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Abstract: We study the dynamics of identified hadrons (π±, K± and p(p)) production in O + O
collisions at

√
sNN = 7 TeV using recently updated version of EPOS4, string melting version of A

Multi-Phase Transport Model (AMPT-SM) and Angantyr model, incorporated within PYTHIA 8. We
examine the interplay between different mechanisms implemented in these models. Predictions for
charged particle multiplicity (dNch/dη), transverse momentum (pT) spectra of identified hadrons,
particle yield (dN/dy) and mean transverse mass (⟨mT⟩) are presented. To probe the collective behavior
of the produced particles, the pT-differential kaons-to-pion and proton-to-pion ratios are studied. While
AMPT incorporates some flow effects, EPOS4’s implementation of full hydrodynamic flow proves
significantly more effective. In contrast, the flow effects in PYTHIA 8 are substantially weaker compared
to the other models. The upcoming O + O data from the LHC will help constrain the parameters of
these models.

Keywords: identified hadrons; multiplicity; transverse momentum spectra; hydrodynamics; collective
behavior

1. Introduction
Ultra-relativistic heavy-ion collisions at the Relativistic Heavy Ion Collider (RHIC) and the Large

Hadron Collider (LHC) can create a new primordial state of matter known as the Quark-Gluon Plasma
(QGP) characterized by the deconfinement of quarks and gluons. A wide range of experiments have
been conducted using various colliding systems and different center-of-mass energies to understand
the properties of the QGP, a dense and hot form of matter described by Quantum Chromodynamics
(QCD). In this phase, quarks and gluons are the relevant degrees of freedom, unlike mesons and
baryons, confined to color-neutral states [1–3]. The hydrodynamic nature of the QGP, where it behaves
like a perfect fluid [4], has been observed in symmetric heavy-ion (A + A) collisions, such as Pb + Pb
and Au + Au at the LHC and RHIC respectively. On the other hand, proton-proton (pp) collisions
serve as a baseline for comparison.

Recent data from the LHC [5,6] reveal compelling evidences for the formation of a QGP-like
behavior in smaller collision systems. Observations in both, high multipilicty pp and p+Pb collisions[7,
8] exhibit collective flow phenomena traditionally associated with larger heavy-ion collisions. The
observation of “ridge” structure long-range azimuthal correlations in high-multiplicity pp collisions
at the LHC [9,10] suggests the presence of hydrodynamic transverse flow, sparking speculation
about the creation of small-scale the QGP droplets. This finding challenges the earlier assumption
that small systems lack the extreme energy densities required for QGP formation. Investigating the
mechanisms behind the QGP formation in these systems represents a pivotal question in high-energy
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QCD. These findings has generated substantial debate within the heavy-ion physics community and
has significantly influenced interpretations of collision data. Consequently, exploring small system
collisions at LHC energies is important for advancing our understanding of QGP formation and its
underlying dynamics.

The LHC is anticipated to collide oxygen-oxygen (O+O) at
√

sNN ≈ 7 TeV [11]. This intermediate
collision system aims to bridge the gap in particle multiplicity between smaller (pp and p + Pb)
and p + Pb) and larger (Pb + Pb) collisions, allowing for the study of how QGP signatures scale
gradually with system size. Although O + O collisions involve a comparable number of nucleons to
p + Pb collisions, they exhibit a significantly less dense distribution of participants in the transverse
plane, creating a distinct initial state that may influence the subsequent evolution of the system. A
comprehensive analysis of oxygen nuclei can enhance our understanding of QGP-like features in small
systems. A series of recent theoretical studies [12–20] have investigated various aspects of particle
production mechanisms, collective flow effects, and light nuclei production across different multiplicity
ranges in O + O collisions.

Charged particle multiplicities (dNch/dη), pT spectra, and ratios, collectively referred to as bulk
observables and are fundamental probes for investigating the potential formation of the QGP in A + A
collisions. Correlations between particle multiplicity and transverse momentum provide insights into
the properties of hot hadronic matter [21], enabling the differentiation of soft and hard scattering
processes.

This study presents a comparative analysis of identified hadron (π±, K±, p( p̄)) production at
mid-rapidity (|y| < 0.5) in O + O collisions at

√
sNN = 7 TeV, using the AMPT [22,23], PYTHIA [24],

and EPOS4 [25–30] event generators. The analysis focuses on global observables, including Bjorken
energy density (ϵBj) , pT spectra, rapidity densities (dN/dy), and particle ratios.

The paper is structured as follows: Section 1 presents background on the research motivation and
highlights the importance of O + O collisions. Section 2 outlines the event generation methodology
using AMPT, PYTHIAand EPOS4 models. The results are presented and analyzed in Section 3. Finally,
Section 4 provides a summary of the study’s key findings.

2. Event Generators
In this section, we present a brief overview of the AMPT, PYTHIAand EPOS4 models.

2.1. AMPT

A Multi Phase Transport Model (AMPT) is a transport model which has been extensively used to
study the heavy-ion collisions at RHIC and LHC energies [22,23]. The production of hadrons in AMPT
is handled by the HIJING [31], incorporating two key components: the initial spatial and momentum
distributions of minijet partons, and the soft string excitations. The ZPC parton cascade model [32]
subsequently governs the progression of these partons through space and time. After the evolution of
parton cascade, the model converts the remaining partonic degrees of freedom into final-state hadrons
using either quark coalescence or string fragmentation. Following their formation, the interactions
of these hadrons are modeled by the Hadronic Transport Model (ART) [33]. Two versions of AMPT
model, namely, the default AMPT, and string melting (AMPT-SM) are available for simulations. The
default AMPT, which relies only on minijet partons from HIJING in the parton cascade and Lund
string fragmentation for hadronization [34], can reasonably reproduce the pT spectra and rapidity
distributions of identified particles at SPS and RHIC energies, however it underestimates the elliptic
flow at RHIC energies [35]. In the AMPT-SM model [35], initially, Lund string fragmentation produces
hadrons, which are then decomposed into their valence quarks. These quarks are later recombined into
hadrons via a simple quark coalescence model after the ZPC. Successful descriptions of anisotropic
flows have been achieved in both large and small collision systems [35–37] with this approach.
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In this analysis, we used the string melting version of the AMPT model to simulate a dataset of
∼ 2.5 million minimum-bias O + O events at

√
sNN = 7 TeV.

2.2. PYTHIA

Angantyr [24], a PYTHIA 8 based event generator, has been developed to collide heavy nuclei
like p − A and A − A collisions. It incorporates an advanced Glauber model inspired by the color
fluctuation model [38–42], along with the DIPSY generator [43–45] and PYTHIA 8’s pp machinery [46].
The color fluctuation model has been enhanced by accounting fluctuations not only in the N − N
cross-section but also in individual nucleons. This enables the application of the same model to both
p − A and A − A collisions, allowing for the classification of each individual N − N sub-collisions as
diffractive or (primary or secondary) non-diffractive collisions. PYTHIA 8 generates corresponding sub-
collisions with a specialized diffractive-like treatment for secondary non-diffractive collisions. These
sub-collisions are then stacked into full p − A or A − A events using a model inspired by Fritiof [47]
and the wounded nucleon model [48], using PYTHIA’s MPI machinery. This approach extrapolates
pp collision dynamics to heavy-ion collisions using a simplified framework, assuming no collective
effects between the constituent sub-collisions. Despite its simplicity, the model accurately predicts
charged particle rapidity distributions in p − A collisions using minimal adjustable parameters [24],
and subsequently provides a reliable description of multiplicity distributions in A− A collisions [24,49]
without any additional calibration.

For the current study, ≈ 5 million events were generated using Angantyr tune of PYTHIA.

2.3. EPOS4

EPOS is a comprehensive simulation framework that employs a quantum mechanical multiple
scattering approach to describe high-energy collisions. By integrating parton ladders, off-shell rem-
nants, and saturation of parton ladders within a Monte Carlo framework, EPOS provides a detailed
understanding of both the initial and final stages of pp and A + A collisions. EPOS uses a combined
Gribov-Regge theory and eikonalized parton model for the treatment of the first interactions after
collisions. This approach ensures conservation laws and treats subsequent interactions equally [50].
Particle production is calculated using Feynman diagrams of QCD-inspired effective field theory.
Nucleons consist of constituents with momentum fractions that add up to one. Nucleons can be
“spectator”, “participants”, or “remnants”. Spectators don’t interact, while participants or remnants do.
EPOS uses its own string model for particle production, which is similar to the Lund string model but
has some key differences [51].

EPOS introduces a dynamic process of division of string segments into the “core” and the “corona”
regions [52–54] to address the issue of high string density in high multiplicity pp and A + A collisions,
where individual strings cannot decay independently. The model combines Regge theory [55] for
low-density regions (corona) and hydrodynamic equations for high-density regions (core) to simulate
particle production across varying densities. A new version of EPOS, known as EPOS4 has been
recently released [26–29]. EPOS4 introduces a novel concept that offers a deeper understanding of
the fundamental relationships between four main principles in pp and heavy-ion collisions: rigorous
parallel scattering, energy conservation, factorization, and saturation [29]. This framework accurately
models high-pT particle production and collective effects in high-multiplicity events, while the dynamic
saturation scale implementation does not affect high-pT particle production even with multiple parallel
scatterings [27]. For more information, see Refs. [26–29].

Using EPOS4, we generated ∼ 1.5 million minimum bias O + O events, at
√

sNN = 7 TeV. We ran
EPOS4 simulations with specific parameters for the O + O system. We enabled core-corona effects,
hydrodynamic evolution, and hadronic cascade to model collective flow and particle interactions. The
centrality classes were determined using the charged particle multiplicy at |y| < 0.5 and is listed in
Table. 1.
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Table 1. Charged-particle multiplicity (⟨dNch/dη⟩) values at |η| < 0.5 in O + O collisions at
√

sNN= 7 TeV. The
values are shown for different centrality classes using PYTHIA 8, AMPT-SM and EPOS4.

Centrality (%) PYTHIA 8 AMPT-SM EPOS4
⟨dNch/dη⟩ ± rms ⟨dNch/dη⟩ ± rms ⟨dNch/dη⟩ ± rms

0 – 5 151.934 ± 0.028 188.293 ± 0.044 236.898 ± 0.064
5 – 10 122.193 ± 0.025 145.678 ± 0.038 189.679 ± 0.057

10 – 20 97.452 ± 0.016 110.442 ± 0.024 105.717 ± 0.030
20 – 30 72.190 ± 0.013 76.085 ± 0.020 72.190 ± 0.013
30 – 40 52.405 ± 0.011 51.471 ± 0.016 75.086 ± 0.026
40 – 50 36.969 ± 0.010 34.188 ± 0.013 53.145 ± 0.021
50 – 60 25.127 ± 0.008 22.082 ± 0.011 37.145 ± 0.018
60 – 80 12.565 ± 0.004 11.117 ± 0.005 19.875 ± .009
80 – 100 3.254 ± 0.002 3.761 ± 0.003 5.118 ± 0.005

3. Results and Discussion
In this section, the predictions for identified charged hadron (π±, K±, p(p)) production at |y| < 0.5

in O + O collisions at
√

sNN = 7 TeV for different centrality classes using PYTHIA 8, AMPT-SM, and
EPOS4 are presented. Hereafter, π+ + π−, K+ + K−, p + p̄ will be referred to as pions, kaons, and
protons, respectively and will be used in the text throuout.

3.1. Bjorken Energy Density

The experimental determination of the initial energy density produced in A + A collisions is
a critical objective for characterizing the QGP properties. This quantity serves as a fundamental
thermodynamic parameter, constraining the equation of state and transport coefficients of the hot,
dense matter formed. The initial energy density is commonly estimated using the Bjorken boost-
invariant hydrodynamic model [56]. This model relates the measured transverse energy density (ET)
at mid-rapidity to the initial energy density, assuming longitudinal boost invariance. The quantitative
estimation is obtained by applying the Bjorken formula, typically expressed as

ϵBj =
1

τST

dET
dy

(1)

where the transverse overlap area of the colliding nuclei is represented by ST , and dET/dy denotes
the transverse energy density at mid-rapidity at a formation time τ. Equation 3.1 exhibits a divergence
as the formation time approaches zero. Consequently, for the calculation of the Bjorken energy density
in this analysis, a finite formation time of τ = 1 is assumed. This regularization is necessary to avoid
non-physical infinities in the estimation of the initial energy density. The total transverse energy
produced in an event is denoted as ET , and the transverse overlap area of the colliding nuclei is
defined as ST = πR2, where R represents the effective nuclear radius. Replacing, R = R0 A1/3 and
A = Npart/2,

ST = πR2
0

(
Npart

2

)2/3
(2)

Given the dominant contribution of pions, kaons, and protons to the total transverse energy due
to their high production yields, the total transverse energy (ET) can be accurately approximated by
considering these particle species [57–59].

dET
dy

≈ 3
2
×

(
⟨mT⟩

dN
dy

)
π±

+ 2 ×
(
⟨mT⟩

dN
dy

)
K± ,p,p

(3)
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Here, mT =
√

p2
T + m2 is transverse mass and dN/dy is the integrated yield of pions, kaons

and protons at the |y| < 0.5. The multiplicative factor in each term serves as a correction for the
contributions of corresponding neutral particles, which are not directly measured in this analysis.
Simplified form of Eq. 3.1 is;

dET
dy

≈ 1

τπR2
0

(
Npart

2

)2/3

[
3
2
×

(
⟨mT⟩

dN
dy

)
π±

+ 2 ×
(
⟨mT⟩

dN
dy

)
K± ,p(p)

]
(4)

The centrality dependence of integrated particle yields (dN/dy) at mid-rapidity for pions, kaons,
and protons in O + O collisions at

√
sNN= 7 TeV is illustrated in Figure 1 (left). A comparative study

of EPOS4, AMPT-SM, and PYTHIA 8 predictions reveals a universal trend of decreasing yields with
increasing centrality. Notably, EPOS4 consistently predicts the highest yields, and PYTHIA 8 the lowest.
The observed hierarchy of yields, with pions being the most abundant, followed by kaons and protons,
aligns with thermalized Boltzmann production mechanisms in high-energy nuclear reactions. The
increased kaon production observed in EPOS4 simulations is attributed to the hydrodynamic formation
of a dense medium, which subsequently facilitates strange quark production via in-medium processes.
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Figure 1. (Color online) The centrality dependence of integrated yields (dN/dy) of (left) and ⟨mT⟩ of pions, kaons
and protons at |y| < 0.5 in O+O collisions at

√
sNN= 7 TeV from AMPT-SM EPOS4, and PYTHIA 8. EPOS4 results

are scaled by 1/2.

Figure 1 (right) presents the mean transverse mass (⟨mT⟩) as a function of centrality in O + O
collisions at

√
sNN= 7 TeV from EPOS4, AMPT-SM and PYTHIA 8. It is observed that mT exhibits a

weak dependence on centrality across all models. Protons have the highest mT, followed by kaons,
and pions, which is expected due to their mass ordering, mp > mK > mπ which is consistent with the
expectation that heavier particles have higher average transverse mass due to their mass-dependent
momentum distributions. AMPT-SM predicts higher mT for all particles, especially for protons and
kaons. AMPT-SM includes strong partonic interactions and hadron re-scattering, leading to higher
mT values due to enhanced transverse flow. The decreasing trend of mT with centrality suggests
stronger final-state interactions in central collisions. EPOS4 predicts mT, lying between AMPT-SM and
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PYTHIA 8. EPOS4 is hydrodynamic model which includes transverse flow from both partonic and
hadronic phases, and the flow is influenced by multi-parton interactions and flow-induced correlations.
On the other hand, PYTHIA 8, which lacks both partonic interactions and a hydrodynamic phase,
shows the lowest mT, consistent with a purely perturbative QCD-based approach. The mT remains
nearly the same, indicating a similar spectral shape for all models.

Figure 2 presents the Bjorken energy density (εBj) extracted using Eq. 4 at |y| < 0.5 as a function
of centrality in O + O collisions at

√
sNN= 7 TeV comparing predictions from EPOS4, AMPT-SM, and

PYTHIA 8. The general trend shows that εBj is highest in the most central collisions and decreases
toward peripheral collisions. This behavior aligns with expectations, as more central collisions involve a
greater overlap of nuclei, leading to higher particle density and energy deposition per unit volume. It is
evident from Eq. 4 that εBj is strongly dependent on the multiplicity. It is observed that EPOS4 predicts
the highest energy density across all centralities which attributed to its inclusion of hydrodynamic
evolution and multi-parton interactions. These features enhance collectivity and thermalization,
leading to a scenario consistent with the QGP formation and high multiplicity in most central collisions.
AMPT-SM predicts lower energy densities than EPOS4 which is due to the difference in the initial
states conditions in both of the models. The string-melting mechanism in AMPT allows for some level
of partonic interactions before hadronization, resulting in moderate collective effects, though not as
pronounced as in EPOS4. The lower εBj compared to EPOS4 suggests that AMPT does not generate
as strong an initial energy density, possibly due to differences in parton scattering rates or equation
of state assumptions. On the other hand, PYTHIA 8 predicts the lowest energy densities, as it is a
purely hadronic model that does not incorporate QGP-like effects or significant collective behavior.
The dashed line in Figure 2 representing a critical energy density threshold εc, indicating the QGP
formation threshold from lattice QCD calculations [59]. It is observed that all the models are above the
threshold value which hints at observing the signals of QGP in O + O collisions at the LHC energies.
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Figure 2. (Color online) Centrality dependence of Bjorken energy density (εBj) at |y| < 0.5 in O + O collisions at
√

sNN = 7 TeV from EPOS4, AMPT-SM, and PYTHIA. Different symbols show various models. EPOS4 simulations
are scaled by a factor of 0.5.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 May 2025 doi:10.20944/preprints202505.1076.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202505.1076.v1
http://creativecommons.org/licenses/by/4.0/


7 of 13

3.2. Transverse Momentum (pT) Spectra

The transverse momentum pT spectra of identified particles are essential for understanding parti-
cle production, QGP dynamics, and hadronization in heavy-ion collisions [60–62]. Figure 3 compares
the transverse momentum (pT) spectra of identified hadrons at |y| < 0.5 in O + O collisions at

√
s=

7 TeV from PYTHIA 8 (left), AMPT-SM (middle) and EPOS4 (right). The spectra are shown for two
centrality classes; (0–5%) central collisions are scaled by a factor of 5 × 102 for better visualization
and (50-60%) peripheral collisions. Pions exhibit the highest yields across all models and centrali-
ties, followed by kaons and protons, reflecting the particle mass hierarchy. Central collisions show
significantly higher yields compared to peripheral collisions, and generally exhibit a flatter slope at
higher pT, indicating a higher average transverse momentum. The slope of the pT spectra predicted by
EPOS4 compared to other models is relatively flat, particularly for protons, suggesting stronger radial
flow [20]. This is consistent with EPOS4 incorporating hydrodynamic evolution, which enhances
the collective expansion of the medium and pushes heavier particles to higher pT. AMPT-SM also
shows evidence of collective flow due to partonic scatterings in the string-melting mechanism, but
the effect is less pronounced compared to EPOS4. PYTHIA 8, on the other hand, predicts the softest
spectra, particularly for protons, as it lacks partonic interactions and collective expansion, relying
primarily on hadronization from string fragmentation. The difference between the central (0-5%)
and mid-peripheral (50-60%) collisions is also significant. In all simulations, the spectra in central
collisions are systematically higher due to the larger number of participating nucleons. Additionally,
the convergence of the pT spectra at intermediate pT across all models suggests the presence of radial
flow, which is known to push heavier particles to higher pT. This effect is strongest in EPOS4, moderate
in AMPT-SM, and weakest in PYTHIA-8.

0 0.5 1 1.5 2 2.5 3

 (GeV/c)
T

p

3−10

2−10

1−10

1

10

210

310

410

510

610

-2
dy

) 
(G

eV
/c

)
T

dp
T

pπ
N

/(
2

2 d

 = 7 TeV, |y| < 0.5NNsPYTHIA-8, O+O, 

-π + +π
-

 + K+K

pp + 

)2 10×0-5% (5 

50-60%

0 0.5 1 1.5 2 2.5 3

 (GeV/c)
T

p

3−10

2−10

1−10

1

10

210

310

410

510

610

-2
dy

) 
(G

eV
/c

)
T

dp
T

pπ
N

/(
2

2 d

 = 7 TeV, |y| < 0.5NNsAMPT-SM, O+O, 

-π + +π
-

 + K+K

pp + 

)2 10×0-5% (5 

50-60%

0 0.5 1 1.5 2 2.5 3

 (GeV/c)
T

p

3−10

2−10

1−10

1

10

210

310

410

510

610

-2
dy

) 
(G

eV
/c

)
T

dp
T

pπ
N

/(
2

2 d

 = 7 TeV, |y| < 0.5NNsEPOS4, O+O, 

-π + +π
-

 + K+K

pp + 

)2 10×0-5% (5 

50-60%

Figure 3. (Color online) The transverse momentum pT spectra of pions, kaons and protons at |y| < 0.5 in central
(0–5%) and peripheral (50–60%) O + O collisions at

√
sNN= 7 TeV from PYTHIA/Angantyar (left), AMPT-SM

(middle) and EPOS4 (right). Markers of different style shows the prediction from different models.

3.3. Particle Ratios

This section presents predictions of pT-differential ratios for kaons and protons relative to pions
in O + O collisions at

√
sNN= 7 TeV, using EPOS4, AMPT, and PYTHIA 8. Particle ratios provide

insights into the relative production of different hadron species, which can reveal information about
the underlying production mechanisms and the properties of the medium created in the collisions.
Figure 4 presents a comparison of particle yield ratios as a function of transverse momentum pT

in (0–5%) central O + O collisions at
√

sNN= 7 TeV. The left panel shows the kaon-to-pion ratio,
while the right panel displays the proton-to-pion ratio. Three different simulations EPOS4, AMPT-
SM, and PYTHIA-8—are compared. The ratios increase with pT, indicating that kaons and protons
become relatively more abundant at higher transverse momentum compared to pions. This trend is
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consistent with expectations from mass-dependent spectral shapes due to radial flow and hadronization
dynamics. EPOS4 exhibits a higher kaon-to-pion and proton-to-pion ratio than PYTHIA-8, particularly
at intermediate pT. This suggests that EPOS4 generates more pronounced radial flow or different
hadronization dynamics. Additionally, EPOS4 is a hydrodynamic model that produces a QGP-like
medium. This medium facilitates the production of strange quarks resulting in enhanced kaon-
to-pion ratio at intermediate pT. The AMPT-SM model generally predicts ratios similar to EPOS4
but with slightly different trends at intermediate pT. AMPT includes partonic interactions and a
hadron transport phase, which may explain the closer agreement with EPOS4. PYTHIA/Angantyar
systematically predicts lower ratios compared to EPOS4 and AMPT-SM, especially at intermediate pT.
Since PYTHIA 8 is a purely perturbative QCD-based model without partonic medium interactions, it
tends to underestimate radial flow effects, leading to lower kaon and proton production relative to
pions.
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Figure 4. (Color online) pT-differential kaon-to-pion ratio (left) and proton-to-pion ratio (right ) at mid-rapidity in
central (0–5%) O + O collisions at

√
sNN= 7 TeV from PYTHIA/Angantyar, AMPT-SM and EPOS4. Markers of

different style shows the prediction from different models.

3.4. Mean Transverse Momentum (⟨pT⟩)
The mean transverse momentum ⟨pT⟩ of pions, kaons and protons at |y| < 0.5 as a function of

particle masses in central (0–5%) O+O collisions at
√

sNN= 7 TeV from EPOS4, AMPT-S and PYTHIA 8
is shown in Figure 5. The predictions from the simulations were compared with the published data
from pp, p + Pb and Pb + Pb collisions from the ALICE experiment. It is observed that ⟨pT⟩ follows a
mass hierarchy across different systems, reflecting the impact of collective expansion. Heavier particles
receive a stronger boost from the collective expansion of the medium, leading to higher ⟨pT⟩. Both,
EPOS4 and AMPT-SM predict similar ⟨pT⟩ for each particle species, with AMPT-SM slightly higher,
particularly for protons. This suggests that both models incorporate collective effects, but AMPT-SM
may have stronger partonic interactions or final-state rescattering. These predictions from simulations
in O + O collisions are in reasonable agreement with experimental data from pp collisions at

√
sNN =

900 GeV [63] and 7 TeV[64], p + Pb collisions at
√

sNN = 5.02 TeV [65] and Pb + Pb collisions at
√

sNN

= 2.76 TeV [66] especially for pions and kaons. However, for protons, the ALICE p + Pb data at higher
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energy shows a significantly higher ⟨pT⟩, indicating that larger collision systems with more collective
flow lead to stronger boosts for heavier particles. While none of the model explain the ⟨pT⟩ of protons.
The upcoming O + O collisions at the LHC will be helpful to further constrain the model parameters
for better understanding.
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Figure 5. (Color online) Mean Transverse momentum ⟨pT⟩ of pions, kaons and protons at mid-rapidity as a
function of particle masses in central (0–5%) O + O collisions at

√
sNN= 7 TeV from EPOS4, AMPT-SM and

PYTHIA. Different symbols show various models.
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4. Conclusions
This study investigates the production of various identified hadron (π±, K± and p(p)) in O + O

collisions at
√

sNN = 7 TeV using EPOS4, AMPT-SM and PYTHIA 8 Angantyr. The key findings of
this investigation are summarized below:

• The distribution of all charged-particle multiplicity (dNch/dη) is successfully reproduced by all
models used for the current study. However, EPOS4 predicts the higher multiplicity particularly
in most central collisions where the core part is dominated. The comparison of these predictions
with future experimental data from the LHC experiments will certainly be helpful to check the
model’s capability of describing particle production in O + O collisions.

• All of the models successfully reproduce the shape of pT spectra for π±, K± and p(p). A clear
mass ordering is observed, consistent with observations in other collision systems. The conver-
gence of heavier particle (proton) spectra with lighter particle (pions) at intermediate pT is more
pronounced in EPOS4 provides hint for the presence of radial flow in O + O collisions.

• The difference in the dN/dy of particle type is due to the interplay of different physics mechanisms
between the models. dN/dy exhibits a strongs centrality dependent for all models.

• We observed a strong centrality dependence in K/π and p/π ratios especially in EPOS4 and
AMPT-SM compared to PYTHIA 8. The radial flow effects in p/π ratio in PYTHIA 8 are less
significant. K/π ratios exhibits an increase in strangeness enhancement with increasing pT in
EPOS4 and AMPT-SM. This effect is less significant in PYTHIA 8.

• We observe an increase in average transverse momentum (⟨pT⟩) with increasing centrality indi-
cating stronger radial flow in more central collisions. The models follow the trend established by
the already existing data from different collision systems.

To fully interpret these observations, a comparison with future experimental data is essential.
The forthcoming data from O + O collisions at the LHC will be particularly valuable, offering critical
insights into the heavy-ion-like behavior observed in small systems and enabling the refinement of
model parameters.
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