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1. Introduction

The production of particles in high energy collisions achieved at the Large Hadron Collider
(LHC) is dominated by soft-QCD interactions. Soft particle production (pparticle

T . 1-2 GeV) is
described by non-perturbative QCD and challenges existing phenomenological models. Global
observables such as multiplicity and rapidity dependence of particle production are some of the
most fundamental measurements for improving and constraining these models. Measurements of
these observables in p–Pb collisions provide an important baseline to understand lead-lead (Pb–Pb)
results by disentangling cold nuclear matter effects from hot nuclear matter effects [1]. The study of
inclusive photon multiplicity aims at providing complementary measurements to those of charged
particles since the photon production is dominated by the decay of neutral mesons [2].

In this article, the measurements of multiplicity and pseudorapidity distributions of inclusive
photons in p–Pb collisions at √sNN = 5.02 TeV are reported. The pseudorapidity distribution
(dNγ/dηlab) is also measured for different centrality classes from 0–5% (most central) to 80–100%
(most peripheral). Results are compared with the predictions from DPMJET [5] and HIJING [6]
and with the previous measurements of charged-particle production by ALICE [3, 4].

2. Data sample, analysis method, and systematic uncertainties

This analysis is performed using theALICE data collected in 2013 by colliding a proton beamof
E = 4 TeV (circulating in the negative z-direction with respect to the ALICE laboratory system [7])
with a lead beam of E = 1.58 TeV per nucleon (circulating in the positive z-direction). The detailed
description and performance of the ALICE detector system are discussed in Ref. [8]. ALICE
has unique coverage to measure both charged particles and photons at forward rapidity. Charged
particles can be measured over a wide pseudorapidity range (∼ 8 units) of −3.4 < ηlab < 5.0
using the Forward Multiplicity Detector (FMD) and the Silicon Pixel Detector (SPD) [9, 10]. On
the other hand, photon production can be studied over a kinematic range of 2.3 < ηlab < 3.9
using the Photon Multiplicity Detector (PMD) [2].

The analysis of charged-particle production using FMD and SPD was performed and studied in
detail in Ref. [3]. In this article, we focus on the new measurements of inclusive photon production
using a preshower technique with the PMD. The PMD is a gaseous detector placed at a distance of
367 cm from the interaction point and it consists of two finely granular planes with a lead converter
of thickness 3X0 (X0 = radiation length) sandwiched in between them [11, 12].

In the present work, minimum bias (MB) events requiring a signal to be detected in both
arrays of forward scintillator detectors (V0A and V0C) [13] are analysed. These events correspond
to non-single diffractive (NSD) events. Events with vertex position |z| < 10 cm from the nominal
interaction point are selected. Various centrality classes are determined by measuring the amplitude
of the V0A detector [13, 14]. We apply suitable photon-hadron discrimination thresholds based on
the number of affected cells and the energy deposition in a cluster produced in the preshower plane
of the PMD to obtain the photon rich sample, known as γ-like clusters [2].

For MB events, the Bayesian unfolding technique [15] is used to correct the distributions of
Nγ−like clusters which include several detector effects (detection inefficiency, limited acceptance,
finite resolution etc.) and contamination from hadron clusters. In this method, all these effects
are taken into account by a response matrix (R) which is constructed in terms of the true photon
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(Nγ−true) multiplicity vs Nγ−like clusters (measured multiplicity) with the help of Monte Carlo (MC)
simulation. Each element (Rmt ) of matrix R corresponds to the probability that an event with true
multiplicity t is measured as an event with the measured multiplicity m. A detailed description of
the unfolding procedure can be found in Refs. [2, 9, 16]. The correction of dNγ/dηlab for various
centrality classes is performed using the Efficiency-Purity method as described in Ref. [17].

The MB results are also corrected for trigger and vertex reconstruction efficiencies in a similar
way that was followed in Ref. [2]. The trigger and vertex reconstruction efficiencies are estimated
to be 98.47% and 99.8% respectively using HIJING.

Systematic uncertainties from various sources (Material budget in front of PMD, discrimination
thresholds, unfolding methods, unfolding parameters) are evaluated using the same technique as
described in Ref. [2]. The total systematic uncertainties are obtained by adding uncertainties
from various sources in quadrature and found to vary from 4.4 to 57% and from 7.37 to 7.4% for
multiplicity and pseudorapidity distributions respectively. The systematic uncertainty on dNγ/dηlab
due to the centrality classification amounts to 7.38% and 7.17% in centrality ranges (0–5%) and
(80–100%) respectively.

3. Results and discussion

Figure 1 (Top panel) shows the inclusive photon multiplicity distributions measured for NSD
events at forward rapidity ( 2.3 < ηlab < 3.9) in p–Pb collisions at√sNN = 5.02 TeV in comparison
to the predictions from MC models HIJING and DPMJET. The ratios between the data and MC
results are shown in the bottom panel of Figure 1. It is found that both models underpredict the
data at low multiplicities (Nγ < 10) and agree with the same in higher multiplicity bins within
uncertainties.

Figure 2 describes the pseudorapidity distribution of inclusive photons (filled blue circles) as a
function of ηlab within 2.3 < ηlab < 3.9 together with previous ALICE results of charged-particle
production at midrapidity [4] (filled magenta circles). Results are compared with the predictions
from HIJING and DPMJET. It is observed that dNch/dηlab is well described by both MC models
whereas dNγ/dηlab is slightly overestimated by DPMJET.

Centrality evolution of particle production in p–Pb collisions at √sNN = 5.02 TeV is presented
in Figure 3. It is seen that inclusive photon (mostly produced from the decay of neutral mesons [2])
(solid circles) and charged-particle production (open circles) [3] have a similar dependence on
centrality. A clear asymmetric shape of dNch/dηlab is observed for the events with centrality classes
from 0–5% to 20–40%, with an increasing number of particles produced in the Pb-going direction
compared to that in the proton beam direction. Figure 3 shows the comparison of the obtained
results with the predictions from DPMJET (Left) and HIJING (Right). Both models describe the
data for peripheral events (80%–100%) however underpredict the same for central events.

4. Summary

We have presented multiplicity and pseudorapidity distributions of inclusive photons for NSD
events in p–Pb collisions at √sNN = 5.02 TeV at forward rapidity (2.3 < ηlab < 3.9) using the data
obtained fromPMDofALICE.Results are comparedwith two theoreticalMCpredictions, DPMJET
and HIJING. We observed that both models underpredict the multiplicity distribution for Nγ < 10
and describe the same in highermultiplicity regionswithin uncertainties. Pseudorapidty distribution
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of photons is found to be explained by HIJING within uncertainties but slightly overestimated by
DPMJET towards midrapidity.

We have also presented photon production for various centrality classes in comparison with
previous measurements of charged-particle production by the ALICE [3]. A similar dependence of
both photon and charged-particle production on centrality classes is observed. Both HIJING and
DPMJET are unable to explain the data for all centrality classes except for the most peripheral class
(80%–100%). These results will help to constrain model parameters to understand the photon and
charged-particle productions in p–Pb collisions.
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Figure 1: Top panel: Inclusive photon multi-
plicity distribution for NSD events at forward
rapidity, 2.3 < ηlab < 3.9, in p–Pb colli-
sions at √sNN = 5.02 TeV. The lines show the
predictions from HIJING (Red) and DPMJET
(Green). Bottom panel: The ratios between
the data and MC results.
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Figure 2: Pseudorapidity distribution of in-
clusive photons (filled blue circles) for NSD
events at forward rapidity, 2.3 < ηlab < 3.9,
in p–Pb collisions at √sNN = 5.02 TeV and
a comparison with previous ALICE measure-
ments of charged-particle production (filled
magenta circles) at midrapidity [4]. Predic-
tions from HIJING (Red line) and DPMJET
(Green line) are superimposed.
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Figure 3: Pseudorapidity distribution of inclusive photons (solid circles) for various centrality classes at
forward rapidity, 2.3 < ηlab < 3.9, in p–Pb collisions at √sNN = 5.02 TeV and a comparison with previous
ALICE measurements of charged-particle production (open circles) [3]. Predictions from DPMJET (Left
plot) and HIJING (Right plot) are superimposed.
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