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Hadron Production in Pb—Pb and p—Pb
Collisions at LHC Energies with ALICE

Michal Seféik

Abstract The ALICE experiment is dedicated to the study of strongly interacting
matter at the extremely high temperatures and energy densities reached at the LHC.
We report on the production of 77, K and p measured with ALICE in p—Pb and Pb-Pb
collisions at the top LHC energies of /sxy = 8.16 and 5.02 TeV, respectively, as
well as on the production of A, E and Q2 in Pb-Pb collisions at /syy = 5.02 TeV.
Excellent tracking and particle-identification capabilities of the ALICE experiment
allow characterising the hot nuclear matter via detailed measurements of particle
production in nucleus-nucleus collisions. In addition, the study of proton-nucleus
collisions provides a fundamental benchmark for initial state and cold nuclear matter
effects.

25.1 Introduction

Measurement of light flavour hadron observables provides important information
about the colliding system. In these proceedings we briefly discuss methods for
particle reconstruction and identification with ALICE. Then we describe the study
of the production of 7, K and p in p-Pb collisions at /sy = 8.16 TeV and in Pb—-Pb
collisions at ,/snn = 5.02 TeV, as well as the study of the production of A, E and £
in Pb—Pb collisions at /sy = 5.02 TeV. The results include transverse momentum
spectra ratios, Blast-Wave model fits, and yields integrated in transverse momentum
as a function of multiplicity.
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25.2 Particle Detection in ALICE

The ALICE detector was designed for the study of heavy-ion collisions at the LHC.
The main sub-detectors used to measure identified hadrons are the Inner Tracking
System (ITS), the Time Projection Chamber (TPC), the Time-Of-Flight detector
(TOF) and the High Momentum Particle Identification Detector (HMPID). The VO
detector is used for triggering and for the estimation of multiplicity and centrality.
A full description of the ALICE sub-detectors can be found in [1, 2].

Charged light-flavour hadrons (7, K, p) are identified using combined information
from ITS, TPC, TOF and HMPID detectors. Weakly decaying strange particles (K9,
A, B, ) are reconstructed via their characteristic decay topologies. For a detailed
description, see similar analyses [3, 4].

25.3 Results

The transverse momentum spectra of pions, kaons and protons have been fitted
simultaneously with a Blast-Wave function [5]. The resulting fitted parameters
are presented in Fig. 25.1. The evolution with multiplicity in Pb—Pb collisions at
/SN = 5.02 TeV follows a trend similar to that observed at the lower energy
/SN =2.76 TeV, with further increase in radial expansion velocity. In p—Pb colli-
sions at ./snn = 8.16 TeV, we observe higher kinetic freeze-out temperature than at
the lower energy /snn = 5.02 TeV.

The K/m and p/ ratios are shown in Fig. 25.2 for p—Pb collisions and in Fig. 25.3
for Pb—Pb collisions. The p/m ratio exhibits a pronounced enhancement at inter-
mediate pr in central Pb—Pb collisions w.r.t. peripheral collisions. The K/z ratio
enhancement is comparatively negligible.

Figure 25.3 also shows a comparison of spectra ratios to hydrodynamic mod-
els. The models used are: iEBE-VISHNU hybrid model [6, 7], McGill [8] and
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Fig.25.2 (K* +K7) /(" + 7 ~) (leftyand (p + p)/(m+ + 7 ~) yield ratios as a function of trans-
verse momentum in 0-5% and 80-90% centrality classes in p—Pb collisions at ,/snn = 8.16 TeV.
In the lower part, the ratio of central to peripheral collisions is shown
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Fig. 253 (Kt +K7)/(z* +77) (left) and (p+p)/(x+ + 7 ) yield ratios as a function of
transverse momentum in 0—5% centrality class in Pb—Pb collisions at /sy =5.02 TeV. Comparison
with hydrodynamic models is shown. In the lower part, the ratio of data to models is shown

EPOS [9]. All the hydrodynamic models describe the behaviour at low pt. EPOS,
which includes radial flow and jet-medium interactions, describes the dependence
over the entire pr range.

The p/m and Q2 /7 ratios of pr-integrated yields are shown in Fig. 25.4 as a func-
tion of multiplicity. All measured collision systems and energies follow a common
trend. The increase in small systems observed for strange particles is more pro-
nounced for particles with greater strangeness content. For strange particles, there is
a flat trend at high multiplicities. The p/x ratio exhibits a hint of decrease at high
multiplicities.
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Fig. 25.4 Ratio of proton (left) and €2 (right) yields to pion yield as a function of charged particle
multiplicity at medium pseudo-rapidity. Data from pp collisions at /s = 7 TeV, p-Pb collisions at
JSNN = 5.02 TeV and Pb-Pb collisions at /sy =2.76 TeV and /snn = 5.02 TeV are shown

25.4 Conclusions

The production of light-flavour hadrons in p—Pb and Pb—Pb collisions was measured
by ALICE. Blast-wave fits of the pr spectra indicate that with the increase in energy,
the radial expansion velocity increases in central Pb—Pb collisions and the kinetic
freeze-out temperature increases in p—Pb collisions. The yield ratio to pions versus
multiplicity has a continuous behaviour across colliding systems and energies.
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