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Correlations between mean transverse momentum [pT] and anisotropic flow coefficients v2 or v3 are 
measured as a function of centrality in Pb–Pb and Xe–Xe collisions at √sNN = 5.02 TeV and 5.44 TeV, 
respectively, with ALICE. In addition, the recently proposed higher-order correlation between [pT], v2, 
and v3 is measured for the first time, which shows an anticorrelation for the presented centrality ranges. 
These measurements are compared with hydrodynamic calculations using IP-Glasma and TRENTo initial-
state shapes, the former based on the Color Glass Condensate effective theory with gluon saturation, 
and the latter a parameterized model with nucleons as the relevant degrees of freedom. The data are 
better described by the IP-Glasma rather than the TRENTo based calculations. In particular, Trajectum 
and JETSCAPE predictions, both based on the TRENTo initial state model but with different parameter 
settings, fail to describe the measurements. As the correlations between [pT] and vn are mainly driven 
by the correlations of the size and the shape of the system in the initial state, these new studies pave a 
novel way to characterize the initial state and help pin down the uncertainty of the extracted properties 
of the quark–gluon plasma recreated in relativistic heavy-ion collisions.

© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

The primary goal of ultrarelativistic heavy-ion collisions is to 
study the quark–gluon plasma (QGP) [1], a deconfined state of 
quarks and gluons, predicted by quantum chromodynamics (QCD) 
to emerge at extreme densities and temperatures. High-energy 
heavy-ion collisions at Relativistic Heavy Ion Collider (RHIC) [2–5]
and the Large Hadron Collider (LHC) at CERN [6,7] have yielded 
strong evidence that the QGP is observed in such collisions, en-
abling the study of its properties in the laboratory. A key phe-
nomenon that provides valuable information on the transport 
properties of the created QGP matter is the anisotropic expansion 
of the produced particles [8]. The final anisotropy can be quan-
tified by a Fourier decomposition of the single particle azimuthal 
distribution [9],

P (ϕ) = 1

2π

[
1+ 2

∞∑
n=1

vn cosn(ϕ − �n)

]
. (1)

Here, ϕ is the azimuthal angle of the emitted particle, and vn
and �n are the n-th order flow coefficient and flow symmetry-
plane angle, respectively. Systematic measurements on fluctuations 
and correlations of vn coefficients and �n have been previously 
reported in Refs. [10–25]. Comprehensive comparisons with hy-
drodynamic model calculations provide critical information on the 
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event average initial-state shape and the initial energy density 
distribution in the nuclear overlap region, as well as their event-
by-event fluctuations. Additionally, they constrain the shear and 
bulk viscosity over entropy density ratios of the QGP, η/s and ζ/s, 
respectively [26–29]. Even at fixed final-state particle multiplicity, 
not only the shape but also the average size of the nuclear over-
lap region will, in general, fluctuate from event to event. These 
size fluctuations (at constant charged-particle density) lead to fluc-
tuations of the pressure gradient and therefore affect the radial 
flow, thus influencing the transverse momentum (pT) spectra of 
the produced particles. Arguably, the event-by-event fluctuations 
of the mean transverse momentum [pT] (the average transverse 
momentum of all particles in a single event) are more sensitive 
to the equation-of-state and ζ /s than the measurements of the 
anisotropic flow [30,31]. Despite their early success in describing 
vn measurements, hydrodynamic models have been able to repro-
duce the observed [pT] fluctuations only recently [32–34]. Notably 
the measurements of vn and [pT] are used as independent ex-
perimental inputs for the Bayesian analyses [33–36], which extract 
state-of-the-art information on the initial conditions and the final 
state properties, including the temperature dependence of η/s and 
ζ/s.

Apart from the individual studies of vn and [pT], the interplay 
between radial and anisotropic flow was qualitatively investigated 
via anisotropic flow of identified hadrons [37,38] and with event-
shape engineering (ESE) [39]. It was proposed that correlations 
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between radial and anisotropic flow could be quantified via corre-
lations between [pT] and vn using a modified Pearson correlation 
coefficient [40],

ρ(v2n, [pT]) = Cov(v2n, [pT])√
Var(v2n)

√
ck

, (2)

where Cov(v2n, [pT]) is the covariance between v2n and [pT], it can 
be calculated using a three-particle correlation following Eq. (1) in 
Ref. [40]. The variance of v2n fluctuations is given by Var(v2n) and 
can be measured by two- and four-particle cumulants, Var(v2n) =
vn{2}4 − vn{4}4. Dynamical transverse momentum correlations are 
given by ck [40–43]. As ρ(v2n, [pT]) (for n = 2, 3) can be qualita-
tively or even quantitatively reproduced by the initial state corre-
lations [31,44,45], its measurements will provide valuable informa-
tion on the overlap region’s shape and size, and their correlations 
in the initial conditions. In particular, ρ(v22, [pT]) is found to be 
sensitive to the nuclear quadrupole deformation [46], adding a new 
tool to study the nuclear structure, which has been addressed sys-
tematically only at low energies so far [47]. This ρ(v2n, [pT]) (for n 
= 2, 3, 4) observable has been measured previously [48], which re-
ported a clear dependence on charged-particle multiplicity, when 
selecting particles with pT > 0.5 GeV/c.

Recently, a new observable that probes the correlations be-
tween [pT] and two different v2m and v2n coefficients has been 
introduced [49]. This observable ρ(v2m, v2n, [pT]) can be achieved 
by replacing three observables A, B, and C with v2m, v2n, and [pT]
in Eq. (24) from Ref. [49],

ρ(v2m, v2n, [pT]) = Cor(v2m, v2n, [pT])√
Var(v2m)

√
Var(v2n)

√
ck

− 〈v2m〉√
Var(v2m)

· ρn − 〈v2n〉√
Var(v2n)

· ρm

− 〈[pT]〉√
ck

· SC(m,n)√
Var(v2m)

√
Var(v2n)

,

(3)

where ρi = ρ(v2i , [pT]), Cor(v2m, v2n, [pT]) is the correlation among 
v2m, v2n, and [pT] defined in Ref. [49], and SC(m,n) is the symmet-
ric cumulant between v2m and v2n [16,50,51]. The ρ(v2m, v2n, [pT])
is constructed based on multiparticle cumulants [49,52], where 
lower-order few particle correlations have been removed, thus, it 
only reflects the genuine correlations between [pT], vn, and vm. It 
is potentially more sensitive than ρ(v2n, [pT]) to the initial condi-
tions and is expected to be used to probe the initial momentum 
anisotropy [44], an asymmetry in the transverse pressure of the 
system at the interface between a pre-equilibrium description and 
a hydrodynamic description. The presence of an initial momen-
tum anisotropy was predicted from first-principle considerations in 
the colour glass condensate (CGC) effective theory of high-energy 
QCD [53,54]. However, conclusive evidence for the CGC remains 
elusive.

In this Letter, the measurements of the centrality dependence 
of correlations between flow coefficients and [pT] in Pb–Pb and 
Xe–Xe collisions at 5.02 TeV and 5.44 TeV, respectively, are pre-
sented. The collision centrality is determined using energy depo-
sition in the two scintillator arrays of the V0 detector, V0A and 
V0C, which cover the pseudorapidity ranges of 2.8 < η < 5.1 and 
−3.7 < η < −1.7, respectively [55,56]. Events that pass central, 
semi-central, or minimum-bias trigger criteria with a reconstructed 
primary vertex (PV) within ±10 cm of the nominal interaction 
point along the beam direction are used. Background events are 
removed using information from multiple detectors as described 
in Ref. [57]. A total of 245 million Pb–Pb collisions and 1.2 million 
Xe–Xe collisions pass these criteria. The charged-particle tracks are 

reconstructed using the Inner Tracking System (ITS) [58] and the 
Time Projection Chamber (TPC) [59]. To select only high-quality 
reconstructed tracks for the analysis, they are required to be in 
the kinematic range 0.2 < pT < 3.0 GeV/c and |η| < 0.8, to have 
more than 70 TPC space points (out of a maximum of 159), and 
a χ2 per degree of freedom of the track fit to the TPC space 
points to be lower than 2. In order to reduce the contamination 
from secondary particles, the distance-of-closest-approach (DCA) 
of the tracks to the PV must be within 2 cm in the longitudi-
nal direction and a pT-dependent distance selection in the trans-
verse plane, ranging from 0.2 cm at pT = 0.2 GeV/c to 0.02 cm 
at pT = 3.0 GeV/c, is applied. To suppress the non-flow contami-
nations, which are the azimuthal angle correlations not associated 
to �n, multiparticle correlations with the subevent method [52,60]
are applied. For this, the pseudorapidity acceptance of the central 
barrel is divided into three regions (subevents), A, B, and C, cor-
responding to −0.8 < ηA < −0.4, |ηB| < 0.4, and 0.4 < ηC < 0.8, 
respectively. Here subevents A and C are used in the vn measure-
ments, while subevent B is used for [pT] measurements. The vn, 
[pT], and their correlations are measured in each event and cor-
rected for detector acceptance and track-reconstruction efficiency 
using the latest developments based on generic framework with 
3-subevent method [50,60] including [pT] calculations.

Systematic uncertainties are estimated by varying event and 
track selection criteria. Uncertainties related to the selection of the 
event include the variation of the accepted vertex position along 
the beam line (9, 7 and 5 cm), and consideration of different mag-
netic field directions, which are analyzed separately. The resulting 
systematic uncertainty was found to be within 2%. The system-
atic uncertainties related to track selection criteria are estimated 
by considering different track reconstruction algorithms and recon-
struction qualities. The variations of the maximum allowed DCA to 
the primary vertex along the beam line and in the transverse plane 
result in differences less than 1%. The quality of reconstructed 
tracks is varied by increasing the minimum number of space points 
in the TPC associated with the reconstructed track to 80 and 90, 
which leads to a negligible effect on the measured correlations. It 
is also found that the tracking efficiency exhibits a slight central-
ity dependence, varying by about 4% with multiplicity. To account 
for this, the tracking efficiency is varied by ±4% in a pT-dependent 
way, so that the efficiency is at its nominal value at pT = 0.2 GeV/c
and 4% larger or smaller at pT = 3.0 GeV/c. This yields a system-
atic uncertainty below 1%. The residual non-flow contaminations 
are studied with the 3-subevent method [60,61] and the effects are 
found to be negligible, which agrees with the findings from model 
studies [61]. Only the sources of systematic uncertainty found to 
be statistically significant by more than 1σ following the proce-
dure introduced in Ref. [62] are added in quadrature to obtain the 
total systematic uncertainty.

The measurements of ρ(v22, [pT]) and ρ(v23, [pT]) as a function 
of collision centrality in Pb–Pb collisions at 

√
sNN = 5.02 TeV and 

Xe–Xe collisions at 
√
sNN = 5.44 TeV are presented in Fig. 1. In 

Pb–Pb and Xe–Xe collisions, ρ(v22, [pT]) has a weak centrality de-
pendence and is positive in the considered centrality range. This 
implies that v2 and [pT] are positively correlated and confirms the 
previous studies using the ESE approach [39]. The presented ALICE 
results also qualitatively agree with the previous ATLAS measure-
ments [48]. The stronger centrality dependence reported by the 
ATLAS Collaboration might be attributed to the different kinematic 
selection criteria and the choice of centrality determination. Hy-
drodynamic model calculations from the v-USPhydro model [30], 
the Trajectum Bayesian analysis [35], the JETSCAPE Bayesian anal-
ysis [36], and the IP-Glasma+MUSIC+UrQMD model [31], whenever 
available, are compared to data. The width of the bands illus-
trated in Fig. 1 denotes the statistical uncertainty of the model 
calculations using maximum a posteriori (MAP) parametrization, 
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Fig. 1. Centrality dependence of ρ (
v22, [pT]

)
(top) and ρ (

v23, [pT]
)
(bottom) in Pb–Pb collisions at √sNN = 5.02 TeV (a,c) and Xe–Xe collisions at √sNN = 5.44 TeV (b, d). The 

statistical (systematic) uncertainties are shown as vertical bars (filled boxes). The initial-state estimations (ISE) are represented by lines, while IP-Glasma+MUSIC+UrQMD [31], 
v-USPhydro [45], Trajectum [35], and JETSCAPE [36] hydrodynamic model calculations are shown with hatched bands.

while any potential systematic uncertainty arising from different 
parametrizations of the models has not been evaluated. The v-
USPhydro model uses TRENTo initial conditions tuned in Ref. [63]
and evolved by the v-USPhydro hydrodynamic code [45]. The Tra-
jectum [35] and JETSCAPE [36] predictions are also based on 
TRENTo initial conditions but tuned as described in Refs. [35]
and [36], respectively. The IP-Glasma+MUSIC+UrQMD model uses 
IP-Glasma initial conditions [64,65] followed by the MUSIC hy-
drodynamic model [66], coupled to a hadronic cascade model 
(UrQMD) [67,68]. In general, these models can quantitatively de-
scribe the previous measurements of particle pT distributions and 
anisotropic flow [69,70]. As shown in Fig. 1, the IP-Glasma+MU-
SIC+UrQMD calculations capture the general trend of the mea-
sured ρ(v22, [pT]) with a weak centrality dependence, qualitatively 
describe the measurements in Pb–Pb and Xe–Xe collisions, but 
slightly overestimates the data. The v-USPhydro and Trajectum cal-
culations exhibit a strong centrality dependence, underestimate 
the data by more than 50% for centrality above 30%, and have 
an opposite sign with respect to data for centralities above 40%. 
The discrepancies between the measurements and TRENTo-based 
calculations become more pronounced with the JETSCAPE predic-
tions [36], which become negative for semicentral collisions.

A recent study [71] showed that ρ(v22, [pT]) is more sensitive 
to the initial conditions of the collisions rather than to the trans-
port properties of the QGP. This is also supported by the good 
agreement between the various hydrodynamic calculations and the 
correlation coefficients calculated directly from the corresponding 
initial-state model, which are presented by solid or dashed lines 
in the top panel of Fig. 1. These initial-state estimations (ISE) are 
calculated using the correlations of the energy of the fluid per 
unit rapidity at the initial time τ0 and initial anisotropy coefficient 
εn [45]. Thus, differences between the calculations of ρ(v22, [pT])
shown in Fig. 1 are not primarily due to different hydrodynamic 
codes or treatments of hadronic interactions in these models. The 
different model predictions are rather caused by the difference 
in the initial energy density profile (geometric effect) and, poten-
tially, a contribution from an initial momentum anisotropy, which 
is included in the IP-Glasma framework based on the CGC effec-
tive theory. The effect of initial momentum anisotropy is stud-

ied by comparing the hydrodynamic calculations using IP-Glasma 
initial conditions with and without initial momentum anisotropy 
(with only the final state effect labelled “FSE” shown by the light 
blue shadows). The IP-Glasma based calculations shown in Fig. 1
(a) are consistent with each other in the 0–60% Pb–Pb collisions. 
Thus, the different descriptions of ALICE data from IP-Glasma and 
TRENTo based calculations are mainly driven by the initial ge-
ometric effects, which possibly originated from different values 
of ω parameter that determines the width of the colliding nu-
cleon in the initial conditions [72]. The variable ρ(v22, [pT]) is the 
first observable for which such a significant difference is seen be-
tween TRENTo and IP-Glasma models. Moreover, it is found that 
ρ(v22, [pT]) is sensitive to the quadrupole deformation parameter 
β2 of deformed nuclei, such as 238U or 129Xe [46,73]. Previous flow 
measurements in Xe–Xe collisions [22] provided the estimation of 
β2 ≈ 0.16 for Xe using the data in the 0–5% central collisions. The 
ρ(v22, [pT]) calculation with β2 = 0 and 0.162, based on IP-Glasma 
initial conditions in Fig. 1 (b), show a difference of 10–40% in 
the most central collisions. Comparisons of presented ALICE mea-
surements to IP-Glasma+MUSIC+UrQMD calculations with the two 
different β2 values suggest that the data agrees better with the IP-
Glasma+MUSIC+UrQMD model calculations using β2 = 0.162. Last 
but not least, the magnitude of ρ(v22, [pT]) measured in Pb–Pb col-
lisions is larger than that in Xe–Xe collisions. Such a difference 
is predicted by both v-USPhydro and IP-Glasma+MUSIC+UrQMD 
calculations and is believed to be useful to discover a potential 
triaxial structure of 129Xe at the LHC energies [74,75]. Compar-
isons with calculations that include different deformation scenarios 
could provide strong constraints on the 129Xe nuclear structure. 
This is highly non-trivial because it is not entirely clear at the 
moment if the nuclear structure at the LHC energies, where the 
partonic degree of freedom is relevant, should be quantified by the 
same set of parameters as the low energy nuclear structure stud-
ies.

Fig. 1 (bottom) shows the centrality dependence of ρ(v23, [pT])
in the two colliding systems. The results are consistent within un-
certainties for the considered centrality range. Both results show a 
positive value and rather a weak centrality dependence and a mod-
est increase for centrality above 40% in Pb–Pb collisions. The IP-
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Fig. 2. Centrality dependence of ρ (
v22, v

2
3, [pT]

)
in Pb–Pb collisions, shown by the 

solid circles. The statistical (systematic) uncertainties are shown as vertical bars 
(boxes). The initial-state estimations (ISE) as well as IP-Glasma+MUSIC+UrQMD [31]
and v-USPhydro [45] hydrodynamic model calculations are compared with data.

Glasma+MUSIC+UrQMD calculations describe the presented ALICE 
measurements up to 50% centrality for Pb–Pb collisions, at which 
point they diverge from data with opposite trends for the full 
IP-Glasma+MUSIC+UrQMD calculation and the one with FSE only. 
It is unclear yet whether this difference between IP-Glasma+MU-
SIC+UrQMD calculation and the one with FSE can be attributed 
solely to the initial momentum anisotropy originating from the 
contributions of CGC in the IP-Glasma model, as only statistical un-
certainties are considered in these calculations. In addition, both 
calculations describe the ALICE measurements from Xe–Xe colli-
sions. The v-USPhydro calculations are roughly compatible with 
data in Pb–Pb collisions and are consistent with ALICE measure-
ments up to 40% Xe–Xe collisions, then show a decreasing trend 
and become negative, which is not observed in the data. Like v-
USPhydro, the Trajectum calculation is based on the TRENTo initial 
state model but with a different tuning; it is negative for cen-
trality above 10% and cannot describe the ALICE data in Pb–Pb 
collisions. It is also seen in Fig. 1 (bottom) that the ρ(v23, [pT])
calculations follow the trend of the initial-state estimations, which 
also show a significant difference and an opposite sign compared 
to the measurements. Such differences are further enhanced in 
the initial-state estimations from the JETSCAPE model, which does 
not consider the subnucleon structure. It is argued in a recent 
paper [76] that the positive ρ(v2n, [pT]) for centrality up to 60% 
shown in Fig. 1 suggests a nucleon size of order 0.4–0.5 fm. This 
is much smaller than the values obtained from the recent Bayesian 
analyses [35,36]. Using ρ(v2n, [pT]) measurements to constrain the 
width of nucleon is particularly interesting. It enables a new pos-
sibility to crosscheck different determinations of the nucleon and 
subnucleon scales relevant to inelastic processes at high energy in 
different experiments, e.g., in electron–ion collisions at the future 
Electron-Ion Collider.

In addition to ρ(v2n, [pT]), a newly proposed higher-order corre-
lation involving two flow coefficients, ρ(v2n, v2m, [pT]) as defined in 
Eq. (3), is expected to bring further constraints on the initial-state 
shape [49]. Fig. 2 reports the first measurement of ρ(v22, v

2
3, [pT])

as a function of centrality up to 50% in Pb–Pb collisions at 
√
sNN =

5.02 TeV while the measurement in Xe–Xe collision is very chal-
lenging due to limited data sample. First of all, negative results are 
observed with more than 5σ significance from zero for the 0–50% 
centrality interval, showing a non-trivial anticorrelation between 
[pT], v2, and v3. It suggests an anticorrelation between entropy 
density, ε2, and ε3 in the initial stage. The full IP-Glasma+MU-
SIC+UrQMD and v-USPhydro calculations presented in Fig. 2 show 
a flat trend with centrality as the ALICE data for the 0–40% cen-

trality range within uncertainties. As ρ(v22, v
2
3, [pT]) follows the 

trend of initial-state estimations and is mainly determined by the 
early stage [49], the differences among theoretical model calcu-
lations should again mainly originate from the initial conditions. 
Due to the large uncertainties of the model calculations, one can-
not clearly establish a preference from comparisons with the ALICE 
data. Furthermore, the calculation of IP-Glasma with only the fi-
nal state effect (FSE) shows a strong centrality dependence. It is 
positive in central collisions and gradually becomes negative in 
peripheral collisions. This trend is different from that of full IP-
Glasma+MUSIC+UrQMD calculations and the experimental data.

In summary, the centrality dependence of correlations between 
anisotropic flow coefficients and mean transverse momentum in 
Pb–Pb and Xe–Xe collisions has been presented. These first AL-
ICE measurements of ρ(v22, [pT]) and ρ(v23, [pT]) are found to 
be positive in both collision systems for the presented central-
ity ranges, confirming the positive correlations between v2 (or 
v3) and [pT]. In addition, the higher-order correlation coefficient 
ρ(v22, v

2
3, [pT]) has been measured and found to be negative in Pb–

Pb collisions, suggesting an anticorrelation between entropy den-
sity, initial anisotropy coefficients ε2 and ε3 in the initial stage. The 
experimental data reported in this Letter can be described by hy-
drodynamic models using IP-Glasma initial conditions, while they 
are not well reproduced by calculations using different tunings 
of the TRENTo initial conditions. Such discrepancies cannot be at-
tributed to the effect of the initial momentum anisotropy predicted 
by the CGC framework, as its impact is insignificant in the pre-
sented centrality ranges. Instead, the discrepancies are expected to 
arise from different geometric effects in the initial state. It should 
also be emphasized that the state-of-the-art extraction of the QG-
P’s transport coefficients relies on Bayesian analyses, which are all 
based on the TRENTo model so far. The presented discrepancy be-
tween ALICE data and TRENTo model-based calculations requires 
in-depth investigations, and the impact on the extraction of the 
properties of QGP should be explored further. The presented ALICE 
measurements are crucial on this matter, and including the pre-
sented data in the Bayesian global fitting could be a valuable step 
toward a better constraint on the initial state in nuclear collisions. 
Last but not least, the presented measurements in Xe–Xe collisions 
open a new window to study the nuclear structure using ultrarel-
ativistic heavy-ion collisions at the LHC.
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[49] P. Bożek, R. Samanta, Higher order cumulants of transverse momentum and 
harmonic flow in relativistic heavy ion collisions, arXiv:2103 .15338 [nucl -th].

[50] A. Bilandzic, C.H. Christensen, K. Gulbrandsen, A. Hansen, Y. Zhou, Generic 
framework for anisotropic flow analyses with multiparticle azimuthal corre-
lations, Phys. Rev. C 89 (6) (2014) 064904, arXiv:1312 .3572 [nucl -ex].

[51] ALICE Collaboration, S. Acharya, et al., Systematic studies of correlations be-
tween different order flow harmonics in Pb-Pb collisions at √sNN = 2.76 TeV, 
Phys. Rev. C 97 (2) (2018) 024906, arXiv:1709 .01127 [nucl -ex].

[52] Z. Moravcova, K. Gulbrandsen, Y. Zhou, Generic algorithm for multiparticle cu-
mulants of azimuthal correlations in high energy nucleus collisions, Phys. Rev. 
C 103 (2) (2021) 024913, arXiv:2005 .07974 [nucl -th].

[53] E. Iancu, A. Leonidov, L.D. McLerran, Nonlinear gluon evolution in the color 
glass condensate. 1, Nucl. Phys. A 692 (2001) 583–645, arXiv:hep -ph /0011241.

[54] E. Ferreiro, E. Iancu, A. Leonidov, L. McLerran, Nonlinear gluon evolution in 
the color glass condensate. 2, Nucl. Phys. A 703 (2002) 489–538, arXiv:hep -ph /
0109115.

[55] ALICE Collaboration, E. Abbas, et al., Performance of the ALICE VZERO system, 
J. Instrum. 8 (2013) P10016, arXiv:1306 .3130 [nucl -ex].

[56] ALICE Collaboration, J. Adam, et al., Centrality dependence of the charged-
particle multiplicity density at midrapidity in Pb-Pb collisions at √sNN = 5.02
TeV, Phys. Rev. Lett. 116 (22) (2016) 222302, arXiv:1512 .06104 [nucl -ex].

[57] ALICE Collaboration, B.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].

[58] 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].

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

[60] P. Huo, K. Gajdosov, J. Jia, Y. Zhou, Importance of non-flow in mixed-harmonic 
multi-particle correlations in small collision systems, Phys. Lett. B 777 (2018) 
201–206, arXiv:1710 .07567 [nucl -ex].

[61] C. Zhang, A. Behera, S. Bhatta, J. Jia, Non-flow effects in correlation between 
harmonic flow and transverse momentum in nuclear collisions, Phys. Lett. B 
822 (2021) 136702, arXiv:2102 .05200 [nucl -th].

[62] R. Barlow, Systematic errors: facts and fictions, in: Conference on Advanced 
Statistical Techniques in Particle Physics 7, 2002, pp. 134–144, arXiv:hep -ex /
0207026.

[63] J.E. Bernhard, J.S. Moreland, S.A. Bass, J. Liu, U. Heinz, Applying Bayesian pa-
rameter estimation to relativistic heavy-ion collisions: simultaneous character-
ization of the initial state and quark-gluon plasma medium, Phys. Rev. C 94 (2) 
(2016) 024907, arXiv:1605 .03954 [nucl -th].

[64] B. Schenke, P. Tribedy, R. Venugopalan, Event-by-event gluon multiplicity, en-
ergy density, and eccentricities in ultrarelativistic heavy-ion collisions, Phys. 
Rev. C 86 (2012) 034908, arXiv:1206 .6805 [hep -ph].

[65] B. Schenke, P. Tribedy, R. Venugopalan, Fluctuating glasma initial conditions 
and flow in heavy ion collisions, Phys. Rev. Lett. 108 (2012) 252301, arXiv:
1202 .6646 [nucl -th].

[66] B. Schenke, S. Jeon, C. Gale, Elliptic and triangular flow in event-by-event (3+1) 
D viscous hydrodynamics, Phys. Rev. Lett. 106 (2011) 042301, arXiv:1009 .3244
[hep -ph].

[67] S.A. Bass, et al., Microscopic models for ultrarelativistic heavy ion collisions, 
Prog. Part. Nucl. Phys. 41 (1998) 255–369, arXiv:nucl -th /9803035 [nucl -th].

[68] M. Bleicher, et al., Relativistic hadron-hadron collisions in the ultrarelativistic 
quantum molecular dynamics model, J. Phys. G 25 (1999) 1859–1896, arXiv:
hep -ph /9909407 [hep -ph].

[69] G. Giacalone, J. Noronha-Hostler, M. Luzum, J.-Y. Ollitrault, Hydrodynamic pre-
dictions for 5.44 TeV Xe+Xe collisions, Phys. Rev. C 97 (3) (2018) 034904, 
arXiv:1711.08499 [nucl -th].

[70] S. McDonald, C. Shen, F. Fillion-Gourdeau, S. Jeon, C. Gale, Hydrodynamic pre-
dictions for Pb+Pb collisions at 5.02 TeV, Phys. Rev. C 95 (6) (2017) 064913, 
arXiv:1609 .02958 [hep -ph].

[71] N. Magdy, R.A. Lacey, Model investigations of the correlation between the mean 
transverse momentum and anisotropic flow in shape-engineered events, Phys. 
Lett. B 821 (2021) 136625, arXiv:2105 .04879 [nucl -th].

[72] J.S. Moreland, J.E. Bernhard, S.A. Bass, Alternative ansatz to wounded nucleon 
and binary collision scaling in high-energy nuclear collisions, Phys. Rev. C 
92 (1) (2015) 011901, arXiv:1412 .4708 [nucl -th].

[73] G. Giacalone, Observing the deformation of nuclei with relativistic nuclear col-
lisions, Phys. Rev. Lett. 124 (20) (2020) 202301, arXiv:1910 .04673 [nucl -th].

[74] B. Bally, M. Bender, G. Giacalone, V. Somà, Evidence of the triaxial structure of 
129Xe at the Large Hadron Collider, arXiv:2108 .09578 [nucl -th].

[75] J. Jia, Shape of atomic nuclei in heavy ion collisions, arXiv:2106 .08768 [nucl -
th].

[76] G. Giacalone, B. Schenke, C. Shen, Constraining the nucleon size with relativis-
tic nuclear collisions, Phys. Rev. Lett. 128 (4) (2022) 042301, arXiv:2111.02908
[nucl -th].

ALICE Collaboration

S. Acharya 143, D. Adamová 97, A. Adler 75, J. Adolfsson 82, G. Aglieri Rinella 34, M. Agnello 30, 
N. Agrawal 54, Z. Ahammed 143, S. Ahmad 16, S.U. Ahn 77, I. Ahuja 38, Z. Akbar 51, A. Akindinov 94, 
M. Al-Turany 109, S.N. Alam 16, D. Aleksandrov 90, B. Alessandro 60, H.M. Alfanda 7, R. Alfaro Molina 72, 

6

http://refhub.elsevier.com/S0370-2693(22)00527-5/bibA8775F1B98534B3B87F0DE3D10024B0Ds1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibA8775F1B98534B3B87F0DE3D10024B0Ds1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibA8775F1B98534B3B87F0DE3D10024B0Ds1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib6953E3F8428F96DC72C3C300BF886F28s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib6953E3F8428F96DC72C3C300BF886F28s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib238B38F2D5714F88C2E03777A9225F50s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib238B38F2D5714F88C2E03777A9225F50s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib238B38F2D5714F88C2E03777A9225F50s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibC7EB25CD4C3A7D93B8BE1375F0DA2A54s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibC7EB25CD4C3A7D93B8BE1375F0DA2A54s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibC7EB25CD4C3A7D93B8BE1375F0DA2A54s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib123AA99022D9E7D11DF541D0E4F93C88s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib123AA99022D9E7D11DF541D0E4F93C88s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib123AA99022D9E7D11DF541D0E4F93C88s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibA0945F03F449A28121C07028171F8354s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibA0945F03F449A28121C07028171F8354s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibA0945F03F449A28121C07028171F8354s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibECF9FE3103CE1FBEC066287140E1D44Es1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibECF9FE3103CE1FBEC066287140E1D44Es1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibECF9FE3103CE1FBEC066287140E1D44Es1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib80313DDEA200057BE78EBF11B79A5A0Fs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib80313DDEA200057BE78EBF11B79A5A0Fs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib80313DDEA200057BE78EBF11B79A5A0Fs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib829D0F5377C391E3C66C8A557784B30Es1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib829D0F5377C391E3C66C8A557784B30Es1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib829D0F5377C391E3C66C8A557784B30Es1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib811EE1669F674773C44A4B75018D0289s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib811EE1669F674773C44A4B75018D0289s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib811EE1669F674773C44A4B75018D0289s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibAC64D60A183CA7DDEAF11208CD2284CCs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibAC64D60A183CA7DDEAF11208CD2284CCs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibAC64D60A183CA7DDEAF11208CD2284CCs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib3C6A85651CC0B6E928A6321262F59807s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib3C6A85651CC0B6E928A6321262F59807s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibF4D34C371AD85C36E97CC93BD1DF01ECs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibF4D34C371AD85C36E97CC93BD1DF01ECs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibF4D34C371AD85C36E97CC93BD1DF01ECs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib6D01F4AB021A9C78319445601AD0DDCEs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib6D01F4AB021A9C78319445601AD0DDCEs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib597A5D59DCBB0E88B9C72ED5032E80A5s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib597A5D59DCBB0E88B9C72ED5032E80A5s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibD6C5667E527751C2E804054A55F4FFBEs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibD6C5667E527751C2E804054A55F4FFBEs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibD6C5667E527751C2E804054A55F4FFBEs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibBDA1B3AFE4EF4EEDB1785B9C49BD0724s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibBDA1B3AFE4EF4EEDB1785B9C49BD0724s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibBDA1B3AFE4EF4EEDB1785B9C49BD0724s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib47E71D7DB8927C892B6C86F9B68330B5s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib47E71D7DB8927C892B6C86F9B68330B5s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib47E71D7DB8927C892B6C86F9B68330B5s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib66EB31A5C6A419D5444F4DEE8B6A1B22s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib66EB31A5C6A419D5444F4DEE8B6A1B22s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib66EB31A5C6A419D5444F4DEE8B6A1B22s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibB1B87FC07CAAA8023CBECCAE87E1F831s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibB1B87FC07CAAA8023CBECCAE87E1F831s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibB1B87FC07CAAA8023CBECCAE87E1F831s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibE2DF4D7903C4CAEA587E972936977DBAs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibE2DF4D7903C4CAEA587E972936977DBAs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibE2DF4D7903C4CAEA587E972936977DBAs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibAA3202A9B3D65BF74E8F9B5366A6CA11s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibAA3202A9B3D65BF74E8F9B5366A6CA11s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibAA3202A9B3D65BF74E8F9B5366A6CA11s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibAA3202A9B3D65BF74E8F9B5366A6CA11s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibF137A7C42FFF75613B605681B4CDC481s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibF137A7C42FFF75613B605681B4CDC481s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibDE65D2CCF7CA10F504BE872374218FFBs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibDE65D2CCF7CA10F504BE872374218FFBs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibDE65D2CCF7CA10F504BE872374218FFBs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibAAAA5C73CB7FF3F003D690E72B3AA222s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibAAAA5C73CB7FF3F003D690E72B3AA222s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibAAAA5C73CB7FF3F003D690E72B3AA222s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib5F0EEB9058E68EF843EC0237EAAEECE6s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib5F0EEB9058E68EF843EC0237EAAEECE6s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib5F0EEB9058E68EF843EC0237EAAEECE6s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib88D16921E5060FC68389E1E5888CD812s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib88D16921E5060FC68389E1E5888CD812s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib30DF091C8C8B97C88C9FA51C3935F0ECs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib30DF091C8C8B97C88C9FA51C3935F0ECs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib30DF091C8C8B97C88C9FA51C3935F0ECs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibDB53B877DCFB467D8C5FE60D7515A55Cs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibDB53B877DCFB467D8C5FE60D7515A55Cs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibA4FE675FA4ADCEED2A4FCAEDE5FF3C1As1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibA4FE675FA4ADCEED2A4FCAEDE5FF3C1As1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibA4FE675FA4ADCEED2A4FCAEDE5FF3C1As1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib7AA8DFA2B732D940E1729D1035DA16C3s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib7AA8DFA2B732D940E1729D1035DA16C3s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib7AA8DFA2B732D940E1729D1035DA16C3s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib409451BFB1E0ED89AC321975AA9B813Ds1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib409451BFB1E0ED89AC321975AA9B813Ds1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib409451BFB1E0ED89AC321975AA9B813Ds1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib863E6A7A1BDBC24A8D03953F3851B9E6s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib863E6A7A1BDBC24A8D03953F3851B9E6s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib863E6A7A1BDBC24A8D03953F3851B9E6s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib0F7D18F29B9B74ED9D3E30C54917529Bs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib0F7D18F29B9B74ED9D3E30C54917529Bs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib0F7D18F29B9B74ED9D3E30C54917529Bs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib86CEB0C9735CD7F2AD33FBA1E65E694Ds1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib86CEB0C9735CD7F2AD33FBA1E65E694Ds1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib86CEB0C9735CD7F2AD33FBA1E65E694Ds1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibE5A66D0D3A7862276D73AF2DA1E89109s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibE5A66D0D3A7862276D73AF2DA1E89109s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibE5A66D0D3A7862276D73AF2DA1E89109s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib1552EA0F32A13225F70BA67A71DC31C9s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib1552EA0F32A13225F70BA67A71DC31C9s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib1552EA0F32A13225F70BA67A71DC31C9s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib1552EA0F32A13225F70BA67A71DC31C9s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibFD8B451BF58C3B37DA4074BF35CBB8CFs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibFD8B451BF58C3B37DA4074BF35CBB8CFs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibFD8B451BF58C3B37DA4074BF35CBB8CFs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibE948BFF77519B89F978B65925DE625A3s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibE948BFF77519B89F978B65925DE625A3s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibE948BFF77519B89F978B65925DE625A3s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib0E69DED2392F4BEC3B11CDEDFD65AA1Ds1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib0E69DED2392F4BEC3B11CDEDFD65AA1Ds1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib0E69DED2392F4BEC3B11CDEDFD65AA1Ds1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib266E0BBB148EDC7F5A0636AD1C91F8FAs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib266E0BBB148EDC7F5A0636AD1C91F8FAs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibC3E60F747F67D0C2602E00E5F641785Es1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibC3E60F747F67D0C2602E00E5F641785Es1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibC3E60F747F67D0C2602E00E5F641785Es1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibB1A8641520D7F7896EFBB7E065F7B697s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibB1A8641520D7F7896EFBB7E065F7B697s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibB1A8641520D7F7896EFBB7E065F7B697s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibB5A1EB1D0922E1F4C11E5CEFC8AFA151s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibB5A1EB1D0922E1F4C11E5CEFC8AFA151s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibB5A1EB1D0922E1F4C11E5CEFC8AFA151s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib40551BCD1872BC2E6CD6588159222CA7s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib40551BCD1872BC2E6CD6588159222CA7s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib40551BCD1872BC2E6CD6588159222CA7s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibBB1DB5649E3BC4FB64C96FFD5A3A356Bs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibBB1DB5649E3BC4FB64C96FFD5A3A356Bs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bibBB1DB5649E3BC4FB64C96FFD5A3A356Bs1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib326D1CD2CB8D777401FD8B0152F54A9Es1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib326D1CD2CB8D777401FD8B0152F54A9Es1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib385A17EB53A6967E179A598EC2D2BED3s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib385A17EB53A6967E179A598EC2D2BED3s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib2FD1EFDEC8236F3F6D0DCC6364DFA256s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib2FD1EFDEC8236F3F6D0DCC6364DFA256s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib5CE3F73D6F212025803E85B72EE09672s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib5CE3F73D6F212025803E85B72EE09672s1
http://refhub.elsevier.com/S0370-2693(22)00527-5/bib5CE3F73D6F212025803E85B72EE09672s1


ALICE Collaboration Physics Letters B 834 (2022) 137393

B. Ali 16, Y. Ali 14, A. Alici 25, N. Alizadehvandchali 126, A. Alkin 34, J. Alme 21, G. Alocco 55, T. Alt 69, 
I. Altsybeev 114, M.N. Anaam 7, C. Andrei 48, D. Andreou 92, A. Andronic 146, M. Angeletti 34, 
V. Anguelov 106, F. Antinori 57, P. Antonioli 54, C. Anuj 16, N. Apadula 81, L. Aphecetche 116, 
H. Appelshäuser 69, S. Arcelli 25, R. Arnaldi 60, I.C. Arsene 20, M. Arslandok 148, A. Augustinus 34, 
R. Averbeck 109, S. Aziz 79, M.D. Azmi 16, A. Badalà 56, Y.W. Baek 41, X. Bai 130,109, R. Bailhache 69, 
Y. Bailung 50, R. Bala 103, A. Balbino 30, A. Baldisseri 140, B. Balis 2, D. Banerjee 4, Z. Banoo 103, 
R. Barbera 26, L. Barioglio 107, M. Barlou 86, G.G. Barnaföldi 147, L.S. Barnby 96, V. Barret 137, C. Bartels 129, 
K. Barth 34, E. Bartsch 69, F. Baruffaldi 27, N. Bastid 137, S. Basu 82, G. Batigne 116, B. Batyunya 76, 
D. Bauri 49, J.L. Bazo Alba 113, I.G. Bearden 91, C. Beattie 148, P. Becht 109, I. Belikov 139, 
A.D.C. Bell Hechavarria 146, F. Bellini 25, R. Bellwied 126, S. Belokurova 114, V. Belyaev 95, G. Bencedi 147,70, 
S. Beole 24, A. Bercuci 48, Y. Berdnikov 100, A. Berdnikova 106, L. Bergmann 106, M.G. Besoiu 68, L. Betev 34, 
P.P. Bhaduri 143, A. Bhasin 103, I.R. Bhat 103, M.A. Bhat 4, B. Bhattacharjee 42, P. Bhattacharya 22, 
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J. Pan 145, S. Panebianco 140, J. Park 62, J.E. Parkkila 127, S.P. Pathak 126, R.N. Patra 103,34, B. Paul 22, H. Pei 7, 
T. Peitzmann 63, X. Peng 7, L.G. Pereira 71, H. Pereira Da Costa 140, D. Peresunko 90,83, G.M. Perez 8, 
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