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Measurements at HERA imply that,
when seen with a high-energy probe,
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Key questions we are interested in

Saturation is expected to set at Measurements at HERA imply that,
higher x in heavy nuclel when seen with a high-energy probe,
nucleons are made mainly of gluons
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Photons at the LHC to understand QCD
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Jet production in Pb-Pb UPC



Photonuclear jet production: the process
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Photonuclear jet production: the process
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Photonuclear jet production: photon energy
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Photonuclear jet production: photon energy
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Photonuclear jet production: photon energy
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Photonuclear jet production: photon energy
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Photonuclear jet production: photon energy
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Photonuclear jet production: xA dependence
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Photonuclear jet production: xA dependence
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Photonuclear jet production: xA dependence
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Bjorken-x dependence

I Coherent J/y production in Pb-Pb UPC




Diffractive J/y photoproduction in UPC

a
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Diffractive J/y photoproduction in UPC
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Diffractive J/y photoproduction in UPC

a

proton: dissociative or exclusive production
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nucleus: incoherent or coherent production
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Diffractive J/y photoproduction in UPC

e s ]
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proton: dissociative or exclusive production

nucleus: incoherent or coherent production




Diffractive J/y photoproduction in UPC

We need to know the rapidity (wrt the direction of the target)

proton: dissociative or exclusive production

nucleus: incoherent or coherent production . .
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Rapidity dependence
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Rapidity dependence
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Rapidity dependence
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Ambiguity problem: first solutions applied to LHC Run 1 data

At midrapidity both contributions

are equal, no problem

[t we messure]

d
j;Pb = 1y (y3 16Dayee(y) + 1y (=y; 16Doypo(=)
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Ambiguity problem: first solutions applied to LHC Run 1 data

At forward rapidities dominates (95% of the cross section)

Guzey et al, Phys.Lett. B726 (2013) 290-295

At midrapidity both contributions
are equal, no problem

dopbph

dy

= n,(y;{b}oypp(y) + ny(—y;{b}o,pr(—y)
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Ambiguity problem: first solutions applied to LHC Run 1 data

At forward rapidities dominates (95% of the cross section)

At midrapidity both contributions
are equal, no problem

Guzey et al, Phys.Lett. B726 (2013) 290-295

dopbph

dy

Perform two independent measurements at the same rapidity,
but different impact parameter, then solve the equations.

= n,(y;{b}oypp(y) + ny(—y;{b}o,pr(—y)

12

(
(

doppPh

dy

doppPh

dy

)A — n,y(y; {b}A)UvPb(y)+n7(_y§ {b}A)Ufbe(—y)

)B — 1 (4; {8} 5)0 e (9) 410 (~; {8} ) mn(=)

Guillermo Contreras, CTU in Prague




Ambiguity problem: first solutions applied to LHC Run 1 data

At forward rapidities dominates (95% of the cross section)
Guzey et al, Phys.Lett. B726 (2013) 290-295

At midrapidity both contributions Perform two independent measurements at the same rapidity,
are equal, no problem but different impact parameter, then solve the equations.
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d
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n,y(y; {b}A)Ufbe(y)+n'y(_y§ {b}A)U»be(—y)

nv(y; {b}B)O'fbe(y)+n7(_y§ {b}B)U»be(—y)

7N\
)
QA
S|
v,
o
N
vy
|

Photonuclear cross sections at two rapidities, i.e. Bjorken-x

How to the photonuclear cross section . . -
_ P 5 For example, use peripheral and ultra-peripheral collisions
if the photon fluxes are known: JGC, PRC 96, 015203 (2017)
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Bjorken-x
107

107*

107°

1072

1 GKSZ, using ALICE Pb-Pb |s,, =2.76 TeV (PLB 726 (2013) 290-295)
A Contreras, using ALICE Pb-Pb \/SNN =2.76 TeV (PRC 96 (2017) 1, 015203)

30 40 50 2x10°

Wbe,n (GeV)
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Bjorken-x
107

107*

107°

1072

1 GKSZ, using ALICE Pb-Pb |s,, =2.76 TeV (PLB 726 (2013) 290-295)
A Contreras, using ALICE Pb-Pb \/SNN =2.76 TeV (PRC 96 (2017) 1, 015203)
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Ambiguity problem: use EMD

0%, JAyp, ...
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14

use EMD

ZNC energy (TeV)

ALICE Pb-Pb UPC {s,,, = 5.02 TeV
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Guzey, Strikman, Zhalov, EPJ C74 (2014) 2942
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ALICE, JHEP 06 (2020) 035
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Ambiguity problem: use EMD
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Bjorken-x

CMS, arXiv 2303.16984
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Energy/Bjorken-x dependence of coherent production from Run 2: Models
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-x dependence of coherent production from Run 2: Shadowing
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-x dependence of coherent production from Run 2: Shadowing
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J/U photonuclear production in Pb-Pb UPC

Mandelstam-t dependence
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Expectations for Run 3+4 at the LHC

Current measurements were done with few thousand of J/{ candidates from LHC Run 2 data
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Expectations for Run 3+4 at the LHC

Current measurements were done with few thousand of J/{ candidates from LHC Run 2 data
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