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Abstract Pseudorapidity, transverse momentum, and mul-
tiplicity distributions are measured in the pseudorapidity
range |�| < 2.4 for charged particles with transverse
momenta satisfying pT > 0.5 GeV in proton–proton colli-
sions at a center-of-mass energy of

�
s = 13 TeV. Measure-

ments are presented in three different event categories. The
most inclusive of the categories corresponds to an inelastic pp
data set, while the other two categories are exclusive subsets
of the inelastic sample that are either enhanced or depleted
in single diffractive dissociation events. The measurements
are compared to predictions from Monte Carlo event gener-
ators used to describe high-energy hadronic interactions in
collider and cosmic-ray physics.

1 Introduction

The study of the properties of particle production without any
selection bias arising from requiring the presence of a hard
scattering (a selection known as “minimum bias”) is one of
the most basic measurements that can be made at hadron
colliders. Such events are produced by strong interactions of
partons inside the hadrons, which occur at low momentum
exchanges, for which predictions of quantum chromodynam-
ics (QCD) cannot be obtained perturbatively, and for which
diffractive scatterings or multiple partonic interactions (MPI)
play a significant role. The theoretical description of these
components of particle production is based on phenomeno-
logical models with free parameters adjusted (“tuned”) to
reproduce the experimental data. However, when a momen-
tum transfer of several GeV (referred to as a hard process)
is involved, predictions obtained from perturbative QCD
(pQCD) are, in many cases, in good agreement with the mea-
surements. Understanding the transition region between hard
processes calculable with perturbative techniques and soft
processes described by nonperturbative models is required
for a full description of particle production in proton–proton
(pp) collisions at the LHC. It is also essential when the col-
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lider is operated at high luminosities since a bunch crossing
contains many pp collisions (pileup) forming a complex final
state that needs to be theoretically controlled for precise stud-
ies of standard model processes, as well as for new physics
searches.

Inclusive measurements of charged particle pseudorapid-
ity distributions, dNch/d�, and transverse momentum distri-
butions, dNch/d pT, as well as charged particle multiplici-
ties have been previously performed in proton–proton and
proton-antiproton collisions in the center-of-mass energy
range

�
s = 0.2–8 TeV and in various phase space regions [1–

19]. Most of these measurements are described to within
10–20% by present event generators as reported, e.g., in
Ref. [20].

More recently, measurements of the charged-hadron pseu-
dorapidity distribution in pp collisions at the highest ener-
gies reached so far,

�
s = 13 TeV, have been presented in

Refs. [21–24]. The present work extends those studies, for
charged particles with pT > 0.5 GeV measured over the
range |�| < 2.4, to cover not only the pseudorapidity den-
sity, but also the per-event multiplicity probability, P(Nch),
as well as different transverse-momentum distributions, such
as that of the leading charged particle dNch/d pT, and its cor-
responding integrated spectrum, D(pT,min). The integrated
spectrum D(pT,min) is defined as:

D(pT,min) =
1

Nevents

�

pT,min

d pT,leading

�
dN

d pT,leading

�
. (1)

Here Nevents is the number of selected events, N is the num-
ber of events with a leading charged particle with transverse
momentum pT,leading, and pT,min is the lower limit of the inte-
gral. In each event, the highest-pT charged particle within
|�| < 2.4 and with pT > 0.5 GeV is selected as the leading
charged particle. The integrated spectrum of charged parti-
cles is sensitive to the transition between the nonperturbative
and perturbative QCD regions [17,25].

The measured distributions are presented for three differ-
ent event data sets: an inelastic sample, a sample dominated
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