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QCD is in here.
This is what we want to 

understand better!

QED is in here

t is related, through a Fourier transform, to the 
structure of the hadron in the impact-parameter plane.

The pions are measured in the 
detector and nothing else

The ρ scattering angle is related 
to the centre-of-mass energy of 

the photon-proton system

This process allow us to study the approach to the 
black-disc limit in QCD
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The processes we are interested in: dissocia7ve produc7on

5

A few particles are produced 
near the proton-beam rapidity

In a Good-Walker picture, this process is sensi@ve to the fluctua@ons in the hadronic structure of the proton
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Signal: 
✓ resonant and continuum production of pion pairs
✓ interference between both of them to be taken into 

account in the model fitted to data
✓ Detector effects corrected via unfolding

Interesting bump. Similar structures observed by the STAR and 
ALICE Collaborations in photoproduction off nuclear targets

Main systematic uncertainties from:
✓  trigger and normalisation (exclusive)
✓  calorimetry and tagging (dissociation) 
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energy: first glimps of the onset of the black-disc limit?
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Many more results in the paper (eg Regge analysis)
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Two-par7cle correla7ons (1/2)

Select particles in a given kinematic domain K1

Select particles in given kinematic domain K2
(K1 may be the same as K2)

For each particle in K1 compute the angular 
distance with each particle in K2

Plot for events with 
✓ A given virtuality Q2 of the photon
✓ Kinematic domains K1 and K2
✓ a number of particles in a given range

Is there collec@ve behaviour in γ(*)p collisions as observed in  
high-mul@plicity pp and pPb data?
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Two-par7cle correla7ons (2/2)

Selection

Short range correlations: jets, resonances, …

Back-to-back jet

Long-range correlations in 
pseudorapidity at Δφ≈0

(aka the ridge) not observed

Select this region and decompose the 
azimuth distribution in Fourier contributions

Measurements in the hadronic 
centre-of-mass frame
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Long-range pseudorapidity correla7on
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Fourier contribution whose 
coefficient, v2, is called elliptic flow

Coefficient of this term, v3, 
is called triangular flow
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Results: ellip7c and triangular flow
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Results: cumulants

Use 4-par@cle cumulants: a nega@ve C2{4} is considered to be a signature of collec@vity
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