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PerturbaQve QCD provides differenQal 
equaQons for the structure of hadrons.

The predicQons of the theory concern then 
the evoluQon of the hadronic structure.

The equaQons are the product of 
approximaQons, so there are many 

different pQCD equaQons.

Most of the work on inclusive observables 
is based on DGLAP equaQons, which are 
linear, and are not expected to work at 
large energies, correspondingly small x.

In this domain, and in the linear regime 
one uses the BFKL equaQon. 

What happens at even larger energies is a 
current topic of research. A new 

phenomenon, saturaQon, is expected and 
a new family of equaQons is needed: BK.

variables: Q2 and x 
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The structure of the proton

 3

Proton described at small x by one funcQon: F2 Main contribuQon to the proton structure at small x in 
collinear pQCD, comes from the gluon distribuQon

F2 rises strongly at small x
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๏ There are many different possible photoproducQon processes 
at the LHC. 

๏ The quesQon is how to disQnguish them from hadronic QCD 
interacQons.

R1	

b	

R1+R2<b	à	UPC	

R2	
๏ QCD is a short-range interacQon. 
๏ When a lead nucleus is involved in a hadronic interacQon it 

breaks up.

๏ InteracQons at a an impact parameter (b) larger than the sum 
of radii of the incoming parQcles, are called ultra-peripheral 
collisions (UPC) and must involve at least one photon.

๏ LHC experiments are very efficient to determine if the 
incoming nucleus broke or not.  

๏ Some interacQons that involve at least one photon, do not 
break the nucleus, e.g. J/ψ exclusive/coherent producQon.
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The process can be factorised in two parts: 
๏ Emission of the photon.

Only QED involved here

QCD is in here

๏ InteracQon of the photon with the target.



๏ Lead ion as a source of photons: 
๏ Intensity of photon flux ~ Z2 . 
๏ Fragile object: easier to tag potenQal 

secondary interacQons. 
๏ No source ambiguity in p-Pb collisions.

t

Pb Pb

p, Pb p, Pb

γ ψJ/

The process we are interested in

 7



The process we are interested in

 8

๏ J/ψ: 
๏ Large mass of the charm quark allows 

us to perform perturbaQve QCD 
calculaQons. 

๏ The small width of the J/ψ and 
leptonic decays with a sizeable 
branching raQo provide a clean 
experimental signal.



The process we are interested in

 8

๏ J/ψ: 
๏ Large mass of the charm quark allows 

us to perform perturbaQve QCD 
calculaQons. 

๏ The small width of the J/ψ and 
leptonic decays with a sizeable 
branching raQo provide a clean 
experimental signal.

ALI-PUB-324268

ALICE, PLB 798 (2019) 134926
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๏ Two types of targets available at the LHC: 
๏ protons, 
๏ lead ions.
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Centre-of-mass energy of the photon-target system: 

Wγp = sqrt(2ω 2Εp) 
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๏ Εp is the energy of the incoming beam and 
๏ ω is the photon energy. 
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2ω = M exp(-y) 
 
where  

๏ y is the rapidity of the vector meson measured 
in the laboratory frame with respect to the 
direcLon of the target and 

๏ M is the mass of the vector meson.

Centre-of-mass energy of the photon-target system: 

Wγp = sqrt(2ω 2Εp) 

 
where 

๏ Εp is the energy of the incoming beam and 
๏ ω is the photon energy. 

The rapidity of the vector meson determines the centre-of-mass energy of the photon-target interacQon
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The -t distribuQon is determined by the nuclear 
form factor, which gives, through a Fourier 
transform, the distribuQon of of gluons, in the 
transverse plane.

The square of the momentum transferred in the 
proton vertex -t is related to the transverse 
momentum of the J/ψ: 

 
-t = pT2

The -t dependence of vector meson producQon determines the transverse distribuQon of maOer in the target!
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(b) Pb Pb
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In general, there are two contribuQons. Each contribuQon is the product of: 
๏ the photon flux and 
๏ the photon-target cross secQon. 

This is what we measure

One term involves a low energy photon, the other a high energy photon.  
That is, a large x or a small x interacQon
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๏ Make sure that the nucleus does not break using the Zero-
Degree Calorimeters (ZDC).

๏ Measure the J/ψ via its leptonic decay: 
๏ e+e-, µ+µ- in the central detector, and 
๏ µ+µ- in the muon spectrometer. 

    (see next page)

๏ Make sure there is nothing else in the detector, taking 
advantage of 
๏ the low pile-up condiQons in ALICE, 
๏ the large rapidity coverage, 
๏ the low material budget, and 
๏ the low thresholds used in ALICE.

FDD and MFT will play a role here!
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Transverse, Longitudinal photons

dipole size quark energy fracQon

photon-dipole wave funcQon

vector meson wave funcQon

Δ2=-t impact parameter

Dipole-Target cross secQon 
pQCD physics gets here!

x related to Wγp which is related to the rapidity of the vector meson

photon virtuality
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๏ The structure of the proton that we have considered up to now is an average structure. 
๏ One expects that the structure will change event-by-event due to fluctuaQons of the relaQvisQc quantum 

fields inside the proton.

๏ Vector meson photoproducQon accompanied of proton dissociaQon can be related, in a Good-Walker 
approach, to fluctuaQons of the proton structure.

Hot spots enter here!
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Variance over configuraQons

Average over configuraQons

dissociaQve

Exclusive


