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Abstract
Particle production at LHC energies involves the interplay of hard (perturbative) and soft (non-perturbative) QCD processes. Global observables, such as the charged-particle multiplicity, are related to the initial geometry and the energy
density produced in the collision. They are important to characterise relativistic heavy-ion collisions and to constrain
model calculations. The LHC produced Xenon–Xenon collisions for the ﬁrst time in October 2017. New results on the
primary charged-particle pseudorapidity density, and its pseudorapidity and centrality dependence are presented for this
lighter and deformed nucleus, and compared to measurements obtained for lead ions. New results will also be presented
for p-Pb collisions at the highest energy of 8.16 TeV, as part of an overview of all the measurements at LHC Run 1 and
2 energies. These studies allow us to investigate the evolution of particle production with energy and system size and to
compare models based on various particle production mechanisms and diﬀerent initial conditions.
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1. Introduction
For the last 8 years from 2010 to 2018, the ALICE Collaboration has provided results of primarycharged-particle production in various collision energies and systems. In October 2017, LHC collided xenon
√
ions at sNN = 5.44 TeV. Central collisions of heavy ions, like Pb (atomic number A = 208) revealed
Quark-Gluon Plasma (QGP) eﬀects. Xe has fewer nucleons (A = 129) than Pb and is a good medium-sized
ion to check how the system size of a colliding system relates to the creation of the hot and dense medium.
On the other hand, QGP-like eﬀects have been observed even in pp and p–A collisions, the so-called small
systems [1, 2, 3]. In high multiplicity pp and p–Pb collisions, the process of the Multi Parton Interactions
(MPI) [4] becomes more important and is supposed to be related to QGP-like eﬀect [5]. Particle production
at few GeV/c is dominated by soft QCD and makes a big contribution to the charged-particle multiplicity
density. This can be approached by phenomenological modelling.
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2. Analysis method
Primary charged-particle multiplicity density, dNch /dη, is measured by counting the number of tracklets
(a short track segment) using the SPD detector [6] in the central region (−1.8 < η < 1.8) and estimating the
eﬀective energy density per charged particle using the FMD detector [7, 8] in the forward regions (−3.5 <
η < −1.8 and 1.8 < η < 5). Data were collected with a minimum bias trigger requiring a coincidence
of signals in each side of V0 sub-detectors (V0A and V0C) [9, 8]. The primary interaction vertex of a
collision is obtained by extending correlated hits in the two silicon-pixel layers of the SPD to the beam pipe
of the LHC. Centrality estimation is based on a Glauber approach [10, 11] by ﬁtting to the V0 amplitude
distribution [12] for the Pb-going side (V0A) in p–Pb collisions or for both A-going sides (V0A and V0C)
in Pb–Pb and Xe–Xe collisions. The amplitude of the V0 detector is ﬁtted with a two-component model
given by Nsources = f × Npart + (1 − f ) × Ncoll where f ﬁxes the relative contributions of Npart (the number
of participating nucleons taking part in the collision) and Ncoll (the number of binary collisions among
participating nucleons), and Nsources is the number of intermediate sources for the particle production to be
transformed to the charged-particle multiplicity by the negative binomial distribution (NBD). The detailed
systematic studies in p–Pb, Pb–Pb and Xe–Xe collisions can be found elsewhere [13, 14, 15, 16].
3. Results and discussion
√
Figure 1a shows dNch /dη in p–Pb collisions at sNN = 8.16 TeV and the result is compared with
theoretical models. Phenomenological models like HIJING [17, 18], EPOS LHC [19] and EPOS 3 [20]
reproduce the data better for the Pb-going side than for the proton-going side. Saturation-based models
like rc-BK [21, 22] and KLN [23] describe the data better in ηlab > −1.3 as expected. However, all models
describe the data within ±15%. The dNch /dη for the top 5% central Xe–Xe collisions is shown and compared
to models in Fig. 1b. The pseudorapidity dependence of dNch /dη is described by the models within ±10%
in |η| < 4 except for EPOS LHC.

(a) dNch /dη in p–Pb collisions

(b) dNch /dη for the top 5% central Xe–Xe collisions [13]

Figure 2a shows N2part  dNch /dη for the top 5% central Xe–Xe collisions compared to previous measure√
ments for AA collisions as a function of sNN , as well as for inelastic and Non-Single Diﬀractive (NSD)
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pp, pp̄ and NSD pA and dA collisions. The lines are power law ﬁts to the data. For the 0–5% central AA
collisions, the Xe–Xe result ﬁts with the power-law trend previously established by the various measurements. It indicates that Xe still acts like a heavy ion compared to the pp and pA trends that are far from
the central AA collisions. The results in pA collisions for NSD are overlaid with the pp and pp̄ trend of
INEL collisions. This can be interpreted as if the contribution from diﬀractive processes is negligible in pA
collisions. Figure 2b shows N2part  dNch /dη in |η| < 0.5 as a function of Npart  for various collision systems
√
√
and collision energies. The distributions of Xe–Xe at sNN = 5.44 TeV and Pb–Pb at sNN = 5.02 TeV
decrease by a factor of 2 from the most central to peripheral collisions and smoothly connect to the results
in pp and p–Pb collisions. A steep rise of the distribution starting from Npart  = 200 for Xe-Xe collisions is
newly observed and is thought to result from multiplicity ﬂuctuations due to the smaller size of Xe nucleus
than heavier ones like Pb or Au. This can be supported from the trend for Cu–Cu collisions in Fig 2b. The
Npart -dependence of N2part  dNch /dη for Xe–Xe collisions is also compared with theoretical models in Fig
2c. All the models describe the data within ±20%.
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4. Conclusions
An overview of results for charged-particle multiplicity density in LHC Run 1 and 2 energies measured
by ALICE in p-Pb, Pb-Pb and Xe-Xe collisions is provided in this proceedings. Newly measured dNch /dη
√
in Xe–Xe collisions at sNN = 5.44 TeV shows still a heavy-ion like behaviour. All theoretical models
based on various particle production mechanisms and diﬀerent initial conditions describe dNch /dη vs η
and N2part  dNch /dη vs Npart  within ±20% in pA and AA collisions. This study might provide further
constraints on models and help to improve our understanding of the evolution of particle production with
energy and system size.
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