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Hard Probes in Ultra-Peripheral Collisions

Brief Introduction



Hard Probes in Ultra-Peripheral Collisions

Motivation to Study UPCs: Soft QCD Physics
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Vector Meson Photoproduction
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Vector meson production in pp and AA collisions can be understood as interaction of a virtual
photon ? and two gluons (or a pomeron IP)

From left to right: Coherent interaction with no additional particles produced, inelastic
interaction with gluon radiation, and the target or projectile proton dissociated by the
photon-pomeron interaction P=1 (;J3/, (29), (1020), 1, 1, ,..)
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Additional Production Mechanisms
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Vector meson production in pp and AA collisions can be understood as interaction of a virtual
photon ? and two gluons (or a pomeron IP)

From left: Pomeron-pomeron interactions, photon-pomeron interactions (shown previously),
and photon-photon interactions
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Motivation to Study UPCs: Exotic Phenomena
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UPCs could provide an environment to access exotic phenomena (ex: tetraquarks, glueballs)
Some predictions look for scalar glueball decaying to pair of pseudoscalars ( ¥ |, KTK )

Z Prediction for pomeron-pomeron production in the *  spectrum shown (right)
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Motivation to Study UPCs: Small Bjorken-X

Z Soft processes can probe smaller Bjorken-x
than hard processes (right)
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Hard Probes in Ultra-Peripheral Collisions

Z Processes specific to ultra-peripheral
collisions shown with corresponding Q? and
X values

Z Here, soft processes defined as
Q? < (1 GeV=c)?

z Hard probes in UPCs would include UPC
dijets, open charm production, and vector
meson production

z T and J= photoproduction described as
perturbative processes

z The lighter and vector meson production
falls within non-perturbative scale

DIAGRAM CREDIT: A. OGRODNIK (QM 2025 TALK)


https://indico.cern.ch/event/1334113/contributions/6209756/
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Hard Probes in Ultra-Peripheral Collisions
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DIAGRAM CREDIT: A. OGRODNIK (QM 2025 TALK)


https://indico.cern.ch/event/1334113/contributions/6209756/
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Centrally Produced, Peripheral, and
Ultra-Peripheral Collision Results
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J= in Central Production
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Exotic states in diffractive processes: ¢,(4500) and ¢, (4272) observed with > 4 significance
z At least 69% of candidates are produced in events where one or both protons dissociate
Confirms previous LHCb results in hadronic collisions (Phys.Rev.Lett. 118 (2017) 2, 022003)
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J= Photoproduction in Hadronic Collisions
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J= Photoproduction in Hadronic Collisions
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