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Mass of Nucleon?

q Nucleon Mass:

Mass is the Energy of the nucleon when it is at Rest!

<latexit sha1_base64="P86RjAuGFmqXyiMYbJ4vU00FjLY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qru1qBehIILHCvZD2rVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdb2dpeWV1bT23kd/c2t7ZLeztN3SUKELrJOKRagVYU84krRtmOG3FimIRcNoMhtcTv/lElWaRvDejmPoC9yULGcHGSg8CXaGbU/JY7haKbsmdAi0SLyNFyFDrFr46vYgkgkpDONa67bmx8VOsDCOcjvOdRNMYkyHu07alEguq/XR68BgdW6WHwkjZkgZN1d8TKRZaj0RgOwU2Az3vTcT/vHZiwks/ZTJODJVktihMODIRmnyPekxRYvjIEkwUs7ciMsAKE2MzytsQvPmXF0mjXPLOS2d3lWK1ksWRg0M4ghPw4AKqcAs1qAMBAc/wCm+Ocl6cd+dj1rrkZDMH8AfO5w/iMo8f</latexit>

m = E/c2 from the A. Einstein’s famous equa4on E = mc2
<latexit sha1_base64="UAjFZiTnK7JgttWsZkevHaGV6yU="></latexit>

Mn =
hP |HQCD( , A)|P i

hP |P i

����
at rest

q Nucleon is not elementary:
Nucleon is a strongly interac:ng, rela:vis:c bound state of quarks and gluons of QCD
Our understanding of the nucleon has been evolving, and will con:nue to evolve, …

Understanding it fully is s0ll beyond 
the best mind that we have!

<latexit sha1_base64="u1V4Zm9RB9lxkZ2AAte+55G9Lgg=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBg5SkinoRC148VrAf0ISy2U7bpZtN2N0USuw/8eJBEa/+E2/+GzdtDtr6YODx3gwz84KYM6Ud59sqrKyurW8UN0tb2zu7e/b+QVNFiaTQoBGPZDsgCjgT0NBMc2jHEkgYcGgFo7vMb41BKhaJRz2JwQ/JQLA+o0QbqWvbT3VPEjHggG+8M3xb6tplp+LMgJeJm5MyylHv2l9eL6JJCEJTTpTquE6s/ZRIzSiHaclLFMSEjsgAOoYKEoLy09nlU3xilB7uR9KU0Him/p5ISajUJAxMZ0j0UC16mfif10l0/9pPmYgTDYLOF/UTjnWEsxhwj0mgmk8MIVQycyumQyIJ1SasLAR38eVl0qxW3MvK+cNFuVbN4yiiI3SMTpGLrlAN3aM6aiCKxugZvaI3K7VerHfrY95asPKZQ/QH1ucPdz6SMg==</latexit>

|P i =?
<latexit sha1_base64="Jc3V8ZzQOQ8dkglLTWKVnSwOKW8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCBSlJFXVZqYsuW7APaEKYTCft0MkkzEyEGoq/4saFIm79D3f+jZO2C209cOFwzr3ce48fMyqVZX0buZXVtfWN/GZha3tnd8/cP2jLKBGYtHDEItH1kSSMctJSVDHSjQVBoc9Ixx/VMr/zQISkEb9X45i4IRpwGlCMlJY886jupY4IYbN2Nyk5saTnt2cFzyxaZWsKuEzsOSmCORqe+eX0I5yEhCvMkJQ924qVmyKhKGZkUnASSWKER2hAeppyFBLpptPrJ/BUK30YREIXV3Cq/p5IUSjlOPR1Z4jUUC56mfif10tUcOOmlMeJIhzPFgUJgyqCWRSwTwXBio01QVhQfSvEQyQQVjqwLAR78eVl0q6U7avyRfOyWK3M48iDY3ACSsAG16AK6qABWgCDR/AMXsGb8WS8GO/Gx6w1Z8xnDsEfGJ8/IueTrQ==</latexit>

HQCD( , A) is known, but not
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How does Nucleon Mass arise?
q A true interna4onal interest and devoted effort:

14-16 January 2021, Argonne Na4onal Lab

(> 200 par4cipants!)

One of the key ques.ons that 
EIC is built to address!
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Mass of Nucleon in QCD

q Mass without mass:

§ QCD Lagrangian does not have mass dimension parameters, 
other than the masses of current quarks, 

<latexit sha1_base64="iyYT/+jFuazQqMifRw9AonnP1kw=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vjw4kWoYD+gCWGz3bRLd5N1dyOU0r/hxYMiXv0z3vw3btoctPXBwOO9GWbmRZIzbVz321lZXVvf2Cxtlbd3dvf2KweHbZ1mitAWSXmquhHWlLOEtgwznHalolhEnHai0U3ud56o0ixNHsxY0kDgQcJiRrCxki/CR+Rzju5CWQ4rVbfmzoCWiVeQKhRohpUvv5+STNDEEI617nmuNMEEK8MIp9Oyn2kqMRnhAe1ZmmBBdTCZ3TxFp1bpozhVthKDZurviQkWWo9FZDsFNkO96OXif14vM/F1MGGJzAxNyHxRnHFkUpQHgPpMUWL42BJMFLO3IjLEChNjY8pD8BZfXibtes27rJ3fX1Qb9SKOEhzDCZyBB1fQgFtoQgsISHiGV3hzMufFeXc+5q0rTjFzBH/gfP4Arb+QwQ==</latexit>

mq ⌧ Mp

§ AsymptoAc freedom                  confinement: 

A dynamical scale,              , consistent with  ⇤QCD
1

R
⇠ 200 MeV

q A consistency check:
§ Bag model:

² Minimize total energy                 : Kq + Tb

² Bag energy (bag constant B): Tb =
4

3
⇡R3 B

² KineAc energy of three quarks: Kq ⇠ 3/R

§ ConsAtuent 
quark model:

² Spontaneous chiral symmetry breaking:
Massless quarks gain ~300 MeV mass when 
traveling in vacuum

Mp ⇠ 3me↵
q ⇠ 900 MeV

<latexit sha1_base64="rUlx+QJlFn6rR5916GmuFozJIZQ=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VwISWpQStuCm7cFKrYBzShTKaTduhMEmYmQgn5GDf+ihsXPnDhxm9x+ljY1gMXzpxzL3Pv8WNGpbKsbyO3srq2vpHfLGxt7+zumfsHTRklApMGjlgk2j6ShNGQNBRVjLRjQRD3GWn5w5ux33okQtIofFCjmHgc9UMaUIyUlrrmda0bu5Jy6AYC4dTJ0vts/m2VKk7Ap+LVecU9S13BYY00s65ZtErWBHCZ2DNSBDPUu+aH24twwkmoMENSdmwrVl6KhKKYkazgJpLECA9Rn3Q0DREn0ksnR2bwRCs9GERCV6jgRP07kSIu5Yj7upMjNZCL3lj8z+skKqh4KQ3jRJEQTz8KEgZVBMeJwR4VBCs20gRhQfWuEA+QTkfpXAs6BHvx5GXSLJfsi5Jz5xSr5VkceXAEjsEpsMElqIJbUAcNgMETeAFv4N14Nl6NT+Nr2pozZjOHYA7Gzy+G7qQL</latexit>

Mp ⇠ 4

R
⇠ 4

0.84fm
⇠ 938MeV
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Mass of Nucleon in QCD

Input

q From La8ce QCD:

How does QCD generate this?  The role of quarks vs. that of gluons?

If we do not understand proton mass, we do not understand QCD!
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Beyond La*ce QCD

q Three-pronged theory approach to explore the origin of nucleon mass:

§ Mass decomposi?on – roles of the cons?tuents – but, not unique!

Matching individual terms to physical observables with controllable approxima?ons – Factoriza?on!

§ la*ce QCD – calcula?ons of individual terms

§ Model calcula?on – approximated analy?cal approach

<latexit sha1_base64="fgUNVk2AAEpiAqxQ4l/HjP5CRb8="></latexit>

Mn =
X

f=q,g

hP |T 00
f (0)|P i
2P 0

�����
cm

= Mq +Mg +Mm +Ma

Most important:  None of these terms are direct physical observables!

<latexit sha1_base64="Jc3V8ZzQOQ8dkglLTWKVnSwOKW8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCBSlJFXVZqYsuW7APaEKYTCft0MkkzEyEGoq/4saFIm79D3f+jZO2C209cOFwzr3ce48fMyqVZX0buZXVtfWN/GZha3tnd8/cP2jLKBGYtHDEItH1kSSMctJSVDHSjQVBoc9Ixx/VMr/zQISkEb9X45i4IRpwGlCMlJY886jupY4IYbN2Nyk5saTnt2cFzyxaZWsKuEzsOSmCORqe+eX0I5yEhCvMkJQ924qVmyKhKGZkUnASSWKER2hAeppyFBLpptPrJ/BUK30YREIXV3Cq/p5IUSjlOPR1Z4jUUC56mfif10tUcOOmlMeJIhzPFgUJgyqCWRSwTwXBio01QVhQfSvEQyQQVjqwLAR78eVl0q6U7avyRfOyWK3M48iDY3ACSsAG16AK6qABWgCDR/AMXsGb8WS8GO/Gx6w1Z8xnDsEfGJ8/IueTrQ==</latexit>

HQCD( , A)Given

QCD Energy-Momentum Tensor (EMT):
<latexit sha1_base64="LFYRQ/ppqkXsCtAa/JR+UDWERAc=">AAACEXicbVDLSsNAFJ34rPEVdelmsAgFoSRa1I1QcOOyQl/QxDCZTtqhk0mcmQgl9Bfc+CtuXCji1p07/8ZpG7C2Hhg495x7uXNPkDAqlW1/G0vLK6tr64UNc3Nre2fX2ttvyjgVmDRwzGLRDpAkjHLSUFQx0k4EQVHASCsYXI/91gMRksa8roYJ8SLU4zSkGCkt+Vapfpe5UerydASv4G/h35sns2XPt4p22Z4ALhInJ0WQo+ZbX243xmlEuMIMSdlx7ER5GRKKYkZGpptKkiA8QD3S0ZSjiEgvm1w0gsda6cIwFvpxBSfq7ESGIimHUaA7I6T6ct4bi/95nVSFl15GeZIqwvF0UZgyqGI4jgd2qSBYsaEmCAuq/wpxHwmElQ7R1CE48ycvkuZp2Tkvn91WitVKHkcBHIIjUAIOuABVcANqoAEweATP4BW8GU/Gi/FufExbl4x85gD8gfH5A/Y9nRI=</latexit>

Tµ⌫ = Tµ⌫
q + Tµ⌫

g

With                                                       and

<latexit sha1_base64="GbuJQmc0YSEXZ5pzjNokVoD5FGo="></latexit>

Tµ⌫
q =  �µ

1

2

$
iD⌫  

<latexit sha1_base64="4H7WD9H0G02t99B/8j0WFES5qGg="></latexit>

Tµ⌫
g = �Fµ�F ⌫

� +
1

4
gµ⌫F 2

Decompose 

<latexit sha1_base64="fgUNVk2AAEpiAqxQ4l/HjP5CRb8="></latexit>

Mn =
X

f=q,g

hP |T 00
f (0)|P i
2P 0

�����
cm

<latexit sha1_base64="8eQAdkck1sYsVh/nTA4n4z72Cc0=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoNyUpRd0IBTfurGAf0IQwmU7aoZNJmJkIJe03uPFX3LhQxK0rd/6N0zQLbT1w4XDOvdx7jx8zKpVlfRuFtfWNza3idmlnd2//wDw86sgoEZi0ccQi0fORJIxy0lZUMdKLBUGhz0jXH1/P/e4DEZJG/F5NYuKGaMhpQDFSWvLM6pUjk9Cj0GGIDxmBrSlMHYwYvJ15tGJVpy1HZI5nlq2alQGuEjsnZZCj5ZlfziDCSUi4wgxJ2betWLkpEopiRmYlJ5EkRniMhqSvKUchkW6avTSDZ1oZwCASuriCmfp7IkWhlJPQ150hUiO57M3F/7x+ooJLN6U8ThTheLEoSBhUEZznAwdUEKzYRBOEBdW3QjxCAmGlUyzpEOzll1dJp16zz2uNu0a5Wc/jKIITcAoqwAYXoAluQAu0AQaP4Bm8gjfjyXgx3o2PRWvByGeOwR8Ynz+nDJzM</latexit>

=
X

i

hP |Oi(0)|P i
Not unique, same quantum #,
mixed by renormaliza?on!
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Mass of Nucleon in QCD

q Decomposi3on of the trace of EMT:
<latexit sha1_base64="85+Osl3gs2C+LGhyXz6b21rUqfQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6aJT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCG3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJ66LqXVUv72uVei2PowgncArn4ME11OEOGtAEBiE8wyu8OWPnxXl3PhatBSefOYY/cD5/ANxbjOI=</latexit>

P

Nucleon mass: Gluon quantum effect  +  Chiral symmetry breaking!

Trace of the QCD energy-momentum tensor:

T↵
↵ =

�(g)

2g
Fµ⌫,aF a

µ⌫ +
X

q=u,d,s

mq(1 + �m) q q

QCD trace anomaly Chiral symmetry breaking �(g) = �(11� 2nf/3) g
3/(4⇡)2 + ...

<latexit sha1_base64="XYFXfw+MjrqB6m+ccidvwidQNq4="></latexit>

hP |T↵
↵(0)|P i = 2P 2 = 2M2

n

<latexit sha1_base64="h0F6J/e8q1xOozOdprE4YQ5Kg58="></latexit>

hT↵
↵i =

hP |T↵
↵(0)|P i
2P 0

=
M2

n

P 0

In the nucleon’s rest frame, 

<latexit sha1_base64="+Y9npr+VK7eJe0pNWIfeEq61B7s=">AAACJnicbZDLSgNBEEV7fBtfUZduGoPgKsyoqJuA4MaNoGBUyMShplNJGnt6hu4aIYz5Gjf+ihsXiog7P8XOY+GroOFwbxXVdeNMSUu+/+FNTE5Nz8zOzZcWFpeWV8qra5c2zY3AukhVaq5jsKikxjpJUnidGYQkVngV3x4P/Ks7NFam+oJ6GTYT6GjZlgLISVG5dhppXqrxUIHuKOQXNyGorAtREfIR9Xloht6900zCgXjIDaKlfikqV/yqPyz+F4IxVNi4zqLyS9hKRZ6gJqHA2kbgZ9QswJAUCvulMLeYgbiFDjYcakjQNovhmX2+5ZQWb6fGPU18qH6fKCCxtpfErjMB6trf3kD8z2vk1D5sFlJnOaEWo0XtXHFK+SAz3pIGBameAxBGur9y0QUDglyygxCC3yf/hcudarBf3T3fqxz54zjm2AbbZNssYAfsiJ2wM1Zngj2wJ/bCXr1H79l7895HrRPeeGad/Sjv8wuUfKSd</latexit>

Mn = hT↵
↵i|at reest

The sigma-term can be calculated in LQCD, Need the trace anomaly to test the sum rule!

Without separa.ng the quark from gluon contribu.on to EMT
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Mass of Nucleon in QCD

q Decomposi3ons of                :
<latexit sha1_base64="gCh08iE6nYuPWKgxkHGYqTt/qBQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1KSUtSNUHDjskJf0MYwmU7aoTOTODMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcEMaNKO863VVhZXVvfKG6WtrZ3dvfs/YO2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Zup3HolUNBJNPYmJx9FQ0JBipI3k20d9lXA/Da8fzocZbPrhfeo4mW+XnYozA1wmbk7KIEfDt7/6gwgnnAiNGVKq5zqx9lIkNcWMZKV+okiM8BgNSc9QgThRXjo7P4OnRhnAMJKmhIYz9fdEirhSEx6YTo70SC16U/E/r5fo8MpLqYgTTQSeLwoTBnUEp1nAAZUEazYxBGFJza0Qj5BEWJvESiYEd/HlZdKuVtyLSu2uVq5X8ziK4BicgDPggktQB7egAVoAgxQ8g1fwZj1ZL9a79TFvLVj5zCH4A+vzB2YllRQ=</latexit> X

f=q,g

T 00
f See talk by Metz and Lorcé

q Ji’s decomposi3on: See talk by Ji

Rela3vis3c mo3on Quantum fluctua3onχ Symmetry Breaking 

<latexit sha1_base64="fgUNVk2AAEpiAqxQ4l/HjP5CRb8="></latexit>

Mn =
X

f=q,g

hP |T 00
f (0)|P i
2P 0

�����
cm

= Mq +Mg +Mm +Ma

Quark Energy
<latexit sha1_base64="ju6Xl0T7jek1J0uQZ/V2jen5Adc=">AAACDXicbVA7T8MwGHTKq5RXgJHFoiAxVQkgYKzEwlikvqQmRI7rtFYdJ9gOUhXlD7DwV1gYQIiVnY1/g5NmgJaTLJ3u7rP9nR8zKpVlfRuVpeWV1bXqem1jc2t7x9zd68ooEZh0cMQi0feRJIxy0lFUMdKPBUGhz0jPn1znfu+BCEkj3lbTmLghGnEaUIyUljzzyGGIjxiBTqRj+S1pO/Pu71LLyqAjCq/mmXWrYRWAi8QuSR2UaHnmlzOMcBISrjBDUg5sK1ZuioSimJGs5iSSxAhP0IgMNOUoJNJNi20yeKyVIQwioQ9XsFB/T6QolHIa+joZIjWW814u/ucNEhVcuSnlcaIIx7OHgoRBFcG8GjikgmDFppogLKj+K8RjJBBWusC8BHt+5UXSPW3YF42z2/N60yrrqIIDcAhOgA0uQRPcgBboAAwewTN4BW/Gk/FivBsfs2jFKGf2wR8Ynz8jipuJ</latexit>

hT 00
q i Gluon Energy

<latexit sha1_base64="UrF8LVmifm3cYyod8bskHT/BNnw=">AAACDXicbVA7T8MwGHR4lvIKMLJYFCSmKgEEjJVYGIvUl9SEyHGd1KrjRLaDVEX5Ayz8FRYGEGJlZ+Pf4KQZoOUkS6e7+2x/5yeMSmVZ38bS8srq2npto765tb2za+7t92ScCky6OGaxGPhIEkY56SqqGBkkgqDIZ6TvT24Kv/9AhKQx76hpQtwIhZwGFCOlJc88dhjiISPQiXWsuCXr5F54n1lWDh1RenXPbFhNqwRcJHZFGqBC2zO/nFGM04hwhRmScmhbiXIzJBTFjOR1J5UkQXiCQjLUlKOISDcrt8nhiVZGMIiFPlzBUv09kaFIymnk62SE1FjOe4X4nzdMVXDtZpQnqSIczx4KUgZVDItq4IgKghWbaoKwoPqvEI+RQFjpAosS7PmVF0nvrGlfNs/vLhotq6qjBg7BETgFNrgCLXAL2qALMHgEz+AVvBlPxovxbnzMoktGNXMA/sD4/AET1pt/</latexit>

hT 00
g i Quark Mass

<latexit sha1_base64="TW5SXNjrst6ZRR61ZpGEG6ziabo=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KhkVdVlw47JCX9CpJZPetqGZzJhklDL0A9z4K25cKOLWD3Dn35iZdqGtBwKHc87l5h4/ElwbQr6d3NLyyupafr2wsbm1vVPc3WvoMFYM6iwUoWr5VIPgEuqGGwGtSAENfAFNf3SV+s17UJqHsmbGEXQCOpC8zxk1VuoWS56gciAAew+8B0Nqktqke3ebEDLBnsqsgk2RMsmAF4k7IyU0Q7Vb/PJ6IYsDkIYJqnXbJZHpJFQZzgRMCl6sIaJsRAfQtlTSAHQnyY6Z4COr9HA/VPZJgzP190RCA63HgW+TATVDPe+l4n9eOzb9y07CZRQbkGy6qB8LbEKcNoN7XAEzYmwJZYrbv2I2pIoyY/tLS3DnT14kjZOye14+vTkrVcisjjw6QIfoGLnoAlXQNaqiOmLoET2jV/TmPDkvzrvzMY3mnNnMPvoD5/MHL0ybAQ==</latexit>

h bT 00
q i

Trace Anomaly 
<latexit sha1_base64="8wiPc8PCqWEOJcBDsE1l+kBtWjE=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSqKiLgtuXFboC5pYJpPbdOhkEmYmSgn5ADf+ihsXirj1A9z5N07TLrT1wMDhnHO5c4+fcKa0bX9bS8srq2vrpY3y5tb2zm5lb7+t4lRSaNGYx7LrEwWcCWhppjl0Ewkk8jl0/NH1xO/cg1QsFk09TsCLSCjYgFGijdSvVF1ORMgBuw8sgCHRWTPvh3eZbefYlYVVNim7ZhfAi8SZkSqaodGvfLlBTNMIhKacKNVz7ER7GZGaUQ552U0VJISOSAg9QwWJQHlZcUyOj40S4EEszRMaF+rviYxESo0j3yQjoodq3puI/3m9VA+uvIyJJNUg6HTRIOVYx3jSDA6YBKr52BBCJTN/xXRIJKHa9DcpwZk/eZG0T2vORe3s9rxat2d1lNAhOkInyEGXqI5uUAO1EEWP6Bm9ojfryXqx3q2PaXTJms0coD+wPn8AH5ia9w==</latexit>

h bT 00
g i

Different interpreta3on!  
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Mass of Nucleon in QCD

q Decomposi3ons of                :
<latexit sha1_base64="gCh08iE6nYuPWKgxkHGYqTt/qBQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1KSUtSNUHDjskJf0MYwmU7aoTOTODMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcEMaNKO863VVhZXVvfKG6WtrZ3dvfs/YO2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Zup3HolUNBJNPYmJx9FQ0JBipI3k20d9lXA/Da8fzocZbPrhfeo4mW+XnYozA1wmbk7KIEfDt7/6gwgnnAiNGVKq5zqx9lIkNcWMZKV+okiM8BgNSc9QgThRXjo7P4OnRhnAMJKmhIYz9fdEirhSEx6YTo70SC16U/E/r5fo8MpLqYgTTQSeLwoTBnUEp1nAAZUEazYxBGFJza0Qj5BEWJvESiYEd/HlZdKuVtyLSu2uVq5X8ziK4BicgDPggktQB7egAVoAgxQ8g1fwZj1ZL9a79TFvLVj5zCH4A+vzB2YllRQ=</latexit> X

f=q,g

T 00
f See talk by Metz and Lorcé

q Rela3on between two decomposi3ons: See talk by Ji

But, none of them is a direct physical observable!

<latexit sha1_base64="BbuOORZM/dsowOnDPWUnx+i0Qko=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUpINS2a24C5B14uWkDDkag9JXfxizNEJpmKBa9zw3MX5GleFM4KzYTzUmlE3oCHuWShqh9rPFoTNyaZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTdGG4K2+vE7a1Yp3Xak1a+V6NY+jAOdwAVfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8AwXuM3g==</latexit>a and       are defined in terms of           and         , respec3vely     <latexit sha1_base64="tlrRUikETn3wJ5FJHdiRRQ+2QOM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUDAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJr1sr1ah5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4Awv+M3w==</latexit>

b
<latexit sha1_base64="bfPB3a2XCS+4BwjvpXA6BEAWJPQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FL16EirYW2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgY/B+HrmPz6h0jyWD2aSoB/RoeQhZ9RY6f62P+yXK27VnYOsEi8nFcjR7Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSrlW9i2r9rl5p1PI4inACp3AOHlxCA26gCS1gMIRneIU3RzgvzrvzsWgtOPnMMfyB8/kDGiSNpA==</latexit>

Mg
<latexit sha1_base64="mM2Ac7cx5vF+PzeXtbCspNu0Wss=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FL16EirYW2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgY/B+HrmPz6h0jyWD2aSoB/RoeQhZ9RY6f62T/vlilt15yCrxMtJBXI0++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0a1Xvolq/q1catTyOIpzAKZyDB5fQgBtoQgsYDOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AEQyNng==</latexit>

Ma
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Mass of Nucleon in QCD

q Ji’s interpreta6on:

Quark Energy            : 
<latexit sha1_base64="ju6Xl0T7jek1J0uQZ/V2jen5Adc=">AAACDXicbVA7T8MwGHTKq5RXgJHFoiAxVQkgYKzEwlikvqQmRI7rtFYdJ9gOUhXlD7DwV1gYQIiVnY1/g5NmgJaTLJ3u7rP9nR8zKpVlfRuVpeWV1bXqem1jc2t7x9zd68ooEZh0cMQi0feRJIxy0lFUMdKPBUGhz0jPn1znfu+BCEkj3lbTmLghGnEaUIyUljzzyGGIjxiBTqRj+S1pO/Pu71LLyqAjCq/mmXWrYRWAi8QuSR2UaHnmlzOMcBISrjBDUg5sK1ZuioSimJGs5iSSxAhP0IgMNOUoJNJNi20yeKyVIQwioQ9XsFB/T6QolHIa+joZIjWW814u/ucNEhVcuSnlcaIIx7OHgoRBFcG8GjikgmDFppogLKj+K8RjJBBWusC8BHt+5UXSPW3YF42z2/N60yrrqIIDcAhOgA0uQRPcgBboAAwewTN4BW/Gk/FivBsfs2jFKGf2wR8Ynz8jipuJ</latexit>

hT 00
q i

Quark Mass              :  

Trace Anomaly         : 

Gluon Energy            : 
<latexit sha1_base64="UrF8LVmifm3cYyod8bskHT/BNnw=">AAACDXicbVA7T8MwGHR4lvIKMLJYFCSmKgEEjJVYGIvUl9SEyHGd1KrjRLaDVEX5Ayz8FRYGEGJlZ+Pf4KQZoOUkS6e7+2x/5yeMSmVZ38bS8srq2npto765tb2za+7t92ScCky6OGaxGPhIEkY56SqqGBkkgqDIZ6TvT24Kv/9AhKQx76hpQtwIhZwGFCOlJc88dhjiISPQiXWsuCXr5F54n1lWDh1RenXPbFhNqwRcJHZFGqBC2zO/nFGM04hwhRmScmhbiXIzJBTFjOR1J5UkQXiCQjLUlKOISDcrt8nhiVZGMIiFPlzBUv09kaFIymnk62SE1FjOe4X4nzdMVXDtZpQnqSIczx4KUgZVDItq4IgKghWbaoKwoPqvEI+RQFjpAosS7PmVF0nvrGlfNs/vLhotq6qjBg7BETgFNrgCLXAL2qALMHgEz+AVvBlPxovxbnzMoktGNXMA/sD4/AET1pt/</latexit>

hT 00
g i

<latexit sha1_base64="TW5SXNjrst6ZRR61ZpGEG6ziabo=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KhkVdVlw47JCX9CpJZPetqGZzJhklDL0A9z4K25cKOLWD3Dn35iZdqGtBwKHc87l5h4/ElwbQr6d3NLyyupafr2wsbm1vVPc3WvoMFYM6iwUoWr5VIPgEuqGGwGtSAENfAFNf3SV+s17UJqHsmbGEXQCOpC8zxk1VuoWS56gciAAew+8B0Nqktqke3ebEDLBnsqsgk2RMsmAF4k7IyU0Q7Vb/PJ6IYsDkIYJqnXbJZHpJFQZzgRMCl6sIaJsRAfQtlTSAHQnyY6Z4COr9HA/VPZJgzP190RCA63HgW+TATVDPe+l4n9eOzb9y07CZRQbkGy6qB8LbEKcNoN7XAEzYmwJZYrbv2I2pIoyY/tLS3DnT14kjZOye14+vTkrVcisjjw6QIfoGLnoAlXQNaqiOmLoET2jV/TmPDkvzrvzMY3mnNnMPvoD5/MHL0ybAQ==</latexit>

h bT 00
q i

<latexit sha1_base64="8wiPc8PCqWEOJcBDsE1l+kBtWjE=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSqKiLgtuXFboC5pYJpPbdOhkEmYmSgn5ADf+ihsXirj1A9z5N07TLrT1wMDhnHO5c4+fcKa0bX9bS8srq2vrpY3y5tb2zm5lb7+t4lRSaNGYx7LrEwWcCWhppjl0Ewkk8jl0/NH1xO/cg1QsFk09TsCLSCjYgFGijdSvVF1ORMgBuw8sgCHRWTPvh3eZbefYlYVVNim7ZhfAi8SZkSqaodGvfLlBTNMIhKacKNVz7ER7GZGaUQ552U0VJISOSAg9QwWJQHlZcUyOj40S4EEszRMaF+rviYxESo0j3yQjoodq3puI/3m9VA+uvIyJJNUg6HTRIOVYx3jSDA6YBKr52BBCJTN/xXRIJKHa9DcpwZk/eZG0T2vORe3s9rxat2d1lNAhOkInyEGXqI5uUAO1EEWP6Bm9ojfryXqx3q2PaXTJms0coD+wPn8AH5ia9w==</latexit>

h bT 00
g i

<latexit sha1_base64="H7Acdcsdj+eG8xsc4ZE2mLYjqcM=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIFUqdqaJuhIIblxXsBTrtkMlkamiSGZKMtAx9DDe+ihsXirjtzrcxvSy09UDg4//P4eT8fsyo0rb9bWVWVtfWN7Kbua3tnd29/P5BQ0WJxKSOIxbJlo8UYVSQuqaakVYsCeI+I02/fzvxm09EKhqJBz2MSYejnqAhxUgbycufuQyJHiNwAF05JS/M3bhUaM/uOjAYuCVjhcVByeVJt3Lq5Qt22Z4WXAZnDgUwr5qXH7tBhBNOhMYMKdV27Fh3UiQ1xYyMcm6iSIxwH/VI26BAnKhOOj1sBE+MEsAwkuYJDafq74kUcaWG3DedHOlHtehNxP+8dqLD605KRZxoIvBsUZgwqCM4SQkGVBKs2dAAwpKav0L8iCTC2mSZMyE4iycvQ6NSdi7L5/cXhao9jyMLjsAxKAIHXIEquAM1UAcYPINX8A4+rBfrzfq0vmatGWs+cwj+lDX+AWYBngk=</latexit>

hxif =

Z 1

0
dx xf(x, µ2)

Parton momentum frac6on:

Quark sigma-term:
<latexit sha1_base64="gswG/3+2zU36S88zXcPoBsTc8Vs="></latexit>

�q =
hP | q(0)mq q(0)|P i

2P 0

q LQCD calcula6on:

Note:           and       are calculable in la1ce QCD 
<latexit sha1_base64="khgse61d1nc0JfcxGJuNhLSOJnY=">AAAB+3icbZDNSsNAFIUn9a/Wv1iXbgaL4KokKuqy4MZlBVsLTQiT6U07dDIJMxNpCX0VNy4UceuLuPNtnKZZaOuBgY9z7+XeOWHKmdKO821V1tY3Nreq27Wd3b39A/uw3lVJJil0aMIT2QuJAs4EdDTTHHqpBBKHHB7D8e28/vgEUrFEPOhpCn5MhoJFjBJtrMCue5yIIQc88WQBQRTYDafpFMKr4JbQQKXagf3lDRKaxSA05USpvuuk2s+J1IxymNW8TEFK6JgMoW9QkBiUnxe3z/CpcQY4SqR5QuPC/T2Rk1ipaRyazpjokVquzc3/av1MRzd+zkSaaRB0sSjKONYJngeBB0wC1XxqgFDJzK2YjogkVJu4aiYEd/nLq9A9b7pXzYv7y0bLKeOoomN0gs6Qi65RC92hNuogiiboGb2iN2tmvVjv1seitWKVM0foj6zPH/M0lFY=</latexit>

hxif <latexit sha1_base64="7F/2jDlVPt9mc+wvrviIwpYYy5Q=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMeAF48RzAOSJcxOZpMh89jMzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6m/mtJ6oNU/LRThIaCjyQLGYEWye1u4YNBO6Ne+WKX/XnQKskyEkFctR75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTaambGppgMsID2nFUYkFNmM3vnaIzp/RRrLQradFc/T2RYWHMRESuU2A7NMveTPzP66Q2vg0zJpPUUkkWi+KUI6vQ7HnUZ5oSyyeOYKKZuxWRIdaYWBdRyYUQLL+8SpoX1eC6evlwVan5eRxFOIFTOIcAbqAG91CHBhDg8Ayv8OaNvRfv3ftYtBa8fOYY/sD7/AEkBo/9</latexit>�q

Access the trace anomaly
Indirectly?

Or by experiment?
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Extract the Trace Anomaly from Experiments

q QCD Trace Anomaly:

T↵
↵ =

�(g)

2g
Fµ⌫,aF a

µ⌫ +
X

q=u,d,s

mq(1 + �m) q q

QCD trace anomaly

<latexit sha1_base64="BX05HnFofm6r5kMFwiKfzevZkb0=">AAACBHicbZDLSsNAFIYnXmu9RV12EyyCCymJFnVZEMRlBXuBJpbJdNIOnZmEuQglZOHGV3HjQhG3PoQ738ZJm4W2/jDwzX/OYeb8YUKJVK77bS0tr6yurZc2yptb2zu79t5+W8ZaINxCMY1FN4QSU8JxSxFFcTcRGLKQ4k44vsrrnQcsJIn5nZokOGBwyElEEFTG6tuV6/vUZ9rn+gRmhmHWL+5ZuW9X3Zo7lbMIXgFVUKjZt7/8QYw0w1whCqXseW6ighQKRRDFWdnXEicQjeEQ9wxyyLAM0ukSmXNknIETxcIcrpyp+3sihUzKCQtNJ4NqJOdruflfradVdBmkhCdaYY5mD0WaOip28kScAREYKToxAJEg5q8OGkEBkTK55SF48ysvQvu05p3Xzm7r1Ua9iKMEKuAQHAMPXIAGuAFN0AIIPIJn8ArerCfrxXq3PmatS1YxcwD+yPr8Ad9QmDQ=</latexit>

Fµ⌫,aF a
µ⌫ Is a scalar, and high twist!

q Diffrac:ve heavy quarkonium produc:on:

Two gluons may not be factorized into
<latexit sha1_base64="BX05HnFofm6r5kMFwiKfzevZkb0=">AAACBHicbZDLSsNAFIYnXmu9RV12EyyCCymJFnVZEMRlBXuBJpbJdNIOnZmEuQglZOHGV3HjQhG3PoQ738ZJm4W2/jDwzX/OYeb8YUKJVK77bS0tr6yurZc2yptb2zu79t5+W8ZaINxCMY1FN4QSU8JxSxFFcTcRGLKQ4k44vsrrnQcsJIn5nZokOGBwyElEEFTG6tuV6/vUZ9rn+gRmhmHWL+5ZuW9X3Zo7lbMIXgFVUKjZt7/8QYw0w1whCqXseW6ighQKRRDFWdnXEicQjeEQ9wxyyLAM0ukSmXNknIETxcIcrpyp+3sihUzKCQtNJ4NqJOdruflfradVdBmkhCdaYY5mD0WaOip28kScAREYKToxAJEg5q8OGkEBkTK55SF48ysvQvu05p3Xzm7r1Ua9iKMEKuAQHAMPXIAGuAFN0AIIPIJn8ArerCfrxXq3PmatS1YxcwD+yPr8Ad9QmDQ=</latexit>

Fµ⌫,aF a
µ⌫

See talk by D. Kharzeev

Using a slow-moving dipole approxima:on to

measure the scale field response
<latexit sha1_base64="pDyDcmDPHhIYRIXKdPrZl4X7MqQ=">AAACAnicbVDLSsNAFJ34rPEVdSVuBovgqiS1qMuCIC4j2Ae0sUymk3boZBJmJkJJixt/xY0LRdz6Fe78GydpFtp64MLhnHu59x4/ZlQq2/42lpZXVtfWSxvm5tb2zq61t9+UUSIwaeCIRaLtI0kY5aShqGKkHQuCQp+Rlj+6yvzWAxGSRvxOjWPihWjAaUAxUlrqWYddhviAEehOzOv7Kpy4XZELZs8q2xU7B1wkTkHKoIDbs766/QgnIeEKMyRlx7Fj5aVIKIoZmZrdRJIY4REakI6mHIVEemn+whSeaKUPg0jo4grm6u+JFIVSjkNfd4ZIDeW8l4n/eZ1EBZdeSnmcKMLxbFGQMKgimOUB+1QQrNhYE4QF1bdCPEQCYaVTy0Jw5l9eJM1qxTmvnN3WyvVaEUcJHIFjcAoccAHq4Aa4oAEweATP4BW8GU/Gi/FufMxal4xi5gD8gfH5A0IKlgU=</latexit>

hP |F 2|P i
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Extrac'ng Two-gluon Correla'on from Experiments

q QCD factoriza'on of diffrac've             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="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, 2022

§ Single diffrac've: 

§ The single diffrac've              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="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)

§ Necessary condi'on for QCD factoriza'on: 
<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
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Extrac'ng Two-gluon Correla'on from Experiments
Qiu & Yu, 2022q Challenge for QCD factoriza'on:

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

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!

<latexit sha1_base64="bVulwdVOcYik8JKjWUzhduHwPTw=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahQilJKepGKLhx2YJ9QBPDZDJth04mYWYilNClG3/FjQtF3PoJ7vwbp20EbT0wcDjnHu7c48eMSmVZX0ZuZXVtfSO/Wdja3tndM/cP2jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR9dTv3NPhKQRv1XjmLghGnDapxgpLXnm8cij8AqW7LLDdCpAd9UfduaUYdMzi1bFmgEuEzsjRZCh4ZmfThDhJCRcYYak7NlWrNwUCUUxI5OCk0gSIzxCA9LTlKOQSDedHTKBp1oJYD8S+nEFZ+rvRIpCKcehrydDpIZy0ZuK/3m9RPUv3ZTyOFGE4/mifsKgiuC0FRhQQbBiY00QFlT/FeIhEggr3V1Bl2AvnrxM2tWKfV6pNWvFejWrIw+OwAkoARtcgDq4AQ3QAhg8gCfwAl6NR+PZeDPe56M5I8scgj8wPr4BB6SXZw==</latexit>

ki = (1,�2,�)Q
<latexit sha1_base64="np82CMIO6EbNW/mEyKInrV7tNuk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahQilJKepGKLhx2YJ9QBPDZDJtx04mYWYilNClG3/FjQtF3PoJ7vwbp20W2npg4HDOPdy5x48Zlcqyvo3cyura+kZ+s7C1vbO7Z+4ftGWUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj66nfueBCEkjfqvGMXFDNOC0TzFSWvLMY+bdwytYcpjOBOiuWrbLGT9zyrDpmUWrYs0Al4mdkSLI0PDMLyeIcBISrjBDUvZsK1ZuioSimJFJwUkkiREeoQHpacpRSKSbzg6ZwFOtBLAfCf24gjP1dyJFoZTj0NeTIVJDuehNxf+8XqL6l25KeZwowvF8UT9hUEVw2goMqCBYsbEmCAuq/wrxEAmEle6uoEuwF09eJu1qxT6v1Jq1Yr2a1ZEHR+AElIANLkAd3IAGaAEMHsEzeAVvxpPxYrwbH/PRnJFlDsEfGJ8/DjaXaQ==</latexit>

lj = (�2, 1,�)Q

Transverse component contribute to the leading region!

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’!

Same for
Two-gluons

<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)
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Extrac'ng Two-gluon Correla'on from Experiments
q Factoriza'on – warm up: <latexit sha1_base64="A9xeGzLrC0izTlcJLX0/BwvpgVE=">AAACFXicbZDLSsNAFIYn9VbrLerSTbAILUpJQlGXBTcuK9gLNCFMppN26MwkzkyEEvoSbnwVNy4UcSu4822cphW09YeBj/+cw5nzhwklUtn2l1FYWV1b3yhulra2d3b3zP2DtoxTgXALxTQW3RBKTAnHLUUUxd1EYMhCijvh6Gpa79xjIUnMb9U4wT6DA04igqDSVmCeeQmpJIFTPZ2BW/VUbHkDyBis3OX+D7vVwCzbNTuXtQzOHMpgrmZgfnr9GKUMc4UolLLn2InyMygUQRRPSl4qcQLRCA5wTyOHDEs/y6+aWCfa6VtRLPTjysrd3xMZZFKOWag7GVRDuVibmv/VeqmKLv2M8CRVmKPZoiillj58GpHVJwIjRccaIBJE/9VCQyggUjrIkg7BWTx5GdpuzTmv1W/q5YY7j6MIjsAxqAAHXIAGuAZN0AIIPIAn8AJejUfj2Xgz3metBWM+cwj+yPj4BocfnIE=</latexit>

⇡(p1) + ⇡(p2) ! �(q1) + �(q2)
π+

π−

i
i

j

m

n

i′

j

j′
i′

j′

m

n

m′

n′

m′

n′

S

D̂2

D̂1

Ĥ

π+

p1

π−

p2

ki

ks

q2

q1

lj

D̂1

S

D̂2

Ĥ

p1

p2

q1

q2

π+

π−

D̂1

S

D̂2

Ĥ

Color singlet

<latexit sha1_base64="n/nkohI+8fLGWXTE1mxTm9Kdoiw="></latexit>

D̂1i0j0 / �i0j0 , D̂2m0n0 / �m0n0

<latexit sha1_base64="KPjyUI7nAbQpkHEmezKHnsNDB64="></latexit>

�i0j0�m0n0Sij,i0j0;mn,m0n0

= h0|
⇥
�(0,�1;n1)�

†(0,�1;n1)
⇤
ij

⇥
�(0,�1;n2)�

†(0,�1;n2)
⇤
mn

|0i

= �ij�mn

Removal of so> interac'on - different from inclusive case! 

Model for ERBL region
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Extrac'ng Two-gluon Correla'on from Experiments
q Factoriza'on – warm up:

<latexit sha1_base64="7lf2mjjF54wN961Wo8KWvWwauFE="></latexit>

M
µ⌫ =

Z 1

0
dz1

Z 1

0
dz2 D⇡+(z1)D⇡�(z2)C

µ⌫(z1, z2; p
+
1 , p

�
2 , qT ) +O (⇤QCD/qT )

q1

q2

z1p
+
1

z2p
−
2

(1− z2)p
−
2

µ

ν

p1

π+

(1− z1)p
+
1

π−

p2
D̂1 Ĥ D̂2

<latexit sha1_base64="Rsry09mQBeLHGRG/55LyaSdHPRI="></latexit>

D⇡+(z1) =

Z
d⇠�

4⇡
eiz1p

+
1 ⇠�h0|d̄(0)�+�5 �(0, ⇠

�;w2)u(⇠
�)|⇡+(p1)i

D⇡�(z2) =

Z
d⇣+

4⇡
eiz2p

�
2 ⇣+

h0|ū(0)���5 �(0, ⇣
+;w1)d(y

+)|⇡�(p1)i

<latexit sha1_base64="0NVZ0txILHDPIU5ddSjyCvDnmRo="></latexit>

C
µ⌫(z1, z2; p

+
1 , p

�
2 , qT ) ⌘


�5(p

+
1 �

�)

2

�

↵�

Ĥ
µ⌫
�↵;�⇢(k̂1 = z1p

+
1 , k̂2 = z2p

�
2 ; qT )


�5(p

�
2 �

+)

2

�

⇢�

<latexit sha1_base64="A9xeGzLrC0izTlcJLX0/BwvpgVE=">AAACFXicbZDLSsNAFIYn9VbrLerSTbAILUpJQlGXBTcuK9gLNCFMppN26MwkzkyEEvoSbnwVNy4UcSu4822cphW09YeBj/+cw5nzhwklUtn2l1FYWV1b3yhulra2d3b3zP2DtoxTgXALxTQW3RBKTAnHLUUUxd1EYMhCijvh6Gpa79xjIUnMb9U4wT6DA04igqDSVmCeeQmpJIFTPZ2BW/VUbHkDyBis3OX+D7vVwCzbNTuXtQzOHMpgrmZgfnr9GKUMc4UolLLn2InyMygUQRRPSl4qcQLRCA5wTyOHDEs/y6+aWCfa6VtRLPTjysrd3xMZZFKOWag7GVRDuVibmv/VeqmKLv2M8CRVmKPZoiillj58GpHVJwIjRccaIBJE/9VCQyggUjrIkg7BWTx5GdpuzTmv1W/q5YY7j6MIjsAxqAAHXIAGuAZN0AIIPIAn8AJejUfj2Xgz3metBWM+cwj+yPj4BocfnIE=</latexit>

⇡(p1) + ⇡(p2) ! �(q1) + �(q2) Model for ERBL region
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Extrac'ng Two-gluon Correla'on from Experiments
q Factoriza'on Glauber gluons:

<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)

N N ′

p p′

π

p2

ks

zp+ ks q1

q2

(1− z)p− ks

lj−
ks

D̂2

Ĥ

DGLAP region: pinched

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

1

�k�s + i"
<latexit sha1_base64="UpRFYDcW2Q/jhSU8mjmK0CVjoek="></latexit>

1

+k�s + i"

!"# is pinched around 0

<latexit sha1_base64="M0zKcK1FVV0ZR6pgDi+yJonPVAw="></latexit>

1

�k+s + i"
Only pole for  !"$

Deforma'on out of the Glauber region:

Works for both ERBL and DGLAP regions!

<latexit sha1_base64="g4UolBXqvzypNhK/Eu4jBJhGrHA="></latexit>

ks ⇠ (1,�2,�)Q
<latexit sha1_base64="xWFbc09aBbP8ZR7IApdAN7Bkvqg="></latexit>

k+s ! k+s � iO(Q) Collinear region

as an example
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Extrac'ng Two-gluon Correla'on from Experiments

q Factoriza'on:
<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)

N ′

π

N

D̂1

S

D̂2

Ĥ

N
N ′

π

D̂1

Ĥ

D̂2

S

N

p

π

p2

ki

ks

q2

q1

lj

N ′

p′

S

D̂1

D̂2

Ĥ

§ Same strategy for proving the factoriza'on of first sub-leading power for inclusive processes

§ No QCD factoriza'on for double diffrac've hadronic scaFering!

<latexit sha1_base64="Xv9kVyN8nxCTLARSfxqPdeW+80A="></latexit>

p+ n ! p+ n+ � + �, p+ n ! p+ n+ jet + jet, p+ p ! p+ p+ jet + jet, p+ p̄ ! p+ p̄+ jet + jet, ...

Qiu, Sterman, 1991
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Extrac'ng Two-gluon Correla'on from Experiments
q Factoriza'on formula:

<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)

q1

q2

z1∆+

z2p
−
2

(1− z2)p
−
2

µ

ν

p

N

(1− z1)∆+

π

p2

p′
N ′

D̂1 Ĥ D̂2

<latexit sha1_base64="nkw0U/AM5e8GSAV2OMhfP77LXcA="></latexit>

M
µ⌫ =

Z
dz1dz2

h
eFud
NN 0(z1, ⇠, t)D(z2)C

µ⌫(z1, z2) + F
ud
NN 0(z1, ⇠, t)D(z2) eCµ⌫(z1, z2)

i
+O(⇤QCD/qT )

<latexit sha1_base64="uMyVwty/pfz7QnwloeltDUKrXt8="></latexit>

Fud
NN 0(z1, ⇠, t) =

Z
dy�

4⇡
e
iz1�

+y�
hN 0(p0)|d̄(0)�+�(0, y�;w2)u(y

�)|N(p)i

=
1

2P+


H

ud
NN 0(z1, ⇠, t) ū(p

0)�+
u(p)� E

ud
NN 0(z1, ⇠, t) ū(p

0)
i�

+↵�↵

2mp
u(p)

�
,

eFud
NN 0(z1, ⇠, t) =

Z
dy�

4⇡
e
iz1�

+y�
hN 0(p0)|d̄(y�)�+

�5�(0, y
�;w2)u(0)|N(p)i

=
1

2P+


eHud
NN 0(z1, ⇠, t) ū(p

0)�+
�5u(p)� eEud

NN 0(z1, ⇠, t) ū(p
0)
i�5�

+↵�↵

2mp
u(p)

�
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Extrac'ng Two-gluon Correla'on from Experiments

q QCD factoriza'on of diffrac've             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="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, 2022

§ Sufficient condi'on for QCD factoriza'on: 

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

B(p2)

<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)
S

<latexit sha1_base64="wz/6Odg47wK7zKywVW1m+tUbk70="></latexit>

Mh+B!h0+C+D =
X

A⇤

Mh!h0+A⇤ ⌦MA⇤+B!C+D ⌦ Shh0BCD
<latexit sha1_base64="hM9CozAyHSLwNJRk/j0hcI4sKoY="></latexit>

⇡

X

A⇤

[Mh!h0+A⇤ ⌦ Shh0 ]⌦

"
X

bcd

HA⇤+b!c+d ⌦DB!b ⌦Dc!C ⌦Dd!D

#
<latexit sha1_base64="+ecoKDCNkcUbZevO7mQPdjeNpPc="></latexit>

+O

✓p
�t

qT

�↵◆

• SoK gluon interac'on is proved to be factorized from the exclusive                sub-processes
• Analy'c con'nua'on the soK momenta to collinear momenta from 

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

h(p)

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

2 ! 2
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Extrac'ng Two-gluon Correla'on from Experiments

q QCD factoriza'on of diffrac've             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="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, 2022

§ DVCS as an example: 

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

B(p2)

<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="3fLe0++TJmnjVNRr+E6m81Fi53U=">AAAB+3icbVBNS8NAEN34WetXrEcvi0VoLyUpRT0WvXisYD+gCWGznbZLN5uwuxFL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzwoQzpR3n29rY3Nre2S3sFfcPDo+O7ZNSR8WppNCmMY9lLyQKOBPQ1kxz6CUSSBRy6IaT27nffQSpWCwe9DQBPyIjwYaMEm2kwC7dVJKgXsWejjFUPOC8Gthlp+YsgNeJm5MyytEK7C9vENM0AqEpJ0r1XSfRfkakZpTDrOilChJCJ2QEfUMFiUD52eL2Gb4wygAPY2lKaLxQf09kJFJqGoWmMyJ6rFa9ufif10/18NrPmEhSDYIuFw1Tjs2j8yDwgEmgmk8NIVQycyumYyIJ1SauognBXX15nXTqNfey1rhvlJv1PI4COkPnqIJcdIWa6A61UBtR9ISe0St6s2bWi/VufSxbN6x85hT9gfX5A29xkro=</latexit>

B(p2) ! e(`)
<latexit sha1_base64="cTleKzPNEYHf49u23U4w0c4mCwk=">AAAB/HicbVBNT8JAEN3iF+JXlaOXjcQIF9ISoh5JuHjERMCENs12GWDD9sPdrUnT4F/x4kFjvPpDvPlvXKAHBV8yyct7M5mZ58ecSWVZ30ZhY3Nre6e4W9rbPzg8Mo9PejJKBIUujXgk7n0igbMQuoopDvexABL4HPr+tD33+48gJIvCO5XG4AZkHLIRo0RpyTPL7eqDZ9ewoyIMVQc4v6h5ZsWqWwvgdWLnpIJydDzzyxlGNAkgVJQTKQe2FSs3I0IxymFWchIJMaFTMoaBpiEJQLrZ4vgZPtfKEI8ioStUeKH+nshIIGUa+LozIGoiV725+J83SNTo2s1YGCcKQrpcNEo41p/Ok8BDJoAqnmpCqGD6VkwnRBCqdF4lHYK9+vI66TXq9mW9edustBp5HEV0is5QFdnoCrXQDeqgLqIoRc/oFb0ZT8aL8W58LFsLRj5TRn9gfP4A1qqS7A==</latexit>

C(q1) ! e(`0)
<latexit sha1_base64="ThfdQgLBdHgUYtv56BqvbeAyj8I=">AAACBHicbVDLSgMxFM34rPU16rKbYBHaTZkpRV0WdOGygn1AZxgyaaYNTTJjkhHK0IUbf8WNC0Xc+hHu/BvTdhbaeiBwOOdebs4JE0aVdpxva219Y3Nru7BT3N3bPzi0j447Kk4lJm0cs1j2QqQIo4K0NdWM9BJJEA8Z6Ybjq5nffSBS0Vjc6UlCfI6GgkYUI22kwC5dV+6DehV6OobeEHGOKkmwINXALjs1Zw64StyclEGOVmB/eYMYp5wIjRlSqu86ifYzJDXFjEyLXqpIgvAYDUnfUIE4UX42DzGFZ0YZwCiW5gkN5+rvjQxxpSY8NJMc6ZFa9mbif14/1dGln1GRpJoIvDgUpQyaxLNG4IBKgjWbGIKwpOavEI+QRFib3oqmBHc58irp1Gvuea1x2yg363kdBVACp6ACXHABmuAGtEAbYPAInsEreLOerBfr3fpYjK5Z+c4J+APr8wdp35am</latexit>

D(q2) ! �(p�)
<latexit sha1_base64="YToLE1a/nFPmYGJ753kaOF+d+Lc=">AAACBXicdVDLSgMxFM3UV62vUZe6CBaxCpZJKX3sKm5cVrAPaGvJpGkbmswMSUYoQzdu/BU3LhRx6z+482/M9AEqeiBwOOdebs5xA86UdpxPK7G0vLK6llxPbWxube/Yu3t15YeS0BrxuS+bLlaUM4/WNNOcNgNJsXA5bbijy9hv3FGpmO/d6HFAOwIPPNZnBGsjde3Di9uzTHAenJzCtvZhe4CFwAupa6edrOM4CCEYE1QsOIaUy6UcKkEUWwZpMEe1a3+0ez4JBfU04VipFnIC3Ymw1IxwOkm1Q0UDTEZ4QFuGelhQ1YmmKSbw2Cg92PeleZ6GU/X7RoSFUmPhmkmB9VD99mLxL68V6n6pEzEvCDX1yOxQP+TQ5I0rgT0mKdF8bAgmkpm/QjLEEhNtikuZEhZJ4f+knsuiQjZ/nU9XcvM6kuAAHIEMQKAIKuAKVEENEHAPHsEzeLEerCfr1XqbjSas+c4++AHr/QvAo5Yr</latexit>

A⇤(p� p0) ! �⇤(p� p0)
<latexit sha1_base64="zfNO3YlQygHDBTyI0ALpdHgNui8="></latexit>

A⇤(p� p0) ! [qq̄]⇤(p� p0)or

or
<latexit sha1_base64="qWkxCIVKuuL1OaekiDefbFa3YA4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WsgiEpRV1W3LisYB/QxDKZTtqhk2SYmQg1FH/FjQtF3Pof7vwbJ20W2nrgwuGce7n3Hp8zKpVtfxsLi0vLK6uFteL6xubWtrmz25RxIjBp4JjFou0jSRiNSENRxUibC4JCn5GWP7zO/NYDEZLG0Z0aceKFqB/RgGKktNQ196/uT8v8jB+fQFfF0IWWZRW7Zsm27AngPHFyUgI56l3zy+3FOAlJpDBDUnYcmysvRUJRzMi46CaScISHqE86mkYoJNJLJ9eP4ZFWejCIha5IwYn6eyJFoZSj0NedIVIDOetl4n9eJ1HBpZfSiCeKRHi6KEgY1H9mUcAeFQQrNtIEYUH1rRAPkEBY6cCyEJzZl+dJs2I551b1tlqqVfI4CuAAHIIycMAFqIEbUAcNgMEjeAav4M14Ml6Md+Nj2rpg5DN74A+Mzx/23pJJ</latexit>

A⇤(p� p0) ! ...

<latexit sha1_base64="TiKoBZ/lIpZxahDCpOhkQLfMgIw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEJSinosePFYwX5AG8pmu2mX7m7C7kYooT/CiwdFvPp7vPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0sbm1vVPereztHxweVY9POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2G07vc7z5RpVksH80soYHAY8kiRrCxUvdqgFzXrQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBbnDtHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnvaMQUJYbPLMFEMXsrIhOsMDE2oTwEf/XlddKpu/6123ho1Jr1Io4ynME5XIIPN9CEe2hBGwhM4Rle4c1JnBfn3flYtpacYuYU/sD5/AHt2Y30</latexit>

+ ...

<latexit sha1_base64="TiKoBZ/lIpZxahDCpOhkQLfMgIw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEJSinosePFYwX5AG8pmu2mX7m7C7kYooT/CiwdFvPp7vPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0sbm1vVPereztHxweVY9POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2G07vc7z5RpVksH80soYHAY8kiRrCxUvdqgFzXrQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBbnDtHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnvaMQUJYbPLMFEMXsrIhOsMDE2oTwEf/XlddKpu/6123ho1Jr1Io4ynME5XIIPN9CEe2hBGwhM4Rle4c1JnBfn3flYtpacYuYU/sD5/AHt2Y30</latexit>

+ ...
<latexit sha1_base64="lfqVO1s99Ne4BcMItfTUb3U3xL4="></latexit>

Mh+`!h0+`+� ⇡ Mh!h0+�⇤ ⌦H�⇤+`!`0+�

<latexit sha1_base64="HNKYPLbkM4Fa1jWwY7USWeNpKjE="></latexit>

+Mh!h0+[qq̄]⇤ ⌦H[qq̄]⇤+`!`0+�
<latexit sha1_base64="TiKoBZ/lIpZxahDCpOhkQLfMgIw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEJSinosePFYwX5AG8pmu2mX7m7C7kYooT/CiwdFvPp7vPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0sbm1vVPereztHxweVY9POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2G07vc7z5RpVksH80soYHAY8kiRrCxUvdqgFzXrQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBbnDtHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnvaMQUJYbPLMFEMXsrIhOsMDE2oTwEf/XlddKpu/6123ho1Jr1Io4ynME5XIIPN9CEe2hBGwhM4Rle4c1JnBfn3flYtpacYuYU/sD5/AHt2Y30</latexit>

+ ...

<latexit sha1_base64="dZxhdWvfCWTiEVODi9KV8gcPH4c=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDjJeyGoB4DXjxGMA9IljA76U2GzM6uM7NCCPkJLx4U8ervePNvnCR70MSChqKqm+6uIBFcG9f9dtbWNza3tnM7+d29/YPDwtFxU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFSG0tdFOLislcoumV3DrJKvIwUIUO9V/jq9mOWRigNE1Trjucmxp9QZTgTOM13U40JZSM6wI6lkkao/cn83ik5t0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPnSZ8rZEaMLaFMcXsrYUOqKDM2orwNwVt+eZU0K2Xvqly9rxZrlSyOHJzCGZTAg2uowR3UoQEMBDzDK7w5j86L8+58LFrXnGzmBP7A+fwB9UePOQ==</latexit>

e(`0)

<latexit sha1_base64="k979YheEpzrgqDwNtkzGZGUJyrg=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lKUY8FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9djY2t7Z3dgt7xf2Dw6Pj0slpW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzTRBP6IjyUPOqLFSByt9FOJqUCq7VXcBsk68nJQhR3NQ+uoPY5ZGKA0TVOue5ybGz6gynAmcFfupxoSyCR1hz1JJI9R+tjh3Ri6tMiRhrGxJQxbq74mMRlpPo8B2RtSM9ao3F//zeqkJb/2MyyQ1KNlyUZgKYmIy/50MuUJmxNQSyhS3txI2pooyYxMq2hC81ZfXSbtW9a6r9Yd6uVHL4yjAOVxABTy4gQbcQxNawGACz/AKb07ivDjvzseydcPJZ87gD5zPH5Lujwg=</latexit>

e(`)
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q QCD factoriza'on of diffrac've             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="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, 2022

§ Two-gluon channel – Charmonium: 

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

B(p2)

<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="wcSFy4+X1FDNC3vLImBNjEjKVYQ=">AAACBHicbVA7T8MwGHTKq5RXgLGLRYXULlVSVcBYwcJYJPqQmihyXKe1ajuR7SBVUQcW/goLAwix8iPY+De4bQZoOcnS+e77ZN+FCaNKO863VdjY3NreKe6W9vYPDo/s45OuilOJSQfHLJb9ECnCqCAdTTUj/UQSxENGeuHkZu73HohUNBb3epoQn6ORoBHFSBspsMvX1SRo1KCnY+iNEOfI3JekFtgVp+4sANeJm5MKyNEO7C9vGOOUE6ExQ0oNXCfRfoakppiRWclLFUkQnqARGRgqECfKzxYhZvDcKEMYxdIcoeFC/b2RIa7UlIdmkiM9VqveXPzPG6Q6uvIzKpJUE4GXD0UpgybxvBE4pJJgzaaGICyp+SvEYyQR1qa3kinBXY28TrqNuntRb941K61GXkcRlMEZqAIXXIIWuAVt0AEYPIJn8ArerCfrxXq3PpajBSvfOQV/YH3+AGUHlqM=</latexit>

B(p2) ! �(p�)
<latexit sha1_base64="wJFyG46Or+1Vz8puoywgSKP0ZN4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovQbkpSirosdOOygn1AE8JketMOnTycmYgl9FfcuFDErT/izr9x2mahrQcuHM65l3vv8RPOpLKsb6Owtb2zu1fcLx0cHh2fmKflnoxTQaFLYx6LgU8kcBZBVzHFYZAIIKHPoe9P2wu//whCsji6V7ME3JCMIxYwSpSWPLPcrj54dg07KsZQdYDzmmdWrLq1BN4kdk4qKEfHM7+cUUzTECJFOZFyaFuJcjMiFKMc5iUnlZAQOiVjGGoakRCkmy1vn+NLrYxwEAtdkcJL9fdERkIpZ6GvO0OiJnLdW4j/ecNUBTduxqIkVRDR1aIg5Vg/uggCj5gAqvhME0IF07diOiGCUKXjKukQ7PWXN0mvUbev6s27ZqXVyOMoonN0garIRteohW5RB3URRU/oGb2iN2NuvBjvxseqtWDkM2foD4zPH3EIkrs=</latexit>

C(q1) ! e(`)
<latexit sha1_base64="GOjn/YsI4NexLWphL6L+xSvpvO4=">AAACAnicbVC7SgNBFJ2Nrxhfq1ZiMxjEpAm7IahlQAvLCOYB2WWZndwkQ2YfzswKYQk2/oqNhSK2foWdf+Mk2UITDwwczrmXO+f4MWdSWda3kVtZXVvfyG8WtrZ3dvfM/YOWjBJBoUkjHomOTyRwFkJTMcWhEwsggc+h7Y+upn77AYRkUXinxjG4ARmErM8oUVryzKPr0r1XLWNHRdjxiUhhUnKA87OyZxatijUDXiZ2RoooQ8Mzv5xeRJMAQkU5kbJrW7FyUyIUoxwmBSeREBM6IgPoahqSAKSbziJM8KlWergfCf1ChWfq742UBFKOA19PBkQN5aI3Ff/zuonqX7opC+NEQUjnh/oJxzrvtA/cYwKo4mNNCBVM/xXTIRGEKt1aQZdgL0ZeJq1qxT6v1G5rxXo1qyOPjtEJKiEbXaA6ukEN1EQUPaJn9IrejCfjxXg3PuajOSPbOUR/YHz+AL1TlbM=</latexit>

D(q2) ! ē(`0)

or

or
<latexit sha1_base64="qWkxCIVKuuL1OaekiDefbFa3YA4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WsgiEpRV1W3LisYB/QxDKZTtqhk2SYmQg1FH/FjQtF3Pof7vwbJ20W2nrgwuGce7n3Hp8zKpVtfxsLi0vLK6uFteL6xubWtrmz25RxIjBp4JjFou0jSRiNSENRxUibC4JCn5GWP7zO/NYDEZLG0Z0aceKFqB/RgGKktNQ196/uT8v8jB+fQFfF0IWWZRW7Zsm27AngPHFyUgI56l3zy+3FOAlJpDBDUnYcmysvRUJRzMi46CaScISHqE86mkYoJNJLJ9eP4ZFWejCIha5IwYn6eyJFoZSj0NedIVIDOetl4n9eJ1HBpZfSiCeKRHi6KEgY1H9mUcAeFQQrNtIEYUH1rRAPkEBY6cCyEJzZl+dJs2I551b1tlqqVfI4CuAAHIIycMAFqIEbUAcNgMEjeAav4M14Ml6Md+Nj2rpg5DN74A+Mzx/23pJJ</latexit>

A⇤(p� p0) ! ...

<latexit sha1_base64="3RraLqpog/pPezZXQii3OVT8reg=">AAACBHicdVDLSgMxFM3UV62vUZfdBIvYCpaZcWjrruLGZQX7gHYsmTTThmYeJBmhlC7c+CtuXCji1o9w59+YaUdQ0QOBwzn3cnOOGzEqpGF8aJml5ZXVtex6bmNza3tH391riTDmmDRxyELecZEgjAakKalkpBNxgnyXkbY7vkj89i3hgobBtZxExPHRMKAexUgqqa/nz2+Oi9FJdFSCPRnC7nDopEKu1NcLRvmsVrHsCjTKhlE1LTMhVtU+taGplAQFkKLR1997gxDHPgkkZkiIrmlE0pkiLilmZJbrxYJECI/RkHQVDZBPhDOdh5jBQ6UMoBdy9QIJ5+r3jSnyhZj4rpr0kRyJ314i/uV1Y+nVnCkNoliSAC8OeTGDKm7SCBxQTrBkE0UQ5lT9FeIR4ghL1VtOlfCVFP5PWlbZrJTtK7tQt9I6siAPDkARmKAK6uASNEATYHAHHsATeNbutUftRXtdjGa0dGcf/ID29glqDZVe</latexit>

A⇤(p� p0) ! [gg]⇤(p� p0)

<latexit sha1_base64="wZN3WoR3F56aiehXzWG3d2dq8HE=">AAAB6HicdVDLSsNAFL3xWeur6tLNYBFchSSGtO4Kbly2YB/QhjKZTtqxkwczE6GEfoEbF4q49ZPc+TdO2goqeuDC4Zx7ufeeIOVMKsv6MNbWNza3tks75d29/YPDytFxRyaZILRNEp6IXoAl5SymbcUUp71UUBwFnHaD6XXhd++pkCyJb9UspX6ExzELGcFKS63xsFK1zKu657geskzLqtmOXRCn5l66yNZKgSqs0BxW3gejhGQRjRXhWMq+baXKz7FQjHA6Lw8ySVNMpnhM+5rGOKLSzxeHztG5VkYoTISuWKGF+n0ix5GUsyjQnRFWE/nbK8S/vH6mwrqfszjNFI3JclGYcaQSVHyNRkxQovhME0wE07ciMsECE6WzKesQvj5F/5OOY9qe6bbcasNbxVGCUziDC7ChBg24gSa0gQCFB3iCZ+POeDRejNdl65qxmjmBHzDePgEr5Y0q</latexit>g

<latexit sha1_base64="wZN3WoR3F56aiehXzWG3d2dq8HE=">AAAB6HicdVDLSsNAFL3xWeur6tLNYBFchSSGtO4Kbly2YB/QhjKZTtqxkwczE6GEfoEbF4q49ZPc+TdO2goqeuDC4Zx7ufeeIOVMKsv6MNbWNza3tks75d29/YPDytFxRyaZILRNEp6IXoAl5SymbcUUp71UUBwFnHaD6XXhd++pkCyJb9UspX6ExzELGcFKS63xsFK1zKu657geskzLqtmOXRCn5l66yNZKgSqs0BxW3gejhGQRjRXhWMq+baXKz7FQjHA6Lw8ySVNMpnhM+5rGOKLSzxeHztG5VkYoTISuWKGF+n0ix5GUsyjQnRFWE/nbK8S/vH6mwrqfszjNFI3JclGYcaQSVHyNRkxQovhME0wE07ciMsECE6WzKesQvj5F/5OOY9qe6bbcasNbxVGCUziDC7ChBg24gSa0gQCFB3iCZ+POeDRejNdl65qxmjmBHzDePgEr5Y0q</latexit>g

<latexit sha1_base64="k979YheEpzrgqDwNtkzGZGUJyrg=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lKUY8FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9djY2t7Z3dgt7xf2Dw6Pj0slpW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzTRBP6IjyUPOqLFSByt9FOJqUCq7VXcBsk68nJQhR3NQ+uoPY5ZGKA0TVOue5ybGz6gynAmcFfupxoSyCR1hz1JJI9R+tjh3Ri6tMiRhrGxJQxbq74mMRlpPo8B2RtSM9ao3F//zeqkJb/2MyyQ1KNlyUZgKYmIy/50MuUJmxNQSyhS3txI2pooyYxMq2hC81ZfXSbtW9a6r9Yd6uVHL4yjAOVxABTy4gQbcQxNawGACz/AKb07ivDjvzseydcPJZ87gD5zPH5Lujwg=</latexit>

e(`)

<latexit sha1_base64="wEAlpEHjaxeyVThFQ/exjZ/nH8c=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHihewSoh5JvHjERB4Ju5LZoYEJs4/MzGrIhv/w4kFjvPov3vwbB9iDgpV0UqnqTneXHwuutG1/W7m19Y3Nrfx2YWd3b/+geHjUUlEiGTZZJCLZ8alCwUNsaq4FdmKJNPAFtv3xzcxvP6JUPArv9SRGL6DDkA84o9pID65PZYrTsotCnF/0iiW7Ys9BVomTkRJkaPSKX24/YkmAoWaCKtV17Fh7KZWaM4HTgpsojCkb0yF2DQ1pgMpL51dPyZlR+mQQSVOhJnP190RKA6UmgW86A6pHatmbif953UQPrr2Uh3GiMWSLRYNEEB2RWQSkzyUyLSaGUCa5uZWwEZWUaRNUwYTgLL+8SlrVinNZqd3VSvVqFkceTuAUyuDAFdThFhrQBAYSnuEV3qwn68V6tz4WrTkrmzmGP7A+fwDFBpH+</latexit>

ē(`0)

<latexit sha1_base64="ReZ63XV9PJBH+v8BXJfyqmHjaO4=">AAAB+XicbZDLSgMxFIYz9VbrbdSlm2AR6qbMlKIuC25cVrAXaIfhTJq2oUlmSDKFMvRN3LhQxK1v4s63MW1noa0/BD7+cw7n5I8SzrTxvG+nsLW9s7tX3C8dHB4dn7inZ20dp4rQFol5rLoRaMqZpC3DDKfdRFEQEaedaHK/qHemVGkWyyczS2ggYCTZkBEw1gpdtz8CIaCShCu4Dt2yV/WWwpvg51BGuZqh+9UfxCQVVBrCQeue7yUmyEAZRjidl/qppgmQCYxoz6IEQXWQLS+f4yvrDPAwVvZJg5fu74kMhNYzEdlOAWas12sL879aLzXDuyBjMkkNlWS1aJhybGK8iAEPmKLE8JkFIIrZWzEZgwJibFglG4K//uVNaNeq/k21/lgvN2p5HEV0gS5RBfnoFjXQA2qiFiJoip7RK3pzMufFeXc+Vq0FJ585R3/kfP4A4tCTIg==</latexit>

�(p�)

<latexit sha1_base64="TiKoBZ/lIpZxahDCpOhkQLfMgIw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEJSinosePFYwX5AG8pmu2mX7m7C7kYooT/CiwdFvPp7vPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0sbm1vVPereztHxweVY9POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2G07vc7z5RpVksH80soYHAY8kiRrCxUvdqgFzXrQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBbnDtHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnvaMQUJYbPLMFEMXsrIhOsMDE2oTwEf/XlddKpu/6123ho1Jr1Io4ynME5XIIPN9CEe2hBGwhM4Rle4c1JnBfn3flYtpacYuYU/sD5/AHt2Y30</latexit>

+ ...

<latexit sha1_base64="YcFkhVk2nPQN6DbvDGyy+pIxSBU="></latexit>

Mh+�!h0+e+ē ⇡ Mh!h0+[gg]⇤ ⌦H[gg]⇤+�!eē(M)
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q QCD factoriza'on of diffrac've             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="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, 2022

§ Two-gluon channel – Charmonium: 

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

B(p2)

<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)

or

or
<latexit sha1_base64="qWkxCIVKuuL1OaekiDefbFa3YA4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WsgiEpRV1W3LisYB/QxDKZTtqhk2SYmQg1FH/FjQtF3Pof7vwbJ20W2nrgwuGce7n3Hp8zKpVtfxsLi0vLK6uFteL6xubWtrmz25RxIjBp4JjFou0jSRiNSENRxUibC4JCn5GWP7zO/NYDEZLG0Z0aceKFqB/RgGKktNQ196/uT8v8jB+fQFfF0IWWZRW7Zsm27AngPHFyUgI56l3zy+3FOAlJpDBDUnYcmysvRUJRzMi46CaScISHqE86mkYoJNJLJ9eP4ZFWejCIha5IwYn6eyJFoZSj0NedIVIDOetl4n9eJ1HBpZfSiCeKRHi6KEgY1H9mUcAeFQQrNtIEYUH1rRAPkEBY6cCyEJzZl+dJs2I551b1tlqqVfI4CuAAHIIycMAFqIEbUAcNgMEjeAav4M14Ml6Md+Nj2rpg5DN74A+Mzx/23pJJ</latexit>

A⇤(p� p0) ! ...

<latexit sha1_base64="3RraLqpog/pPezZXQii3OVT8reg=">AAACBHicdVDLSgMxFM3UV62vUZfdBIvYCpaZcWjrruLGZQX7gHYsmTTThmYeJBmhlC7c+CtuXCji1o9w59+YaUdQ0QOBwzn3cnOOGzEqpGF8aJml5ZXVtex6bmNza3tH391riTDmmDRxyELecZEgjAakKalkpBNxgnyXkbY7vkj89i3hgobBtZxExPHRMKAexUgqqa/nz2+Oi9FJdFSCPRnC7nDopEKu1NcLRvmsVrHsCjTKhlE1LTMhVtU+taGplAQFkKLR1997gxDHPgkkZkiIrmlE0pkiLilmZJbrxYJECI/RkHQVDZBPhDOdh5jBQ6UMoBdy9QIJ5+r3jSnyhZj4rpr0kRyJ314i/uV1Y+nVnCkNoliSAC8OeTGDKm7SCBxQTrBkE0UQ5lT9FeIR4ghL1VtOlfCVFP5PWlbZrJTtK7tQt9I6siAPDkARmKAK6uASNEATYHAHHsATeNbutUftRXtdjGa0dGcf/ID29glqDZVe</latexit>

A⇤(p� p0) ! [gg]⇤(p� p0)

<latexit sha1_base64="wZN3WoR3F56aiehXzWG3d2dq8HE=">AAAB6HicdVDLSsNAFL3xWeur6tLNYBFchSSGtO4Kbly2YB/QhjKZTtqxkwczE6GEfoEbF4q49ZPc+TdO2goqeuDC4Zx7ufeeIOVMKsv6MNbWNza3tks75d29/YPDytFxRyaZILRNEp6IXoAl5SymbcUUp71UUBwFnHaD6XXhd++pkCyJb9UspX6ExzELGcFKS63xsFK1zKu657geskzLqtmOXRCn5l66yNZKgSqs0BxW3gejhGQRjRXhWMq+baXKz7FQjHA6Lw8ySVNMpnhM+5rGOKLSzxeHztG5VkYoTISuWKGF+n0ix5GUsyjQnRFWE/nbK8S/vH6mwrqfszjNFI3JclGYcaQSVHyNRkxQovhME0wE07ciMsECE6WzKesQvj5F/5OOY9qe6bbcasNbxVGCUziDC7ChBg24gSa0gQCFB3iCZ+POeDRejNdl65qxmjmBHzDePgEr5Y0q</latexit>g

<latexit sha1_base64="wZN3WoR3F56aiehXzWG3d2dq8HE=">AAAB6HicdVDLSsNAFL3xWeur6tLNYBFchSSGtO4Kbly2YB/QhjKZTtqxkwczE6GEfoEbF4q49ZPc+TdO2goqeuDC4Zx7ufeeIOVMKsv6MNbWNza3tks75d29/YPDytFxRyaZILRNEp6IXoAl5SymbcUUp71UUBwFnHaD6XXhd++pkCyJb9UspX6ExzELGcFKS63xsFK1zKu657geskzLqtmOXRCn5l66yNZKgSqs0BxW3gejhGQRjRXhWMq+baXKz7FQjHA6Lw8ySVNMpnhM+5rGOKLSzxeHztG5VkYoTISuWKGF+n0ix5GUsyjQnRFWE/nbK8S/vH6mwrqfszjNFI3JclGYcaQSVHyNRkxQovhME0wE07ciMsECE6WzKesQvj5F/5OOY9qe6bbcasNbxVGCUziDC7ChBg24gSa0gQCFB3iCZ+POeDRejNdl65qxmjmBHzDePgEr5Y0q</latexit>g

<latexit sha1_base64="k979YheEpzrgqDwNtkzGZGUJyrg=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lKUY8FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9djY2t7Z3dgt7xf2Dw6Pj0slpW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzTRBP6IjyUPOqLFSByt9FOJqUCq7VXcBsk68nJQhR3NQ+uoPY5ZGKA0TVOue5ybGz6gynAmcFfupxoSyCR1hz1JJI9R+tjh3Ri6tMiRhrGxJQxbq74mMRlpPo8B2RtSM9ao3F//zeqkJb/2MyyQ1KNlyUZgKYmIy/50MuUJmxNQSyhS3txI2pooyYxMq2hC81ZfXSbtW9a6r9Yd6uVHL4yjAOVxABTy4gQbcQxNawGACz/AKb07ivDjvzseydcPJZ87gD5zPH5Lujwg=</latexit>

e(`)

<latexit sha1_base64="3fLe0++TJmnjVNRr+E6m81Fi53U=">AAAB+3icbVBNS8NAEN34WetXrEcvi0VoLyUpRT0WvXisYD+gCWGznbZLN5uwuxFL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzwoQzpR3n29rY3Nre2S3sFfcPDo+O7ZNSR8WppNCmMY9lLyQKOBPQ1kxz6CUSSBRy6IaT27nffQSpWCwe9DQBPyIjwYaMEm2kwC7dVJKgXsWejjFUPOC8Gthlp+YsgNeJm5MyytEK7C9vENM0AqEpJ0r1XSfRfkakZpTDrOilChJCJ2QEfUMFiUD52eL2Gb4wygAPY2lKaLxQf09kJFJqGoWmMyJ6rFa9ufif10/18NrPmEhSDYIuFw1Tjs2j8yDwgEmgmk8NIVQycyumYyIJ1SauognBXX15nXTqNfey1rhvlJv1PI4COkPnqIJcdIWa6A61UBtR9ISe0St6s2bWi/VufSxbN6x85hT9gfX5A29xkro=</latexit>

B(p2) ! e(`)
<latexit sha1_base64="cTleKzPNEYHf49u23U4w0c4mCwk=">AAAB/HicbVBNT8JAEN3iF+JXlaOXjcQIF9ISoh5JuHjERMCENs12GWDD9sPdrUnT4F/x4kFjvPpDvPlvXKAHBV8yyct7M5mZ58ecSWVZ30ZhY3Nre6e4W9rbPzg8Mo9PejJKBIUujXgk7n0igbMQuoopDvexABL4HPr+tD33+48gJIvCO5XG4AZkHLIRo0RpyTPL7eqDZ9ewoyIMVQc4v6h5ZsWqWwvgdWLnpIJydDzzyxlGNAkgVJQTKQe2FSs3I0IxymFWchIJMaFTMoaBpiEJQLrZ4vgZPtfKEI8ioStUeKH+nshIIGUa+LozIGoiV725+J83SNTo2s1YGCcKQrpcNEo41p/Ok8BDJoAqnmpCqGD6VkwnRBCqdF4lHYK9+vI66TXq9mW9edustBp5HEV0is5QFdnoCrXQDeqgLqIoRc/oFb0ZT8aL8W58LFsLRj5TRn9gfP4A1qqS7A==</latexit>

C(q1) ! e(`0)
<latexit sha1_base64="y56wqkUPkv5TM4PXRe4rI3VuYnA=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQbupMKeqyoAtxVcE+oDMMmTRtg5lMTDJCGbpy46+4caGIW7/BnX9j2s5CWw8EDufcy805oWBUacf5tnJLyyura/n1wsbm1vaOvbvXUnEiMWnimMWyEyJFGOWkqalmpCMkQVHISDu8u5j47QciFY35rR4J4kdowGmfYqSNFNiHl6X7oFqGno7h9YknFC2JIJ2xcTmwi07FmQIuEjcjRZChEdhfXi/GSUS4xgwp1XUdof0USU0xI+OClygiEL5DA9I1lKOIKD+dxhjDY6P0YD+W5nENp+rvjRRFSo2i0ExGSA/VvDcR//O6ie6f+ynlItGE49mhfsKgyTzpBPaoJFizkSEIS2r+CvEQSYS1aa5gSnDnIy+SVrXinlZqN7VivZrVkQcH4AiUgAvOQB1cgQZoAgwewTN4BW/Wk/VivVsfs9Gcle3sgz+wPn8AffyXNg==</latexit>

D(q2) ! J/ (pJ/ )

<latexit sha1_base64="TiKoBZ/lIpZxahDCpOhkQLfMgIw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEJSinosePFYwX5AG8pmu2mX7m7C7kYooT/CiwdFvPp7vPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0sbm1vVPereztHxweVY9POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2G07vc7z5RpVksH80soYHAY8kiRrCxUvdqgFzXrQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBbnDtHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnvaMQUJYbPLMFEMXsrIhOsMDE2oTwEf/XlddKpu/6123ho1Jr1Io4ynME5XIIPN9CEe2hBGwhM4Rle4c1JnBfn3flYtpacYuYU/sD5/AHt2Y30</latexit>

+ ...

<latexit sha1_base64="G6FKDOEpVBsgYLwajMefDPPL0m0="></latexit>

Mh+e(`)!h0+e+J/ ⇡ Mh!h0+[gg]⇤ ⌦
⇥
H[gg]⇤+e!e+[cc̄] ⌦D[cc̄]!J/ 

⇤

<latexit sha1_base64="dZxhdWvfCWTiEVODi9KV8gcPH4c=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDjJeyGoB4DXjxGMA9IljA76U2GzM6uM7NCCPkJLx4U8ervePNvnCR70MSChqKqm+6uIBFcG9f9dtbWNza3tnM7+d29/YPDwtFxU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFSG0tdFOLislcoumV3DrJKvIwUIUO9V/jq9mOWRigNE1Trjucmxp9QZTgTOM13U40JZSM6wI6lkkao/cn83ik5t0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrPnSZ8rZEaMLaFMcXsrYUOqKDM2orwNwVt+eZU0K2Xvqly9rxZrlSyOHJzCGZTAg2uowR3UoQEMBDzDK7w5j86L8+58LFrXnGzmBP7A+fwB9UePOQ==</latexit>

e(`0)

<latexit sha1_base64="TiKoBZ/lIpZxahDCpOhkQLfMgIw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEJSinosePFYwX5AG8pmu2mX7m7C7kYooT/CiwdFvPp7vPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0sbm1vVPereztHxweVY9POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2G07vc7z5RpVksH80soYHAY8kiRrCxUvdqgFzXrQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBbnDtHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnvaMQUJYbPLMFEMXsrIhOsMDE2oTwEf/XlddKpu/6123ho1Jr1Io4ynME5XIIPN9CEe2hBGwhM4Rle4c1JnBfn3flYtpacYuYU/sD5/AHt2Y30</latexit>

+ ...
<latexit sha1_base64="FmOYlYRPnwoYopuoytXPFErEDJA=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpJliEuqlJKeqy4EZcVbAXaEOYTKft0MlkmJmIJeRV3LhQxK0v4s63cdpmoa0/DHz85xzOmT8UjCrtut/W2vrG5tZ2Yae4u7d/cGgfldoqTiQmLRyzWHZDpAijnLQ01Yx0hSQoChnphJObWb3zSKSiMX/QU0H8CI04HVKMtLECu3R30ReKVkSQLig7D+yyW3XnclbBy6EMuZqB/dUfxDiJCNeYIaV6niu0nyKpKWYkK/YTRQTCEzQiPYMcRUT56fz2zDkzzsAZxtI8rp25+3siRZFS0yg0nRHSY7Vcm5n/1XqJHl77KeUi0YTjxaJhwhwdO7MgnAGVBGs2NYCwpOZWB4+RRFibuIomBG/5y6vQrlW9y2r9vl5u1PI4CnACp1ABD66gAbfQhBZgeIJneIU3K7NerHfrY9G6ZuUzx/BH1ucP8JWTsg==</latexit>

J/ (pJ/ )
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GPDs – QCD Tomography

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

fi/h(x, ⇠, t;µ)

Factoriza8on

F.T.         to
<latexit sha1_base64="hjY2d+tOWAMuzyvws3albiHO2tY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4rtrXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZ37j09cGxGrFk4T7kd0pEQoGEUrPeCgNShX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXRqVe+qWr+vVxq1PI4inME5XIIH19CAO2hCGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gA4wo24</latexit>

tT
<latexit sha1_base64="3OdeRIJF5Etnnw6eiIv4qWgQdEo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4rtrXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmt3P/8QmV5rFsmWmCfkRHkoecUWOlh2DQGpQrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKpVb2rav2+XmnU8jiKcAbncAkeXEMD7qAJbWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QMdVo2m</latexit>

bT

at
<latexit sha1_base64="l1rUQwTUt82LnRDgF3W+1TIMaqU=">AAACA3icbVBLSwMxGMz6rPW16k0vwSJWxLJbinosePFYwT6gu5Zsmm1Ds5uQZMWyFLz4V7x4UMSrf8Kb/8a03YO2DgQmM99HMhMIRpV2nG9rYXFpeWU1t5Zf39jc2rZ3dhuKJxKTOuaMy1aAFGE0JnVNNSMtIQmKAkaaweBq7DfviVSUx7d6KIgfoV5MQ4qRNlLH3vceKPSE5EJzWBRn4vjk7hR65uJ07IJTciaA88TNSAFkqHXsL6/LcRKRWGOGlGq7jtB+iqSmmJFR3ksUEQgPUI+0DY1RRJSfTjKM4JFRujDk0pxYw4n6eyNFkVLDKDCTEdJ9NeuNxf+8dqLDSz+lsUg0ifH0oTBh0EQcFwK7VBKs2dAQhCU1f4W4jyTC2tSWNyW4s5HnSaNccs9LlZtKoVrO6siBA3AIisAFF6AKrkEN1AEGj+AZvII368l6sd6tj+nogpXt7IE/sD5/AC0sleI=</latexit>

⇠ / (p� p0)+ ! 0

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

Q2 � |t|

q Proton radii of quark and gluon spa8al distribu8on,            &        
<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)

Should             >            , or vice versa?   Could             saturate as               ? 
<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 But, all these observables are not very sensi8ve to the x-dependence!
Sensi8ve to the total momentum of the pair, not the rela8ve momentum

Blue and dashed 
Fit the same CFFs !
Phys.Rev. D103 (2021) 114019 

q Imagining spa8al distribu8on of quarks and gluons:
<latexit sha1_base64="h2wPf7+EhPM5qtSg5EUKkANYImw=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KUoh4LXjxWsK3QhLLZbNqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcqZ0o7zbVU2Nre2d6q7tb39g8Mj+7jeV0kmCe2RhCfyIcCKchbTnmaa04dUUiwCTgfB9GbuDx6pVCyJ7/Uspb7A45hFjGBtpJFd9yKJSR56io0FLvJQFyO74TSdBdA6cUvSgBLdkf3lhQnJBI014Vipoeuk2s+x1IxwWtS8TNEUkyke06GhMRZU+fni9gKdGyVEUSJNxRot1N8TORZKzURgOgXWE7XqzcX/vGGmo2s/Z3GaaRqT5aIo40gnaB4ECpmkRPOZIZhIZm5FZIJNGNrEVTMhuKsvr5N+q+leNtt37UanVcZRhVM4gwtw4Qo6cAtd6AGBJ3iGV3izCuvFerc+lq0Vq5w5gT+wPn8A0bKU6Q==</latexit>

d�

dt

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

t = (p� p0)2

DVCS: Q2 >> |t| DVMP DVQP 

x+ ξ x− ξ

p p′

q q′

x

γ∗ γ

x

γ∗

x+ ξ x− ξ

p p′

q

q′

xx+ ξ x− ξ

γ∗

p p′

q
q′
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GPDs – QCD Tomography

+  …

q Exclusive massive pair produc=on with high-PT (two-scale observables):

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

t = (p� p0)2SoG scale:

<latexit sha1_base64="/1ifKGwI1848F/23m4xr3xILI88=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpRV0W6sKFixb6giaEyWTSDp1M4sxEKKG48VfcuFDErV/hzr9x2mahrQcGDufcw517/IRRqSzr2yisrW9sbhW3Szu7e/sH5uFRV8apwKSDYxaLvo8kYZSTjqKKkX4iCIp8Rnr+uDHzew9ESBrztpokxI3QkNOQYqS05Jkn914bOsMhdO50KEBe5ogItho3U88sWxVrDrhK7JyUQY6mZ345QYzTiHCFGZJyYFuJcjMkFMWMTEtOKkmC8BgNyUBTjiIi3Wx+whSeayWAYSz04wrO1d+JDEVSTiJfT0ZIjeSyNxP/8wapCq/djPIkVYTjxaIwZVDFcNYHDKggWLGJJggLqv8K8QgJhJVuraRLsJdPXiXdasW+rNRatXK9mtdRBKfgDFwAG1yBOrgFTdABGDyCZ/AK3own48V4Nz4WowUjzxyDPzA+fwC535ZT</latexit>

qT � ⇤QCDHard scale:
in frame

<latexit sha1_base64="1vBsiINr6o3szUB7cvi2dJBorsg=">AAAB9XicbVBNTwIxEJ3FL8Qv1KOXRmLEA2SXEPVI4sUjJvKRwEq6pQsN3W7TdjWE8D+8eNAYr/4Xb/4bC+xBwZdM8vLeTGbmBZIzbVz328msrW9sbmW3czu7e/sH+cOjpo4TRWiDxDxW7QBrypmgDcMMp22pKI4CTlvB6Gbmtx6p0iwW92YsqR/hgWAhI9hY6UH2upKhEirKkjy/6OULbtmdA60SLyUFSFHv5b+6/ZgkERWGcKx1x3Ol8SdYGUY4nea6iaYSkxEe0I6lAkdU+5P51VN0ZpU+CmNlSxg0V39PTHCk9TgKbGeEzVAvezPxP6+TmPDanzAhE0MFWSwKE45MjGYRoD5TlBg+tgQTxeytiAyxwsTYoHI2BG/55VXSrJS9y3L1rlqoVdI4snACp1AED66gBrdQhwYQUPAMr/DmPDkvzrvzsWjNOOnMMfyB8/kDLTGQ9Q==</latexit>

p⇡ � (p� p0)

Factoriza=on:
<latexit sha1_base64="QZQVVsFh5s3VEHUXls7kpl+VQes=">AAAB+3icbVDLSsNAFJ3UV62vWpduBovgqiSlqMuCG5cV+oImhMl0kg6dPDpzI5Y0v+LGhSJu/RF3/o3Tx0JbD1w4nHMv997jJYIrMM1vo7C1vbO7V9wvHRweHZ+UTytdFaeSsg6NRSz7HlFM8Ih1gINg/UQyEnqC9bzx3dzvPTKpeBy1YZowJyRBxH1OCWjJLVcmbhvbQYBtNZGQzWCWu+WqWTMXwJvEWpEqWqHllr/sYUzTkEVABVFqYJkJOBmRwKlgeclOFUsIHZOADTSNSMiUky1uz/GlVobYj6WuCPBC/T2RkVCpaejpzpDASK17c/E/b5CCf+tkPEpSYBFdLvJTgSHG8yDwkEtGQUw1IVRyfSumIyIJBR1XSYdgrb+8Sbr1mnVdazw0qs36Ko4iOkcX6ApZ6AY10T1qoQ6i6Ak9o1f0ZuTGi/FufCxbC8Zq5gz9gfH5AxLYlHA=</latexit>

qT �
p
|t|

Introduced by G. Duplancic et al. 
JHEP 11 (2018) 179 

Introduced by Y. HaUa et al. 
Phys.Rev.LeU. 116 (2016) 202301

q Imagining spa=al distribu=on of quarks and gluons:

x+ ξ x− ξ

p p′

q q′

x

γ∗ γ

x

γ∗

x+ ξ x− ξ

p p′

q

q′

xx+ ξ x− ξ

γ∗

p p′

q
q′

Factoriza=on

x+ ξ x− ξ

p p′
GPD

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

iM ⇠
Z 1

�1
dxF (x, ⇠, t) · C(x, ⇠;Q/µ)

! ∼ loop momentum

#, x ∼ directly meassured

q Sensi=vity to ! comes from %(!, '; )/+):
DVCS:  

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

iM /
Z 1

�1
dx

F (x, ⇠, t)

x� ⇠ + i"
⌘ “F0(⇠, t)”

<latexit sha1_base64="tpQ/tjz6bU5/ZB8XaRa6jmQkn98="></latexit>

C(x, ⇠;Q/µ) / 1

x� ⇠ + i"

Not ideal if:
<latexit sha1_base64="nT+aWPMea7btqiwEpxs/NQBDQ7Y="></latexit>

C(x, ⇠;Q/µ) ) CQ(Q/µ) · Cx(x) · C⇠(⇠)
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Exclusive Massive Photon-Pair Produc5on in Meson-Baryon Collision
q Process:

<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)

x+ ξ x− ξ

p p′

π

pπ

N N ′

1− z

z

q1

q2

γ

γ

H

p′

pπ

!qT
q1

q2

p p

p′

pπ

q1

q2

x

GPD

q Factoriza5on:

[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

! ↔ #$

q Kinema5cal observables:  
• % = ' − ') *

• + = ('- − ')-)/('- + ')-)
Hard scale: 12 ≫ 4567
SoE  scale: % ∼ 4567*%, +, 12



25

Exclusive Massive Photon-Pair Produc5on in Meson-Meson Collision
q Hard part for A-type:

§ !"/!$%& provides sensi5vity to the DA’s func5onal form of '.

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

§ Gluon propagator

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

 = 4 q2T /ŝ
<latexit sha1_base64="rP5aPC6d+ogRLx6KzvyLfn3D8hw="></latexit>

q2 = � ŝ

4

⇥�
2z1 � 1�

p
1� 

� �
2z2 � 1�

p
1� 

�
+ 

⇤

k̂′

l̂′k̂

l̂

q

q1, µ

q2, ν

k1

k2

New

+⋯$%
<latexit sha1_base64="aVFd7Pn5KdWAIoosG1XoCUZ7p98="></latexit>

M /
Z 1

0
dz1 dz2

�(z1)�(z2)

(1� z1) (1� z2)
⇥�
2z1 � 1�

p
1� 

� �
2z2 � 1�

p
1� 

�
+ 

⇤

q Hard part for B-type:

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

M /
Z 1

0
dz1 dz1

�(z1)�(z2)

z1 (1� z1) z2 (1� z2)
⇠

Z 1

0
dz

�(z)

z (1� z)

�2

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

q2 = z2(1� z1)ŝ§ Gluon propagator

§ Not sensi5ve to DA func5onal form.

§ Relies on + ' = - at end points.

q

q1, µ q2, ν
k1 k2

Like “,me-like” 
form factor 

§ Sudakov resumma5on could suppress the end-point sensi5vity.

$% +⋯
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Numerical results
q DA parametriza1on:

<latexit sha1_base64="SY0dOzH0N7/48335UdxlkuDQaW8="></latexit>

�↵(z) =
i f⇡
2

·


z↵(1� z)↵

B(1 + ↵, 1 + ↵)

�

Change ! ⟹ Change # dependence

q “Total” cross sec1on: <latexit sha1_base64="SxXWXmRIyfG9zIQ/vILFDNl1JAQ="></latexit>

�tot =

Z p
s/2

1 GeV
dqT

d�

dqT
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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 evolu:on effect.
§ Tune $, % to control & shape.
§ Fix DA: ' ( = * (+.-. / − ( +.-.
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Numerical results

Rela.ve !" shape

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

�tot =

Z p
ŝ/2

1 GeV
dqT

d�

dtd⇠dqT

<latexit sha1_base64="CprzFBQOXvjFpxqdB9wf3epmsws="></latexit>

��1
totd�/dqT

some shape func

<latexit sha1_base64="T6rHjpoC/oNKwpvn7wj7f2AVCxU="></latexit>
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Exclusive Photo-Production of a p g Pair

q Process:

<latexit sha1_base64="V7hwcp3J6iVAZAGyRJXDlt6RL4w="></latexit>

ReO++ =(e1 � e2)
2


1� cos ✓

1 + cos ✓
· P x+ z � 2xz

2x z (1� x) (1� z)

�
+

�
e
2
1 � e

2
2

�  2

1� cos ✓
· P x� z

x z (1� x) (1� z)

�

� e1e2P
1� cos ✓

x z (1� x) (1� z)
· (xz + (1� x)(1� z)) (x(1� x) + z(1� z))

(2(1� x)(1� z)� (1 + cos ✓)xz) (2xz � (1 + cos ✓)(1� x)(1� z))

q Sensi5ve to ERBL region (complementary)

q Cancella5on of unwanted propagators & cosq dependence:

ξ−x−ξ− x

x
−ξ ξ0 1−1

+ξxxξ− x+ξ x−ξ
Also sensi5ve to DA 

in the bulk region.

Proved to be valid when 

<latexit sha1_base64="s6tRbSssPQ5U0ij2x/nNCw+qVKU=">AAACF3icbVDLSgMxFM34rPVVdekmWAQXUmZKUZeFunDhooW+oFOGTJq2ocnMNLkjlGn/wo2/4saFIm5159+YPhbaeiBwOOeeJPf4keAabPvbWlvf2NzaTu2kd/f2Dw4zR8d1HcaKshoNRaiaPtFM8IDVgINgzUgxIn3BGv6gNPUbD0xpHgZVGEWsLUkv4F1OCRjJy+SGXhW7vR529VBBMobxxL00ApiIxO69ualDvMRVEldKtxMvk7Vz9gx4lTgLkkULlL3Ml9sJaSxZAFQQrVuOHUE7IQo4FWySdmPNIkIHpMdahgZEMt1OZntN8LlROrgbKnMCwDP1dyIhUuuR9M2kJNDXy95U/M9rxdC9aSc8iGJgAZ0/1I0FhhBPS8IdrhgFMTKEUMXNXzHtE0UomCrTpgRneeVVUs/nnKtcoVLIFvOLOlLoFJ2hC+Sga1REd6iMaoiiR/SMXtGb9WS9WO/Wx3x0zVpkTtAfWJ8/ai6faQ==</latexit>

qT �
p

|t| & ⇤QCD

Introduced by G. Duplancic et al. [JHEP 11 (2018) 179], 

No contribu5on from gluon GPDs 

<latexit sha1_base64="0WL4fbjQKvWc+2ygn4y1SCZnvsc="></latexit>

�(p�) + h(p) ! ⇡±(q1) + �(q2) + h0(p0)
γ 1q

-z1

zp
H

2
q

ξx-ξx+
p'p

Hall D at JLab

<latexit sha1_base64="7ggzM8snyb+3rlBAKBk+s1gJb9g=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiSlqMuCG5cV+oImhslk0g6dSeLMRCwhOzf+ihsXirj1F9z5N07bLLT1wIXDOfdy7z1+wqhUlvVtlFZW19Y3ypuVre2d3T1z/6Ar41Rg0sExi0XfR5IwGpGOooqRfiII4j4jPX98NfV790RIGkdtNUmIy9EwoiHFSGnJM4+dUCCcBY6kQ47yLFAwcB4oDO689m0998yqVbNmgMvELkgVFGh55pcTxDjlJFKYISkHtpUoN0NCUcxIXnFSSRKEx2hIBppGiBPpZrM/cniqlQCGsdAVKThTf09kiEs54b7u5EiN5KI3Ff/zBqkKL92MRkmqSITni8KUQRXDaSgwoIJgxSaaICyovhXiEdLBKB1dRYdgL768TLr1mn1ea9w0qs16EUcZHIETcAZscAGa4Bq0QAdg8AiewSt4M56MF+Pd+Ji3loxi5hD8gfH5AwSEmVo=</latexit>

d�

dtd⇠dq2T

<latexit sha1_base64="gTEJ2PrPTURLbaXLHE0oj+NpR6Q=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqpKqAsZKLIxFog+piSrHcVqrdhLZN4gqygew8CssDCDEygew8Te4bQZoOZKto3POlX2Pnwiuwba/rdLa+sbmVnm7srO7t39QPTzq6jhVlHVoLGLV94lmgkesAxwE6yeKEekL1vMn1zO/d8+U5nF0B9OEeZKMIh5ySsBIw2rNDRWhWeBqPpIkzwLAgfvAzUVj7cKYAclNyq7bc+BV4hSkhgq0h9UvN4hpKlkEVBCtB46dgJcRBZwKllfcVLOE0AkZsYGhEZFMe9l8mRyfGSXAYazMiQDP1d8TGZFaT6VvkpLAWC97M/E/b5BCeOVlPEpSYBFdPBSmAkOMZ83ggCtGQUwNIVRx81dMx8S0A6a/iinBWV55lXQbdeei3rxt1lqNoo4yOkGn6Bw56BK10A1qow6i6BE9o1f0Zj1ZL9a79bGIlqxi5hj9gfX5A5ZXm+s=</latexit>

d�

dtd⇠d cos ✓
or

q Factoriza5on:
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Exclusive p0g Pair Produc0on

q Phenomenology:

§ Factorized helicity amplitude:

§ Pion distribu0on amplitude:

§ Model GPDs = simplified GK model:

q Sensi0vity on DAs (total – qT > 1 GeV):

<latexit sha1_base64="A8rPrIBaOOnlMBXbofCFSHaOIEg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9CwYvHCqYttKFstpt26WYTdidCKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphKYdB1v53CxubW9k5xt7S3f3B4VD4+aZkk04z7LJGJ7oTUcCkU91Gg5J1UcxqHkrfD8d3cbz9xbUSiHnGS8iCmQyUiwShayVd9cev2yxW36i5A1omXkwrkaPbLX71BwrKYK2SSGtP13BSDKdUomOSzUi8zPKVsTIe8a6miMTfBdHHsjFxYZUCiRNtSSBbq74kpjY2ZxKHtjCmOzKo3F//zuhlGN8FUqDRDrthyUZRJggmZf04GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10qpVvatq/aFeadTyOIpwBudwCR5cQwPuoQk+MBDwDK/w5ijnxXl3PpatBSefOYU/cD5/AEEwjkg=</latexit>

ni = 0o Taking 

o Parametrizing the forward limit as
<latexit sha1_base64="oWtrqNqfK8ku02SkODeZuGK6O3I=">AAAB8XicbVBNT8JAEJ3iF+IHqEcvG4kJHiQtIeqRxItHTOQjQiHbZQsbtttmd2sgDf/CiweN8eq/8ea/cYEeFHzJJC/vzWRmnhdxprRtf1uZjc2t7Z3sbm5v/+AwXzg6bqowloQ2SMhD2fawopwJ2tBMc9qOJMWBx2nLG9/O/dYTlYqF4kFPI+oGeCiYzwjWRnqc9HDJuZxc9Lx+oWiX7QXQOnFSUoQU9X7hqzsISRxQoQnHSnUcO9JugqVmhNNZrhsrGmEyxkPaMVTggCo3WVw8Q+dGGSA/lKaERgv190SCA6WmgWc6A6xHatWbi/95nVj7N27CRBRrKshykR9zpEM0fx8NmKRE86khmEhmbkVkhCUm2oSUMyE4qy+vk2al7FyVq/fVYq2SxpGFUziDEjhwDTW4gzo0gICAZ3iFN0tZL9a79bFszVjpzAn8gfX5A0MVj/U=</latexit>

xa(1� x)b

o Neglec0ng the D-term

q Sensi0vity on GPDs (a = 0.63):
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Exclusive p0g Pair Produc0on

q Phenomenology:

§ Factorized helicity amplitude:

§ Pion distribu0on amplitude:

§ Model GPDs = simplified GK model:

q Sensi0vity on DAs (total – qT > 1 GeV):

<latexit sha1_base64="A8rPrIBaOOnlMBXbofCFSHaOIEg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9CwYvHCqYttKFstpt26WYTdidCKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphKYdB1v53CxubW9k5xt7S3f3B4VD4+aZkk04z7LJGJ7oTUcCkU91Gg5J1UcxqHkrfD8d3cbz9xbUSiHnGS8iCmQyUiwShayVd9cev2yxW36i5A1omXkwrkaPbLX71BwrKYK2SSGtP13BSDKdUomOSzUi8zPKVsTIe8a6miMTfBdHHsjFxYZUCiRNtSSBbq74kpjY2ZxKHtjCmOzKo3F//zuhlGN8FUqDRDrthyUZRJggmZf04GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10qpVvatq/aFeadTyOIpwBudwCR5cQwPuoQk+MBDwDK/w5ijnxXl3PpatBSefOYU/cD5/AEEwjkg=</latexit>

ni = 0o Taking 

o Parametrizing the forward limit as
<latexit sha1_base64="oWtrqNqfK8ku02SkODeZuGK6O3I=">AAAB8XicbVBNT8JAEJ3iF+IHqEcvG4kJHiQtIeqRxItHTOQjQiHbZQsbtttmd2sgDf/CiweN8eq/8ea/cYEeFHzJJC/vzWRmnhdxprRtf1uZjc2t7Z3sbm5v/+AwXzg6bqowloQ2SMhD2fawopwJ2tBMc9qOJMWBx2nLG9/O/dYTlYqF4kFPI+oGeCiYzwjWRnqc9HDJuZxc9Lx+oWiX7QXQOnFSUoQU9X7hqzsISRxQoQnHSnUcO9JugqVmhNNZrhsrGmEyxkPaMVTggCo3WVw8Q+dGGSA/lKaERgv190SCA6WmgWc6A6xHatWbi/95nVj7N27CRBRrKshykR9zpEM0fx8NmKRE86khmEhmbkVkhCUm2oSUMyE4qy+vk2al7FyVq/fVYq2SxpGFUziDEjhwDTW4gzo0gICAZ3iFN0tZL9a79bFszVjpzAn8gfX5A0MVj/U=</latexit>

xa(1� x)b

o Neglec0ng the D-term

q Sensi0vity on GPDs (a = 0.63):
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Summary and Outlook

Thanks!

q Introduced the diffrac8ve               exclusive hard processes for extrac8ng GPDs, …

q Nucleon mass is the charge of gravita8onal force, impacts every sectors of our physical world! 

§ Mass is closely related to QCD trace anomaly and chiral symmetry breaking
§ Mass decomposi8on to matrix elements of quark/gluon fields is not unique
§ Single hadron matrix element of quark/gluon field operator is not physical observable

q Understanding the emergency of nucleon mass is a challenge:

Extract each of them from experimental observable(s) with controllable approxima7on - factoriza7on
<latexit sha1_base64="13Lm00+64hTxk7Luc6adPu2iolA=">AAAB7XicbVBNTwIxFHzFL8Qv1KOXRmLiiewiUY8kXjxiIkgCG9ItXah0203bNSEb/oMXDxrj1f/jzX9jgT0oOEmTycx76ZsJE8GN9bxvVFhb39jcKm6Xdnb39g/Kh0dto1JNWYsqoXQnJIYJLlnLcitYJ9GMxKFgD+H4ZuY/PDFtuJL3dpKwICZDySNOiXVSu9azCl/0yxWv6s2BV4mfkwrkaPbLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpd2TFs/V3xsZiY2ZxKGbjIkdmWVvJv7ndVMbXQcZl0lqmaSLj6JUYBdxFh0PuGbUiokjhGrubsV0RDSh1hVUciX4y5FXSbtW9S+r9bt6pVHL6yjCCZzCOfhwBQ24hSa0gMIjPMMrvCGFXtA7+liMFlC+cwx/gD5/AJkAjnM=</latexit>

2 ! 3

§ Provide both necessary and sufficient condi8ons for leading power factoriza8on
§ Including exis8ng/known processes for extrac8ng GPDs, ..
§ Iden8fy new factorizable exclusive processes for GPDs more sensi8ve to x-dependence

Introduce a path forward to iden7fy more factorizable exclusive processes for extrac7ng GPDs, and
mul7-parton correla7ons, …


