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Exclusive production of a massive pair of high-PT particles with                              :

+  …

<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
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Spatial Imaging of Hadron Structure

q Elastic e-p scattering – Electric charge distribution:

Proton 
EM Charge 

radius!

Proton

Neutron

q No color nucleon elastic form factor!

No proton color charge radius!
P P 0

q “Two-scale” exclusive observables:

DVMP DVHQ DVCS: Q2 >> |t| 
<latexit sha1_base64="FttHf0TQTtEsFtd0QecGsMObx9Q=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXjcTEi6QlRD2SePEIiXwkUMh22cKG7bbsbklIwz/x4kFjvPpPvPlvXKAHBV8yyct7M5mZ58ecKe0431Zua3tndy+/Xzg4PDo+sU/PmipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryxw8LvzWlUrFIPOlZTL0QDwULGMHaSH3brvfKqEsnCZuiGzTplft20Sk5S6BN4makCBlqffurO4hIElKhCcdKdVwn1l6KpWaE03mhmygaYzLGQ9oxVOCQKi9dXj5HV0YZoCCSpoRGS/X3RIpDpWahbzpDrEdq3VuI/3mdRAf3XspEnGgqyGpRkHCkI7SIAQ2YpETzmSGYSGZuRWSEJSbahFUwIbjrL2+SZrnk3pYq9UqxWs7iyMMFXMI1uHAHVXiEGjSAwBSe4RXerNR6sd6tj1VrzspmzuEPrM8fem6SOQ==</latexit>

Q2 ⌘ �q2
<latexit sha1_base64="Q4OSnw1rkanwrnd9EHrhCjYyi/c=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BItYD5bdUtSLUPDisYL9wHYt2TRtQ7PZkMwKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz8wIluAHX/XYyK6tr6xvZzdzW9s7uXn7/oGGiWFNWp5GIdCsghgkuWR04CNZSmpEwEKwZjG6mfvOJacMjeQ9jxfyQDCTvc0rASg9wXVTn6vTssdzNF9ySOwNeJl5KCihFrZv/6vQiGodMAhXEmLbnKvATooFTwSa5TmyYInREBqxtqSQhM34yu3iCT6zSw/1I25KAZ+rviYSExozDwHaGBIZm0ZuK/3ntGPpXfsKlioFJOl/UjwWGCE/fxz2uGQUxtoRQze2tmA6JJhRsSDkbgrf48jJplEveRalyVylUy2kcWXSEjlEReegSVdEtqqE6okiiZ/SK3hzjvDjvzse8NeOkM4foD5zPH7ygj50=</latexit>

t = (p� p0)2
<latexit sha1_base64="AK93yT/WvWsXMK6nq436loWB5No=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cW7Ads15JNs21oNlmSWaFs+zO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8MBHcgOt+OxubW9s7u4W94v7B4dFx6eS0bVSqKWtRJZTuhsQwwSVrAQfBuolmJA4F64Tju7nfeWLacCUfYJKwICZDySNOCVjJbz5WcW84xFOY9ktlt+IugNeJl5MyytHol756A0XTmEmgghjje24CQUY0cCrYrNhLDUsIHZMh8y2VJGYmyBYnz/ClVQY4UtqWBLxQf09kJDZmEoe2MyYwMqveXPzP81OIboOMyyQFJulyUZQKDArP/8cDrhkFMbGEUM3trZiOiCYUbEpFG4K3+vI6aVcr3nWl1qyV69U8jgI6RxfoCnnoBtXRPWqgFqJIoWf0it4ccF6cd+dj2brh5DNn6A+czx9R+ZCY</latexit>

Q2 � |t|

– Localized probe, but, sensitive to details of hadron structure
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QCD Tomography

q Imagining spatial distribution 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

GPDs: 

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

fi/h(x, ⇠, t;µ)

Factorization

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

DVCS: Q
2

>> |t| 

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

Q2 � |t|
DVMP DVHQ 

q Proton radii of quark and gluon spatial distribution,            &        

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

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

rg(x)

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 sensitive to the x-dependence!

Sensitive to the total momentum of the pair, not the relative momentum

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

+  …

q Exclusive massive pair production 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)2Soft 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)

Factorization:

<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. Hatta et al. 

Phys.Rev.Lett. 116 (2016) 202301
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Exclusive Massive Pair Production

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

2 ! 3

§ Key difference is the source of the hard scale (single virtual photon vs. massive two-particle pair)

q Exclusive massive pair production 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)2Soft 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)

Factorization:

<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|

q Similarity and difference from lepton-hadron exclusive processes:

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

t = (p� p0)2Soft scale:

Hard scale:

<latexit sha1_base64="xexRtmAQS2jQOKZFGQL7gVhz6I8=">AAACDHicbVBNS8MwGE7n15xfU49egkPw4mjHUC/CYB48eNjAfcDajTRNu7CkrUkqjLIf4MW/4sWDIl79Ad78N2ZbD7r5QsjD80HyPm7MqFSm+W3kVlbX1jfym4Wt7Z3dveL+QVtGicCkhSMWia6LJGE0JC1FFSPdWBDEXUY67qg+1TsPREgahXdqHBOHoyCkPsVIaWpQLDX7FXgFz+C9vu0ggPatDntokNqCw2b9etKvaJdZNmcDl4GVgRLIpjEoftlehBNOQoUZkrJnmbFyUiQUxYxMCnYiSYzwCAWkp2GIOJFOOltmAk8040E/EvqECs7Y34kUcSnH3NVOjtRQLmpT8j+tlyj/0klpGCeKhHj+kJ8wqCI4bQZ6VBCs2FgDhAXVf4V4iATCSvdX0CVYiysvg3albJ2Xq81qqVbJ6siDI3AMToEFLkAN3IAGaAEMHsEzeAVvxpPxYrwbH3Nrzsgyh+DPGJ8/nXOYzw==</latexit>

Q2 = �q2 � ⇤2
QCD

Factorization:

<latexit sha1_base64="g0ardlMbqjBpD5HrYJo/7SFIhlE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUY8FLx5bsB/QhrLZbtKlm03cnRRK2n/ixYMiXv0n3vw3btsctPXBwOO9GWbm+YngGhzn2ypsbe/s7hX3SweHR8cn9ulZW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vl/4nQlTmsfyEaYJ8yISSh5wSsBIA9tu4n4Y4r5+UpDNYDYf2GWn4iyBN4mbkzLK0RjYX/1hTNOISaCCaN1znQS8jCjgVLB5qZ9qlhA6JiHrGSpJxLSXLS+f4yujDHEQK1MS8FL9PZGRSOtp5JvOiMBIr3sL8T+vl0Jw52VcJikwSVeLglRgiPEiBjzkilEQU0MIVdzciumIKELBhFUyIbjrL2+SdrXi3lRqzVq5Xs3jKKILdImukYtuUR09oAZqIYom6Bm9ojcrs16sd+tj1Vqw8plz9AfW5w97DJOJ</latexit>

Q �
p

|t|

+  …

§ Allow x-dependence to flow through the production of the “pair”

§ Additional sensitivity from angular distribution of        

or         in the pair’s rest frame

<latexit sha1_base64="hnGpaPDzpQfCdCqccH5JPFUscmE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lZoQ9lsN+3SzSbuToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6IaCGS6F4CwVK/pBoTqNA8k4wvp75nSeujYjVPU4S7kd0qEQoGEUr3T32vX654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6Rdq3oX1fptvdKo5XEU4QRO4Rw8uIQG3EATWsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wf/FY2S</latexit>q1
<latexit sha1_base64="YDPwC+z0x5ZdUJCIemwCfMnIBQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGzAuSJcxOepMhs7PrzKwQlnyCFw+KePWLvPk3Th4HTSxoKKq66e4KEsG1cd1vJ7exubW9k98t7O0fHB4Vj09aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzvz2EyrNY9kwkwT9iA4lDzmjxkoPj/1Gv1hyy+4cZJ14S1KCJer94ldvELM0QmmYoFp3PTcxfkaV4UzgtNBLNSaUjekQu5ZKGqH2s/mpU3JhlQEJY2VLGjJXf09kNNJ6EgW2M6JmpFe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOwYbgrb68TlqVsndVrt5XS7XKMo48nME5XIIH11CDO6hDExgM4Rle4c0Rzovz7nwsWnPOcuYU/sD5/AE0MI21</latexit>qT
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q

q1, µ q2, ν
k1 k2

Like “time-like” 
form factor 

+⋯

k̂′

l̂′k̂

l̂

q

q1, µ

q2, ν

k1

k2

+⋯

q Much more sensitive to the x-dependence of DAs:

#$ #$

What about the factorization?

1-x

x

γ∗
q

P'P

π

π∗

q

P'P

γ∗

π∗p-p'

1

2

p

p
π

z

-z1
H

p'

q

q

H 1

2

-z1

z

p
π q

q
ξx-ξx+

p'p
<latexit sha1_base64="FnbpL3XHdV28zHPoQvt3MwPyfu8=">AAAB7nicbVBNS8NAFHypX7V+VT16WSyCp5KUoh4LXjxWsK3QhrLZbtqlm03YfRFK6I/w4kERr/4eb/4bN20O2jqwMMy8x76ZIJHCoOt+O6WNza3tnfJuZW//4PCoenzSNXGqGe+wWMb6MaCGS6F4BwVK/phoTqNA8l4wvc393hPXRsTqAWcJ9yM6ViIUjKKVejjAmLiVYbXm1t0FyDrxClKDAu1h9WswilkacYVMUmP6npugn1GNgkk+rwxSwxPKpnTM+5YqGnHjZ4tz5+TCKiMSxto+hWSh/t7IaGTMLArsZERxYla9XPzP66cY3viZUEmKXLHlR2Eqic2YZycjoTlDObOEMi3srYRNqKYMbUN5Cd5q5HXSbdS9q3rzvllrNYo6ynAG53AJHlxDC+6gDR1gMIVneIU3J3FenHfnYzlacoqdU/gD5/MHL+6Oxg==</latexit>

t ! 0

<latexit sha1_base64="A2DYIcyKmE0oskYWLDhvvNq2jss=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiVoplphR1IxTcuKxgL9CpJZNm2tBMJiQZsQxdufFV3LhQxK3P4M63MW1nodUfAh//OYeT8/uCUaUd58vKLCwuLa9kV3Nr6xubW/b2TkNFscSkjiMWyZaPFGGUk7qmmpGWkASFPiNNf3g5qTfviFQ04jd6JEgnRH1OA4qRNlbX3vfu6YUXSISTgjgRR8e3xbGh4oy6dt4pOVPBv+CmkAepal370+tFOA4J15ghpdquI3QnQVJTzMg458WKCISHqE/aBjkKieok0zPG8NA4PRhE0jyu4dT9OZGgUKlR6JvOEOmBmq9NzP9q7VgH552EchFrwvFsURAzqCM4yQT2qCRYs5EBhCU1f4V4gEwm2iSXMyG48yf/hUa55J6WKteVfLWcxpEFe+AAFIALzkAVXIEaqAMMHsATeAGv1qP1bL1Z77PWjJXO7IJfsj6+AaFbl0I=</latexit>

⇠ =
(p� p0)+

(p+ p0)+

<latexit sha1_base64="yFssagKxozjAHPHzWiWJI9JFWhA=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARK4UyU4q6EQpuXFawD2inJZNm2tBMJiQZoYyz8FfcuFDErb/hzr8xfSy09cCFwzn3cu89vmBUacf5tjIrq2vrG9nN3Nb2zu6evX/QUFEsManjiEWy5SNFGOWkrqlmpCUkQaHPSNMf3Uz85gORikb8Xo8F8UI04DSgGGkj9eyjWrd43QkkwklBFMXZebeYJuW0Z+edkjMFXCbunOTBHLWe/dXpRzgOCdeYIaXariO0lyCpKWYkzXViRQTCIzQgbUM5Conykun9KTw1Sh8GkTTFNZyqvycSFCo1Dn3TGSI9VIveRPzPa8c6uPISykWsCcezRUHMoI7gJAzYp5JgzcaGICypuRXiITJhaBNZzoTgLr68TBrlkntRqtxV8tXyPI4sOAYnoABccAmq4BbUQB1g8AiewSt4s56sF+vd+pi1Zqz5zCH4A+vzB/IIlLw=</latexit>

P+ =
(p+ p0)+

2

Momentum transfer:
<latexit sha1_base64="wrQSPslBwj16wzOdm6tQ+797B0E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyiF0tSinos6MFjBfsBTSib7aRdutnE3U2xlP4VLx4U8eof8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3c2vrG5lZ+u7Czu7d/YB8WmypOJYUGjXks2wFRwJmAhmaaQzuRQKKAQysY3sz81gikYrF40OME/Ij0BQsZJdpIXbvo3QLXBHvwmLIRTi6Ss65dcsrOHHiVuBkpoQz1rv3l9WKaRiA05USpjusk2p8QqRnlMC14qYKE0CHpQ8dQQSJQ/mR++xSfGqWHw1iaEhrP1d8TExIpNY4C0xkRPVDL3kz8z+ukOrz2J0wkqQZBF4vClGMd41kQuMckUM3HhhAqmbkV0wGRhGoTV8GE4C6/vEqalbJ7Wa7eV0u1ShZHHh2jE3SOXHSFaugO1VEDUfSEntErerOm1ov1bn0sWnNWNnOE/sD6/AHLrpOY</latexit>

� ⌘ p� p0

Leading power:
<latexit sha1_base64="2Chbdno5B4/fMuUmGqKleH/2VHI=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVoolKUXdCAVduKxgL9CkZTKdtkMnyTAzEUvozo2v4saFIm59BXe+jdM0C63+MPDxn3M4c36PMyqVZX0ZmYXFpeWV7GpubX1jc8vc3mnIMBKY1HHIQtHykCSMBqSuqGKkxQVBvsdI0xtdTuvNOyIkDYNbNebE9dEgoH2KkdJW19x3rghTqFOEF7Ds3FNYS7DAT/jRcafYNfNWyUoE/4KdQh6kqnXNT6cX4sgngcIMSdm2La7cGAlFMSOTnBNJwhEeoQFpawyQT6QbJ3dM4KF2erAfCv0CBRP350SMfCnHvqc7faSGcr42Nf+rtSPVP3djGvBIkQDPFvUjBlUIp6HAHhUEKzbWgLCg+q8QD5FAWOnocjoEe/7kv9Aol+zTUuWmkq+W0ziyYA8cgAKwwRmogmtQA3WAwQN4Ai/g1Xg0no03433WmjHSmV3wS8bHN9qClg8=</latexit>

�+ = 2⇠P+ = (p� p0)+

Hard scale:
Soft scale:

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

t = (p� p0)2

Exclusive Massive Photon-Pair Production with High-PT

q Form factor to GPDs:
<latexit sha1_base64="Un1R/YS5K7qNumc1ze8DdVCHl2k=">AAACHHicbVDLSgMxFM3UV62vqks3g0WcoVhmalGXBTeupIJ9QGccMmlaQ5OZmGSEMvRD3Pgrblwo4saF4N+YPhBtvRBycs693JwTckqkcpwvI7OwuLS8kl3Nra1vbG7lt3caMk4EwnUU01i0QigxJRGuK6IobnGBIQspbob985HevMdCkji6VgOOfQZ7EekSBJWmgvyxx8nNkcUDfdvFmsVtT8Wm14OMQesucO1i7udRtouXFj+0g3zBKTnjMueBOwUFMK1akP/wOjFKGI4UolDKtutw5adQKIIoHua8RGIOUR/2cFvDCDIs/XRsbmgeaKZjdmOhT6TMMft7IoVMygELdSeD6lbOaiPyP62dqO6Zn5KIJwpHaLKom1BT+x8lZXaIwEjRgQYQCaL/aqJbKCBSOs+cDsGdtTwPGuWSe1KqXFUK1fI0jizYA/vAAi44BVVwAWqgDhB4AE/gBbwaj8az8Wa8T1ozxnRmF/wp4/MbQZ6eSw==</latexit>

⇡�(p⇡) + P (p) ! �(q1) + �(q2) +N(p0)

<latexit sha1_base64="sPD3DmQrxOGAZOMVFoVtjn7EDoc=">AAACEHicbVDLSsNAFJ34rPVVdelmsIiuSlKKuiy4cVmhL2hKuJlO26EzSTpzI5SQT3Djr7hxoYhbl+78G9PHQlsP3MvhnHuZucePpDBo29/W2vrG5tZ2bie/u7d/cFg4Om6aMNaMN1goQ932wXApAt5AgZK3I81B+ZK3/NHt1G89cG1EGNRxEvGugkEg+oIBZpJXuBh7depKPqauGWtM3CFgYlIvcQegFMx7mua9QtEu2TPQVeIsSJEsUPMKX24vZLHiATIJxnQcO8JuAhoFkzzNu7HhEbARDHgnowEobrrJ7KCUnmdKj/ZDnVWAdKb+3khAGTNRfjapAIdm2ZuK/3mdGPs33UQEUYw8YPOH+rGkGNJpOrQnNGcoJxkBpkX2V8qGoIFhluE0BGf55FXSLJecq1LlvlKslhdx5MgpOSOXxCHXpEruSI00CCOP5Jm8kjfryXqx3q2P+eiatdg5IX9gff4AamidbQ==</latexit>

qT 
p

ŝ��
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Exclusive Massive Photon-Pair Production in Meson-Baryon Collision
q Massive photon pair:

<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)

q Observed momentum scales:
( in !! CM, with "# in −%& direction )

π−(pπ)

P (p)

N(p′)
γ(q1)

γ(q2)

<latexit sha1_base64="j8NMKJ+ZaihcXRiDxiP0l3kVeYc=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSoh5JvHjExAUMbEi3dKGh7S5t14Rs+BVePGiMV3+ON/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp377SeqNIvlg5kmNBB4KFnECDZWepz0QqyyyQz1yxW36i6A1omXkwrkaPbLX71BTFJBpSEca9313MQEGVaGEU5npV6qaYLJGA9p11KJBdVBtjh4hi6sMkBRrGxJgxbq74kMC62nIrSdApuRXvXm4n9eNzXRTZAxmaSGSrJcFKUcmRjNv0cDpigxfGoJJorZWxEZYYWJsRmVbAje6svrpFWrelfV+n290qjlcRThDM7hEjy4hgbcQRN8ICDgGV7hzVHOi/PufCxbC04+cwp/4Hz+AMOqkFg=</latexit>

qq̄

q Factorization – necessary conditions:

<latexit sha1_base64="tI94j5VoZw1U4808TQajb309S3Q=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgRsSwG4LaCAEtLCOYC2TXMDuZxCGzF2fOCmGT3sZXsbFQxNYXsPNtnFwKTfxh4OM/53Dm/F4kuALL+jZSC4tLyyvp1cza+sbmlrm9U1NhLCmr0lCEsuERxQQPWBU4CNaIJCO+J1jd612M6vUHJhUPgxvoR8z1STfgHU4JaKtlZp1LJoDcHuFznI+Oo4NDjU63ix11LyEZwGDYMnNWwRoLz4M9hRyaqtIyv5x2SGOfBUAFUappWxG4CZHAqWDDjBMrFhHaI13W1BgQnyk3Gd8yxPvaaeNOKPULAI/d3xMJ8ZXq+57u9AncqdnayPyv1oyhc+YmPIhiYAGdLOrEAkOIR8HgNpeMguhrIFRy/VdM74gkFHR8GR2CPXvyPNSKBfukULou5crFaRxptIeyKI9sdIrK6ApVUBVR9Iie0St6M56MF+Pd+Ji0pozpzC76I+PzBztpmUY=</latexit>

�+ = (p� p0)+ �
p
|t|

to be much shorter than the lifetime of the exchanged 
(or       )  state<latexit sha1_base64="dVV199qBzoUUFagFIgZcSd/Ti7Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0EEVkUK64VXcBsk68nFQgR3NQ/uoPE5bFKA0TVOue56bGn1JlOBM4K/UzjSllYxphz1JJY9T+dHHqjFxYZUjCRNmShizU3xNTGms9iQPbGVMz0qveXPzP62UmvPGnXKaZQcmWi8JMEJOQ+d9kyBUyIyaWUKa4vZWwEVWUGZtOyYbgrb68Ttq1qndVrd/XK41aHkcRzuAcLsGDa2jAHTShBQwieIZXeHOE8+K8Ox/L1oKTz5zCHzifP+I9jX8=</latexit>gg

p

p′ γ(q1)

γ(q2)

pπ
H

G
PD

DA
local

interaction

Distribution 
Amplitude

γ(q1)

γ(q2)

pπ
H

p

p′

π+∗

∆

a virtual "'

DA

( ∼ *"+

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

qT � ⇤QCD

<latexit sha1_base64="6Ec0cGuCwE3Z9qHNuBKu9vd2LzE=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahIpTdUtSLUPDisYL9gHYt2TTbhmazMckWSunv8OJBEa/+GG/+G9N2D9r6YODx3gwz8wLJmTau++1k1tY3Nrey27md3b39g/zhUUPHiSK0TmIeq1aANeVM0LphhtOWVBRHAafNYHg785sjqjSLxYMZS+pHuC9YyAg2VvL1TVF2O5JdyPPHcjdfcEvuHGiVeCkpQIpaN//V6cUkiagwhGOt254rjT/ByjDC6TTXSTSVmAxxn7YtFTii2p/Mj56iM6v0UBgrW8Kgufp7YoIjrcdRYDsjbAZ62ZuJ/3ntxITX/oQJmRgqyGJRmHBkYjRLAPWYosTwsSWYKGZvRWSAFSbG5pSzIXjLL6+SRrnkXZYq95VCtZzGkYUTOIUieHAFVbiDGtSBwBM8wyu8OSPnxXl3PhatGSedOYY/cD5/AF07kSU=</latexit>

s = (p⇡ + p)2
<latexit sha1_base64="PnYnzOnSO7xPB3KSiZXyghFZ6Ts=">AAACC3icbVDLSgMxFM34rPU16tJNaBEqQpkZiroRCm5cVrAPaOtwJ03b0GRmmmSEMnTvxl9x40IRt/6AO//G9LHQ1gP3cjjnXpJ7gpgzpR3n21pZXVvf2MxsZbd3dvf27YPDmooSSWiVRDySjQAU5SykVc00p41YUhABp/VgcD3x6w9UKhaFd3oU07aAXsi6jIA2km/nWn3QqRr7aasHQsCsj68KQ989G/re6b3n23mn6EyBl4k7J3k0R8W3v1qdiCSChppwUKrpOrFupyA1I5yOs61E0RjIAHq0aWgIgqp2Or1ljE+M0sHdSJoKNZ6qvzdSEEqNRGAmBei+WvQm4n9eM9Hdy3bKwjjRNCSzh7oJxzrCk2Bwh0lKNB8ZAkQy81dM+iCBaBNf1oTgLp68TGpe0T0vlm5L+bI3jyODjlEOFZCLLlAZ3aAKqiKCHtEzekVv1pP1Yr1bH7PRFWu+c4T+wPr8ARfmml0=</latexit>

ŝ�� = (q1 + q2)
2

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

t = (p� p0)2
<latexit sha1_base64="kS8d5eOt4WAR1K6mMnMI8TW+dlc=">AAACI3icbZDLSsNAFIYnXmu9RV26GSyCG0tSioogFNy4rNAbNCFMppN26GSSzkwKJeRd3PgqblwoxY0L38Vpm4Vt/WHg5zvnMOf8fsyoVJb1bWxsbm3v7Bb2ivsHh0fH5slpS0aJwKSJIxaJjo8kYZSTpqKKkU4sCAp9Rtr+8HFWb4+JkDTiDTWJiRuiPqcBxUhp5Jn3qRMiNfADOMq81G5k8AFewyVY0dAho4SOl3jDM0tW2ZoLrhs7NyWQq+6ZU6cX4SQkXGGGpOzaVqzcFAlFMSNZ0UkkiREeoj7pastRSKSbzm/M4KUmPRhEQj+u4Jz+nUhRKOUk9HXnbEe5WpvB/2rdRAV3bkp5nCjC8eKjIGFQRXAWGOxRQbBiE20QFlTvCvEACYSVjrWoQ7BXT143rUrZvilXn6ulWiWPowDOwQW4Aja4BTXwBOqgCTB4AW/gA3war8a7MTW+Fq0bRj5zBpZk/PwCGB+j6Q==</latexit>q1T = �q2T ⌘ qT

Requires the time of the hard collision    
<latexit sha1_base64="qRqdHpn9xP4yBykChMhs5Q4VmQU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU90tRT0WvHis0C9sl5JNs21okt0mWaEs/RdePCji1X/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O7mNza3tnfxuYW//4PCoeHzS0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY38399hNVmkWyYaYx9QUeShYygo2VHnuaCeRdTfqNfrHklt0F0DrxMlKCDPV+8as3iEgiqDSEY627nhsbP8XKMMLprNBLNI0xGeMh7VoqsaDaTxcXz9CFVQYojJQtadBC/T2RYqH1VAS2U2Az0qveXPzP6yYmvPVTJuPEUEmWi8KEIxOh+ftowBQlhk8twUQxeysiI6wwMTakgg3BW315nbQqZe+6XH2olmqVLI48nME5XIIHN1CDe6hDEwhIeIZXeHO08+K8Ox/L1pyTzZzCHzifP4U0kCA=</latexit>

⇠ 1/qT

Also needed to ensure perturbative pinch singularities 
to separate the physics at different scales
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Exclusive Massive Photon-Pair Production in Meson-Meson Collision
q A simpler process:

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

⇡(p1) + ⇡(p2) ! �(q1) + �(q2)
<latexit sha1_base64="42Lb2LVXdDDIbp+7URodM9bvo3A=">AAACH3icbVDLSgMxFM34dnxVXboJFqEilJlSqptCwY1LBauFzjjcSdM2mMykSUYoQ//Ejb/ixoUi4s6/MX0s1Hog4eSce7m5J5acaeN5X87C4tLyyurauruxubW9U9jdu9FppghtkpSnqhWDppwltGmY4bQlFQURc3ob35+P/dsHqjRLk2szlDQU0EtYlxEwVooKNV0vySiQDJ9geXxXwXW3NIj8k0FUmb6CPphcj6I86IEQML1HUaHolb0J8DzxZ6SIZriMCp9BJyWZoIkhHLRu+540YQ7KMMLpyA0yTSWQe+jRtqUJCKrDfLLfCB9ZpYO7qbInMXii/uzIQWg9FLGtFGD6+q83Fv/z2pnpnoU5S2RmaEKmg7oZxybF47BwhylKDB9aAkQx+1dM+qCAGBupa0Pw/648T24qZb9Wrl5Vi43KLI41dIAOUQn56BQ10AW6RE1E0CN6Rq/ozXlyXpx352NauuDMevbRLzhf31x2oCY=</latexit>

s = (p⇡ + p)2 = (q1 + q2)
2 = ŝ��

Single scale observable 
– QCD collinear factorization 

<latexit sha1_base64="OfIMWRMra3wvn1Antku+Ixo58GE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWNF+wFtKJvtpF272YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbT6g0j+WDmSToR3QoecgZNVa6F/3HfqnsVtw5yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbus1O5q5Xo1j6MAp3AGF+DBFdThFhrQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwBN6o3G</latexit>

lj

<latexit sha1_base64="oHD6R0UsXxsVaR4lF2uTaVvP1gs=">AAACDnicbZDLSsNAFIYn9VbrLerSTbAUKkhJSlGXBTcuK9hWaEI5mUzaoZMLMydCCX0CN76KGxeKuHXtzrdxello6w8DH/85hzPn91PBFdr2t1FYW9/Y3Cpul3Z29/YPzMOjjkoySVmbJiKR9z4oJnjM2shRsPtUMoh8wbr+6Hpa7z4wqXgS3+E4ZV4Eg5iHnAJqq29W3FACzQNX8UEEEw00US4OGcKk6o4gTeFcnfXNsl2zZ7JWwVlAmSzU6ptfbpDQLGIxUgFK9Rw7RS8HiZwKNim5mWIp0BEMWE9jDBFTXj47Z2JVtBNYYSL1i9Gaub8ncoiUGke+7owAh2q5NjX/q/UyDK+8nMdphiym80VhJixMrGk2VsAloyjGGoBKrv9q0SHofFAnWNIhOMsnr0KnXnMuao3bRrlZX8RRJCfklFSJQy5Jk9yQFmkTSh7JM3klb8aT8WK8Gx/z1oKxmDkmf2R8/gD2Epyf</latexit>

d�

d cos ✓
(, s)

<latexit sha1_base64="zw6meuDP6miEw9+ebMVccPCJx2I=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWoICUpRV0W3Lis0Bc0IdxMJu3QycOZiVBCdm78FTcuFHHrL7jzb5y2WWj1wIXDOfdy7z1ewqiQpvmllVZW19Y3ypuVre2d3T19/6An4pRj0sUxi/nAA0EYjUhXUsnIIOEEQo+Rvje5nvn9e8IFjaOOnCbECWEU0YBikEpy9WM74IAz3xZ0FEKe+XduJ6/ZE0gSOBdnrl416+Ycxl9iFaSKCrRd/dP2Y5yGJJKYgRBDy0ykkwGXFDOSV+xUkATwBEZkqGgEIRFONv8jN06V4htBzFVF0pirPycyCIWYhp7qDEGOxbI3E//zhqkMrpyMRkkqSYQXi4KUGTI2ZqEYPuUESzZVBDCn6lYDj0EFI1V0FRWCtfzyX9Jr1K2LevO2WW01ijjK6AidoBqy0CVqoRvURl2E0QN6Qi/oVXvUnrU37X3RWtKKmUP0C9rHNx8xmWo=</latexit>

d�

dqT
(, s)

q Perturbative pinch singularities:

<latexit sha1_base64="tI94j5VoZw1U4808TQajb309S3Q=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgRsSwG4LaCAEtLCOYC2TXMDuZxCGzF2fOCmGT3sZXsbFQxNYXsPNtnFwKTfxh4OM/53Dm/F4kuALL+jZSC4tLyyvp1cza+sbmlrm9U1NhLCmr0lCEsuERxQQPWBU4CNaIJCO+J1jd612M6vUHJhUPgxvoR8z1STfgHU4JaKtlZp1LJoDcHuFznI+Oo4NDjU63ix11LyEZwGDYMnNWwRoLz4M9hRyaqtIyv5x2SGOfBUAFUappWxG4CZHAqWDDjBMrFhHaI13W1BgQnyk3Gd8yxPvaaeNOKPULAI/d3xMJ8ZXq+57u9AncqdnayPyv1oyhc+YmPIhiYAGdLOrEAkOIR8HgNpeMguhrIFRy/VdM74gkFHR8GR2CPXvyPNSKBfukULou5crFaRxptIeyKI9sdIrK6ApVUBVR9Iie0St6M56MF+Pd+Ji0pozpzC76I+PzBztpmUY=</latexit>

�+ = (p� p0)+ �
p
|t|

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

qT � ⇤QCD and
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Exclusive Massive Photon-Pair Production in Meson-Meson Collision
q Factorization:

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

⇡(p1) + ⇡(p2) ! �(q1) + �(q2)

§ Leading region

· · ·

...· · ·

...

π+

π−

C1

C2

S H

+

−

q1

q2

§ Approximations
π+

π−

C1

C2

S H

§ Ward identity for collinear gluons
π+

π−

C1

C2

S H

· · ·

· · ·

...

...

§ Ward identity for soft gluons π+

π−

C1

C2

S H

o Soft gluons are as if attached 
to a “closed fermion loop”

o Sum over diagrams
⟹ " = $

Soft gluons cancel because 
collinear parton lines are in 
color singlet states.

(Collinear factorization)
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Exclusive Massive Photon-Pair Production in Meson-Meson Collision
q Factorization:

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

⇡(p1) + ⇡(p2) ! �(q1) + �(q2)

p1

π+

...

q1

q2

C1 H

π−

p2

... C2

z1p
+
1

(1 − z1)p
+
1

(1− z2)p
−
2

z2p
−
2

<latexit sha1_base64="3/4FhyRK75BuaBakA9RQKvSCkOI="></latexit>

M =
s

2

Z 1

0
dz1dz2 �⇡+(z1)�⇡�(z2) · Tr


�5�

�

2
H(k̂1, k̂2; q1, q2;µ)

�5�
+

2

�
+O

✓
m⇡

qT

◆ <latexit sha1_base64="U/FDASRQiakUcBORYqxc732dxtQ="></latexit>

d�

dqT
/ |M|2

γ5γ
−

2
γ5γ

+

2

q1

q2

H

z1p
+
1

(1− z1)p
+
1

(1− z2)p
−
2

z2p
−
2

<latexit sha1_base64="VxTy0URBSk2behZy10gkDMvpUC0="></latexit>

C

✓
z1, z2;

q2T
s
;
q2T
µ2

◆
=

q Hadron functions: distribution amplitudes (DA):

!"# $ = !"& $ = !($)
are universal DAs

q Hard coefficient

<latexit sha1_base64="dy9JwTaifRsZMPGt3NoQ10Md3j0="></latexit>

�⇡+(z1) =

Z
dx�

4⇡
ei z1 p+

1 x�
h0| d̄(0) �+�5 W (0, x�)u(x�) |⇡+(p1)i

�⇡�(z2) =

Z
dx+

4⇡
ei z2 p�

2 x+

h0| ū(0) ���5 W (0, x+) d(x+) |⇡�(p2)i

<latexit sha1_base64="txiHTdlElP3UNuecftm5QI5bYO0="></latexit>

�5�
±

Projections (for "∓):
1. Spin-0
2. P-odd
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Exclusive Massive Photon-Pair Production in Meson-Meson Collision
q Hard part for A-type:

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

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

§ Gluon propagator

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

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

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 sensitive to DA functional form.

§ Relies on + ' = - at end points.

q

q1, µ q2, ν
k1 k2

Like “time-like” 
form factor 

§ Sudakov resummation could suppress the end-point sensitivity.

$% +⋯
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Exclusive Massive Photon-Pair Production in Meson-Meson Collision
q DA parametrization:

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

�↵(z) =
i f⇡
2

·


z↵(1� z)↵

B(1 + ↵, 1 + ↵)

�

� = 0.3

� = 0.5

� = 0.63

� = 0.8

� = 1

� = 1.6

� = 2

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.5

1.0

1.5

z

�
(z
)

Change !
⟹ Change # dependence

<latexit sha1_base64="jbovzHa1Wl6OP1akCctGDBylPWU=">AAACHnicbZDLSsNAFIYnXmu9RV26GSyCIJSk1MtGaOvGZYXeoAlhMp20Q2eSMDMRSsiTuPFV3LhQRHClb2PSRtTWHwY+/nMOZ87vhoxKZRif2tLyyuraemGjuLm1vbOr7+13ZBAJTNo4YIHouUgSRn3SVlQx0gsFQdxlpOuOr7N6944ISQO/pSYhsTka+tSjGKnUcvQzS9IhR05sCQ5bgUrgFcytOjz9xsYPxvVGUnT0klE2poKLYOZQArmajv5uDQIcceIrzJCUfdMIlR0joShmJClakSQhwmM0JP0UfcSJtOPpeQk8Tp0B9AKRPl/Bqft7IkZcygl3006O1EjO1zLzv1o/Ut6lHVM/jBTx8WyRFzGoAphlBQdUEKzYJAWEBU3/CvEICYRVmmgWgjl/8iJ0KmXzvFy9rZZqlTyOAjgER+AEmOAC1MANaII2wOAePIJn8KI9aE/aq/Y2a13S8pkD8EfaxxeF5KDL</latexit>

�Tot = �A + �B + �AB

q $% distribution:
<latexit sha1_base64="Q5V3cfekTrEdYA/sAuJ/oAVQYWc="></latexit>

d�

dqT
⇠ |�(z)|2

� = 0.3

� = 0.5

� = 0.63

� = 0.8

� = 1

� = 1.6

� = 2

1.0 1.2 1.4 1.6 1.8 2.0

0.90

0.95

1.00

1.05

1.10

qT (GeV)

�
A-

1
d
�

A
/d

q
T

�
a

s
-

1
d
�

a
s
/d

q
T

S = 4 GeV

1.0 1.2 1.4 1.6 1.8 2.0
0.95
1.00
1.05
1.10
1.15

B

A: photons from two quark lines
B: photons from one quark line

� =0.3 � =0.5 � =0.63

� =0.8 � =1 � =1.6

� =2

1.0 1.2 1.4 1.6 1.8 2.0

0.98

1.00

1.02

1.04

1.06

qT (GeV)

�
to

t
-

1
d
�
/d

q
T

�
a

s
-

1
d
�

a
s
/d

q
T

S = 4 GeV

�tot(3GeV)

�tot(4GeV)

�tot(5GeV)

�tot(6GeV)

0.5 1.0 1.5 2.0
1

5

10

50

100

�

s
2
�

to
t(
×

1
0

3
p

b
·G

eV
4
)

3.0 3.5 4.0 4.5 5.0 5.5 6.0

10

20

50

S (GeV)

s
2
�

to
t
(×

1
0

3
p

b
·G

eV
4
)

� = 0.3

� = 0.63

� = 1

<latexit sha1_base64="SxXWXmRIyfG9zIQ/vILFDNl1JAQ="></latexit>

�tot =

Z p
s/2

1 GeV
dqT

d�

dqTTotal: <latexit sha1_base64="jbovzHa1Wl6OP1akCctGDBylPWU=">AAACHnicbZDLSsNAFIYnXmu9RV26GSyCIJSk1MtGaOvGZYXeoAlhMp20Q2eSMDMRSsiTuPFV3LhQRHClb2PSRtTWHwY+/nMOZ87vhoxKZRif2tLyyuraemGjuLm1vbOr7+13ZBAJTNo4YIHouUgSRn3SVlQx0gsFQdxlpOuOr7N6944ISQO/pSYhsTka+tSjGKnUcvQzS9IhR05sCQ5bgUrgFcytOjz9xsYPxvVGUnT0klE2poKLYOZQArmajv5uDQIcceIrzJCUfdMIlR0joShmJClakSQhwmM0JP0UfcSJtOPpeQk8Tp0B9AKRPl/Bqft7IkZcygl3006O1EjO1zLzv1o/Ut6lHVM/jBTx8WyRFzGoAphlBQdUEKzYJAWEBU3/CvEICYRVmmgWgjl/8iJ0KmXzvFy9rZZqlTyOAjgER+AEmOAC1MANaII2wOAePIJn8KI9aE/aq/Y2a13S8pkD8EfaxxeF5KDL</latexit>

�Tot = �A + �B + �AB
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x3

p π−

n
t

S
p

n

π−

x3

t

S

DGLAP regionERBL region

π∗p-p'

1

2

p

p
π

z

-z1
H

p'

q

q

H 1

2

-z1

z

p
π q

q
ξx-ξx+

p'p

o Different soft 
structures

o Factorization proof 
needs to be modified

<latexit sha1_base64="UeZsxPmm6IQ3Ar/28LGM7YOLtv0="></latexit>

M = GPD⌦DA⌦Hard

Exclusive Massive Photon-Pair Production in Meson-Baryon Collision
q Factorization:

<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) Additional region: DGLAP region!

!"/$ corresponds to %&'( ⊃ (+, -)
!/!"/$ corresponds to 0%&'( ⊃ (0+, 0-)

q Additional channels – more GPDs:

γ5γ
+

2
H

(1 − z2)p
−
2

z2p
−
2

z1∆+

(1 − z1)∆+

<latexit sha1_base64="EgYmtOaf9xcLfDS5AhQzcrslcM8="></latexit>

��/2

<latexit sha1_base64="AQrKviA22y3v/i4lOenGW6f/6/I="></latexit>

�5�
�/2

or

<latexit sha1_base64="b8ylCWSSuYZSdgYaXPDCe8rN954="></latexit>

d�

dt d⇠ dq2T
/ |M|2q Factorization formula:
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q GPD models – simplified GK model:

Exclusive Massive Photon-Pair Production in Meson-Baryon Collision

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

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

B(1 + ⇢, 1 + ⌧)

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

B(1 + ⇢, 1 + ⌧)

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

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.5

1.0

1.5

x

x
H
(x
,ξ
,t
) t = -0.1 GeV2 (-0.5, 3)

(-0.3, 2.24)

(0.5, 2)

(0.8, 1.2)

(1, 0.5)

(1.5, 0.3)

($, %)

q Normalized 34 distribution:
<latexit sha1_base64="gY9zrokeQrdFHCkvDcwaFk+4+Cg="></latexit>

d�

dt d⇠ dq2T
⇠ |H(x, ⇠, t)|2

(ρ, τ) = (-0.5, 3)

(ρ, τ) = (-0.3, 2.24)

(ρ, τ) = (0.5, 2)

(ρ, τ) = (0.8, 1.2)

(ρ, τ) = (0.9, 0.5)

(ρ, τ) = (1.5, 0.3)
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-
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σ
-
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dσ
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e
to

(0
.5
,2
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(-0.3, 2.24)

(0.5, 2)
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(0.9, 0.5)

(1.5, 0.3)
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σ
-
1
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/d
q T2
re
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tiv
e
to

(0
.5
,2

) t = -0.01GeV2, ξ = 0.017

!5 = /6+ GeV
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q GPD models – modified GK model:

Exclusive Massive Photon-Pair Production in Meson-Baryon Collision

<latexit sha1_base64="IdG+CDp+yjd8RrTvJm5GALjeG+Q="></latexit>

w(�,↵) =
�(2n+ 2)

22n+1�2(n+ 1)

⇥
(1� |�|)2 � ↵2

⇤n

(1� |�|)2n+1

<latexit sha1_base64="iLa0kEfKMfANTt485c9VBin+1dE="></latexit>

f(�,↵, t) = e(b+↵0 ln |�|�1)t · h(�) · w(�,↵)

<latexit sha1_base64="P3ZlQF56blZUIMUDw7GikHwYcFY="></latexit>

H(x, ⇠, t) =

Z
d� d↵ �(x� � � ⇠↵) f(�,↵, t) ξ = 0.1

ξ = 0.2

ξ = 0.3

-1.0 -0.5 0.0 0.5 1.0
0.0

0.5

1.0

1.5

2.0

x

H
(x
,ξ
,t
)

t = - 0.2 GeV2

(ρ, τ) = (-0.3, 2.24)

n = ∞

ξ = 0.1

ξ = 0.2

ξ = 0.3

-1.0 -0.5 0.0 0.5 1.0
0.0

0.5

1.0

1.5

2.0

x

H
(x
,ξ
,t
)

t = - 0.2 GeV2

(ρ, τ) = (-0.3, 2.24)

n = 0

ξ = 0.1

ξ = 0.2

ξ = 0.3

-1.0 -0.5 0.0 0.5 1.0
0.0

0.5

1.0

1.5

2.0

x

H
(x
,ξ
,t
)

t = - 0.2 GeV2

(ρ, τ) = (-0.3, 2.24)

n = 1

• Change ! to change " dependence
• Choose ! = $, &,∞

q " distribution (integrate out ()):

n = 0

n = 1

n = ∞

0.05 0.10 0.15 0.20 0.25 0.30

0.05

0.10

0.50

1

ξ

ξ4
/(
1-

ξ2
)2
×
dσ

/d
ξ

t = -0.45 GeV2
n = 0

n = 1

n = ∞

0.05 0.10 0.15 0.20 0.25 0.30
0.6

0.8

1.0

1.2

1.4

ξ

re
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tiv
e
dσ

/d
ξ
w
.r.
t.
n
=
∞

t = -0.45 GeV2

<latexit sha1_base64="vg6fQjt3scJd/p1bCRwdY0sctqQ="></latexit>

d�

dt d⇠ dq2T
⇠ |H(x, ⇠, t)|2

<latexit sha1_base64="nHA2F7GmFunBoYKMKcTKH0T0mf4=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaQUdVlwocsKfUETwmR60w6dPJyZiCXET3HjQhG3/og7/8Zpm4W2HrhwOOde7r3HTziTyrK+jbX1jc2t7dJOeXdv/+DQPKp0ZZwKCh0a81j0fSKBswg6iikO/UQACX0OPX9yPfN7DyAki6O2mibghmQUsYBRorTkmZV7r+2MANtPmSNCfAPd3DOrVs2aA68SuyBVVKDlmV/OMKZpCJGinEg5sK1EuRkRilEOedlJJSSETsgIBppGJATpZvPbc3ymlSEOYqErUniu/p7ISCjlNPR1Z0jUWC57M/E/b5Cq4MrNWJSkCiK6WBSkHKsYz4LAQyaAKj7VhFDB9K2YjokgVOm4yjoEe/nlVdKt1+yLWuOuUW3WizhK6ASdonNko0vURLeohTqIokf0jF7Rm5EbL8a78bFoXTOKmWP0B8bnDxPyk8g=</latexit>

qT � 1 GeV
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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 Sensitive to ERBL region (complementary)

q Cancellation of unwanted propagators & cosq dependence:

ξ−x−ξ− x

x
−ξ ξ0 1−1

+ξxxξ− x+ξ x−ξ
Also sensitive 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 contribution 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 Factorization:
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Exclusive p0g Pair Production
q Phenomenology:

§ Factorized helicity amplitude:

§ Pion distribution amplitude:

§ Model GPDs = simplified GK model:

q Sensitivity 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 Neglecting the D-term

q Sensitivity on GPDs (a = 0.63):
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<latexit sha1_base64="oWtrqNqfK8ku02SkODeZuGK6O3I=">AAAB8XicbVBNT8JAEJ3iF+IHqEcvG4kJHiQtIeqRxItHTOQjQiHbZQsbtttmd2sgDf/CiweN8eq/8ea/cYEeFHzJJC/vzWRmnhdxprRtf1uZjc2t7Z3sbm5v/+AwXzg6bqowloQ2SMhD2fawopwJ2tBMc9qOJMWBx2nLG9/O/dYTlYqF4kFPI+oGeCiYzwjWRnqc9HDJuZxc9Lx+oWiX7QXQOnFSUoQU9X7hqzsISRxQoQnHSnUcO9JugqVmhNNZrhsrGmEyxkPaMVTggCo3WVw8Q+dGGSA/lKaERgv190SCA6WmgWc6A6xHatWbi/95nVj7N27CRBRrKshykR9zpEM0fx8NmKRE86khmEhmbkVkhCUm2oSUMyE4qy+vk2al7FyVq/fVYq2SxpGFUziDEjhwDTW4gzo0gICAZ3iFN0tZL9a79bFszVjpzAn8gfX5A0MVj/U=</latexit>
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Summary and Outlook

q Prove QCD factorization for a new type of exclusive two-scale observables 

– exclusive production of a pair of high-P
T

photons in meson-meson and meson-baryon collisions

o This process is factorizable and sensitive to pion DAs and hadron GPDs

o Complementary to the exclusive deep virtual lepton-hadron scattering processes, such as DVCS, DVMP, …

o The hard scale of the process is given by the transverse momentum of produced photon in the lab frame, 

not by a virtual photon in the exclusive lepton-hadron scattering

o More sensitive to the x-dependence of pion DA and hadron GPDs, …

q This process can be generated to similar factorizable exclusive two-scale observables that 

could be measured at JLab, J-PARC, Amber, EIC, EICC, …

Thank you!

o Photoproduction of pg, introduced by G. Duplancic et al.

o Polarization asymmetries of photoproduction can provide even more sensitive information GPDs

o More observables could be explored – hard part (the probe) should be sensitive to the 

momentum difference of the two active partons from the diffracted hadron


