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Ultra-peripheral collisions

• Ultra-rela/vis/c moving nuclei are a powerful EM source
• Quasi-real photon flux (∝Z2)

• Photon-induced interac/ons first studied in ultra-peripheral collisions, 
UPCs (b>R1+R2)
• Suppressed hadronic interac>ons
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Vector meson photoproduc4on
• VM photoproduction cross section                                                                                 

can be described as:

• Photonuclear cross section sensitive to gluon distribution at low-x
• Explored range at LHC: 𝑥 = !!"

"
𝑒±$ => 10-5 < x < 10-2

• VM 𝑝! ∝ 1/Rtarget
• Coherent (target = ion): 60 MeV/c
• Incoherent (target = proton): 500 MeV/c
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𝑑𝜎!!
𝑑𝑦 = 𝑛",$(𝑦)𝜎"!!(𝑦) + 𝑛",%(−𝑦)𝜎"!"(−𝑦)

Photon flux Photonuclear cross sec0on

Pb Pb

VM=J/ψ,ψ’

p,Pb p,Pb

LO schema



VM photoproduc4on in collisions with nuclear overlap

• J/ψ excess at very low pT observed for the 
first /me with ALICE in peripheral Pb–Pb 
collisions at 𝑠** = 2.76 TeV

• Compa/ble with coherent J/ψ 
photoproduc/on
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ALICE, Phys. Rev. LeF. 116, 222301

Open ques)ons:
• How can the coherence condi/on survive if the nucleus breaks up?
• Do only spectator nucleons par/cipate?



γγ → l+l- produc4on
UPC:
• Can be used to test pure EM calcula=ons in UPC

Nuclear overlap:
• Excess with respect to hadronic sources measured in 

non-central A–A collisions at RHIC and LHC

• Increase of acoplanarity of dimuon pairs measured 
toward central Pb–Pb collisions with ATLAS

• IniBally interpreted as potenBal electromagneBc scaFerings 
of muons with fireball

• Recent inclusion of b dependence in QED calculaBons can 
describe data as well
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STAR, Phys.Rev.LeF. 121 (2018), 132301

ATLAS, Phys.Rev.Lett. 121 (2018), 212301

Phys.Rev.D 101 (2020), 034015



ALICE detector
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Coherent J/ψ and ψ’ photoproduction in Pb–Pb UPC

• Nuclear shadowing (for x ~ 10-3): SPb = 0.64 ± 0.04
• Models with shadowing (LTA) and saturaBon (GG-HS) 

describe mid and forward y but not semi-forward y
(2.5<y<3.5)

• No model describes the full y range                    
(except EPS09 with large shadowing uncertainBes)

• SPb = 0.66 ± 0.06
• EPS09, LTA and b-BK (gluon saturaBon) 

describe data
• GG-HS overpredicts data
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EPS09 LO, LTA (GKZ): Phys.Rev.C 93 (2016) 5, 055206
GG-HS: Phys.Rev.C 97 (2018), 024901, Phys.LeU.B 766 (2017) 186-191
B-BK: Phys.LeU.B 817 (2021) 136306



Coherent J/ψ photoproduc4on in Pb–Pb UPC: |t| dependence

• |t| = square of the momentum transferred 
between incoming and outgoing nucleus

• Probes the transverse partonic structure of the 
nucleus

• Poor descrip=on by STARlight model (driven by 
nuclear form factor)
• Agreement with models including nuclear 

shadowing (LTA) and gluon satura=on (b-BK)
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Exclusive J/ψ produc4on in p–Pb collisions

• Photon emiRed most likely by Pb 
=> no ambiguity

• No changes between HERA (e–p) 
and LHC

• Compa=ble with LHCb (pp)

• In agreement with models:
• JMRT NLO: DGLAP formalism with 

main NLO contribuBons
• CCT: saturaBon in energy-dependent 

hot-spot model
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Dissocia4ve J/ψ produc4on in p–Pb collisions

• First measurement at the LHC

• Well described by CCT
• Compa/ble with HERA measurements
D. Stocco DIS XXIX - San-ago de Compostela - 2-6/05/2022 10

20 30 40 210 210×2 310
 (GeV)pγW

210

+
X

) 
(n

b
)

ψ
 J

/
→

+
p
 

γ(
σ

5−104−103−102−10

xBjorken-

ALICE Preliminary

 = 8.16 TeV)NNsALICE (

H1

CCT

ALI−PREL−502230

20 30 40 210 210×2 310
 (GeV)pγW

0.4

0.6

0.8

1

1.2

1.4

1.6

 
+

p
)

ψ
 J

/
→

+
p
 

γ(
σ

+
X

)
ψ

 J
/

→
+

p
 

γ(
σ

5−104−103−102−10

xBjorken-

ALICE Preliminary

 = 8.16 TeV)NNsALICE (

H1

BM

CCT

ALI−PREL−502226

J/ψ→μ+μ- 2.5<y<4



γγ → μ+μ- produc4on in p–Pb collisions
• Signal extracted from fit of the μ+μ- pT

• Compared with STARlight (LO QED, no final-state interac=ons, no interac=ons 
within proton radius)
• Agreement found within 3σ
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Coherent J/ψ photoproduc4on in Pb–Pb collisions: pT
• pT distribu/on measured in 2 centrality classes at mid rapidity

• Compa/ble with theore/cal models including nuclear overlap
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Coherent J/ψ photoproduc4on in Pb–Pb collisions: centrality
• Measured at mid and forward rapidity

• Similar centrality dependence in the common intervals
• No reduc>on of the cross sec>on observed towards more central collisions with 

current uncertain>es

0 50 100 150 200 250 300 350

〉
part

N〈

0

0.5

1

1.5

2

2.5

3

3.5

4
310×

b
)

µ
 (

y
/d

co
hψ

J/
σ

 d
C

Δ1

ALICE Preliminary = 5.02 TeVNNsPb, −Pb

c < 0.2 GeV/
T

p| < 0.9, y, |
-

e+ e→ ψJ/

Global syst. uncertainty: 2.2%

c < 0.3 GeV/
T

p < 4, y, 2.5 < -µ+µ → ψJ/

Global syst. uncertainty: 6.5%

ALI-PREL-519984

arXiv:2204.10684

D. Stocco DIS XXIX - San-ago de Compostela - 2-6/05/2022 13

Normalized to centrality interval 
width ΔC (in percen-le) to avoid 
trivial interval width dependence

70-90%
50-70%

40-50%

30-50%

10-30%

0-10%

J/ψ→e+e- |y|<0.9 J/ψ→μ+μ- 2.5<y<4



Coherent J/ψ photoproduc0on in Pb–Pb collisions: model comparison

• Effec-ve photon flux for IIM and GBW S2 and VDM:
• VDM fairly describes data over the full centrality range
• Addi;onal modifica;on of the photonuclear cross sec;on (S3) needed for IIM and GBW to describe 

semi-central to central events
• Effec-ve photon flux and modifica-on of the photonuclear cross sec-on for Zha: 

describes mid-rapidity data
• GG-hs valid only for peripheral collisions
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γγ → e+e- in Pb–Pb collisions
• Excess observed over known hadronic e+e- sources

• Similar observa-on from STAR
• First measurement of γγ → e+e- pairs with mee < 2.7 GeV/c2 in 

peripheral Pb–Pb collisions at the LHC

• Data described by models including b dependence of the 
photon kT distribu>on (QED, Wigner)
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Outlook

• Run 3+4: features
• Luminosity increase: ~1 nb-1 (Run 2) => ~10 nb-1 (Run 3+4)
• Upgraded detectors: conBnuous readout

• Larger sta=s=cs
• Several hundreds for (MB events) at mid rapidity

• New measurements possible (e.g. Υ(1S) in UPC)
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Conclusions
UPC
• Coherent J/ψ photoproduc-on cross sec-on measured in Pb–Pb collisions at 𝑠&& = 5.02 TeV

• Moderate gluon shadowing in nucleus (~0.64)
• |t| dependence sensi;ve to transverse parton distribu;on in nucleus
• Described by models with shadowing or satura;on

• Exclusive J/ψ photoproduc-on off proton measured in p–Pb collisions at 𝑠&& = 8.16 TeV:
• In agreement with previous results from HERA and LHCb

• Dissocia-ve J/ψ photoproduc-on and low mass γγ→μ+μ- produc-on measured in p–Pb collisions for the 
first -me at the LHC

Pb-Pb collisions with nuclear overlap
• Coherent J/ψ photoproduc-on cross sec-on measured in Pb–Pb collisions at 𝑠&& = 5.02 TeV down to 

40% most central collisions at mid rapidity and 10% most central collisions at forward rapidity
• Described by models implemen;ng effec;ve photon flux and/or modified photonuclear cross sec;ons

• γγ→e+e- measured for the first -me at low invariant mass in peripheral Pb–Pb collisions                             
at 𝑠&& = 5.02 TeV

Outlook
• Significant increase in sta-s-cs expected for Run 3 and 4
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Backup



Coherent J/ψ photoproduc0on in Pb–Pb collisions: energy dependence

• Ra=o of results at 𝑠"" = 5.02 TeV / 2.76 TeV

• No centrality dependence
• Models describe data within uncertain=es

D. Stocco DIS XXIX - San-ago de Compostela - 2-6/05/2022 19

30 40 50 60 70 80 90

Centrality (%)

0

1

2

3

4

5

6

7

8

 =
 2

.7
6

 T
e

V
) 

N
N

s
/d

y 
(

ψ
J/ co

h
σ

 =
 5

.0
2

 T
e

V
) 

/ 
d

N
N

s
/d

y 
(

ψ
J/ co

h
σ

d

ALICE, Pb-Pb

 < 4y, 2.5 < -µ+µ → ψJ/

c < 0.3 GeV/
T

p

Models

Cent. corr. syst. uncert.

IIM
GBW

GG-hs 

VDM

ALI−PUB−521515

ALICE, arXiv:2204.10684



Coherent J/ψ photoproduc4on in Pb–Pb collisions vs UPC
• Ra>o to UPC measurement:

• Similar behavior at mid and forward rapidi>es
• No reduc>on of the cross sec>on ra>o observed towards more central collisions with 

current uncertain>es
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Coherent J/ψ photoproduc4on in Pb–Pb UPC: signal
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Coherent ψ’ photoproduc4on in Pb–Pb UPC: signal
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Coherent J/ψ photoproduc4on in Pb–Pb UPC: models
• Impulse approxima=on: no nuclear effect
• STARlight: VDM + Glauber
• EPS09 LO (GKZ): parameteriza=on of nuclear 

shadowing data
• LTA: Leading Twist Approxima=on of nuclear 

shadowing
• IIM BG, IPsat, BGK-I: color dipole approach coupled 

to the Color Glass Condensate formalism with 
different assump=ons on the dipole-proton 
scaRering amplitude

• GG-HS: color dipole model with hot-spots nucleon 
structure
• b-BK: Color dipole approach coupled with impact-

parameter dependent Balitsky-Kovchegov equa=on 
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Coherent J/ψ photoproduc4on in Pb-Pb UPC: |t| dependence

• Signal extrac/on: fit with two CB func/ons (J/ψ, ψ’) and an exponen/al 
(background)
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Exclusive and dissocia4ve signal extrac4on

• Simultaneous unbinned fit of mass and pT of μ+μ- pairs
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Coherent J/ψ photoproduc4on in Pb–Pb collisions
• Coherent J/ψ yield extracted through 

an unbinned 2D (mee, pT) fit

Sources
• Photoproduc=on:

• Direct coherent J/ψ
• Direct incoherent J/ψ
• Feed-down from coherent and incoherent

ψ’
• Incoherent J/ψ with nuclear dissociaBon
• γγ→ee conBnuum

• Hadronic J/ψ
• Combinatorial + correlated background

• Photoproduced J/ψ component: 
STARlight + HIJING
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γγ→e+e- in Pb–Pb collisions with nuclear overlap

• Rela/ve signal and background contribu/ons
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