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1. Introduction

The primary objective of the heavy-ion
physics is to investigate the characteristics
of a state of matter known as the quark–
gluon plasma (QGP), where the quarks and
gluons are no longer confined into hadrons
and chiral symmetry is restored. The
CERN Large Hadron collider (LHC) demon-
strated that in high-energy heavy-ion (A–
A) collisions, a strongly interacting QGP is
formed [1]. Recent reports on the enhance-
ment of (multi-)strange hadrons, double-ridge
structure, non-zero v2 coefficient, mass or-
dering in hadron pT spectra, and modifica-
tions of baryon-to-meson ratios suggested that
the collective phenomena (signatures of QGP
formation) is also present in the p–Pb col-
lisions [2]. These studies are further ex-
tended to smaller systems, such as pp colli-
sions where similar observations have been re-
ported in the high-multiplicity events. These
high multiplicity events are categorized by the
charged-particle multiplicity at midrapidity
region 〈dNch/dη〉|η|<0.5 across different sys-

tems and collision energies. The measurement
of transverse momentum (pT) spectra and
yield of identified particles unveil the prop-
erties of matter created in the collisions e.g.
strangeness enhancement and radial flow [3–
5]. The pT-integrated particle yield is sensi-
tive to the production mechanism [6] and K/π
ratio as a function of multiplicity indicates
enhanced strangeness production [2]. Thus
the systematic investigation of identified par-
ticle production might lead to a better under-
standing of the collision dynamics in small and
large systems. In this contribution, we will
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present the recent results on π, K, and p in
the highest multiplicity classes: 0.00%-0.01%,
0.01%-0.05%, 0.00%-0.10% for pp collisions at√
s = 13 TeV. Furthermore, the comparison

of these results with published results will be
presented.

2. Analysis details

This analysis is carried out on the data
set of pp collisions with an energy of√
s = 13 TeV collected in 2016

and 2018. The V0 detector cov-
ering the pseudo-rapidity range
-3.7 < η < -1.7 and 2.8 < η < 5.1 has
been used for classifying events by measuring
the charged-particle multiplicity (dNch/dη).
All the events considered in this analysis are
recorded using the high-multiplicity trigger
and the reconstructed primary vertex is
required to be located within 10 cm from
the nominal interaction point of the ALICE
apparatus.

The particle identification is performed with
the help of several ALICE sub-detectors, in-
cluding the Inner Tracking System (ITS),
Time Projection Chamber (TPC), Time-of-
Flight detector (TOF). Furthermore, the
charged pions and kaons have been identi-
fied using a topological decay (kinks) approach
within the TPC volume.

3. Results and discussion

In Fig. 1 and 2, the pT-integrated K/π
and p/π ratios are plotted as a function of
multiplicity for different energies and collid-
ing systems. The K/π yield ratio increases
from low multiplicity pp events to central Pb–
Pb events, this increase is attributed to the
enhanced production of strangeness at larger
freeze-out volumes while the p/π ratio de-
creases continuously after 〈dNch/dη〉 > 100.
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FIG. 1: K/π ratios as a function of 〈dNch/dη〉 for
different collision systems and energies.
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FIG. 2: p/π ratios as a function of 〈dNch/dη〉 for
different collision systems and energies.
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FIG. 3: 〈pT〉 of π (left), K (mid), and p (right) as
a function of 〈dNch/dη〉 for pp collisions at

√
s =

7 and 13 TeV.

The center of mass energy and colliding sys-
tem have no influence on the the p/π and K/π
ratios.

Fig. 3 shows the 〈pT〉 for charged pi-
ons, kaons and (anti-)protons as a function
of the charged particle multiplicity density
〈dNch/dη〉 at midrapidity in pp collisions at√
s = 7 and 13 TeV. The average transverse

momentum of identified particles is found to
increase with multiplicity in pp collisions as
found in Pb–Pb collisions and this rise of av-
erage pT gets steeper with increasing hadron
mass, this effect is consistent with the pres-
ence of radial flow [3–5].
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