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Extensive research on heavy-ion collisions at the Large Hadron Collider (LHC) and Relativistic
Heavy Ion Collider (RHIC) has helped us produce and study the properties of quark-gluon plasma
(QGP). Recent investigations hint towards the possible formation of QGP-droplets even in small
collision systems such as high-multiplicity pp collisions. Oxygen-Oxygen (O+O) collisions are
expected in the forthcoming RUN3 at the LHC. This will provide an essential and timely opportu-
nity to investigate the effects of high-multiplicity pp and p+Pb collisions with similar system sizes.
In this work, we implement harmonic oscillator and Woods-Saxon type density profiles for the
oxygen nucleus. Also, an alpha-cluster tetrahedral structure for the oxygen nucleus is studied. We
report the charged-particle multiplicity, transverse mass, Bjorken energy density, squared speed of
sound, and the kinetic freezeout parameters in O+O collisions at√sNN = 7 TeV using a multiphase
transport model.
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1. Introduction

The primary objective of heavy-ion collisions at relativistic energies is to study quark-gluon
plasma formation (QGP) by creating extreme temperature and energy density conditions. Several
measurements in various collision systems at different center-of-mass energies at the Large Hadron
Collider (LHC) and Relativistic Heavy Ion Collider (RHIC) are studied to understand the charac-
teristics of this hot and dense nuclear matter. Heavy-ion collisions like Pb+Pb and Au+Au have
historically been the main focus of QGP research, while small collision systems like proton-proton
(pp) serve as a baseline.

A short run for Oxygen-Oxygen (O+O) collisions are anticipated in RUN3 at the LHC [1].
Oxygen has final state multiplicity overlap with pp, p+Pb, and Pb+Pb collisions. It may be easier
to comprehend the QGP-like characteristics in small collision systems if systems created in O+O
collisions are studied in depth. It can also help understand the source of collectivity in small
collision systems. A multiphase transport model (AMPT) [2] has been used to accommodate both
the harmonic oscillator (HO) density profile and the more realistic Woods-Saxon (WS) density
profile in the oxygen nucleus along with an α-clustered structure (α-C). The potential production
of QGP medium can be inferred from the global observables such as charged-particle multiplicity,
transverse energy, particle spectra, and pseudorapidity distributions. This study uses AMPT to
examine Bjorken energy density, squared speed of sound, and kinetic freezeout parameters, in O+O
collisions at √sNN = 7 TeV.

2. Results and discussions

One of the most important factors for the formation of QGP in heavy-ion collisions is the initial
energy density. The Bjorken boost-invariant hydrodynamics model [3] can be used to estimate the
initial energy density in such collisions. The Bjorken energy density (εBj) with the assumption of
boost invariance is given as [4–6],

εBj ≈
1

τπR2
0

(
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[
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×
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)
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)
K±,p, p̄

]
(1)

The multiplicative factors in each term account for corresponding neutral particles. The transverse
mass and the integrated yield calculated for π±, K± and p + p̄ lie in the mid-rapidity region, i.e.,
|y | < 0.5. The left and right plots of Fig. 1 depict the integrated yields andmean transversemomenta,
respectively, for pions, kaons, and protons as a function of centrality classes for O+O collisions at
√

sNN = 7 TeV. As expected, the integrated yield of pions is higher than that of kaons and protons, as
pions are the most abundant of the identified particles. However, the mean transverse mass stays the
same for both density profiles. With the input of integrated yields and mean transverse momenta,
the Bjorken energy density is calculated using Eq. 1. The central collisions have a larger Bjorken
energy density which linearly declines as one moves towards peripheral collisions as shown in the
left side plot of Fig. 1. Bjorken energy density is highly dependent on integrated yield, as shown
in Eq. 1. It reflects a similar trend as seen in integrated yields for various nuclear density profiles.
The energy density of the oxygen nucleus with the HO is around 15% greater than that of the WS
density profile. The α-C structure shows similar behavior to the HO density profile. However,
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the change is minimal for the peripheral collision system. It is to be noted that the initial energy
density values for all collision centralities are larger than the predicted lattice QCD requirement of
1 GeV/fm3 energy density for a deconfinement transition [7], which hints towards the possible QGP
signals in O+O collisions at the LHC energy.
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Figure 1: (Color online) Integrated yield (dN/dy) (left) and mean transverse mass (〈mT 〉) (right) for pions,
kaons, and protons in O+O collisions at √sNN = 7 TeV as a function of centrality at mid-rapidity. The solid
(open) markers represent the Woods-Saxon (harmonic oscillator) density profile, and markers with a cross
represent α-clustered structure [8].
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Figure 2: (Color online) Bjorken energy density (εBj) (left) and squared speed of sound (c2
s ) (right) as

a function centrality classes in O+O collisions at √sNN = 7 TeV. The solid (open) markers represent the
Woods-Saxon (harmonic oscillator) density profile, and markers with a cross represent α-clustered structure
[8].

The squared speed of sound is related to the width of the pseudorapidity distribution, obtained
by a double Gaussian fit, as shown in Eq. 2 [9–11].

σ2
y =

8
3

c2
s

1 − c2
s

ln
(√

sNN

2mp

)
. (2)

Where mp is the proton’s mass, and σy is the width of the pseudorapidity distribution. The right
side plot of Fig. 2 shows the squared speed of sound as a function centrality in O+O collisions
at √sNN = 7 TeV for WS, HO and α-C structure of oxygen nucleus. Within the uncertainties, c2

s

is found to be similar to a function of centrality. The red dashed line in the right plot of Fig. 2
represents the ideal gas limit, and the c2

s from O+O collisions is about 25% less than the ideal gas
limit.
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Boltzmann-Gibbs blast-wave function (BGBW) [12] gives the estimation of kinetic freezeout
temperature (Tkin), and the mean transverse radial flow velocity (〈βT〉) by a simultaneous fit to
identified particles’ transverse momentum spectra at the freezeout, defined as,

d2N
dpT dy

����
y=0
= CpTmT

∫ R0

0
r dr K1

(mT cosh ρ
Tkin

)
I0

( pT sinh ρ
Tkin

)
.

where, ρ is given by ρ = tanh−1βT and βT(= βsξ
n) [12–15] is the radial flow. Here, ξ is given

as (r/R0), βs is the maximum surface velocity and r is the radial distance. Figure 3 shows the
transverse radial flow versus kinetic freezeout temperature from a simultaneous fit of identified
particles pT -spectra with BGBW in O+O collisions at √sNN = 7 TeV. Tkin is the lowest for the most
central collisions (0-5%), and the transverse flow is the highest. Additionally, 〈βT〉 is the highest in
the high multiplicity domain, i.e., the most central collisions. At the LHC energy, Pb+Pb collisions
exhibit a similar behaviour [16].
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Figure 3: (Color online) Kinetic freezeout temperature versus transverse radial flow from simultaneous
fit of identified particles’ pT-spectra with Boltzmann-Gibbs blastwave distribution in O+O collisions at
√

sNN = 7 TeV [8].

3. Summary

Here, we have predicted the global observables in O+O collisions at √sNN = 7 TeV using the
AMPT model. We report the charged-particle multiplicity at mid-rapidity, mean transverse mass,
Bjorken energy density, squared speed of sound as a function of centrality, and the kinetic freezeout
temperature dependency on mean transverse radial flow velocity. The initial energy density and
charged-particle multiplicity for the α-C structure and HO density profile are found to be similar,
whereas the squared speed of sound and the kinetic freezeout parameters are found to be independent
of the type of the nuclear charged density profile.
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