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The pseudorapidity (𝜂) distributions of charged hadrons are measured using data collected at the highest ever 
nucleon-nucleon center-of-mass energy of 

√
𝑠
NN

= 5.36 TeV for collisions of lead-lead ions. The data were recorded 
by the CMS experiment at the LHC in 2022 and correspond to an integrated luminosity of 0.30±0.03 μb−1. Using 
the CMS silicon pixel detector, the yields of primary charged hadrons produced in the range |𝜂|< 2.6 are reported. 
The evolution of the midrapidity particle density as a function of collision centrality is also reported. In the 5% 
most central collisions, the charged-hadron 𝜂 density in the range |𝜂| < 0.5 is found to be 2032 ± 91 (syst), with 
negligible statistical uncertainty. This result is consistent with an extrapolation from nucleus-nucleus collision 
data at lower center-of-mass energies. Comparisons are made to various Monte Carlo event generators and to 
previous measurements of lead-lead and xenon-xenon collisions at similar collision energies. These new data 
detail the dependence of particle production on the collision energy, initial collision geometry, and the size of 
the colliding nuclei.

1. Introduction

A hot medium of decofined quarks and gluons, known as the quark
gluon plasma (QGP), is created in high-energy heavy ion collisions [1]. 
These collisions provide a unique avenue for the experimental study 
of matter whose properties are dictated by quantum chromodynamics 
(QCD).

One of most interesting aspects of the QGP is its behavior as an ``al
most perfect'' liquid, i.e., having a very low shear viscosity to entropy 
density ratio, and the ability of hydrodynamic models to describe the 
evolution of the system [2]. Charged-hadron pseudorapidity (𝜂) distri
butions and overall multiplicities (𝑁ch) can be used to constrain the 
initial conditions and subsequent evolution of the medium in these 
models [3]. Furthermore, information regarding nuclear shadowing and 
gluon saturation effects [4] can be extracted by studying the dependence 
of the 𝑁ch on the initial geometry and center-of-mass energy of the 
collision system. Other interesting questions regarding the relative con
tributions to particle production of hard and soft scattering processes [5] 
and the modeling of these various processes [6] can be studied using 
these observables. Therefore, the measurements of the 𝑁ch and its 𝜂
dependence are important observables for understanding the formation 
and properties of the QGP in heavy ion collisions.

⋆ E-mail address: cms-publication-committee-chair@cern.ch.

In 2022, the CMS experiment collected a sample of lead-lead (PbPb) 
collision events at the highest ever nucleon-nucleon center-of-mass en
ergy of 

√
𝑠
NN

= 5.36 TeV, corresponding to an integrated luminosity 
of 0.30 ± 0.03 μb−1. The collection of these data marked the begin
ning of the Run 3 era (2022--2025) at the CERN LHC for heavy ion 
collisions and provides an opportunity to examine the center-of-mass 
energy dependence of charged-particle production. Previous measure
ments of copper-copper (CuCu) [7] and gold-gold (AuAu) [8,9] colli
sions at lower energies at RHIC, as well as xenon-xenon (XeXe) collisions 
at 5.44 TeV [10,11] and PbPb collisions at 2.76 TeV [12,13] and 5.02 
TeV [14] at the LHC, have indicated an approximate power-law scaling 
of charged-particle production as a function of the center-of-mass en
ergy. This scaling law, as well as models that have been tuned at lower 
energies [15--17], can be tested using the new higher-energy data to de
termine how far the extrapolations from these empirical formulae and 
models can extend to higher center-of-mass energy systems.

In this Letter, measurements of the pseudorapidity density, d𝑁ch∕d𝜂, 
of primary charged hadrons having |𝜂| < 2.6 are reported for PbPb col
lisions at 

√
𝑠
NN

= 5.36 TeV. Primary charged hadrons are dfined as 
prompt charged hadrons and decay products of all particles with proper 
decay length 𝑐𝜏 < 1 cm, where 𝑐 is the speed of light in vacuum and 𝜏 is 
the proper lifetime of the particle. The same definitions were used in pre
vious analyses of proton-proton (pp) collisions at 0.9--13 TeV [18--22], 
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pPb collisions at 5.02 and 8.16 TeV [23], and PbPb and XeXe collisions 
at 2.76 and 5.44 TeV [10,13], respectively. Contributions from prompt 
leptons, decay products of longer-lived particles, and secondary inter
actions are excluded. The measurements are reported as functions of 
charged hadron 𝜂 and the impact parameter between the two incoming 
ions in the collision. The data are also compared to theoretical predic
tions from modern event generators. Tabulated results are provided in 
the HEPData record for this analysis [24].

2. The CMS detector

The central feature of the CMS apparatus is a superconducting 
solenoid of 6 m internal diameter, providing a magnetic field of 3.8 T. 
Within the solenoid volume are a silicon pixel and strip tracker covering 
the range |𝜂| < 2.5, a lead tungstate crystal electromagnetic calorimeter, 
and a brass and scintillator hadron calorimeter, each composed of a bar
rel and two endcap sections. Forward calorimeters (HF), made of steel 
and quart-fibers and located on either side of the interaction point, ex
tend the pseudorapidity coverage provided by the barrel and endcap 
detectors to |𝜂| < 5.2. Muons are detected in gas-ionization chambers 
embedded in the steel flux-return yoke outside the solenoid. The beam 
pickup timing for experiments (BPTX) devices are located around the 
beam pipe at a distance of 175 m from the interaction point on ei
ther side and provide precise information on the timing of the incoming 
beams. A more detailed description of the CMS detector, together with 
a definition of the coordinate system used and the relevant kinematic 
variables, can be found in Ref. [25].

Charged hadrons are reconstructed using the silicon pixel detector 
installed during the Phase-1 upgrade [26], which consists of four con
centric cylindrical shells (layers) in the barrel region (BPIX) and three 
disks on each side of the interaction point in the forward region (FPIX). 
The BPIX and FPIX consist of a total of 1184 and 672 modules, respec
tively, and provide excellent position resolution with their 100×150 μm
pixels. In this Letter, the layers of the BPIX are denoted in increasing 
order of their radial distance from the beam axis, i.e., the layer closest 
to the beam axis is referred to as layer 1, the next closest layer is re
ferred to as layer 2, and so on, while the disks of the FPIX are referred 
to in increasing order of their longitudinal distance from the nominal 
interaction point.

3. Event selection

Online, minimum-bias events were selected using a trigger that re
quired a coincidence of signals from both BPTX detectors and at least one 
energy deposit above 3 GeV in each HF calorimeter. Offline, events were 
required to have at least two energy deposits above 4 GeV in each of the 
HF calorimeters and at least one reconstructed primary vertex using the 
tracklet-based vertexing algorithm described in Ref. [13]. The tracklet 
reconstruction procedure is described in Section 4. A total of 50,000 
events that pass these selections were used for the analysis. By analyz
ing data collected during the crossing of noncolliding ion bunches, the 
event selection requirements were found to successfully reject all back
grounds not arising from lead ion interactions. Thus, beam backgrounds, 
beam-halo effects, and cosmic ray sources have a negligible impact on 
this analysis.

Although this analysis is predominantly focused on hadronic colli
sions, electromagnetic (EM) interactions between the lead ions must be 
accounted for. The EM contribution is studied with simulated events 
generated by STARlight 2.2 [27] interfaced with dpmjet-III 3.0
5 [28]. These simulations estimate the contamination rate, which is 
included in the event selection efficiency uncertainty. Residual EM 
contributions are estimated from STARlight and cross-checked with 
data-driven methods that involve comparison between data and sim
ulation with events that have small activities in the HF calorimeters. 
Single-diffractive events may also pass the event selections. Their con
tribution is subtracted using simulated events generated by epos lhc

v3400 [16,29], in bins of tracklet multiplicity. The total hadronic event 
selection efficiency is calculated by comparing the total transverse en
ergy distribution in the HF calorimeter with a template extracted from 
simulated epos lhc events [13]. The EM contamination rate is also fac
tored into the total event selection efficiency uncertainty.

Because heavy ions are extended objects, their collisions can be char
acterized using the concept of ``centrality,'' which is related to the col
lision impact parameter. This analysis estimates collision centrality by 
summing the transverse energy in the HF calorimeters, a procedure typ
ically used in CMS analyses [13,30]. After correcting for the total event 
selection efficiency, the transverse energy distribution is partitioned 
into equal sections, which are labeled with a centrality percentage. This 
percentage corresponds to a fraction of the total hadronic nuclear inter
action cross section [13]. By convention, the most central collisions, i.e., 
the ones having the smallest impact parameter, are labeled with small 
percentiles. This analysis is restricted to collisions in the 0--80% range, 
where the event selection efficiency is 100% and EM contamination ef
fects are small (<1% contribution). The collision centrality is correlated 
with the number of participating nucleons 𝑁part in the event. A Glauber 
model calculation [31,32] is used to determine the average 𝑁part that 
a given centrality range corresponds to. These values are available in 
tabulated form in the supplemental material. For the purpose of this 
calculation, the nucleon-nucleon inelastic cross section is taken to be 
68.0 ± 1.2 mb [32]. The nuclear radius and skin depth [33] of the lead 
nucleus are set to 6.69 ± 0.03 and 0.56 ± 0.03 fm [34], respectively.

4. Analysis

The d𝑁ch∕d𝜂 measurement uses pairs of pixel clusters from two dif
ferent layers (disks) of the silicon pixel detector. These clusters are 
formed from adjacent pixels with a charge above the readout thresh
old. These pairs, known as tracklets, have clusters with relatively small 
differences in 𝜂 and azimuthal angle 𝜙 (in radians) with respect to the 
primary vertex when they originate from a single charged particle. The 
correlations in 𝜂 and 𝜙 can be used to select tracklets that correspond 
to primary charged hadrons. Reference [13] contains more information 
on the tracklet and vertex reconstruction algorithms.

This analysis uses nine different types of tracklets, which are distin
guished by the layers in the pixel detector that are used to form the clus
ter pair. Six types result from using clusters in all possible combinations 
of the four barrel detector layers, and the remaining three come from 
combining pairs of the three forward disks. The combinations between 
barrel layers and forward disks are not used as they are sensitive to 
looper background from low transverse momentum (𝑝T) charged parti
cles, which can have looping trajectories in the strong magnetic field and 
therefore leave multiple clusters in any given pixel layer. The d𝑁ch∕d𝜂
distributions from all nine tracklet types, after applying the corrections 
discussed below, are averaged and symmetrized around 𝜂 = 0 to yield 
the final d𝑁ch∕d𝜂 result. d𝑁ch∕d𝜂 distributions coming from each in
dividual tracklet type have different sensitivities to the charged-hadron 
𝑝T spectrum and can therefore be used as a systematic check.

A small fraction of detector modules were found to exhibit a signif
icantly different response in the data when compared to Monte-Carlo 
(MC) simulations. These detector modules are identfied and excluded 
from subsequent analysis procedures.

From the two clusters in a tracklet pair, a measure of angular distance

Δ𝑟 =
√(

𝜂i − 𝜂j
)2 + (

𝜙i −𝜙j
)2

(1)

is dfined. Here, 𝜂i(j) is the pseudorapidity of the cluster in the i(j)th layer 
or disk with respect to the primary vertex position, and 𝜙i(j) is dfined 
similarly for the azimuthal angle. The fraction of tracklets resulting from 
combinatorial background, formed by clusters originating from differ
ent charged particles, is estimated in the MC and found to dominate at 
Δ𝑟 > 0.5 in the simulation. To increase the purity of the tracklet sample 
and to reduce the sensitivity to the modeling of combinatorial back
ground effects, only tracklets having Δ𝑟 < 0.5 are used in the analysis. 
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This selection also suppresses the looper background related to low-𝑝T
charged particles. After the tracklet selection, the background rate (in
cluding misreconstructed tracklets and the particles that are not primary 
charged hadrons), geometric acceptance, reconstruction efficiency, and 
event selection efficiency of the detector are taken into account. These 
corrections include an extrapolation to a tracklet 𝑝T of zero to remove 
the effect of the minimum reconstructed charged-hadron 𝑝T . The mini
mum charged-hadron 𝑝T that can be reconstructed with this method is 
40 MeV, corresponding to the tracklets formed using the inner two bar
rel pixel layers. The correction factors are calculated using samples of 
the previously discussed MC generators that have been interfaced with
Geant4 [35] to emulate the detector response. The typical magnitude of 
the corrections ranges from 30% to 130%. The tracklet efficiency shows 
minimal centrality dependence, but contamination rises in more central 
collisions due to acceptance effects and extrapolation to 𝑝T = 0.

The Δ𝑟 spectrum calculated with the epos lhc sample is found to 
most closely match the data in the region where the combinatorial back
ground is significant (i.e., 0.4 < Δ𝑟 < 0.5), so this sample is used for 
calculating the corrections for the nominal result in this analysis. The 
simulated samples from other event generators are used to study sys
tematic uncertainties. The correction factors are calculated as functions 
of 𝜂, primary vertex position along the beam axis 𝑣𝑧, and tracklet mul
tiplicity.

5. Systematic uncertainties

The uncertainties resulting from various systematic effects affecting 
the measurement are evaluated:

• Different probability of pixel cluster splitting in data and simulation.
Pixel cluster splitting refers to the condition where the charge de
posit from a single charged particle is reconstructed as two pixel 
clusters in close proximity. The difference in the relative fraction 
of split clusters between data and simulation can be estimated by 
artficially splitting the pixel clusters in simulation and comparing 
the resulting modfied Δ𝑟 distribution of cluster pairs in simulation 
to that in data. This difference in this relative fraction is found to 
be at most 2.0%, which results in a variation of up to 2.0% in the 
d𝑁ch∕d𝜂 results.

• 𝑣𝑧 consistency. The potential mismodeling of the alignment of the 
pixel detector in the simulations affects the correction factors. This 
effect is studied by comparing data with different 𝑣𝑧 values which 
correspond to variations in 𝜂 acceptance. The variation, which de
pends on centrality and 𝜂, ranges from 0.5 to 4.5%.

• Tracklet selection. The tracklet selection criteria affect the minimum 
𝑝T and signal-to-background ratio of reconstructed tracklets. The 
sensitivity of correction factors to selection criteria is examined by 
adjusting the nominal Δ𝑟 criterion by ±0.1. This adjustment effec
tively acts as a filter for the minimum 𝑝T , as particles with lower 𝑝T
exhibit larger Δ𝑟 values. Specifically, changing the Δ𝑟 cut modfies 
the minimum 𝑝T by approximately 50 MeV for particles detected 
by combining the 1st and 4th layers in the barrel pixel detector. 
This uncertainty is less than 0.5%.

• Deviation from averaged and symmetrized results. In any given 𝜂
range, measurements can be made using multiple tracklet combina
tions. The maximum deviation in the measurements, obtained using 
each tracklet combination from the final averaged and symmetrized 
result, varies as a function of centrality and 𝜂, ranging from 1.0 to 
4.0%, and these values are used for the uncertainty.

• Model dependence of the corrections. The model dependence of the 
correction factors is studied by using alternative sets of correction 
factors derived from hydjet 1.9 [17] and ampt 1.26t5 [36], which 
have different descriptions of the particle production mechanisms. 
The predicted particle 𝑝T distributions and the lepton fraction can 
differ significantly among the event generators, which affect the 
correction for leptons and the extrapolation of the measured track

Table 1
Sources of systematic uncertainty affecting the mea
surement of charged-hadron multiplicities as a func
tion of ⟨𝑁part⟩ in PbPb collisions at √𝑠

NN
= 5.36 TeV.

Source [%] 
Pixel cluster splitting 1.4--2.0 
Consistency between primary vertex position 0.5--4.5 
Tracklet selection <0.5
Consistency between tracklet combinations 1.0--4.0 
Model dependence 0.5--2.0 
Centrality calibration 0.1--2.5 
Total systematic uncertainty 2.5--6.4 

let spectra to 𝑝T = 0. The maximum deviation from the nominal 
results varies as a function of centrality and 𝜂, ranging from 0.5 to 
2.0%.

• Centrality calibration. The determination of event centrality depends 
on the hadronic event selection efficiency, as well as the amount of 
contamination from EM processes. Since the inefficiency is limited 
to the most peripheral collisions (events with the largest central
ity), the effect of the uncertainty in the event selection efficiency 
is to shift the events into other centrality intervals. Hence, to eval
uate the uncertainty in the final results, different sets of centrality 
calibrations, derived after varying the event selection efficiency by 
its uncertainty, are used to categorize the data. This uncertainty in
creases from 0.1% in central collisions to 2.5% in peripheral events.

A summary of the systematic uncertainties affecting the measurement of 
charged hadron multiplicities in events with different mean number of 
participating nucleons (⟨𝑁part⟩) is given in Table 1. The individual con
tributions are then summed in quadrature to give the total systematic 
uncertainty, assuming them to be uncorrelated. At forward 𝜂, the uncer
tainty related to the primary vertex position is the leading uncertainty. 
At midrapidity, the dominant uncertainty comes from the consistency 
between tracklet combinations, except for peripheral events where the 
centrality calibration uncertainty is larger.

6. Results

Fig. 1 (top) shows the charged-hadron 𝜂 distribution for the 0--80% 
centrality class, while Fig. 1 (bottom) presents this distribution for both 
the 0--5% centrality class, indicating head-on collisions, and the 50--55% 
class, which represents collisions with a larger impact parameter.

The results are compared to predictions from the epos lhc v3400,
hydjet 1.9, and ampt 1.26t5 event generators. The epos generator is 
based on Gribov–Regge theory [37,38] and includes the effect of collec
tive hadronization in hadron-hadron scatterings. The hydjet generator 
treats a heavy ion collision as a superposition of a hydrodynamically 
parametrized soft component and a hard component resulting from 
multi-parton fragmentation. The ampt generator combines the hijing
event generator [39] with Zhang’s parton cascade procedure [40] and 
the ART model [41] for the last stage of parton hadronization. For the 
0--80% event class and midrapidity region, the data match predictions 
from both ampt with string melting and hydjet. The string melting 
mechanism in ampt transforms all excited strings from heavy-ion col
lisions into partons and employs a spatial quark coalescence model for 
hadronization.

Similar conclusions hold for 0--5% events when comparing to hyd
jet, but the agreement with ampt with string melting seems to be better 
in the forward region than in the midrapidity region in this centrality 
interval. The prediction of ampt without string melting systematically 
overpredicts the data for all the centrality classes in the midrapidity 
region, while the predictions of epos lhc significantly undershoot the 
data for all 𝜂 values and all of the centrality selections studied. The lower 
panels of Fig. 1 show the ratios of the MC models to data with the nor
malization set such that the ratio is unity at 𝜂 = 0. It can be seen that, 
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Fig. 1. The d𝑁ch∕d𝜂 distributions in PbPb collisions at 
√
𝑠
NN

= 5.36 TeV for 
events in the 0--80% centrality class (top) and in the 0--5 and 50--55% central
ity classes (bottom). The results have been averaged and symmetrized around 
𝜂 = 0. Predictions from the hydjet 1.9 [17], ampt 1.26t5 [36], and epos lhc
v3400 event generators are also displayed. The ratios of the d𝑁ch∕d𝜂 distribu
tions of simulation and data, normalized to unity at midrapidity, are shown in 
the bottom panels. The bands denote the total systematic uncertainties and the 
statistical uncertainties are negligible. In the ratio panels, the uncertainty band 
displayed represents the relative uncertainty of the data.

after normalization, differences are accounted for, epos lhc does the 
best job of all the models examined of predicting the shape of the 𝜂 dis
tribution. Similar conclusions were found in studies of XeXe collisions 
at 

√
𝑠
NN

= 5.44 TeV by the CMS [10] and ALICE [11] Collaborations. 
Nonetheless, none of the MC generators examined here are able to de
scribe both the shape and magnitude of the charged-hadron distribution 
across the full range of 𝜂 probed.

The charged-hadron d𝑁ch∕d𝜂 at midrapidity as a function of cen
trality is shown in Fig. 2 (top). The value of d𝑁ch∕d𝜂 is found to be 
2032 ± 91 (syst) (207 ± 7 (syst)) at |𝜂| < 0.5 for events in the 0--5 
(50--55%) centrality class. Previous measurements of PbPb collisions at √
𝑠
NN

= 2.76 and 5.02 TeV by the CMS [13] and ALICE [14,42] Collabo
rations, as well as previously discussed measurements of XeXe collisions 
at 5.44 TeV [10,11], are also shown. In general, at the same centrality 
d𝑁ch∕d𝜂 is larger for the collision systems with heavier ions. The PbPb 
data show a higher charged hadron d𝑁ch∕d𝜂 at higher collision energy 

Fig. 2. Charged-hadron d𝑁ch∕d𝜂 in PbPb collisions at 
√
𝑠
NN

= 5.36 TeV at midra
pidity as a function of event centrality, shown as is (top) and normalized by 2𝐴
(bottom), where 𝐴 is the atomic number of the nuclei. The results are com
pared to measurements in PbPb and XeXe collisions by the CMS [10,13] and 
ALICE [11,14,42] Collaborations, and to measurements in CuCu and AuAu col
lisions by the PHOBOS Collaboration [43]. The bands around the data points 
denote the total systematic uncertainties, while the statistical uncertainties are 
negligible.

for central events, as expected. The new 5.36 TeV CMS data are consis
tent with the ALICE data from 5.02 TeV collisions within uncertainties.

Previous analyses have noted that d𝑁ch∕d𝜂 approximately scales 
with 2𝐴 for collisions of different ion species at the same collision en
ergy [10], where 𝐴 represents the atomic number of the colliding nuclei. 
Fig. 2 (bottom) displays the normalized particle density (d𝑁ch∕d𝜂)∕2𝐴
as a function of collision centrality for the same data sets shown in Fig. 2
(top). Although the 5.36 TeV data are closer in collision energy to the 
5.44 TeV XeXe data than the previous 5.02 TeV PbPb data, they tend to 
have slightly higher normalized d𝑁ch∕d𝜂 than 5.02 TeV PbPb, indicat
ing that this scaling law is only approximate.

The value of (d𝑁ch∕d𝜂)∕⟨𝑁part⟩ is shown as a function of ⟨𝑁part⟩ in 
Fig. 3 (top) to study the role of the number of participating nucleons 
in particle production. The results are also compared to lower-energy 
measurements of CuCu and AuAu collisions at 

√
𝑠
NN

= 200 GeV, in 
addition to those from LHC experiments. It is important to note that 
the same number of participants can correspond to different centrality 
classes across various collision systems. The measured multiplicity per 
participant increases with higher collision energy for events with a sim

Physics Letters B 861 (2025) 139279 

4 



The CMS Collaboration 

Fig. 3. Average d𝑁ch∕d𝜂 at midrapidity normalized by ⟨𝑁part⟩, shown as a func
tion of ⟨𝑁part⟩ (top) and ⟨𝑁part⟩∕2𝐴 (bottom), where 𝐴 is the atomic number 
of the nuclei. The results are compared to measurements in PbPb and XeXe 
collisions by the CMS [10,13], ALICE [11,14,42] Collaborations, and to mea
surements in CuCu and AuAu collisions by the PHOBOS Collaboration [43]. The 
bands around the data points denote the systematic uncertainties, while the sta
tistical uncertainties are negligible.

ilar ⟨𝑁part⟩. At similar collision energy, the shapes of the distributions 
are inconsistent between PbPb and XeXe collisions. This is particularly 
apparent when examining the behavior around ⟨𝑁part⟩ = 200, corre
sponding to the most central XeXe collisions. However, as shown in 
Fig. 3 (bottom), the per-participant 𝑁ch for different colliding nuclei 
is consistent within uncertainties when the fraction of nucleons partici
pating (⟨𝑁part⟩∕2𝐴) and energy of the compared systems are the same. 
These data clearly suggest that the initial collision geometry is a crucial 
factor when predicting particle production at LHC energies [7].

Fig. 4 shows the dependence of d𝑁ch∕d𝜂 normalized by ⟨𝑁part⟩ on 
the collision energy for various collision systems and event selections. 
Power law fits to the previous measurements reproduced from Ref. [23] 
are displayed using dashed lines to guide the eye. The new CMS data, 
shown by the red point at 

√
𝑠
NN

= 5.36 TeV, are consistent with this 
extrapolation from lower ion-ion collision energies; the central PbPb re
sults at 5.36 TeV are about two times larger than non-single-diffractive 
(NSD) pp collisions. It has been previously noted in Ref. [23] that NSD 
pPb collisions (shown by yellow markers) have a lower normalized 
charged-particle density compared to NSD pp collisions (black mark
ers) at the same energy, potentially because of the presence of non-QGP 

Fig. 4. Comparison of average d𝑁ch∕d𝜂 at midrapidity, scaled by ⟨𝑁part⟩ in 
pPb [23,44], pAu [45], dAu [46--48] (pA) and central heavy ion collisions [9, 
13,42,43,47,49--57], as well as non-single-diffractive (NSD) [18,19,57--60] and 
inelastic [22,43,61,62] pp collisions. The data points for nucleus-nucleus (AA) 
collisions at 

√
𝑠
NN

= 2.76 TeV have been shifted horizontally for visibility. The 
dashed curves, reproduced from Ref. [23], are included to guide the eye, and 
correspond to a power law functional form.

related effects. Although such effects may also be present in ion-ion col
lisions to some extent, the different trends of ion-ion and proton-ion 
(pA) data with respect to NSD pp collisions highlight the complexity of 
the interplay between non-QGP and QGP-related effects when consid
ering soft-particle production. These data clearly indicate that ion-ion 
collisions are more efficient than smaller collision systems at convert
ing the initial collision energy into final-state particle multiplicity, and 
they are not merely superpositions of pp or pA collisions.

7. Summary

The pseudorapidity (𝜂) distributions of charged hadrons are mea
sured in the range |𝜂| < 2.6 for multiple centrality intervals using data 
collected in lead-lead (PbPb) collisions at the highest center-of-mass 
energy of 

√
𝑠
NN

= 5.36 TeV. The dependence on 𝜂 and centrality are 
compared to the event generators epos lhc v3400, hydjet 1.9, and
ampt 1.26t5; none of these event generators are able to fully describe 
the measurements in terms of the magnitude, 𝜂 dependence, and cen
trality dependence of the d𝑁ch∕d𝜂 distributions. The charged hadron 
density at midrapidity rises with collision energy and centrality, align
ing with extrapolations from lower energies. Additionally, the scaling of 
this observable with the size of the colliding nuclei is found to be only 
approximate.

In the 5% most central collisions, the charged-hadron density 
d𝑁ch∕d𝜂 for the range |𝜂| < 0.5 is found to be 2032 ± 91 (syst), with 
negligible statistical uncertainty. The results at midrapidity are also 
compared to previous measurements in various collision systems, in
cluding PbPb collisions at 

√
𝑠
NN

= 2.76 and 5.02 TeV, xenon-xenon 
collisions at 5.44 TeV, as well as copper-copper and gold-gold collisions 
at 

√
𝑠
NN

= 200 GeV. Normalizing d𝑁ch∕d𝜂 by the number of partici
pating nucleons shows that larger systems convert collision energy to 
particles more efficiently than smaller ones. These comparisons are new 
constraints on models and generators which describe multiparticle pro
duction in relativistic heavy ion collisions.
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