
Nantes Town Meeting Hua-Sheng Shao

gammaUPC4LHC
Improving Monte Carlo modeling of 

photon-induced processes in 
ultraperipheral collisions at the LHC

Hua-Sheng Shao

1

Hadron Physics in Horizon Europe
Town Meeting, Nantes, France

01 July 2025



Nantes Town Meeting Hua-Sheng Shao2

Ultraperipheral Collisions

• Ultra-Peripheral Collisions (UPCs)
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• Large photon flux

• Photon may interact either coherently or incoherently
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• Cross section enhanced by Z4

E.g., PbPb is Z4 = 45M times larger than pp & e+e-
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Ultraperipheral Collisions
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• Photon-photon processes
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Proton/nuclear breakup

• Motivations: SM tests, BSM searches, photon fluxes …
E.g., tau g-2, axion-like particles, anomalous quartic gauge couplings

• Photon-hadron processes
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p,Pb

• Motivations: GPD, (proton/nuclear) PDF …
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S2

<latexit sha1_base64="GeLjeJ3GeCC47QfLzsS1vptzGkI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVB71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHz7WM9Q==</latexit>g

<latexit sha1_base64="QTtUsdV13/ir4zi8U0Hbq9hiufo=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURX8uiG5cVrC00IUym03boPMLMRCgh4K+4caGIW7/DnX/jpM1CWw8MHM65l3vmxAmj2njet1NZWl5ZXauu1zY2t7Z33N29By1ThUkbSyZVN0aaMCpI21DDSDdRBPGYkU48vin8ziNRmkpxbyYJCTkaCjqgGBkrRe5BMEScoygLODIjxTMsR3keuXWv4U0BF4lfkjoo0Yrcr6AvccqJMJghrXu+l5gwQ8pQzEheC1JNEoTHaEh6lgrEiQ6zafwcHlulDwdS2ScMnKq/NzLEtZ7w2E4WIfW8V4j/eb3UDK7CjIokNUTg2aFByqCRsOgC9qki2LCJJQgrarNCPEIKYWMbq9kS/PkvL5KH04Z/0Ti/O6s3r8s6quAQHIET4INL0AS3oAXaAIMMPINX8OY8OS/Ou/MxG6045c4++APn8wc8MZZU</latexit>�coh

<latexit sha1_base64="03asT0WiwlorTCN2B2b0iZsrYtc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgQsqM+FoW3bisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywusv81pgqzSL5aCYx9QUeSBYygo2V/PisK7AZKpHWg2mvXHGr7gxomXg5qUCOeq/81e1HJBFUGsKx1h3PjY2fYmUY4XRa6iaaxpiM8IB2LJVYUO2ns9BTdGKVPgojZZ80aKb+3kix0HoiAjuZRdSLXib+53USE974KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLIleItfXibN86p3Vb18uKjUbvM6inAEx3AKHlxDDe6hDg0g8ATP8Apvzth5cd6dj/lowcl3DuEPnM8f4haSMQ==</latexit>

p,Pb

<latexit sha1_base64="03asT0WiwlorTCN2B2b0iZsrYtc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgQsqM+FoW3bisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywusv81pgqzSL5aCYx9QUeSBYygo2V/PisK7AZKpHWg2mvXHGr7gxomXg5qUCOeq/81e1HJBFUGsKx1h3PjY2fYmUY4XRa6iaaxpiM8IB2LJVYUO2ns9BTdGKVPgojZZ80aKb+3kix0HoiAjuZRdSLXib+53USE974KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLIleItfXibN86p3Vb18uKjUbvM6inAEx3AKHlxDDe6hDg0g8ATP8Apvzth5cd6dj/lowcl3DuEPnM8f4haSMQ==</latexit>

p,Pb

<latexit sha1_base64="4VTOOYxQ4hVucOoUuor/PY2WJBk=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIr6WRTcuK9gHNLFMppN26MwkzEyEErLxV9y4UMStn+HOv3HSZqHVAxcO59zLvfcEMaNKO86XVVpYXFpeKa9W1tY3Nrfs7Z22ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Ovc7D0QqGok7PYmJz9FQ0JBipI3Ut/fiY48jPZI8bQbZfVrzlEbyKOvbVafuTAH/ErcgVVCg2bc/vUGEE06Exgwp1XOdWPspkppiRrKKlygSIzxGQ9IzVCBOlJ9OH8jgoVEGMIykKaHhVP05kSKu1IQHpjM/Vs17ufif10t0eOmnVMSJJgLPFoUJgzqCeRpwQCXBmk0MQVhScyvEIyQR1iazignBnX/5L2mf1N3z+tntabVxVcRRBvvgANSACy5AA9yAJmgBDDLwBF7Aq/VoPVtv1vustWQVM7vgF6yPb7w0loM=</latexit>

p,Pb(?)

Proton/nuclear breakup
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Research Objectives

• Improving Monte Carlo Modeling of  these processes

• gamma-UPC:

• The first and currently the only public code for simulating 
arbitrary final states in coherent photon-photon collisions

• Leading order and next-to-leading order QCD and electroweak 
accuracy of elementary final-state particles using gamma-UPC 
together with MadGraph5_aMC@NLO in collinear factorization

• Leading order accuracy of elementary particles+quarkonia using 
gamma-UPC together with HELAC-Onia in collinear factorization

• We aim to go beyond the state of  the art

https://hshao.web.cern.ch/hshao/gammaupc.html

https://hshao.web.cern.ch/hshao/gammaupc.html
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Research Objectives

• Five main research axes:

• 1) Incoherent photon-induced UPC processes
<latexit sha1_base64="03asT0WiwlorTCN2B2b0iZsrYtc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgQsqM+FoW3bisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywusv81pgqzSL5aCYx9QUeSBYygo2V/PisK7AZKpHWg2mvXHGr7gxomXg5qUCOeq/81e1HJBFUGsKx1h3PjY2fYmUY4XRa6iaaxpiM8IB2LJVYUO2ns9BTdGKVPgojZZ80aKb+3kix0HoiAjuZRdSLXib+53USE974KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLIleItfXibN86p3Vb18uKjUbvM6inAEx3AKHlxDDe6hDg0g8ATP8Apvzth5cd6dj/lowcl3DuEPnM8f4haSMQ==</latexit>

p,Pb

<latexit sha1_base64="03asT0WiwlorTCN2B2b0iZsrYtc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgQsqM+FoW3bisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywusv81pgqzSL5aCYx9QUeSBYygo2V/PisK7AZKpHWg2mvXHGr7gxomXg5qUCOeq/81e1HJBFUGsKx1h3PjY2fYmUY4XRa6iaaxpiM8IB2LJVYUO2ns9BTdGKVPgojZZ80aKb+3kix0HoiAjuZRdSLXib+53USE974KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLIleItfXibN86p3Vb18uKjUbvM6inAEx3AKHlxDDe6hDg0g8ATP8Apvzth5cd6dj/lowcl3DuEPnM8f4haSMQ==</latexit>

p,Pb

<latexit sha1_base64="dY4rawiWdD0AA2FlU++yOYp88LE=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV3i60j04hGDPBJYyezQCxNmZzczsyaE8AlePGiMV7/Im3/jAHtQsJJOKlXd6e4KEsG1cd1vZ2V1bX1jM7eV397Z3dsvHBw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNJ1Sax/LBjBL0I9qXPOSMGivVao/lbqHoltwZyDLxMlKEDNVu4avTi1kaoTRMUK3bnpsYf0yV4UzgJN9JNSaUDWkf25ZKGqH2x7NTJ+TUKj0SxsqWNGSm/p4Y00jrURTYzoiagV70puJ/Xjs14bU/5jJJDUo2XxSmgpiYTP8mPa6QGTGyhDLF7a2EDaiizNh08jYEb/HlZdIol7zL0sX9ebFyk8WRg2M4gTPw4AoqcAdVqAODPjzDK7w5wnlx3p2PeeuKk80cwR84nz/Wgo2F</latexit>

S2

<latexit sha1_base64="4VTOOYxQ4hVucOoUuor/PY2WJBk=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIr6WRTcuK9gHNLFMppN26MwkzEyEErLxV9y4UMStn+HOv3HSZqHVAxcO59zLvfcEMaNKO86XVVpYXFpeKa9W1tY3Nrfs7Z22ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Ovc7D0QqGok7PYmJz9FQ0JBipI3Ut/fiY48jPZI8bQbZfVrzlEbyKOvbVafuTAH/ErcgVVCg2bc/vUGEE06Exgwp1XOdWPspkppiRrKKlygSIzxGQ9IzVCBOlJ9OH8jgoVEGMIykKaHhVP05kSKu1IQHpjM/Vs17ufif10t0eOmnVMSJJgLPFoUJgzqCeRpwQCXBmk0MQVhScyvEIyQR1iazignBnX/5L2mf1N3z+tntabVxVcRRBvvgANSACy5AA9yAJmgBDDLwBF7Aq/VoPVtv1vustWQVM7vgF6yPb7w0loM=</latexit>

p,Pb(?)
<latexit sha1_base64="QTtUsdV13/ir4zi8U0Hbq9hiufo=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURX8uiG5cVrC00IUym03boPMLMRCgh4K+4caGIW7/DnX/jpM1CWw8MHM65l3vmxAmj2njet1NZWl5ZXauu1zY2t7Z33N29By1ThUkbSyZVN0aaMCpI21DDSDdRBPGYkU48vin8ziNRmkpxbyYJCTkaCjqgGBkrRe5BMEScoygLODIjxTMsR3keuXWv4U0BF4lfkjoo0Yrcr6AvccqJMJghrXu+l5gwQ8pQzEheC1JNEoTHaEh6lgrEiQ6zafwcHlulDwdS2ScMnKq/NzLEtZ7w2E4WIfW8V4j/eb3UDK7CjIokNUTg2aFByqCRsOgC9qki2LCJJQgrarNCPEIKYWMbq9kS/PkvL5KH04Z/0Ti/O6s3r8s6quAQHIET4INL0AS3oAXaAIMMPINX8OY8OS/Ou/MxG6045c4++APn8wc8MZZU</latexit>�coh

<latexit sha1_base64="lOludgn+E7DzWP1jb+Tfw100M74=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4Kok4mtZdOOygrWFJoTJdNoOnUeYmQglZOOvuHGhiFs/w51/46TNQlsPDBzOuZe558QJo9p43rdTWVpeWV2rrtc2Nre2d9zdvQctU4VJG0smVTdGmjAqSNtQw0g3UQTxmJFOPL4p/M4jUZpKcW8mCQk5Ggo6oBgZK0XuQTBEnKMoCzgyI8UzKrAc5Xnk1r2GNwVcJH5J6qBEK3K/gr7EKSfCYIa07vleYsIMKUMxI3ktSDVJEB6jIelZKhAnOsymAXJ4bJU+HEhlnzBwqv7eyBDXesJjO1mcqee9QvzP66VmcBXaTElqiMCzjwYpg0bCog3Yp4pgwyaWIKyovRXiEVIIG9tZzZbgz0deJA+nDf+icX53Vm9el3VUwSE4AifAB5egCW5BC7QBBjl4Bq/gzXlyXpx352M2WnHKnX3wB87nD95Clz8=</latexit>�incoh
Proton/nuclear breakup

• Important backgrounds

E.g., tau g-2 in pp UPC

• Knowledge of impact-parameter-dependent 
incoherent photon fluxes
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Research Objectives

• Five main research axes:

• 1) Incoherent photon-induced UPC processes

• 2) Inclusive UPC photoproduction processes

<latexit sha1_base64="dY4rawiWdD0AA2FlU++yOYp88LE=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV3i60j04hGDPBJYyezQCxNmZzczsyaE8AlePGiMV7/Im3/jAHtQsJJOKlXd6e4KEsG1cd1vZ2V1bX1jM7eV397Z3dsvHBw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNJ1Sax/LBjBL0I9qXPOSMGivVao/lbqHoltwZyDLxMlKEDNVu4avTi1kaoTRMUK3bnpsYf0yV4UzgJN9JNSaUDWkf25ZKGqH2x7NTJ+TUKj0SxsqWNGSm/p4Y00jrURTYzoiagV70puJ/Xjs14bU/5jJJDUo2XxSmgpiYTP8mPa6QGTGyhDLF7a2EDaiizNh08jYEb/HlZdIol7zL0sX9ebFyk8WRg2M4gTPw4AoqcAdVqAODPjzDK7w5wnlx3p2PeeuKk80cwR84nz/Wgo2F</latexit>

S2

<latexit sha1_base64="GeLjeJ3GeCC47QfLzsS1vptzGkI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVB71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHz7WM9Q==</latexit>g

<latexit sha1_base64="QTtUsdV13/ir4zi8U0Hbq9hiufo=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURX8uiG5cVrC00IUym03boPMLMRCgh4K+4caGIW7/DnX/jpM1CWw8MHM65l3vmxAmj2njet1NZWl5ZXauu1zY2t7Z33N29By1ThUkbSyZVN0aaMCpI21DDSDdRBPGYkU48vin8ziNRmkpxbyYJCTkaCjqgGBkrRe5BMEScoygLODIjxTMsR3keuXWv4U0BF4lfkjoo0Yrcr6AvccqJMJghrXu+l5gwQ8pQzEheC1JNEoTHaEh6lgrEiQ6zafwcHlulDwdS2ScMnKq/NzLEtZ7w2E4WIfW8V4j/eb3UDK7CjIokNUTg2aFByqCRsOgC9qki2LCJJQgrarNCPEIKYWMbq9kS/PkvL5KH04Z/0Ti/O6s3r8s6quAQHIET4INL0AS3oAXaAIMMPINX8OY8OS/Ou/MxG6045c4++APn8wc8MZZU</latexit>�coh

<latexit sha1_base64="03asT0WiwlorTCN2B2b0iZsrYtc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgQsqM+FoW3bisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywusv81pgqzSL5aCYx9QUeSBYygo2V/PisK7AZKpHWg2mvXHGr7gxomXg5qUCOeq/81e1HJBFUGsKx1h3PjY2fYmUY4XRa6iaaxpiM8IB2LJVYUO2ns9BTdGKVPgojZZ80aKb+3kix0HoiAjuZRdSLXib+53USE974KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLIleItfXibN86p3Vb18uKjUbvM6inAEx3AKHlxDDe6hDg0g8ATP8Apvzth5cd6dj/lowcl3DuEPnM8f4haSMQ==</latexit>

p,Pb

<latexit sha1_base64="03asT0WiwlorTCN2B2b0iZsrYtc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgQsqM+FoW3bisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywusv81pgqzSL5aCYx9QUeSBYygo2V/PisK7AZKpHWg2mvXHGr7gxomXg5qUCOeq/81e1HJBFUGsKx1h3PjY2fYmUY4XRa6iaaxpiM8IB2LJVYUO2ns9BTdGKVPgojZZ80aKb+3kix0HoiAjuZRdSLXib+53USE974KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLIleItfXibN86p3Vb18uKjUbvM6inAEx3AKHlxDDe6hDg0g8ATP8Apvzth5cd6dj/lowcl3DuEPnM8f4haSMQ==</latexit>

p,Pb

<latexit sha1_base64="4VTOOYxQ4hVucOoUuor/PY2WJBk=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIr6WRTcuK9gHNLFMppN26MwkzEyEErLxV9y4UMStn+HOv3HSZqHVAxcO59zLvfcEMaNKO86XVVpYXFpeKa9W1tY3Nrfs7Z22ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Ovc7D0QqGok7PYmJz9FQ0JBipI3Ut/fiY48jPZI8bQbZfVrzlEbyKOvbVafuTAH/ErcgVVCg2bc/vUGEE06Exgwp1XOdWPspkppiRrKKlygSIzxGQ9IzVCBOlJ9OH8jgoVEGMIykKaHhVP05kSKu1IQHpjM/Vs17ufif10t0eOmnVMSJJgLPFoUJgzqCeRpwQCXBmk0MQVhScyvEIyQR1iazignBnX/5L2mf1N3z+tntabVxVcRRBvvgANSACy5AA9yAJmgBDDLwBF7Aq/VoPVtv1vustWQVM7vgF6yPb7w0loM=</latexit>

p,Pb(?)

Proton/nuclear breakup

• New probes of parton-distribution functions

• Complementary (x,Q2) w.r.t inclusive reactions
E.g., dijet and open charm in PbPb UPC
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Research Objectives

• Five main research axes:

• 1) Incoherent photon-induced UPC processes

• 2) Inclusive UPC photoproduction processes

• 3) Automated coherent photoproduction processes with GPDs

• Probing generalized parton distributions 

<latexit sha1_base64="DQe/I6rP9i2rKocbfpbiVG37WgE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oHtUDJp2oZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695NwTxFIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJko04w0WyUi3A2q4FIo3UKDk7VhzGgaSt4Lxbea3nrg2IlIPOIm5H9KhEgPBKFrpsRtSHAVBWp/2yhW36s5AlomXkwrkqPfKX91+xJKQK2SSGtPx3Bj9lGoUTPJpqZsYHlM2pkPesVTRkBs/nSWekhOr9Mkg0vYpJDP190ZKQ2MmYWAns4Rm0cvE/7xOgoNrPxUqTpArNv9okEiCEcnOJ32hOUM5sYQyLWxWwkZUU4a2pJItwVs8eZk0z6reZfXi/rxSu8nrKMIRHMMpeHAFNbiDOjSAgYJneIU3xzgvzrvzMR8tOPnOIfyB8/kDvZWQ+g==</latexit>P

<latexit sha1_base64="dY4rawiWdD0AA2FlU++yOYp88LE=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV3i60j04hGDPBJYyezQCxNmZzczsyaE8AlePGiMV7/Im3/jAHtQsJJOKlXd6e4KEsG1cd1vZ2V1bX1jM7eV397Z3dsvHBw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNJ1Sax/LBjBL0I9qXPOSMGivVao/lbqHoltwZyDLxMlKEDNVu4avTi1kaoTRMUK3bnpsYf0yV4UzgJN9JNSaUDWkf25ZKGqH2x7NTJ+TUKj0SxsqWNGSm/p4Y00jrURTYzoiagV70puJ/Xjs14bU/5jJJDUo2XxSmgpiYTP8mPa6QGTGyhDLF7a2EDaiizNh08jYEb/HlZdIol7zL0sX9ebFyk8WRg2M4gTPw4AoqcAdVqAODPjzDK7w5wnlx3p2PeeuKk80cwR84nz/Wgo2F</latexit>

S2

<latexit sha1_base64="QTtUsdV13/ir4zi8U0Hbq9hiufo=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURX8uiG5cVrC00IUym03boPMLMRCgh4K+4caGIW7/DnX/jpM1CWw8MHM65l3vmxAmj2njet1NZWl5ZXauu1zY2t7Z33N29By1ThUkbSyZVN0aaMCpI21DDSDdRBPGYkU48vin8ziNRmkpxbyYJCTkaCjqgGBkrRe5BMEScoygLODIjxTMsR3keuXWv4U0BF4lfkjoo0Yrcr6AvccqJMJghrXu+l5gwQ8pQzEheC1JNEoTHaEh6lgrEiQ6zafwcHlulDwdS2ScMnKq/NzLEtZ7w2E4WIfW8V4j/eb3UDK7CjIokNUTg2aFByqCRsOgC9qki2LCJJQgrarNCPEIKYWMbq9kS/PkvL5KH04Z/0Ti/O6s3r8s6quAQHIET4INL0AS3oAXaAIMMPINX8OY8OS/Ou/MxG6045c4++APn8wc8MZZU</latexit>�coh

<latexit sha1_base64="4VTOOYxQ4hVucOoUuor/PY2WJBk=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIr6WRTcuK9gHNLFMppN26MwkzEyEErLxV9y4UMStn+HOv3HSZqHVAxcO59zLvfcEMaNKO86XVVpYXFpeKa9W1tY3Nrfs7Z22ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Ovc7D0QqGok7PYmJz9FQ0JBipI3Ut/fiY48jPZI8bQbZfVrzlEbyKOvbVafuTAH/ErcgVVCg2bc/vUGEE06Exgwp1XOdWPspkppiRrKKlygSIzxGQ9IzVCBOlJ9OH8jgoVEGMIykKaHhVP05kSKu1IQHpjM/Vs17ufif10t0eOmnVMSJJgLPFoUJgzqCeRpwQCXBmk0MQVhScyvEIyQR1iazignBnX/5L2mf1N3z+tntabVxVcRRBvvgANSACy5AA9yAJmgBDDLwBF7Aq/VoPVtv1vustWQVM7vgF6yPb7w0loM=</latexit>

p,Pb(?)

<latexit sha1_base64="4VTOOYxQ4hVucOoUuor/PY2WJBk=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIr6WRTcuK9gHNLFMppN26MwkzEyEErLxV9y4UMStn+HOv3HSZqHVAxcO59zLvfcEMaNKO86XVVpYXFpeKa9W1tY3Nrfs7Z22ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Ovc7D0QqGok7PYmJz9FQ0JBipI3Ut/fiY48jPZI8bQbZfVrzlEbyKOvbVafuTAH/ErcgVVCg2bc/vUGEE06Exgwp1XOdWPspkppiRrKKlygSIzxGQ9IzVCBOlJ9OH8jgoVEGMIykKaHhVP05kSKu1IQHpjM/Vs17ufif10t0eOmnVMSJJgLPFoUJgzqCeRpwQCXBmk0MQVhScyvEIyQR1iazignBnX/5L2mf1N3z+tntabVxVcRRBvvgANSACy5AA9yAJmgBDDLwBF7Aq/VoPVtv1vustWQVM7vgF6yPb7w0loM=</latexit>

p,Pb(?)
<latexit sha1_base64="03asT0WiwlorTCN2B2b0iZsrYtc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgQsqM+FoW3bisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywusv81pgqzSL5aCYx9QUeSBYygo2V/PisK7AZKpHWg2mvXHGr7gxomXg5qUCOeq/81e1HJBFUGsKx1h3PjY2fYmUY4XRa6iaaxpiM8IB2LJVYUO2ns9BTdGKVPgojZZ80aKb+3kix0HoiAjuZRdSLXib+53USE974KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLIleItfXibN86p3Vb18uKjUbvM6inAEx3AKHlxDDe6hDg0g8ATP8Apvzth5cd6dj/lowcl3DuEPnM8f4haSMQ==</latexit>

p,Pb

<latexit sha1_base64="03asT0WiwlorTCN2B2b0iZsrYtc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgQsqM+FoW3bisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywusv81pgqzSL5aCYx9QUeSBYygo2V/PisK7AZKpHWg2mvXHGr7gxomXg5qUCOeq/81e1HJBFUGsKx1h3PjY2fYmUY4XRa6iaaxpiM8IB2LJVYUO2ns9BTdGKVPgojZZ80aKb+3kix0HoiAjuZRdSLXib+53USE974KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLIleItfXibN86p3Vb18uKjUbvM6inAEx3AKHlxDDe6hDg0g8ATP8Apvzth5cd6dj/lowcl3DuEPnM8f4haSMQ==</latexit>

p,Pb

• Main challenge: threshold-singularity subtractions
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Research Objectives

• Five main research axes:

• 1) Incoherent photon-induced UPC processes

• 2) Inclusive UPC photoproduction processes

• 3) Automated coherent photoproduction processes with GPDs

• 4) Spin-entangled tau hadronic decay with NLO EW corrections

<latexit sha1_base64="+f6ZpFbKBu3+UE6yBJq7e5CCvKs=">AAAB73icbVDJSgNBEK2JW4xb1KOXwSB4ijPidgx68RjBLJgMoabTkzTp7hm7e4Qw5Ce8eFDEq7/jzb+xsxw08UHB470qquqFCWfaeN63k1taXlldy68XNja3tneKu3t1HaeK0BqJeayaIWrKmaQ1wwynzURRFCGnjXBwM/YbT1RpFst7M0xoILAnWcQIGis12z0UAk8eOsWSV/YmcBeJPyMlmKHaKX61uzFJBZWGcNS65XuJCTJUhhFOR4V2qmmCZIA92rJUoqA6yCb3jtwjq3TdKFa2pHEn6u+JDIXWQxHaToGmr+e9sfif10pNdBVkTCapoZJMF0Upd03sjp93u0xRYvjQEiSK2Vtd0keFxNiICjYEf/7lRVI/LfsX5fO7s1LlehZHHg7gEI7Bh0uowC1UoQYEODzDK7w5j86L8+58TFtzzmxmH/7A+fwBqKmPvA==</latexit>

�/Z

<latexit sha1_base64="03asT0WiwlorTCN2B2b0iZsrYtc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgQsqM+FoW3bisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywusv81pgqzSL5aCYx9QUeSBYygo2V/PisK7AZKpHWg2mvXHGr7gxomXg5qUCOeq/81e1HJBFUGsKx1h3PjY2fYmUY4XRa6iaaxpiM8IB2LJVYUO2ns9BTdGKVPgojZZ80aKb+3kix0HoiAjuZRdSLXib+53USE974KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLIleItfXibN86p3Vb18uKjUbvM6inAEx3AKHlxDDe6hDg0g8ATP8Apvzth5cd6dj/lowcl3DuEPnM8f4haSMQ==</latexit>

p,Pb

<latexit sha1_base64="03asT0WiwlorTCN2B2b0iZsrYtc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgQsqM+FoW3bisYB/QDiWTZtrQJDMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEEdogEY9UO8CaciZpwzDDaTtWFIuA01Ywusv81pgqzSL5aCYx9QUeSBYygo2V/PisK7AZKpHWg2mvXHGr7gxomXg5qUCOeq/81e1HJBFUGsKx1h3PjY2fYmUY4XRa6iaaxpiM8IB2LJVYUO2ns9BTdGKVPgojZZ80aKb+3kix0HoiAjuZRdSLXib+53USE974KZNxYqgk80NhwpGJUNYA6jNFieETSzBRzGZFZIgVJsb2VLIleItfXibN86p3Vb18uKjUbvM6inAEx3AKHlxDDe6hDg0g8ATP8Apvzth5cd6dj/lowcl3DuEPnM8f4haSMQ==</latexit>

p,Pb

<latexit sha1_base64="dY4rawiWdD0AA2FlU++yOYp88LE=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV3i60j04hGDPBJYyezQCxNmZzczsyaE8AlePGiMV7/Im3/jAHtQsJJOKlXd6e4KEsG1cd1vZ2V1bX1jM7eV397Z3dsvHBw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNJ1Sax/LBjBL0I9qXPOSMGivVao/lbqHoltwZyDLxMlKEDNVu4avTi1kaoTRMUK3bnpsYf0yV4UzgJN9JNSaUDWkf25ZKGqH2x7NTJ+TUKj0SxsqWNGSm/p4Y00jrURTYzoiagV70puJ/Xjs14bU/5jJJDUo2XxSmgpiYTP8mPa6QGTGyhDLF7a2EDaiizNh08jYEb/HlZdIol7zL0sX9ebFyk8WRg2M4gTPw4AoqcAdVqAODPjzDK7w5wnlx3p2PeeuKk80cwR84nz/Wgo2F</latexit>

S2

<latexit sha1_base64="4VTOOYxQ4hVucOoUuor/PY2WJBk=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIr6WRTcuK9gHNLFMppN26MwkzEyEErLxV9y4UMStn+HOv3HSZqHVAxcO59zLvfcEMaNKO86XVVpYXFpeKa9W1tY3Nrfs7Z22ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Ovc7D0QqGok7PYmJz9FQ0JBipI3Ut/fiY48jPZI8bQbZfVrzlEbyKOvbVafuTAH/ErcgVVCg2bc/vUGEE06Exgwp1XOdWPspkppiRrKKlygSIzxGQ9IzVCBOlJ9OH8jgoVEGMIykKaHhVP05kSKu1IQHpjM/Vs17ufif10t0eOmnVMSJJgLPFoUJgzqCeRpwQCXBmk0MQVhScyvEIyQR1iazignBnX/5L2mf1N3z+tntabVxVcRRBvvgANSACy5AA9yAJmgBDDLwBF7Aq/VoPVtv1vustWQVM7vgF6yPb7w0loM=</latexit>

p,Pb(?)

<latexit sha1_base64="4VTOOYxQ4hVucOoUuor/PY2WJBk=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIr6WRTcuK9gHNLFMppN26MwkzEyEErLxV9y4UMStn+HOv3HSZqHVAxcO59zLvfcEMaNKO86XVVpYXFpeKa9W1tY3Nrfs7Z22ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4Ovc7D0QqGok7PYmJz9FQ0JBipI3Ut/fiY48jPZI8bQbZfVrzlEbyKOvbVafuTAH/ErcgVVCg2bc/vUGEE06Exgwp1XOdWPspkppiRrKKlygSIzxGQ9IzVCBOlJ9OH8jgoVEGMIykKaHhVP05kSKu1IQHpjM/Vs17ufif10t0eOmnVMSJJgLPFoUJgzqCeRpwQCXBmk0MQVhScyvEIyQR1iazignBnX/5L2mf1N3z+tntabVxVcRRBvvgANSACy5AA9yAJmgBDDLwBF7Aq/VoPVtv1vustWQVM7vgF6yPb7w0loM=</latexit>

p,Pb(?)
<latexit sha1_base64="QTtUsdV13/ir4zi8U0Hbq9hiufo=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURX8uiG5cVrC00IUym03boPMLMRCgh4K+4caGIW7/DnX/jpM1CWw8MHM65l3vmxAmj2njet1NZWl5ZXauu1zY2t7Z33N29By1ThUkbSyZVN0aaMCpI21DDSDdRBPGYkU48vin8ziNRmkpxbyYJCTkaCjqgGBkrRe5BMEScoygLODIjxTMsR3keuXWv4U0BF4lfkjoo0Yrcr6AvccqJMJghrXu+l5gwQ8pQzEheC1JNEoTHaEh6lgrEiQ6zafwcHlulDwdS2ScMnKq/NzLEtZ7w2E4WIfW8V4j/eb3UDK7CjIokNUTg2aFByqCRsOgC9qki2LCJJQgrarNCPEIKYWMbq9kS/PkvL5KH04Z/0Ti/O6s3r8s6quAQHIET4INL0AS3oAXaAIMMPINX8OY8OS/Ou/MxG6045c4++APn8wc8MZZU</latexit>�coh

<latexit sha1_base64="QTtUsdV13/ir4zi8U0Hbq9hiufo=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURX8uiG5cVrC00IUym03boPMLMRCgh4K+4caGIW7/DnX/jpM1CWw8MHM65l3vmxAmj2njet1NZWl5ZXauu1zY2t7Z33N29By1ThUkbSyZVN0aaMCpI21DDSDdRBPGYkU48vin8ziNRmkpxbyYJCTkaCjqgGBkrRe5BMEScoygLODIjxTMsR3keuXWv4U0BF4lfkjoo0Yrcr6AvccqJMJghrXu+l5gwQ8pQzEheC1JNEoTHaEh6lgrEiQ6zafwcHlulDwdS2ScMnKq/NzLEtZ7w2E4WIfW8V4j/eb3UDK7CjIokNUTg2aFByqCRsOgC9qki2LCJJQgrarNCPEIKYWMbq9kS/PkvL5KH04Z/0Ti/O6s3r8s6quAQHIET4INL0AS3oAXaAIMMPINX8OY8OS/Ou/MxG6045c4++APn8wc8MZZU</latexit>�coh

<latexit sha1_base64="4FNNT7RqW1oOUn7YJNJsIk2Jrpw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmAcka5idTJIxszvLTK8QlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXEEth0HW/ndzS8srqWn69sLG5tb1T3N2rG5VoxmtMSaWbATVciojXUKDkzVhzGgaSN4LhzcRvPHFthIrucRRzP6T9SPQEo2ilehtp8nDSKZbcsjsFWSReRkqQodopfrW7iiUhj5BJakzLc2P0U6pRMMnHhXZieEzZkPZ5y9KIhtz46fTaMTmySpf0lLYVIZmqvydSGhozCgPbGVIcmHlvIv7ntRLsXfmpiOIEecRmi3qJJKjI5HXSFZozlCNLKNPC3krYgGrK0AZUsCF48y8vkvpp2bson9+dlSrXWRx5OIBDOAYPLqECt1CFGjB4hGd4hTdHOS/Ou/Mxa8052cw+/IHz+QNEqI7x</latexit>

⌧�

<latexit sha1_base64="b9W1aAARyvVrWgMUJ2JyfZloxx4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjxGMA9I1jA7mSRjZneWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uIJbCoOt+O7ml5ZXVtfx6YWNza3unuLtXNyrRjNeYkko3A2q4FBGvoUDJm7HmNAwkbwTDm4nfeOLaCBXd4yjmfkj7kegJRtFK9TbS5OGkUyy5ZXcKski8jJQgQ7VT/Gp3FUtCHiGT1JiW58bop1SjYJKPC+3E8JiyIe3zlqURDbnx0+m1Y3JklS7pKW0rQjJVf0+kNDRmFAa2M6Q4MPPeRPzPayXYu/JTEcUJ8ojNFvUSSVCRyeukKzRnKEeWUKaFvZWwAdWUoQ2oYEPw5l9eJPXTsndRPr87K1WuszjycACHcAweXEIFbqEKNWDwCM/wCm+Ocl6cd+dj1ppzspl9+APn8wdBoI7v</latexit>

⌧+

<latexit sha1_base64="5AoHF/Rwle/hqXWSp+1P1IvQ3fA=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBi2VX6sex6MVjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hZXVtfaO4Wdra3tndK+8fNHWcKkJ9EvNYtUOsKWeS+oYZTtuJoliEnLbC0e3Ubz1RpVksH8w4oYHAA8kiRrCxkt8V6eNZr1xxq+4MaJl4OalAjkav/NXtxyQVVBrCsdYdz01MkGFlGOF0UuqmmiaYjPCAdiyVWFAdZLNjJ+jEKn0UxcqWNGim/p7IsNB6LELbKbAZ6kVvKv7ndVITXQcZk0lqqCTzRVHKkYnR9HPUZ4oSw8eWYKKYvRWRIVaYGJtPyYbgLb68TJrnVe+yenFfq9Rv8jiKcATHcAoeXEEd7qABPhBg8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwCABY5/</latexit>

µ�
<latexit sha1_base64="OyceSWJPca7WcNiJDou4WpV9VL0=">AAAB9HicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOYBTJD6Ol0kibdPWMvgTDkO7x4UMSrH+PNv7GTzEETHxQ83quiql6ccqaN7397K6tr6xubha3i9s7u3n7p4LChE6sIrZOEJ6oVY005k7RumOG0lSqKRcxpMx7eTf3miCrNEvloximNBO5L1mMEGydFYYxVFko76YTCdkplv+LPgJZJkJMy5Kh1Sl9hNyFWUGkIx1q3Az81UYaVYYTTSTG0mqaYDHGfth2VWFAdZbOjJ+jUKV3US5QradBM/T2RYaH1WMSuU2Az0IveVPzPa1vTu4kyJlNrqCTzRT3LkUnQNAHUZYoSw8eOYKKYuxWRAVaYGJdT0YUQLL68TBrnleCqcvlwUa7e5nEU4BhO4AwCuIYq3EMN6kDgCZ7hFd68kffivXsf89YVL585gj/wPn8APDiSaw==</latexit>

⌫̄µ
<latexit sha1_base64="UVbUPxAm83mMVW1fiz8uvBO0BZA=">AAAB73icbVDJSgNBEK2JW4xb1KOXwSB4CjPidgx68RjBLJAZQk+nJ2nS0zN2VwthyE948aCIV3/Hm39jZzlo4oOCx3tVVNWLMsE1et63U1hZXVvfKG6WtrZ3dvfK+wdNnRpFWYOmIlXtiGgmuGQN5ChYO1OMJJFgrWh4O/FbT0xpnsoHHGUsTEhf8phTglZqB9J0AySmW654VW8Kd5n4c1KBOerd8lfQS6lJmEQqiNYd38swzIlCTgUblwKjWUbokPRZx1JJEqbDfHrv2D2xSs+NU2VLojtVf0/kJNF6lES2MyE40IveRPzP6xiMr8Ocy8wgk3S2KDbCxdSdPO/2uGIUxcgSQhW3t7p0QBShaCMq2RD8xZeXSfOs6l9WL+7PK7WbeRxFOIJjOAUfrqAGd1CHBlAQ8Ayv8OY8Oi/Ou/Mxay0485lD+APn8wc0o5AY</latexit>⌫⌧

<latexit sha1_base64="vaerRvYaCQhXZvQKi8nZmnBGUFI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV3xdQx68RjBPCC7ht7JJBkyO7vM9CphyX948aCIV//Fm3/jJNmDJhY0FFXddHeFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbIRguheJ1FCh5K9EcolDyZji8mfjNR66NiNU9jhIeRNBXoicYoJUe/BB05qt03PER0k6p7FbcKegi8XJSJjlqndKX341ZGnGFTIIxbc9NMMhAo2CSj4t+angCbAh93rZUQcRNkE2vHtNjq3RpL9a2FNKp+nsig8iYURTazghwYOa9ifif106xdxVkQiUpcsVmi3qppBjTSQS0KzRnKEeWANPC3krZADQwtEEVbQje/MuLpHFa8S4q53dn5ep1HkeBHJIjckI8ckmq5JbUSJ0woskzeSVvzpPz4rw7H7PWJSefOSB/4Hz+AARCkt0=</latexit>

⌫̄⌧<latexit sha1_base64="YoLT0TOc4LiFax5Zb3kwqhKaTAo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q0HGqGPosFrFqhVSj4BJ9w43AVqKQRqHAZji6nfrNJ1Sax/LBjBMMIjqQvM8ZNVbyOwl/dLvlilt1ZyDLxMtJBXLUu+WvTi9maYTSMEG1bntuYoKMKsOZwEmpk2pMKBvRAbYtlTRCHWSzYyfkxCo90o+VLWnITP09kdFI63EU2s6ImqFe9Kbif147Nf3rIOMySQ1KNl/UTwUxMZl+TnpcITNibAllittbCRtSRZmx+ZRsCN7iy8ukcVb1LqsX9+eV2k0eRxGO4BhOwYMrqMEd1MEHBhye4RXeHOm8OO/Ox7y14OQzh/AHzucPdt6OeQ==</latexit>

⇡0
<latexit sha1_base64="2oLwYZ3sc2CG/BnG1dqmvt2wlOo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQknEr2PRi8cKpi20tWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/ruNUMfRZLGLVDKhGwSX6hhuBzUQhjQKBjWB4O/EbT6g0j+WDGSXYiWhf8pAzaqzktxP+eNotld2KOwVZJF5OypCj1i19tXsxSyOUhgmqdctzE9PJqDKcCRwX26nGhLIh7WPLUkkj1J1seuyYHFulR8JY2ZKGTNXfExmNtB5Fge2MqBnoeW8i/ue1UhNedzIuk9SgZLNFYSqIicnkc9LjCpkRI0soU9zeStiAKsqMzadoQ/DmX14k9bOKd1m5uD8vV2/yOApwCEdwAh5cQRXuoAY+MODwDK/w5kjnxXl3PmatS04+cwB/4Hz+AG9KjnQ=</latexit>

⇡+

• Tau g-2 in the SM is part of NLO EW corrections

• To enable tau spin-entangled hadronic decay at NLO EW

• To add consistently spin correlations including NLO EW and tau hadronic decays
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Research Objectives

• Five main research axes:

• 1) Incoherent photon-induced UPC processes

• 2) Inclusive UPC photoproduction processes

• 3) Automated coherent photoproduction processes with GPDs

• 4) Spin-entangled tau hadronic decay with NLO EW corrections

• 5) Extension beyond collinear factorization
• Coherent photons in UPCs are linearly polarized

• TMD factorization allows to study TMD-sensitive observables, such as azimuthal angle modulations

• Also probing (coherent) photon GTMD
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Research Objectives

• Five main research axes:

• 1) Incoherent photon-induced UPC processes

• 2) Inclusive UPC photoproduction processes

• 3) Automated coherent photoproduction processes with GPDs

• 4) Spin-entangled tau hadronic decay with NLO EW corrections

• 5) Extension beyond collinear factorization

This proposal develops tools to support experimental measurements at CERN LHC
and has potential connections to the VAs NLOAccess, GPDPortal, TMDPortal
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Research Team & Funding Request
Team members :

✦ Hua-Sheng Shao (leader, LPTHE Paris, CNRS)

✦ David d’Enterria (CERN)

✦ A 2-year postdoc hired by CNRS based at LPTHE in Paris

The postdoc will develop a fraction of 
the 5 research axes mentioned before

Funding request :

✦ 2-year CNRS postdoc contract (165k Euros, w/ 25% overhead)

✦ Travel budget (30k Euros, including visits to CERN)

✦ Total budget: 195k Euros
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Introduction
• Scattering processes at the LHC: rapidity coverage

ZDC/HeRSCheL
LHCb/FoCal

ATLAS/CMS/ALICE

p/A

p/A

p/A
p/A

p/A

p/A

p/A
p/A

p/A

p/A

Inelastic
<latexit sha1_base64="wplvhor0fOkWE2CYtCxH2bzooT0=">AAACFHicbVDNS8MwHE3n15xfVY9egmMgCKMVdR6HXjxOcB+w1pJm6RaWtCVJhVHq/+DFf8WLB0W8evDmf2O69aCbDwKP9/JLfu/5MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCaEjaiipGerEgiPuMdP3xVe5374mQNApv1SQmLkfDkAYUI6Ulzzx2JB1y5KUOR2okeKrfYVl2l8Zxpi0OG9ZD6ggOuZ95ZtWqW1PARWIXpAoKtDzzyxlEOOEkVJghKfu2FSs3RUJRzEhWcRJJYoTHaEj6moaIE+mm01AZrGllAINI6BMqOFV/T6SISznRa8Favrqc93LxP6+fqODC1TnjRJEQzz4KEgZVBPOG4IAKghWbaIKwoHpXiEdIIKx0jxVdgj0feZF0Tur2ef3s5rTavCzqKIMDcAiOgA0aoAmuQQu0AQaP4Bm8gjfjyXgx3o2P2dWSUczsgz8wPn8Abmqfrg==</latexit>

�pp
inel ⇠ 70 mb

Single diffraction

Double diffraction

CEP+UPC elastic

CEP+UPC inelastic

Elastic
<latexit sha1_base64="rW1x4Rj0qsS52GuujwYAsW84yZY=">AAACEnicbVC7TsMwFHXKq5RXgJHFoqoES5XwHitYGItEH1ITIsd1Wqt2EtkOUhWFX2DhV1gYQIiViY2/wWkzQMuRLB2d46t77vFjRqWyrG+jtLC4tLxSXq2srW9sbpnbO20ZJQKTFo5YJLo+koTRkLQUVYx0Y0EQ9xnp+KOr3O/cEyFpFN6qcUxcjgYhDShGSkueeehIOuDISx2O1FDwlLAsu0vjONMGh8fWQ+oIDrmfeWbVqlsTwHliF6QKCjQ988vpRzjhJFSYISl7thUrN0VCUcxIVnESSWKER2hAepqGiBPpppOTMljTSh8GkdAvVHCi/p5IEZdyrGPBWh5cznq5+J/XS1Rw4aY0jBNFQjxdFCQMqgjm/cA+FQQrNtYEYUF1VoiHSCCsdIsVXYI9e/I8aR/V7bP66c1JtXFZ1FEGe2AfHAAbnIMGuAZN0AIYPIJn8ArejCfjxXg3PqZfS0Yxswv+wPj8AbTanr8=</latexit>

�pp
el ⇠ 30 mb

<latexit sha1_base64="o1ucemyuTs1349BNF/DCB0B5tq4=">AAACEnicbVC7TsMwFHV4lvIKMLJYVJVgqRLEa6xgYSwSfUhNiBzHaa3aSWQ7SFUUfoGFX2FhACFWJjb+BqfNAC1HsnR0jq/uucdPGJXKsr6NhcWl5ZXVylp1fWNza9vc2e3IOBWYtHHMYtHzkSSMRqStqGKklwiCuM9I1x9dFX73nghJ4+hWjRPicjSIaEgxUlryzCNH0gFHXuZwpIaCZzLI87ssSXJtcGhbD5kjOOR+7pk1q2FNAOeJXZIaKNHyzC8niHHKSaQwQ1L2bStRboaEopiRvOqkkiQIj9CA9DWNECfSzSYn5bCulQCGsdAvUnCi/p7IEJdyrGPBehFcznqF+J/XT1V44WY0SlJFIjxdFKYMqhgW/cCACoIVG2uCsKA6K8RDJBBWusWqLsGePXmedI4b9lnj9Oak1rws66iAfXAADoENzkETXIMWaAMMHsEzeAVvxpPxYrwbH9OvC0Y5swf+wPj8AbtunsM=</latexit>

�pp
sd ⇠ 10 mb

<latexit sha1_base64="z8JPsWynZcuLahjfH7taJFNQewU=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0nE17JYBJcV7AOaGCbTSTt0JgkzE6GE+BNu/BU3LhRxK+78GydtFtp64MLhnHu59x4/ZlQqy/o2SguLS8sr5dXK2vrG5pa5vdOWUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj9q5H7nnghJo/BWjWPicjQIaUAxUlryzCNH0gFHXupwpIaCp42rZpbdpXGcaYdD27IeHJ6kjuDQzzyzatWsCeA8sQtSBQWanvnl9COccBIqzJCUPduKlZsioShmJKs4iSQxwiM0ID1NQ8SJdNPJWxk80EofBpHQFSo4UX9PpIhLOea+7syPl7NeLv7n9RIVXLgpDeNEkRBPFwUJgyqCeUawTwXBio01QVhQfSvEQyQQVjrJig7Bnn15nrSPa/ZZ7fTmpFq/LOIogz2wDw6BDc5BHVyDJmgBDB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzA+fwAPw5/t</latexit>

�pp
CEP ⇠ 100 µb

AFP/PPS/TOTEM
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Two-Photon Processes
• Gold-plated SM and BSM processes Loop-induced in the SM !

HSS d’Enterria (JHEP’22)
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How do events look like ?

vs

Most collisions have enormous 
multiplicities.

UPC: low multiplicities
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https://hshao.web.cern.ch/hshao/gammaupc.html

https://hshao.web.cern.ch/hshao/gammaupc.html

