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Measurement of f1(1285) production in pp collisions at 
√

s = 13 TeV
.ALICE Collaboration ⋆

A R T I C L E I N F O A B S T R A C T 

Editor: M. Doser

Dataset link: https://www.hepdata.net/
record/ins2829849?version=1

This study presents the first measurement of the f1(1285) resonance using the ALICE detector in inelastic proton--
proton collisions at a center-of-mass energy of 13 TeV. The resonance is reconstructed at midrapidity (|𝑦| <
0.5) through the hadronic decay channel f1(1285)→ K0

SK
±𝜋∓. Key measurements include the determination of 

its mass, transverse-momentum integrated yield, and average transverse momentum. Additionally, the ratio of 
the transverse-momentum integrated yield of f1(1285) to pion is compared with calculations from the canonical 
statistical hadronization model. The model calculation, assuming a zero total strangeness content for f1(1285), 
reproduces the data within 1𝜎 deviation, shedding light on the quark composition of f1(1285).

1. Introduction

Quantum chromodynamics (QCD), the theory that governs the 
strong force, describes how colored quarks and gluons interact, forming 
various types of hadronic states. This includes mesons, which consist of 
quark–antiquark pairs, and baryons, composed of three quarks or anti
quarks. Beyond these conventional structures, there is a growing interest 
in exotic states like tetraquarks and pentaquarks, which feature uncon
ventional quark combinations [1--9]. Investigations into exotic states 
can be traced back to the early development of the constituent quark 
model, which serves as a fundamental framework for understanding the 
composition of hadrons [10--13].

An exemplary candidate for an exotic particle under consideration is 
the f1(1285) meson [14]. Aligned within the quark model as a member 
of the 3𝑃1 axial-vector nonet, the f1(1285) was independently discov
ered in pp annihilation experiments at BNL [15] and CERN [16] in 1965. 
Both experiments observed a resonance decaying to KK𝜋 with quantum 
numbers 𝐼𝐺(𝐽𝑃𝐶 ) = 0+(1++). Low-energy experiments have provided 
essential insights into the production and decay mechanisms of f1(1285) 
through various processes, including hadronic decays, photoproduction, 
and central exclusive production. The f1(1285) state has been observed 
in pp collisions by the WA102 [17--19] and WA76 [20] experiments at 
CERN, E690 at Fermilab [21], and by the L3 Collaboration with 𝛾𝛾 col
lisions at CERN [22,23]. Additionally, it has been observed in hadronic 
Z decays at LEP [24], in photoproduction from a proton target with 
CLAS data [25], and beauty-hadron decays at LHCb [26]. However, 
despite these extensive observations, the precise quark composition 
of the f1(1285) remains elusive. Despite these extensive observations, 
among which few suggests a predominantly non-strange meson compo
sition [19,24], the precise quark composition of the f1(1285) remains 

⋆ E-mail address: alice-publications@cern.ch.

elusive. Theoretical predictions regarding the valence quark content of 
the f1(1285) meson are broadly classified into three categories: (i) as 
a bound state comprising of light up (u) and down (d) quarks, (ii) as 
a bound state formed by both light and strange (s) quarks, and (iii) as 
molecular configurations involving KK

∗
[27]. Quark composition of the 

f1(1285) meson involving only light quarks can be expressed as a linear 
combination of u and d quarks, 1 √

2
(ūu+ d̄d) [28], whereas the presence 

of strange quarks in the f1(1285) meson gives three different possibili
ties of quark compositions: tetraquark state 1 √

2
(sus̄ū+sds̄d̄) [29], bound 

state of light quarks with a mixture of strange quarks ( 𝛼√
2
(ūu + d̄d) + 

𝛿ss̄) [30], and the bound state of light quarks with a mixture of strange 
quarks and gluons ( 𝛼√

2
(ūu + d̄d) + 𝛿1ss̄ + 𝛿2𝐺) [31], where G is the 

gluon state. Here 𝛼, 𝛿, 𝛿1, and 𝛿2 are the Clebsch Gordan Coefficients 
of appropriate value. Regardless of the specific composition, the net 
strangeness of the f1(1285) meson remains zero in all these scenarios. 
Recently, the LHCb collaboration measured the branching fraction ratio 
of B̄0→J/𝜓 f1(1285) to B̄0

s→J/𝜓 f1(1285), obtaining a value of 11.6 ±
3.1%. This result deviates from the tetraquark structure interpretation 
of the f1(1285) meson, with a significance of 3.3𝜎 [26]. The underlying 
quark content of f1(1285) is expected to influence its yield [32]. No
tably, calculations using the canonical-ensemble-based Statistical Model 
(𝛾SCSM) [33] reveal significant differences in hadron yields based on 
their strangeness content [34]. The study reported in this Letter ex
plores the strangeness content of the f1(1285) meson by comparing its 
transverse-momentum (𝑝T) integrated yield obtained from ALICE data 
with 𝛾SCSM calculations.

In high-energy heavy-ion collisions, compelling evidences for the 
formation of a strongly-interacting quark–gluon plasma (QGP) have 
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been observed [35--49]. This deconfined and strongly interacting state 
expands and cools down as a nearly perfect liquid [50] until the 
temperature reaches the pseudo-critical temperature of approximately 
155 MeV [51]. After this phase, a transition to confined QCD matter oc
curs which creates a hot and dense gas of interacting hadrons. Within 
this environment resonances decay and particles interact (pseudo)elas
tically until they decouple [52]. At the LHC, the system produced in Pb--
Pb collisions undergoes decoupling after approximately 10 fm/𝑐 [53]. 
The study of hadronic resonances with varying lifetimes is crucial for 
characterizing the late hadronic stage of the collision. Depending on 
the lifetime of resonances, rescattering and regeneration processes af
fect their yield [54--67]. Given that f1(1285) has a lifetime of approx
imately 8.7 fm/𝑐 [14], placing it between the lifetimes of K∗0 meson 
and Λ∗ baryon, it becomes an indispensable component for systemati
cally studying rescattering effects and properties of the hadronic phase 
in heavy-ion collisions. Furthermore, theoretical studies suggested that 
the f1(1285) meson could be pivotal in exploring the partial restoration 
of chiral symmetry within the nuclear medium [68]. It has been found 
that the f1(1285), a chiral partner of the 𝜔 meson, could exhibit a signif
icant mass shift from its vacuum expectation (1281.9 ± 0.5 MeV/𝑐2) in 
the presence of finite baryon density. Similar trends for chiral partners 
are predicted at the high temperatures reached in heavy-ion collisions 
at LHC energies [69]. Searches for (partial) chiral symmetry restoration 
effects are typically investigated through the electromagnetic decays of 
vector mesons, as they are not affected by rescattering, unlike hadronic 
decays. However, since the f1(1285) meson is not particularly broad, 
rescattering effects may be less dominant in this case. Additionally, by 
performing measurements in peripheral Pb–Pb collisions, such effects 
could be further minimized. Another important aspect of the measure
ment is the yield ratio of the f1(1285) meson to its chiral partner, the 
𝜔, which can provide valuable insights into chiral symmetry restora
tion. This yield ratio is expected to approach unity [70] as one moves 
towards more peripheral Pb–Pb collisions due to the mass degeneracy of 
the chiral partners. Therefore, measurements of the f1(1285) production 
in pp collisions are crucial to constitute a reference for studying the par
tial restoration of chiral symmetry and rescattering effects in heavy-ion 
collisions.

This Letter presents the first measurement of the inclusive production 
of the f1(1285) resonance at midrapidity (|𝑦| < 0.5) in inelastic pp colli
sions at a center-of-mass energy 

√
𝑠 of 13 TeV. The article is structured 

as follows: Section 2 outlines the ALICE experimental setup, Section 3
details the event and track selection criteria, Section 4 presents the data 
analysis technique, and Section 5 describes the study of systematic un
certainties. Results are presented in Section 6, and the Letter concludes 
with a summary in Section 7.

2. Experimental apparatus

The yield of the f1(1285) meson is measured in pp collisions at √
s = 13 TeV using data collected by the ALICE detector. A detailed 

description of the ALICE detector and its performance can be found in 
Refs. [71,72]. Several key detectors, including the Inner Tracking Sys
tem (ITS) [73], Time Projection Chamber (TPC) [74], Time-of-Flight 
(TOF) [75,76], and V0 [77] detectors, have been used for the analysis 
presented in this Letter.

For event triggering and mitigating beam-induced background ef
fects, the V0 detector is used. It consists of two scintillator arrays, V0A 
and V0C, which are positioned on either side of the interaction point 
along the beam line and cover the pseudorapidity intervals 2.8 < 𝜂 <

5.1 and −3.7 < 𝜂 < −1.7, respectively. The minimum bias trigger used 
in this analysis is defined by coincident signals in the V0A and V0C de
tectors.

The ITS and TPC detectors, housed within a 0.5 T solenoidal mag
net, play crucial roles in tracking and identifying charged particles and 
reconstructing primary and secondary vertices. The ITS and TPC cover 
a pseudorapidity range of |𝜂| < 0.9 and the full azimuthal angle.

The ITS comprises six cylindrical silicon layers surrounding the beam 
vacuum tube. The two innermost layers are formed by Silicon Pixel 
Detectors (SPD), followed by two layers of Silicon Drift Detectors and 
two layers of Silicon Strip Detectors. The ITS is crucial for determining 
primary and secondary vertices. Additionally, the ITS improves the mo
mentum and angle resolution for charged particles reconstructed by the 
TPC.

The TPC serves as the core of the ALICE detector [72,74]. It is a large 
cylindrical drift detector, spanning radial and longitudinal ranges of ap
proximately 85 < 𝑟 < 250 cm and −250 < 𝑧 < 250 cm, respectively. 
The endcaps of the TPC incorporate multiwire proportional chambers 
segmented radially into pad rows. The TPC provides three-dimensional 
spatial information for up to 159 tracking points. Charged tracks origi
nating from the primary vertex can be reconstructed down to 𝑝T ∼ 150 
MeV/𝑐. The particle identification is based on the specific energy loss 
(d𝐸/d𝑥) in the TPC, which is measured with a resolution of 5% in pp 
collisions [74]. The measured d𝐸/d𝑥 is compared with the expected 
value for a given particle species calculated with a Bethe–Bloch param
eterization.

The TOF is placed outside the TPC and employs Multigap Resistive 
Plate Chambers, covering the pseudorapidity range of |𝜂| <0.9 and full 
azimuthal angle. The TOF detector identifies particle species at interme
diate 𝑝T via measurements of their time-offlight from the interaction 
point to the TOF detector with a time resolution of 80 ps in pp colli
sions [75].

3. Data sample, event and track selections

The data utilized in the present analysis were collected by the ALICE 
detector in 2016, 2017, and 2018. The position of the primary vertex 
along the beam axis (𝑧-axis of the ALICE reference frame) is required 
to be within 10 cm from the nominal center (𝑧 = 0) of the ALICE de
tector. As detailed in Refs. [72,78], offline event selections are applied 
to reduce the beam-induced background and pileup events. After ap
plying the event selection criteria, approximately 1.5 billion minimum
bias events (corresponding to an integrated luminosity of 32.08 ± 0.51 
nb−1 [79]) have been analyzed for this f1(1285) measurement.

Given the short-lived nature of the f1(1285) meson, its reconstruction 
is performed through the hadronic decay channel, f1(1285)→K0

SK
±𝜋∓, 

with a branching ratio (BR) of (2.25 ± 0.1)% [14]. The BR value is 
computed from the one of KK𝜋 reported in [14] accounting for all pos
sible combinations of kaons and pions and 50% probability that K0 is 
K0
S. The analysis is performed in the transverse momentum range of 1 

< 𝑝T < 12 GeV/𝑐 at midrapidity (|𝑦| < 0.5). At lower 𝑝T (< 1 GeV/𝑐), 
the f1(1285) signal is not statistically significant because of the presence 
of large backgrounds.

Charged tracks are reconstructed using the ITS [80] and TPC [74] 
detectors. To ensure high track quality, the standard track selection cri
teria [81,82] are employed in this work. Charged tracks originating from 
the primary vertex are required to satisfy 𝑝T > 0.15 GeV/𝑐 and |𝜂| <
0.8 for uniform acceptance. Selected tracks need to have two hits in 
the ITS, of which at least one hit in the SPD, and traverse radially a 
minimum of 70 out of the total 159 pad rows of the TPC. The maxi
mum 𝜒2 per space point in the TPC and ITS, obtained from the track 
fit, is required to be 4 and 36, respectively. To mitigate the contami
nation of secondary charged particles, the distance of closest approach 
in the transverse plane of reconstructed tracks to the primary vertex 
(DCA𝑥𝑦) is required to be smaller than 7𝜎DCA𝑥𝑦

, where 𝜎DCA𝑥𝑦
denotes 

the DCA𝑥𝑦 resolution. The 𝑝T-dependent DCA𝑥𝑦 resolution is parameter
ized as 𝜎DCA𝑥𝑦

= 0.0105+0.0350∕(𝑝T∕(GeV∕𝑐))1.1 cm [82]. The DCA to 
primary vertex in the longitudinal direction is constrained to be within 
2 cm. The detected charged particles are identified using information 
from the TPC and TOF detectors [75]. In the TPC, particle identifica
tion is based on their specific ionization energy loss (d𝐸/d𝑥), ensuring 
that pions and kaons have a specific energy loss within 2 standard 
deviations (𝜎TPC) from the expected d𝐸/d𝑥 values derived from the 
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Fig. 1. Like- and unlike-sign (left) and the like-sign-subtracted (right) invariant mass distribution of K0
SK𝜋 triplets in |𝑦| < 0.5 in minimum-bias pp collisions at 

√
𝑠

= 13 TeV. The subtracted distribution is fitted with the function defined by Eq. (1), and the dotted blue line describes the residual background distribution, which 
is given by Eq. (2).

Table 1
Selection criteria for K0

S.

Selection criteria Value 
TPC crossed rows > 70 
Acceptance window of pions (|𝜂|) < 0.8 
n𝜎TPC for 𝜋± < 4 
DCA𝜋−𝜋+ < 1.0 cm 
DCA of V0 daughters to PV > 0.06 cm 
DCA of V0 to PV < 0.3 cm 
V0 cosine pointing angle > 0.97 
V0 radius > 0.5 cm 
Proper lifetime < 15 cm/𝑐
Veto on Λ invariant mass > 4.3 MeV/𝑐2

K0
S mass window (in units of 𝜎𝑀 ) ± 6 

Bethe–Bloch parameterization. Here, 𝜎TPC represents the TPC’s d𝐸/d𝑥
resolution [74]. In the TOF, identification relies on the measured time 
of flight, which must be within 3𝜎TOF of the expected value for each 
particle species, provided the track has a hit in the TOF [76]. If a track 
lacks a hit in the TOF, identification is carried out using only the TPC.

The K0
S is reconstructed through its weak decay topology (V0 topol

ogy) [83], via the K0
S → 𝜋−𝜋+ decay channel with a BR of (69.2 ±

0.05)% [14]. The selection criteria for K0
S reconstruction are detailed in 

Table 1. Two oppositely-charged pions produced from the K0
S decay are 

identified with the 4𝜎TPC requirement in the acceptance window |𝜂| <
0.8. The distance of closest approach between negatively and positively 
charged tracks (DCA𝜋−𝜋+ ) is required to be less than 1.0 cm. Addition
ally, the DCA of charged tracks and V0 to the primary vertex must be 
greater than 0.06 cm and less than 0.3 cm, respectively. The cosine of 
the pointing angle, representing the angle between the V0 momentum 
and the line connecting the secondary to the primary vertex, has to be 
greater than 0.97. Only K0

S candidates whose secondary vertex radial 
position is larger than 0.5 cm are selected to reconstruct f1(1285). Fur
thermore, candidates with a proper lifetime 𝐿𝑀K0

S
∕𝑝 greater than 15 

cm/𝑐 are excluded. Here, 𝐿 represents the linear distance between the 
primary and secondary vertex, 𝑀K0

S
is the world-average mass [14] of 

K0
S, and 𝑝 indicates the total momentum of K0

S . An additional selection, 
called ``Competing V0 rejection'' or veto on Λ invariant mass, is ap
plied by recalculating the V0 mass, assuming that one of two pions is a 
proton. If the recalculated mass is compatible with the Λ mass within 
4.3 MeV/𝑐2, which is about three times the width of the Λ invariant 
mass peak in ALICE [82--84], the selected particle is rejected. Finally, 
the invariant mass of 𝜋+𝜋− must be compatible within 6𝜎M of the K0

S

nominal mass, where 𝜎𝑀 is the width of the K0
S invariant mass peak and 

is about 5 MeV/𝑐2. The K0
S candidates that satisfy the aforementioned 

topological selection criteria at midrapidity (|𝑦| < 0.5) are used in the 
reconstruction of the f1(1285) resonance.

4. Data analysis

The reconstructed K0
S are paired with charged kaons forming a K0

SK±

pair. This K0
SK± pairs are combined with oppositely charged pions to 

reconstruct the f1(1285) resonance. To enhance the significance of the 
f1(1285) signal, the invariant mass of the K0

SK± pair is required to be be

low 1040 MeV/𝑐2. The invariant-mass distribution of K0
SK±𝜋∓ triplets 

accommodates all resonances that decay into K0
SK±𝜋∓ as well as sub

stantial combinatorial background, as can be seen in the invariant mass 
distribution of unlike-sign combinations in the f1-candidate 𝑝T inter
val 3 < 𝑝T < 4 GeV/𝑐, shown by the black markers in the left panel 
of Fig. 1. The combinatorial background is estimated using like-sign 
K0
SK±𝜋± triplets [66,81] (red markers in left panel of Fig. 1). The right 

panel of Fig. 1 presents the invariant mass distribution of the like-sign
subtracted K0

SK±𝜋∓ triplets for 3 < 𝑝T < 4 GeV/𝑐 in pp collisions at √
𝑠 = 13 TeV. After the subtraction, three resonances, i.e., f1(1285), 

f1(1420), and 𝜂(1475) can be identified in the considered invariant mass 
range along with a residual background of correlated pairs. Theoretical 
models based on K∗K dynamics [27,85] offer intriguing insights into 
the nature of f1(1420), which could be explored in future studies.

The correlated background mainly arises from jets and decays of 
resonances with misidentification and multiple decay chains [66]. The 
like-sign-subtracted invariant-mass distribution is fitted assuming a 
sum of three non-relativistic Breit–Wigner distributions [24,66] for the 
f1(1285), f1(1420), and 𝜂(1475) mesons and an additional residual 
background [24]. The fit function is given by

d𝑁 
d𝑀

=
3 ∑

𝑖=1 

𝑌𝑖

2𝜋
Γ𝑖

(𝑀 −𝑀𝑖)2 + Γ2
𝑖
∕4

+ fRes.Bkg(𝑀), (1)

where the index 𝑖 ranges over f1(1285), f1(1420), and 𝜂(1475) reso
nances. The 𝑀𝑖, Γ𝑖, and 𝑌𝑖 parameters denote the masses, widths, and 
normalization constants of these three resonances, respectively. The 𝑀
corresponds to the invariant mass of the K0

SK±𝜋∓ (𝑀K0
SK𝜋

) triplets. The 
mass resolution of the detector for the reconstruction of f1(1285) is neg
ligible as compared to its vacuum width (22 ± 1) MeV/𝑐2 [14] and is not 
included in the fit function. To ensure the robustness of the fit, an alter
native modeling using a relativistic Breit-Wigner parameterization was 
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Fig. 2. The product of the acceptance and the resonance reconstruction effi
ciency as a function of 𝑝T for f1(1285) at midrapidity (|𝑦| < 0.5) in simulated 
pp collisions at 

√
s = 13 TeV.

performed, yielding consistent results within uncertainties. The residual 
background function [24] is expressed as

fRes.Bkg(𝑀) = [𝑀 − (𝑚𝜋 +𝑀K0
SK

)]𝑛 exp(−𝐴𝑀 −𝐵𝑀2), (2)

where 𝑚𝜋 is the mass of 𝜋 meson and 𝑀K0
SK

is the invariant mass of 

the K0
SK pair. Here, 𝐴, 𝐵, and 𝑛 are the fit parameters. The width pa

rameters of the Breit–Wigner functions are fixed to their world-average 
values [14] in the standard fit case, which are 22, 54, and 90 MeV/𝑐2 , 
respectively. The masses and the normalization constants of the three 
resonances are left free. Finally, the raw yields of f1(1285) in each 𝑝T
interval are obtained from the integral of the Breit–Wigner distribution, 
as done in Refs. [81,86].

The extracted raw yields (𝑁 raw) are corrected for detector accep
tance and reconstruction efficiency (𝐴 × 𝜀rec) as well as the BR of the 
analyzed decay channel. The product 𝐴 × 𝜀rec is estimated using sim
ulated pp events produced with the PYTHIA8 Monte Carlo (MC) event 
generator [87], in which f1(1285) particles are injected with a flat 𝑝T
distribution. The particles are then propagated through the ALICE detec
tor using the GEANT3 transport code [88]. The 𝐴 × 𝜀rec, defined as the 
ratio of reconstructed to generated f1(1285), is calculated as a function 
of 𝑝T within |𝑦| < 0.5. The event and track selections used in the data 
analysis are also applied in the simulation. Notably, 𝐴× 𝜀rec initially in
creases with 𝑝T, starting at around 1% at 𝑝T = 1.5 GeV/𝑐 and reaching a 
maximum value of approximately 6.5% at 𝑝T ≈ 6 GeV/𝑐 before decreas
ing again, as depicted in Fig. 2. The relative statistical uncertainties on 
𝐴 × 𝜀rec are found to be in the range of 5--10% across the 𝑝T intervals. 
Moreover, since the generated 𝑝T spectra of f1(1285) have a different 
shape than the measured 𝑝T spectra, a reweighting procedure [54,82] 
is implemented iteratively until convergence is reached by correcting 
at first the measured raw yields with the reconstruction efficiency ob
tained with the generated 𝑝T spectra. The resulting 𝑝T spectrum is then 
fitted with a Levy–Tsallis function and the extracted parametrization is 
finally used to weight the Monte Carlo spectra at generated and recon
structed level. From these reweighted spectra, the 𝐴× 𝜀rec as a function 
of 𝑝T is determined.

The measurements need to be further corrected for trigger ineffi
ciency (𝜀trig), vertex reconstruction inefficiency (𝜀vert ), and signal loss 
(𝑓SL) factors, which are determined through MC simulations. Signal loss 
factor accounts for the loss of f1(1285) mesons due to trigger selection 
(i.e. f1(1285) mesons produced in pp collisions that did not fire the trig
ger). Given the potential limitations of simulations involving injected 
f1(1285) signals in realistically assessing correction factors [34], these 

Table 2
Systematic uncertainties on measured f1(1285) yield 
and mass in pp collisions at 

√
s = 13 TeV.

Systematic variation (%) Quantity of interest 
Yield Mass 

Signal extraction 10.5--14.5 0.13--0.19 
Primary track selection 3.9--5.9 0.03--0.08 
Secondary track selection 6.4--9.2 0.04--0.08 
Particle identification 1.0--6.5 0.003--0.027 
ITS-TPC matching 5.0 -
Material budget 1.8 -
Hadronic interaction 2.0 -
Total 16--17 0.16--0.20 

factors are taken to be the same as for the K∗0 meson at the same col
lision energy [82]. The values of the correction factors for pp collisions 
at 

√
𝑠 = 13 TeV are 𝜀trig = 0.74, 𝜀vert = 0.93. The signal loss cor

rection factor (𝑓SL) is smaller than 2% for 𝑝T > 1 GeV/𝑐 [82]. Finally, 
the yields are normalized by the number of accepted events (𝑁acc

event ) to 
obtain the f1(1285) 𝑝T-differential yield in inelastic pp collision, which 
can be formally expressed as

1 
𝑁evt

d2𝑁 
d𝑦d𝑝T

= 1 
𝑁acc

evt

𝑁 raw

Δ𝑦Δ𝑝T

𝜀trig 𝜀vert 𝑓SL

(A × 𝜀rec)BR
, (3)

where d2𝑁 
d𝑦d𝑝T

is the number of f1(1285) produced in a given rapidity (d𝑦) 
and transverse momentum (d𝑝T) interval.

5. Systematic uncertainties

For the measurement of the f1(1285) mass and yields, various 
sources of systematic uncertainties have been taken into account: the 
signal extraction method, the primary track selections, the K0

S recon
struction and selection, the particle identification criteria, the method 
adopted in matching track segments in the ITS with tracks in the TPC, 
as well as uncertainties in the material budget and hadronic interactions 
of the produced particles in the ALICE detectors. The resulting changes 
in the f1(1285) mass and yields for each 𝑝T interval, obtained from re
peating the entire analysis chain by varying one source at a time (as 
described below) while keeping others at default, are incorporated as 
systematic uncertainties. Table 2 summarizes the systematic uncertain
ties on the measured f1(1285) yield and mass across the analyzed 𝑝T
range.

Several factors are varied to evaluate the uncertainty in the signal 
extraction from the invariant mass fits, including fitting ranges, resid
ual background fit function, and variations in the width of the three 
resonances (f1(1285), f1(1420), and 𝜂(1475)). When adjusting fitting 
range boundaries, a shift of ± 20 MeV/𝑐2 with respect to the default 
case is applied to both sides. The widths of all resonances are treated as 
free parameters in the fit, unlike the default case where they are fixed 
to their world-average values, and the differences in f1(1285) mass and 
yields contribute to the systematic uncertainties. Additionally, the resid
ual background is modeled using second and third-order polynomials 
to investigate systematic deviations on the mass and yield of f1(1285). 
Moreover, the mass of f1(1420) is held constant, unlike in the standard 
case where it is allowed to vary, to understand its impact on the ob
served f1(1285) mass and yield. The resulting uncertainty for signal 
extraction on the observed f1(1285) mass and yield varies from 0.13% 
to 0.19% and 10.5% to 14.5%, respectively, across the measured 𝑝T
ranges. For the primary-track selection, the criteria are varied following 
the procedure outlined in Ref. [82]. This results in an uncertainty on 
the f1(1285) mass ranging from 0.03% to 0.08% and an uncertainty on 
its yield ranging from 3.9% to 5.9% across the various 𝑝T intervals. The 
uncertainty due to the K0

S reconstruction is estimated by varying the se
lections in Table 1, resulting in a 𝑝T-dependent systematic uncertainty 
ranging from 0.04% to 0.08% for the f1(1285) mass and from 6.4% to 
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Fig. 3. Measured f1(1285) mass as a function of 𝑝T at midrapidity (|𝑦|< 0.5) in 
minimum-bias pp collisions at 

√
s = 13 TeV. The statistical and systematic un

certainties are shown as bars and boxes, respectively. The blue band represents 
the world-average value for the mass of f1(1285) [14] having an uncertainty of 
0.5 MeV/𝑐2 .

9.2% for the f1(1285) yield. The uncertainties associated with the iden
tification of the pions and kaons produced in the f1(1285) decay are 
assessed by varying the selection criteria in the TOF from |n𝜎TOF| < 3 to 
|n𝜎TOF| < 4. This variation results in f1(1285) mass uncertainties rang
ing from 0.003% to 0.027% and yield uncertainties ranging from 1% to 
6.5%, depending on 𝑝T. Furthermore, uncertainties related to the ma
terial budget, the cross section for hadronic interactions in the detector 
material, and the ITS–TPC matching efficiency, obtained from Ref. [82], 
contribute to the uncertainty on the yield of f1(1285). The total un
certainty is obtained by summing the uncertainties from all sources in 
quadrature. The uncertainty on the f1(1285) mass ranges from approx
imately 0.16% to 0.20%, while for the yield, it spans from 16% to 17% 
across the measured 𝑝T intervals.

6. Results

The mass of f1(1285) resonance, i.e., the fit parameter 𝑀0 obtained 
from Eq. (1), is shown in Fig. 3 for the different 𝑝T intervals consid
ered in this analysis. The systematic uncertainties on the measured mass, 
shown as boxes around the data points, are evaluated following the de
scription in Sec. 5. The measured sample-average mass, 1.28 ± 0.001 
GeV/c2 is in excellent agreement with the world average value of 1.281 
± 0.0005 GeV/c2 within uncertainties.

Fig. 4 illustrates the f1(1285) 𝑝T-differential yield in pp collisions 
at 

√
s = 13 TeV, incorporating all the corrections detailed in Sec. 5. 

The 𝑝T spectrum is fitted with a Levy–Tsallis function, a combination 
of an exponential and power law function [89], to extrapolate the yield 
down to zero 𝑝T. An exponential function describes the low-𝑝T section 
of the spectrum, while a power law characterizes the high-𝑝T region. 
Since there are only two 𝑝T bins above 6 GeV/𝑐 with large bin width, 
the Levy–Tsallis fit in the default case is performed in the 0 < 𝑝T < 6 
GeV/𝑐 range.

This fitting procedure enables the extraction of the 𝑝T-integrated 
yield (d𝑁/d𝑦) and the average transverse momentum (⟨𝑝T⟩) of f1(1285), 
utilizing both the measured and extrapolated distributions. The extrap
olation to the low-𝑝T (< 1 GeV/𝑐) region encompasses approximately 
41% of the total f1(1285) yield. The high-𝑝T extrapolation is found to 
be negligible. The ⟨𝑝T⟩ is determined by evaluating the mean value of 
the fit function within each 𝑝T bin, weighted by the measured yield 
in that bin. The systematic uncertainties in the 𝑝T spectrum, arising 
from the various sources described in Sec. 5, contribute to the sys
tematic uncertainties in d𝑁/d𝑦 and ⟨𝑝T⟩. The systematic uncertainties 

Fig. 4. 𝑝T-differential yield of f1(1285) measured at midrapidity (|𝑦| < 0.5) in 
inelastic pp collisions at 

√
s = 13 TeV. The statistical and systematic uncertain

ties are shown as bars and boxes, respectively. The data points are fitted using 
a Levy–Tsallis function [89] and shown by the red dashed line. The BR uncer
tainty for f1(1285)→K0

SK
±𝜋∓ is 0.1%.

Table 3
The 𝑝T-integrated yield and average transverse momentum of the 
f1(1285) meson in proton–proton collisions at center-of-mass energy 
of 13 TeV. The comparison of the 𝑝T-integrated yield of f1(1285) from 
ALICE data with thermal model (𝛾SCSM) calculations [33] is shown.

ALICE data Thermal model 
|𝑆|=0 |𝑆|=2 

d𝑁/d𝑦 0.034 ± 0.004 (stat) ± 0.010 (sys) 0.025 0.014 
⟨𝑝T⟩ (GeV/𝑐) 1.52 ± 0.10 (stat) ± 0.24 (sys) - -

due to the extrapolation are evaluated by varying the fit functions: the 
Boltzmann–Gibbs blast wave function [90], Bose–Einstein distribution, 
and 𝑚T exponential [82] are considered in place of the Levy–Tsallis. 
The uncertainties of d𝑁/d𝑦 and ⟨𝑝T⟩ are approximately 31% and 17%, 
respectively. The dominant contribution to the ⟨𝑝T⟩ uncertainty arises 
from the low-𝑝T extrapolation (∼14%), estimated conservatively using 
the largest deviation from the Levy-Tsallis function. If the RMS of the 
⟨𝑝T⟩ variations is used instead, the extrapolation uncertainty is reduced 
to ∼9%.

Table 3 shows d𝑁/d𝑦 and ⟨𝑝T⟩ and their uncertainties in inelastic 
pp collisions at 

√
𝑠 = 13 TeV. Fig. 5 compares the average transverse 

momentum of f1(1285) with that of all other lightflavor hadrons [82, 
91] measured at midrapidity (|𝑦| < 0.5) in pp collisions at 

√
s = 13 TeV. 

Two distinct linear trends are observed, one for mesons and the other for 
baryons. For particles with similar masses (K∗0, p, 𝜙, Λ, f1, Ξ−), mesons 
exhibit a higher average transverse momentum than baryons. Notably, 
f1(1285) aligns with the linear trend of other mesons, although with 
large conservative systematic uncertainties. This observation suggests 
that f1(1285) may have an ordinary meson structure.

The 𝑝T-integrated yield is further compared with calculations 
from the canonical-ensemble-based statistical hadronization model 
(𝛾SCSM) [33], also shown in Table 3. The conventional statistical frame
work employs an ideal hadron–resonance gas (HRG) in thermal and 
chemical equilibrium at the chemical freeze-out stage. In the canonical 
ensemble, the values of three Abelian charges �- baryon number (𝐵), 
electric charge (𝑄), and strangeness (𝑆) �- are fixed and conserved 
exactly across the designated correlation volume 𝑉C . In this model, 
the multiplicity dependence of hadron production is influenced by the 
canonical suppression of these three Abelian charges. It incorporates 
the incomplete equilibrium of strangeness via the strangeness saturation 
parameter 𝛾S and effectively reproduces various multiplicity-dependent 
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Fig. 5. Average transverse momentum of lightflavor hadrons as a function of 
hadron mass at midrapidity (|𝑦| < 0.5) in inelastic pp collisions at 

√
s = 13 

TeV. The statistical and systematic uncertainties are shown as bars and boxes, 
respectively. The blue dotted lines are linear fits to the data points.

Fig. 6. The transverse-momentum-integrated yield ratio of 𝜙/𝜋 (left) [82] and 
f1/𝜋 (right) measured in inelastic pp collisions at 

√
s = 13 TeV. The statistical 

and systematic uncertainties on the data points are shown as bars and boxes, 
respectively. The black solid and dotted lines represent the calculations from 
the 𝛾SCSM with different strangeness content of 𝜙 and f1 mesons.

hadron-to-pion ratios [33]. Thermal fits to the yields of various parti
cles, including 𝜋, K, p, K∗0, Λ, Ω, K0

S, Ξ, and 𝜙, as measured by the 
ALICE Collaboration in pp collisions at 

√
s = 13 TeV [82], have been 

conducted. The fit parameters include the freeze-out temperature, ra
dius of the produced fireball, 𝑉C, and 𝛾S. It is assumed that the baryon 
chemical potential is zero [92]. The thermal model calculations for the 
𝑝T-integrated yield of f1(1285) are carried out for two different scenar
ios: The first scenario assumes |𝑆| = 0, indicating that the f1(1285) 
meson does not contain any valence strange or anti-strange quarks. The 
second scenario considers |𝑆| = 2, which corresponds to the presence 
of one strange and one anti-strange quark within the f1(1285) meson. 
The calculated yield with |𝑆| = 0 scenario is consistent with the exper
imental measurement.

To gain insights into the valence quark composition of the f1(1285) 
meson, the 𝑝T-integrated yield ratio of f1/𝜋 in pp collisions at 

√
s =

13 TeV is compared with calculations from the 𝛾SCSM, as depicted in 
Fig. 6. At first, as a baseline check for this methodology, the 𝜙/𝜋 ratio 
is calculated by 𝛾SCSM with two scenarios and compared with experi

mental data [82]. The 𝜙 meson is a neutral particle comprising a strange 
quark–antiquark pair. It has a net strangeness of zero, thus remaining 
unaffected by the precise conservation of strangeness in the canonical 
suppression picture. However, in the strangeness nonequilibrium pic
ture, the 𝜙 meson is considered a double-strange particle (|𝑆| = 2) [33]. 
Thus, the experimental data is compared in Fig. 6 with 𝛾SCSM calcula
tions for |𝑆| = 0 (indicating a total strangeness content of 𝜙 to be zero, 
depicted by the solid line) and |𝑆| = 2 (indicating a hidden strangeness 
content of 𝜙 to be two, represented by the dotted line). As expected in 
the strangeness nonequilibrium picture, the 𝛾SCSM calculation for 𝜙/𝜋
ratio with the 𝜙 meson having |𝑆| = 0 shows a large deviation of 9.15𝜎
from the experimental measurements, whereas |𝑆| = 2 is in good agree
ment with the experimental measurements within 0.5𝜎.

The calculation of the f1/𝜋 ratio from 𝛾SCSM is carried out for the 
two different scenarios of |𝑆| = 0 (represented by the solid line) and 
|𝑆| = 2 (represented by the dotted line). The measured f1/𝜋 ratio devi
ates by 0.96𝜎 from |𝑆| = 0 and by 1.97𝜎 from |𝑆| = 2, indicating that 
the 𝛾SCSM calculation with |𝑆| = 0 is favored over |𝑆| = 2 by the AL
ICE data. This observation is further validated through a 𝜒2 statistical 
hypothesis test, which quantifies the difference between experimental 
data and model predictions. The goodness-offit is assessed using the 𝜒2

value, which is then converted into a right-tailed 𝑝-value. From stan
dard 𝜒2 probability tables, the right-tailed 𝑝-value can be obtained for 
a given number of degrees of freedom. A common criterion for statistical 
significance is 𝑝 < 0.05, indicating a meaningful deviation between the 
data and the model expectations. In this analysis, the 𝑝-value for |𝑆| = 0
is found to be 0.33, suggesting no significant discrepancy between the 
data and the model. However, for |𝑆| = 2, the 𝑝-value is 0.04, which 
corresponds to a confidence level of 1 − 0.04 = 96%. This implies that 
with 96% confidence, the data significantly deviates from the model 
predictions under the |𝑆| = 2 hypothesis.

Therefore, this study suggests that f1(1285) is more likely to have 
no strange quark content than a combination of a strange and an anti
strange quark. This finding contradicts the hypothesis that f1(1285) is a 
tetraquark state (according to the 𝛾SCSM model) and is consistent with 
the results of the LHCb Collaboration [26].

7. Summary

The ALICE Collaboration presents the first measurement of the 
f1(1285) meson production in inelastic proton–proton collisions at 

√
𝑠

= 13 TeV. This measurement spans a wide transverse momentum range 
from 1 to 12 GeV/𝑐 at midrapidity (|𝑦| < 0.5). The mass of f1(1285) 
reconstructed from the K0

SK±𝜋∓ decays is in good agreement with 
the world-average value within the uncertainties. Notably, the average 
transverse momentum of f1(1285) aligns with the linear trend with mass 
observed for other mesons and it is higher, although compatible within 
1𝜎 of the systematic uncertainty, with the ⟨𝑝T⟩ of baryons of similar 
masses. Moreover, the 𝛾SCSM of the f1/𝜋 𝑝T-integrated yield ratio, con
sidering no strange quarks inside f1(1285), agrees with the ALICE data 
within 1𝜎. However, it deviates by ∼2𝜎 when assuming the presence 
of one strange and one anti-strange quark. These observations suggest 
that the state of f1(1285) is a conventional meson, which disfavors the 
tetraquark hypothesis and aligns with the findings of the LHCb Collabo
ration. With larger data samples available in Run 3 and Run 4, combined 
with the improved tracking efficiency of the upgraded ITS detector, it 
may become feasible to reconstruct the f1(1285) meson at low transverse 
momentum (< 1 GeV/𝑐), thereby improving the significance of future 
analyses. Additionally, future studies of the elliptic flow of f1(1285) and 
femtoscopy measurements in the K∗K coupled channel, using the large 
data samples from Run 3 and the upcoming Run 4, may help to distin
guish the di-quark or molecular nature of f1(1285).



Physics Letters B 866 (2025) 139562

7

ALICE Collaboration 

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Acknowledgements

The ALICE Collaboration would like to thank all its engineers and 
technicians for their invaluable contributions to the construction of the 
experiment and the CERN accelerator teams for the outstanding per
formance of the LHC complex. The ALICE Collaboration gratefully ac
knowledges the resources and support provided by all Grid centres and 
the Worldwide LHC Computing Grid (WLCG) collaboration. The ALICE 
Collaboration acknowledges the following funding agencies for their 
support in building and running the ALICE detector: A. I. Alikhanyan 
National Science Laboratory (Yerevan Physics Institute) Foundation 
(ANSL), State Committee of Science and World Federation of Scientists 
(WFS), Armenia; Austrian Academy of Sciences, Austrian Science Fund 
(FWF): [M 2467-N36] and Nationalstiftung für Forschung, Technolo
gie und Entwicklung, Austria; Ministry of Communications and High 
Technologies, National Nuclear Research Center, Azerbaijan; Conselho 
Nacional de Desenvolvimento Científico e Tecnológico (CNPq), Finan
ciadora de Estudos e Projetos (Finep), Fundação de Amparo à Pesquisa 
do Estado de São Paulo (FAPESP) and Universidade Federal do Rio 
Grande do Sul (UFRGS), Brazil; Bulgarian Ministry of Education and Sci
ence, within the National Roadmap for Research Infrastructures 2020
2027 (object CERN), Bulgaria; Ministry of Education of China (MOEC), 
Ministry of Science & Technology of China (MSTC) and National Natu
ral Science Foundation of China (NSFC), China; Ministry of Science and 
Education and Croatian Science Foundation, Croatia; Centro de Apli
caciones Tecnológicas y Desarrollo Nuclear (CEADEN), Cubaenergía, 
Cuba; The Ministry of Education, Youth and Sports of the Czech Re
public, Czech Republic; The Danish Council for Independent Research 
Natural Sciences, the Villum Fonden and Danish National Research 
Foundation (DNRF), Denmark; Helsinki Institute of Physics (HIP), Fin
land; Commissariat à l’Énergie Atomique (CEA) and Institut National de 
Physique Nucléaire et de Physique des Particules (IN2P3) and Centre 
National de la Recherche Scientifique (CNRS), France; Bundesminis
terium für Bildung und Forschung (BMBF) and GSI Helmholtzzentrum 
für Schwerionenforschung GmbH, Germany; General Secretariat for Re
search and Technology, Ministry of Education, Research and Religions, 
Greece; National Research, Development and Innovation Office, Hun
gary; Department of Atomic Energy, Government of India (DAE), De
partment of Science and Technology, Government of India (DST), Uni
versity Grants Commission, Government of India (UGC) and Council of 
Scientific and Industrial Research (CSIR), India; National Research and 
Innovation Agency - BRIN, Indonesia; Istituto Nazionale di Fisica Nu
cleare (INFN), Italy; Japanese Ministry of Education, Culture, Sports, 
Science and Technology (MEXT) and Japan Society for the Promo
tion of Science (JSPS) KAKENHI, Japan; Consejo Nacional de Ciencia 
(CONACYT) y Tecnología, through Fondo de Cooperación Internacional 
en Ciencia y Tecnología (FONCICYT) and Dirección General de Asun
tos del Personal Académico (DGAPA), Mexico; Nederlandse Organisatie 
voor Wetenschappelijk Onderzoek (NWO), Netherlands; The Research 
Council of Norway, Norway; Pontificia Universidad Católica del Perú, 
Peru; Ministry of Science and Higher Education, National Science Cen
tre and WUT ID-UB, Poland; Korea Institute of Science and Technology 
Information and National Research Foundation of Korea (NRF), Repub
lic of Korea; Ministry of Education and Scientific Research, Institute of 
Atomic Physics, Ministry of Research and Innovation and Institute of 
Atomic Physics and Universitatea Nationala de Stiinta si Tehnologie Po
litehnica Bucuresti, Romania; Ministry of Education, Science, Research 
and Sport of the Slovak Republic, Slovakia; National Research Foun
dation of South Africa, South Africa; Swedish Research Council (VR) 
and Knut and Alice Wallenberg Foundation (KAW), Sweden; European 

Organization for Nuclear Research, Switzerland; Suranaree University 
of Technology (SUT), National Science and Technology Development 
Agency (NSTDA) and National Science, Research and Innovation Fund 
(NSRF via PMU-B B05F650021), Thailand; Turkish Energy, Nuclear and 
Mineral Research Agency (TENMAK), Turkey; National Academy of Sci
ences of Ukraine, Ukraine; Science and Technology Facilities Council 
(STFC), United Kingdom; National Science Foundation of the United 
States of America (NSF) and United States Department of Energy, Of
fice of Nuclear Physics (DOE NP), United States of America. In addition, 
individual groups or members have received support from: Czech Sci
ence Foundation (grant no. 23-07499S), Czech Republic; FORTE project, 
reg. no. CZ.02.01.01/00/22_008/0004632, Czech Republic, co-funded 
by the European Union, Czech Republic; European Research Council 
(grant no. 950692), European Union; ICSC - Centro Nazionale di Ricerca 
in High Performance Computing, Big Data and Quantum Computing, 
European Union - NextGenerationEU; Academy of Finland (Center of 
Excellence in Quark Matter) (grant nos. 346327, 346328), Finland.

Data availability

This manuscript has associated data in a HEPData repository at: 
https://www.hepdata.net/record/ins2829849?version=1.

References

[1] Belle Collaboration, S.K. Choi, et al., Observation of a narrow charmonium-like state 
in exclusive 𝐵± →𝐾±𝜋+𝜋−𝐽∕𝜓 decays, Phys. Rev. Lett. 91 (2003) 262001, arXiv:
hep-ex/0309032.

[2] Belle Collaboration, S.K. Choi, et al., Observation of a resonance-like structure in the 
𝜋±𝜓 ′ mass distribution in exclusive 𝐵→𝐾𝜋±𝜓 ′ decays, Phys. Rev. Lett. 100 (2008) 
142001, arXiv:0708.1790 [hep-ex].

[3] BESIII Collaboration, M. Ablikim, et al., Observation of a charged charmonium
like structure in 𝑒+𝑒− → 𝜋+𝜋−𝐽∕𝜓 at √𝑠 =4.26 GeV, Phys. Rev. Lett. 110 (2013) 
252001, arXiv:1303.5949 [hep-ex].

[4] CMS Collaboration, S. Chatrchyan, et al., Observation of a peaking structure in 
the 𝐽∕𝜓𝜙 mass spectrum from 𝐵± → 𝐽∕𝜓𝜙𝐾± decays, Phys. Lett. B 734 (2014) 
261--281, arXiv:1309.6920 [hep-ex].

[5] LHCb Collaboration, R. Aaij, et al., Observation of the resonant character of the 
𝑍(4430)− state, Phys. Rev. Lett. 112 (2014) 222002, arXiv:1404.1903 [hep-ex].

[6] LHCb Collaboration, R. Aaij, et al., Observation of a narrow pentaquark state, 
𝑃𝑐 (4312)+ , and of two-peak structure of the 𝑃𝑐 (4450)+ , Phys. Rev. Lett. 122 (2019) 
222001, arXiv:1904.03947 [hep-ex].

[7] LHCb Collaboration, R. Aaij, et al., Evidence for a new structure in the 𝐽∕𝜓𝑝 and 
𝐽∕𝜓𝑝̄ systems in 𝐵0

𝑠
→ 𝐽∕𝜓𝑝𝑝̄ decays, Phys. Rev. Lett. 128 (2022) 062001, arXiv:

2108.04720 [hep-ex].
[8] ALICE Collaboration, S. Acharya, et al., K0

SK0
Sand K0

SK± femtoscopy in pp collisions 
at √𝑠 = 5.02 and 13 TeV, Phys. Lett. B 833 (2022) 137335, arXiv:2111.06611 
[nucl-ex].

[9] ALICE Collaboration, S. Acharya, et al., Investigating the nature of the K∗
0(700) state 

with 𝜋±K0
S correlations at the LHC, Phys. Lett. B 856 (2024) 138915, arXiv:2312.

12830 [hep-ex].
[10] M. Gell-Mann, A schematic model of baryons and mesons, Phys. Lett. 8 (1964) 

214--215.
[11] G. Zweig, An SU(3) model for strong interaction symmetry and its breaking. Version 

2, https://cds.cern.ch/record/570209.
[12] R.L. Jaffe, Multi-quark hadrons. 1. The phenomenology of (2 quark 2 anti-quark) 

mesons, Phys. Rev. D 15 (1977) 267.
[13] H.J. Lipkin, New possibilities for exotic hadrons: anticharmed strange baryons, Phys. 

Lett. B 195 (1987) 484--488.
[14] Particle Data Group Collaboration, R.L. Workman, et al., Review of particle physics, 

PTEP 2022 (2022) 083C01.
[15] D.H. Miller, S.U. Chung, O.I. Dahl, R.I. Hess, L.M. Hardy, J. Kirz, KK𝜋 resonance at 

1280 MeV, Phys. Rev. Lett. 14 (1965) 1074.
[16] C. d’Andlau, J. Barlow, A.M. Adamson, Evidence for a nonstrange meson of mass 

1290 MeV, Phys. Lett. 17 (1965) 347.
[17] WA102 Collaboration, D. Barberis, et al., A study of the KK𝜋 channel produced 

centrally in p p interactions at 450 GeV/𝑐, Phys. Lett. B 413 (1997) 225--231, arXiv:
hep-ex/9707022.

[18] WA102 Collaboration, D. Barberis, et al., A measurement of the branching fractions 
of the f(1) (1285) and f(1) (1420) produced in central p p interactions at 450-GeV/c, 
Phys. Lett. B 440 (1998) 225--232, arXiv:hep-ex/9810003.

[19] WA102 Collaboration, D. Barberis, et al., A study of the centrally produced pi+ pi-
pi+ pi- channel in p p interactions at 450-GeV/c, Phys. Lett. B 413 (1997) 217--224, 
arXiv:hep-ex/9707021.

https://www.hepdata.net/record/ins2829849?version=1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib7590017976BF9701C3AF384AECD28FC9s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib7590017976BF9701C3AF384AECD28FC9s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib7590017976BF9701C3AF384AECD28FC9s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibCE168E17CAF1AD9D424D5BFE04D39D6Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibCE168E17CAF1AD9D424D5BFE04D39D6Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibCE168E17CAF1AD9D424D5BFE04D39D6Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib365DC64DE00A67401F535265AB4B18DBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib365DC64DE00A67401F535265AB4B18DBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib365DC64DE00A67401F535265AB4B18DBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibD74739D5F6E12663D31392ABD1CA5659s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibD74739D5F6E12663D31392ABD1CA5659s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibD74739D5F6E12663D31392ABD1CA5659s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib8AEB1F57BDC25EA37C0E5BDFAA3D1B9Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib8AEB1F57BDC25EA37C0E5BDFAA3D1B9Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibD15D7FDF6C73E2793ED43019D234EB55s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibD15D7FDF6C73E2793ED43019D234EB55s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibD15D7FDF6C73E2793ED43019D234EB55s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6ACD4FC4B2390D74CAC88D5E23A82C05s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6ACD4FC4B2390D74CAC88D5E23A82C05s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6ACD4FC4B2390D74CAC88D5E23A82C05s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib0D23D28CDF35D889B9F93963291EC96Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib0D23D28CDF35D889B9F93963291EC96Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib0D23D28CDF35D889B9F93963291EC96Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib8C686EDE6E8C5E0C9286354E79527C30s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib8C686EDE6E8C5E0C9286354E79527C30s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib8C686EDE6E8C5E0C9286354E79527C30s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib22B961076BF4B31F65FDDAC6F80A4F34s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib22B961076BF4B31F65FDDAC6F80A4F34s1
https://cds.cern.ch/record/570209
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib08B522B09E2ED3788030C58E0D887C56s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib08B522B09E2ED3788030C58E0D887C56s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibED4F28B622655B231AC05606375C8E4Bs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibED4F28B622655B231AC05606375C8E4Bs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib98712B5A0F97E44C6A6E62FF85560CE8s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib98712B5A0F97E44C6A6E62FF85560CE8s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibA4E03B3FAEA25336BA22A98356FA5656s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibA4E03B3FAEA25336BA22A98356FA5656s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibFA7A3BF6DB88E63A047B6A67A2FA140Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibFA7A3BF6DB88E63A047B6A67A2FA140Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibD56A1EAFA9743D321567C5140F22BB85s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibD56A1EAFA9743D321567C5140F22BB85s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibD56A1EAFA9743D321567C5140F22BB85s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib1704EEFE51339B8C29384BF98A5CB963s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib1704EEFE51339B8C29384BF98A5CB963s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib1704EEFE51339B8C29384BF98A5CB963s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib84CC3943687CE347D7CF1EB8DDC1B385s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib84CC3943687CE347D7CF1EB8DDC1B385s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib84CC3943687CE347D7CF1EB8DDC1B385s1


Physics Letters B 866 (2025) 139562

8

ALICE Collaboration 

[20] WA76, Athens-Bari-Birmingham-CERN-College de France Collaboration, T.A. Arm
strong, et al., Study of the 𝜂𝜋+𝜋− system centrally produced in the reaction p p �->

p(𝑓 ) (𝜂𝜋+𝜋−) p(𝑠) at 300 GeV/𝑐, Z. Phys. C 52 (1991) 389--396.
[21] E690 Collaboration, M. Sosa, et al., Spin parity analysis of the centrally produced 

K0
SK±𝜋∓ system at 800-GeV/c, Phys. Rev. Lett. 83 (1999) 913--916.

[22] L3 Collaboration, M. Acciarri, et al., Light resonances in K0
SK±𝜋∓ and 𝜂𝜋+𝜋− final 

states in 𝛾𝛾 collisions at LEP, Phys. Lett. B 501 (2001) 1--11, arXiv:hep-ex/0011035.
[23] L3 Collaboration, P. Achard, et al., f1(1285) formation in two photon collisions at 

LEP, Phys. Lett. B 526 (2002) 269--277, arXiv:hep-ex/0110073.
[24] DELPHI Collaboration, J. Abdallah, et al., Measurement of inclusive f1(1285) and 

f1(1420) production in Z decays with the DELPHI detector, Phys. Lett. B 569 (2003) 
129--139, arXiv:hep-ex/0309057.

[25] CLAS Collaboration, R. Dickson, et al., Photoproduction of the f1(1285) meson, Phys. 
Rev. C 93 (2016) 065202, arXiv:1604.07425 [nucl-ex].

[26] LHCb Collaboration, R. Aaij, et al., Observation of 𝐵̄(s) → J/𝜓 f1(1285) decays and 
measurement of the f1(1285) mixing angle, Phys. Rev. Lett. 112 (2014) 091802, 
arXiv:1310.2145 [hep-ex].

[27] F. Aceti, J.-J. Xie, E. Oset, The 𝐾𝐾̄𝜋 decay of the f1(1285) and its nature as a 𝐾∗𝐾̄ −
𝑐𝑐 molecule, Phys. Lett. B 750 (2015) 609--614, arXiv:1505.06134 [hep-ph].

[28] A.A. Osipov, A.A. Pivovarov, M.K. Volkov, The anomalous decay f1(1285)→ 𝜌𝛾 and 
related processes, Phys. Rev. D 96 (2017) 054012, arXiv:1705.05711 [hep-ph].

[29] Y. Kanada-En’yo, O. Morimatsu, T. Nishikawa, Axial vector tetraquark with S = +2, 
Phys. Rev. D 71 (2005) 094005, arXiv:hep-ph/0502042.

[30] F.E. Close, A. Kirk, Implications of the glueball q anti-q filter on the 1++ nonet, Z. 
Phys. C 76 (1997) 469--474, arXiv:hep-ph/9706543.

[31] P.G. Moreira, M.L.L. da Silva, Investigating the glue content of f1(1285), Nucl. Phys. 
A 992 (2019) 121641, arXiv:1712.04783 [hep-ph].

[32] ExHIC Collaboration, S. Cho, et al., Studying exotic hadrons in heavy ion collisions, 
Phys. Rev. C 84 (2011) 064910, arXiv:1107.1302 [nucl-th].

[33] V. Vovchenko, B. Dönigus, H. Stoecker, Canonical statistical model analysis of pp, 
p–Pb, and Pb–Pb collisions at energies available at the CERN Large Hadron Collider, 
Phys. Rev. C 100 (2019) 054906, arXiv:1906.03145 [hep-ph].

[34] ALICE Collaboration, S. Acharya, et al., f0(980) production in inelastic pp collisions 
at √𝑠= 5.02 TeV, Phys. Lett. B 846 (2023) 137644, arXiv:2206.06216 [nucl-ex].

[35] STAR Collaboration, K.H. Ackermann, et al., Elliptic flow in Au+Au collisions at √
𝑠NN = 130 GeV, Phys. Rev. Lett. 86 (2001) 402--407, arXiv:nucl-ex/0009011.

[36] STAR Collaboration, J. Adams, et al., Experimental and theoretical challenges in 
the search for the quark gluon plasma: the STAR Collaboration’s critical assessment 
of the evidence from RHIC collisions, Nucl. Phys. A 757 (2005) 102--183, arXiv:
nucl-ex/0501009.

[37] STAR Collaboration, J. Adams, et al., Evidence from d+Au measurements for final 
state suppression of high 𝑝T hadrons in Au+Au collisions at RHIC, Phys. Rev. Lett. 
91 (2003) 072304, arXiv:nucl-ex/0306024.

[38] STAR Collaboration, C. Adler, et al., Disappearance of back-to-back high 𝑝T hadron 
correlations in central Au+Au collisions at √𝑠NN = 200 GeV, Phys. Rev. Lett. 90 
(2003) 082302, arXiv:nucl-ex/0210033.

[39] STAR Collaboration, J. Adams, et al., Particle type dependence of azimuthal 
anisotropy and nuclear modification of particle production in Au+Au collisions at √
𝑠NN = 200 GeV, Phys. Rev. Lett. 92 (2004) 052302, arXiv:nucl-ex/0306007.

[40] PHENIX Collaboration, K. Adcox, et al., Suppression of hadrons with large transverse 
momentum in central Au+Au collisions at √𝑠NN = 130 GeV, Phys. Rev. Lett. 88 
(2002) 022301, arXiv:nucl-ex/0109003.

[41] PHENIX Collaboration, K. Adcox, et al., Formation of dense partonic matter in rela
tivistic nucleus-nucleus collisions at RHIC: experimental evaluation by the PHENIX 
collaboration, Nucl. Phys. A 757 (2005) 184--283, arXiv:nucl-ex/0410003.

[42] BRAHMS Collaboration, I. Arsene, et al., Quark gluon plasma and color glass con
densate at RHIC? The perspective from the BRAHMS experiment, Nucl. Phys. A 757 
(2005) 1--27, arXiv:nucl-ex/0410020.

[43] PHOBOS Collaboration, B.B. Back, et al., The PHOBOS perspective on discoveries at 
RHIC, Nucl. Phys. A 757 (2005) 28--101, arXiv:nucl-ex/0410022.

[44] ALICE Collaboration, S. Acharya, et al., The ALICE experiment: a journey through 
QCD, Eur. Phys. J. C 84 (2024) 813, arXiv:2211.04384 [nucl-ex].

[45] ALICE Collaboration, K. Aamodt, et al., Elliptic flow of charged particles in Pb--
Pb collisions at 2.76 TeV, Phys. Rev. Lett. 105 (2010) 252302, arXiv:1011.3914 
[nucl-ex].

[46] ALICE Collaboration, K. Aamodt, et al., Suppression of charged particle production 
at large transverse momentum in central Pb–Pb collisions at √𝑠NN= 2.76 TeV, Phys. 
Lett. B 696 (2011) 30--39, arXiv:1012.1004 [nucl-ex].

[47] ALICE Collaboration, K. Aamodt, et al., Higher harmonic anisotropic flow measure
ments of charged particles in Pb–Pb collisions at √𝑠NN = 2.76 TeV, Phys. Rev. Lett. 
107 (2011) 032301, arXiv:1105.3865 [nucl-ex].

[48] U.W. Heinz, The strongly coupled quark-gluon plasma created at RHIC, J. Phys. A 
42 (2009) 214003, arXiv:0810.5529 [nucl-th].

[49] T. Niida, Y. Miake, Signatures of QGP at RHIC and the LHC, AAPPS Bull. 31 (2021) 
12, arXiv:2104.11406 [nucl-ex].

[50] J.E. Bernhard, J.S. Moreland, S.A. Bass, Bayesian estimation of the specific shear and 
bulk viscosity of quark–gluon plasma, Nat. Phys. 15 (2019) 1113--1117.

[51] HotQCD Collaboration, A. Bazavov, et al., Chiral crossover in QCD at zero and non
zero chemical potentials, Phys. Lett. B 795 (2019) 15--21, arXiv:1812.08235 [hep-
lat].

[52] ALICE Collaboration, S. Acharya, et al., K*(892)± resonance production in Pb–Pb 
collisions at √𝑠NN = 5.02 TeV, Phys. Rev. C 109 (2024) 044902, arXiv:2308.16119 
[nucl-ex].

[53] ALICE Collaboration, K. Aamodt, et al., Two-pion Bose-Einstein correlations in cen
tral Pb–Pb collisions at √𝑠NN = 2.76 TeV, Phys. Lett. B 696 (2011) 328--337, 
arXiv:1012.4035 [nucl-ex].

[54] ALICE Collaboration, S. Acharya, et al., Production of K∗(892)0 and 𝜙(1020) in pp 
and Pb–Pb collisions at √𝑠NN = 5.02 TeV, Phys. Rev. C 106 (2022) 034907, arXiv:
2106.13113 [nucl-ex].

[55] ALICE Collaboration, B. Abelev, et al., K∗(892)0 and 𝜙(1020) production in Pb–Pb 
collisions at √𝑠NN = 2.76 TeV, Phys. Rev. C 91 (2015) 024609, arXiv:1404.0495 
[nucl-ex].

[56] NA49 Collaboration, C. Alt, et al., Energy dependence of 𝜙 meson production in 
central Pb+Pb collisions at √𝑠NN = 6 to 17 GeV, Phys. Rev. C 78 (2008) 044907, 
arXiv:0806.1937 [nucl-ex].

[57] NA49 Collaboration, S.V. Afanasiev, et al., Production of 𝜙 mesons in p+p, p+Pb 
and central Pb+Pb collisions at E(beam) = 158 A GeV, Phys. Lett. B 491 (2000) 
59--66.

[58] NA49 Collaboration, T. Anticic, et al., K∗(892)0 and K̄∗(892)0 production in central 
Pb+Pb, Si+Si, C+C and inelastic p+p collisions at 158 A GeV, Phys. Rev. C 84 (2011) 
064909, arXiv:1105.3109 [nucl-ex].

[59] PHENIX Collaboration, A. Adare, et al., Measurement of K0
S and K∗0 in p+p, d+Au, 

and Cu+Cu collisions at √𝑠NN = 200 GeV, Phys. Rev. C 90 (2014) 054905, arXiv:
1405.3628 [nucl-ex].

[60] PHENIX Collaboration, N.J. Abdulameer, et al., Measurement of 𝜙-meson production 
in Cu+Au collisions at √𝑠NN = 200 GeV and U+U collisions at √𝑠NN = 193 GeV, 
Phys. Rev. C 107 (2023) 014907, arXiv:2207.10745 [nucl-ex].

[61] PHENIX Collaboration, U. Acharya, et al., Study of 𝜙 meson production in p+Al, 
p+Au, d+Au, and 3He+Au collisions at √𝑠NN = 200 GeV, Phys. Rev. C 106 (2022) 
014908, arXiv:2203.06087 [nucl-ex].

[62] PHENIX Collaboration, S.S. Adler, et al., Production of 𝜙 mesons at mid-rapidity 
in √𝑠NN = 200 GeV Au+Au collisions at RHIC, Phys. Rev. C 72 (2005) 014903, 
arXiv:nucl-ex/0410012.

[63] STAR Collaboration, B.I. Abelev, et al., Energy and system size dependence of 𝜙 me
son production in Cu+Cu and Au+Au collisions, Phys. Lett. B 673 (2009) 183--191, 
arXiv:0810.4979 [nucl-ex].

[64] STAR Collaboration, B.I. Abelev, et al., Measurements of 𝜙 meson production in 
relativistic heavy-ion collisions at RHIC, Phys. Rev. C 79 (2009) 064903, arXiv:0809.
4737 [nucl-ex].

[65] STAR Collaboration, C. Adler, et al., K∗(892)0 production in relativistic heavy ion 
collisions at √𝑠NN = 130 GeV, Phys. Rev. C 66 (2002) 061901, arXiv:nucl-ex/
0205015.

[66] STAR Collaboration, J. Adams, et al., K∗(892) resonance production in Au+Au and 
p+p collisions at √𝑠NN = 200 GeV at STAR, Phys. Rev. C 71 (2005) 064902, arXiv:
nucl-ex/0412019.

[67] STAR Collaboration, M.M. Aggarwal, et al., K∗0 production in Cu+Cu and Au+Au 
collisions at √𝑠NN = 62.4 GeV and 200 GeV, Phys. Rev. C 84 (2011) 034909, arXiv:
1006.1961 [nucl-ex].

[68] P. Gubler, T. Kunihiro, S.H. Lee, A novel probe of chiral restoration in nuclear 
medium, Phys. Lett. B 767 (2017) 336--340, arXiv:1608.05141 [nucl-th].

[69] R. Rapp, J. Wambach, Chiral symmetry restoration and dileptons in relativistic heavy 
ion collisions, Adv. Nucl. Phys. 25 (2000) 1, arXiv:hep-ph/9909229.

[70] H. Sung, S. Cho, C.M. Ko, S.H. Lee, S. Lim, K1/K∗ enhancement in heavy-ion col
lisions and the restoration of chiral symmetry, Phys. Rev. C 109 (2024) 044911, 
arXiv:2310.11434 [nucl-th].

[71] ALICE Collaboration, K. Aamodt, et al., The ALICE experiment at the CERN LHC, J. 
Instrum. 3 (2008) S08002.

[72] ALICE Collaboration, B. Abelev, et al., Performance of the ALICE experiment at the 
CERN LHC, Int. J. Mod. Phys. A 29 (2014) 1430044, arXiv:1402.4476 [nucl-ex].

[73] ALICE Collaboration, K. Aamodt, et al., Alignment of the ALICE inner tracking system 
with cosmic-ray tracks, J. Instrum. 5 (2010) P03003, arXiv:1001.0502 [physics.ins-
det].

[74] J. Alme, et al., The ALICE TPC, a large 3-dimensional tracking device with fast read
out for ultra-high multiplicity events, Nucl. Instrum. Methods A 622 (2010) 316--367, 
arXiv:1001.1950 [physics.ins-det].

[75] ALICE Collaboration, G. Dellacasa, et al., ALICE technical design report of the time
offlight system (TOF), CERN-LHCC-2000-012 165.

[76] ALICE Collaboration, P. Cortese, et al., ALICE: Addendum to the technical design 
report of the time of flight system (TOF), CERN-LHCC-2002-016 144.

[77] ALICE Collaboration, E. Abbas, et al., Performance of the ALICE VZERO system, J. 
Instrum. 8 (2013) P10016, arXiv:1306.3130 [nucl-ex].

[78] ALICE Collaboration, S. Acharya, et al., Multiplicity dependence of (multi-)strange 
hadron production in proton-proton collisions at √𝑠 = 13 TeV, Eur. Phys. J. C 80 
(2020) 167, arXiv:1908.01861 [nucl-ex].

[79] ALICE Collaboration, S. Acharya, et al., ALICE 2016-2017-2018 luminosity determi
nation for pp collisions at 

√
s = 13 TeV, ALICE-PUBLIC-2021-005, 2021, 24.

[80] ALICE Collaboration, B. Abelev, et al., Technical design report for the upgrade of the 
ALICE inner tracking system, J. Phys. G 41 (2014) 087002.

[81] ALICE Collaboration, S. Acharya, et al., Multiplicity dependence of K∗(892)0 and 
𝜙(1020) production in pp collisions at √𝑠 =13 TeV, Phys. Lett. B 807 (2020) 
135501, arXiv:1910.14397 [nucl-ex].

http://refhub.elsevier.com/S0370-2693(25)00323-5/bib15BDC4F3FE748CF429707C1C4BDF1BFAs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib15BDC4F3FE748CF429707C1C4BDF1BFAs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib15BDC4F3FE748CF429707C1C4BDF1BFAs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibDA0DC5303885C6BE2D1D74241C6283BBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibDA0DC5303885C6BE2D1D74241C6283BBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibAF04F2C209092239241D15470498761Es1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibAF04F2C209092239241D15470498761Es1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib257CD3DFF2F95304C0D1A38C63A04B71s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib257CD3DFF2F95304C0D1A38C63A04B71s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibED6EEB38FBC3C7ADDF0ABAC60537871Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibED6EEB38FBC3C7ADDF0ABAC60537871Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibED6EEB38FBC3C7ADDF0ABAC60537871Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib0A5F9D672DC7F1273BCC7F8192957D11s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib0A5F9D672DC7F1273BCC7F8192957D11s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibA358BB13AB75528E6A20C817E7E006A9s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibA358BB13AB75528E6A20C817E7E006A9s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibA358BB13AB75528E6A20C817E7E006A9s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib67F014144193CBC1873E2FEB6C0F2D9Cs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib67F014144193CBC1873E2FEB6C0F2D9Cs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib1BA693BD4E2DD96C7D17F27691785DF2s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib1BA693BD4E2DD96C7D17F27691785DF2s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibD193CC2F3CA11FC1D2421CB49688B346s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibD193CC2F3CA11FC1D2421CB49688B346s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib86C40949C63402F17D960ADA17F235E1s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib86C40949C63402F17D960ADA17F235E1s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibFA2EE57162BDB1FD9875047718042D3Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibFA2EE57162BDB1FD9875047718042D3Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib5087E579F726C882CFB17159796AFC92s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib5087E579F726C882CFB17159796AFC92s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib5AA9B0269FE20000ACD1974B9A8175A4s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib5AA9B0269FE20000ACD1974B9A8175A4s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib5AA9B0269FE20000ACD1974B9A8175A4s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib80C997E244C9FFD3DC463552D50262B0s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib80C997E244C9FFD3DC463552D50262B0s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib60F5456CCE68870E380A9465131F1648s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib60F5456CCE68870E380A9465131F1648s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib17C4D32D47BE060AB697FF001FB3878Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib17C4D32D47BE060AB697FF001FB3878Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib17C4D32D47BE060AB697FF001FB3878Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib17C4D32D47BE060AB697FF001FB3878Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib8707BBDBE7FD22787FBFFF327205D683s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib8707BBDBE7FD22787FBFFF327205D683s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib8707BBDBE7FD22787FBFFF327205D683s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibC38C7867AE801ACECBA08C6543B8C4EBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibC38C7867AE801ACECBA08C6543B8C4EBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibC38C7867AE801ACECBA08C6543B8C4EBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib4B50BE57174658BFC6BBDD7BE6C5DE45s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib4B50BE57174658BFC6BBDD7BE6C5DE45s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib4B50BE57174658BFC6BBDD7BE6C5DE45s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6686A73CC7DC4323FFECACAE9EE196B0s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6686A73CC7DC4323FFECACAE9EE196B0s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6686A73CC7DC4323FFECACAE9EE196B0s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6BF29EFB56A1DFF8E5A6B2848A5CA0BFs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6BF29EFB56A1DFF8E5A6B2848A5CA0BFs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6BF29EFB56A1DFF8E5A6B2848A5CA0BFs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib570057C72DF824F4E08C7D803EE92BE4s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib570057C72DF824F4E08C7D803EE92BE4s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib570057C72DF824F4E08C7D803EE92BE4s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib0035D0531762692DD24AC12AB86A1D26s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib0035D0531762692DD24AC12AB86A1D26s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib2F1414D43CEA12EA1953A1B96A32A446s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib2F1414D43CEA12EA1953A1B96A32A446s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib4972A39049179B33EA5E2B6C37B2BA7As1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib4972A39049179B33EA5E2B6C37B2BA7As1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib4972A39049179B33EA5E2B6C37B2BA7As1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibC1B6059B13FF1968C4CE0ED9A01AFEA4s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibC1B6059B13FF1968C4CE0ED9A01AFEA4s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibC1B6059B13FF1968C4CE0ED9A01AFEA4s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibECFD465E641E1172B15A61BA846B01C7s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibECFD465E641E1172B15A61BA846B01C7s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibECFD465E641E1172B15A61BA846B01C7s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib14155161CBE0FF3C1F9DD9BF5474F13Es1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib14155161CBE0FF3C1F9DD9BF5474F13Es1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib829C24BC0B67570FE067387A267695A8s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib829C24BC0B67570FE067387A267695A8s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibECF9FE3103CE1FBEC066287140E1D44Es1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibECF9FE3103CE1FBEC066287140E1D44Es1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib169EB9529176ECDACA1C426E2EC69130s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib169EB9529176ECDACA1C426E2EC69130s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib169EB9529176ECDACA1C426E2EC69130s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6DC39484F1369A9CF17FD2F371B6778Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6DC39484F1369A9CF17FD2F371B6778Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6DC39484F1369A9CF17FD2F371B6778Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib55EDE73544198CDB32F0A2582500FB2As1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib55EDE73544198CDB32F0A2582500FB2As1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib55EDE73544198CDB32F0A2582500FB2As1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibA03ECC8517C287D51A7710128FB8E4C1s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibA03ECC8517C287D51A7710128FB8E4C1s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibA03ECC8517C287D51A7710128FB8E4C1s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibF7E15C55D4FFE287394D63CE84393A27s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibF7E15C55D4FFE287394D63CE84393A27s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibF7E15C55D4FFE287394D63CE84393A27s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib9F2B9F6009A90AF0949FC727316AB08Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib9F2B9F6009A90AF0949FC727316AB08Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib9F2B9F6009A90AF0949FC727316AB08Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib982571DF43C9876E9AE7DA867A9CC509s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib982571DF43C9876E9AE7DA867A9CC509s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib982571DF43C9876E9AE7DA867A9CC509s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib35C3F91AD7315506CC0B1B8F294BB4B9s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib35C3F91AD7315506CC0B1B8F294BB4B9s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib35C3F91AD7315506CC0B1B8F294BB4B9s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib63C8F4D9B705B2DC23C7A827F7C6F926s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib63C8F4D9B705B2DC23C7A827F7C6F926s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib63C8F4D9B705B2DC23C7A827F7C6F926s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib678D1AE6B0960A25619906F41E867F47s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib678D1AE6B0960A25619906F41E867F47s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib678D1AE6B0960A25619906F41E867F47s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib108E59E94995CDDD14165A466C83AB4Es1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib108E59E94995CDDD14165A466C83AB4Es1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib108E59E94995CDDD14165A466C83AB4Es1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6D36F8CFB7784BB23067278CFEDC0030s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6D36F8CFB7784BB23067278CFEDC0030s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6D36F8CFB7784BB23067278CFEDC0030s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib7B6AF7CC87674AC3F31B671239F02F01s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib7B6AF7CC87674AC3F31B671239F02F01s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib7B6AF7CC87674AC3F31B671239F02F01s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib8C6653E31EABB77775CC6E108604B89Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib8C6653E31EABB77775CC6E108604B89Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib8C6653E31EABB77775CC6E108604B89Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib17843E615BA9A3B4ED2EF0660CFC8CCBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib17843E615BA9A3B4ED2EF0660CFC8CCBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib17843E615BA9A3B4ED2EF0660CFC8CCBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib45DF46ABB5D1800DC26A165AC43044E9s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib45DF46ABB5D1800DC26A165AC43044E9s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib45DF46ABB5D1800DC26A165AC43044E9s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibB4776AEA8B756DCBA1864C9CC0582BBBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibB4776AEA8B756DCBA1864C9CC0582BBBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibB4776AEA8B756DCBA1864C9CC0582BBBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib2462C68FA422F2E458B0F968C95DD1C3s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib2462C68FA422F2E458B0F968C95DD1C3s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibAE9FDC6A114BDD8E26A12C8D493E891Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibAE9FDC6A114BDD8E26A12C8D493E891Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib787D128104B078B397C2706455B96C9Bs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib787D128104B078B397C2706455B96C9Bs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib787D128104B078B397C2706455B96C9Bs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib010897502DA166075415163536084493s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib010897502DA166075415163536084493s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib7AA8DFA2B732D940E1729D1035DA16C3s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib7AA8DFA2B732D940E1729D1035DA16C3s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib38C417C95AEC143FD875E29A7975C224s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib38C417C95AEC143FD875E29A7975C224s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib38C417C95AEC143FD875E29A7975C224s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib863E6A7A1BDBC24A8D03953F3851B9E6s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib863E6A7A1BDBC24A8D03953F3851B9E6s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib863E6A7A1BDBC24A8D03953F3851B9E6s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibDB53B877DCFB467D8C5FE60D7515A55Cs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibDB53B877DCFB467D8C5FE60D7515A55Cs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib910EEA051D2D05D37820E6EE42AE0362s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib910EEA051D2D05D37820E6EE42AE0362s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib910EEA051D2D05D37820E6EE42AE0362s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib3D17755FE31525138507CBA365C93109s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib3D17755FE31525138507CBA365C93109s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6A781047D75542F89258CEF22440171Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6A781047D75542F89258CEF22440171Ds1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6A781047D75542F89258CEF22440171Ds1


Physics Letters B 866 (2025) 139562

9

ALICE Collaboration 

[82] ALICE Collaboration, S. Acharya, et al., Production of lightflavor hadrons in pp 
collisions at √𝑠 = 7 and √𝑠 = 13 TeV, Eur. Phys. J. C 81 (2021) 256, arXiv:2005.
11120 [nucl-ex].

[83] ALICE Collaboration, S. Acharya, et al., Measurement of K∗(892)± production in 
inelastic pp collisions at the LHC, Phys. Lett. B 828 (2022) 137013, arXiv:2105.
05760 [nucl-ex].

[84] ALICE Collaboration, B.B. Abelev, et al., Multiplicity dependence of 𝜋, K, p and Λ
production in p–Pb Collisions at √𝑠NN = 5.02 TeV, Phys. Lett. B 728 (2014) 25--38, 
arXiv:1307.6796 [nucl-ex].

[85] V.R. Debastiani, F. Aceti, W.-H. Liang, E. Oset, Revising the 𝑓1(1420) resonance, 
Phys. Rev. D 95 (2017) 034015, arXiv:1611.05383 [hep-ph].

[86] ALICE Collaboration, S. Acharya, et al., Evidence of rescattering effect in Pb–Pb 
collisions at the LHC through production of K∗(892)0 and 𝜙(1020) mesons, Phys. 
Lett. B 802 (2020) 135225, arXiv:1910.14419 [nucl-ex].

[87] P. Skands, S. Carrazza, J. Rojo, Tuning PYTHIA 8.1: the monash 2013 tune, Eur. 
Phys. J. C 74 (2014) 3024, arXiv:1404.5630 [hep-ph].

[88] R. Brun, et al., GEANT Detector Description and Simulation Tool, CERN, Geneva, 
1993, https://cds.cern.ch/record/1082634, Long Writeup W5013.

[89] C. Tsallis, Possible generalization of Boltzmann-Gibbs statistics, J. Stat. Phys. 52 
(1988) 479--487.

[90] E. Schnedermann, J. Sollfrank, U.W. Heinz, Thermal phenomenology of hadrons 
from 200-A/GeV S+S collisions, Phys. Rev. C 48 (1993) 2462--2475, arXiv:nucl-th/
9307020.

[91] ALICE Collaboration, S. Acharya, et al., Multiplicity-dependent production of 
Σ(1385)± and Ξ(1530)0 in pp collisions at √𝑠 = 13 TeV, J. High Energy Phys. 
05 (2024) 317, arXiv:2308.16116 [nucl-ex].

[92] ALICE Collaboration, S. Acharya, et al., Measurements of chemical potentials in Pb
Pb collisions at √𝑠NN = 5.02 TeV, arXiv:2311.13332 [nucl-ex].

ALICE Collaboration

S. Acharya 127, , A. Agarwal 135, G. Aglieri Rinella 32, , L. Aglietta 24, , M. Agnello 29, , N. Agrawal 25, , 

Z. Ahammed 135, , S. Ahmad 15, , S.U. Ahn 71, , I. Ahuja 37, , A. Akindinov 141, , V. Akishina 38, 

M. Al-Turany 97, , D. Aleksandrov 141, , B. Alessandro 56, , H.M. Alfanda 6, , R. Alfaro Molina 67, , 

B. Ali 15, , A. Alici 25, , N. Alizadehvandchali 116, , A. Alkin 104, , J. Alme 20, , G. Alocco 24,52, , T. Alt 64, , 

A.R. Altamura 50, , I. Altsybeev 95, , J.R. Alvarado 44, , C.O.R. Alvarez 44, , M.N. Anaam 6, , C. Andrei 45, , 

N. Andreou 115, , A. Andronic 126, , E. Andronov 141, , V. Anguelov 94, , F. Antinori 54, , P. Antonioli 51, , 

N. Apadula 74, , L. Aphecetche 103, , H. Appelshäuser 64, , C. Arata 73, , S. Arcelli 25, , R. Arnaldi 56, , 

J.G.M.C.A. Arneiro 110, , I.C. Arsene 19, , M. Arslandok 138, , A. Augustinus 32, , R. Averbeck 97, , 

D. Averyanov 141, , M.D. Azmi 15, , H. Baba 124, A. Badalà 53, , J. Bae 104, , Y.W. Baek 40, , X. Bai 120, , 

R. Bailhache 64, , Y. Bailung 48, , R. Bala 91, , A. Balbino 29, , A. Baldisseri 130, , B. Balis 2, , Z. Banoo 91, , 

V. Barbasova 37, F. Barile 31, , L. Barioglio 56, , M. Barlou 78, B. Barman 41, G.G. Barnaföldi 46, , 

L.S. Barnby 115, , E. Barreau 103, , V. Barret 127, , L. Barreto 110, , C. Bartels 119, , K. Barth 32, , 

E. Bartsch 64, , N. Bastid 127, , S. Basu 75, , G. Batigne 103, , D. Battistini 95, , B. Batyunya 142, , D. Bauri 47, 

J.L. Bazo Alba 101, , I.G. Bearden 83, , C. Beattie 138, , P. Becht 97, , D. Behera 48, , I. Belikov 129, , 

A.D.C. Bell Hechavarria 126, , F. Bellini 25, , R. Bellwied 116, , S. Belokurova 141, , L.G.E. Beltran 109, , 

Y.A.V. Beltran 44, , G. Bencedi 46, , A. Bensaoula 116, S. Beole 24, , Y. Berdnikov 141, , A. Berdnikova 94, , 

L. Bergmann 94, , M.G. Besoiu 63, , L. Betev 32, , P.P. Bhaduri 135, , A. Bhasin 91, , B. Bhattacharjee 41, , 

L. Bianchi 24, , J. Bielčík 35, , J. Bielčíková 86, , A.P. Bigot 129, , A. Bilandzic 95, , G. Biro 46, , S. Biswas 4, , 

N. Bize 103, , J.T. Blair 108, , D. Blau 141, , M.B. Blidaru 97, , N. Bluhme 38, C. Blume 64, , G. Boca 21,55, , 

F. Bock 87, , T. Bodova 20, , J. Bok 16, , L. Boldizsár 46, , M. Bombara 37, , P.M. Bond 32, , G. Bonomi 134,55, , 

H. Borel 130, , A. Borissov 141, , A.G. Borquez Carcamo 94, , E. Botta 24, , Y.E.M. Bouziani 64, , 

L. Bratrud 64, , P. Braun-Munzinger 97, , M. Bregant 110, , M. Broz 35, , G.E. Bruno 96,31, , 

V.D. Buchakchiev 36, , M.D. Buckland 85, , D. Budnikov 141, , H. Buesching 64, , S. Bufalino 29, , 

P. Buhler 102, , N. Burmasov 141, , Z. Buthelezi 68,123, , A. Bylinkin 20, , S.A. Bysiak 107, J.C. Cabanillas 

Noris 109, , M.F.T. Cabrera 116, M. Cai 6, , H. Caines 138, , A. Caliva 28, , E. Calvo Villar 101, , 

J.M.M. Camacho 109, , P. Camerini 23, , F.D.M. Canedo 110, , S.L. Cantway 138, , M. Carabas 113, , 

A.A. Carballo 32, , F. Carnesecchi 32, , R. Caron 128, , L.A.D. Carvalho 110, , J. Castillo Castellanos 130, , 

M. Castoldi 32, , F. Catalano 32, , S. Cattaruzzi 23, , C. Ceballos Sanchez 7, , R. Cerri 24, , I. Chakaberia 74, , 

P. Chakraborty 136, , S. Chandra 135, , S. Chapeland 32, , M. Chartier 119, , S. Chattopadhay 135, 

S. Chattopadhyay 135, , S. Chattopadhyay 99, , M. Chen 39, T. Cheng 6, , C. Cheshkov 128, , V. Chibante 

Barroso 32, , D.D. Chinellato 102, , E.S. Chizzali 95, ,II, J. Cho 58, , S. Cho 58, , P. Chochula 32, , 

Z.A. Chochulska 136, D. Choudhury 41, P. Christakoglou 84, , C.H. Christensen 83, , P. Christiansen 75, , 

T. Chujo 125, , M. Ciacco 29, , C. Cicalo 52, , M.R. Ciupek 97, G. Clai 51,III, F. Colamaria 50, , J.S. Colburn 100, 

http://refhub.elsevier.com/S0370-2693(25)00323-5/bibC5AE6C3FA7F9208E0A4FAF3762ED6A4As1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibC5AE6C3FA7F9208E0A4FAF3762ED6A4As1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibC5AE6C3FA7F9208E0A4FAF3762ED6A4As1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibA6FAB61438E8698D36D65F6CAF8E6CCBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibA6FAB61438E8698D36D65F6CAF8E6CCBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibA6FAB61438E8698D36D65F6CAF8E6CCBs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib025152093A2B7C68795095B7DA92F261s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib025152093A2B7C68795095B7DA92F261s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib025152093A2B7C68795095B7DA92F261s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6400A9C1D030C70A5786DEE3CEFC6B5Bs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6400A9C1D030C70A5786DEE3CEFC6B5Bs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib003D3B91BE5EF54BB46068335F556FE0s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib003D3B91BE5EF54BB46068335F556FE0s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib003D3B91BE5EF54BB46068335F556FE0s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib303AFAB922CD5DFF46850B87BD569A7Fs1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib303AFAB922CD5DFF46850B87BD569A7Fs1
https://cds.cern.ch/record/1082634
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib3E7DE7D8076E6474B1A0E177ACF00124s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib3E7DE7D8076E6474B1A0E177ACF00124s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibBB7BAD8CBE7D1187FA879D2F44AA7807s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibBB7BAD8CBE7D1187FA879D2F44AA7807s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bibBB7BAD8CBE7D1187FA879D2F44AA7807s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib26E3D41889697A4B1A44390601FA379As1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib26E3D41889697A4B1A44390601FA379As1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib26E3D41889697A4B1A44390601FA379As1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6E3A2A485C7FB34C677BB5D55C5F2ED1s1
http://refhub.elsevier.com/S0370-2693(25)00323-5/bib6E3A2A485C7FB34C677BB5D55C5F2ED1s1
http://orcid.org/0000-0002-9213-5329
http://orcid.org/0000-0002-9611-3696
http://orcid.org/0009-0003-0763-6802
http://orcid.org/0000-0002-0760-5075
http://orcid.org/0000-0003-0348-9836
http://orcid.org/0000-0001-5241-7412
http://orcid.org/0000-0003-0497-5705
http://orcid.org/0000-0001-8847-489X
http://orcid.org/0000-0002-4417-1392
http://orcid.org/0000-0002-7388-3022
http://orcid.org/0000-0002-8071-4497
http://orcid.org/0000-0002-9719-7035
http://orcid.org/0000-0001-9680-4940
http://orcid.org/0000-0002-5659-2119
http://orcid.org/0000-0002-4713-7069
http://orcid.org/0000-0002-0877-7979
http://orcid.org/0000-0003-3618-4617
http://orcid.org/0009-0000-7365-1064
http://orcid.org/0000-0002-2205-5761
http://orcid.org/0000-0003-0177-0536
http://orcid.org/0000-0001-8910-9173
http://orcid.org/0009-0005-4862-5370
http://orcid.org/0000-0001-8048-5500
http://orcid.org/0000-0002-8079-7026
http://orcid.org/0000-0002-5038-1337
http://orcid.org/0009-0003-7198-0077
http://orcid.org/0000-0002-6180-4243
http://orcid.org/0000-0001-8535-0680
http://orcid.org/0009-0009-7457-6866
http://orcid.org/0000-0002-2372-6117
http://orcid.org/0000-0003-0437-9292
http://orcid.org/0009-0006-0236-2680
http://orcid.org/0000-0002-7366-8891
http://orcid.org/0000-0001-7516-3726
http://orcid.org/0000-0002-5478-6120
http://orcid.org/0000-0001-7662-3878
http://orcid.org/0000-0003-0614-7671
http://orcid.org/0009-0002-1990-7289
http://orcid.org/0000-0001-6367-9215
http://orcid.org/0000-0001-6698-9577
http://orcid.org/0000-0002-5194-2079
http://orcid.org/0000-0003-2316-9565
http://orcid.org/0000-0002-3888-8303
http://orcid.org/0009-0008-5460-6805
http://orcid.org/0000-0003-4277-4963
http://orcid.org/0000-0002-0027-4648
http://orcid.org/0000-0002-2501-6856
http://orcid.org/0000-0002-0569-4828
http://orcid.org/0009-0008-4806-8019
http://orcid.org/0000-0002-4343-4883
http://orcid.org/0009-0009-9085-079X
http://orcid.org/0000-0001-7987-4592
http://orcid.org/0000-0003-1172-0225
http://orcid.org/0000-0002-4116-2861
http://orcid.org/0000-0002-0359-1403
http://orcid.org/0000-0002-6186-289X
http://orcid.org/0000-0002-3082-4209
http://orcid.org/0000-0002-7178-3001
http://orcid.org/0000-0003-2088-1290
http://orcid.org/0000-0002-7328-9154
http://orcid.org/0000-0001-9223-6480
http://orcid.org/0000-0001-7357-9904
http://orcid.org/0009-0003-1533-0782
http://orcid.org/0000-0003-0611-9283
http://orcid.org/0000-0002-6454-0052
http://orcid.org/0009-0002-3371-4483
http://orcid.org/0000-0001-7633-1189
http://orcid.org/0009-0006-7928-4203
http://orcid.org/0000-0002-6905-8345
http://orcid.org/0000-0003-0687-8124
http://orcid.org/0000-0001-8638-6300
http://orcid.org/0009-0000-0199-3372
http://orcid.org/0009-0009-2974-6985
http://orcid.org/0000-0001-9148-9101
http://orcid.org/0000-0003-2784-3094
http://orcid.org/0000-0001-7431-4051
http://orcid.org/0000-0002-7908-3288
http://orcid.org/0000-0002-2599-7957
http://orcid.org/0009-0005-5922-8936
http://orcid.org/0000-0002-0442-6549
http://orcid.org/0000-0003-3498-4661
http://orcid.org/0000-0002-3156-0188
http://orcid.org/0000-0002-4862-3384
http://orcid.org/0000-0002-9413-6069
http://orcid.org/0009-0002-8212-4789
http://orcid.org/0000-0002-9040-5292
http://orcid.org/0000-0003-4673-8038
http://orcid.org/0000-0003-0309-5917
http://orcid.org/0000-0003-3705-7898
http://orcid.org/0009-0004-5511-2496
http://orcid.org/0000-0001-5253-2517
http://orcid.org/0000-0002-1373-1844
http://orcid.org/0000-0001-7883-3190
http://orcid.org/0000-0002-3687-8179
http://orcid.org/0000-0002-3755-0992
http://orcid.org/0000-0003-1664-8189
http://orcid.org/0000-0003-4940-2441
http://orcid.org/0000-0003-1659-0394
http://orcid.org/0009-0001-0415-8257
http://orcid.org/0000-0003-0002-4654
http://orcid.org/0000-0003-2849-0120
http://orcid.org/0000-0003-3578-5373
http://orcid.org/0009-0008-5850-0274
http://orcid.org/0000-0002-4681-3002
http://orcid.org/0000-0002-4266-8338
http://orcid.org/0000-0002-8085-8597
http://orcid.org/0000-0002-6800-3465
http://orcid.org/0000-0002-2829-5950
http://orcid.org/0000-0003-4185-2093
http://orcid.org/0009-0001-4479-0417
http://orcid.org/0000-0001-6283-2927
http://orcid.org/0009-0009-8669-3875
http://orcid.org/0000-0001-7333-224X
http://orcid.org/0009-0004-0514-1723
http://orcid.org/0000-0003-1618-9648
http://orcid.org/0000-0001-8879-6290
http://orcid.org/0000-0003-2881-9635
http://orcid.org/0009-0009-3727-3102
http://orcid.org/0000-0002-5054-1521
http://orcid.org/0000-0003-3468-3164
http://orcid.org/0000-0002-3069-5822
http://orcid.org/0000-0003-2527-0720
http://orcid.org/0000-0001-9610-5218
http://orcid.org/0000-0002-3075-1556
http://orcid.org/0000-0001-6247-9633
http://orcid.org/0000-0001-7504-2561
http://orcid.org/0009-0008-2547-0419
http://orcid.org/0009-0009-7215-3122
http://orcid.org/0009-0009-4284-8943
http://orcid.org/0000-0002-0413-9478
http://orcid.org/0000-0003-2049-1380
http://orcid.org/0000-0002-9962-1880
http://orcid.org/0000-0002-8880-1608
http://orcid.org/0000-0001-6286-120X
http://orcid.org/0000-0002-2253-165X
http://orcid.org/0009-0001-3424-1553
http://orcid.org/0000-0002-1595-411X
http://orcid.org/0000-0002-2543-0336
http://orcid.org/0000-0002-5269-9779
http://orcid.org/0000-0001-5945-3424
http://orcid.org/0000-0002-9261-9497
http://orcid.org/0000-0003-0604-2044
http://orcid.org/0000-0001-5405-3480
http://orcid.org/0000-0002-4008-9922
http://orcid.org/0000-0002-8024-9441
http://orcid.org/0000-0001-9981-7536
http://orcid.org/0000-0001-7610-8673
http://orcid.org/0000-0001-9822-0463
http://orcid.org/0000-0002-5187-2779
http://orcid.org/0009-0003-9141-4590
http://orcid.org/0000-0002-0722-7692
http://orcid.org/0009-0008-7385-1259
http://orcid.org/0000-0002-0985-4155
http://orcid.org/0009-0006-0432-2498
http://orcid.org/0000-0002-9614-4046
http://orcid.org/0000-0002-3311-1175
http://orcid.org/0000-0003-4238-2302
http://orcid.org/0000-0003-4511-4784
http://orcid.org/0000-0003-0578-5567
http://orcid.org/0000-0003-1097-8806
http://orcid.org/0000-0002-8789-0004
http://orcid.org/0009-0004-0724-7003
http://orcid.org/0009-0002-8368-9407
http://orcid.org/0000-0001-6837-3362
http://orcid.org/0000-0002-9982-9577
http://orcid.org/0009-0009-7059-0601
http://orcid.org/0009-0001-4181-8891
http://orcid.org/0000-0003-0000-2674
http://orcid.org/0009-0009-5292-9579
http://orcid.org/0000-0002-4325-0646
http://orcid.org/0000-0002-1850-0121
http://orcid.org/0000-0001-7066-3473
http://orcid.org/0000-0001-5433-969X
http://orcid.org/0000-0002-8804-1100
http://orcid.org/0000-0001-5129-1723
http://orcid.org/0000-0003-2677-7961


Physics Letters B 866 (2025) 139562

10

ALICE Collaboration 

D. Colella 31, , A. Colelli 31, M. Colocci 25, , M. Concas 32, , G. Conesa Balbastre 73, , Z. Conesa del 

Valle 131, , G. Contin 23, , J.G. Contreras 35, , M.L. Coquet 103, , P. Cortese 133,56, , M.R. Cosentino 112, , 

F. Costa 32, , S. Costanza 21,55, , C. Cot 131, , P. Crochet 127, , R. Cruz-Torres 74, , M.M. Czarnynoga 136, 

A. Dainese 54, , G. Dange 38, M.C. Danisch 94, , A. Danu 63, , P. Das 80, , S. Das 4, , A.R. Dash 126, , 

S. Dash 47, , A. De Caro 28, , G. de Cataldo 50, , J. de Cuveland 38, A. De Falco 22, , D. De Gruttola 28, , N. De 

Marco 56, , C. De Martin 23, , S. De Pasquale 28, , R. Deb 134, , R. Del Grande 95, , L. Dello Stritto 32, , 

W. Deng 6, , K.C. Devereaux 18, P. Dhankher 18, , D. Di Bari 31, , A. Di Mauro 32, , B. Di Ruzza 132, , 

B. Diab 130, , R.A. Diaz 142,7, , T. Dietel 114, , Y. Ding 6, , J. Ditzel 64, , R. Divià 32, , Ø. Djuvsland 20, 

U. Dmitrieva 141, , A. Dobrin 63, , B. Dönigus 64, , J.M. Dubinski 136, , A. Dubla 97, , P. Dupieux 127, , 

N. Dzalaiova 13, T.M. Eder 126, , R.J. Ehlers 74, , F. Eisenhut 64, , R. Ejima 92, , D. Elia 50, , B. Erazmus 103, , 

F. Ercolessi 25, , B. Espagnon 131, , G. Eulisse 32, , D. Evans 100, , S. Evdokimov 141, , L. Fabbietti 95, , 

M. Faggin 23, , J. Faivre 73, , F. Fan 6, , W. Fan 74, , A. Fantoni 49, , M. Fasel 87, , A. Feliciello 56, , 

G. Feofilov 141, , A. Fernández Téllez 44, , L. Ferrandi 110, , M.B. Ferrer 32, , A. Ferrero 130, , 

C. Ferrero 56, ,IV, A. Ferretti 24, , V.J.G. Feuillard 94, , V. Filova 35, , D. Finogeev 141, , F.M. Fionda 52, , 

E. Flatland 32, F. Flor 138,116, , A.N. Flores 108, , S. Foertsch 68, , I. Fokin 94, , S. Fokin 141, , U. Follo 56, ,IV, 

E. Fragiacomo 57, , E. Frajna 46, , U. Fuchs 32, , N. Funicello 28, , C. Furget 73, , A. Furs 141, , 

T. Fusayasu 98, , J.J. Gaardhøje 83, , M. Gagliardi 24, , A.M. Gago 101, , T. Gahlaut 47, C.D. Galvan 109, , 

S. Gami 80, D.R. Gangadharan 116, , P. Ganoti 78, , C. Garabatos 97, , J.M. Garcia 44, T. García Chávez 44, , 

E. Garcia-Solis 9, , C. Gargiulo 32, , P. Gasik 97, , H.M. Gaur 38, A. Gautam 118, , M.B. Gay Ducati 66, , 

M. Germain 103, , R.A. Gernhaeuser 95, C. Ghosh 135, M. Giacalone 51, , G. Gioachin 29, , S.K. Giri 135, 

P. Giubellino 97,56, , P. Giubilato 27, , A.M.C. Glaenzer 130, , P. Glässel 94, , E. Glimos 122, , D.J.Q. Goh 76, 

V. Gonzalez 137, , P. Gordeev 141, , M. Gorgon 2, , K. Goswami 48, , S. Gotovac 33, V. Grabski 67, , 

L.K. Graczykowski 136, , E. Grecka 86, , A. Grelli 59, , C. Grigoras 32, , V. Grigoriev 141, , S. Grigoryan 142,1, , 

F. Grosa 32, , J.F. Grosse-Oetringhaus 32, , R. Grosso 97, , D. Grund 35, , N.A. Grunwald 94, 

G.G. Guardiano 111, , R. Guernane 73, , M. Guilbaud 103, , K. Gulbrandsen 83, , J.J.W.K. Gumprecht 102, 

T. Gündem 64, , T. Gunji 124, , W. Guo 6, , A. Gupta 91, , R. Gupta 91, , R. Gupta 48, , K. Gwizdziel 136, , 

L. Gyulai 46, , C. Hadjidakis 131, , F.U. Haider 91, , S. Haidlova 35, , M. Haldar 4, H. Hamagaki 76, , 

Y. Han 139, , B.G. Hanley 137, , R. Hannigan 108, , J. Hansen 75, , M.R. Haque 97, , J.W. Harris 138, , 

A. Harton 9, , M.V. Hartung 64, , H. Hassan 117, , D. Hatzifotiadou 51, , P. Hauer 42, , L.B. Havener 138, , 

E. Hellbär 32, , H. Helstrup 34, , M. Hemmer 64, , T. Herman 35, , S.G. Hernandez 116, G. Herrera Corral 8, , 

S. Herrmann 128, , K.F. Hetland 34, , B. Heybeck 64, , H. Hillemanns 32, , B. Hippolyte 129, , I.P.M. Hobus 84, 

F.W. Hoffmann 70, , B. Hofman 59, , G.H. Hong 139, , M. Horst 95, , A. Horzyk 2, , Y. Hou 6, , P. Hristov 32, , 

P. Huhn 64, L.M. Huhta 117, , T.J. Humanic 88, , A. Hutson 116, , D. Hutter 38, , M.C. Hwang 18, , R. Ilkaev 141, 

M. Inaba 125, , G.M. Innocenti 32, , M. Ippolitov 141, , A. Isakov 84, , T. Isidori 118, , M.S. Islam 99, , 

S. Iurchenko 141, M. Ivanov 97, , M. Ivanov 13, V. Ivanov 141, , K.E. Iversen 75, , M. Jablonski 2, , 

B. Jacak 18,74, , N. Jacazio 25, , P.M. Jacobs 74, , S. Jadlovska 106, J. Jadlovsky 106, S. Jaelani 82, , 

C. Jahnke 110, , M.J. Jakubowska 136, , M.A. Janik 136, , T. Janson 70, S. Ji 16, , S. Jia 10, , T. Jiang 10, , 

A.A.P. Jimenez 65, , F. Jonas 74, , D.M. Jones 119, , J.M. Jowett 32,97, , J. Jung 64, , M. Jung 64, , 

A. Junique 32, , A. Jusko 100, , J. Kaewjai 105, P. Kalinak 60, , A. Kalweit 32, , A. Karasu Uysal 72, ,V, 

D. Karatovic 89, , N. Karatzenis 100, O. Karavichev 141, , T. Karavicheva 141, , E. Karpechev 141, , 

M.J. Karwowska 32,136, , U. Kebschull 70, , R. Keidel 140, , M. Keil 32, , B. Ketzer 42, , J. Keul 64, , 

S.S. Khade 48, , A.M. Khan 120, , S. Khan 15, , A. Khanzadeev 141, , Y. Kharlov 141, , A. Khatun 118, , 

http://orcid.org/0000-0001-9102-9500
http://orcid.org/0000-0001-7804-0721
http://orcid.org/0000-0003-4167-9665
http://orcid.org/0000-0001-5283-3520
http://orcid.org/0000-0002-7602-2930
http://orcid.org/0000-0001-9504-2702
http://orcid.org/0000-0002-9677-5294
http://orcid.org/0000-0002-8343-8758
http://orcid.org/0000-0003-2778-6421
http://orcid.org/0000-0002-7880-8611
http://orcid.org/0000-0001-6955-3314
http://orcid.org/0000-0002-5860-585X
http://orcid.org/0000-0001-5845-6500
http://orcid.org/0000-0001-7528-6523
http://orcid.org/0000-0001-6359-0608
http://orcid.org/0000-0002-2166-1874
http://orcid.org/0000-0002-5165-6638
http://orcid.org/0000-0002-8899-3654
http://orcid.org/0009-0002-3904-8872
http://orcid.org/0000-0002-2678-6780
http://orcid.org/0000-0001-6632-7741
http://orcid.org/0000-0001-5008-6859
http://orcid.org/0000-0002-7865-4202
http://orcid.org/0000-0002-3220-4505
http://orcid.org/0000-0002-0830-4872
http://orcid.org/0000-0002-7055-6181
http://orcid.org/0000-0002-5884-4404
http://orcid.org/0000-0002-0711-4022
http://orcid.org/0000-0001-9236-0748
http://orcid.org/0009-0002-6200-0391
http://orcid.org/0000-0002-7599-2716
http://orcid.org/0000-0001-6700-7950
http://orcid.org/0000-0003-2860-9881
http://orcid.org/0000-0002-6562-5082
http://orcid.org/0000-0002-5559-8906
http://orcid.org/0000-0003-0348-092X
http://orcid.org/0000-0001-9925-5254
http://orcid.org/0000-0002-6669-1698
http://orcid.org/0000-0002-4886-6052
http://orcid.org/0000-0002-2065-6256
http://orcid.org/0009-0005-3775-1945
http://orcid.org/0009-0002-9000-0815
http://orcid.org/0000-0002-6357-7857
http://orcid.org/0000-0001-6853-8905
http://orcid.org/0000-0003-4432-4026
http://orcid.org/0000-0003-0739-0120
http://orcid.org/0000-0002-2568-0132
http://orcid.org/0000-0002-9582-8948
http://orcid.org/0000-0002-0207-2871
http://orcid.org/0009-0008-9752-4391
http://orcid.org/0000-0002-3897-0876
http://orcid.org/0009-0006-9458-8723
http://orcid.org/0009-0004-8219-2743
http://orcid.org/0000-0001-6351-2378
http://orcid.org/0009-0003-4464-3366
http://orcid.org/0000-0001-7873-0968
http://orcid.org/0000-0003-2449-3172
http://orcid.org/0000-0003-1795-6212
http://orcid.org/0000-0002-8427-322X
http://orcid.org/0000-0002-4239-6424
http://orcid.org/0000-0002-2325-8368
http://orcid.org/0000-0003-2202-5906
http://orcid.org/0009-0007-8219-3334
http://orcid.org/0000-0003-3573-3389
http://orcid.org/0000-0002-0844-3282
http://orcid.org/0000-0001-6270-9283
http://orcid.org/0009-0005-4586-0930
http://orcid.org/0000-0001-5823-9733
http://orcid.org/0000-0003-3700-8623
http://orcid.org/0000-0003-0152-4220
http://orcid.org/0000-0001-7107-2325
http://orcid.org/0000-0001-9723-1291
http://orcid.org/0000-0003-1089-6632
http://orcid.org/0009-0008-5359-761X
http://orcid.org/0000-0001-9084-5784
http://orcid.org/0009-0002-0542-4454
http://orcid.org/0000-0002-6444-4669
http://orcid.org/0000-0002-7104-7477
http://orcid.org/0000-0002-8632-5580
http://orcid.org/0000-0002-0194-1318
http://orcid.org/0009-0006-6140-676X
http://orcid.org/0009-0007-2053-4869
http://orcid.org/0000-0003-0642-2047
http://orcid.org/0000-0002-2136-778X
http://orcid.org/0009-0008-3206-9607
http://orcid.org/0000-0001-8216-396X
http://orcid.org/0000-0002-3420-6301
http://orcid.org/0009-0005-2155-0460
http://orcid.org/0000-0001-7814-319X
http://orcid.org/0009-0004-9666-7156
http://orcid.org/0000-0002-2582-1927
http://orcid.org/0000-0003-1148-0428
http://orcid.org/0000-0001-6122-4698
http://orcid.org/0000-0002-6314-7419
http://orcid.org/0000-0002-0019-9692
http://orcid.org/0000-0001-5496-8533
http://orcid.org/0000-0002-8698-3647
http://orcid.org/0000-0003-4871-4064
http://orcid.org/0009-0007-2395-8130
http://orcid.org/0000-0002-6224-1577
http://orcid.org/0000-0002-6847-8671
http://orcid.org/0009-0001-4753-577X
http://orcid.org/0000-0001-9840-6460
http://orcid.org/0000-0001-7039-535X
http://orcid.org/0000-0002-8450-5318
http://orcid.org/0000-0001-7382-1609
http://orcid.org/0000-0002-4831-5808
http://orcid.org/0009-0000-5731-050X
http://orcid.org/0000-0002-1383-6160
http://orcid.org/0000-0003-4358-5355
http://orcid.org/0000-0001-7400-7019
http://orcid.org/0000-0003-3793-5291
http://orcid.org/0009-0008-1162-7067
http://orcid.org/0000-0002-7607-3965
http://orcid.org/0000-0002-7474-901X
http://orcid.org/0000-0003-1746-1279
http://orcid.org/0000-0002-0476-1005
http://orcid.org/0000-0002-9581-0879
http://orcid.org/0000-0002-4442-5727
http://orcid.org/0009-0002-9826-4989
http://orcid.org/0000-0003-0562-9820
http://orcid.org/0009-0006-9035-556X
http://orcid.org/0000-0002-0661-5220
http://orcid.org/0000-0002-0658-5949
http://orcid.org/0000-0002-1469-9022
http://orcid.org/0000-0001-8372-5135
http://orcid.org/0000-0001-9960-2594
http://orcid.org/0000-0001-9785-2215
http://orcid.org/0000-0002-5298-2881
http://orcid.org/0000-0003-0626-9724
http://orcid.org/0000-0001-5990-482X
http://orcid.org/0000-0002-3809-4984
http://orcid.org/0009-0003-0647-8128
http://orcid.org/0000-0002-6769-599X
http://orcid.org/0000-0002-2843-2556
http://orcid.org/0000-0001-6178-648X
http://orcid.org/0000-0001-7474-0755
http://orcid.org/0009-0008-7071-0418
http://orcid.org/0000-0001-5805-6363
http://orcid.org/0000-0002-2420-7650
http://orcid.org/0000-0002-9336-5169
http://orcid.org/0000-0001-9231-8515
http://orcid.org/0009-0008-2630-1473
http://orcid.org/0000-0003-3808-7917
http://orcid.org/0009-0008-6551-4180
http://orcid.org/0000-0002-8305-3807
http://orcid.org/0000-0003-4518-3528
http://orcid.org/0009-0008-4642-7807
http://orcid.org/0000-0001-7978-9638
http://orcid.org/0000-0002-8535-3061
http://orcid.org/0009-0004-3528-4709
http://orcid.org/0009-0004-8067-2807
http://orcid.org/0000-0002-6529-560X
http://orcid.org/0000-0002-7638-2047
http://orcid.org/0000-0001-9593-6730
http://orcid.org/0000-0002-4743-2885
http://orcid.org/0000-0002-7404-8723
http://orcid.org/0000-0002-9335-9076
http://orcid.org/0009-0001-3006-7332
http://orcid.org/0000-0003-4004-5265
http://orcid.org/0000-0003-4692-7410
http://orcid.org/0009-0002-2276-3757
http://orcid.org/0009-0004-3122-4872
http://orcid.org/0009-0009-1031-8307
http://orcid.org/0000-0002-6527-1245
http://orcid.org/0000-0003-4562-2922
http://orcid.org/0000-0001-7272-8226
http://orcid.org/0000-0002-3850-8884
http://orcid.org/0000-0002-3632-4547
http://orcid.org/0000-0003-4016-3982
http://orcid.org/0000-0001-9001-4198
http://orcid.org/0009-0003-2644-3643
http://orcid.org/0000-0003-1477-8414
http://orcid.org/0000-0001-9352-5049
http://orcid.org/0000-0003-1008-5119
http://orcid.org/0009-0008-7787-9304
http://orcid.org/0000-0002-1488-4009
http://orcid.org/0000-0001-9904-1846
http://orcid.org/0000-0003-3895-9092
http://orcid.org/0000-0003-2478-9651
http://orcid.org/0000-0001-9059-2414
http://orcid.org/0000-0002-2134-967X
http://orcid.org/0000-0002-7934-4038
http://orcid.org/0000-0001-9047-4856
http://orcid.org/0000-0001-7461-7327
http://orcid.org/0009-0002-2983-9494
http://orcid.org/0000-0001-6533-4085
http://orcid.org/0000-0003-2406-911X
http://orcid.org/0000-0003-2889-2234
http://orcid.org/0000-0002-3066-855X
http://orcid.org/0000-0001-9980-5199
http://orcid.org/0000-0003-3958-9062
http://orcid.org/0000-0003-1969-6960
http://orcid.org/0000-0001-9334-3798
http://orcid.org/0000-0001-9087-4665
http://orcid.org/0000-0003-1317-1733
http://orcid.org/0009-0004-2421-5409
http://orcid.org/0009-0008-1482-2394
http://orcid.org/0000-0002-7685-0808
http://orcid.org/0000-0002-1605-5837
http://orcid.org/0009-0005-1821-6963
http://orcid.org/0000-0002-9492-3775
http://orcid.org/0000-0001-6811-5240
http://orcid.org/0009-0004-0872-2785
http://orcid.org/0009-0002-4730-9489
http://orcid.org/0009-0009-3972-0631
http://orcid.org/0000-0002-0559-6697
http://orcid.org/0000-0001-6907-0486
http://orcid.org/0000-0001-6297-2532
http://orcid.org/0000-0002-1726-5684
http://orcid.org/0000-0002-5629-5181
http://orcid.org/0000-0002-9355-6379
http://orcid.org/0000-0002-6603-6693
http://orcid.org/0000-0001-7602-1121
http://orcid.org/0000-0003-1831-7957
http://orcid.org/0000-0002-1474-6191
http://orcid.org/0009-0003-1055-0356
http://orcid.org/0000-0002-3493-3891
http://orcid.org/0009-0003-0670-7357
http://orcid.org/0000-0003-4132-2906
http://orcid.org/0000-0001-6189-3242
http://orcid.org/0000-0003-3075-2871
http://orcid.org/0000-0002-5741-7144
http://orcid.org/0000-0001-6653-6164
http://orcid.org/0000-0002-2724-668X


Physics Letters B 866 (2025) 139562

11

ALICE Collaboration 

A. Khuntia 35, , Z. Khuranova 64, , B. Kileng 34, , B. Kim 104, , C. Kim 16, , D.J. Kim 117, , E.J. Kim 69, , 

J. Kim 139, , J. Kim 58, , J. Kim 32,69, , M. Kim 18, , S. Kim 17, , T. Kim 139, , K. Kimura 92, , A. Kirkova 36, 

S. Kirsch 64, , I. Kisel 38, , S. Kiselev 141, , A. Kisiel 136, , J.P. Kitowski 2, , J.L. Klay 5, , J. Klein 32, , 

S. Klein 74, , C. Klein-Bösing 126, , M. Kleiner 64, , T. Klemenz 95, , A. Kluge 32, , C. Kobdaj 105, , 

R. Kohara 124, T. Kollegger 97, A. Kondratyev 142, , N. Kondratyeva 141, , J. Konig 64, , S.A. Konigstorfer 95, , 

P.J. Konopka 32, , G. Kornakov 136, , M. Korwieser 95, , S.D. Koryciak 2, , C. Koster 84, A. Kotliarov 86, , 

N. Kovacic 89, V. Kovalenko 141, , M. Kowalski 107, , V. Kozhuharov 36, , G. Kozlov 38, I. Králik 60, , 

A. Kravčáková 37, , L. Krcal 32,38, , M. Krivda 100,60, , F. Krizek 86, , K. Krizkova Gajdosova 32, , C. Krug 66, , 

M. Krüger 64, , D.M. Krupova 35, , E. Kryshen 141, , V. Kučera 58, , C. Kuhn 129, , P.G. Kuijer 84, , 

T. Kumaoka 125, D. Kumar 135, L. Kumar 90, , N. Kumar 90, S. Kumar 50, , S. Kundu 32, , P. Kurashvili 79, , 

A. Kurepin 141, , A.B. Kurepin 141, , A. Kuryakin 141, , S. Kushpil 86, , V. Kuskov 141, , M. Kutyla 136, 

A. Kuznetsov 142, M.J. Kweon 58, , Y. Kwon 139, , S.L. La Pointe 38, , P. La Rocca 26, , A. Lakrathok 105, 

M. Lamanna 32, , A.R. Landou 73, , R. Langoy 121, , P. Larionov 32, , E. Laudi 32, , L. Lautner 32,95, , 

R.A.N. Laveaga 109, R. Lavicka 102, , R. Lea 134,55, , H. Lee 104, , I. Legrand 45, , G. Legras 126, , 

J. Lehrbach 38, , A.M. Lejeune 35, T.M. Lelek 2, R.C. Lemmon 85, ,I, I. León Monzón 109, , M.M. Lesch 95, , 

E.D. Lesser 18, , P. Lévai 46, , M. Li 6, P. Li 10, X. Li 10, B.E. Liang-Gilman 18, , J. Lien 121, , R. Lietava 100, , 

I. Likmeta 116, , B. Lim 24, , S.H. Lim 16, , V. Lindenstruth 38, , C. Lippmann 97, , D.H. Liu 6, , J. Liu 119, , 

G.S.S. Liveraro 111, , I.M. Lofnes 20, , C. Loizides 87, , S. Lokos 107, , J. Lömker 59, , X. Lopez 127, , E. López 

Torres 7, , C. Lotteau 128, P. Lu 97,120, , Z. Lu 10, , F.V. Lugo 67, , J.R. Luhder 126, , M. Lunardon 27, , 

G. Luparello 57, , Y.G. Ma 39, , M. Mager 32, , A. Maire 129, , E.M. Majerz 2, M.V. Makariev 36, , 

M. Malaev 141, , G. Malfattore 25, , N.M. Malik 91, , S.K. Malik 91, , L. Malinina 142, ,I,VIII, D. Mallick 131, , 

N. Mallick 48, , G. Mandaglio 30,53, , S.K. Mandal 79, , A. Manea 63, , V. Manko 141, , F. Manso 127, , 

V. Manzari 50, , Y. Mao 6, , R.W. Marcjan 2, , G.V. Margagliotti 23, , A. Margotti 51, , A. Marín 97, , 

C. Markert 108, , C.F.B. Marquez 31, P. Martinengo 32, , M.I. Martínez 44, , G. Martínez García 103, , 

M.P.P. Martins 110, , S. Masciocchi 97, , M. Masera 24, , A. Masoni 52, , L. Massacrier 131, , O. Massen 59, , 

A. Mastroserio 132,50, , O. Matonoha 75, , S. Mattiazzo 27, , A. Matyja 107, , F. Mazzaschi 32,24, , 

M. Mazzilli 116, , Y. Melikyan 43, , M. Melo 110, , A. Menchaca-Rocha 67, , J.E.M. Mendez 65, , 

E. Meninno 102, , A.S. Menon 116, , M.W. Menzel 32,94, M. Meres 13, , Y. Miake 125, L. Micheletti 32, , 

D.L. Mihaylov 95, , K. Mikhaylov 142,141, , N. Minafra 118, , D. Miśkowiec 97, , A. Modak 134, , B. Mohanty 80, 

M. Mohisin Khan 15, ,VI, M.A. Molander 43, , S. Monira 136, , C. Mordasini 117, , D.A. Moreira De Godoy 126, , 

I. Morozov 141, , A. Morsch 32, , T. Mrnjavac 32, , V. Muccifora 49, , S. Muhuri 135, , J.D. Mulligan 74, , 

A. Mulliri 22, , M.G. Munhoz 110, , R.H. Munzer 64, , H. Murakami 124, , S. Murray 114, , L. Musa 32, , 

J. Musinsky 60, , J.W. Myrcha 136, , B. Naik 123, , A.I. Nambrath 18, , B.K. Nandi 47, , R. Nania 51, , 

E. Nappi 50, , A.F. Nassirpour 17, , A. Nath 94, , S. Nath 135, C. Nattrass 122, , M.N. Naydenov 36, , 

A. Neagu 19, A. Negru 113, E. Nekrasova 141, L. Nellen 65, , R. Nepeivoda 75, , S. Nese 19, , N. Nicassio 50, , 

B.S. Nielsen 83, , E.G. Nielsen 83, , S. Nikolaev 141, , S. Nikulin 141, , V. Nikulin 141, , F. Noferini 51, , 

S. Noh 12, , P. Nomokonov 142, , J. Norman 119, , N. Novitzky 87, , P. Nowakowski 136, , A. Nyanin 141, , 

J. Nystrand 20, , S. Oh 17, , A. Ohlson 75, , V.A. Okorokov 141, , J. Oleniacz 136, , A. Onnerstad 117, , 

C. Oppedisano 56, , A. Ortiz Velasquez 65, , J. Otwinowski 107, , M. Oya 92, K. Oyama 76, , Y. Pachmayer 94, , 

S. Padhan 47, , D. Pagano 134,55, , G. Paić 65, , S. Paisano-Guzmán 44, , A. Palasciano 50, , I. Panasenko 75, 

S. Panebianco 130, , C. Pantouvakis 27, , H. Park 125, , H. Park 104, , J. Park 125, , J.E. Parkkila 32, , 

Y. Patley 47, , R.N. Patra 50, B. Paul 135, , H. Pei 6, , T. Peitzmann 59, , X. Peng 11, , M. Pennisi 24, , 

http://orcid.org/0000-0003-0996-8547
http://orcid.org/0009-0006-2998-3428
http://orcid.org/0009-0009-9098-9839
http://orcid.org/0000-0002-7504-2809
http://orcid.org/0000-0002-6434-7084
http://orcid.org/0000-0002-4816-283X
http://orcid.org/0000-0003-1433-6018
http://orcid.org/0009-0000-0438-5567
http://orcid.org/0000-0001-9676-3309
http://orcid.org/0000-0003-0078-8398
http://orcid.org/0000-0002-0906-062X
http://orcid.org/0000-0002-2102-7398
http://orcid.org/0000-0003-4558-7856
http://orcid.org/0009-0004-3408-5783
http://orcid.org/0009-0003-8978-9852
http://orcid.org/0000-0002-4808-419X
http://orcid.org/0000-0002-8354-7786
http://orcid.org/0000-0001-8322-9510
http://orcid.org/0000-0003-3902-8310
http://orcid.org/0000-0002-5592-0758
http://orcid.org/0000-0002-1301-1636
http://orcid.org/0000-0003-2841-6553
http://orcid.org/0000-0002-7285-3411
http://orcid.org/0009-0003-0133-319X
http://orcid.org/0000-0003-4116-7002
http://orcid.org/0000-0002-6497-3974
http://orcid.org/0000-0001-7296-5248
http://orcid.org/0000-0001-6203-9160
http://orcid.org/0009-0001-5996-0685
http://orcid.org/0000-0002-8831-4009
http://orcid.org/0000-0003-4824-2458
http://orcid.org/0000-0001-8738-7268
http://orcid.org/0000-0002-3652-6683
http://orcid.org/0009-0006-8921-5973
http://orcid.org/0000-0001-6810-6897
http://orcid.org/0000-0003-3576-4185
http://orcid.org/0000-0001-6012-6615
http://orcid.org/0000-0002-7568-7498
http://orcid.org/0000-0002-0669-7799
http://orcid.org/0000-0001-6441-9300
http://orcid.org/0000-0002-1381-3436
http://orcid.org/0000-0002-4824-8537
http://orcid.org/0000-0001-5091-4159
http://orcid.org/0000-0001-6593-4574
http://orcid.org/0000-0002-5569-1254
http://orcid.org/0000-0003-1758-6776
http://orcid.org/0000-0001-7174-6617
http://orcid.org/0000-0002-1706-4428
http://orcid.org/0000-0002-2197-4109
http://orcid.org/0000-0002-3567-5177
http://orcid.org/0000-0002-7998-5046
http://orcid.org/0000-0002-6987-2048
http://orcid.org/0000-0002-2746-9840
http://orcid.org/0000-0003-3049-9976
http://orcid.org/0000-0003-3150-2831
http://orcid.org/0000-0002-0613-5278
http://orcid.org/0000-0001-7672-2067
http://orcid.org/0000-0002-1851-4136
http://orcid.org/0000-0003-4528-6578
http://orcid.org/0000-0001-9289-2840
http://orcid.org/0009-0008-2898-3455
http://orcid.org/0000-0002-8958-4190
http://orcid.org/0009-0001-4180-0413
http://orcid.org/0000-0002-5267-0140
http://orcid.org/0000-0002-7291-8166
http://orcid.org/0009-0006-1840-462X
http://orcid.org/0000-0003-3185-0879
http://orcid.org/0000-0001-9471-1804
http://orcid.org/0000-0002-5489-3751
http://orcid.org/0009-0006-8424-015X
http://orcid.org/0000-0002-7017-4183
http://orcid.org/0000-0002-8384-0384
http://orcid.org/0000-0001-5955-0769
http://orcid.org/0009-0009-2096-752X
http://orcid.org/0009-0006-1392-7114
http://orcid.org/0009-0007-5832-8630
http://orcid.org/0009-0001-3545-3275
http://orcid.org/0000-0002-1259-979X
http://orcid.org/0000-0002-7919-2150
http://orcid.org/0000-0002-7480-7558
http://orcid.org/0000-0001-8367-8703
http://orcid.org/0009-0006-9345-9620
http://orcid.org/0000-0003-1752-2078
http://orcid.org/0000-0002-0425-9138
http://orcid.org/0000-0002-9188-9428
http://orcid.org/0009-0006-0273-5360
http://orcid.org/0000-0002-1904-296X
http://orcid.org/0000-0001-6335-7427
http://orcid.org/0009-0006-7301-988X
http://orcid.org/0000-0003-0062-0536
http://orcid.org/0009-0006-6383-6069
http://orcid.org/0000-0002-8397-7620
http://orcid.org/0000-0001-9674-196X
http://orcid.org/0000-0002-9063-1599
http://orcid.org/0000-0001-8635-8465
http://orcid.org/0000-0002-4447-4836
http://orcid.org/0000-0002-2817-8156
http://orcid.org/0000-0001-8159-8603
http://orcid.org/0000-0002-2850-4222
http://orcid.org/0000-0002-7002-0061
http://orcid.org/0000-0002-9684-5571
http://orcid.org/0009-0008-7139-3194
http://orcid.org/0009-0006-1802-5857
http://orcid.org/0000-0002-6027-0024
http://orcid.org/0000-0002-9901-2014
http://orcid.org/0000-0002-0233-9900
http://orcid.org/0009-0002-2291-691X
http://orcid.org/0000-0002-4831-2367
http://orcid.org/0000-0002-1622-3116
http://orcid.org/0009-0001-9974-0169
http://orcid.org/0000-0001-5455-9502
http://orcid.org/0000-0001-5682-0903
http://orcid.org/0000-0003-0311-9552
http://orcid.org/0000-0003-1723-4121
http://orcid.org/0000-0002-4256-052X
http://orcid.org/0000-0003-2706-1025
http://orcid.org/0000-0003-4486-4807
http://orcid.org/0000-0002-4515-5941
http://orcid.org/0009-0008-3417-4603
http://orcid.org/0000-0002-4772-3615
http://orcid.org/0009-0008-5115-943X
http://orcid.org/0000-0002-3102-1504
http://orcid.org/0000-0002-0786-8545
http://orcid.org/0000-0001-8494-628X
http://orcid.org/0000-0003-1965-7953
http://orcid.org/0000-0003-2146-0391
http://orcid.org/0000-0002-9069-0353
http://orcid.org/0000-0001-9675-4322
http://orcid.org/0000-0003-0288-202X
http://orcid.org/0000-0002-8503-3009
http://orcid.org/0000-0002-8657-6742
http://orcid.org/0009-0006-9081-931X
http://orcid.org/0000-0002-2064-6517
http://orcid.org/0000-0003-1880-5467
http://orcid.org/0000-0002-2699-1522
http://orcid.org/0000-0002-5475-5092
http://orcid.org/0000-0002-7160-5272
http://orcid.org/0000-0003-3711-8902
http://orcid.org/0000-0002-0015-9367
http://orcid.org/0000-0001-8255-3474
http://orcid.org/0000-0002-4524-563X
http://orcid.org/0000-0003-2613-2901
http://orcid.org/0000-0002-1415-4559
http://orcid.org/0000-0002-4165-505X
http://orcid.org/0000-0001-7970-2651
http://orcid.org/0000-0002-4856-8055
http://orcid.org/0009-0002-4871-6334
http://orcid.org/0000-0003-4389-7711
http://orcid.org/0009-0003-3911-1744
http://orcid.org/0009-0005-3106-8571
http://orcid.org/0000-0002-1430-6655
http://orcid.org/0009-0004-2669-5696
http://orcid.org/0000-0002-6726-6407
http://orcid.org/0000-0003-4002-1888
http://orcid.org/0000-0002-8627-9721
http://orcid.org/0000-0003-3056-8353
http://orcid.org/0000-0002-4767-1464
http://orcid.org/0000-0003-2845-8702
http://orcid.org/0000-0003-2569-2704
http://orcid.org/0000-0002-3265-9614
http://orcid.org/0000-0003-3941-7607
http://orcid.org/0000-0001-7286-4543
http://orcid.org/0000-0002-3276-0464
http://orcid.org/0000-0003-1281-8291
http://orcid.org/0000-0002-5624-6486
http://orcid.org/0000-0003-2378-9553
http://orcid.org/0000-0002-6905-4352
http://orcid.org/0000-0002-1074-5116
http://orcid.org/0000-0003-3695-3180
http://orcid.org/0000-0002-8334-6933
http://orcid.org/0000-0001-6548-6775
http://orcid.org/0000-0003-0548-588X
http://orcid.org/0000-0001-8814-2254
http://orcid.org/0000-0002-5729-4535
http://orcid.org/0000-0001-8506-2275
http://orcid.org/0000-0002-0172-6976
http://orcid.org/0000-0002-2926-0063
http://orcid.org/0009-0007-3988-5095
http://orcid.org/0000-0002-6039-190X
http://orcid.org/0000-0003-2080-9010
http://orcid.org/0000-0001-8927-2798
http://orcid.org/0009-0005-1524-5654
http://orcid.org/0000-0002-8768-6468
http://orcid.org/0000-0003-3795-8872
http://orcid.org/0000-0003-1059-8731
http://orcid.org/0000-0001-6412-7981
http://orcid.org/0009-0000-7829-4748
http://orcid.org/0000-0002-7839-2951
http://orcid.org/0000-0002-0091-1934
http://orcid.org/0000-0002-9394-1066
http://orcid.org/0000-0003-1242-4866
http://orcid.org/0000-0001-8573-0851
http://orcid.org/0000-0002-4826-6516
http://orcid.org/0000-0002-6704-0256
http://orcid.org/0000-0001-6104-1752
http://orcid.org/0009-0002-1220-1443
http://orcid.org/0000-0002-3783-5760
http://orcid.org/0000-0002-9609-566X
http://orcid.org/0000-0001-8971-0874
http://orcid.org/0000-0002-7877-2006
http://orcid.org/0009-0005-4425-586X
http://orcid.org/0000-0001-6126-1667
http://orcid.org/0000-0002-4214-5844
http://orcid.org/0000-0002-7162-5345
http://orcid.org/0000-0003-2966-4903
http://orcid.org/0000-0002-8848-1800
http://orcid.org/0000-0001-6194-4601
http://orcid.org/0000-0002-4788-7943
http://orcid.org/0000-0002-5471-6595
http://orcid.org/0000-0002-8576-1268
http://orcid.org/0000-0001-6142-1528
http://orcid.org/0009-0007-8144-2829
http://orcid.org/0000-0003-0333-448X
http://orcid.org/0000-0003-2513-2459
http://orcid.org/0009-0008-0106-3130
http://orcid.org/0000-0002-5686-6626
http://orcid.org/0000-0002-0343-2082
http://orcid.org/0009-0004-9648-4894
http://orcid.org/0000-0003-1180-3469
http://orcid.org/0009-0000-8571-0316
http://orcid.org/0000-0002-2540-2394
http://orcid.org/0000-0002-5166-5788
http://orcid.org/0000-0002-7923-3960
http://orcid.org/0000-0002-1461-3743
http://orcid.org/0000-0002-5078-3336
http://orcid.org/0000-0002-7116-899X
http://orcid.org/0000-0003-0759-2283
http://orcid.org/0009-0009-0033-8291


Physics Letters B 866 (2025) 139562

12

ALICE Collaboration 

S. Perciballi 24, , D. Peresunko 141, , G.M. Perez 7, , Y. Pestov 141, M.T. Petersen 83, V. Petrov 141, , 

M. Petrovici 45, , S. Piano 57, , M. Pikna 13, , P. Pillot 103, , O. Pinazza 51,32, , L. Pinsky 116, C. Pinto 95, , 

S. Pisano 49, , M. Płoskoń 74, , M. Planinic 89, F. Pliquett 64, D.K. Plociennik 2, , M.G. Poghosyan 87, , 

B. Polichtchouk 141, , S. Politano 29, , N. Poljak 89, , A. Pop 45, , S. Porteboeuf-Houssais 127, , 

V. Pozdniakov 142, ,I, I.Y. Pozos 44, , K.K. Pradhan 48, , S.K. Prasad 4, , S. Prasad 48, , R. Preghenella 51, , 

F. Prino 56, , C.A. Pruneau 137, , I. Pshenichnov 141, , M. Puccio 32, , S. Pucillo 24, , S. Qiu 84, , 

L. Quaglia 24, , A.M.K. Radhakrishnan 48, S. Ragoni 14, , A. Rai 138, , A. Rakotozafindrabe 130, , 

L. Ramello 133,56, , F. Rami 129, , M. Rasa 26, , S.S. Räsänen 43, , R. Rath 51, , M.P. Rauch 20, , 

I. Ravasenga 32, , K.F. Read 87,122, , C. Reckziegel 112, , A.R. Redelbach 38, , K. Redlich 79, ,VII, 

C.A. Reetz 97, , H.D. Regules-Medel 44, A. Rehman 20, F. Reidt 32, , H.A. Reme-Ness 34, , K. Reygers 94, , 

A. Riabov 141, , V. Riabov 141, , R. Ricci 28, , M. Richter 20, , A.A. Riedel 95, , W. Riegler 32, , 

A.G. Riffero 24, , M. Rignanese 27, , C. Ripoli 28, C. Ristea 63, , M.V. Rodriguez 32, , M. Rodríguez 

Cahuantzi 44, , S.A. Rodríguez Ramírez 44, , K. Røed 19, , R. Rogalev 141, , E. Rogochaya 142, , 

T.S. Rogoschinski 64, , D. Rohr 32, , D. Röhrich 20, , S. Rojas Torres 35, , P.S. Rokita 136, , 

G. Romanenko 25, , F. Ronchetti 32, , E.D. Rosas 65, K. Roslon 136, , A. Rossi 54, , A. Roy 48, , S. Roy 47, , 

N. Rubini 51,25, , J.A. Rudolph 84, D. Ruggiano 136, , R. Rui 23, , P.G. Russek 2, , R. Russo 84, , 

A. Rustamov 81, , E. Ryabinkin 141, , Y. Ryabov 141, , A. Rybicki 107, , J. Ryu 16, , W. Rzesa 136, , B. Sabiu 51, 

S. Sadovsky 141, , J. Saetre 20, , K. Šafařík 35, , S. Saha 80, , B. Sahoo 48, , R. Sahoo 48, , S. Sahoo 61, 

D. Sahu 48, , P.K. Sahu 61, , J. Saini 135, , K. Sajdakova 37, S. Sakai 125, , M.P. Salvan 97, , S. Sambyal 91, , 

D. Samitz 102, , I. Sanna 32,95, , T.B. Saramela 110, D. Sarkar 83, , P. Sarma 41, , V. Sarritzu 22, , 

V.M. Sarti 95, , M.H.P. Sas 32, , S. Sawan 80, , E. Scapparone 51, , J. Schambach 87, , H.S. Scheid 64, , 

C. Schiaua 45, , R. Schicker 94, , F. Schlepper 94, , A. Schmah 97, C. Schmidt 97, , H.R. Schmidt 93, 

M.O. Schmidt 32, , M. Schmidt 93, N.V. Schmidt 87, , A.R. Schmier 122, , R. Schotter 102,129, , A. Schröter 38, , 

J. Schukraft 32, , K. Schweda 97, , G. Scioli 25, , E. Scomparin 56, , J.E. Seger 14, , Y. Sekiguchi 124, 

D. Sekihata 124, , M. Selina 84, , I. Selyuzhenkov 97, , S. Senyukov 129, , J.J. Seo 94, , D. Serebryakov 141, , 
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