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Photon-induced processes at the LHC

Photon flux from the highly boosted electromagnetic field of the beam particles at the LHC
Flux particularly intense from Pb ions thanks to the Z2 dependence

The photon energy, and hence the CM energy of the photon target
system, can be measured from the rapidity of the final state

Different final states can be studied, e.g.: diffractive
photoproduction, photon-photon interactions ...

Here | will only mention some results from photon-photon and
At the LHC the targets have been p, Xe, Pb diffractive photoproduction of vector mesons from ALICE
Many other results available from LHC and RHIC

Oxygen beams planned for next year :)
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Photon-photon dilepton production
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Production of matter from light! Collision of Two Light Quanta

Open question: How well do we model the photon flux?

Handles: perform measurements at
different dilepton masses, energies (rapidities),
different impact parameter of the collisions
different systems ...

Open question: Coupling at the vertex is large: Za=0.6.
Are NLO corrections important?




Photon-photon dilepton production: mass dependence
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Does a good job, but seems to be

systematically lower than data




Photon-photon dilepton production: peripheral collisions (1/2)
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Photon-photon dilepton production: peripheral collisions (1/2)

ALICE: 2204.11732
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Photon-photon dilepton production: peripheral collisions (1/2)
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Photon-photon dilepton production: peripheral collisions (1/2)
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Photon-photon dilepton production: peripheral collisions (2/2)
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Photon-photon dilepton production: peripheral collisions (2/2)
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Photon-photon dilepton production: peripheral collisions (2/2)

ALICE: 2204.11732
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Photon-photon dilepton production: p-Pb

No Z2 enhancement of the coupling in one vertex
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Photon-photon dilepton production: p-Pb
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Photon-photon dilepton production: p-Pb

Does a good job, but with some ALICE: preliminary
slight discrepancies
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The physics we are interested in (in a nutshell)
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The physics we are interested in (in a nutshell)
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What do we know about the physics we are interested in ? (In a nutshell)

H1 and ZEUS
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u2 =10 GeV’

—— HERAPDF22.0]Jets NLO, free a,([\[7)

uncertainties:
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Concentrate on processes highly
sensitive to the gluon content in hadrons
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The process we are interested in

Diffractive photoproduction of
vector mesons is very sensitive
to the gluon distribution
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The process we are interested in

Diffractive photoproduction of
vector mesons is very sensitive
to the gluon distribution

Hundred thousands of events
expected In Run 3+4

pQCD is in here




Diffractive vector-meson photoproduction

Results from p-Pb
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Diffractive vector-meson photoproduction: Rapidity dependence

Rapidity dependence
= X evolution
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Diffractive vector-meson photoproduction: Rapidity dependence

Expectations:
The gluon distribution raises as a power law with decreasing x

=

The cross section raises as a power law until it saturates

Rapidity dependence
= x evolution
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‘ Energy dependence of dissociative production: p-Pb results from ALICE
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J/D

3 orders of magnitude

Energy dependence of dissociative production: p-Pb results from ALICE
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J/P Energy dependence of dissociative production: p-Pb results from ALICE
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J/P Energy dependence of dissociative production: p-Pb results from ALICE
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J/P Energy dependence of dissociative production: p-Pb results from ALICE

© o
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J/P Energy dependence of dissociative production: p-Pb results from ALICE

Process related to the variance over the configurations
of the colour quantum fields in the proton
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J/P Energy dependence of dissociative production: p-Pb results from ALICE

Process related to the variance over the configurations
of the colour quantum fields in the proton

When saturated all configurations look the same, thus
variance goes to zero: new signature of saturation!
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J/P Energy dependence of dissociative production: p-Pb results from ALICE

First measurement of dissociative photoproduction of vector mesons at the LHC
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J/P Energy dependence of dissociative production: p-Pb results from ALICE

First measurement of dissociative photoproduction of vector mesons at the LHC
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Diffractive vector-meson photoproduction
Results from AA
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Searching for saturation: the case for nuclei
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Rapidity dependence: ALICE results in Pb-Pb
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Rapidity dependence: ALICE results in Pb-Pb
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Rapidity dependence: ALICE results in Pb-Pb
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Rapidity dependence: ALICE results in Pb-Pb
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Open question:
How much of shadowing is saturation?

X~10-3 0.65+0.03
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Rapidity dependence: ambiguity problem

(a) Pb Pb (b) Pb Pb
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Rapidity dependence: ambiguity problem
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Rapidity dependence: ambiguity problem

Open question: how to disentangle both contributions?

(a) Pb Pb (b) Pb Pb
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Rapidity dependence: ambiguity problem

Open question: how to disentangle both contributions?

(a) Pb Pb (b) Pb Pb
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Rapidity dependence: ambiguity problem

Open question: how to disentangle both contributions?

We are not there yet,
but let's have a look at
this one

peripheral
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J/Y photoproduction in Pb-Pb peripheral collisions (1/2)
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J/Y photoproduction in Pb-Pb peripheral collisions (1/2)
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J/Y photoproduction in Pb-Pb peripheral collisions (1/2)
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J/Y photoproduction in Pb-Pb peripheral collisions (2/2)

Ratio of peripheral cross sections at different energies
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J/Y photoproduction in Pb-Pb peripheral collisions (2/2)
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Momentum transferred at the target vertex

A, A\

t| dependence
=>
A window to transverse structure




I t I Momentum transferred at the target vertex
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Expectations:
The distribution of gluons in the transverse
plane is sensitive to saturation effects

t| dependence
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A window to transverse structure




JIy J/Y in Pb-Pb UPC at midrapidity as seen by ALICE
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dependence, close to data
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Open question:
How much of shadowing is saturation?
Does the answer depend on |tl?

A shadowing based, and a saturation-based
computation with impact-parameter
dependence, close to data

A model based on the form factor does

not describe data
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Open question:

How much of shadowing is saturation?
Does the answer depend on |tl?

A shadowing based, and a saturation-based
computation with impact-parameter
dependence, close to data

A model based on the form factor does
not describe data

Open question:

How to measure at large Itl in the presence
of incoherent background?



JIy J/Y in Pb-Pb UPC at midrapidity as seen by ALICE
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Diffractive vector-meson photoproduction
Results from AA
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Rapidity dependence: ambiguity problem

Open question: how to disentangle both contributions?

(a) Pb Pb (b) Pb Pb
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Rapidity dependence: ambiguity problem

Open question: how to disentangle both contributions?
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Now, let's look at this one
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Rapidity dependence: Using EMD
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Rapidity dependence: Using EMD
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Rapidity dependence: Using EMD
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Rapidity dependence: Using EMD
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Rapidity dependence: Using EMD
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Testing the EMD method at midrapidity
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0(770) in Pb-Pb as seen by ALICE

Testing the EMD method at midrapidity
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p(770) as seen by many experiments
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p(770) as seen by many experiments
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p(770) as seen by many experiments
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p(770) as seen by many experiments

Open question:
Have we reached the black-disc limit?
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A dependence of coherent p(770) photoproduction by ALICE
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A dependence of coherent p(770) photoproduction by ALICE
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A dependence of coherent p(770) photoproduction by ALICE

ALICE, PLB 820 (2021) 136481
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A shadowing based, and a
colour dipole model with
saturation and hot spots,

close to data




Expectations for Run 3 and 4
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The new ALICE: main detector improvments for UPC physics
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The new ALICE: main detector improvments for UPC physics

New ITS with a lower material
budget and better resolution
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The new ALICE: main detector improvments for UPC physics

New ITS with a lower material
budget and better resolution

PEEREAW. Y AV, R\m a vaV ‘
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/W/, ’
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Upgraded TPC with
GEM readout

New muon forward tracker (|\/|FT) New data acquisition and reconstruction framework
vertex tracker at forward rapidity allowing for continuous readout
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Expectations for UPC in ALICE

Details in arXiv:1812.06772 and https://cds.cern.ch/record/2765973 36
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Expectations for UPC in ALICE

Chanel midrapidity fwd rapidity

P — TTHTT- 1.18 1B
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Expectations for UPC in ALICE
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Expectations for UPC in ALICE

Chanel midrapidity fwd rapidity

P — TTHTT- 1.18 1B
P’ = TTHTI-TIHTT- 44 M 39 M
J/P— P+p- 230 K 125 K

A\ ud VEOVE 580 180

Chanel midrapidity fwd/bkwd rapidity

0 — TTH+TT- 12B 600 M/ 300 M

J/P— U+p- 300 K 80 K/ 55 K ALICE, EPJ C79 (2019) 402

Y- u+p- 330 100/ 10

In addition: p-O and O-0O program

Details in arXiv:1812.06772 and https://cds.cern.ch/record/2765973 36



https://cds.cern.ch/record/2765973

Summary

A rich program of photon-induced physics has been carried out with the ALICE detector

The performed measurements allow us to address fundamental questions on QED and QCD

The ALICE detector has been upgraded to fully profit from the large increase of data that the LHC
Run 3 and 4 offer
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