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Collisions at 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 TeV with the ALICE detector

Simone Ragoni for the ALICE Collaboration
University of Birmingham, B15 2TT, UK

Introduction

Protons and ions accelerated in the LHC carry an
electromagnetic field, hence they can be viewed as a
source of virtual photons. Such photons can interact
with the opposite proton or nucleus, giving rise to
ultra-peripheral collisions.

Features of ultra-peripheral collisions (UPC):
q incoming ions with impact parameters larger than

the sum of their radii;
q exchange of quasi-real photons;
q photon flux proportional to 𝑍) ;
q possible fluctuation of the 𝜸 to a 𝑞,𝑞 pair, but 𝜸 has
𝐽./ = 111, implying a large cross section for vector
meson photoproduction (J/ψ in this poster), see
Fig. 1a;

q 𝜸𝜸 interactions, see Fig. 1b;
q capable of probing protons and nuclei at low

Bjorken-x (order of 1013).

The ALICE Collaboration has built
a detector with excellent Particle
Identification (PID) capabilities,
see Fig. 2. The detector can be
divided in a central barrel
containing e.g. the Inner Tracking
System, the Time Projection
Chamber and the Time-Of-Flight
System, and a Forward Muon
Spectrometer that detects muons
in the forward region, i.e. the
rapidity region −4.0 < 𝑦 < −2.5 .
The spectrometer, working in
conjunction with the small
detectors V0, AD, and ZDC,
makes possible the analysis of
J/ψ photoproduction in the
forward rapidity region.

The ALICE detector

Methodology

This poster presents the first measurement of
coherent J/ψ photoproduction in UPC Pb-Pb collisions
at s;; = 5.02 TeV.

These measurements are sensitive to gluon
distributions in nuclei at Bjorken-x ~101) and ~1013.

The measured value of 𝑅 is consistent with the ratio in
photon-proton collisions.

Fig. 5 shows that the models with moderate gluon
shadowing describe the data, while the impulse
approximation model (no gluon shadowing) and those
featuring strong gluon shadowing are disfavoured.

Results

UPC can be classified into:
q Coherent: photon coupling directly to the nucleus

as a whole;
q Incoherent: photon coupling to a single nucleon.

The main distinction between the two is the width of
the 𝑝> -distribution with mean value being inversely
proportional to the transverse size of the target. As
such, a simple cut on the 𝑝> helps in selecting a
sample enriched in coherent J/ψ.

A fit to the invariant mass spectrum for dimuons with
𝑝> < 0.25 GeV/c, shown in Fig. 3, was used to extract
the ratio of primary coherent ψ(2S) and J/ψ
photoproduction cross sections [1]:

𝑅 =
𝜎[ψ(2S)]
𝜎[J/ψ] = 0.150 ± 0.018 ± 0.021 ± 0.007(𝐵𝑅).

Fig. 4 shows the fit to the 𝑝> -distribution of the
dimuons in the region of the J/ψ mass. This is needed
to extract the contributions of the coherent and
incoherent samples to the whole.

Finally, Fig. 5 shows the measured differential cross
section of the coherent J/ψ photoproduction in the full
range of the considered rapidity acceptance, together
with predictions from different models.

Conclusion
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These events are characterised by a very low
multiplicity, and can be selected at forward rapidity in
ALICE with the following conditions:
q 2 unlike-sign tracks corresponding to muons in the

Forward Muon Spectrometer (−4.0 < 𝜂 < −2.5 );
q no hits in the AD-A ( 4.9 < 𝜂 < 6.3 );
q no hits in the AD-C (−7.0 < 𝜂 < −4.8 );
q no hits in the VZERO-A ( 2.8 < 𝜂 < 5.1 );
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Fig. 2: The ALICE detector during Run 2.

Fig. 1: (a) Feynman diagram for the photoproduction of 
vector mesons in typical UPC, and (b) 𝜸𝜸 interactions.

Fig. 3: Invariant mass distribution for dimuons with 
𝑝> < 0.25GeV/c .

Fig. 4: Fit to the 𝑝>-distribution of the dimuons 
in the invariant mass region of the J/ψ peak, 

i.e. 2.85 < 𝑚MM < 3.35 GeV/𝑐). 

Fig. 5: Measured coherent differential cross section 
of the J/ψ production in UPC. The error bars 

represent the statistical uncertainties while the 
boxes the systematic uncertainties.
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A-side

C-side

𝟏. 𝟏 P 𝟏𝟎1𝟓 < 𝒙 < 𝟓. 𝟏 P 𝟏𝟎1𝟓 or 𝟎. 𝟕 P 𝟏𝟎1𝟐 < 𝒙 < 𝟑. 𝟑 P 𝟏𝟎1𝟐
depending on which nucleus emits the 𝜸


