQID1CPdAzlKCbKz2bXjuGpUbowEtI8ruFM/T2RoVipURyaZIx0Xy16U/E/r5Pq6NrPKE9STTieL4pSBrWA0+pgl0qCNRsZgrCk5q8Q95FpR5uCbVOCu3jyMmlWyu5luXpfLdUqeR0FcAxOwBlwwRWogTtQBw2AwRN4ARPwbj1bb9aH9TmPrlj5zBH4A+vrGxT0qTo=</latexit>

1

k2s + i"
! 1

�k2
s + i"

No pinch!

N N ′

p p′

π

p2

ks

zp+ ks q1

q2

(1− z)p− ks

lj−
ks

D̂2

Ĥ

DGLAP region

<latexit sha1_base64="pCQnPiAx9EfgapOtvEI4hEjHtUk=">AAACK3icbVDLSgMxFM34rPVVdelmsAiVYpkpRV0W3bisYB/QaYdMmmlDM0lIMoU69H/c+CsudOEDt/6H6QOxrQcCh3PO5eaeQFCitON8WCura+sbm6mt9PbO7t5+5uCwpngsEa4iTrlsBFBhShiuaqIpbgiJYRRQXA/6N2O/PsBSEc7u9VDgVgS7jIQEQW0kP3PthRKixB0luQeR7/vqrF3ME28AJRaKUM5GaU/z9G/KJNrn8wE/k3UKzgT2MnFnJAtmqPiZF6/DURxhphGFSjVdR+hWAqUmiGKzMFZYQNSHXdw0lMEIq1YyuXVknxqlY4dcmse0PVH/TiQwUmoYBSYZQd1Ti95Y/M9rxjq8aiWEiVhjhqaLwpjamtvj4uwOkRhpOjQEIknMX23Ug6YWbepNmxLcxZOXSa1YcC8KpbtStlyc1ZECx+AE5IALLkEZ3IIKqAIEHsEzeAPv1pP1an1aX9PoijWbOQJzsL5/APMMqB4=</latexit>

1

(zp+ ks)2 + i"
! 1

k�s + i"

<latexit sha1_base64="2GQrVj81tLMlBy9R8P0bLjyeqnk="></latexit>

1

((1� z)p� ks)2 + i"
! 1

k�s � i"

Pinched!

Same conclusion if ks flows
Through N’!
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Factorization in the Two-Stage Paradigm

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

A∗(p1)

S

H
A(p1)

B(p2)

C(q1)

D(q2)S

H

q Factorization for 2-parton channel factorization:
Only complication:
!"# is pinched in Glauber 
region for DGLAP region.

<latexit sha1_base64="BNMG7a1R9j8M7qFudvhyD3CIWPY="></latexit>

k+s 7! k+s ± iO(Q)
Glauber $-collinear region

q Soft gluons cancel for the meson-initialized process if C and D are mesons:

A∗(p1)

h(p) h′(p′)

B(p2)

C(q1)

D(q2)S

H

Soft gluons are no longer pinched
and can be deformed into $-collinear region

B(p2)

C(q1)

D(q2)

H
B(p2)

C(q1)

D(q2)

H or
<latexit sha1_base64="iZBxjCs4oG9oubNohFkfHVoGmQs="></latexit>

GPD ⌦

Qiu & Yu, JHEP 08 (2022) 103
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Single-Diffractive Hard Exclusive Processes (SDHEP)

q Two-stage diffractive             hard exclusive processes:<latexit sha1_base64="13Lm00+64hTxk7Luc6adPu2iolA=">AAAB7XicbVBNTwIxFHzFL8Qv1KOXRmLiiewiUY8kXjxiIkgCG9ItXah0203bNSEb/oMXDxrj1f/jzX9jgT0oOEmTycx76ZsJE8GN9bxvVFhb39jcKm6Xdnb39g/Kh0dto1JNWYsqoXQnJIYJLlnLcitYJ9GMxKFgD+H4ZuY/PDFtuJL3dpKwICZDySNOiXVSu9azCl/0yxWv6s2BV4mfkwrkaPbLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpd2TFs/V3xsZiY2ZxKGbjIkdmWVvJv7ndVMbXQcZl0lqmaSLj6JUYBdxFh0PuGbUiokjhGrubsV0RDSh1hVUciX4y5FXSbtW9S+r9bt6pVHL6yjCCZzCOfhwBQ24hSa0gMIjPMMrvCGFXtA7+liMFlC+cwx/gD5/AJkAjnM=</latexit>

2 ! 3

The exchanged state A*(p-p’) is a sum of all possible partonic states,              , allowed by
§ Quantum numbers of  h(p) – h’(p’)
§ Symmetry of producing non-vanishing  H

<latexit sha1_base64="3HSLBcdalwxsuCA2T48Pb9UPXuc=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCixKSUtSNUHDjsoJ9QBvCZDpth85MwjyEGvolblwo4tZPceffOG2z0NYDFw7n3Mu998Qpo0r7/rdT2Njc2t4p7pb29g8Oy+7RcVslRmLSwglLZDdGijAqSEtTzUg3lQTxmJFOPLmd+51HIhVNxIOepiTkaCTokGKkrRS55b4yPMrETVCtVT1vFrkV3/MXgOskyEkF5GhG7ld/kGDDidCYIaV6gZ/qMENSU8zIrNQ3iqQIT9CI9CwViBMVZovDZ/DcKgM4TKQtoeFC/T2RIa7UlMe2kyM9VqveXPzP6xk9vA4zKlKjicDLRUPDoE7gPAU4oJJgzaaWICypvRXiMZIIa5tVyYYQrL68Tto1L7j06vf1SqOWx1EEp+AMXIAAXIEGuANN0AIYGPAMXsGb8+S8OO/Ox7K14OQzJ+APnM8fFB6SBA==</latexit> X

n=1,2,..
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Single-Diffractive Hard Exclusive Processes (SDHEP)

q Two-stage diffractive             hard exclusive processes:<latexit sha1_base64="13Lm00+64hTxk7Luc6adPu2iolA=">AAAB7XicbVBNTwIxFHzFL8Qv1KOXRmLiiewiUY8kXjxiIkgCG9ItXah0203bNSEb/oMXDxrj1f/jzX9jgT0oOEmTycx76ZsJE8GN9bxvVFhb39jcKm6Xdnb39g/Kh0dto1JNWYsqoXQnJIYJLlnLcitYJ9GMxKFgD+H4ZuY/PDFtuJL3dpKwICZDySNOiXVSu9azCl/0yxWv6s2BV4mfkwrkaPbLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpd2TFs/V3xsZiY2ZxKGbjIkdmWVvJv7ndVMbXQcZl0lqmaSLj6JUYBdxFh0PuGbUiokjhGrubsV0RDSh1hVUciX4y5FXSbtW9S+r9bt6pVHL6yjCCZzCOfhwBQ24hSa0gMIjPMMrvCGFXtA7+liMFlC+cwx/gD5/AJkAjnM=</latexit>

2 ! 3

The exchanged state A*(p-p’) is a sum of all possible partonic states,              , allowed by
§ Quantum numbers of  h(p) – h’(p’)
§ Symmetry of producing non-vanishing  H

<latexit sha1_base64="3HSLBcdalwxsuCA2T48Pb9UPXuc=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCixKSUtSNUHDjsoJ9QBvCZDpth85MwjyEGvolblwo4tZPceffOG2z0NYDFw7n3Mu998Qpo0r7/rdT2Njc2t4p7pb29g8Oy+7RcVslRmLSwglLZDdGijAqSEtTzUg3lQTxmJFOPLmd+51HIhVNxIOepiTkaCTokGKkrRS55b4yPMrETVCtVT1vFrkV3/MXgOskyEkF5GhG7ld/kGDDidCYIaV6gZ/qMENSU8zIrNQ3iqQIT9CI9CwViBMVZovDZ/DcKgM4TKQtoeFC/T2RIa7UlMe2kyM9VqveXPzP6xk9vA4zKlKjicDLRUPDoE7gPAU4oJJgzaaWICypvRXiMZIIa5tVyYYQrL68Tto1L7j06vf1SqOWx1EEp+AMXIAAXIEGuANN0AIYGPAMXsGb8+S8OO/Ox7K14OQzJ+APnM8fFB6SBA==</latexit> X

n=1,2,..

Bethe-Heitler-type

EM form factor

To be factorized into GPD
Energy ≫ virtuality

≥ # parton connection:
Power suppressed
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General Discussion on n=1 state: g*

q Exchange of a virtual photon:

Has a leading component ,                        , as h-h’ fast along “+” 
<latexit sha1_base64="z/XLdBnuMmAL23xVnmZNr9Pibr0=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARKkKZKUVdFgRxZwv2AZ2xZNJMG5qZhCQjlLELf8WNC0Xc+hvu/BvTdhZaPXDhcM693HtPIBhV2nG+rNzS8srqWn69sLG5tb1j7+61FE8kJk3MGZedACnCaEyammpGOkISFAWMtIPR5dRv3xOpKI9v9VgQP0KDmIYUI22knn1wdXfqCcmF5jD1MGLwZlJqnPTsolN2ZoB/iZuRIshQ79mfXp/jJCKxxgwp1XUdof0USU0xI5OClygiEB6hAekaGqOIKD+d3T+Bx0bpw5BLU7GGM/XnRIoipcZRYDojpIdq0ZuK/3ndRIcXfkpjkWgS4/miMGHQPDsNA/apJFizsSEIS2puhXiIJMLaRFYwIbiLL/8lrUrZPStXG9VirZLFkQeH4AiUgAvOQQ1cgzpoAgwewBN4Aa/Wo/VsvVnv89aclc3sg1+wPr4BZvuVBA==</latexit>

F+
/ O(Q)

<latexit sha1_base64="3fFMlmaqY/NFCjV6XmxoVSQrNv4=">AAACA3icbVDLSgNBEJyNrxhfq970MhiEeAm7IajHgBdvRjAPyC5hdjKbDJl9ONMrhE3Ai7/ixYMiXv0Jb/6Nk2QPmljQUFR1093lxYIrsKxvI7eyura+kd8sbG3v7O6Z+wdNFSWSsgaNRCTbHlFM8JA1gINg7VgyEniCtbzh1dRvPTCpeBTewShmbkD6Ifc5JaClrnnkKB44OHUoEfhmUnLUvYR0DOPJWdcsWmVrBrxM7IwUUYZ61/xyehFNAhYCFUSpjm3F4KZEAqeCTQpOolhM6JD0WUfTkARMuenshwk+1UoP+5HUFQKeqb8nUhIoNQo83RkQGKhFbyr+53US8C/dlIdxAiyk80V+IjBEeBoI7nHJKIiRJoRKrm/FdEAkoaBjK+gQ7MWXl0mzUrbPy9XbarFWyeLIo2N0gkrIRheohq5RHTUQRY/oGb2iN+PJeDHejY95a87IZg7RHxifP8wjl5c=</latexit>

⇠ O(
p

|t|)

<latexit sha1_base64="DUSZYj/I/xBTrqpQT3ml+aLyviE=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0FILOJuCGoZsLERI5gHZGOYnUySIbMPZ+4KYbP/YOOv2FgoYmtj5984eRSaeODC4Zx7ufceNxRcgWV9G6ml5ZXVtfR6ZmNza3vH3N2rqSCSlFVpIALZcIligvusChwEa4SSEc8VrO4OLsZ+/YFJxQP/FoYha3mk5/MupwS01DaPY4cSga+Suzhn5xNHcc/BU+06ydknjrqXEI9glOTbZtYqWBPgRWLPSBbNUGmbX04noJHHfKCCKNW0rRBaMZHAqWBJxokUCwkdkB5rauoTj6lWPPkpwUda6eBuIHX5gCfq74mYeEoNPVd3egT6at4bi/95zQi6562Y+2EEzKfTRd1IYAjwOCDc4ZJREENNCJVc34ppn0hCQceY0SHY8y8vklqxYJ8WSjelbLk4iyONDtAhyiEbnaEyukQVVEUUPaJn9IrejCfjxXg3PqatKWM2s4/+wPj8AaklnWA=</latexit>

M
(1)

⇠ O(1/
p

|t|)

Leading power of 
<latexit sha1_base64="vPX4tLWJMkZw8kwvTacm3HBC0r8=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSinosCNJjBdsKTSibzaZdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ScKe0431ZpY3Nre6e8W9nbPzis2kfHPZVkktAuSXgiHwKsKGeCdjXTnD6kkuI44LQfTG7mfv+RSsUSca+nKfVjPBIsYgRrIw3t6q1HwkSj3COYo/ZsaNecurMAWiduQWpQoDO0v7wwIVlMhSYcKzVwnVT7OZaaEU5nFS9TNMVkgkd0YKjAMVV+vjh8hs6NEqIokaaERgv190SOY6WmcWA6Y6zHatWbi/95g0xH137ORJppKshyUZRxpBM0TwGFTFKi+dQQTCQztyIyxhITbbKqmBDc1ZfXSa9Rdy/rzbtmrdUo4ijDKZzBBbhwBS1oQwe6QCCDZ3iFN+vJerHerY9la8kqZk7gD6zPH+rukpI=</latexit>

F · H

Higher power than n=2 contribution, but, higher power in power of aEM

<latexit sha1_base64="XaBrNMBheRFN0vTvoZBh2Q5jlVQ=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VoNzUpRV0W3LgRW7APaGKZTCft0JkkzEyEErJ246+4caGIW7/AnX/jtM1CWw9cOJxzL/fe40WMSmVZ30ZuZXVtfSO/Wdja3tndM/cP2jKMBSYtHLJQdD0kCaMBaSmqGOlGgiDuMdLxxldTv/NAhKRhcKcmEXE5GgbUpxgpLfXN48TBiMGb9D4pVcupIyl34Fy7TUv2WbPcN4tWxZoBLhM7I0WQodE3v5xBiGNOAoUZkrJnW5FyEyQUxYykBSeWJEJ4jIakp2mAOJFuMnslhadaGUA/FLoCBWfq74kEcSkn3NOdHKmRXPSm4n9eL1b+pZvQIIoVCfB8kR8zqEI4zQUOqCBYsYkmCAuqb4V4hATCSqdX0CHYiy8vk3a1Yp9Xas1asV7N4siDI3ACSsAGF6AOrkEDtAAGj+AZvII348l4Md6Nj3lrzshmDsEfGJ8/ftqYzg==</latexit>

M
(2)

⇠ O(1/Q)
<latexit sha1_base64="Nqjvw3z1VwICT+X9j3IWHHSeBdM=">AAACInicbVDJTgJBEO3BDXFDPXrpSEzgAjOEuNxIvHgxQiJLwiDpaRro0LPYXWNChvkWL/6KFw8a9WTix9gsBwVfUsnr96rSVc8JBFdgml9GYmV1bX0juZna2t7Z3UvvH9SVH0rKatQXvmw6RDHBPVYDDoI1A8mI6wjWcIaXE7/xwKTivncLo4C1XdL3eI9TAlrqpC8imxKBr+O7KGvl4sKvZzEX24q7Np5pN3G2WrDVvYRoDOM410lnzLw5BV4m1pxk0ByVTvrD7vo0dJkHVBClWpYZQDsiEjgVLE7ZoWIBoUPSZy1NPeIy1Y6mJ8b4RCtd3POlLg/wVP09ERFXqZHr6E6XwEAtehPxP68VQu+8HXEvCIF5dPZRLxQYfDzJC3e5ZBTESBNCJde7YjogklDQqaZ0CNbiycukXsxbp/lStZQpF+dxJNEROkZZZKEzVEZXqIJqiKJH9Ixe0ZvxZLwY78bnrDVhzGcO0R8Y3z+MxqMP</latexit>

M
(1)/M(2)

⇠ O(Q/
p

|t|)

If we neglect contribution from             ,    
<latexit sha1_base64="TQAJH46iDuzhu6LO+cNX4KQo1bo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6rHgxWMF+wFtKJvtpF262cTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZqy94QH8llv1R2K+4cZJV4OSlDjka/9NUbxCyNUBomqNZdz02Mn1FlOBM4LfZSjQllYzrErqWSRqj9bH7ulJxbZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jsZcIXMiIkllClubyVsRBVlxiZUtCF4yy+vkla14l1Vave1cr2ax1GAUziDC/DgGupwBw1oAoMxPMMrvDmJ8+K8Ox+L1jUnnzmBP3A+fwCkvo8T</latexit>

n � 3
<latexit sha1_base64="/Wh+otEJOdjVhaJ3w1LT18rwGU8="></latexit>

M
(1+2)

SDHEP
⇠ is up to corrections at O(

p
|t|/Q2)

Forbidden for               (or              ) transition GPDs
Or not allowed by

<latexit sha1_base64="o7qTCuY1wH/mWAFOxQg/pI94ySQ=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LblxWsA9oh5JJM21sJglJRihD/8GNC0Xc+j/u/BvTdhbaeiBwOOdecs+JFGfG+v63V9jY3NreKe6W9vYPDo/KxydtI1NNaItILnU3woZyJmjLMstpV2mKk4jTTjS5nfudJ6oNk+LBThUNEzwSLGYEWye1Vd9KJAblil/1F0DrJMhJBXI0B+Wv/lCSNKHCEo6N6QW+smGGtWWE01mpnxqqMJngEe05KnBCTZgtrp2hC6cMUSy1e8Kihfp7I8OJMdMkcpMJtmOz6s3F/7xeauObMGNCpZYKsvwoTjlyEefR0ZBpSiyfOoKJZu5WRMZYY2JdQSVXQrAaeZ20a9Xgqlq/r1catbyOIpzBOVxCANfQgDtoQgsIPMIzvMKbJ70X7937WI4WvHznFP7A+/wBUamO7A==</latexit>

p ! n
<latexit sha1_base64="7CTZ7Ts4UPpme6PLWHATuMdjMII=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LblxWsA9oh5JJM21sJglJRihD/8GNC0Xc+j/u/BvTdhbaeiBwOOdecs+JFGfG+v63V9jY3NreKe6W9vYPDo/KxydtI1NNaItILnU3woZyJmjLMstpV2mKk4jTTjS5nfudJ6oNk+LBThUNEzwSLGYEWye1Rd9KpAblil/1F0DrJMhJBXI0B+Wv/lCSNKHCEo6N6QW+smGGtWWE01mpnxqqMJngEe05KnBCTZgtrp2hC6cMUSy1e8Kihfp7I8OJMdMkcpMJtmOz6s3F/7xeauObMGNCpZYKsvwoTjlyEefR0ZBpSiyfOoKJZu5WRMZYY2JdQSVXQrAaeZ20a9Xgqlq/r1catbyOIpzBOVxCANfQgDtoQgsIPMIzvMKbJ70X7937WI4WvHznFP7A+/wBUZ+O7A==</latexit>

n ! p
<latexit sha1_base64="RW27pvabJc6k4eGv5PlVFbn0HsA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzfqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtl76ZcbVZLtUoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/m5eMxQ==</latexit>

H
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SDHEP with a Lepton Beam – JLab, EIC

P (p′)

e(p2)

!qT
e(q1)

γ∗(Q′)

P (p)

P (p′)

e(p2)

!qT
e(q1)

γ(q2)

P (p)

DVCS

P (p′)

e(p2)

!qT
e(q1)

P (p)

π0(q2)

DVMP DDVCS
add 

virtuality DHQP…

q DVCS:
<latexit sha1_base64="l+gyVUuF5R/j/zdFoEoWmaDZNZk="></latexit>

h(p) = Proton(p), h0(p0) = Proton(p0), B(p2) = electron(p2), C(q1) = electron(q1), D(q2) = photon(q2)

<latexit sha1_base64="R14p+IB5CdA4Yl7ZtrpV5jH1ySU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGMImQLGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Ns8keNLGgoajqprsrSjgz1ve/vdLG5tb2Tnm3srd/cHhUPT7pGpVqQjtEcaUfI2woZ5J2LLOcPiaaYhFx2oumt7nfe6LaMCUf7CyhocBjyWJGsM2lgWFiWK35dX8BtE6CgtSgQHtY/RqMFEkFlZZwbEw/8BMbZlhbRjidVwapoQkmUzymfUclFtSE2eLWObpwygjFSruSFi3U3xMZFsbMROQ6BbYTs+rl4n9eP7XxTZgxmaSWSrJcFKccWYXyx9GIaUosnzmCiWbuVkQmWGNiXTwVF0Kw+vI66TbqwVW9ed+stRpFHGU4g3O4hACuoQV30IYOEJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR3NjkA=</latexit>⇠

Stage-1:  
<latexit sha1_base64="I1+L0NjHnxZunPwX6+ej+jLv5J4=">AAACCXicbVDLSgMxFM34rPU16tJNsAiuykwp6rLgxmUF+4BOKZn0ThuaZIYkUyxDt278FTcuFHHrH7jzb0zbWWjrgYTDOfeSnBMmnGnjed/O2vrG5tZ2Yae4u7d/cOgeHTd1nCoKDRrzWLVDooEzCQ3DDId2ooCIkEMrHN3M/NYYlGaxvDeTBLqCDCSLGCXGSj0XVwIT2wtngRIYHihPNRtDgBMVU9B62nNLXtmbA68SPycllKPec7+CfkxTAdJQTrTu+F5iuhlRhlEO02KQakgIHZEBdCyVRIDuZvMkU3xulT6OYmWPNHiu/t7IiNB6IkI7KYgZ6mVvJv7ndVITXXczJpPUgKSLh6KUYxt+VgvuMwXU8IklhCpm/4rpkChCjS2vaEvwlyOvkmal7F+Wq3fVUq2S11FAp+gMXSAfXaEaukV11EAUPaJn9IrenCfnxXl3Phaja06+c4L+wPn8Adehmck=</latexit>

2 ! 2 exclusive process

(JLab, EIC, …)

Stage-1:  
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SDHEP with a Lepton Beam – JLab, EIC

P (p′)

e(p2)

!qT
e(q1)

γ∗(Q′)

P (p)

P (p′)

e(p2)

!qT
e(q1)

γ(q2)

P (p)

DVCS

P (p′)

e(p2)

!qT
e(q1)

P (p)

π0(q2)

DVMP DDVCS
add 

virtuality
DHQP…

q DVCS:
<latexit sha1_base64="l+gyVUuF5R/j/zdFoEoWmaDZNZk="></latexit>

h(p) = Proton(p), h0(p0) = Proton(p0), B(p2) = electron(p2), C(q1) = electron(q1), D(q2) = photon(q2)

<latexit sha1_base64="R14p+IB5CdA4Yl7ZtrpV5jH1ySU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGMImQLGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Ns8keNLGgoajqprsrSjgz1ve/vdLG5tb2Tnm3srd/cHhUPT7pGpVqQjtEcaUfI2woZ5J2LLOcPiaaYhFx2oumt7nfe6LaMCUf7CyhocBjyWJGsM2lgWFiWK35dX8BtE6CgtSgQHtY/RqMFEkFlZZwbEw/8BMbZlhbRjidVwapoQkmUzymfUclFtSE2eLWObpwygjFSruSFi3U3xMZFsbMROQ6BbYTs+rl4n9eP7XxTZgxmaSWSrJcFKccWYXyx9GIaUosnzmCiWbuVkQmWGNiXTwVF0Kw+vI66TbqwVW9ed+stRpFHGU4g3O4hACuoQV30IYOEJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR3NjkA=</latexit>⇠

Stage-1:  
<latexit sha1_base64="I1+L0NjHnxZunPwX6+ej+jLv5J4=">AAACCXicbVDLSgMxFM34rPU16tJNsAiuykwp6rLgxmUF+4BOKZn0ThuaZIYkUyxDt278FTcuFHHrH7jzb0zbWWjrgYTDOfeSnBMmnGnjed/O2vrG5tZ2Yae4u7d/cOgeHTd1nCoKDRrzWLVDooEzCQ3DDId2ooCIkEMrHN3M/NYYlGaxvDeTBLqCDCSLGCXGSj0XVwIT2wtngRIYHihPNRtDgBMVU9B62nNLXtmbA68SPycllKPec7+CfkxTAdJQTrTu+F5iuhlRhlEO02KQakgIHZEBdCyVRIDuZvMkU3xulT6OYmWPNHiu/t7IiNB6IkI7KYgZ6mVvJv7ndVITXXczJpPUgKSLh6KUYxt+VgvuMwXU8IklhCpm/4rpkChCjS2vaEvwlyOvkmal7F+Wq3fVUq2S11FAp+gMXSAfXaEaukV11EAUPaJn9IrenCfnxXl3Phaja06+c4L+wPn8Adehmck=</latexit>

2 ! 2 exclusive process

Stage-2:  

ERBL
DGLAP

(JLab, EIC, …)

Stage-1:  
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q DVMP:
<latexit sha1_base64="x/nLzF2TJrpzNIobzCe3i4LtYHk="></latexit>

h(p) = Proton(p), h0(p0) = Proton(p0), B(p2) = electron(p2), C(q1) = electron(p3), D(q2) = Meson(p4)

+

§ Leading order diagram:

§ Leading pinch surface:

+

§ SDHEP – Leading region:

+

§ SDHEP – sample diagrams:

SDHEP with a Lepton Beam – JLab, EIC
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q DVMP:
<latexit sha1_base64="x/nLzF2TJrpzNIobzCe3i4LtYHk="></latexit>

h(p) = Proton(p), h0(p0) = Proton(p0), B(p2) = electron(p2), C(q1) = electron(p3), D(q2) = Meson(p4)

§ Factorization: § SDHEP – Leading region:

+

§ SDHEP – sample diagrams:

SDHEP with a Lepton Beam – JLab, EIC

Factorization is valid, but, 
not sensitive on x-dependence
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q DDVCS:

P (p′)

e(p2)

!qT
e(q1)

γ∗(Q′)

P (p)

<latexit sha1_base64="uqmYG/5C0ffU3yQxm/MYmwakyVc="></latexit>

h(p) = Proton(p), h0(p0) = Proton(p0), B(p2) = electron(p2)
<latexit sha1_base64="rlfuqdlya13X4MeTXuuuQ1Lk31s="></latexit>

C(q1) = electron(q1), D(q2) = �⇤[! e+e�](q0)

Factorization:  Can be factorized in the same way as DVCS!

q Heavy meson production (high qT):

Factorization could be valid if pT >> mQ, not sure for other regions.

SDHEP with a Lepton Beam – JLab, EIC
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q DDVCS:

P (p′)

e(p2)

!qT
e(q1)

γ∗(Q′)

P (p)

<latexit sha1_base64="uqmYG/5C0ffU3yQxm/MYmwakyVc="></latexit>

h(p) = Proton(p), h0(p0) = Proton(p0), B(p2) = electron(p2)
<latexit sha1_base64="rlfuqdlya13X4MeTXuuuQ1Lk31s="></latexit>

C(q1) = electron(q1), D(q2) = �⇤[! e+e�](q0)

Factorization:  Can be factorized in the same way as DVCS!

q Heavy meson production (high qT):

Factorization could be valid if pT >> mQ, not sure for other regions.

SDHEP with a Lepton Beam – JLab, EIC

<latexit sha1_base64="Uwz+I4hE8o4MLy13/DCHoH+Ao0M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgHsJuCOox4MVjBPOAZA29k9lkyMzuOjMrhJCf8OJBEa/+jjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFWUNGotYtQPUTPCINQw3grUTxVAGgrWC0c3Mbz0xpXkc3ZtxwnyJg4iHnKKxUrs7QCnx4aJXLLlldw6ySryMlCBDvVf86vZjmkoWGSpQ647nJsafoDKcCjYtdFPNEqQjHLCOpRFKpv3J/N4pObNKn4SxshUZMld/T0xQaj2Wge2UaIZ62ZuJ/3md1ITX/oRHSWpYRBeLwlQQE5PZ86TPFaNGjC1Bqri9ldAhKqTGRlSwIXjLL6+SZqXsXZard9VSrZLFkYcTOIVz8OAKanALdWgABQHP8ApvzqPz4rw7H4vWnJPNHMMfOJ8/ojKPqg==</latexit>

�⇤
<latexit sha1_base64="8Exvn8rVjq2bBlEgsvbCmqU7HsY=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjF6IruEqEcSLx7RyCOBDZkdemHC7Ow6M2tCCH/gxYPGePWPvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJYPZpygH9GB5CFn1Fjp/vG8Vyy5ZXcOskq8jJQgQ71X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzSKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeO1PuExSg5ItFoWpICYms7dJnytkRowtoUxxeythQ6ooMzacgg3BW355lTQrZe+yXL2rlmqVLI48nMApXIAHV1CDW6hDAxiE8Ayv8OaMnBfn3flYtOacbOYY/sD5/AE6O40f</latexit>

q0

q The x-dependence on GPDs:

As explained earlier, the type of DVCS and DVMP processes only sensitive to:

<latexit sha1_base64="vPYhFiPF1cqWGC3G/UfE1fMsJzo="></latexit>Z 1

�1
dx

F (x, ⇠, t)

x� ⇠ ± i"

<latexit sha1_base64="kSQ8itR/AxgJg4JVmcUvg0nWHtY="></latexit>

Q
02 ⌘ q

02 =

✓
2⇠

xB(1 + ⇠)
� 1

◆

For DDVCS:

Direct sensitive to external variable,      , directly sensitive to qT

Transverse momentum flow from the final-state lepton and the 
virtual photon is sensitive to the virtuality of the dilepton

<latexit sha1_base64="FenmDSOc0mzJY87B+vMEQRmftPI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXosevFYwX5Au5Rsmm1Dk+ySZMWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu49UaRbJBzOLqS/wWLKQEWwy6Wl4g4blilt1F0DrxMtJBXK0huWvwSgiiaDSEI617ntubPwUK8MIp/PSINE0xmSKx7RvqcSCaj9d3DpHF1YZoTBStqRBC/X3RIqF1jMR2E6BzUSvepn4n9dPTHjtp0zGiaGSLBeFCUcmQtnjaMQUJYbPLMFEMXsrIhOsMDE2npINwVt9eZ10alWvUa3f1yvNWh5HEc7gHC7Bgytowh20oA0EJvAMr/DmCOfFeXc+lq0FJ585hT9wPn8AehON1A==</latexit>xB

But, needs luminosity!!!Experimental challenge to distinguish the scattered lepton !
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SDHEP with a Photon Beam – JLab, EIC

π(q1)

h(p)

h′(p′)

γ(pγ)

J/ψ

$qT
l−(q1)

l+(q2)

h′(p′)

γ(pγ)

"qT

h(p)

P (p′)

γ(pγ)

"qT
γ(q1)

γ(q2)

P (p)

h′(p′)

γ(pγ)

"qT
π(q1)

γ(q2)

h(p) θ

q Dilepton & Diphoton production: A. Pedrak, et al. Phys.Rev.D96 (2017)074008, …

Both n=1 and n=2 should contribution, and factorizable

q Real photon + meson pair production: G. Duplancic, et al. JHEP 11 (2018) 179, …

The n=1 channel is forbidden for a charge meson:       , or transversely polarized vector meson,      ,
<latexit sha1_base64="K+pWiyRJNFTpVI5bZ1q0v3EwqRM=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrulqMeCF48V7Id015JN0zY0yYYkK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bJkk1oU2S8ER3YmwoZ5I2LbOcdpSmWMSctuPxzcxvP1FtWCLv7UTRSOChZANGsHXSQ6jYYxYqMe2Vyn7FnwOtkiAnZcjR6JW+wn5CUkGlJRwb0w18ZaMMa8sIp9NimBqqMBnjIe06KrGgJsrmB0/RuVP6aJBoV9Kiufp7IsPCmImIXafAdmSWvZn4n9dN7eA6yphUqaWSLBYNUo5sgmbfoz7TlFg+cQQTzdytiIywxsS6jIouhGD55VXSqlaCy0rtrlauV/M4CnAKZ3ABAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7A+/wBGdGQkQ==</latexit>

⇡± <latexit sha1_base64="HR5sHLcWloSFTkrG5ntWVjfYgVY=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld1S1GPBi8cK/YJ2Kdk028ZmkyXJCmXpf/DiQRGv/h9v/hvTdg/a+mDg8d4MM/PCRHBjPe8bbWxube/sFvaK+weHR8elk9O2UammrEWVULobEsMEl6xluRWsm2hG4lCwTji5m/udJ6YNV7JppwkLYjKSPOKUWCe1+3qsBs1BqexVvAXwOvFzUoYcjUHpqz9UNI2ZtFQQY3q+l9ggI9pyKtis2E8NSwidkBHrOSpJzEyQLa6d4UunDHGktCtp8UL9PZGR2JhpHLrOmNixWfXm4n9eL7XRbZBxmaSWSbpcFKUCW4Xnr+Mh14xaMXWEUM3drZiOiSbUuoCKLgR/9eV10q5W/OtK7aFWrlfzOApwDhdwBT7cQB3uoQEtoPAIz/AKb0ihF/SOPpatGyifOYM/QJ8/eqSPBw==</latexit>⇢T

but, allowed for the production of a longitudinally polarized vector meson like       . 
<latexit sha1_base64="ys7Pr2hEfq4Kd3u+QfwOGiTDIb0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld1S1GPBiwcPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyaCG+t532htfWNza7uwU9zd2z84LB0dt4xKNWVNqoTSnZAYJrhkTcutYJ1EMxKHgrXD8c3Mbz8xbbiSD3aSsCAmQ8kjTol1UqunR6p/1y+VvYo3B14lfk7KkKPRL331BoqmMZOWCmJM1/cSG2REW04FmxZ7qWEJoWMyZF1HJYmZCbL5tVN87pQBjpR2JS2eq78nMhIbM4lD1xkTOzLL3kz8z+umNroOMi6T1DJJF4uiVGCr8Ox1POCaUSsmjhCqubsV0xHRhFoXUNGF4C+/vEpa1Yp/Wand18r1ah5HAU7hDC7Ahyuowy00oAkUHuEZXuENKfSC3tHHonUN5TMn8Afo8wduhI7/</latexit>⇢L

Factorization arguments are the same as that for DVMP.

(JLab Hall-D, …)
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SDHEP with a Photon Beam – JLab, EIC

π(q1)

h(p)

h′(p′)

γ(pγ)
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$qT
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γ(pγ)
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"qT
γ(q1)

γ(q2)

P (p)
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π(q1)

γ(q2)

h(p) θ

q Dilepton & Diphoton production: A. Pedrak, et al. Phys.Rev.D96 (2017)074008, …

Both n=1 and n=2 should contribution, and factorizable

q Real photon + meson pair production: G. Duplancic, et al. JHEP 11 (2018) 179, …

The n=1 channel is forbidden for a charge meson:       , or transversely polarized vector meson,      ,
<latexit sha1_base64="K+pWiyRJNFTpVI5bZ1q0v3EwqRM=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrulqMeCF48V7Id015JN0zY0yYYkK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bJkk1oU2S8ER3YmwoZ5I2LbOcdpSmWMSctuPxzcxvP1FtWCLv7UTRSOChZANGsHXSQ6jYYxYqMe2Vyn7FnwOtkiAnZcjR6JW+wn5CUkGlJRwb0w18ZaMMa8sIp9NimBqqMBnjIe06KrGgJsrmB0/RuVP6aJBoV9Kiufp7IsPCmImIXafAdmSWvZn4n9dN7eA6yphUqaWSLBYNUo5sgmbfoz7TlFg+cQQTzdytiIywxsS6jIouhGD55VXSqlaCy0rtrlauV/M4CnAKZ3ABAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7A+/wBGdGQkQ==</latexit>

⇡± <latexit sha1_base64="HR5sHLcWloSFTkrG5ntWVjfYgVY=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld1S1GPBi8cK/YJ2Kdk028ZmkyXJCmXpf/DiQRGv/h9v/hvTdg/a+mDg8d4MM/PCRHBjPe8bbWxube/sFvaK+weHR8elk9O2UammrEWVULobEsMEl6xluRWsm2hG4lCwTji5m/udJ6YNV7JppwkLYjKSPOKUWCe1+3qsBs1BqexVvAXwOvFzUoYcjUHpqz9UNI2ZtFQQY3q+l9ggI9pyKtis2E8NSwidkBHrOSpJzEyQLa6d4UunDHGktCtp8UL9PZGR2JhpHLrOmNixWfXm4n9eL7XRbZBxmaSWSbpcFKUCW4Xnr+Mh14xaMXWEUM3drZiOiSbUuoCKLgR/9eV10q5W/OtK7aFWrlfzOApwDhdwBT7cQB3uoQEtoPAIz/AKb0ihF/SOPpatGyifOYM/QJ8/eqSPBw==</latexit>⇢T

but, allowed for the production of a longitudinally polarized vector meson like       . 
<latexit sha1_base64="ys7Pr2hEfq4Kd3u+QfwOGiTDIb0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld1S1GPBiwcPFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyaCG+t532htfWNza7uwU9zd2z84LB0dt4xKNWVNqoTSnZAYJrhkTcutYJ1EMxKHgrXD8c3Mbz8xbbiSD3aSsCAmQ8kjTol1UqunR6p/1y+VvYo3B14lfk7KkKPRL331BoqmMZOWCmJM1/cSG2REW04FmxZ7qWEJoWMyZF1HJYmZCbL5tVN87pQBjpR2JS2eq78nMhIbM4lD1xkTOzLL3kz8z+umNroOMi6T1DJJF4uiVGCr8Ox1POCaUSsmjhCqubsV0xHRhFoXUNGF4C+/vEpa1Yp/Wand18r1ah5HAU7hDC7Ahyuowy00oAkUHuEZXuENKfSC3tHHonUN5TMn8Afo8wduhI7/</latexit>⇢L

Factorization arguments are the same as that for DVMP.

q Light meson pair production – New:

(JLab Hall-D, …)
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SDHEP with a Light Meson Beam – J-PARC, Amber 

(Complementary to JLab/EIC)

q Two-photon production:
<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)

§ Kinematical observables:  

• ! = # − #% &

• ' = (#) − #%))/(#) + #%))
Hard scale: -. ≫ 0123
Soft  scale: ! ∼ 0123&

!, ', -.

§ Factorization:

[suppressing 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

6 ↔ 89
-. distribution is “conjugate” to : distribution
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Discussion & more Opportunities

q Why single-diffractive?
We need diffractive process to keep proton intact.
But, double diffractive process is not factorizable!

N1

p1

N2

p2

ks

(1− z1)p1 − ks

(1− z2)p2 + ks

N ′
1

p′1z1p+ ks q1

q2
z2p2

− ks

N ′
2

p′2

Ĥ

<latexit sha1_base64="domY5sLG06L9Hx3FEzoHPEoe254="></latexit>

1

�k�s + i"

<latexit sha1_base64="UpRFYDcW2Q/jhSU8mjmK0CVjoek="></latexit>

1

+k�s + i"

<latexit sha1_base64="afFGbuzMQ/UFt0UHfOSfzp4BcGE="></latexit>

1

+k+s + i"

<latexit sha1_base64="FsVoseDNAe3ZeoCESUVASSOeHPY="></latexit>

1

�k+s + i"
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Discussion & more Opportunities

q Why single-diffractive?

We need diffractive process to keep proton intact.
But, double diffractive process is not factorizable!

q Connection to high-twist inclusive production:

Not sensitive to the loop momentum fraction:  xi

DVCS Twist-4 DIS
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Discussion & more Opportunities

q Why single-diffractive?

We need diffractive process to keep proton intact.
But, double diffractive process is not factorizable!

q Connection to high-twist inclusive production:

Not sensitive to the loop momentum fraction:  xi

DVCS Twist-4 DIS

q More opportunities:
§ Diffractive plane
§ Exclusive hard scattering plane
§ Angular modulation between the two planes

Selection from different exchange state A* (or different GPDs)
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Summary and Outlook

Thanks!

§ Carry rich information on emergent hadron properties (mass, spin, …) from QCD/parton dynamics
§ Are responsible for the tomographic images of confined quarks and gluons inside a bound hadron
§ Provide the much needed hints on how confined quarks/gluons respond to the probing scale, …

q GPDs are fundamental parton correlation functions:

Extracting their x-dependence from experimental observable(s) is non-trivial, but, full of opportunities, …

q Introduced the single diffractive               hard exclusive processes (SDHEP) for extracting GPDs, …
<latexit sha1_base64="13Lm00+64hTxk7Luc6adPu2iolA=">AAAB7XicbVBNTwIxFHzFL8Qv1KOXRmLiiewiUY8kXjxiIkgCG9ItXah0203bNSEb/oMXDxrj1f/jzX9jgT0oOEmTycx76ZsJE8GN9bxvVFhb39jcKm6Xdnb39g/Kh0dto1JNWYsqoXQnJIYJLlnLcitYJ9GMxKFgD+H4ZuY/PDFtuJL3dpKwICZDySNOiXVSu9azCl/0yxWv6s2BV4mfkwrkaPbLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpd2TFs/V3xsZiY2ZxKGbjIkdmWVvJv7ndVMbXQcZl0lqmaSLj6JUYBdxFh0PuGbUiokjhGrubsV0RDSh1hVUciX4y5FXSbtW9S+r9bt6pVHL6yjCCZzCOfhwBQ24hSa0gMIjPMMrvCGFXtA7+liMFlC+cwx/gD5/AJkAjnM=</latexit>

2 ! 3

§ Explored both necessary and sufficient conditions for the leading power QCD factorization
§ Covered all existing/known processes for extracting GPDs, plus ideas for new observables, …
§ Introduced a path forward to identify new SDHEPs that could be sensitive to x-dependence of GPDs
§ Angular modulation between diffractive plane and hard scattering plane could provide unique 

opportunity to separate various GPDs

Following the pioneering work on GPDs over 25 years ago, we now have renewed opportunities 
for exploring the physics of GPDs and the confined phenomena of QCD.  Such effort in both theory
And experiment should be strongly supported!
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Meson-initiated Single Diffractive Hard Processes
q Hard part for A-type:

§ !"/!$%& provides sensitivity to the DA’s functional form of '.

§ Change $% changes the '(-'& integral.

§ Gluon propagator

<latexit sha1_base64="QLSlkSaN8VZ7kM16YOs6qOfxYnI="></latexit>

 = 4 q2T /ŝ
<latexit sha1_base64="rP5aPC6d+ogRLx6KzvyLfn3D8hw="></latexit>
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q Hard part for B-type:

<latexit sha1_base64="Hf05Uet6tpiBslXqfwqvAqK9OOM="></latexit>
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<latexit sha1_base64="YUCBmeeMjqgvKd5347blR5fAgf4="></latexit>

q2 = z2(1� z1)ŝ§ Gluon propagator

§ Not sensitive to DA functional form.

§ Relies on + ' = - at end points.

q

q1, µ q2, ν
k1 k2

Like “time-like” 
form factor 

§ Sudakov resummation could suppress the end-point sensitivity.

$% +⋯
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q GPD models – simplified GK model:

Numerical results

<latexit sha1_base64="e7zhvihVTPcbktykTkUAAOgO6vA="></latexit>

Hpn(x, ⇠, t) = ✓(x)x�0.9 (t/GeV2) x
⇢(1� x)⌧

B(1 + ⇢, 1 + ⌧)

eHpn(x, ⇠, t) = ✓(x)x�0.45 (t/GeV2) 1.267x
⇢(1� x)⌧

B(1 + ⇢, 1 + ⌧)

§ Neglect !, #!. Neglect evolution effect.
§ Tune $, % to control & shape.
§ Fix DA: ' ( = * (+.-. / − ( +.-.
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Numerical results

Relative !" shape

<latexit sha1_base64="w1ssf/gNl/3XhRg5s2Qht1hhal4="></latexit>

�tot =

Z p
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some shape func
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