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Outline 

 Introduction 
 Experimental apparatus in Run 2 and Run 3 
 Measurements 

– Electromagnetic dissociacion in Pb-Pb at sNN = 5.02 TeV 
– Incoherent photonuclear J/ suppression in UPC of Pb-Pb at sNN = 5.02 TeV 
– Coherent J/ and (2S) photoproduction in UPC of Pb-Pb at sNN = 5.36 TeV 
– Exclusive moun pair production in UPC of Pb-Pb at sNN = 5.36 TeV 
– Inclusive measurements in UPC of Pb-Pb at sNN = 5.36 TeV 
– Prospects in Pb-Pb and pp collisions 

 Summary 
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Ultra-peripheral collisions (UPCs) 
 Impact parameter b > R1 + R2 

 Hadronic interactions suppressed 

 Photon induced reactions: 
 Well described in Weizsäcker-Williams approximation 
 Photon flux  Z2 (ZPb = 82) 
 Maximum photon energy at Run 3: 

 E𝛾
max ≈ 𝛾ℏ𝑐/𝑅 ≈ 80 GeV 

 Small photon virtuality at LHC 
 Q2 ≈ (ℏ𝑐/𝑅nucleus)

2 ≈ (30 MeV)2 

 Linearly polarised photons 
 Photo-nuclear c.m. energy, 𝑊𝛾N

2 = 2𝐸N 𝑀𝑉𝑀 𝑒∓𝑦 
 40 ≲ WγN ≲ 900 GeV 

 Large -induced interaction cross section 

 Coherent photoproduction 
 Photon couples to whole nucleus, <pT>  1/RPb  60 MeV/c 

 Incoherent photoproduction 
 Photon couples to single nucleon, <pT>  1/Rp  450 MeV/c 

 Clear signature: 
 Low detector activity 
 Rapidity gap(s)  
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 Exclusive processes (no colour exchange) 

 

 

 
 

 Inclusive processes (with colour exchange) 
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Classes of processes 
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Pomeron – Pomeron 
CEP 

Photoproduction 
Coherent or Incoherent 

Electromagnetic 
dissociation (EMD) 

single or mutual 

gap gap Direct production 
 Photon itself takes 

part in the hard 
scattering  

Resolved production 
 Virtual excitation of the 

photon 
 Participants of the hard 

scattering: 
 𝑞𝑞-bar pair 
 multiple gluons 



Motivation 
 Studies of gluon PDFs 
 Different proton  nuclear PDF 

– Gluon shadowing (destructive interference at 
low xB caused by coherent multiple scattering) 

– Gluon saturation (equilibrium between gluon 
splitting and recombination) 
– Saturation scale enhanced for nuclei by factor 

A1/3: (Qs
A)2  cQ0

2 [A/x]1/3 

 Heavy flavour  probe nuclear PDF in large 
phase space down to xB  10-4 

 Test of QED and photon fluxes 
 Search for QGP signatures in small systems 

like γ+Pb collisions 
– Radial, elliptic, triangular flow 
– Baryon to meson ratio (K0/Λ) 
– D0 production 
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ALICE detector in Run 2 
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TOF ITS Muon Arm 

ZDC 

a. ITS SPD Pixel 
b. ITS SDD Drift 
c. ITS SSD Strip 
d. V0 and T0 
e. FMD 

AD 

T0, V0 

TPC 

AD 

ZDC 

ALICE: JINST 3 S08002 (2008); 
Int. J. Mod. Phys. A29 (2014) 1430044 

TPC 
TOF 
ITS 

 Central Barrel tracking (e , , h) 
– || < 0.9, 0 <  < 2 
– ITS - silicon detector 
– TPC - gas drift detector 
– TOF - resistive plate chambers 

    PID: TPC, TOF 

 Forward tracking () 
– -4 <  < -2.5  
– Absorber (11) 
– Muon tracker (12) 
– Muon trigger (14) 
– Dipole magnet (15) 

 Diffractive detectors 
– T0 - scintillator counter 
– V0 - scintillator counter 
– AD - scintillator counter 
– ZDC - sampling calorimeter 

 Vertex 
– ITS 

T0 T0 



ALICE detector in Run 3 
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ITS 

TPC 

FIT 

 Major upgrade during LS2 
– Inner Tracking System – full pixel layers 
– Time Projection Chamber – GEM readout 
– New Muon Forward Tracker 
– New Fast Interaction Trigger (FV0 + FT0 + FDD) 
– New Event Processing Nodes Farm 
– Upgraded readout for most of detectors 
  streaming readout at high rate 

 Pb-Pb data taking at 50 kHz 
– All data stored on tape 

 pp data taking at 500 – 1000 kHz 
– Software based trigger 

ALICE upgrade: 
JINST 19 P05062 (2024) 

Collected statistics: 
 Pb-Pb: 5 nb-1 

 pp: 132 pb-1 

 



Neutron emission in UPC 
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 It is huge! 
 Up to 5 neutrons 
 Hadronic cross section           

had = 7.67  0.24 b 
 Good description of 1n and 2n 

emission , but other classes are 
not so well described 
 RELDIS: Phys. Part. Nucl. 42 (2011) 215. 

N00N: Comput. Phys. Commun. 253 (2020) 107181. 

PRC 107 (2023) 064902 PRC 107 (2023) 064902 



Proton emission in EMD of 208Pb 
 Absorption of photons (E > 140 MeV)  

 emission of several neutrons and protons 

 Proton emission accompanied by at least 1 neutron 
emission  
 Large production cross section of Thallium, Mercure, GOLD  
 0p and 3p agree with RELDIS predictions, but 1p and 2p 

underestimated by 17-25% 

 Single proton emission accompanied by 1, 2, 3 neutrons  
 production of the isotopes 206,205,204Tl 
 RELDIS overestimates the data 2-3x  
 Better description for E > 20 MeV, but opposite trend 

 Confirms very good ZDC performance 
 Possibility to measure 1n or 2n classes:  

 access to different impact parameters 
 Relevant constraints on models for Tl 
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PRC 111 (2025) 054906 



Impact parameter dependence and 2-fold ambiguity 
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No breakup (0n0n) 

Double breakup (XnXn) 

Single breakup (Xn0n + 0nXn) 

 Excitation of the nuclei possible through 
the secondary photon exchange 

 Giant dipole resonance 

All protons vibrating against all neutrons         
 knocks out neutrons 

 UPC event clasifier: 0n0n, 0nXn, XnXn 

 via electromagnetic dissociation (EMD)  
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𝑑𝜎
𝐴𝐴→𝐴𝐴′𝐽/𝜓

𝑑𝑦
= 𝑁 𝜔𝛾1 𝜎𝛾𝐴 𝜔𝛾1 + 𝑁 𝜔𝛾2 𝜎𝛾𝐴 𝜔𝛾2  

 Single measurement cannot distinguish emmiter vs. target 

To disentangle both photon contributions we need to measure 
the same proces in peripheral collisions or with EMD! 

Peripheral:  
 Contreras, PRC 96, 015203 (2017). 
EMD:  
 Guzey at al., EPJC 74 (2014) 7, 2942. 

𝑑𝜎𝑃𝑏𝑃𝑏
0𝑁0𝑁

𝑑𝑦
= 𝑁0𝑁0𝑁 𝜔𝛾1, +𝑦 𝜎𝛾𝑃𝑏 𝜔𝛾1, +𝑦 + 𝑁0𝑁0𝑁 𝜔𝛾2, −𝑦 𝜎𝛾𝑃𝑏 𝜔𝛾2, −𝑦  

𝑑𝜎𝑃𝑏𝑃𝑏
0𝑁𝑋𝑁

𝑑𝑦
= 𝑁0𝑁𝑋𝑁 𝜔𝛾1, +𝑦 𝜎𝛾𝑃𝑏 𝜔𝛾1, +𝑦 + 𝑁0𝑁𝑋𝑁 𝜔𝛾2, −𝑦 𝜎𝛾𝑃𝑏 𝜔𝛾2, −𝑦  



J/ photoproduction 

 Coherent J/ shows moderate nuclear suppression in a wide rapidity range 
– Nuclear gluon shadowing factor for 0.3  10-3 < xB < 1.4  10-3 is SPb = 0.64  0.04 
– No model describes the full rapidity dependence 

 Energy dependence of the photonuclear cross section down to xB   10-5 

– High energy (low xB) data favours both saturation (b-BK-A, GG-HS) and shadowing 
(LTA) models 

 (Slope of) data of incoherent |t| dependent J/ photoproduction cross section 
favour models with subnucleon fluctuations 
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EPJ C 81 (2021) 712 PRL 132 (2024) 162302 PLB 817 (2021) 136280, 
JHEP 10 (2023) 119 

SPb = 0.64  

𝑆𝑃𝑏 =
𝜎𝛾𝑃𝑏

𝜎𝐼𝐴
𝛾𝑃𝑏

  

SPb  0.95 
SPb  0.65 SPb  0.5 

STARlight: CPC, 212 (2017) 258-268. 
GG-HS (saturation): PRC 97 (2) (2018) 024901. 
EPS09 LO (shadowing): JHEP 04 (2009) 065. 
LTA (shadowing): PRC 95 (2) (2017) 025204. 
b-BK (saturation): arXiv:2006.12980 [hep-ph]. 
MS (saturation): PLB 772 (2017) 832. 
GSZ (shadowing): PRC 99 (2019) 015201. 
MSS (saturation):  PRD 106, 7 (2022) 074019. 



 Double differential WγPb,n and |t| measurement of the incoherent J/ψ 
photonuclear cross section 

 The measurement extends from WγPb,n = 20 GeV to WγPb,n = 633 GeV 
 R = 0.52 ± 0.13 (> 3  effect!) between data points 
 Another hint in the search for gluon saturation at smaller spatial scales 

– |t| = 0.1 GeV2 corresponds to scale  0.6 fm in size 
– |t| = 1 GeV2   0.2 fm  

 LTA weak shadowing model is disfavoured  
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arXiv:2503.18708 
Accepted by PRL 

Small |t| High |t| 

0.52 at WPb,n = 633 GeV 

3 

Incoherent photonuclear J/ suppression 

Guzey - PRC 99, 015201 (2019) 
Cepila - PLB 852, 138613 (2024) 
Mantysaari - PRD 106, 074019 (2022), 
arXiv:2312.04194 (2024) 



+-, coherent J/ and (2S) production 
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 No hardware trigger on single-muon pT  
increased statistics at lower invariant masses 

 Streaming readout mode  3x more 
statistics of J/ 

 MC-based template for Coherent,  
Incoherent, feed-down J/ from 
coherent (2S) and incoherent (2S) 
decays 

 Data-driven template for γγμμ 
 H1 parametrization for incoherent J/ψ 

with nucleon dissociation: 
 Fraction of incoherent J/: 

 3.7–5.9% for pT < 0.25 GeV/c 

arXiv:2605.13569 



+-, coherent J/ and (2S) production 

 Test of photon flux with  pairs 
– STARlight describes data at -3<y<-2.5 but underpredicts by 40% in other regions 
– Upcgen and SuperChic4 overpredict data by 10-20% 

 Measured J/ and (2S) cross section 
– Suppression wrt. IA (SPb

J/  0.76, SPb
(2S)  0.71) 

– STARlight overpredicts data — Glauber-like rescattering is not enough 
– EPS09 (central set) and LTA (weak shadowing) underestimate measured J/ cross section but 

consistent with (2S) data  
– Good agreement of CGC model with shape fluctuations 

 Ratio|-4<y<-2.5 = 0.131 ± 0.012 (stat.) ± 0.013 (syst.) → 1.4-1.9σ below all models, except CGC 
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J/ (2S) 

+- 

Ratio 

STARlight: CPC, 212 (2017) 258-268 
Upcgen: CPC, 277 (2022) 108388 
SuperChic: EPJC, 80 (2020) 925 
CGC: PRD 109 (2024) L071504 
 

arXiv:2605.13569 
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pT spectra for identified hadrons in inclusive UPC  

 Corrected yields of , K, p  
 Spectra compared to 

STARLight (photon flux) + 
DPMJET (nuclear breakup) 

 MC failed to describe 
ratios 
– Similar behaviour to pp 

collisions 

 Comparison to other 
systems 
– K/: -Pb shape similar to 

p-Pb and Pb-Pb 
– p/: -Pb shape similar to 

smaller systems (p-Pb or 
pp) 

STARlight: CPC, 212 (2017) 258-268 
DPMJET: Phys. Rev. C 83 (2011) 041901 



Strangeness in single gap UPC events  

 K0
S mesons and  baryons spectra measured in inclusive photonuclear reactions 

 Baryon/meson enhancement at the intermediate pT 

 Similar (and better) shape to ratios in low multiplicity p-Pb collisions (8 < Nch  < 41) than in 
MB p-Pb collisions (0 < Nch  < 41)  

 Studies of collective expansion in UPC 
Vector Meson Dominance model  effectively hadron-Pb collisions 
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Open Charm in inelastic UPC events 
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Sigurd Nese  

D0 

D* D 
c 

D0 

 Signal in D0, D+, D*+, c 

 D0 ( K) meson pT spectrum down 
to pT = 0 
 allow for mean pT extraction 
 CGC model (GELM) reproduces the 

shape above  1 GeV/c 
 Agreement between CMS and ALICE 

 

GELM: arXiv: 2503.16108 (2025). 
GSS: Nucl. Phys. A976 (2018) 33. 
CMS: CMS-PAS-HIN-24-003 (2024). 



Excited  and J/  4, 2K2 and 6 states 

 Interesting for quantum 
entanglement 

 New phase space available 
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Exclusive  pair production 
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  pair photoproduction in Pb-Pb 
UPC channels  
– e+e- 

– e + / 
– / + 3 
– e+3 

 Sensitive to anomalous magnetic 
moment of  lepton 

a sits 
 here 



Run 3 data analysis in pp: CEP 
 Resonance structure visible in  

–  - 0(770), 𝑓0(980), 𝑓2(1279) 
– KK - (1020), f2(1270), f2’(1525), f0(1710) 
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Summary 

 Neutron and proton emission have been measured 
– Access to various impact parameter classes 

 New constraints on the nuclear PDFs, inner structure, saturation or 
shadowing, photoproduction mechanisms imposed with J/ and 
(2S) measurements 
– Onset of saturation with double differential measurement? 
– New and first measurement in UPC Run 3 with J/, (2S) and +- pairs 

 Studies of collectivity with inclusive measurements 
 QED studies with lepton pair production 
 Exciting era for CEP and photoproduction in pp collisions in ALICE 
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BACKUP 
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Exclusive four pion photoproduction 

Fully corrected invariant mass distribution fitted with a relativistic Breit-Wigner 
with a Söding term with one or two resonances 
 Single resonance fit in agreement with (1450) but disfavoured (2/ndf = 

48/25) 
 Single resonance with interference with background describes well 

(2/ndf = 15/22) 
 Two resonances fit give better description (2/ndf = 18/21) and a rough 

agreement with PDG (1450) and (1700) with mixing angle 
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 Acceped after 6th iteration 
 Excited  states expected 

– The mass and the width poorly 
measured 

 Pb Pb  Pb Pb  + - + - 

 Coherent component clearly seen 

 Single resonance:  
– (1450): 47.8  2.3stat  7.7syst mb 

 Double resonance: 
– (1450): 24.8  2.5stat  8.1syst mb 
– (1700): 10.1  2.3stat  5.3syst mb 

Phys. Lett. B 872 (2025) 140006 



Models |t|in coherent and incoherent J/ 
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 LTA (shadowing): PRC 95 (2) (2017) 025204; 
– vector dominance model (VDM) based on perturbative Leading Twist Approximation (LTA) of nuclear shadowing. 

 b-BK (saturation): arXiv:2006.12980 [hep-ph]; 
– impact parameter dependent BK computation. 

 MS (saturation): PLB 772 (2017) 832; 
– Based on IPsat model. 

 GSZ (shadowing): PRC 99 (2019) 015201; 
– VDM based on LTA shadowing including elasic and/or dissociative part 

 MSS (saturation):  PRD 106, 7 (2022) 074019 
– Based on JIMWLK equations. 

 



Models 
 Black disk limit:  

– Frankfurt, Strikman, Zhalov, Phys. Lett. B537 (2002) 51–61. 
– total cross section of the interaction is equal to 2π RA

2. 

 STARlight:  
– Klein, Nystrand, Seger, Gorbunov, Butterworth, Comput. Phys. Commun. 212 (2017) 258–268; Klein and Nystrand, Phys. Rev. C 60 (1999) 

014903. 
– Based on a phenomenological description of the exclusive production of VM off nucleons, the optical theorem, and a Glauber-like eikonal 

formalism, does not take into account the elastic part of the elementary VM–nucleon cross section. 
– Includes multiple scattering, no gluon shadowing. 

 GKZ (Guzey, Kryshen and Zhalov): 
– Guzey, Kryshen, Zhalov, Phys. Rev. C93 (2016) 055206; Frankfurt, Guzey, Strikman, Zhalov, Phys. Lett. B752 (2016) 51–58. 
– Based on a modified vector dominance model, in which the hadronic fluctuations of the photon interact with the nucleons in the nucleus 

according to the Gribov-Glauber model of nuclear shadowing 

 GMMNS (Goncalves, Machado, Morerira, Navarra and dos Santos): 
– Gonçalves, Machado, Moreira, Navarra, dos Santos, Phys. Rev. D96 (2017) 094027; Iancu, Itakura, Munier, Phys. Lett. B590 (2004) 199–208, 
– Based on the Iancu-Itakura-Munier (IIM) implementation of gluon saturation within the colour dipole model coupled to a boosted-Gaussian 

description of the wave function of the vector meson. 

 CCKT (Cepila, Contreras, Krelina and Tapia): 
– Cepila, Contreras, Tapia Takaki, Phys. Lett. B766 (2017) 186–191; Cepila, Contreras, Krelina, Tapia Takaki, Nucl. Phys. B934 (2018) 330–340; N. 

Armesto, Eur. Phys. J. C26 (2002) 35–43 
– Based on the colour dipole model with the structure of the nucleon in the transverse plane described by so-called hot spots, regions of high 

gluonic density, whose number increases with increasing energy. The nuclear effects are implemented along the ideas of the Glauber model. 
Version without hot spots (named nuclear) and including them. 

– Indicates gluon saturation. 
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Models 
 Impulse approximation: 

– Exclusive photoproduction off protons, neglects all nuclear effects but coherence. 
– Based on STARlight. 

 EPS09 LO: 
– GKZ model with parameterization of nuclear shadowing data.  
– Eskola, Paukkunen, Salgado, JHEP 04 (2009) 065. 

 LTA: 
– GKZ model based on Leading Twist Approximation of nuclear shadowing. 
– Frankfurt, Guzey, Strikman, Phys. Rept. 512 (2012) 255–393. 

 IIM BG, IPsat, BGK-I: 
– Color dipole approach coupled to the Color Glass Condensate (CGC) formalism with different assumptions on the dipole-proton scattering 

amplitudę. 
– Gonçalves, Moreira, Navarra, Phys. Rev. C 90 (2014) 015203; dos Santos, Machado, J. Phys. G 42 no. 10, (2015) 105001. (saturation) 
– Lappi, Mäntysaari, Phys. Rev. C 83 (2011) 065202; Lappi, Mäntysaari, Phys. Rev. C 87 (2013) 032201. (saturation) 
– A. Łuszczak, Schäfer, Phys. Rev. C 99 no. 4, (2019) 044905. (shadowing) 

 GG-HS:  
– CCK color dipol model with hot spots nucleon structure with Glauber-Gribov formalism 
– Cepila, Contreras, Krelina, Phys. Rev. C 97 no. 2, (2018) 024901; Cepila, Contreras, Tapia Takaki, Phys. Lett. B766 (2017) 186–191. 

 b-BK: 
– Bendova, Cepila, Contreras, Matas (BCCM) model based on the color dipole approach coupled to the impact-parameter dependent Balitsky-

Kovchegov equation with initial conditions based on the Woods-Saxon shape of the Pb nucleus. 
– Bendova, Cepila, Contreras, Matas, Physics Letters B 817 (2021) 136306. 
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Models 

 noon: 
– Broz, Contreras, Tapia Takaki, “A generator of forward neutrons for 

ultra-peripheral collisions: nOOn”, Comput. Phys. Commun. (2020) 
107181. 

 JMRT NLO: 
– next-to-leading-order calculations 
– Jones, Martin, Ryskin, Teubner, J. Phys. G 44 no. 3, (2017) 03LT01; 

JHEP 11 (2013) 085. 

 BM: 
– Perturbative JIMWLK evolution based on HERA data 
– Mantysaari, Schenke, Phys. Rev. D 98 no. 3, (2018) 034013 
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Incoherent J/ large |t| supression models 
 Guzey - PRC 99, 015201 (2019) 

– Shadowing model based on LTA 
– |t| independent shadowing + HERA data 

 Cepila - PLB 852, 138613 (2024) 
– Saturation based on Golec-Biernat – Wusthoff model 
– Energy dependent number of hot spots 

 Mantysaari - PRD 106, 074019 (2022), arXiv:2312.04194 (2024) 
– Saturation model based on JIMWLK equation 
– Event-by-event nucleon shape fluctuations, 3 hot spots 
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 STARlight: Klein, Nystrand et al., CPC 212 (2017) 258–268 

 Upcgen: CPC, 277 (2022) 108388 based on Guzey, Kryshen, Zhalov, PRC 93 (2016) 055206 

 SuperChic: EPJC, 80 (2020) 925 

 CGC: Mantysaari, Salazar, Schenke, PRD 109 (2024) L071504 


