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Effect of « clusters on particle production in O-O and p-O collisions at energies
available at the CERN Large Hadron Collider
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In the present work, O-O collisions at ,/syy = 7 TeV and p-O collisions at ,/syy = 9.9 TeV are studied using
the PYTHIA8/Angantyr model for heavy-ion collisions. The theoretically predicted «-cluster structure of oxygen
nucleus is implemented in the model to investigate the effect of the initial configuration of the oxygen nucleus
on final state observables. The results obtained from the «-cluster structure are compared with those obtained
from Woods-Saxon nuclear charge density distribution. The Angantyr model simulation showed that the radial
distribution of the oxygen nucleus in ¢-cluster configuration is more compact in comparison to the Woods-Saxon
distribution. The results on charged and identified particle pseudorapidity distribution are obtained in the two
initial state configurations of the oxygen nucleus. The results demonstrated that the effect of initial geometrical
configuration is more distinct in the noncentral collisions in comparison to the central collisions for both O-O

and p-O collisions.

DOI: 10.1103/16mj-sgrn

I. INTRODUCTION

Over the last two decades, the experiments at the BNL
Relativistic Heavy Ion Collider (RHIC) and the CERN Large
Hadron Collider (LHC) have provided a wealth of information
on the properties of the deconfined state of quarks and gluons,
known as quark gluon plasma (QGP), formed in ultrarela-
tivistic heavy-ion collisions [1-5]. These experiments have
revealed that the QGP evolves hydrodynamically as a near
perfect fluid with low viscosity to entropy density ratio (1/s)
[6-8]. These experiments have also revealed heavy-ion like
particle production patterns in small systems like p-p and p-A
collisions at the RHIC and the LHC energies [9-15]. The
recently started LHC Run-3 will enhance our understanding
about the observation of QGP-like effects in small systems
by providing data on various colliding systems with differ-
ent center-of-mass energies. Most importantly, the data on
oxygen-oxygen (O-0O) and proton-oxygen (p-O) collisions at
7 TeV and 9.9 TeV center-of-mass energies, respectively, will
shed light on the emergence of collective phenomenon and
presence of partonic energy loss in small systems. Moreover,
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p-O collisions will provide constraints on nuclear parton dis-
tribution functions and small-x studies [16] along with aiding
the cosmic ray modeling by providing valuable hadronic data
which might provide solutions to the muon puzzle in ultrahigh
energy air showers and the ambiguity in the cosmic ray mass
composition [17].

Apart from comprehending the physics and bridging the
gap between small and large system dynamics, the oxygen
collisions will also provide a unique opportunity to test the ex-
istence of the a-cluster model of the oxygen nucleus [18,19].
The existence of an a-cluster structure in elements having
4n nucleons, e.g., ®Be, '>C, '°0, etc., was first conceived
by Gamow in 1930 [20] due to the fact that o particles are
highly stable with a large binding energy. The «-cluster model
for 4n-type nuclei has been further investigated by several
authors [21] as an alternative to suitably describe the energy
level structures which were not well explained by the shell
model theories [22]. However, the configuration of « clusters
in the oxygen nucleus and other light nuclei is still not well
understood. Several model calculations support linear chain
structure with four « clusters in the oxygen nucleus [23]. A
few model calculations suggest a tetrahedral structure of oxy-
gen above the ground state [24,25]. Few other studies based
on chiral nuclear effective field theory [26], skyrme energy
density functional theory [27], and an algebraic cluster model
[28] support the presence of tetrahedral o configuration in the
ground state of oxygen. The consequences of square and kite
shaped «-cluster configurations in light nuclei has also been
discussed in the literature [29,30].

It has already been established through the collisions of
deformed nuclei, such as 23U and '*°Xe, that the initial
geometry of the colliding nuclei plays a crucial role in the
final state effects [31-37]. The nuclear charge distribution
affects the initial energy density deposited at the collision
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vertex, which in turn affects the particle production in the
final state. Thus, the presence of « clusters in the oxygen
nucleus will manifest itself into the final state observables in
collisions of the oxygen nucleus. Some recent studies indicate
towards imaging the shapes of atomic nuclei through collec-
tive flow assistance [38], and a selection of events based on
(pr) to isolate body-body collisions in deformed nuclei [39]
will allow to understand the initial conditions and evolution
of nuclear structure in high energy collisions. In this article,
we investigate whether the initial state o clustering in the
160 nucleus can leave detectable imprints on the final state
observables in O-O and p-O collisions at /syy = 7TeV and
9.9 TeV, respectively, using the PYTHIA/Angantyr event gen-
erator. We geometrically incorporate « clusters in tetrahedral
configuration in the oxygen nucleus in the PYTHIA/Angantyr
event generator. To realize the consequences of « clusters on
particle production, we compare the particle production in the
0-0O and p-O collisions without « clusters using a standard
Woods-Saxon nuclear charge density distribution. Since the
Angantyr model does not include hydrodynamic evolution, it
provides a suitable framework for isolating purely geometric
effects on final state observables. In this study, we focus
on observables such as charged particle multiplicity and the
transverse momentum spectra of identified particles to inves-
tigate the effects of « clustering in O-O and p-O collisions
at LHC energies. Our primary goal is not to claim direct
evidence for clustering, but rather to examine how the initial
state nuclear structure influences final state observables even
in the absence of a thermalized medium. The rest of the article
is organized as follows. Section II concisely describes the
PYTHIA/Angantyr model and the implementation of «-cluster
structure in an oxygen nucleus. Section III presents the results
and discussions, and Sec. IV concludes the article.

II. MODEL DESCRIPTION

A. Angantyr model

The Angantyr model is an extension of the PYTHIAS event
generator from p-p collisions to simulate nucleon-nucleus
(p-A) and nucleus-nucleus (A-A) collisions without consider-
ing the formation of QGP matter [40]. The nucleon positions
within the colliding nuclei are randomly sampled from the
Woods-Saxon nuclear charge density distribution. The num-
ber of nucleon interactions and binary nucleon-nucleon (NN)
collisions are obtained using the Glauber formalism [41,42].
The formalism is based on the eikonal approximation in im-
pact parameter space with the assumption that the projectile
nucleons travel in straight lines and experience multiple sub-
collisions with the target nucleons. The Glauber-Gribov color
fluctuation model is used to incorporate diffractive excitation
corrections due to fluctuations in the nucleon substructure and
extended to include cross-section fluctuations in target and
projectile nucleon for p-A and A-A collisions.

The contribution from each nucleon-nucleon interaction to
the final state is obtained using the Fritiof model based on both
nondiffractively and diffractively wounded nucleons which
contribute to soft particle production. The events with multiple
NN nondiffractive subcollisions are further characterized into

primary nondiffractive and secondary nondiffractive interac-
tions based on impact parameters. The Angantyr model uses
full multiparton interaction (MPI) machinery in PYTHIAS8 to
generate nondiffractive, diffractive, and elastic p-p interac-
tions. Later, all multiple subcollisions are stacked together
as color singlet Lund strings which are then hadronized to
produce a heavy-ion collision event.

PYTHIA8 model using the microscopic rope hadroniza-
tion mechanism and quantum chromodynamics (QCD)-
based color reconnections (CR) for multiparton interactions
properly describes the production and enhancement of
(multi)strange hadrons in p-p collisions [43]. The Angantyr
model used in the current study uses MPI-based color re-
connection without any implementation of rope hadronization
mechanism. In the present scenario, for the color reconnection
mechanism, the color dipoles that form the strings from differ-
ent subcollisions do not interact with each other. Albeit, recent
studies implemented the QCD-based color reconnection at a
hadronic level to understand naively the phenomenology of
its effect on inter-sub-collisions [44]. Additionally, the rope
hadronization mechanism has also been employed to under-
stand the enhanced strange meson and baryon production in
heavy-ion collisions [45].

B. a-cluster structure implementation in 1Q

160 nucleus consists of eight protons and eight neutrons
which makes it doubly magic providing an exceptional nu-
clear stability. In light nuclei, such as '°Q, the nucleons might
rearrange themselves in a way to form o« clusters and the
nuclear mean field is not strong enough to break the clusters
[21,46,47]. The tetrahedral structure with four « clusters in
the oxygen nucleus has been provided by extended quantum
molecular dynamics (EQMD) with the effective Pauli poten-
tial [48]. According to EQMD, the four « clusters are located
at the vertices of a tetrahedron with the side length of 3.42 fm
such that the rms radius is 2.699 fm, which is in agreement
with the experimental data of 2.6991 fm [49].

The a-cluster structure of the '°0 nucleus is incorporated
in the Angantyr model geometrically by creating a regular
tetrahedron with a side length of 3.42 fm. For sampling the
nucleon positions within the o clusters, the Woods-Saxon nu-
clear charge density is parameterized using a three-parameter
Fermi (3pF) distribution. The 3pF distribution is given by

po(1+w(5))

p(r) = —— "% (D
1 +exp (=£)

where r is the radial distance of the nucleon from the
center of the nucleus, po is the nuclear density at r =
0, R is the nuclear radius, a is the diffuseness parameter,
and w is the skin thickness parameter. For each « cluster,
R =0.964 fm, a = 0.322 fm, and w = 0.517 fm are used
to obtain the nuclear charge density distribution [50]. The
position of nucleons are randomized by applying three succes-
sive Euler rotations on an event-by-event basis for the oxygen
nucleus. To avoid overlapping, the minimum distance between
two nucleons inside the same oxygen nucleus is kept larger
than 0.9 fm which is the default hard core radius defined in
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o cluster

FIG. 1. A three-dimensional view of the (a) a-cluster structure
nucleus.

the Angantyr model. Using this configuration in the Angantyr
model, a rms radius of 2.257 4 0.098 is obtained, which is a
bit smaller than the predictions of EQMD. The discrepancy
in the rms radius is probably due to the intrinsic differences
in the treatment of nucleon spatial distributions. EQMD em-
ploys explicit nucleon wave packets combined with effective
interactions that sustain extended a-cluster structures, leading
to more diffuse nucleon densities and larger radii. In contrast,
Angantyr, built on the PYTHIAS string fragmentation model
and Glauber nuclear geometry, treats nucleons as point-like
sources sampled from a 3pF distribution, without explicit
cluster wave functions. Consequently, nucleon configurations
are more compact, resulting in a smaller rms radius.

C. Woods-Saxon distribution

In order to compare the effects of «-cluster structure on
particle production in O-O and p-O collisions, the 3pF Woods-
Saxon nuclear charge density distribution given in Eq. (1) is
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and (b) Woods-Saxon nuclear charge density distribution for the '°0

used for the oxygen nucleus. Here, R = 2.608 fm, a = 0.513
fm, and w = —0.051 fm are used to obtain a charge density
profile for the oxygen nucleus from which the nucleon posi-
tions are sampled [51]. Figure 1 shows the three-dimensional
view of the nucleon positions for '°0Q nucleus obtained from
a-cluster structure as well as the Woods-Saxon distribution.
The distribution of nucleons in the x-y plane for «-cluster
structure (left panel) and Woods-Saxon nuclear charge density
distribution (right panel) for the '°0O nucleus is shown in
Fig. 2. It can be observed that the nucleons are more localized
at the vertices of the tetrahedron in an «-cluster structure
in comparison to the Woods-Saxon nuclear charge density
distribution where nucleons are localized at the center of the
oxygen nucleus. Figure 3 shows the probability density of
finding a nucleon inside the oxygen nucleus as a function
of radial distance for a-cluster structure and Woods-Saxon
nuclear charge density distribution. The radial profile is more
succinct for an «-cluster structure in comparison to a Woods-
Saxon nuclear charge density distribution which has a more
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FIG. 2. Distribution of nucleons in the transverse (x-y) plane for (a) a-cluster structure and (b) Woods-Saxon nuclear charge density

distribution for the '°0 nucleus.
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FIG. 3. Radial profile for distribution of the nucleons in the '°0
nucleus for a-cluster structure and Woods-Saxon nuclear charge
density distribution.

smeared radial distribution. The radial profile shows that the
probability density is maximum at the nuclear radius for both
a-cluster and Woods-Saxon distributions and the height of the
probability distribution peak at the nuclear radius is about two
times larger for «-cluster structure in comparison to Woods-
Saxon distribution.

III. RESULTS AND DISCUSSIONS

In this section, the results obtained for the pseudorapidity
(n) and transverse momentum (pr) distributions of identified
particles produced in O-O and p-O collisions at /syy =
7TeV and /syny = 9.9 TeV, respectively, are presented and
discussed. The results for the «-cluster structure of the oxygen
nucleus are compared with the 3pF Woods-Saxon nuclear
charge density distribution for 0—5%, 20-40,%, and 60-80%
centrality intervals. The centrality intervals are determined us-
ing the impact parameter of the colliding nuclei. Table I shows
the values of impact parameter and average number of partici-
pating nucleons for O-O and p-O collisions at /syy = 7 TeV
and 9.9 TeV, respectively, in different centrality intervals for
a-cluster and Woods-Saxon distributions.

A. Pseudorapidity distributions

Figure 4 shows the n distributions of charged particles pro-
duced in O-O collisions at ./syy = 7 TeV for 0-5%, 20-40%,
and 60-80% centrality intervals. It can be clearly seen that the
nuclear density has a significant effect on the 5 distribution
of charged particles produced in O-O collisions at /syy =
7TeV for all the centrality intervals. The charged particle
pseudorapidity density for «-cluster structure is higher than
the Woods-Saxon nuclear charge density distribution for all
the centrality intervals. The difference becomes more pro-
nounced as we move from central to peripheral collisions. The
observation of higher values of charged particle density for
a-cluster structure in comparison to the Woods-Saxon profile
for O-O collisions is quite evident from (Npa) values shown
in Table I. The (Nyar) values for a-cluster structure are con-
sistently higher than the Woods-Saxon nuclear charge density
distribution for all the centrality intervals in O-O collisions.
As seen from Fig. 2, the nucleons are more localized at the
vertices of the tetrahedron in a-cluster structure in comparison
to the Woods-Saxon nuclear charge density distribution where
nucleons are localized at the center of the oxygen nucleus.
Therefore, even in noncentral collisions, the collision system
has a larger nucleonic density in the « cluster with respect to
the Woods-Saxon profile. In context of the Angantyr model,
this indicates that the « clustering in oxygen nucleus results in
a higher string density concentrated within a smaller volume
compared to the Woods-Saxon nuclear charge density distri-
bution of the oxygen nucleus in the initial state. The higher
string density manifests in larger production of particles in the
final state.

Similar studies using a multiphase transport model
(AMPT) [52] and relativistic hydrodynamics simulations
[50] have observed an opposite trend in the pseudorapidity
distributions of charged particles as a function of central-
ity. Their results show a large difference in the «-cluster
structure and Woods-Saxon nuclear charge density distribu-
tion for central collisions and relatively smaller difference
for peripheral collisions. They also show that the «-cluster
structure and Woods-Saxon density profile has almost no de-
pendence on charged particle pseudorapidity distribution at
forward pseudorapidities. Notably, the results obtained from

TABLE I. The impact parameter and average number of participating nucleons for O-O and p-O collisions at ./syy = 7TeV and 9.9 TeV,
respectively, in different centrality intervals for «-cluster and Woods-Saxon distributions.

O-O, ~/SNN = 7TeV

[J-O, A/SNN = 9.9TeV

Woods-Saxon « cluster Woods-Saxon « cluster
bmin bmax (Nparl ) =+ bmin bmax (Npan ) + bmin bmax (Nparl ) + bmin bmax (Npan > +

Centrality (%) (fm) (fm) rms (fm)  (fm) rms (fm)  (fm) rms (fm)  (fm) rms

0-5 0 1.40 26.14 4+ 2.53 0 1.04 2737 +£2.34 0 0.84 544 +2.64 0 0.74 547 £+ 2.66
5-10 1.40 2,00 2375+£271 104 148 25864250 084 1.19 5124248 0.74 106 5224252
10-20 200 2.84 2034 +311 148 213 23504+279 1.19 1.70 4.67 226 1.06 151 486+ 2.35
20-40 2.84 411 1444 +£380 213 3.16 1884 +345 1.70 246 3844193 1.51 221 4.13+2.05
40-60 4.11 5.17 837 £345 316 410 12924+370 246 3.14 2954155 221 282 328 £1.70
60-80 5.17  6.29 4.66 £ 258 4.10 5.14 771 £347 3.14 392 2324124 282 353 258+ 1.38
80-100 6.29 19.95 2.69 + 1.54 5.14 11.00 376 £235 392 1341 190+£095 353 10.76 2.01 £ 1.04
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FIG. 4. Pseudorapidity distribution of charged particles produced in O-O collisions at ,/syy = 7 TeV for (a) 0-5%, (b) 20-40%, and
(c) 60—80% centrality intervals for a-cluster structure and Woods-Saxon nuclear charge density distribution.

the PYTHIA/Angantyr model show a significant difference in
the charged particle pseudorapidity distribution at forward
pseudorapidities for a-cluster structure and Woods-Saxon nu-
clear charge density distribution for noncentral collisions.
These differences may arise from model-specific treatments of
the initial geometry of the oxygen nucleus. The AMPT model
[52] employs HIJING to generate initial conditions based
on the Glauber model, followed by hadronization through a
spatial coalescence mechanism and subsequent evolution via
a relativistic transport approach. In contrast, the relativistic
hydrodynamics simulation [50] uses the TRENTO model to
generate the initial entropy density for the «-cluster structures,
which is then evolved through the CLVisc model to simu-
late the QGP expansion. The Angantyr model, on the other
hand, treats the collision as a superposition of independent
nucleon-nucleon interactions without hydrodynamic evolu-
tion. The absence of collective medium dynamics in Angantyr
may contribute to the observed differences in centrality trends
compared to other models. The precise origin of this discrep-
ancy, however, remains unclear within the current Angantyr
framework and warrants further investigation in future studies.

Figure 5 shows the pseudorapidity distributions of charged
particles produced in p-O collisions at /syy = 9.9 TeV for
0-5%, 20-40%, and 60-80% centrality intervals. It is ob-
served that the charged particle pseudorapidity distribution
for 0-5% centrality interval is almost independent of initial
nuclear density profile. The observation is consistent with the
{(Npart) values, which are nearly the same for both the «-cluster
structure and Woods-Saxon distribution in 0-5% centrality
interval. It also indicates that the string density for both the
configuration of oxygen nucleus is almost similar in central p-
O collisions. 20-40% and 60-80% centrality intervals show a
significant difference in the pseudorapidity distribution for the
a-cluster structure and the Woods-Saxon nuclear charge den-
sity distribution. The (Npa) values, as can be seen in Table I,
are higher for the «-cluster structure relative to the Woods-
Saxon distribution in noncentral p-O collisions. Larger (Npart)
corresponds to a higher initial string density, resulting in a
relatively large particle production in noncentral collisions for

a-cluster structure. A clear asymmetry in the charged parti-
cle pseudorapidity distribution is observed around n = 0 for
a-cluster structure and Woods-Saxon nuclear charge density
distribution for central and midcentral collisions. This is due
to the fact that projectile proton probes a denser volume of
the target oxygen nucleus, increasing the particle yield in an
oxygen-going direction. In peripheral collisions, the charged
particle pseudorapidity distribution for the -cluster structure
and Woods-Saxon nuclear charge density becomes more sym-
metric around 1 = 0. It may be due to the smaller number of
participating nucleons and less dense interaction volume in
the peripheral collisions, the situation becomes similar to the
symmetric p-p collisions.

B. Transverse momentum distributions

Figure 6 shows the transverse momentum distributions
of pions (r* + ™), kaons (K™ + K~), and protons (p +
p) produced in O-O collisions at ,/syy = 7TeV for 0-5%,
20-40%, and 60-80% centrality intervals in || < 0.8 for
a-cluster structure and Woods-Saxon charge density profile.
The bottom panel of the figure shows the ratio of transverse
momentum distributions of the «-cluster to Woods-Saxon
profile. It can be observed that, in central collisions, the pr
spectra of pions, kaons, and protons are similar for both the
a-cluster structure and Woods-Saxon nuclear charge density
distribution as evident from the ratio which is consistent
with unity. For noncentral collisions, the py spectra of pions,
kaons, and protons hardens slightly for «-cluster structure
with respect to Woods-Saxon nuclear charge density dis-
tribution. In the Angantyr model, hadron production at all
centralities is treated as a superposition of independent NN in-
teractions with the py-spectra primarily determined by string
fragmentation and multiparton interactions. In central col-
lisions, 0-5% centrality interval, the nuclei overlap almost
completely and nearly all nucleons participate. The number of
participants for a-cluster structure is only about 4.70% higher
relative to Woods-Saxon distribution, indicating a saturated
overlap zone in which contributions from many overlapping
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FIG. 5. Pseudorapidity distribution of charged particles produced in p-O collisions at ./syxy = 9.9TeV for (a) 0-5%, (b) 20-40%, and
(c) 60—80% centrality intervals for a-cluster structure and Woods-Saxon nuclear charge density distribution.

o clusters wash out local density variations. As a result,
the pr spectra of pions, kaons, and protons remain similar
for both configurations. In noncentral collisions at 20-40%
and 60-80% centrality intervals, the «-cluster structure has
more participating nucleons than the Woods-Saxon distribu-
tion, approximately 30.50% and 65.50% higher, respectively.
From Table I, it can be inferred that in the 20-40% central-
ity interval, roughly half of the clusters from each nucleus
participate in the collision, while in the 60-80% central-
ity interval participation is dominated by approximately one
cluster from each nucleus. In these noncentral events, the

reduced number of clusters in the overlap region means that
the individual density peaks from each « cluster are no longer
fully overlapped by others. Fewer overlapping clusters leave
these local density variations intact, allowing them to persist
in the participant density profile. These surviving localized
density enhancements result in higher local parton densities
for the «-cluster configuration compared to the smoother
Woods-Saxon distribution. The enhancement in local parton
densities allows geometry differences to begin influencing the
system. Moreover, the increased local parton density enhances
the number of multiparton interactions resulting in higher
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effective string tension which produces harder hadron spectra
via string fragmentation. The magnitude of this effect in-
creases toward peripheral collisions due to the larger relative
increase in (Np) for the a-cluster structure compared to the
Woods-Saxon distribution.

Figure 7 shows the pr spectra of pions (7 + + 7 ), kaons
(K™ + K7), and protons (p + p) produced in p-O collisions
at /syy =9.9TeV for 0-5%, 20-40%, and 60-80% cen-
trality intervals in || < 0.8. The results for both «-cluster
structure and Woods-Saxon charge density profile are shown
for comparison. The bottom panel of the figures show the
ratio of «-cluster to Woods-Saxon pr spectra for pions, kaons,
and protons. It can be seen that the pr spectra for pions, kaons,
and protons show no visible difference for a-cluster struc-
ture and Woods-Saxon nuclear charge density distribution for
central and semicentral collisions. For peripheral collisions, a
slight hardening of the pr spectra is observed for a-cluster
structure with respect to Woods-Saxon nuclear charge density
distribution for all the considered particles.

The transverse momentum distribution of strange hadrons
from the Angantyr model with MPI-based CR in O-O and
p-O collisions at /syy =7TeV and 9.9 TeV are obtained
to understand the effect of initial density profile. Figures 8
and 9 show the pr spectra of KO, A+ A, B~ +E', and
Q + ' for 0-0 and p-O collisions, respectively, in dif-
ferent centrality intervals. The results obtained with «-cluster
structure are compared with the Woods-Saxon distribution.
An observation similar to Figs. 6 and 7 is observed with
higher particle yield and hardening of py spectra for noncen-
tral collisions in «-cluster structure of oxygen in comparison
to Woods-Saxon distribution for both the collision systems.

Production of strange hadrons (and light hadrons) in PYTHIA
basically depends on the effective tunneling mechanism with
string tension («x) during hadronization through Lund frag-
mentation function. In the absence of QCD-based CR and
rope hadronization mechanisms, Angantyr will not be able
to provide sufficient string tension to enhance the produc-
tion of strange mesons and baryons in heavy-ion collisions.
The inclusion of both these mechanisms, which are sensitive
to string density and overlap geometry, might significantly
influence the strangeness production in «-cluster configu-
ration compared to Woods-Saxon distribution, especially in
noncentral collisions where localized string overlap is more
pronounced.

Unlike the light quarks, the heavy quarks in PYTHIAS are
produced only in the hard scatterings and the partons showers
[53]. The hard scattering processes like gg — QQ and gg —
QO are primary responsible for heavy quark production along
with weak decay, Higgs decay, and top and bottom quark de-
cay. The parton showers mainly produce heavy quarks through
pair creation, flavour excitation or gluon splitting. The heavy
quark masses are used for the perturbative description of
their production which affects the matrix elements, splitting
kernels, and the phase space of the heavy quark production
cross section. Figures 10 and 11 show the pr spectra of
D*t +D*, D° + 50 and D + D obtained for «-cluster
structure and Woods-Saxon distribution in O-O and p-O colli-
sions at ,/syy = 7TeV and 9.9 TeV, respectively, for different
centrality intervals. Here, also, an enhancement in the D-
meson yields and slight hardening of spectra in noncentral
collisions is observed in «-cluster configuration relative to
Woods-Saxon distribution for both the collision systems.
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IV. CONCLUSIONS 9.9 TeV is explored under the framework of the Angantyr
model for heavy-ion collisions. The nucleons in the oxygen
nucleus are expected to have a a-cluster structure with four
“He () nuclei sitting at each vertex of regular tetrahedron.

In this article, the effects of initial geometrical config-
uration of oxygen nucleus on the final state multiparticle
production in O-O and p-O collisions at /syy = 7TeV and
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The «-cluster configuration of oxygen is implemented geo-
metrically in the Angantyr model and final state observables
like psuedorapidity distribution of charged particles and trans-
verse momentum distribution of identified particles, such as
final state charged particle, strange hadron and open heavy

flavors are obtained. In order to realize the consequences of
a clusters on final state observables, the commonly used 3pF
Woods-Saxon charge density distribution in heavy-ion colli-
sions is also utilized in the initial state of the Angantyr model.
It is observed that the effect of o clusters is more pronounced
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in noncentral collisions around mid- and forward rapidities
in comparison to the Woods-Saxon distribution for both O-O
and p-O collisions. It indicates that the study of particles at
forward rapidities, such as J/v, Y, beam remnants, etc., may
provide a better understanding of gluon saturation other QCD
phenomena including the information about QGP and cold
nuclear matter effects and most importantly the information
about the structure of oxygen nucleus in the initial state.

The transverse momentum distribution of identified parti-
cles shows an increase in particle yield and slight hardening
of the particle spectra in noncentral collisions for « clusters
in comparison to Woods-Saxon distribution of the oxygen
nucleus. The observed differences between the Woods-Saxon
distribution and the «-cluster oxygen geometry are direct
consequences of spatial variation in the initial NN collision
density. The tetrahedral arrangement of « clusters results in
localized regions of enhanced nucleon density, which in turn
produce more frequent NN interactions with increased MPI
activity. These differences arise even without hydrodynamic

evolution, highlighting the role of nuclear geometry in shap-
ing final-state particle production. The distinction between
the two initial configurations on the final state observables
may become more evident upon incorporating the QCD-based
color reconnection mechanism, and rope hadronization for
string fragmentation in the Angantyr model. The effect of
these mechanisms on particle production in O-O and p-O
collisions will be explored in our future work.
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