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Introduction to ultraperipheral collisions (UPC)

• Coherent 
photoproduction:  
photon couples with 
the entire nucleus 

• Incoherent 
photoproduction: 
photon couples with 
a single nucleon only 

• Different average  
of the vector mesons 
for the two processes

𝑝𝑇

5

Hard scale assured by high 
mass states i.e.  𝐽/𝜓,  𝜓(2𝑆 )

Ryskin: Z. Phys. C 57, 89-92 
(1993)

LO

Only QED involved 
at this vertex!

• Large impact parameter 
(beyond the reach of 
the strong interaction) 

• Vector meson 
production 

• e.g. 𝜌0,  𝐽/𝜓,  𝜓(2𝑆)
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Only QED involved 
at this vertex!

 the square of the momentum 
transferred between the incoming 
and outgoing target nucleus 

𝑡

 the centre-of-mass energy 
of the photon-target system
𝑊

Hard scale assured by high 
mass states i.e.  𝐽/𝜓,  𝜓(2𝑆 )



Physics of ultra-peripheral collisions (UPC)
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Ryskin: Z. Phys. C 57, 89-92 (1993)

LO

Eskola, Kari J. et al.  
Eur.Phys.J.C 82 (2022) 5, 413

Studying nuclear shadowing

H1 and Zeus, EPCJ 75 (2015) 580

Looking for gluon saturation
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ALICE
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• Impulse approximation: 
nucleus as incoherent sum of 
nucleons 

• STARlight: generalised vector 
meson dominance model + 
HERA data (~baseline for 
comparisons) 

• EPS09 (GKZ): generalised 
vector meson dominance 
model + nuclear shadowing 

• ALICE data exhibit moderate 
nuclear shadowing 

Forward  
J/  analysisψ

Forward 
acceptance 
and 
detectors 
used as 
vetoes

Vetoes and ZDC

−4 < η < − 2.5

MUON

MUON

9
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and 
detectors 
used as 
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Exclusive J/ψ in p-Pb
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•  

• Probing Bjorken-  with ALICE 

• power-law growth of cross-sections → 
power-law growth of gluon 
distributions down to -> no 
clear signs of gluon saturation 

• ALICE points: forward, semiforward and 
midrapidity configurations  

• Forward: two muons in the 
spectrometer 

• Semiforward: one in the 
spectrometer, one in the central 
barrel 

• Midrapidity: two muons/electrons 
in the central barrel

𝑥 = 𝑒±|𝑦| 
𝑀J/𝜓

2Ep
𝑥~10−5

𝑥~10−6 

Eur. Phys. J. C (2019) 79: 402 (ALICE midrapidity and semiforward), 
Phys. Rev. Lett. 113 no. 23, (2014) 232504 (ALICE forward )

ALICE, Phys.Rev.D 108 (2023) 11, 112004



Exclusive J/ψ in p-Pb

14

Eur. Phys. J. C (2019) 79: 402 (ALICE midrapidity and semiforward), 
Phys. Rev. Lett. 113 no. 23, (2014) 232504 (ALICE forward )

This measurement

Pb ion is the  
photon source!

•  

• Probing Bjorken-  with ALICE 

• power-law growth of cross-sections → 
power-law growth of gluon 
distributions down to -> no 
clear signs of gluon saturation 
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spectrometer, one in the central 
barrel 

• Midrapidity: two muons/electrons 
in the central barrel
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2Ep
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ALICE, Phys.Rev.D 108 (2023) 11, 112004



Exclusive and dissociative J/ψ in p-Pb
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• First result at the LHC of the 
measurement of dissociative 
J/ψ
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ALICE, Phys.Rev.D 108 (2023) 11, 112004
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Coherent vs incoherent J/ψ
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• Coherent (dimuon ) – photon couples to entire nucleus coherently  

• Incoherent J/ψ features a much wider  distribution – photon interacts with a single 
nucleon of the target nucleus

𝑝T < 0.2 GeV/𝑐
𝑝T

Plots at 
midrapidity

ALICE, Eur. 
Phys. J. C 
81 (2021) 
712
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Studying coherent J/ψ in terms of…
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1. Angular distributions 

2.  

3.   

4.

𝒚

𝒑𝟐
𝐓

𝑾 𝟐
𝜸𝑷𝒃,𝒏 = 𝒎 𝒔𝑵𝑵𝒆−𝒚
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Coherent J/ψ polarisation

21

• Quasireal photons ( ): s-
channel helicity conservation 
suggests transverse polarisation for 
the vector meson 

• Agreement with H1 (photoprod.) 

• ZEUS measures electroprod. 

𝑄2~0

Upward parabolic 
shape in  
typical of transverse 
polarisation

𝐜𝐨𝐬(𝜽)

Results with the spin-
density matrix elements

ALICE, arXiv:2304.10928, 
submitted to PLB
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Coherent J/ψ cross section
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• ALICE data exhibit moderate nuclear 
shadowing  

• Nuclear suppression factor 

   

 

• IA = impulse approximation (no 
nuclear effects) 

•  - nuclear suppression factor - 
provides a way to test the consistency 
of the data with the available nuclear 
and nucleon PDFs and to measure 
the nuclear shadowing factor
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dσ
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Coherent J/ψ and ψ’ cross section

24

 

SPb(y ∼ 0, ψ′￼) =
dσ
dy data

/
dσ
dy IA

= 0.66 ± 0.06

y
4− 3− 2− 1− 0 1

/d
y 

(m
b)

σd
0

2

4

6

8

10

12

14  = 5.02 TeVNNs   ψ Pb+Pb+J/→ALICE Pb+Pb 

ψALICE coherent J/
Impulse approximation
STARLIGHT
EPS09 LO (GKZ)
LTA (GKZ)
IIM BG (GM)
IPsat (LM)
BGK-I (LS)
GG-HS (CCK)
b-BK (BCCM)

ALI-PUB-499958

ALICE, Eur. Phys. J. C 81 (2021) 712

 x ∼ 10−2 (95%)
x ∼ 10−5 (5%)

x ∼ 10−3

y
4− 3− 2− 1− 0 1

/d
y 

(m
b)

σd

0.0

0.5

1.0

1.5

2.0

2.5

3.0  = 5.02 TeVNNs'   ψ Pb+Pb+→ALICE Pb+Pb 

'ψALICE coherent 
Impulse approximation
STARLIGHT
EPS09 LO (GKZ)
LTA (GKZ)
GG-HS (CCK)
b-BK (BCCM)

ALI-PUB-499963



Studying coherent J/ψ in terms of…

25

1. Angular distributions 

2.  

3.   

4.

𝒚

𝒑𝟐
𝐓

𝑾 𝟐
𝜸𝑷𝒃,𝒏 = 𝒎 𝒔𝑵𝑵𝒆−𝒚



26

• From -dependent photoproduction to 
-dependent photonuclear 

production 

• Transverse momentum of the photon 
accounted for by unfolding with a 
response matrix built from - and 
-distributions 

• Probing the transverse gluonic structure 
of the nucleus at low x 

• Models including QCD dynamical 
effects are favoured 

• Run 3 data will also allow to push further 
in 

𝑝2
𝑇

𝑡

𝑝2
𝑇 𝑡

𝑡

ALICE, Phys.Lett.B 817 (2021) 13628Coherent J/ψ t-dependence 0 < 𝑡 < 0.012 GeV2

26
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• Gluonic subnucleon fluctuations 
needed to describe the data 

• First measurement of this kind ever! 

• Models fail to predict  normalisation

Incoherent J/ψ t-dependence 0.04 < 𝑡 < 1 GeV2

27

ALICE, 	 PRL 132 (2024) 16, 162302 
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• The first observation of subnucleonic 
structure in the Pb target using UPCs  

• ALICE covers three orders of magnitude in 
with a HERA-like accuracy| t |

Complete view of J/ψ t-dependence

28
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Techniques for the photon direction ambiguity
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• Using the neutron ZDCs on 
the A and C side to detect 
the neutrons! 

• E.g. 0N0N: no neutrons on 
either ZDCs 

• E.g. 0NXN: neutrons only 
on one side 

• Effectively leveraging on 
the impact parameter

Guzey et al., 
Eur.Phys.J.C 74 (2014) 7, 2942 

Neutron emission: 

•  

• Ambiguity due to sign in 
the rapidity of the photon 
emitter →  

• Additional photon 
exchanges may lead to 
neutron emission

x =
MVM

sNN
⋅ e±y

10−2, 10−5
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2RPb



Coherent J/ψ with neutron emission
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• First measurement of the 
energy dependence of the 
photonuclear cross section 
down to Bjorken- ! 

• At low-  data favours both 
saturation and shadowing 
models 

• New Run 2 results probe 
unprecedented Bjorken-  
region like no other LHC 
experiment!

x ∼ 10−5

x

𝑥

Neutron emission extends the range in 
energy being explored by about 300 GeV!

ALICE, JHEP 10 (2023) 119



Coherent J/ψ with neutron emission
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• First measurement of the nuclear 
suppression factor at Bjorken-

! 

    

• At low-  data favours both 
saturation and shadowing models  

• Additional theoretical uncertainty 
from impulse approximation → 
dominates at low energies

x ∼ 10−5

SPb(y) =
dσ
dy data

/
dσ
dy IA

𝑥
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 (PLB 726 (2013) 290-295)  = 2.76 TeVNNsPb −using ALICE PbGuzey et al., 

(PRC 96 (2017) 015203)  = 2.76 TeVNNsPb −using ALICE PbContreras, 
Impulse approximation
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ALI−PUB−543160

ALICE, JHEP 10 (2023) 119



Coherent J/ψ with neutron emission
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)(arXiv:2303.16984  = 5.02 TeVNNsPb −PbCMS, 

 (PLB 726 (2013) 290-295)  = 2.76 TeVNNsPb −using ALICE PbGuzey et al., 
(PRC 96 (2017) 015203)  = 2.76 TeVNNsPb −using ALICE PbContreras, 
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Consistency between 
ALICE and CMS results

ALICE, JHEP 10 (2023) 119

• First measurement of the nuclear 
suppression factor at Bjorken-

! 

    

• At low-  data favours both 
saturation and shadowing models  

• Additional theoretical uncertainty 
from impulse approximation → 
dominates at low energies

x ∼ 10−5

SPb(y) =
dσ
dy data

/
dσ
dy IA

𝑥



Summary

Shown here: 
• -dependence of 

coherent and incoherent J/
ψ 

• First measurement of the 
nuclear suppression factor 
at Bjorken- ! 
Obtained with the neutron 
emission technique 

• Models do not describe the 
growth of  at low 
energies 

• Peripheral and neutron 
emission techniques 
produce results in 
agreement with each other

𝑡

𝑥~10−5

𝜎𝛾𝑃𝑏

What we found: 
• -dependence of 

incoherent J/ψ 
demonstrates the 
importance of 
subnucleon fluctuations 

• At high- , models fail to 
describe the data 

• At low- , nuclear 
shadowing, saturation 
describe the energy 
dependence 

• Transverse polarisation 
for coherent J/ψ

𝑡

𝑥

𝑥

36



“ALICE DOES THE DOUBLE-SLIT”
HOME.CERN, AUG 12TH, 2024  



Coherent  with neutron emissionρ0

38

• Modulation increases as the impact 
parameter lowers  

• ALICE results compatible with both 
theory and STAR results 

• Modulation: linearly polarised 
photons + quantum interference at 
the fermi scale

Same technique: neutron emission 
classes  impact parameter range→

ALICE, arXiv:2405.14525 [nucl-ex], submitted to PLB

https://home.cern/news/news/physics/alice-does-double-slit

ALI-PUB-571042

ALI-PUB-571047



ALICE IN THE FUTURE
UPGRADES IN RUN 3 AND 4  



ALICE in Run 3 and 4 
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• Significant increase in integrated 
lumi from  for Run 2 to 

 for Run 3 and Run 4 
together 

• Great increase in statistics with 
continuous readout 

• Uncertainties for nuclear 
suppression factor expected to 
be at the level of 4% 

• Nuclear shadowing studied 
as a function of  and  

• New measurements e.g. 
bottomonium states 

• MFT in Run 3, FoCal in Run 4! 

1 nb−1

13 nb−1

x Q2

|y | < 0.9 2.5 < |y | < 4CERN Yellow Rep. Monogr. 7 
(2019) 1159-1410, arXiv 
1812.06772



Dissociative J/ψ in Run 3 and 4 (with FOCAL)
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• Already in Run 3, but with 
FOCAL much easier to 
measure higher energies 
(using the channel J/ψ

) 

• CCT model features gluonic 
hotspots  

• Significant reduction at higher 
energies would imply the 
onset of the saturation 
regime

⟶ ee

A. Bylinkin, J. Nystrand, D. Tapia Takaki, 2023 J. 
Phys. G: Nucl. Part. Phys. 50 055105



Exclusive J/ψ and ψ’ in Run 3 and 4 (with FOCAL)
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• The ratio is also a very 
sensitive observable 

• Both Run 3 and 4 are needed 
to find the onset of the 
saturation regime

A. Bylinkin, J. Nystrand, D. Tapia Takaki, 2023 J. 
Phys. G: Nucl. Part. Phys. 50 055105
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