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Brief Introduction
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Motivation to Study UPCs: Soft QCD Physics

PHENIX �0 cross-section in p+p collisions vs pT
z Fit with a power law function (pT > 2 GeV/c)
z Fit with exponential function (pT < 1 GeV/c)

Spectrum cannot be described by exponential
function above � 2 GeV/c

Soft QCD physics describes interactions involving
small momentum transfer Q2 < (2 GeV/c)2

z Opportunities to study soft QCD physics in UPCs

UPCs occur when distance b between two passing
nuclei is more than twice their radii (b > 2R)

z Involves ‘long-range’ photon and/or gluon
interactions (no color exchanged)

Image Credit: C. Klein-Boesing
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Vector Meson Photoproduction

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 JP = 1� (
; J/ ,  (2S), �(1020), Υ, !, �, ...)
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Additional Production Mechanisms

(a) (b) (c)

Pb

Pb
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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 and the target or projectile proton dissociated by the
photon-pomeron interaction JP = 1� (
; J/ ,  (2S), �(1020), Υ, !, �, ...)
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Motivation to Study UPCs: Exotic Phenomena

UPCs could provide an environment to access exotic phenomena (ex: tetraquarks, glueballs)

Some predictions look for scalar glueball decaying to pair of pseudoscalars (�+��, K+K�)

z Prediction for pomeron-pomeron production in the �+�� spectrum shown (right)

Image Credit: Hua-Xing Chen, Southeast University (CH) Eur.Phys.J.C 76 (2016) 1, 38
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Motivation to Study UPCs: Small Bjorken-x

z Soft processes can probe smaller Bjorken-x
than hard processes (right)

z Smaller x values imply higher gluon densities

z In non-linear regime (below), gluons
expected to radiate/recombine at same rate
(could indicate high levels self interaction)

z Potential environment for color glass
condensate

Left: Rept.Prog.Phys. 82 (2019) 2, 024301. Above: LHCb Publicity Figure
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Hard Probes in Ultra-Peripheral Collisions

z Processes specific to ultra-peripheral
collisions shown with corresponding Q2 and
x values

z Here, soft processes defined as
Q2 < (1 GeV=c)2

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

z Υ 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

z Processes specific to ultra-peripheral
collisions shown with corresponding Q2 and
x values

z Here, soft processes defined as
Q2 < (1 GeV=c)2

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

z Υ and J= photoproduction described via
’hard’ pomeron exchange

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

Focusing on

Lower Q2


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

Exotic states in diffractive processes: �c0(4500) and �c1(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

Excess J= yield in peripheral PbPb collisions
measured by ALICE; postulated due to
photoproduction

Confirmation of excess J= yield in AA
collisions by STAR for peeT < 100 MeV/c

LHCb discrimination shown between J= 
hadronic production and J= photoproduction
in peripheral PbPb collisions (top)

Differential yield as function of pT and rapidity
(right) support hypothesis of coherent
photoproduction in hadronic collisions

z hpT i = 64:9�2:4 MeV/c

Phys.Rev.C 105 (2022) 3, L032201
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J= Photoproduction in Hadronic Collisions

Excess J= yield in peripheral PbPb collisions
measured by ALICE; postulated due to
photoproduction

Confirmation of excess J= yield in AA
collisions by STAR for peeT < 100 MeV/c

LHCb discrimination shown between J= 
hadronic production and J= photoproduction
in peripheral PbPb collisions (top)

Differential yield as function of pT and rapidity
(right) support hypothesis of coherent
photoproduction in hadronic collisions

z hpT i = 64:9�2:4 MeV/c

Phys.Rev.C 105 (2022) 3, L032201
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