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§ “Mass radius of the proton” – Kharzeev’s talk at the INT workshop 
§ QCD factorization for exclusive J/Psi production with a diffractive proton
§ Photo-production vs. lepton-production of J/Psi
§ Exclusive single diffractive hard processes for extracting GPDs and 3D tomography
§ Advantage of CEBAF at 20+ GeV
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Kharzeev’s talk at the INT workshop
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Hatta’s talk at this workshop
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Extracting Two-gluon Correlation from Experiments

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

2 ! 3 Qiu & Yu, 2022

§ Single diffractive: 

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

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

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

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

h(p) ! h0(p0) +A⇤(p1 = p� p0)

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

h(p)

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

h0(p0)

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

A⇤(p1 = p� p0)

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

|q1T | = |q2T | �
p
�t

The state                lives much longer 

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

2 ! 2

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

A⇤(p1)

Not necessarily sufficient!

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

t = (p� p0)2 ⌘ p21

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

C(q1)

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

D(q2)

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

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

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

|q1T | = |q2T | �
p
�t

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

A⇤(p1) +B(p2) ! C(q1) +D(q2)

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

B(p2)

Photo-production of J/Psi:
<latexit sha1_base64="MerOEPTcMVlfEtQusDFS4eh4gP8=">AAACA3icdVDNS8MwHE39nPOr6k0vwSHMy2hr2eZt6MXjBPcBaylplm1hSVuSVBhl4MV/xYsHRbz6T3jzvzHdJqjog4THe78fyXthwqhUlvVhLC2vrK6tFzaKm1vbO7vm3n5bxqnApIVjFotuiCRhNCItRRUj3UQQxENGOuH4Mvc7t0RIGkc3apIQn6NhRAcUI6WlwDy8KCeBcwo96Kk4v4eIczTTArNkVc7rVcetQqtiWTXbsXPi1NwzF9payVECCzQD893rxzjlJFKYISl7tpUoP0NCUczItOilkiQIj9GQ9DSNECfSz2YZpvBEK304iIU+kYIz9ftGhriUEx7qSY7USP72cvEvr5eqQd3PaJSkikR4/tAgZVDHzQuBfSoIVmyiCcKC6r9CPEICYaVrK+oSvpLC/0nbqdjVinvtlhrOoo4COALHoAxsUAMNcAWaoAUwuAMP4Ak8G/fGo/FivM5Hl4zFzgH4AePtE7s5laY=</latexit>

B(p2) ! �(p2)

<latexit sha1_base64="KTXFHiJRjm7ZXulMLW5r+AjYA6U="></latexit>

(q1 + q2)
2 ⇠ MJ/ with

<latexit sha1_base64="RBNVOrNrVqJN/EzFTnLWW/Hh6Vo=">AAACAXicdVBLSwMxGMzWV62vVS+Cl2AR6qVsSunjVujFYwX7gO6yZNNsG5p9mGSFstSLf8WLB0W8+i+8+W/MthVUdCBhmPk+khkv5kwqy/owcmvrG5tb+e3Czu7e/oF5eNSTUSII7ZKIR2LgYUk5C2lXMcXpIBYUBx6nfW/azvz+LRWSReG1msXUCfA4ZD4jWGnJNU/apRsXXUAb2irKbsr5QnHNolW2LAshBDOC6jVLk2azUUENiDJLowhW6Ljmuz2KSBLQUBGOpRwiK1ZOioVihNN5wU4kjTGZ4jEdahrigEonXSSYw3OtjKAfCX1CBRfq940UB1LOAk9PBlhN5G8vE//yhonyG07KwjhRNCTLh/yEQx02qwOOmKBE8ZkmmAim/wrJBAtMlC6toEv4Sgr/J71KGdXK1atqsVVZ1ZEHp+AMlAACddACl6ADuoCAO/AAnsCzcW88Gi/G63I0Z6x2jsEPGG+fI7iUwQ==</latexit>

C(q1) ! `(q1)
<latexit sha1_base64="B74A2jkgFfaeOeA8eyN9q/R5bx0=">AAACB3icdVBLSwMxGMzWV62vVY+CBItQL2WzlD5uBT14rGAf0F2WbJq2odmHSVYoS29e/CtePCji1b/gzX9jtq2gogMJw8z3kcz4MWdSWdaHkVtZXVvfyG8WtrZ3dvfM/YOOjBJBaJtEPBI9H0vKWUjbiilOe7GgOPA57fqT88zv3lIhWRReq2lM3QCPQjZkBCsteebxRenGs8+gAx0VZbePRepQzmdz3TOLVtmyLIQQzAiqVS1NGo26jeoQZZZGESzR8sx3ZxCRJKChIhxL2UdWrNwUC8UIp7OCk0gaYzLBI9rXNMQBlW46zzGDp1oZwGEk9AkVnKvfN1IcSDkNfD0ZYDWWv71M/MvrJ2pYd1MWxomiIVk8NEw41JGzUuCACUoUn2qCiWD6r5CMscBE6eoKuoSvpPB/0rHLqFquXFWKTXtZRx4cgRNQAgjUQBNcghZoAwLuwAN4As/GvfFovBivi9Gcsdw5BD9gvH0CFEKXiQ==</latexit>

D(q2) ! ¯̀(q2),

Lepton-production of J/Psi:
<latexit sha1_base64="x6i9OeOh3n6cc4RRgewRudXUb0I=">AAACAXicdVBLS8NAGNz4rPUV9SJ4WSxCvYQkhrbeil48VrAPaELYbDft0s2D3Y1QQr34V7x4UMSr/8Kb/8ZNW0FFB3YZZr6P3ZkgZVRI0/zQlpZXVtfWSxvlza3tnV19b78jkoxj0sYJS3gvQIIwGpO2pJKRXsoJigJGusH4svC7t4QLmsQ3cpISL0LDmIYUI6kkXz+8qKa+fQpd6MqkuAljM8XXK6Zx3qjZTg2ahmnWLdsqiF13zhxoKaVABSzQ8vV3d5DgLCKxxAwJ0bfMVHo54pJiRqZlNxMkRXiMhqSvaIwiIrx8lmAKT5QygGHC1YklnKnfN3IUCTGJAjUZITkSv71C/MvrZzJseDmN00ySGM8fCjMGVdiiDjignGDJJoogzKn6K8QjxBGWqrSyKuErKfyfdGzDqhnOtVNp2os6SuAIHIMqsEAdNMEVaIE2wOAOPIAn8Kzda4/ai/Y6H13SFjsH4Ae0t081MpTM</latexit>

B(p2) ! `(p2)
<latexit sha1_base64="RBNVOrNrVqJN/EzFTnLWW/Hh6Vo=">AAACAXicdVBLSwMxGMzWV62vVS+Cl2AR6qVsSunjVujFYwX7gO6yZNNsG5p9mGSFstSLf8WLB0W8+i+8+W/MthVUdCBhmPk+khkv5kwqy/owcmvrG5tb+e3Czu7e/oF5eNSTUSII7ZKIR2LgYUk5C2lXMcXpIBYUBx6nfW/azvz+LRWSReG1msXUCfA4ZD4jWGnJNU/apRsXXUAb2irKbsr5QnHNolW2LAshBDOC6jVLk2azUUENiDJLowhW6Ljmuz2KSBLQUBGOpRwiK1ZOioVihNN5wU4kjTGZ4jEdahrigEonXSSYw3OtjKAfCX1CBRfq940UB1LOAk9PBlhN5G8vE//yhonyG07KwjhRNCTLh/yEQx02qwOOmKBE8ZkmmAim/wrJBAtMlC6toEv4Sgr/J71KGdXK1atqsVVZ1ZEHp+AMlAACddACl6ADuoCAO/AAnsCzcW88Gi/G63I0Z6x2jsEPGG+fI7iUwQ==</latexit>

C(q1) ! `(q1)
<latexit sha1_base64="KrFIf6oS4lBPahbHsCyz+TljHuc=">AAACA3icdVBLSwMxGMzWV62vqje9BItQL3VTSh+3gh7EUwX7gO6yZNNsG5p9mGSFshS8+Fe8eFDEq3/Cm//GbFtBRQcShpnvI5lxI86kMs0PI7O0vLK6ll3PbWxube/kd/c6MowFoW0S8lD0XCwpZwFtK6Y47UWCYt/ltOuOz1K/e0uFZGFwrSYRtX08DJjHCFZacvIH58Ubp3wCLWipUN+Xp1Yk2Uxz8gWzZJomQgimBNWqpiaNRr2M6hCllkYBLNBy8u/WICSxTwNFOJayj8xI2QkWihFOpzkrljTCZIyHtK9pgH0q7WSWYQqPtTKAXij0CRScqd83EuxLOfFdPeljNZK/vVT8y+vHyqvbCQuiWNGAzB/yYg513LQQOGCCEsUnmmAimP4rJCMsMFG6tpwu4Ssp/J90yiVULVWuKoVmeVFHFhyCI1AECNRAE1yAFmgDAu7AA3gCz8a98Wi8GK/z0Yyx2NkHP2C8fQJOEZVg</latexit>

D(q2) ! J/ (q2)
<latexit sha1_base64="lGZgp55s3i3wrnI6u/WufczN0e8=">AAAB+nicdZDLSgMxFIYzXmu9TXXpJlgEQShJKb3sCm5cVrAXaIeSSTNtaCYzJBmljH0UNy4UceuTuPNtzLQVVPRA4OP/z+Gc/H4suDYIfThr6xubW9u5nfzu3v7BoVs46ugoUZS1aSQi1fOJZoJL1jbcCNaLFSOhL1jXn15mfveWKc0jeWNmMfNCMpY84JQYKw3dwoAJAS/gwCcqzXg+dIuohBDCGMMMcK2KLDQa9TKuQ5xZtopgVa2h+z4YRTQJmTRUEK37GMXGS4kynAo2zw8SzWJCp2TM+hYlCZn20sXpc3hmlREMImWfNHChfp9ISaj1LPRtZ0jMRP/2MvEvr5+YoO6lXMaJYZIuFwWJgCaCWQ5wxBWjRswsEKq4vRXSCVGEGptW3obw9VP4P3TKJVwtVa4rxWZ5FUcOnIBTcA4wqIEmuAIt0AYU3IEH8ASenXvn0XlxXpeta85q5hj8KOftE8Jtk6o=</latexit>

`+ ¯̀
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Extracting Two-gluon Correlation from Experiments

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

2 ! 3 Qiu & Yu, 2022

§ Single diffractive: 

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

h(p)

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

h0(p0)

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

A⇤(p1 = p� p0)

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

C(q1)

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

D(q2)

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

B(p2)

<latexit sha1_base64="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

q Pinch of Glauber gluons:

1
2

s

2(q )

e(q )

ψJ/
e (p )

k

N(p) N'(p')

H

<latexit sha1_base64="/kDDvvLJxrq8pkaRIwYwdZh2jmk=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbRi2W3FPVY8OKxgv2AdinZNNuGzWZDkhXq0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjtk5SRWiLJDxR3QBrypmgLcMMp12pKI4DTjtBdDvzO49UaZaIBzOR1I/xSLCQEWys1HmS55fRQA/KFbfqzoFWiZeTCuRoDspf/WFC0pgKQzjWuue50vgZVoYRTqelfqqpxCTCI9qzVOCYaj+bnztFZ1YZojBRtoRBc/X3RIZjrSdxYDtjbMZ62ZuJ/3m91IQ3fsaETA0VZLEoTDkyCZr9joZMUWL4xBJMFLO3IjLGChNjEyrZELzll1dJu1b1rqr1+3qlUcvjKMIJnMIFeHANDbiDJrSAQATP8ApvjnRenHfnY9FacPKZY/gD5/MH1fmPNA==</latexit>

zp0 � ks

<latexit sha1_base64="Tpqav7xEgkY6Fzy9JR/FGKRrP1k=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBAjYtgNQT0GvHiMYB6wWcLsZDYZMjuzzPQKcclnePGgiFe/xpt/4+Rx0MSChqKqm+6uMBHcgOt+Oyura+sbm7mt/PbO7t5+4eCwaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4XD24nfemTacCUfYJSwICZ9ySNOCVjJL3mXT+fJ2cWwa7qFolt2p8DLxJuTIpqj3i18dXqKpjGTQAUxxvfcBIKMaOBUsHG+kxqWEDokfeZbKknMTJBNTx7jU6v0cKS0LQl4qv6eyEhszCgObWdMYGAWvYn4n+enEN0EGZdJCkzS2aIoFRgUnvyPe1wzCmJkCaGa21sxHRBNKNiU8jYEb/HlZdKslL2rcvW+WqxV5nHk0DE6QSXkoWtUQ3eojhqIIoWe0St6c8B5cd6dj1nrijOfOUJ/4Hz+AHYykAk=</latexit>

(1� z)p0 + ks

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
<latexit sha1_base64="nJfaX2nVJUDkavGXSry4SzCwhAI=">AAACKnicbVDLTsJAFJ36RHxVXbppJEYIgbSEqEuMG5eYyCOh0EyHKUw6nTYzUxNs+B43/oobFhri1g9xgMYgeJJJTs65N3fOcSNKhDTNqbaxubW9s5vZy+4fHB4d6yenTRHGHOEGCmnI2y4UmBKGG5JIitsRxzBwKW65/v3Mbz1jLkjInuQowt0ADhjxCIJSSY5+Z3scosQaJ/m8VXopRFdF3xGFXqVIbBwJQkM2ztoyNH7n/F7JEUuuo+fMsjmHsU6slORAirqjT+x+iOIAM4koFKJjmZHsJpBLgihW12KBI4h8OMAdRRkMsOgm86hj41IpfcMLuXpMGnN1eSOBgRCjwFWTAZRDserNxP+8Tiy9225CWBRLzNDikBdTQ0Wf9Wb0CcdI0pEiEHGi/mqgIVSdSNVuVpVgrUZeJ81K2bouVx+ruVolrSMDzsEFyAML3IAaeAB10AAIvIJ38AE+tTdtok21r8XohpbunIE/0L5/AP04pm4=</latexit>

1

((1� z)p0 + ks)2 + i✏
! 1

k�s + i✏
<latexit sha1_base64="ItsjJ03KhLn2nJJxACxCmv+eDyI=">AAACJnicbVDLSsNAFJ3UV62vqEs3wSJWpCUpRd0IBTcuK9gHNGmYTCftkMkkzEyEGvo1bvwVNy4qIu78FKdt8FE9MHA4517unOPFlAhpmu9abml5ZXUtv17Y2Nza3tF391oiSjjCTRTRiHc8KDAlDDclkRR3Yo5h6FHc9oKrqd++w1yQiN3KUYydEA4Y8QmCUkmufmn7HKLUGqel+/i4HLjipFc9JTaOBaERGxdsGRlfM0Gv7Iryt+vqRbNizmD8JVZGiiBDw9Undj9CSYiZRBQK0bXMWDop5JIgitW1ROAYogAOcFdRBkMsnHQWc2wcKaVv+BFXj0ljpv7cSGEoxCj01GQI5VAselPxP6+bSP/CSQmLE4kZmh/yE2qo6NPOjD7hGEk6UgQiTtRfDTSEqhOpmi2oEqzFyH9Jq1qxziq1m1qxXs3qyIMDcAhKwALnoA6uQQM0AQIP4AlMwIv2qD1rr9rbfDSnZTv74Be0j08xMqWb</latexit>

1

(zp0 � ks)2 + i✏
! 1

k�s � i✏

Pinched!

Photo-production of J/Psi:
<latexit sha1_base64="MerOEPTcMVlfEtQusDFS4eh4gP8=">AAACA3icdVDNS8MwHE39nPOr6k0vwSHMy2hr2eZt6MXjBPcBaylplm1hSVuSVBhl4MV/xYsHRbz6T3jzvzHdJqjog4THe78fyXthwqhUlvVhLC2vrK6tFzaKm1vbO7vm3n5bxqnApIVjFotuiCRhNCItRRUj3UQQxENGOuH4Mvc7t0RIGkc3apIQn6NhRAcUI6WlwDy8KCeBcwo96Kk4v4eIczTTArNkVc7rVcetQqtiWTXbsXPi1NwzF9payVECCzQD893rxzjlJFKYISl7tpUoP0NCUczItOilkiQIj9GQ9DSNECfSz2YZpvBEK304iIU+kYIz9ftGhriUEx7qSY7USP72cvEvr5eqQd3PaJSkikR4/tAgZVDHzQuBfSoIVmyiCcKC6r9CPEICYaVrK+oSvpLC/0nbqdjVinvtlhrOoo4COALHoAxsUAMNcAWaoAUwuAMP4Ak8G/fGo/FivM5Hl4zFzgH4AePtE7s5laY=</latexit>

B(p2) ! �(p2)

with

<latexit sha1_base64="RBNVOrNrVqJN/EzFTnLWW/Hh6Vo=">AAACAXicdVBLSwMxGMzWV62vVS+Cl2AR6qVsSunjVujFYwX7gO6yZNNsG5p9mGSFstSLf8WLB0W8+i+8+W/MthVUdCBhmPk+khkv5kwqy/owcmvrG5tb+e3Czu7e/oF5eNSTUSII7ZKIR2LgYUk5C2lXMcXpIBYUBx6nfW/azvz+LRWSReG1msXUCfA4ZD4jWGnJNU/apRsXXUAb2irKbsr5QnHNolW2LAshBDOC6jVLk2azUUENiDJLowhW6Ljmuz2KSBLQUBGOpRwiK1ZOioVihNN5wU4kjTGZ4jEdahrigEonXSSYw3OtjKAfCX1CBRfq940UB1LOAk9PBlhN5G8vE//yhonyG07KwjhRNCTLh/yEQx02qwOOmKBE8ZkmmAim/wrJBAtMlC6toEv4Sgr/J71KGdXK1atqsVVZ1ZEHp+AMlAACddACl6ADuoCAO/AAnsCzcW88Gi/G63I0Z6x2jsEPGG+fI7iUwQ==</latexit>

C(q1) ! `(q1)

Lepton-production of J/Psi:
<latexit sha1_base64="x6i9OeOh3n6cc4RRgewRudXUb0I=">AAACAXicdVBLS8NAGNz4rPUV9SJ4WSxCvYQkhrbeil48VrAPaELYbDft0s2D3Y1QQr34V7x4UMSr/8Kb/8ZNW0FFB3YZZr6P3ZkgZVRI0/zQlpZXVtfWSxvlza3tnV19b78jkoxj0sYJS3gvQIIwGpO2pJKRXsoJigJGusH4svC7t4QLmsQ3cpISL0LDmIYUI6kkXz+8qKa+fQpd6MqkuAljM8XXK6Zx3qjZTg2ahmnWLdsqiF13zhxoKaVABSzQ8vV3d5DgLCKxxAwJ0bfMVHo54pJiRqZlNxMkRXiMhqSvaIwiIrx8lmAKT5QygGHC1YklnKnfN3IUCTGJAjUZITkSv71C/MvrZzJseDmN00ySGM8fCjMGVdiiDjignGDJJoogzKn6K8QjxBGWqrSyKuErKfyfdGzDqhnOtVNp2os6SuAIHIMqsEAdNMEVaIE2wOAOPIAn8Kzda4/ai/Y6H13SFjsH4Ae0t081MpTM</latexit>

B(p2) ! `(p2)
<latexit sha1_base64="RBNVOrNrVqJN/EzFTnLWW/Hh6Vo=">AAACAXicdVBLSwMxGMzWV62vVS+Cl2AR6qVsSunjVujFYwX7gO6yZNNsG5p9mGSFstSLf8WLB0W8+i+8+W/MthVUdCBhmPk+khkv5kwqy/owcmvrG5tb+e3Czu7e/oF5eNSTUSII7ZKIR2LgYUk5C2lXMcXpIBYUBx6nfW/azvz+LRWSReG1msXUCfA4ZD4jWGnJNU/apRsXXUAb2irKbsr5QnHNolW2LAshBDOC6jVLk2azUUENiDJLowhW6Ljmuz2KSBLQUBGOpRwiK1ZOioVihNN5wU4kjTGZ4jEdahrigEonXSSYw3OtjKAfCX1CBRfq940UB1LOAk9PBlhN5G8vE//yhonyG07KwjhRNCTLh/yEQx02qwOOmKBE8ZkmmAim/wrJBAtMlC6toEv4Sgr/J71KGdXK1atqsVVZ1ZEHp+AMlAACddACl6ADuoCAO/AAnsCzcW88Gi/G63I0Z6x2jsEPGG+fI7iUwQ==</latexit>

C(q1) ! `(q1)
<latexit sha1_base64="KrFIf6oS4lBPahbHsCyz+TljHuc=">AAACA3icdVBLSwMxGMzWV62vqje9BItQL3VTSh+3gh7EUwX7gO6yZNNsG5p9mGSFshS8+Fe8eFDEq3/Cm//GbFtBRQcShpnvI5lxI86kMs0PI7O0vLK6ll3PbWxube/kd/c6MowFoW0S8lD0XCwpZwFtK6Y47UWCYt/ltOuOz1K/e0uFZGFwrSYRtX08DJjHCFZacvIH58Ubp3wCLWipUN+Xp1Yk2Uxz8gWzZJomQgimBNWqpiaNRr2M6hCllkYBLNBy8u/WICSxTwNFOJayj8xI2QkWihFOpzkrljTCZIyHtK9pgH0q7WSWYQqPtTKAXij0CRScqd83EuxLOfFdPeljNZK/vVT8y+vHyqvbCQuiWNGAzB/yYg513LQQOGCCEsUnmmAimP4rJCMsMFG6tpwu4Ssp/J90yiVULVWuKoVmeVFHFhyCI1AECNRAE1yAFmgDAu7AA3gCz8a98Wi8GK/z0Yyx2NkHP2C8fQJOEZVg</latexit>

D(q2) ! J/ (q2)
<latexit sha1_base64="lGZgp55s3i3wrnI6u/WufczN0e8=">AAAB+nicdZDLSgMxFIYzXmu9TXXpJlgEQShJKb3sCm5cVrAXaIeSSTNtaCYzJBmljH0UNy4UceuTuPNtzLQVVPRA4OP/z+Gc/H4suDYIfThr6xubW9u5nfzu3v7BoVs46ugoUZS1aSQi1fOJZoJL1jbcCNaLFSOhL1jXn15mfveWKc0jeWNmMfNCMpY84JQYKw3dwoAJAS/gwCcqzXg+dIuohBDCGMMMcK2KLDQa9TKuQ5xZtopgVa2h+z4YRTQJmTRUEK37GMXGS4kynAo2zw8SzWJCp2TM+hYlCZn20sXpc3hmlREMImWfNHChfp9ISaj1LPRtZ0jMRP/2MvEvr5+YoO6lXMaJYZIuFwWJgCaCWQ5wxBWjRswsEKq4vRXSCVGEGptW3obw9VP4P3TKJVwtVa4rxWZ5FUcOnIBTcA4wqIEmuAIt0AYU3IEH8ASenXvn0XlxXpeta85q5hj8KOftE8Jtk6o=</latexit>

`+ ¯̀

<latexit sha1_base64="KTXFHiJRjm7ZXulMLW5r+AjYA6U="></latexit>

(q1 + q2)
2 ⇠ MJ/ 



10

Extracting Two-gluon Correlation from Experiments
Qiu & Yu, 2022

1
2

s

2(q )

e(q )

ψJ/
e (p )

k

N(p) N'(p')

H

<latexit sha1_base64="/kDDvvLJxrq8pkaRIwYwdZh2jmk=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbRi2W3FPVY8OKxgv2AdinZNNuGzWZDkhXq0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjtk5SRWiLJDxR3QBrypmgLcMMp12pKI4DTjtBdDvzO49UaZaIBzOR1I/xSLCQEWys1HmS55fRQA/KFbfqzoFWiZeTCuRoDspf/WFC0pgKQzjWuue50vgZVoYRTqelfqqpxCTCI9qzVOCYaj+bnztFZ1YZojBRtoRBc/X3RIZjrSdxYDtjbMZ62ZuJ/3m91IQ3fsaETA0VZLEoTDkyCZr9joZMUWL4xBJMFLO3IjLGChNjEyrZELzll1dJu1b1rqr1+3qlUcvjKMIJnMIFeHANDbiDJrSAQATP8ApvjnRenHfnY9FacPKZY/gD5/MH1fmPNA==</latexit>

zp0 � ks

<latexit sha1_base64="Tpqav7xEgkY6Fzy9JR/FGKRrP1k=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBAjYtgNQT0GvHiMYB6wWcLsZDYZMjuzzPQKcclnePGgiFe/xpt/4+Rx0MSChqKqm+6uMBHcgOt+Oyura+sbm7mt/PbO7t5+4eCwaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4XD24nfemTacCUfYJSwICZ9ySNOCVjJL3mXT+fJ2cWwa7qFolt2p8DLxJuTIpqj3i18dXqKpjGTQAUxxvfcBIKMaOBUsHG+kxqWEDokfeZbKknMTJBNTx7jU6v0cKS0LQl4qv6eyEhszCgObWdMYGAWvYn4n+enEN0EGZdJCkzS2aIoFRgUnvyPe1wzCmJkCaGa21sxHRBNKNiU8jYEb/HlZdKslL2rcvW+WqxV5nHk0DE6QSXkoWtUQ3eojhqIIoWe0St6c8B5cd6dj1nrijOfOUJ/4Hz+AHYykAk=</latexit>

(1� z)p0 + ks

q Factorization Glauber gluons:
<latexit sha1_base64="AjCT+tssI/hWFhA0JmbsxrYyACo=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgpiUpRV0W3LisYB/QxDCZTtqhk5kwMxFKCG78FTcuFHHrV7jzb5y2WWjrgQuHc+7l3nvChFGlHefbWlldW9/YLG2Vt3d29/btg8OOEqnEpI0FE7IXIkUY5aStqWakl0iC4pCRbji+nvrdByIVFfxOTxLix2jIaUQx0kYK7GMvkghnbp6N76uBqlKPJIoywfPArjg1Zwa4TNyCVECBVmB/eQOB05hwjRlSqu86ifYzJDXFjORlL1UkQXiMhqRvKEcxUX42eyGHZ0YZwEhIU1zDmfp7IkOxUpM4NJ0x0iO16E3F/7x+qqMrP6M8STXheL4oShnUAk7zgAMqCdZsYgjCkppbIR4hk4k2qZVNCO7iy8ukU6+5F7XGbaPSrBdxlMAJOAXnwAWXoAluQAu0AQaP4Bm8gjfryXqx3q2PeeuKVcwcgT+wPn8AbdKXaw==</latexit>

1

k�s � i✏

<latexit sha1_base64="IjSTXdTJyqFeoArmZQ5WDNTx8zY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSxJKeqy4MZlBfuAJobJdNIOncyEmYlQQnDjr7hxoYhbv8Kdf+O0zUKrBy4czrmXe+8JE0aVdpwvq7S0vLK6Vl6vbGxube/Yu3sdJVKJSRsLJmQvRIowyklbU81IL5EExSEj3XB8NfW790QqKvitniTEj9GQ04hipI0U2AdeJBHO3Dwb350F6pR6JFGUCZ4HdtWpOTPAv8QtSBUUaAX2pzcQOI0J15ghpfquk2g/Q1JTzEhe8VJFEoTHaEj6hnIUE+VnsxdyeGyUAYyENMU1nKk/JzIUKzWJQ9MZIz1Si95U/M/rpzq69DPKk1QTjueLopRBLeA0DzigkmDNJoYgLKm5FeIRMplok1rFhOAuvvyXdOo197zWuGlUm/UijjI4BEfgBLjgAjTBNWiBNsDgATyBF/BqPVrP1pv1Pm8tWcXMPvgF6+MbaraXaQ==</latexit>

1

k�s + i✏

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

1

�k+s + i"
DGLAP region: pinched

Deformation out of the Glauber region:
<latexit sha1_base64="g4UolBXqvzypNhK/Eu4jBJhGrHA="></latexit>

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

k+s ! k+s � iO(Q) Collinear region

Factorize all soft gluon attached to J/y jet 
<latexit sha1_base64="vyKSz85tjOTzT5v9YBF/iAvXSYI=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV3WmFHVZcCOuKvQFnWHIpJk2NMmMSUYoQ3Hjr7hxoYhbv8Kdf2PazkJbDwQO55zLzT1hwqjSjvNtFVZW19Y3ipulre2d3T17/6Ct4lRi0sIxi2U3RIowKkhLU81IN5EE8ZCRTji6nvqdByIVjUVTjxPiczQQNKIYaSMF9tF9kFWbE+gNtAlxyIPs9txLFJ0EdtmpODPAZeLmpAxyNAL7y+vHOOVEaMyQUj3XSbSfIakpZmRS8lJFEoRHaEB6hgrEifKz2QkTeGqUPoxiaZ7QcKb+nsgQV2rMQ5PkSA/VojcV//N6qY6u/IyKJNVE4PmiKGVQx3DaB+xTSbBmY0MQltT8FeIhkghr01rJlOAunrxM2tWKe1Gp3dXK9WpeRxEcgxNwBlxwCergBjRAC2DwCJ7BK3iznqwX6936mEcLVj5zCP7A+vwBzBaXAw==</latexit>

q2T & mJ/ Higher beam energy!

Only pole for  !"#
Not Pinched!
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Factorization in the Two-stage Paradigm

q Sum over channels:

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

A∗(p1 = p− p ′)
H A∗ = γ ∗(p1)

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

H
=

A∗
= [qq̄] ∗(p1)

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

H A∗
= [gg] ∗(p1)

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

H+ + +⋯

Bethe-Heitler-type

EM form factor

Energy ≫ virtuality
To be factorized into GPD

≥ & parton connection:
Power suppressed
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Factorization in the Two-stage Paradigm

h(p) h′(p′)

B(p2)

C(q1)

D(q2)

A∗(p1)

S

H
A(p1)

B(p2)

C(q1)

D(q2)S

H

q Factorization for 2-parton channel factorization:

Only complication:
!"# is pinched in Glauber 
region for DGLAP region.

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

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

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

A∗(p1)

h(p) h′(p′)

B(p2)

C(q1)

D(q2)S

H

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

B(p2)

C(q1)

D(q2)

H
B(p2)

C(q1)

D(q2)

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

GPD ⌦

Qiu & Yu, 2205.07846 (JHEP in press) 
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Classification of these New Processes for GPDs

π(q1)

h(p)

h′(p′)

γ(pγ)

J/ψ

$qT
l−(q1)

l+(q2)

h′(p′)

γ(pγ)

"qT

h(p)

P (p′)

γ(pγ)

"qT
γ(q1)

γ(q2)

P (p)

h′(p′)

γ(pγ)

"qT
π(q1)

γ(q2)

h(p) θ

P (p′)

e(p2)

!qT
e(q1)

γ∗(Q′)

P (p)

P (p′)

e(p2)

!qT
e(q1)

γ(q2)

P (p)

DVCS

P (p′)

e(p2)

!qT
e(q1)

P (p)

π0(q2)

DVMP DDVCS
add 

virtuality
DHQP…

q Electro-production (JLab, EIC, …)

q Photo-production (JLab Hall-D, …)

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

l+(q2)

h′(p′)

π(p2)

"qT

h(p)

γ(q1)

γ(q2)

h′(p′)

π(p2)

#qT

h(p) …

One can easily list more processes 
by using mesons, adding virtuality…

Qiu & Yu, 2205.07846 (JHEP in press), 2207.xxxxx 
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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)

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|

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 

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

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

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

�DIS '
Z 1

xB

dx f(x) �̂(x/xB)

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

x-dependence:  Part of measurement

P

l

k

q

⊗

l
q

k̂

P

k

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

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

x = k+/P+

q Deeply Virtual Compton Scattering (DVCS)

l
q

l′

q′

p

k

p′
k′ ⊗

k̂′

l
q

l′

q′

k̂

p

k

p′
k′

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

GPD F (x, ⇠, t)

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

x =
(k + k0)+

(p+ p0)+

⇠ =
(p� p0)+

(p+ p0)+

t = (p� p0)2

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

MDVCS(⇠, t) '
Z 1

�1
dxF (x, ⇠, t)M̂(x, ⇠)

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

x-dependence:  Hard to measure
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GPDs – QCD Tomography

+  …

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

q Imagining spatial distribution 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′

Factorization

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 Sensitivity 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 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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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

Thanks!

q Introduced the diffractive               exclusive hard processes for extracting GPDs, …<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 conditions for leading power factorization
§ Including existing/known processes for extracting GPDs, ..
§ Identify new factorizable exclusive processes for GPDs more sensitive to x-dependence

Introduce a path forward to identify more factorizable exclusive processes for extracting GPDs, and
multi-parton correlations, …

q Summarized the part of Kharzeev’s talk at the INT on probing mass radius from
quarkonium photo-production near threshold

q QCD factorization requires a sufficient PT of J/y in the lab frame (or Q2) for lepto-production 
§ 20+ GeV is sufficient for exploring gluon GPDs from lepto-production of J/y at high Q2
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Why single diffractive?
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Ĥ

Glauber pinch for diffractive scattering

Factorizable if all pion momentum 
flows into hard part

q Double diffractive process
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Ĥ

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

1

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

1

+k�s + i"

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

1

+k+s + i"

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

1

�k+s + i"

Both !"# and !"$
are pinched in 
Glauber region!
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q Compare: Drell-Yan process at high twist:
p1

p2

C1

H

C2

Factorizable Non-factorizable

Qiu & Sterman, NPB, 1991

Only the 1st sub-leading 
twist is factorizable!


