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Introduction

Recent observations of strangeness enhance-
ment, ridge-like structure and radial flow be-
haviour at the LHC indicate the formation
of QGP-droplets in high multiplicity pro-
ton+proton (pp) collisions. While the ap-
plicability of hydrodynamics in high multi-
plicity pp collisions is still under investiga-
tion, certain perturbative QCD (pQCD) in-
spired models such as PYTHIA can imitate
radial flow-like effects by implementing color
reconnection (CR) with multi-partonic inter-
actions (MPI). Also, the event classifier, trans-
verse spherocity (S0), is found to be capable
of disentangling events based on their geomet-
rical shapes. It can segregate the soft-QCD-
dominated isotropic events from the pQCD-
dominated jetty events, helping us identify
the rare events that mimic heavy-ion-like be-
haviour in pp collisions. In addition, recent
studies show that transverse radial flow veloc-
ity depends upon both transverse spherocity
and pseudorapidity [1, 2]. In this work, we at-
tempt to study the observables that are sensi-
tive to the radial flow, such as the particle ra-
tios, mean transverse momentum, and kinetic
freeze-out parameters, as a function of trans-
verse spherocity and pseudorapidity in pp col-
lisions at

√
s = 13 TeV using PYTHIA8. Here,

for the estimation of transverse spherocity, we
consider all charged hadrons having |η| < 2.0
and pT > 0.15 GeV/c. Events having the low-
est and the highest 20% value of S0 are re-
ferred to as jetty and isotropic events, respec-
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FIG. 1: The ratio of proton to pion yield ((p +
p̄)/(π+ + π−)) versus transverse momentum (pT)
for different transverse spherocity and pseudora-
pidity selections in pp collisions at

√
s = 13 TeV

using PYTHIA8 [3].

tively.

Results and Discussions

Radial flow is assumed to give a boost to all
the particles and it depends upon the particle
mass and transverse momentum (pT), result-
ing in the broadening of particle pT spectra.
Thus, a different degree of broadening in pT
spectra is expected for different species of par-
ticles, which is reflected in pT dependent yield
ratio of the particles [2]. Consequently, for a
system with larger radial flow, the ratio of pro-
ton to pion yield ((p+ p̄)/(π+ +π−) or simply
p/π) would show a larger peak which shifts
towards a higher pT value as compared to the
system having less radial flow. Figure 1 shows
p/π ratio as a function of transverse momen-
tum for different regions of transverse sphe-
rocity and pseudorapidity in pp collisions at√
s = 13 TeV using PYTHIA8. As expected,

for a given pseudorapidity class, the isotropic
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FIG. 2: Mean transverse momentum (〈pT〉) ver-
sus mean charged particle density (〈dNch/dη〉V0M

) for different transverse spherocity and pseudo-
rapidity selections in pp collisions at

√
s = 13

TeV [3].
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FIG. 3: Kinetic freezeout temperature (Tkin) ver-
sus mean transverse radial flow velocity (〈βT 〉),
extracted from simultaneous Boltzmann Gibbs
Blastwave fit to identified particle spectra, for dif-
ferent transverse spherocity and pseudorapidity
selections in pp collisions at

√
s = 13 TeV [3].

events are found to show larger signatures of
radial flow compared to the jetty events due
to a larger number of partons and partonic
interactions. Furthermore, for a given trans-
verse spherocity class, the p/π ratio shows
faint pseudorapidity dependence. The system
in the mid-pseudorapidity class is found to
mimic a more radially boosted system com-
pared to the system having higher pseudora-
pidity.

Another consequence of radial flow is the
enhanced value of mean transverse momen-

tum (〈pT〉). Figure 2 shows 〈pT〉 as a
function of mean charged particle density
(〈dNch/dη〉V0M) for different transverse sphe-
rocity and pseudorapidity selections. As ex-
pected, 〈pT〉 increases with an increase in
〈dNch/dη〉V0M; however, the 〈pT〉 is larger
for the jetty events compared to the isotropic
events. This is expected as, by nature, jets
carry particles with high transverse momen-
tum. Additionally, 〈pT〉 is larger for the mid-
pseudorapidity case compared to the forward
pseudorapidity case.

Figure 3 shows kinetic freeze-out tempera-
ture (Tkin) as a function of mean transverse
radial flow velocity (〈βT 〉) for different trans-
verse spherocity and pseudorapidity selec-
tions. For a particular transverse spherocity
class, the particles in the mid-pseudorapidity
possess higher 〈βT 〉 and smaller Tkin than
those in the higher pseudorapidity class. In
addition, the jetty events show a larger 〈βT 〉
compared to the isotropic events for both the
pseudorapidity classes. We suspect this to
have originated and contributed due to large
non-flow effects in the jetty events.

Summary

In summary, we have studied p/π ratios,
〈pT〉 and kinetic freeze-out parameters such as
Tkin and 〈βT 〉 as a function of pseudorapidity
and transverse spherocity. It is observed that
the particles in the mid-pseudorapidity region
mimic a system with larger radial flow com-
pared to the higher pseudorapidity regions. In
addition, some of the signals for radial flow
are enhanced in isotropic events. The studies
presented in this contribution using PYTHIA8
can serve as a baseline for future experimental
studies.
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