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QCD Tomography
q Imagining spatial distribution of quarks and gluons – two-scale observables:

<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: Q2 >> |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)
<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="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
…
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QCD Tomography

<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

<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)
<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="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 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 

q Imagining spatial distribution of quarks and gluons – two-scale observables:

DVCS: Q2 >> |t| 
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Exclusive Massive Pair Production (EMPP)

DVMP DVHQ 

+  …

§ 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

DVCS: Q2 >> |t| 

q Imagining spatial distribution of quarks and gluons – two-scale observables:

<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|

<latexit sha1_base64="1ebdL5dQGOgfDpOjD/kk99ijkgU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCRShJKOqy4MZlC/YBbRom00k7dDJJZyaFErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe+/xY0alsqxvY219Y3NrO7eT393bPzg0j44bMkoEJnUcsUi0fCQJo5zUFVWMtGJBUOgz0vSHdzO/OSZC0og/qElM3BD1OQ0oRkpLnnla6zqwQ0YJHcPiyLOvRp5z2XU8s2CVrDngKrEzUgAZqp751elFOAkJV5ghKdu2FSs3RUJRzMg030kkiREeoj5pa8pRSKSbzu+fwgut9GAQCV1cwbn6eyJFoZST0NedIVIDuezNxP+8dqKCWzelPE4U4XixKEgYVBGchQF7VBCs2EQThAXVt0I8QAJhpSPL6xDs5ZdXScMp2delcq1cqDhZHDlwBs5BEdjgBlTAPaiCOsDgETyDV/BmPBkvxrvxsWhdM7KZE/AHxucPJXmUNg==</latexit>

Q2 ⌘ (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="AK93yT/WvWsXMK6nq436loWB5No=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cW7Ads15JNs21oNlmSWaFs+zO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8MBHcgOt+OxubW9s7u4W94v7B4dFx6eS0bVSqKWtRJZTuhsQwwSVrAQfBuolmJA4F64Tju7nfeWLacCUfYJKwICZDySNOCVjJbz5WcW84xFOY9ktlt+IugNeJl5MyytHol756A0XTmEmgghjje24CQUY0cCrYrNhLDUsIHZMh8y2VJGYmyBYnz/ClVQY4UtqWBLxQf09kJDZmEoe2MyYwMqveXPzP81OIboOMyyQFJulyUZQKDArP/8cDrhkFMbGEUM3trZiOiCYUbEpFG4K3+vI6aVcr3nWl1qyV69U8jgI6RxfoCnnoBtXRPWqgFqJIoWf0it4ccF6cd+dj2brh5DNn6A+czx9R+ZCY</latexit>

Q2 � |t|

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

<latexit sha1_base64="hnGpaPDzpQfCdCqccH5JPFUscmE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2lZoQ9lsN+3SzSbuToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6IaCGS6F4CwVK/pBoTqNA8k4wvp75nSeujYjVPU4S7kd0qEQoGEUr3T32vX654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6Rdq3oX1fptvdKo5XEU4QRO4Rw8uIQG3EATWsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wf/FY2S</latexit>q1§ Additional sensitivity from angular distribution of        
or         in the pair’s rest frame

<latexit sha1_base64="YDPwC+z0x5ZdUJCIemwCfMnIBQI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGzAuSJcxOepMhs7PrzKwQlnyCFw+KePWLvPk3Th4HTSxoKKq66e4KEsG1cd1vJ7exubW9k98t7O0fHB4Vj09aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzvz2EyrNY9kwkwT9iA4lDzmjxkoPj/1Gv1hyy+4cZJ14S1KCJer94ldvELM0QmmYoFp3PTcxfkaV4UzgtNBLNSaUjekQu5ZKGqH2s/mpU3JhlQEJY2VLGjJXf09kNNJ6EgW2M6JmpFe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOwYbgrb68TlqVsndVrt5XS7XKMo48nME5XIIH11CDO6hDExgM4Rle4c0Rzovz7nwsWnPOcuYU/sD5/AE0MI21</latexit>qT

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

qT � ⇤QCD

q

q1, µ q2, ν
k1 k2

Like “time-like” 
form factor 

+⋯
#$

k̂′

l̂′k̂

l̂

q

q1, µ

q2, ν

k1

k2

+⋯
#$

New
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Exclusive Massive Two-Photon Production
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)

H 1

2

-z1

z

p
π q

q
ξx-ξx+

p'p
π∗p-p'

1

2

p

p
π

z

-z1
H

p'

q

q
<latexit sha1_base64="CfekptkuGJxWTXfZAaNjYU+k8iM=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LblxWsA9oh5JJM21sJjMkd4Qy9B/cuFDErf/jzr8xbWehrQcCh3PuJfecIJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKbexjTNxBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni2tn5MIqQxLG2j6FZKH+3shoZMw0CuxkRHFsVr25+J/XSzG88TOhkhS5YsuPwlQSG3EenQyF5gzl1BLKtLC3EjammjK0BZVsCd5q5HXSrlW9q2r9vl5p1PI6inAG53AJHlxDA+6gCS1g8AjP8ApvTuy8OO/Ox3K04OQ7p/AHzucP+caOsg==</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)+

q Factorization – necessary conditions:

<latexit sha1_base64="MFqKYe1chn6kXkJNEvl2vbxtoVo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahIpQkFHUjFNy4bME+oEnDZDpph04enZkUSujSjb/ixoUibv0Ed/6N0zYLbT1w4XDOvdx7jxczKqRhfGu5tfWNza38dmFnd2//QD88aooo4Zg0cMQi3vaQIIyGpCGpZKQdc4ICj5GWN7yb+a0x4YJG4YOcxMQJUD+kPsVIKsnVT+tdC95Ce4BkKqY2GSV0DEsj17wcudZF13L1olE25oCrxMxIEWSoufqX3YtwEpBQYoaE6JhGLJ0UcUkxI9OCnQgSIzxEfdJRNEQBEU46f2QKz5XSg37EVYUSztXfEykKhJgEnuoMkByIZW8m/ud1EunfOCkN40SSEC8W+QmDMoKzVGCPcoIlmyiCMKfqVogHiCMsVXYFFYK5/PIqaVpl86pcqVeKVSuLIw9OwBkoARNcgyq4BzXQABg8gmfwCt60J+1Fe9c+Fq05LZs5Bn+gff4A5NCX8Q==</latexit>

Q2 = ŝ ⌘ (q1 + q2)
2Hard 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

<latexit sha1_base64="s5a/bjV/BtG+wDvLLtXd9J4ZlAM=">AAACE3icbVDLSgMxFM34rPU16tJNsAjiosyUoi4LdeHCRQv2AZ1aMmk6DU1mhuSOUKb9Bzf+ihsXirh1486/MX0stPVA4HDOuUnu8WPBNTjOt7Wyura+sZnZym7v7O7t2weHdR0lirIajUSkmj7RTPCQ1YCDYM1YMSJ9wRr+oDzxGw9MaR6FdzCMWVuSIOQ9TgkYqWOfe30CqR5jLwjwCEZeACYssXdr7uiSTuopiavl6/F9oWPnnLwzBV4m7pzk0ByVjv3ldSOaSBYCFUTrluvE0E6JAk4FG2e9RLOY0AEJWMvQkEim2+l0pzE+NUoX9yJlTgh4qv6eSInUeih9k5QE+nrRm4j/ea0EelftlIdxAiyks4d6icAQ4UlBuMsVoyCGhhCquPkrpn2iCAVTY9aU4C6uvEzqhbx7kS9Wi7lSYV5HBh2jE3SGXHSJSugGVVANUfSIntErerOerBfr3fqYRVes+cwR+gPr8weZTp3r</latexit>

ŝ � |t| & ⇤2
QCD

<latexit sha1_base64="d4WiquVrk5TBUZcudj7EkUn8OM0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiShqMtCXbhw0UJf0KRhMpmkQycPZyZCCV258VfcuFDErd/gzr9x+lho64GBwzn3cOceL2VUSMP41gpr6xubW8Xt0s7u3v6BfnjUEUnGMWnjhCW85yFBGI1JW1LJSC/lBEUeI11vVJ/63QfCBU3ilhynxIlQGNOAYiSV5Oqn925rYEE7DKF9p2I+cnObR7BZv5kMLFcvGxVjBrhKzAUpgwUarv5l+wnOIhJLzJAQfdNIpZMjLilmZFKyM0FShEcoJH1FYxQR4eSzMybwXCk+DBKuXizhTP2dyFEkxDjy1GSE5FAse1PxP6+fyeDayWmcZpLEeL4oyBiUCZx2An3KCZZsrAjCnKq/QjxEHGGpmiupEszlk1dJx6qYl5Vqs1quWYs6iuAEnIELYIIrUAO3oAHaAINH8AxewZv2pL1o79rHfLSgLTLH4A+0zx8lUpeb</latexit>

q2T � ⇤2
QCD

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

�+ = (p� p0)+ �
p
|t|

Requires the time of the hard collision    
<latexit sha1_base64="MYDtxR/5Y8dEumbQ+h7pV1xGPdk=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPNWkFPVY8OKxgq2FJpTNdtMu3Wzi7kQoIeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84JEcA2O822VVlbX1jfKm5Wt7Z3dPXv/oKPjVFHWprGIVTcgmgkuWRs4CNZNFCNRINh9ML6e+vePTGkeyzuYJMyPyFDykFMCRurbR57mEXbPPf2gIPNGBDKd53276tScGfAycQtSRQVaffvLG8Q0jZgEKojWPddJwM+IAk4FyyteqllC6JgMWc9QSSKm/Wx2fo5PjTLAYaxMScAz9fdERiKtJ1FgOiMCI73oTcX/vF4K4ZWfcZmkwCSdLwpTgSHG0yzwgCtGQUwMIVRxcyumI6IIBZNYxYTgLr68TDr1mntRa9w2qs16EUcZHaMTdIZcdIma6Aa1UBtRlKFn9IrerCfrxXq3PuatJauYOUR/YH3+AGNPlb0=</latexit>

⇠ 1/
p
ŝ

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

qq̄to 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

could be as small as  0  while         is the hard scale
<latexit sha1_base64="Fe4g9N81gS3a8G2ISG+Mh9QSAas=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvHis0C9ol5JNs21okt0mWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgpb2zu7e8X90sHh0fFJ+fSso6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc/87hNVmkWyZeYx9QUeSxYygk0mzYYtNCxX3Kq7BNokXk4qkKM5LH8NRhFJBJWGcKx133Nj46dYGUY4XZQGiaYxJlM8pn1LJRZU++ny1gW6ssoIhZGyJQ1aqr8nUiy0novAdgpsJnrdy8T/vH5iwjs/ZTJODJVktShMODIRyh5HI6YoMXxuCSaK2VsRmWCFibHxlGwI3vrLm6RTq3o31fpjvdKo5XEU4QIu4Ro8uIUGPEAT2kBgAs/wCm+OcF6cd+dj1Vpw8plz+APn8weKvI3f</latexit>qT

<latexit sha1_base64="94DeQDPBjowML0+6KSB0LRQbLrE=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSlqMeCF48V7Ac0tWy2m3bpZhN3J0oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6yhRlLVoJCLV9YlmgkvWQo6CdWPFSOgL1vEn1zO/88iU5pG8w2nM+iEZSR5wStBI955+UJh6Y4KpzrJBueJUnTnsVeLmpAI5moPylzeMaBIyiVQQrXuuE2M/JQo5FSwreYlmMaETMmI9QyUJme6n86sz+8woQzuIlCmJ9lz9PZGSUOtp6JvOkOBYL3sz8T+vl2Bw1U+5jBNkki4WBYmwMbJnEdhDrhhFMTWEUMXNrTYdE0UomqBKJgR3+eVV0q5V3Ytq/bZeadTyOIpwAqdwDi5cQgNuoAktoKDgGV7hzXqyXqx362PRWrDymWP4A+vzB4GckyE=</latexit>p
ŝ

In this short talk, show factorization proof for a simplified process:
<latexit sha1_base64="A9xeGzLrC0izTlcJLX0/BwvpgVE=">AAACFXicbZDLSsNAFIYn9VbrLerSTbAILUpJQlGXBTcuK9gLNCFMppN26MwkzkyEEvoSbnwVNy4UcSu4822cphW09YeBj/+cw5nzhwklUtn2l1FYWV1b3yhulra2d3b3zP2DtoxTgXALxTQW3RBKTAnHLUUUxd1EYMhCijvh6Gpa79xjIUnMb9U4wT6DA04igqDSVmCeeQmpJIFTPZ2BW/VUbHkDyBis3OX+D7vVwCzbNTuXtQzOHMpgrmZgfnr9GKUMc4UolLLn2InyMygUQRRPSl4qcQLRCA5wTyOHDEs/y6+aWCfa6VtRLPTjysrd3xMZZFKOWag7GVRDuVibmv/VeqmKLv2M8CRVmKPZoiillj58GpHVJwIjRccaIBJE/9VCQyggUjrIkg7BWTx5GdpuzTmv1W/q5YY7j6MIjsAxqAAHXIAGuAZN0AIIPIAn8AJejUfj2Xgz3metBWM+cwj+yPj4BocfnIE=</latexit>

⇡(p1) + ⇡(p2) ! �(q1) + �(q2)
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Exclusive Massive Two-Photon Production
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 Two-Photon Production
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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x3

p π−

n
t

S

Exclusive Massive Two-Photon Production
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)

p

n

π−

x3

t

S

§ Additional region: DGLAP region

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

!"/$ 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|2

<latexit sha1_base64="lQSsPAse9rFjXXj04m4K6hvG7e4="></latexit>

M =
ŝ

2

Z
dz1 dz2

h
Fu
pn(z1, ⇠, t)�(z2) eC(z1, z2) + eFu

pn(z1, ⇠, t)�(z2)C(z1, z2)
i
+O

✓
⇤QCD

qT
,
|t|

ŝ

◆
q Factorization formula:
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Exclusive p0g Pair Production
q Factorization: γ 1q

-z1

zp
H

2
q

ξx-ξx+
p'p

<latexit sha1_base64="muOIW6EFmcCdzkmEk4QsieuXH8o=">AAACHnicbVDLSsNAFJ34rPVVdekmWMSEQklKfSwLblxWsA9oYphMp+3QmWQ6MxFK6Je48VfcuFBEcKV/47TNQlsPDBzOuZc754ScEqkc59tYWV1b39jMbeW3d3b39gsHh00ZJwLhBoppLNohlJiSCDcUURS3ucCQhRS3wuH11G89YCFJHN2pMcc+g/2I9AiCSktB4dzrQ8agxYM5sUsDi9ueik2Pk3vHGgWuXcpmRkFlZp/ZQaHolJ0ZzGXiZqQIMtSDwqfXjVHCcKQQhVJ2XIcrP4VCEUTxJO8lEnOIhrCPO5pGkGHpp7N4E/NUK12zFwv9ImXO1N8bKWRSjlmoJxlUA7noTcX/vE6ield+SiKeKByh+aFeQk2dftqV2SUCI0XHmkAkiP6riQZQQKR0o3ldgrsYeZk0K2X3oly9rRZrlayOHDgGJ8ACLrgENXAD6qABEHgEz+AVvBlPxovxbnzMR1eMbOcI/IHx9QPLYp+0</latexit>

�(p�) + h(p) ! ⇡0(q1) + �(q2) + h(p0)

<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))

Factorization is proved similarly

!"
!#$%& is sensitive to '-dependence of GPDs

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.

Hall D at JLab
q Hard scales:

Invariant mass of pg pair
qT of p (or g) in pair’s rest frame – convert to cosqp



9

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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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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Summary and Outlook

q Proposed a new type of exclusive two-scale observables 
– exclusive massive pair production (EMPP):

o These processes are factorizable and sensitive to pion DAs and hadron GPDs

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

o Hard scale is given by the invariant mass of the produced pair, not by a single virtual photon

o More sensitive to the x-dependence of GPDs

q This new type of exclusive two-scale observables could be measured 
at JLab, COMPASS, EIC, …

Thank you!

o More realistic numerical predictions are underway

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

the momentum difference of the two partons from the diffracted hadron


