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The first measurements of the production of muons and electrons from heavy-flavour hadron decays in
Xe-Xe collisions at ,/snny = 5.44 TeV, using the ALICE detector at the LHC, are reported. The measurement
of the nuclear modification factor Raa is performed as a function of transverse momentum pr in several
centrality classes at forward rapidity (2.5 < y < 4) and midrapidity (|y| < 0.8) for muons and electrons
from heavy-flavour hadron decays, respectively. A suppression by a factor up to about 2.5 compared to
the binary-scaled pp reference is observed in central collisions at both central and forward rapidities.
The Raa of muons from heavy-flavour hadron decays is compared to previous measurements in Pb-Pb
collisions at /sy = 5.02 TeV. When the nuclear modification factors are compared in the centrality
classes 0-10% for Xe-Xe collisions and 10-20% for Pb-Pb collisions, which have similar charged-particle
multiplicity density, a similar suppression, with Rap ~ 0.4 in the pr interval 4 < pr < 8 GeV/c, is
observed. The comparison of the measured Raa values in the two collision systems brings new insights
on the properties of the quark-gluon plasma by investigating the system-size and geometry dependence
of medium-induced parton energy loss. The results of muons and electrons from heavy-flavour hadron
decays provide new constraints to model calculations.
© 2021 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license
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1. Introduction at the same centre-of-mass energy, scaled by the average nuclear

overlap function (Taa):

A state of strongly-interacting matter in which quarks and
gluons are deconfined, the quark-gluon plasma (QGP), is cre- 1
ated in ultra-relativistic heavy-ion collisions at high energy den- Raa(pt, ¥) =
sity and high temperature [1-5]. Due to their large masses (m. ~
1.5 GeV/c2, my, ~ 4.8 GeV/c? [6]), charm and beauty quarks (heavy
quarks) are mostly produced via hard partonic scattering processes
in the initial stages of the collision, with typical time scales smaller
than the QGP formation time (~ 1 fm/c [7]). Furthermore, addi-
tional thermal production, as well as annihilation rates, of charm
and beauty quarks in the strongly-interacting matter are expected
to be small even at LHC energies [8,9]. Therefore, charm and
beauty quarks are a valuable probe for a detailed characterisation
of this deconfined medium. During their propagation through the
QGP, they lose energy via radiative [10,11] and collisional [12,13]
processes due to the microscopic interactions with the medium.

d*Naa/dprdy
(Taa) dzapp/dPTdy '

(1)

where (Taa) is defined, for a given centrality class, as the aver-
age number of binary nucleon-nucleon collisions per A-A collision
in that class, divided by the inelastic nucleon-nucleon cross sec-
tion [14-16].

A wealth of results on the measurement of open heavy-flavour
production at the LHC was obtained in Pb-Pb collisions at \/syn =
2.76 TeV and 5.02 TeV. The results from the ALICE, ATLAS and
CMS Collaborations show a clear evidence of a strong suppres-
sion of open heavy-flavour yields compared to the binary-scaled
pp reference in central collisions (see [17] and references therein,
and [18-24] for recent publications). The measurements of the

In order to quantify the effect of parton energy loss, we employ
the nuclear modification factor Raa defined as the ratio of the pr-
and y-differential particle yield (42 Naa/dprdy) in nucleus-nucleus
collisions of a given centrality to the corresponding pr- and y-
differential production cross section (dzapp /dptdy) in pp collisions
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production of electrons and muons from heavy-flavour hadron de-
cays at midrapidity (|y| < 0.8) and forward rapidity (2.5 < y < 4),
respectively, show a suppression up to a factor of about 3 in the
10% most central collisions [23,24]. The nuclear modification factor
of electrons from charm and beauty-hadron decays [25,26] and of
D mesons [27] in p-Pb collisions at /Sy = 5.02 TeV was found to
be consistent with unity within uncertainties. From this, one can
conclude that the strong suppression observed in Pb-Pb collisions
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is due to substantial final-state interactions of heavy quarks with
the QGP formed in heavy-ion collisions.

The study of open heavy-flavour production in different col-
lision systems with similar collision energies can provide more
insight on the role of initial state effects, like the modification
of the parton distribution functions (PDF) inside bound nucleons
[28], and on the production mechanisms of final-state particles,
like hadronisation via fragmentation and coalescence [17,29]. Fur-
thermore, such measurements can be used to test the path-length
dependence of the heavy-quark energy loss [30]. Previous mea-
surements of the system-size dependence of open heavy-flavour
production were performed at RHIC, comparing results from Au-
Au and Cu-Cu collisions, both at /sy = 200 GeV. The PHENIX
collaboration measured a significant suppression of muons from
heavy-flavour hadron decays at forward rapidity (1.4 <y < 1.9)
for pr > 2 GeV/c in the 20% most central Cu-Cu collisions at
A/SNN = 200 GeV [31]. The nuclear modification factor of elec-
trons from heavy-flavour hadron decays measured at midrapidity
(lyl <0.35) in Cu-Cu collisions at /sy = 200 GeV/c is found
to be in agreement with that obtained in Au-Au collisions at
+/SNN = 200 GeV/c, when the two are compared at similar number
of participating nucleons (Npart) [32]. The LHC delivered for the
first time collisions of xenon ions (12?Xe®**) at a centre-of-mass
energy per nucleon pair /SNy = 5.44 TeV during a pilot run of 6
hours at the end of 2017. This allows one to complement the find-
ings in Pb-Pb collisions and to study the dependence of particle
production on the size of the collision system and of the produced
medium. A remarkably similar suppression was observed in Pb-Pb
and Xe-Xe collisions for charged particles, in terms of their nu-
clear modification factor compared in event classes with similar
charged-particle multiplicity density (dN,/dn), possibly indicating
similar medium densities and sizes in the two collision systems
under that condition [33,34]. The CMS collaboration reported a
slightly smaller Raa for charged particles measured in Xe-Xe colli-
sions than in Pb-Pb collisions when the comparison is performed
for centrality classes with a similar number of participating nu-
cleons [33]. A good agreement was also found between the Raa
of inclusive J/¢ measured in Pb-Pb and Xe-Xe within uncertain-
ties [35].

This letter presents the first measurement of the production
of open heavy-flavour hadrons via the muon and electron de-
cay channels at forward rapidity (2.5 < y < 4) and midrapidity
(lyl <0.8) in Xe-Xe collisions at /SNy = 5.44 TeV with the AL-
ICE detector at the LHC. The pr-differential yield and the nuclear
modification factor are presented in several centrality intervals
expressed in terms of percentages of the inelastic Xe-Xe cross
section, namely 0-10%, 10-20%, 20-40% and 40-60% (0-20% and
20-40%) for the muon (electron) analysis. The upper limit of the
pr range available for the measurements sits between 6 and 8
GeV/c, depending on the centrality class and decay channel. In the
midrapidity region, electrons from heavy-flavour hadron decays are
measured, for the first time at the LHC, down to pt = 0.2 GeV/c in
the 20-40% centrality interval thanks to the reduced magnetic field
of 0.2 T in the ALICE solenoid magnet, as compared to the nominal
field of 0.5 T for Pb-Pb collisions. The comparison between Pb-Pb
collisions and the smaller Xe-Xe system is extended to the open
heavy-flavour sector with the measurement of the Raa of muons
from heavy-flavour hadron decays at forward rapidity in both sys-
tems. Comparisons with transport model predictions are reported.
The measurements can add to our understanding of the initial state
and the parton in-medium energy loss mechanisms. In particular,
the results discussed in this letter can bring additional constraints
on the model parameters sensitive to the path-length dependence
of in-medium energy loss.
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2. Experimental apparatus

The ALICE detector is described in detail in [36,37] and refer-
ences therein. The apparatus consists of a central barrel at midra-
pidity with pseudorapidity coverage |n| < 0.9, a muon spectrome-
ter at forward rapidity (—4 < n < —2.5) and a set of detectors for
triggering and event characterisation installed in the forward and
backward rapidity regions. The central barrel detectors are embed-
ded in a solenoid, which provided a magnetic field of 0.2 T parallel
to the beam direction during the Xe-Xe data taking.

At midrapidity, the Inner Tracking System (ITS) and the Time
Projection Chamber (TPC) are used for track reconstruction. The
ITS detector consists of six cylindrical silicon layers surrounding
the beam pipe: the Silicon Pixel Detector (SPD), the Silicon Drift
Detector (SDD) and the Silicon Strip Detector (SSD). Along with the
momentum measurement, the TPC, the SDD and the SSD also pro-
vide specific ionisation energy loss (dE/dx) information, used for
charged-particle identification (PID). The particle identification is
completed by the information provided by a Time-Of-Flight (TOF)
detector based on multi-gap resistive plate chambers.

The muon spectrometer [38], as seen from the interaction point,
consists of a 10 nuclear interaction length (A;) front absorber fil-
tering hadrons, electrons, photons and reducing the yield of muons
from light-flavour hadron decays, five tracking stations with the
third one placed in a dipole magnet with a field integral of 3
T-m, a 1.2 m thick iron wall (7 A;) and two trigger stations. Each
tracking station is composed of two planes of cathode pad cham-
bers. The iron wall stops secondary hadrons escaping from the
front absorber as well as residual low momentum muons from
light-hadron decays. Each trigger station consists of two planes
of resistive plate chambers. A conical absorber protects the muon
spectrometer throughout its full length against secondary particles
produced by the interaction with the beam pipe of primary parti-
cles at large 7 values.

The VO detector consists of two arrays of 32 scintillator tiles
each, covering the pseudorapidity intervals 2.8 < n < 5.1 (VOA)
and —3.7 < n < —1.7 (VOC). It serves as trigger detector and is
used for the centrality estimation. The latter is performed through
a Glauber Monte Carlo (MC) fit of the signal amplitude in the two
scintillator arrays [39,40]. The centrality intervals are defined as
percentiles of the hadronic Xe-Xe cross section [41]. The Zero De-
gree Calorimeters (ZDC), located on both sides of the interaction
point at z =+ 112.5 m, are used, both online and offline, for
the rejection of electromagnetic interactions and the timing infor-
mation from both the VO and ZDC is employed offline to reject
beam-induced background.

The Forward Multiplicity Detector (FMD), made of three sets
of silicon strip sensors covering the n intervals —3.5 <7 < —1.8
and 1.8 < n <5, provides a measurement of the charged-particle
multiplicity density at forward rapidity.

The minimum bias (MB) trigger required at least a hit in each
of the VOA and VOC, and at least one neutron detected by the
ZDC on each side of the interaction point. The measurement of
the production of electrons from heavy-flavour hadron decays at
midrapidity was performed on a sample of events characterized
by the MB trigger condition. In addition, only events with a re-
constructed primary vertex with |v;| < 10 cm, where v, is the
longitudinal coordinate along the beam axis, are used in the anal-
ysis.

A sample of muon-triggered events was considered for the
measurement of muons from heavy-flavour hadron decays. The
muon trigger condition [36] required the coincidence of at least
one hit in each of the VOA and VOC, and at least one track seg-
ment in the muon trigger system, with a pr above the threshold
of the online trigger algorithm. The trigger setting provides a ~50%
efficiency for muons with pt ~ 0.5 GeV/c.
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Table 1

Number of analysed Xe-Xe events in different centrality intervals and trigger con-
figurations. The corresponding (Taa) values are also reported. The MB and muon-
triggered samples are used for the measurement of electrons from heavy-flavour
hadron decays at midrapidity and muons from heavy-flavour hadron decays at for-
ward rapidity.

Centrality MB trigger Muon trigger (Taa) (mb~1)
(electrons) (muons)

0-10% - 1.79-10° 12.334+0.71

10-20% - 1.62-10° 7.465 £ 0.520

0-20% 0.3-10° - 9.896 + 0.620

20-40% 0.3 -108 2.48-10° 3.466 4+ 0.350

40-60% - 1.29-10° 1.008 +0.131

The probability for multiple interactions in a single bunch
crossing (pile-up) was negligible (about 10~4) for both event sam-
ples, due to the very low interaction rate. The number of events
analysed with different trigger samples and centrality intervals is
summarised in Table 1, together with the corresponding values of
the average nuclear overlap function (Taa) [16,41]. The integrated
luminosity amounts to about 0.30 ub~! and 0.33 ub~! for the MB-
and muon-triggered data samples.

3. Data analysis

The pr-differential yield of electrons (muons) from semi-
leptonic heavy-flavour hadron decays is obtained by measuring
the inclusive yields and subtracting the contribution of electrons
(muons) that do not originate from open heavy-flavour hadron de-
cays.

3.1. Muons from heavy-flavour hadron decays

Standard criteria are applied to select track candidates recon-
structed with the muon spectrometer using the tracking algorithm
described in [42]. Tracks are required to be within the pseudora-
pidity interval —4 < n < —2.5 and their polar angle at the end
of the front absorber (6,,s) should satisfy the condition 170° <
Oaps < 178°. The 6,15 selection reduces the impact of multiple scat-
tering by rejecting tracks crossing the high-density region of the
front absorber. Reconstructed tracks that match a track segment
in the muon trigger system are identified as muons. Finally, the
distance of the track to the primary vertex (DCA) weighted by
its momentum (p) is required to be smaller than 6 times the
width of the weighted DCA distribution obtained considering all
reconstructed tracks [43]. This selection reduces the fraction of
fake tracks and beam-induced background tracks. After the selec-
tion criteria are applied, the main background contributions in the
region 3 < pr < 8 GeV/c which need to be estimated and fur-
ther subtracted consist of i) muons from primary charged-pion
and charged-kaon decays, ii) muons from secondary charged-pion
and charged-kaon decays originating from the interaction of light-
charged hadrons with the material of the front absorber and iii)
muons from J/¢ decays. Therefore, the differential yields of muons
from heavy-flavour hadron decays in a given centrality class are
obtained as

dZNp,i<—HF dZN“i dZNuien dZN”i‘—K
dprdy  dprdy  dprdy dprdy
dZNuiesec.n/K dzNuieJ/x/f
— 2
dprdy dprdy 2

where d2NA* /dptdy stands for the differential yield of inclusive
muons corrected for acceptance, and tracking and trigger efficiency
(A x €), and normalised to the equivalent number of MB events,
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while dzN“i“”/dedy, dZN,uieK/dedy' dZN;Liesec.rr/l(/dedy
and d2N#" <)/ ¥ /dprdy represent the corresponding estimated dif-
ferential yields of muons from charged-pion decays, muons from
charged-kaon decays, muons from secondary charged-pion and
kaon decays and muons from J/y decays.

In order to evaluate the equivalent number of MB events in
the triggered-muon sample a normalisation factor Fporm needs to
be determined. This factor corresponds to the inverse probability
of having a triggered muon in a MB event. It is calculated using
two different procedures as detailed in [24,44], either applying the
muon trigger condition in the analysis of MB events or from the
relative trigger rates. The obtained value is Fporm = 2.428 4 0.024.
The quoted uncertainty is systematic, the statistical one is found to
be negligible. The systematic uncertainty is obtained by comparing
the results obtained from the two methods.

The correction factors for A x ¢ are estimated in the same way
as in [24], using simulated muons from heavy-flavour hadron de-
cays generated with pt and y distributions based on a fixed order
with next-to-leading-log resummation model (FONLL) [45] and a
realistic description of the detector conditions. The effect of the
detector occupancy on the muon tracking efficiency as a function
of centrality in Pb-Pb collisions was studied in [24] by embed-
ding simulated muons from heavy-flavour hadron decays in real
MB-triggered events. This analysis uses the centrality-dependent
efficiency scaling factors obtained from simulation in [24] for Pb-
Pb centrality intervals with similar charged-particle multiplicity
density at forward rapidity ((dNen/dn)2.5<y<4) [46,47] as the con-
sidered Xe-Xe centrality intervals. This results in a ~3% decrease
of the efficiency in the 10% most central Xe-Xe collisions compared
to the most peripheral collisions (60-80% centrality interval), inde-
pendent of pr. The obtained values of A x & vary between 84% and
87%, depending on the selected centrality class, with no significant
pr dependence in the interval of interest.

The determination of the contribution of muons from primary
charged-pion and charged-kaon decays relies on a data-driven sim-
ulation of the different contributions, as described later. Since the
charged-pion and charged-kaon spectra are not available, the fol-
lowing strategy is developed. The procedure is based on the 7*
and K* spectra measured with ALICE at midrapidity up to pr = 20
GeV/c in Pb-Pb collisions at ,/syy = 5.02 TeV for various central-
ity intervals [48], which are scaled by the measured ratio of the
charged-particle pr distribution in Xe-Xe collisions to that in Pb-
Pb collisions [34,49]. The obtained spectra in Xe-Xe collisions at
A/SNN = 5.44 TeV are used as input for the background estimation.
The extrapolation to the forward rapidity region assumes that the
Raa of charged pions and charged kaons is independent of rapidity
up to large y, y > 4 [24]. This leads to

[dani(Ki)

oy T
dprdy ]M = (Neon) - [RXA « )]mldiy ’ [Fg(tr(al; )(pT7 Mlpp

dani(Ki) mid—y
| 3)

ded.y pp
Finally, replacing the midrapidity nuclear modification factor

7EKE) 1mid—y 1y, i ; P
[Ran ] by its expression, Eq. (3) simplifies as

dani(Ki) o) dani(Ki) mid—y
_ =[F , | . (4
[ dprdy ]AA WFeap (P ¥ lpp [ dprdy ]AA @
mid—y
. 42N KE) 42N KE)

In these equations, oy and oy " are
the midrapidity spectra in Xe-Xe collisions and the y-extrapolated
ones, respectively. The pr-dependent rapidity factor

+ wx
[Fg(trg; )(pT, Y)lpp, used to extrapolate the midrapidity 7% and
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+ spectra in pp collisions to the forward rapidity region, is esti-
mated by means of pp simulations at /s = 5.44 TeV using PYTHIA
8.2 [50].! The procedure employed to perform the rapidity ex-
trapolation and to account for its pt dependence is described
in [24,44]. The systematic uncertainty due to the assumption that
the Raa remains unchanged from midrapidity up to y =4 will
be presented in section 3.3. Finally, the pt and y distributions of
decay muons are generated via a fast detector simulation of the
decay kinematics and absorber effects, using the y-extrapolated
charged-pion and charged-kaon distributions. For each centrality
class, the yields are normalized to the equivalent number of MB
events and subtracted from the inclusive muon distribution. The
estimated fraction of muons from charged-pion and charged-kaon
decays depends on pr and collision centrality. It decreases from
about 14% at pt = 3 GeV/c down to 5% at pt = 8 GeV/c in the
0-10% centrality class, while in the 40-60% centrality class it de-
creases from about 20% to 8% for pr increasing from 3 GeV/c to
7 GeV/c.

The contribution of muons from secondary light-hadron decays
is estimated by means of HIJING v1.383 simulations [51] with the
GEANT3 transport code [52]. These simulations indicate that the
fraction of muons from secondary 7* and K* decays with respect
to muons from primary 7% and K* decays amounts to about 9%,
independently of pr in the kinematic region of interest, and of the
centrality selection. The fraction of muons from secondary 7+ and
K= decays is obtained from the estimated contribution of muons
from primary 7* and K* decays. The resulting fraction of muons
from secondary w* and K* decays with respect to inclusive muons
decreases from about 1.3% at pr =3 GeV/c to about 0.4% at pr =8
GeV/c in the 0-10% centrality class.

Differential measurements of the J/v production at forward ra-
pidity are not available in Xe-Xe collisions [35]. The estimation of
the background component of muons from J/¢r decays relies on
the measurements in Pb-Pb collisions [24] in centrality intervals
with a comparable average charged-particle multiplicity as in Xe-
Xe collisions. This is achieved by extrapolating the ]/ pr- and
y-differential spectra measured by ALICE in the dimuon channel
at forward rapidity (2.5 <y < 4) and pr < 12 GeV/c [53,54] to
a larger kinematic range. A power-law function is used for the
pr-dependence and a Gaussian function for the rapidity depen-
dence. Then, the decay muon distributions are estimated with a
fast detector simulation. The fraction of muons from ]/ decays
in the Pb-Pb collision centrality class corresponding to an average
charged-particle multiplicity similar to that in central (0-10%) Xe-
Xe collisions, for 2.5 < y < 4, lies in the interval 1-4%, depending
on pr. The maximum of the distribution of muons from J/v decays
is located at intermediate pt (4 < pt <6 GeV/c).

After the subtraction of the background sources, the corrected
and normalized yields of muons from heavy-flavour hadron decays
in each pr interval are further divided by the width of the pr in-
terval and the rapidity coverage.

3.2. Electrons from heavy-flavour hadron decays

Candidate electron tracks are required to fulfil basic selection
criteria similar to those reported in [23]. The rapidity interval used
in the analysis is restricted to |y| < 0.8 to exclude the edges of
the detector acceptance, where the systematic uncertainties related
to particle identification increase. Only tracks that have hits on
both SPD layers are accepted, in order to reduce the contamina-
tion of electrons from photon conversions in the detector material.

1 It was checked that simulations with PYTHIA 6.4 and PHOJET, which were also
performed for the rapidity extrapolation [44], give compatible results within uncer-
tainties.
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The electron identification is mainly based on the measurement of
the specific ionisation energy loss in the TPC (dE/dx), similarly to
the procedure followed in [55,56]. The selection variable is defined
as the standard deviation of dE/dx from the parameterised Bethe-
Bloch [57,58] expectation value for electrons, expressed in units of
the dE/dx resolution, nfS [37]. In addition, the TOF and the ITS
detectors are used to separate electrons from kaons and protons,
imposing the criteria [n]%] < 3 and —4 <nll% <2 reduce the
hadron contamination. The n[% and nlT%, are defined as the devia-
tion of the time-of-flight in the TOF and the dE/dx in the ITS from
the expected values for electrons normalised to the respective de-
tector resolutions. The inclusive electron sample is finally extracted
with the requirement —1 < nIF¢ < 3, which corresponds to a 84%
efficiency. The residual hadron contamination is estimated fitting
the full nIF¢ distribution of the selected tracks with an analytic
function 1nc1udmg contributions for each particle species in differ-
ent momentum intervals [59]. The residual hadron contamination
reaches a maximum value of 20% (15%) for momentum equal to 6
GeV/c in the 0-20% (20-40%) centrality class.

The selected inclusive electron sample does not only contain
electrons from open heavy-flavour hadron decays, but also from
different sources of background. The dominant background sources
are electrons from Dalitz decays of light neutral mesons, mainly
79 and 7, and from photon conversions, which largely dominate
the inclusive electron yield for pr < 1.5 GeV/c. The ratio of the
signal to the background electron contributions, measured in Xe-
Xe collisions at ,/sny = 5.44 TeV, is about 0.2 at pr = 0.5 GeV/c
and is observed to increase with pr, reaching a value of about
4 at pr > 3 GeV/c. Other sources of background, like the di-
electron decays of light vector mesons (09, w, ¢), electrons from
W and Z/y* decays, di-electron decays of quarkonia and electrons
from weak decays of kaons, are observed to be negligible in the
pr interval of interest for this analysis [60]. The contribution of
electrons from Dalitz decays of 70 and 1 and from photon con-
versions is estimated via an invariant mass analysis of unlike-sign
pairs formed by pairing selected electron (positron) tracks with
opposite-charge tracks identified as positrons (electrons). The latter
are called associated electrons in the following. The combinatorial
background is subtracted using the like-sign invariant mass dis-
tribution. In order to maximise the probability to find the electron
(positron) partner, the associated electrons are selected with looser
criteria with respect to the ones applied for the inclusive electron
selection [55,56]. Due to the detector acceptance and inefficien-
cies and the decay kinematics, not all Dalitz and conversion elec-
trons in the inclusive electron sample are tagged with this method.
Therefore, the raw yield of tagged electrons from the background
sources is corrected for the efficiency to find the associated elec-
tron (positron), called tagging efficiency. The generated 7° pr dis-
tributions are weighted in order to match the measured pr spectra.
The weights are defined as the product of the ratio of charged
particles in Xe-Xe and Pb-Pb collisions and the charged-pion spec-
tra measured in Pb-Pb collisions [34,48,49]. For the 1 meson, the
weights are determined via the my-scaling [61,62] of the computed
pion-p spectra. The electron tagging efficiency increases with the
electron pr, starting from a value of about 40% at pt = 0.2 GeV/c
and reaching a value of about 80% at pt = 6 GeV/c. It was observed
in a previous analysis [23,55] that the contribution from ]/y decays
reaches a maximum of about 4% in the region 2 < ptr < 3 GeV/c in
central Pb-Pb collisions, decreasing to a few percent in more pe-
ripheral events. At lower and higher pr, this contribution decreases
quickly and becomes negligible. Hence, the contribution from J/vr
decays is not subtracted in the present analysis and its contribu-
tion is accounted in the systematic uncertainties, as it was done
for a previous measurement [23]. Due to the significantly different
level of suppression between heavy-flavour particles and kaons at
low pt [23,63], and due to the tight tracking requirements applied
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in the analysis, which suppress long-lived particle decays, the con-

tribution from the weak decay K% — e=7F/0}, is expected to
be negligible in this system, hence it is not subtracted.

After the statistical subtraction of the hadron contamination
and background of electrons from Dalitz decays and from photon
conversions, the obtained yields of electrons from heavy-flavour
hadron decays in each pr interval are divided by i) the geomet-
rical acceptance times the reconstruction and PID efficiencies, ii)
the number of analysed events and iii) the width of the pt inter-
val and of the covered y interval in order to obtain the corrected
and normalised differential yields of electrons from heavy-flavour
hadron decays.

The efficiencies are computed using a Monte Carlo sample
where the underlying Xe-Xe events are simulated using the HI-
JING v1.383 generator [51] and the heavy-flavour signal, obtained
using the PYTHIAG generator [64], is embedded. The efficiency of
the TPC electron identification selection criterion is determined us-
ing a data-driven approach based on the n'S distribution [26,65].
The total reconstruction efficiencies increase with pr, starting from
a value of about 10% at pr = 0.2 GeV/c and reaching a value of
about 25% at pt =6 GeV/c.

3.3. Systematic uncertainties

In the muon analysis, the systematic uncertainties on the yield
of muons from heavy-flavour hadron decays include contributions
from the inclusive muon yield, the background contamination and
the normalisation of muon-triggered events to the equivalent num-
ber of minimum bias events. The systematic uncertainty related to
the inclusive muon yield is extensively discussed in [24,44]. It is
evaluated considering the following contributions: i) muon track-
ing efficiency (1%), ii) muon trigger efficiency (2.2%), including the
intrinsic efficiency of the muon trigger chambers and the response
of the trigger algorithm, iii) choice of the x? cut implemented in
the matching between tracks reconstructed in the tracking cham-
bers and trigger chambers (0.5%) and iv) resolution and alignment
of the tracking chambers (0.5% for 7 < pr < 8 GeV/c and negligi-
ble for pt < 7 GeV/c). Finally, the systematic uncertainty arising
from the procedure used to take into account the dependence of
the muon tracking efficiency on the collision centrality, related to
the detector occupancy, reaches 0.5% in the 10% most central col-
lisions.

A first contribution to the systematic uncertainty on the es-
timated contribution of muons from charged-pion (kaon) decays
varying from about 5% (9.5%) at pt =3 GeV/c to 6% (13%) at pr =8
GeV/c in the 0-10% centrality class comes from i) the measured
midrapidity pr distributions of charged pions (kaons) in Pb-Pb
collisions and ii) the ratio of the charged-particle spectrum mea-
sured at midrapidity in Xe-Xe collisions to that in Pb-Pb collisions.
A second contribution of 9% (6%) for muons from charged-pion
(kaon) decays is due to the rapidity extrapolation of the midrapid-
ity pion and kaon distributions in pp collisions, needed to estimate
the charged-pion (kaon) distributions in Xe-Xe collisions at for-
ward rapidity. The pr dependence of the rapidity extrapolation
introduces a maximum uncertainty of 3% (1.5%) at pr =8 GeV/c
for muons from charged-pion (kaon) decays. These two systematic
uncertainties are obtained by comparing the results from PYTHIA 8
with various colour reconnection options [44,66]. A third contribu-
tion is attributed to the simulation of hadronic interactions in the
front absorber and amounts to 4%, independently of the mother
particle. The total systematic uncertainty is obtained by adding in
quadrature the contributions listed above, which gives a system-
atic uncertainty going from 10.5% (12%) at pr =3 GeV/c to 13%
(16%) at pr = 8 GeV/c for charged-pion (kaon) decay muons. Fi-
nally, the systematic uncertainty due to the assumption that the
suppression pattern of w* and K* is independent of rapidity up to
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y =4 is estimated by changing the corresponding yields by +50%.
The assigned uncertainty is the difference between the yields of
muons from heavy-flavour hadron decays obtained in the two ex-
treme cases, divided by /12, which corresponds to the RMS of
a uniform distribution. Moreover, in order to take into account
possible effects of the transport code, the yields of muons from
secondary charged-pion (kaon) decays are varied by +100% and
the difference between the yields of muons from heavy-flavour
decays obtained in the two extreme cases, divided by /12, is as-
signed as uncertainty.

The systematic uncertainty of the background due to muons
from ]/ decays is estimated considering the measured spectra at
forward rapidity in Pb-Pb collisions at ,/syy = 5.02 TeV and their
extrapolation to a larger pt and rapidity range. It varies within 4
and 8%, depending on pr, in central collisions.

The systematic uncertainty of the normalisation factor, Fporm,
of 1% is obtained by comparing the results obtained either using
the relative trigger rates or applying the muon trigger condition in
the analysis of MB events [35], see also section 3.1.

The various systematic uncertainties are propagated to the
measurement of muons from heavy-flavour hadron decays and
added in quadrature.? The resulting systematic uncertainty de-
creases with increasing pr from about 5.5% (pt =3 GeV/c) to 3%
(pt = 8 GeV/c) in the 0-10% centrality class and it varies within
the range 4-6% in peripheral collisions (40-60% centrality inter-
val).

In the electron analysis the systematic uncertainties are eval-
uated considering the following contributions: i) subtraction of
electrons originating from Dalitz decays and photon conversions,
including variation of the number of hits for electron candidates
in the SPD, ii) matching efficiency of tracks reconstructed in the
ITS and TPC, iii) matching of reconstructed tracks between the
TOF and TPC, iv) track-reconstruction and identification procedure,
v) space-charge distortions in the TPC drift volume, vi) residual
hadron contamination, and vii) electron contribution from J/¢ de-
cays.

The main source of systematic uncertainty for pr < 2 GeV/c,
where the signal to background ratio is of the order of a few per-
cent, is related to the subtraction of electrons originating from
Dalitz decays and photon conversions. This contribution is esti-
mated as the RMS of the distribution of yields obtained by varying
the selection criteria related to the associated particle. This sys-
tematic uncertainty has a maximum of about 25% in the inter-
val 0.2 < pr < 0.3 GeV/c (0.3 < pt < 0.5 GeV/c) in the 20-40%
(0-20%) centrality class and it decreases to 3% at high pr. In order
to further test the robustness of the background electron tagging,
the requirement on the number of hits for electron candidates in
the SPD is relaxed to increase the fraction of electrons from photon
conversions in the detector material. A variation of 5%, assigned as
systematic uncertainty, is observed for the measured production
yield up to pr =2 GeV/c for both centrality intervals, when one
SPD hit is required for each track. For pr > 3 GeV/c, the uncertain-
ties originating from the incomplete knowledge of the matching
efficiency of tracks reconstructed in the ITS and TPC and between
the TOF and TPC detectors amount to 4% and 2%, respectively. The
systematic uncertainty introduced by the track-reconstruction pro-
cedure is estimated by varying the tracking parameters, like the
number of TPC space-points belonging to a track, and it amounts
to 4%. The systematic uncertainty introduced by the particle iden-
tification is also evaluated varying the electron selection criteria
and is found to be negligible. The effects due to the presence of
non-uniformities in the correction for the space-charge distortion
in the TPC drift volume or irregularities in the detector coverage

2 The systematic uncertainty on Fnorm is shown separately.
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are evaluated by repeating the analysis in different pseudorapidity
regions. This gives a maximum systematic uncertainty of 10% in
the interval 0.2 < pr < 0.3 GeV/c. This contribution decreases
to 4% at pt = 0.4 GeV/c and it is negligible for pr > 2 GeV/c. The
systematic uncertainty from the hadron contamination subtraction
is estimated using different functional forms to fit the nI"C distri-
bution and amounts to 6% for the most central collisions and to 3%
in the 20-40% centrality interval, as in a previous publication [23].
Due to the non-subtraction of electrons from the J/¢ decays, an
uncertainty of 2% is assigned for pr < 3 GeV/c. This contribution
increases to 4% for pt > 3 GeV/c due to the growing contribu-
tion from J/y decays observed in previous publications [23,55].
The overall systematic uncertainty of the pr-differential production
yield is calculated summing in quadrature the different contribu-
tions.

4. Derivation of production cross section of muons and electrons
from heavy-flavour hadron decays in pp collisions at /s = 5.44
TeV

In order to calculate the nuclear modification factor of muons
and electrons from heavy-flavour hadron decays, a reference pro-
duction cross section for pp collisions at the same centre-of-mass
energy as Xe-Xe collisions is needed for both analyses. Since pp
data at /s =5.44 TeV are currently not available, the pp refer-
ence is obtained by applying a pQCD-driven +/s-scaling [67] to the
measured pp production cross section at /s = 5.02 TeV [23,44].
The pr-dependent scaling factors are obtained by calculating the
ratio of the production cross sections of electrons and muons
from heavy-flavour hadron decays from FONLL calculations [45] at
s =5.5TeV? to those at /s = 5.02 TeV. The systematic uncer-
tainty of the pp reference has two sources: the measured pp ref-
erence at /s =5.02 TeV and the pr-dependent scaling factor from
/s =5.02 TeV to /s =5.5 TeV. The former varies between about
3.4% (ptr = 8 GeV/c) to 4.2% (pt = 3 GeV/c) for the muon case [44],
while for the electron case it varies between 10% (ptr = 0.5 GeV/c)
and 5% (pr = 6 GeV/c) [23]. The latter is in the range 1-1.5%
and includes the uncertainties on the parton distribution functions,
quark masses, and factorisation and renormalisation scales, as de-
scribed in [67]. The two contributions are added in quadrature.
In addition, the global normalisation uncertainty of 2.1% evaluated
from the pp analysis at /s = 5.02 TeV is applied [44,68,69].

For the electron analysis, the pp production cross section is
also extrapolated in pt since the pp production cross section at
/s =5.02 TeV was only measured for pr > 0.5 GeV/c [23], while
in Xe-Xe collisions the electrons from heavy-flavour hadron decays
are measured for pr > 0.2 GeV/c. The production cross section
obtained from FONLL calculations at /s = 5.5 TeV is used as the
pp reference for pr < 0.5 GeV/c. Since the central values of the
FONLL calculations underestimate the measurements of electrons
from heavy-flavour hadron decays [55,60,70], the FONLL produc-
tion cross section is multiplied by a scaling factor, determined
by fitting the data to theory ratio at /s = 5.02 TeV with a sec-
ond order polynomial function in the full pr range available for
the measurement [23]. The systematic uncertainties for pr < 0.5
GeV/c are evaluated under the assumption that the systematic un-
certainties of the measurement are fully correlated over pr, i.e.
by repeating the calculation of the scaling factor after shifting
all data points consistently within their systematic uncertainties.
The resulting systematic uncertainty is 7%. An additional system-
atic uncertainty contribution of 20% is assigned to account for the
difference between the results from a first-order, third-order and

3 FONLL calculations are available at /s = 5.5 TeV only. The difference with re-
spect to /s = 5.44 TeV is neglected.
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fourth-order polynomial fit to the data-to-theory ratio and those
from the second-order polynomial fit used for the central value.
Those two contributions are summed in quadrature to obtain the
total systematic uncertainties.

5. Results

The pr-differential production yields of muons and electrons
from heavy-flavour hadron decays at forward and midrapidity in
Xe-Xe collisions at /sy = 5.44 TeV are shown in the left and
right panel of Fig. 1. The pr-differential production yields are
derived from the corrected and normalised differential yields of
muons and electrons from heavy-flavour hadron decays, discussed
in section 3, which are further divided by a factor two introduced
to obtain the charge-averaged differential yields.

The muons from heavy-flavour hadron decays are measured in
the centrality intervals 0-10%, 10-20%, 20-40% and 40-60% for the
interval 3 < pr < 7-8 GeV/c, while the electrons from heavy-
flavour hadron decays are measured at midrapidity in the interval
0.2-0.3 < pt < 6 GeV/c in the 0-20% and 20-40% centrality inter-
vals. The vertical bars denote the statistical uncertainties and the
systematic uncertainties are shown as empty boxes, except for the
one on the normalisation factor, Fnorm, Needed to determine the
corresponding number of MB events in the muon-triggered sam-
ple (1%) which is reported separately in the legend (left panel).

Fig. 2 displays the Rap of muons from heavy-flavour hadron
decays as a function of pr in Xe-Xe collisions at ./syny = 5.44 TeV
for the centrality intervals 0-10%, 10-20%, 20-40% and 40-60%.
The Raa of electrons from heavy-flavour hadron decays as a func-
tion of pr in Xe-Xe collisions at ,/sny = 5.44 TeV for the 0-20%
(left panel) and 20-40% (right panel) centrality intervals is shown
in Fig. 3. For both figures, statistical (vertical bars) and systematic
(empty boxes) uncertainties of the pr-differential yields in Xe-Xe
collisions and of the pr-differential production cross section in pp
collisions are propagated as uncorrelated uncertainties. The sys-
tematic uncertainty on the normalisation is indicated as a full box
at Raa = 1. The latter is the quadratic sum of the systematic un-
certainty of i) the average nuclear overlap function (Table 1, [16]),
ii) the normalisation uncertainty of the pp reference and iii) the
normalisation factor of muon-triggered events to the equivalent
number of MB events (for the muon analysis only).

It is important to stress that the results at forward and cen-
tral rapidity complement each other. In particular, the suppression
pattern is similar for both rapidity regions, indicating that heavy
quarks strongly interact with the medium created in heavy-ion col-
lisions over a wide rapidity interval.

In the most central events, the Ras reaches its minimum of
about 04 for pt > 4 GeV/c, while moving to more peripheral
Xe-Xe collisions the Rpaa gets closer to unity. In order to better
understand the origin of the observed suppression, it is interest-
ing to note that measurements in minimum bias p-Pb collisions
at /sy = 5.02 TeV, where the formation of an extended QGP
phase is not expected, show a nuclear modification factor com-
patible with unity at high pt [26,75]. The comparison between the
two systems confirms that the high-pt suppression of electrons
and muons from heavy-flavour hadron decays is due to final-state
effects, such as partonic energy loss in the medium, similar to the
observation in Pb-Pb collisions [23]. The centrality dependence of
the Raa is compatible with the hypothesis that in-medium parton
energy loss depends on the medium density. The latter increases
towards most central collisions and thus the amount of energy lost
by the parton traversing the medium increases.

For pr < 3 GeV/c, the Rap of electrons from heavy-flavour
hadron decays is observed to increase with decreasing pr. Such
an increase is expected as it compensates for the suppression at
higher pr, assuming the scaling of the total yield with the number
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of binary nucleon-nucleon collisions in heavy-ion collisions [11,23].
However, the scaling can be broken due to the nuclear modifica-
tion of the parton distribution functions in Xe nuclei [28], leading
to Raa values lower than unity also at low pr. Transport model
calculations, in order to better describe the low pr measurements,
have to include shadowing effects, which reduce the Raa by about
30-40% in the interval pt < 5 GeV/c [55,76]. In addition, further
modifications of the pr distribution due to the radial flow can also
play a role in this region [77].

The Raa of muons and electrons from heavy-flavour hadron de-
cays is compared with predictions from the PHSD and MC@sHQ+
EPOS2 calculations [71,72]. The PHSD model considers the nu-
clear modification of the parton distribution functions and includes
only collisional energy loss processes, while the MC@sHQ+EPOS2
model includes also energy loss from medium-induced gluon ra-
diation. The MC@sHQ+EPOS2 calculations do not implement the
nuclear modification of PDF for b quarks. Moreover, a contribu-
tion of hadronisation via recombination is considered in addition
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model predictions are also displayed.

to the fragmentation mechanism. The MC@sHQ+EPOS2 calculations
are displayed with their theoretical uncertainty band evaluated
considering pure elastic and elastic+radiative energy loss together
with the uncertainty on shadowing. The MC@sHQ+EPOS2 model
provides a fair description of the Raa of muons and electrons from
heavy-flavour hadron decays within the experimental uncertain-
ties in the full measured pr interval in all centrality intervals. The
PHSD model is consistent with the data at central rapidity, while
at forward rapidity the model has difficulties to reproduce the cen-
trality dependence of the measured Raa and tends to overestimate
the measured Raa in central collisions (0-10% and 10-20% cen-
trality classes). The Djordjevic model [73,74], which implements
energy loss for gluons, light and heavy quarks, including both ra-
diative and collisional processes and considering dynamical scat-
tering centres in the medium, provides a good description of the
Raa of electrons from heavy-flavour hadron decays within uncer-
tainties in both centrality intervals for ptr > 4 GeV/c.

In a simple approach, the average energy loss depends on the
density of scattering centres, which is proportional to the energy
density, and on the path length of partons in the medium [78]. The
energy density can be estimated from the average charged-particle
multiplicity density per transverse area [47,79]. The path-length
dependence of the energy loss is predicted to be linear for elastic
(collisional) processes and quadratic for inelastic (radiative) pro-
cesses [80]. Consequently, the study of the system-size dependence
of the production of leptons from heavy-flavour hadron decays is
an important tool to investigate the path-length dependence of the
in-medium parton energy loss in a hot and dense medium and to
distinguish between different energy loss mechanisms [30].

The nuclear modification factor of muons from heavy-flavour
hadron decays in the 10% most central Xe-Xe collisions at /SNy =
5.44 TeV is compared in Fig. 4 with that measured in Pb-Pb col-
lisions at ,/syny = 5.02 TeV for the 0-10% and 10-20% centrality
classes [24,81] in the left and right panel, respectively. Compar-
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isons with the PHSD and MC@sHQ+EPOS2 transport models [71,72]
are also shown. In both collision systems, the pr-differential Raa
of muons from heavy-flavour hadron decays in central Xe-Xe col-
lisions at ./syn = 5.44 TeV shows a similar evolution as a function
of pr when compared to the measured Raa in Pb-Pb collisions
at ./sny = 5.02 TeV for the same centrality class [24]. However, a
systematic difference between the two sets of Raa results is vis-
ible, which tends to indicate that the suppression is stronger in
Pb-Pb collisions for the same centrality class. The pr-integrated
Raa values, in the range 3-8 GeV/c, differ by about 2.5 standard
deviations. Such a behaviour may result from the difference in the
system size. Both the MC@sHQ+EPOS2 and PHSD models predict a
slightly larger suppression in Pb-Pb than in Xe-Xe collisions, as
observed in the data. The MC@sHQ+EPOS2 model describes the
suppression seen in the data for both central (0-10%) Pb-Pb and
Xe-Xe collisions. The PHSD calculations underestimate the mea-
sured suppression over the entire pr interval in these two collision
systems.

When the Ras measured in Xe-Xe and Pb-Pb collisions are
compared for classes of events associated with a similar aver-
age charged-particle multiplicity density [46,47], such as 0-10%
for Xe-Xe collisions and 10-20% for Pb-Pb collisions [24,81], as
in the right panel of Fig. 4, a remarkable agreement between the
two collision systems is found. A similar effect was reported for
high-pt charged particles measured at midrapidity by the ALICE
collaboration [34]. These similarities between the Raa of muons
from heavy-flavour hadron decays in Xe-Xe and Pb-Pb collisions
at comparable average charged-particle multiplicity density are in
agreement with results from the study of the fractional momen-
tum loss of high-pr partons at the RHIC and LHC [82]. While the
MC@sHQ+EPOS2 calculations show a close similarity of the sup-
pression pattern for Pb-Pb and Xe-Xe collisions over the whole
pr interval, the PHSD model, with only collisional energy loss pro-
cesses implemented, predicts here a larger suppression in Xe-Xe
collisions compared to Pb-Pb collisions, in particular at high pr.
The MC@sHQ+EPOS2 calculations are in fair agreement with the
measured Raa over the whole pr interval, both for Xe-Xe and
Pb-Pb collisions. As already reported, the PHSD model tends to
overestimate the measured Raa in central (0-10% centrality class)
Xe-Xe collisions. In central (10-20% centrality class) Pb-Pb colli-
sions, the PHSD calculations also systematically underestimate the
measured suppression over the whole pr interval. Therefore, the
study of the production of muons from heavy-flavour hadron de-
cays at forward rapidity provides new constraints for the treatment
of the path-length dependence of the different parton energy loss
mechanisms in transport model calculations.

6. Summary and conclusions

In summary, the first measurements of the nuclear modifica-
tion factor Raa of muons and electrons from heavy-flavour hadron
decays in Xe-Xe collisions at /sy = 5.44 TeV, performed with
the ALICE detector at the LHC, are presented. A strong suppression,
reaching a factor of about 2.5 in central collisions, is observed at
both central and forward rapidity. The study of Xe-Xe collisions
provides an opportunity to further test the evolution of the in-
medium parton energy loss with the system size. The Raa results
in central Xe-Xe collisions show a smaller suppression than in Pb-
Pb collisions when the measurements are performed in the same
centrality class. In contrast, the measured Raa in central Xe-Xe
collisions at forward rapidity is in agreement with that in Pb-
Pb collisions, when these are compared for classes of events with
similar charged-particle multiplicity density. The comparison of the
Raa in the two collision systems as well as the R4 measurements
in Xe-Xe collisions at central and forward rapidity for different
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centrality classes can shed more light on the path-length depen-
dence of the in-medium parton energy loss.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial 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 construc-
tion of the experiment and the CERN accelerator teams for the out-
standing performance of the LHC complex. The ALICE Collaboration
gratefully acknowledges the resources and support provided by
all Grid centres and the Worldwide LHC Computing Grid (WLCG)
collaboration. The ALICE Collaboration acknowledges the follow-
ing funding agencies for their support in building and running
the ALICE detector: A.l. Alikhanyan National Science Laboratory
(Yerevan Physics Institute) Foundation (ANSL), State Committee of
Science and World Federation of Scientists (WFS), Armenia; Aus-
trian Academy of Sciences, Austrian Science Fund (FWF): [M 2467-
N36] and Osterreichische Nationalstiftung fiir Forschung, Technolo-
gie und Entwicklung, Austria; Ministry of Communications and
High Technologies, National Nuclear Research Center, Azerbaijan;
Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico
(CNPq), Financiadora de Estudos e Projetos (Finep), Fundagdo de
Amparo a Pesquisa do Estado de Sdo Paulo (FAPESP) and Univer-
sidade Federal do Rio Grande do Sul (UFRGS), Brazil; Ministry of
Education of China (MOEC), Ministry of Science & Technology of
China (MSTC) and National Natural Science Foundation of China
(NSFC), China; Ministry of Science and Education and Croatian Sci-
ence Foundation, Croatia; Centro de Aplicaciones Tecnoldgicas y
Desarrollo Nuclear (CEADEN), Cubaenergia, Cuba; Ministry of Ed-
ucation, Youth and Sports of the Czech Republic, 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), Finland; Commis-
sariat a I'Energie Atomique (CEA) and Institut National de Physique
Nucléaire et de Physique des Particules (IN2P3) and Centre Na-
tional de la Recherche Scientifique (CNRS), France; Bundesminis-
terium fiir Bildung und Forschung (BMBF) and GSI Helmholtzzen-
trum fiir Schwerionenforschung GmbH, Germany; General Secre-
tariat for Research and Technology, Ministry of Education, Research
and Religions, Greece; National Research, Development and Inno-
vation Office, Hungary; Department of Atomic Energy, Government
of India (DAE), Department of Science and Technology, Govern-
ment of India (DST), University Grants Commission, Government
of India (UGC) and Council of Scientific and Industrial Research
(CSIR), India; Indonesian Institute of Science, Indonesia; Instituto
Nazionale di Fisica Nucleare (INFN), Italy; Institute for Innova-
tive Science and Technology, Nagasaki Institute of Applied Science
(IIST), Japanese Ministry of Education, Culture, Sports, Science and
Technology (MEXT) and Japan Society for the Promotion of Science
(JSPS) KAKENHI, Japan; Consejo Nacional de Ciencia (CONACYT) y
Tecnologia, through Fondo de Cooperacién Internacional en Cien-
cia y Tecnologia (FONCICYT) and Direccién General de Asuntos
del Personal Academico (DGAPA), Mexico; Nederlandse Organisatie
voor Wetenschappelijk Onderzoek (NWO), Netherlands; The Re-
search Council of Norway, Norway; Commission on Science and
Technology for Sustainable Development in the South (COMSATS),
Pakistan; Pontificia Universidad Catélica del Perd, Peru; Ministry of
Science and Higher Education, National Science Centre and WUT
ID-UB, Poland; Korea Institute of Science and Technology Infor-
mation and National Research Foundation of Korea (NRF), Repub-



ALICE Collaboration

lic of Korea; Ministry of Education and Scientific Research, Insti-
tute of Atomic Physics and Ministry of Research and Innovation
and Institute of Atomic Physics, Romania; Joint Institute for Nu-
clear Research (JINR), Ministry of Education and Science of the
Russian Federation, National Research Centre Kurchatov Institute,
Russian Science Foundation and Russian Foundation for Basic Re-
search, Russia; Ministry of Education, Science, Research and Sport
of the Slovak Republic, Slovakia; National Research Foundation of
South Africa, South Africa; Swedish Research Council (VR) andKnut
and Alice Wallenberg Foundation (KAW), Sweden; European Or-
ganization for Nuclear Research, Switzerland; Suranaree University
of Technology (SUT), National Science and Technology Develop-
ment Agency (NSDTA) and Office of the Higher Education Com-
mission under NRU project of Thailand, Thailand; Turkish Atomic
Energy Agency (TAEK), Turkey; National Academy of Sciences 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, Office
of Nuclear Physics (DOE NP), United States of America.

References

[1] B. Muller, J.L. Nagle, Results from the relativistic heavy ion collider, Annu. Rev.
Nucl. Part. Sci. 56 (2006) 93-135, arXiv:nucl-th/0602029.

[2] A. Bazavov, et al., The chiral and deconfinement aspects of the QCD transition,
Phys. Rev. D 85 (2012) 054503, arXiv:1111.1710 [hep-lat].

[3] Wuppertal-Budapest Collaboration, S. Borsanyi, Z. Fodor, C. Hoelbling, S.D. Katz,
S. Krieg, C. Ratti, K.K. Szabo, Is there still any T, mystery in lattice QCD? Results
with physical masses in the continuum limit III, J. High Energy Phys. 09 (2010)
073, arXiv:1005.3508 [hep-lat].

[4] HotQCD Collaboration, A. Bazavov, et al., Equation of state in (2+1)-flavor QCD,
Phys. Rev. D 90 (2014) 094503, arXiv:1407.6387 [hep-lat].

[5] S. Borsanyi, Z. Fodor, C. Hoelbling, S.D. Katz, S. Krieg, K.K. Szabo, Full result
for the QCD equation of state with 2+1 flavors, Phys. Lett. B 730 (2014) 99,
arXiv:1309.5258 [hep-lat].

[6] Particle Data Group Collaboration, P. Zyla, et al., Review of particle physics,
Prog. Theor. Exp. Phys. 2020 (8) (2020), 083C01.

[7] E-M. Liu, S.-X. Liu, Quark-gluon plasma formation time and direct photons
from heavy ion collisions, Phys. Rev. C 89 (2014) 034906, arXiv:1212.6587
[nucl-th].

[8] R. Averbeck, Heavy-flavor production in heavy-ion collisions and implications
for the properties of hot QCD matter, Prog. Part. Nucl. Phys. 70 (2013) 159,
arXiv:1505.03828 [nucl-ex].

[9] P. Braun-Munzinger, Quarkonium production in ultra-relativistic nuclear col-
lisions: suppression versus enhancement, ]. Phys. G 34 (2007) S471, arXiv:
nucl-th/0701093 [nucl-th].

[10] M. Gyulassy, M. Plumer, Jet quenching in dense matter, Phys. Lett. B 243 (1990)
432.

[11] R. Baier, Y.L. Dokshitzer, A.H. Mueller, S. Peigne, D. Schiff, Radiative energy loss
and pr-broadening of high-energy partons in nuclei, Nucl. Phys. B 484 (1997)
265, arXiv:hep-ph/9608322 [hep-ph].

[12] M.H. Thoma, M. Gyulassy, Quark damping and energy loss in the high tempera-
ture QCD, Nucl. Phys. B 351 (1991) 491, http://www.sciencedirect.com/science/
article/pii/S0550321305800318.

[13] E. Braaten, M.H. Thoma, Energy loss of a heavy quark in the quark-gluon
plasma, Phys. Rev. D 44 (1991) R2625, https://doi.org/10.1103/PhysRevD.44.
R2625.

[14] RJ. Glauber, G. Matthiae, High-energy scattering of protons by nuclei, Nucl.
Phys. B 21 (1970) 135.

[15] M.L. Miller, K. Reygers, S.J. Sanders, P. Steinberg, Glauber modeling in high
energy nuclear collisions, Annu. Rev. Nucl. Part. Sci. 57 (2007) 205, arXiv:
nucl-ex/0701025 [nucl-ex].

[16] ALICE Collaboration, Centrality determination in heavy ion collisions, ALICE-
PUBLIC-2018-011, http://cds.cern.ch/record/2636623, 2018.

[17] A. Andronic, et al., Heavy-flavour and quarkonium production in the LHC era:
from proton-proton to heavy-ion collisions, Eur. Phys. J. C 76 (2016) 107, arXiv:
1506.03981 [nucl-ex].

[18] ALICE Collaboration, J. Adam, et al., Centrality dependence of high-pr D meson
suppression in Pb-Pb collisions at /sy = 2.76 TeV, J. High Energy Phys. 11
(2015) 205, arXiv:1506.06604 [nucl-ex], Addendum: J. High Energy Phys. 06
(2017) 032.

[19] CMS Collaboration, A.M. Sirunyan, et al, Nuclear modification factor of D
mesons in PbPb collisions at /syy = 5.02 TeV, Phys. Lett. B 782 (2018) 474,
arXiv:1708.04962 [nucl-ex].

[20] ALICE Collaboration, S. Acharya, et al., Measurement of D°, D*, D** and D
production in Pb-Pb collisions at /sy = 5.02 TeV, . High Energy Phys. 10
(2018) 174, arXiv:1804.09083 [nucl-ex].

10

Physics Letters B 819 (2021) 136437

[21] CMS Collaboration, A.M. Sirunyan, et al., Measurement of the B* meson nu-
clear modification factor in Pb-Pb collisions at /sy = 5.02 TeV, Phys. Rev.
Lett. 119 (15) (2017) 152301, arXiv:1705.04727 [hep-ex].

[22] ATLAS Collaboration, M. Aaboud, et al., Measurement of the suppression and
azimuthal anisotropy of muons from heavy-flavor decays in Pb+Pb collisions
at /sy = 2.76 TeV with the ATLAS detector, Phys. Rev. C 98 (2018) 044905,
arXiv:1805.05220 [nucl-ex].

[23] ALICE Collaboration, S. Acharya, et al., Measurement of electrons from semilep-
tonic heavy-flavour hadron decays at midrapidity in pp and Pb-Pb collisions at
J/SNN = 5.02 TeV, Phys. Lett. B 804 (2020) 135377, arXiv:1910.09110 [nucl-ex].

[24] ALICE Collaboration, S. Acharya, et al., Production of muons from heavy-flavour
hadron decays at high transverse momentum in Pb-Pb collisions at /SNy =
5.02 and 2.76 TeV, arXiv:2011.05718 [nucl-ex].

[25] ALICE Collaboration, ]J. Adam, et al., Measurement of electrons from beauty-
hadron decays in p-Pb collisions at /sy = 5.02 TeV and Pb-Pb collisions at
/SNN = 2.76 TeV, ]. High Energy Phys. 07 (2017) 052, arXiv:1609.03898 [nucl-
ex].

[26] ALICE Collaboration, J. Adam, et al., Measurement of electrons from heavy-
flavour hadron decays in p-Pb collisions at /sy = 5.02 TeV, Phys. Lett. B 754
(2016) 81, arXiv:1509.07491 [nucl-ex].

[27] ALICE Collaboration, B. Abelev, et al., Measurement of prompt D-meson pro-
duction in p-Pb collisions at ,/syy = 5.02 TeV, Phys. Rev. Lett. 113 (23) (2014)
232301, arXiv:1405.3452 [nucl-ex].

[28] K. Eskola, H. Paukkunen, C.A. Salgado, EPS09: a new generation of NLO and
LO nuclear parton distribution functions, J. High Energy Phys. 04 (2009) 065,
arXiv:0902.4154 [hep-ph].

[29] V. Greco, C.M. Ko, R. Rapp, Quark coalescence for charmed mesons in ultra-
relativistic heavy ion collisions, Phys. Lett. B 595 (2004) 202, arXiv:nucl-th/
0312100 [nucl-th].

[30] M. Djordjevic, D. Zigic, M. Djordjevic, J. Auvinen, How to test path-length de-
pendence in energy loss mechanisms: analysis leading to a new observable,
Phys. Rev. C 99 (6) (2019) 061902, arXiv:1805.04030 [nucl-th].

[31] PHENIX Collaboration, A. Adare, et al., Nuclear-modification factor for open-
heavy-flavor production at forward rapidity in Cu+Cu collisions at /Sy = 200
GeV, Phys. Rev. C 86 (2012) 024909, arXiv:1204.0754 [nucl-ex].

[32] PHENIX Collaboration, A. Adare, et al., System-size dependence of open-heavy-
flavor production in nucleus-nucleus collisions at /5y = 200 GeV, Phys. Rev.
C 90 (3) (2014) 034903, arXiv:1310.8286 [nucl-ex].

[33] CMS Collaboration, A.M. Sirunyan, et al., Charged-particle nuclear modification
factors in Xe-Xe collisions at ,/syy = 5.44 TeV, J. High Energy Phys. 10 (2018)
138, arXiv:1809.00201 [hep-ex].

[34] ALICE Collaboration, S. Acharya, et al., Transverse momentum spectra and nu-
clear modification factors of charged particles in Xe-Xe collisions at /SNy =
5.44 TeV, Phys. Lett. B 788 (2019) 166, arXiv:1805.04399 [nucl-ex].

[35] ALICE Collaboration, S. Acharya, et al., Inclusive J/¢ production in Xe-Xe col-
lisions at /SNy = 5.44 TeV, Phys. Lett. B 785 (2018) 419, arXiv:1805.04383
[nucl-ex].

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

[37] 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].

[38] ALICE Collaboration, ALICE dimuon forward spectrometer: addendum to the
Technical Design Report, Technical Design Report ALICE, CERN, Geneva, 2000,
https://cds.cern.ch/record/494265.

[39] ALICE Collaboration, B. Abelev, et al., Centrality determination of Pb-Pb col-
lisions at /syny = 2.76 TeV with ALICE, Phys. Rev. C 88 (4) (2013) 044909,
arXiv:1301.4361 [nucl-ex].

[40] ALICE Collaboration, J. Adam, et al., Centrality dependence of high-pt D meson
suppression in Pb-Pb collisions at /SNy = 2.76 TeV, J. High Energy Phys. 11
(2015) 205, arXiv:1506.06604 [nucl-ex].

[41] C. Loizides, ]. Kamin, D. d’Enterria, Improved Monte Carlo Glauber predictions
at present and future nuclear colliders, Phys. Rev. C 97 (2018) 054910, arXiv:
1710.07098, erratum: Phys. Rev. C 99 (1) (2019) 019901.

[42] ALICE Collaboration, K. Aamodt, et al., Rapidity and transverse momentum de-
pendence of inclusive ]/v production in pp collisions at /s =7 TeV, Phys.
Lett. B 704 (2011) 442-455, arXiv:1105.0380 [hep-ex], Erratum: Phys. Lett. B
718 (2012) 692.

[43] ALICE Collaboration, J. Adam, et al., W and Z boson production in p-Pb colli-
sions at /syn = 5.02 TeV, J. High Energy Phys. 02 (2017) 077, arXiv:1611.03002
[nucl-ex].

[44] ALICE Collaboration, S. Acharya, et al., Production of muons from heavy-flavour
hadron decays in pp collisions at /s = 5.02 TeV, ]. High Energy Phys. 09 (2019)
008, arXiv:1905.07207 [nucl-ex].

[45] M. Cacciari, M. Greco, P. Nason, The pr spectrum in heavy flavor hadroproduc-
tion, J. High Energy Phys. 05 (1998) 007, arXiv:hep-ph/9803400 [hep-ph].

[46] ALICE Collaboration, J. Adam, et al., Centrality dependence of the charged-
particle multiplicity density at midrapidity in Pb-Pb collisions at \/syn = 5.02
TeV, Phys. Rev. Lett. 116 (22) (2016) 222302, arXiv:1512.06104 [nucl-ex].


http://refhub.elsevier.com/S0370-2693(21)00377-4/bib9639CAE06813A5E9C7897EA816ECC96Es1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib9639CAE06813A5E9C7897EA816ECC96Es1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib40134703CC744C7C2E25B4EEB4BCA124s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib40134703CC744C7C2E25B4EEB4BCA124s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibB17EF0CA58BAEE1A371FA7A61011DD5Bs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibB17EF0CA58BAEE1A371FA7A61011DD5Bs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibB17EF0CA58BAEE1A371FA7A61011DD5Bs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibB17EF0CA58BAEE1A371FA7A61011DD5Bs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8D7DF61D18A51715FD3AFD4BEE6A357Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8D7DF61D18A51715FD3AFD4BEE6A357Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8B6A4EFA9CB7B3D9D1CBEE51E9FCB0BFs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8B6A4EFA9CB7B3D9D1CBEE51E9FCB0BFs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8B6A4EFA9CB7B3D9D1CBEE51E9FCB0BFs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibFAAAF74F35146E327E214817806CA021s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibFAAAF74F35146E327E214817806CA021s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibAB23F4EB3D7F26313AF4150EE7798081s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibAB23F4EB3D7F26313AF4150EE7798081s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibAB23F4EB3D7F26313AF4150EE7798081s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC78984C15CF9AF70291AE12D288AAB65s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC78984C15CF9AF70291AE12D288AAB65s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC78984C15CF9AF70291AE12D288AAB65s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib618491C5E4531278F7E8094073417532s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib618491C5E4531278F7E8094073417532s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib618491C5E4531278F7E8094073417532s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibE7A1F1C75A276A8A7A053300027020DBs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibE7A1F1C75A276A8A7A053300027020DBs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibEF7EED0C62C298D954AD620C6FA0BC7Ds1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibEF7EED0C62C298D954AD620C6FA0BC7Ds1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibEF7EED0C62C298D954AD620C6FA0BC7Ds1
http://www.sciencedirect.com/science/article/pii/S0550321305800318
http://www.sciencedirect.com/science/article/pii/S0550321305800318
https://doi.org/10.1103/PhysRevD.44.R2625
https://doi.org/10.1103/PhysRevD.44.R2625
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibD8AE7C8596EE8E022E8E20D878FF0241s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibD8AE7C8596EE8E022E8E20D878FF0241s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib171647FF2011580E9FBA9034B3C3703As1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib171647FF2011580E9FBA9034B3C3703As1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib171647FF2011580E9FBA9034B3C3703As1
http://cds.cern.ch/record/2636623
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibB3673105415D9E34BD731A0DFD2DD50Fs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibB3673105415D9E34BD731A0DFD2DD50Fs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibB3673105415D9E34BD731A0DFD2DD50Fs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib051D0A5B75C27FCE2CCA6ED857485D79s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib051D0A5B75C27FCE2CCA6ED857485D79s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib051D0A5B75C27FCE2CCA6ED857485D79s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib051D0A5B75C27FCE2CCA6ED857485D79s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib3A125FA4DE14766664380A8472C3EF59s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib3A125FA4DE14766664380A8472C3EF59s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib3A125FA4DE14766664380A8472C3EF59s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC39B39E2120EAE119BDAC3176A8D38C4s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC39B39E2120EAE119BDAC3176A8D38C4s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC39B39E2120EAE119BDAC3176A8D38C4s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib88BCE0F78BB2770F93A2AF501670060Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib88BCE0F78BB2770F93A2AF501670060Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib88BCE0F78BB2770F93A2AF501670060Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib7A866520C9DD96A9E238CD97F2E832C7s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib7A866520C9DD96A9E238CD97F2E832C7s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib7A866520C9DD96A9E238CD97F2E832C7s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib7A866520C9DD96A9E238CD97F2E832C7s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib651EA521D2AE9B3E825E78C591903568s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib651EA521D2AE9B3E825E78C591903568s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib651EA521D2AE9B3E825E78C591903568s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC3C84C495C574AA477297EC7B9F47811s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC3C84C495C574AA477297EC7B9F47811s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC3C84C495C574AA477297EC7B9F47811s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibD3E6E01FCDF82E2D35B79779BAD3C577s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibD3E6E01FCDF82E2D35B79779BAD3C577s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibD3E6E01FCDF82E2D35B79779BAD3C577s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibD3E6E01FCDF82E2D35B79779BAD3C577s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib1FCA07A21EBE6CBA91A6024B60C214A8s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib1FCA07A21EBE6CBA91A6024B60C214A8s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib1FCA07A21EBE6CBA91A6024B60C214A8s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib870789A55BF355225FCDC891065D3069s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib870789A55BF355225FCDC891065D3069s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib870789A55BF355225FCDC891065D3069s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib3AC6EA9D723C8FDCC0EFC074474ECAA7s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib3AC6EA9D723C8FDCC0EFC074474ECAA7s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib3AC6EA9D723C8FDCC0EFC074474ECAA7s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib619E5F8AC22CE923715229B2CD2BA24As1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib619E5F8AC22CE923715229B2CD2BA24As1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib619E5F8AC22CE923715229B2CD2BA24As1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib9BF64AEEED4B77E0473BBA611D00819Fs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib9BF64AEEED4B77E0473BBA611D00819Fs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib9BF64AEEED4B77E0473BBA611D00819Fs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibCF9E60B514036DF1A695A7F5265BD7AEs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibCF9E60B514036DF1A695A7F5265BD7AEs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibCF9E60B514036DF1A695A7F5265BD7AEs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib9B3CF711A7CEA57612C96B4B20252762s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib9B3CF711A7CEA57612C96B4B20252762s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib9B3CF711A7CEA57612C96B4B20252762s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibA6EC124E6CDD35B032B2CC3AB77B4523s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibA6EC124E6CDD35B032B2CC3AB77B4523s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibA6EC124E6CDD35B032B2CC3AB77B4523s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibA2FB1A5FF84DBB35403F152795A2AAE3s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibA2FB1A5FF84DBB35403F152795A2AAE3s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibA2FB1A5FF84DBB35403F152795A2AAE3s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib966BDC5243DA6D46C4D8ADCEE725D54Ds1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib966BDC5243DA6D46C4D8ADCEE725D54Ds1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib966BDC5243DA6D46C4D8ADCEE725D54Ds1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib74324F3A25C36872BACFC3C10296A2D0s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib74324F3A25C36872BACFC3C10296A2D0s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib3E5340B0AAE13E3EF61ED4BE2A7F5F13s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib3E5340B0AAE13E3EF61ED4BE2A7F5F13s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib3E5340B0AAE13E3EF61ED4BE2A7F5F13s1
https://cds.cern.ch/record/494265
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib5559217F90EBA3258422BEDEB450741Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib5559217F90EBA3258422BEDEB450741Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib5559217F90EBA3258422BEDEB450741Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibD6447EE463B1508E4FAB530C69D0950As1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibD6447EE463B1508E4FAB530C69D0950As1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibD6447EE463B1508E4FAB530C69D0950As1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib460B1C9B52712E7503F5A67B695D7BFEs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib460B1C9B52712E7503F5A67B695D7BFEs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib460B1C9B52712E7503F5A67B695D7BFEs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibECE3888DC7174541E6377FA8AB1B2648s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibECE3888DC7174541E6377FA8AB1B2648s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibECE3888DC7174541E6377FA8AB1B2648s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibECE3888DC7174541E6377FA8AB1B2648s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib2F9E8366B0C24A1BD529E303B5C35025s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib2F9E8366B0C24A1BD529E303B5C35025s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib2F9E8366B0C24A1BD529E303B5C35025s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibAC7531F039724AD81165D3694A9386FAs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibAC7531F039724AD81165D3694A9386FAs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibAC7531F039724AD81165D3694A9386FAs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib04C88DCD3769F4E18DE421CFB368A4BBs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib04C88DCD3769F4E18DE421CFB368A4BBs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib1A4604424520927248410E567267BB43s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib1A4604424520927248410E567267BB43s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib1A4604424520927248410E567267BB43s1

ALICE Collaboration

[47] ALICE Collaboration, S. Acharya, et al., Centrality and pseudorapidity depen-
dence of the charged-particle multiplicity density in Xe-Xe collisions at /SNn
=5.44 TeV, Phys. Lett. B 790 (2019) 35-48, arXiv:1805.04432 [nucl-ex].

[48] ALICE Collaboration, S. Acharya, et al., Production of charged pions, kaons and
(anti-)protons in Pb-Pb and inelastic pp collisions at /sy = 5.02 TeV, Phys.
Rev. C 101 (4) (2020) 044907, arXiv:1910.07678 [nucl-ex].

[49] ALICE Collaboration, S. Acharya, et al., Transverse momentum spectra and nu-
clear modification factors of charged particles in pp, p-Pb and Pb-Pb collisions
at the LHC, J. High Energy Phys. 11 (2018) 013, arXiv:1802.09145 [nucl-ex].

[50] T. Sjostrand, S. Ask, J.R. Christiansen, R. Corke, N. Desai, P. Ilten, S. Mrenna, S.
Prestel, C.0. Rasmussen, P.Z. Skands, An introduction to PYTHIA 8.2, Comput.
Phys. Commun. 191 (2015) 159, arXiv:1410.3012 [hep-ph].

[51] M. Gyulassy, X.-N. Wang, HIJING 1.0: A Monte Carlo program for parton and
particle production in high-energy hadronic and nuclear collisions, Comput.
Phys. Commun. 83 (1994) 307, arXiv:nucl-th/9502021 [nucl-th].

[52] R. Brun, E. Bruyant, F. Carminati, S. Giani, M. Maire, A. McPherson, G. Patrick, L.
Urban, GEANT Detector Description and Simulation Tool, CERN-W5013, 1994.

[53] ALICE Collaboration, J. Adam, et al., ]/, suppression at forward rapidity in Pb-
Pb collisions at /sy =5.02 TeV, Phys. Lett. B 766 (2017) 212, arXiv:1606.
08197 [nucl-ex].

[54] ALICE Collaboration, S. Acharya, et al., Studies of ]/ production at forward
rapidity in Pb-Pb collisions at /sy = 5.02 TeV, J. High Energy Phys. 02 (2020)
041, arXiv:1909.03158 [nucl-ex].

[55] ALICE Collaboration, S. Acharya, et al., Measurements of low-pt electrons from
semileptonic heavy-flavour hadron decays at mid-rapidity in pp and Pb-Pb
collisions at ./syy = 2.76 TeV, J. High Energy Phys. 10 (2018) 061, arXiv:
1805.04379 [nucl-ex].

[56] ALICE Collaboration, J. Adam, et al., Measurement of the production of high-pr
electrons from heavy-flavour hadron decays in Pb-Pb collisions at \/syn = 2.76
TeV, Phys. Lett. B 771 (2017) 467, arXiv:1609.07104 [nucl-ex].

[57] H. Bethe, Zur Theorie des Durchgangs schneller Korpuskularstrahlen durch
Materie, Ann. Phys. 397 (3) (1930) 325, https://doi.org/10.1002/andp.
19303970303.

[58] Particle Data Group Collaboration, Review of particle physics, Phys. Rev. D 98
(2018) 030001, https://link.aps.org/doi/10.1103/PhysRevD.98.030001.

[59] ALICE Collaboration, S. Acharya, et al., Measurement of electrons from heavy-
flavour hadron decays as a function of multiplicity in p-Pb collisions at /SNn
= 5.02 TeV, J. High Energy Phys. 02 (2020) 077, arXiv:1910.14399 [nucl-ex].

[60] ALICE Collaboration, B. Abelev, et al., Measurement of electrons from semilep-
tonic heavy-flavour hadron decays in pp collisions at /s = 7 TeV, Phys. Rev. D
86 (2012) 112007, arXiv:1205.5423 [hep-ex].

[61] PK. Khandai, P. Shukla, V. Singh, Meson spectra and mry scaling in p + p, d+Au,
and Au + Au collisions at ,/syy =200 GeV, Phys. Rev. C 84 (2011) 054904,
arXiv:1110.3929 [hep-ph].

[62] L. Altenkdmper, F. Bock, C. Loizides, N. Schmidt, Applicability of transverse mass
scaling in hadronic collisions at energies available at the CERN Large Hadron
Collider, Phys. Rev. C 96 (2017) 064907, arXiv:1710.01933 [hep-ph].

[63] ALICE Collaboration, J. Adam, et al., Centrality dependence of the nuclear mod-
ification factor of charged pions, kaons, and protons in Pb-Pb collisions at
J/SNN = 2.76 TeV, Phys. Rev. C 93 (2016) 034913, arXiv:1506.07287 [nucl-ex].

[64] T. Sjostrand, S. Mrenna, PZ. Skands, PYTHIA 6.4 Physics and Manual, J. High
Energy Phys. 05 (2006) 026, arXiv:hep-ph/0603175 [hep-ph].

ALICE Collaboration

Physics Letters B 819 (2021) 136437

[65] ALICE Collaboration, B. Abelev, et al., Measurement of electrons from beauty
hadron decays in pp collisions at /s = 7 TeV, Phys. Lett. B 721 (2013) 13,
arXiv:1208.1902 [hep-ex].

[66] J.R. Christiansen, P.Z. Skands, String formation beyond leading colour, J. High
Energy Phys. 08 (2015) 003, arXiv:1505.01681 [hep-ph].

[67] R. Averbeck, N. Bastid, Z.C. del Valle, P. Crochet, A. Dainese, X. Zhang, Reference
heavy flavour cross sections in pp collisions at /s = 2.76 TeV, using a pQCD-
driven +/s-scaling of ALICE measurements at /s = 7 TeV, arXiv:1107.3243
[hep-ph].

[68] ALICE Collaboration, ALICE 2017 luminosity determination for pp collisions at
/s =5 TeV, ALICE-PUBLIC-2018-014, http://cds.cern.ch/record/2648933, 2018.

[69] ALICE Collaboration, ALICE luminosity determination for pp collisions at /s =5
TeV, ALICE-PUBLIC-2018-011, https://cds.cern.ch/record/2202638, 2016.

[70] ALICE Collaboration, Preliminary Physics Summary: Measurements of low-pr
electrons from semileptonic heavy-flavour hadron decays at mid-rapidity in pp
collisions at /s = 7 TeV, ALICE-PUBLIC-2018-005, https://cds.cern.ch/record/
2317185, 2018.

[71] T. Song, H. Berrehrah, D. Cabrera, W. Cassing, E. Bratkovskaya, Charm produc-
tion in Pb+Pb collisions at energies available at the CERN Large Hadron Collider,
Phys. Rev. C 93 (3) (2016) 034906, arXiv:1512.00891 [nucl-th].

[72] M. Nahrgang, J. Aichelin, P.B. Gossiaux, K. Werner, Influence of hadronic bound
states above T. on heavy-quark observables in Pb-Pb collisions at the CERN
Large Hadron Collider, Phys. Rev. C 89 (2014) 014905, arXiv:1305.6544 [hep-
phl.

[73] M. Djordjevic, M. Djordjevic, Predictions of heavy-flavor suppression at 5.1 TeV
Pb+Pb collisions at the CERN Large Hadron Collider, Phys. Rev. C 92 (2015)
024918, arXiv:1505.04316 [nucl-th].

[74] M. Djordjevic, M. Djordjevic, LHC jet suppression of light and heavy flavor ob-
servables, Phys. Lett. B 734 (2014) 286, arXiv:1307.4098 [hep-ph].

[75] ALICE Collaboration, S. Acharya, et al., Production of muons from heavy-flavour
hadron decays in p-Pb collisions at /sy =5.02 TeV, Phys. Lett. B 770 (2017)
459, arXiv:1702.01479 [nucl-ex].

[76] ALICE Collaboration, J. Adam, et al., Transverse momentum dependence of D-
meson production in Pb-Pb collisions at /sy = 2.76 TeV, J. High Energy Phys.
03 (2016) 081, arXiv:1509.06888 [nucl-ex].

[77] JW. Cronin, HJ. Frisch, M]. Shochet, ].P. Boymond, PA. Piroué, R.L. Sumner,
Production of hadrons at large transverse momentum at 200, 300, and 400
GeV, Phys. Rev. D 11 (1975) 3105, https://link.aps.org/doi/10.1103/PhysRevD.
11.3105.

[78] D. d’Enterria, Jet quenching 23 (2010) 471, arXiv:0902.2011 [nucl-ex].

[79] CMS Collaboration, S. Chatrchyan, et al., Measurement of the pseudorapidity
and centrality dependence of the transverse energy density in PbPb collisions
at \/Syy = 2.76 TeV, Phys. Rev. Lett. 109 (2012) 152303, arXiv:1205.2488 [nucl-
ex].

[80] R. Baier, Y.L. Dokshitzer, A.H. Mueller, S. Peigne, D. Schiff, Radiative energy loss
of high-energy quarks and gluons in a finite volume quark-gluon plasma, Nucl.
Phys. B 483 (1997) 291, arXiv:hep-ph/9607355 [hep-ph].

[81] ALICE Collaboration, Supplemental figure: Production of muons from heavy-
flavour hadron decays at high transverse momentum in Pb-Pb collisions at
/SNN = 5.02 and 2.76 TeV, https://cds.cern.ch/record/2747060, 2020.

[82] PHENIX Collaboration, A. Adare, et al., Scaling properties of fractional momen-
tum loss of high-pr hadrons in nucleus-nucleus collisions at /sy, from 62.4
GeV to 2.76 TeV, Phys. Rev. C 93 (2) (2016) 024911, arXiv:1509.06735 [nucl-ex].

S. Acharya '*?, D. Adamova®’, A. Adler 7, J. Adolfsson ®?, G. Aglieri Rinella>>, M. Agnello ',

N. Agrawal >, Z. Ahammed '#?, S. Ahmad '°, S.U. Ahn’’, Z. Akbar>?, A. Akindinov °#, M. Al-Turany '°°,
D.S.D. Albuquerque '*4, D. Aleksandrov “°, B. Alessandro °°, H.M. Alfanda’, R. Alfaro Molina ’?, B. Ali '°,
Y. Ali 4, A. Alici *°, N. Alizadehvandchali '/, A. Alkin >, J. Alme?!, T. Alt%°, L. Altenkamper ?',

I. Altsybeev !>, M.N. Anaam ’, C. Andrei“*’, D. Andreou °?, A. Andronic '4>, M. Angeletti >,

V. Anguelov '%, T. Anti¢i¢ ''°, F. Antinori~®, P. Antonioli~>, N. Apadula®', L. Aphecetche '”,

H. Appelshiduser %, S. Arcelli?%, R. Arnaldi®®, M. Arratia®', 1.C. Arsene ?°, M. Arslandok '47-196,

A. Augustinus >°, R. Averbeck 199, S. Aziz7°, M.D. Azmi '6, A. Badala®’, Y.W. Baek *?, X. Bai '%?,

R. Bailhache %%, R. Bala '®3, A. Balbino 3!, A. Baldisseri >, M. Ball **, D. Banerjee %, R. Barbera?’,

L. Barioglio 2>, M. Barlou ®®, G.G. Barnaféldi '4°, L.S. Barnby °°, V. Barret 6, C. Bartels 2, K. Barth 3>,
E. Bartsch ®, F. Baruffaldi 28, N. Bastid 36, S. Basu®%''44, G. Batigne ''7, B. Batyunya ’®, D. Bauri ",

J.L. Bazo Alba ''#, 1.G. Bearden ', C. Beattie '4’, I. Belikov *%, A.D.C. Bell Hechavarria '*°, F. Bellini >°,
R. Bellwied 27, S. Belokurova ''°, V. Belyaev ?°, G. Bencedi’% 145, S. Beole 2°, A. Bercuci*,

Y. Berdnikov '%°, A. Berdnikova %%, D. Berenyi '#°, L. Bergmann '°°, M.G. Besoiu °®, L. Betev >°,


http://refhub.elsevier.com/S0370-2693(21)00377-4/bibFCFD1B0A5D3E69A340DA96300E1D0140s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibFCFD1B0A5D3E69A340DA96300E1D0140s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibFCFD1B0A5D3E69A340DA96300E1D0140s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib14603E84BF56F9E23284D1187DDDA4ADs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib14603E84BF56F9E23284D1187DDDA4ADs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib14603E84BF56F9E23284D1187DDDA4ADs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib74317CE97B7657B924186B0695F8686Ds1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib74317CE97B7657B924186B0695F8686Ds1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib74317CE97B7657B924186B0695F8686Ds1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib52E0141B59A5D3E5BF7C55D1B143BBEEs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib52E0141B59A5D3E5BF7C55D1B143BBEEs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib52E0141B59A5D3E5BF7C55D1B143BBEEs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib28B9D2EAC372DE1FD6A688FCFE49744Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib28B9D2EAC372DE1FD6A688FCFE49744Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib28B9D2EAC372DE1FD6A688FCFE49744Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibDC431D2AFBCF6A327258D35E20052782s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibDC431D2AFBCF6A327258D35E20052782s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib2F2040B03A7D89B601F6407B6711974As1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib2F2040B03A7D89B601F6407B6711974As1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib2F2040B03A7D89B601F6407B6711974As1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC8190FAEBB9C843740814A4225007775s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC8190FAEBB9C843740814A4225007775s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC8190FAEBB9C843740814A4225007775s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib2DC065EC9BEEB2848638FA347412AAB4s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib2DC065EC9BEEB2848638FA347412AAB4s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib2DC065EC9BEEB2848638FA347412AAB4s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib2DC065EC9BEEB2848638FA347412AAB4s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib72B986B365F2A8F94C50F555486B6FEAs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib72B986B365F2A8F94C50F555486B6FEAs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib72B986B365F2A8F94C50F555486B6FEAs1
https://doi.org/10.1002/andp.19303970303
https://doi.org/10.1002/andp.19303970303
https://link.aps.org/doi/10.1103/PhysRevD.98.030001
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibA896C51009DB1B5C272FE432C49934E2s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibA896C51009DB1B5C272FE432C49934E2s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibA896C51009DB1B5C272FE432C49934E2s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib64B36E50B7D9EB3F7C13277730DBC419s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib64B36E50B7D9EB3F7C13277730DBC419s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib64B36E50B7D9EB3F7C13277730DBC419s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib733FC181BCABC6B6DD45B34525D08FE4s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib733FC181BCABC6B6DD45B34525D08FE4s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib733FC181BCABC6B6DD45B34525D08FE4s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC7809F7D1C86969994968E7386872FCDs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC7809F7D1C86969994968E7386872FCDs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC7809F7D1C86969994968E7386872FCDs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8D543EC2C22E3B82D17432526CBF518Ds1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8D543EC2C22E3B82D17432526CBF518Ds1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8D543EC2C22E3B82D17432526CBF518Ds1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8E0BC180543D5F603283642FE92FCE87s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8E0BC180543D5F603283642FE92FCE87s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib006E9FB61228B05DDAB534027C150D22s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib006E9FB61228B05DDAB534027C150D22s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib006E9FB61228B05DDAB534027C150D22s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibA5ECD645BCFB566852076F6113F7C2B3s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibA5ECD645BCFB566852076F6113F7C2B3s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib79CBE1AB3271D537FEF9B9AE6D1915F9s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib79CBE1AB3271D537FEF9B9AE6D1915F9s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib79CBE1AB3271D537FEF9B9AE6D1915F9s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib79CBE1AB3271D537FEF9B9AE6D1915F9s1
http://cds.cern.ch/record/2648933
https://cds.cern.ch/record/2202638
https://cds.cern.ch/record/2317185
https://cds.cern.ch/record/2317185
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib354D092DE0B278CF0F5CDCE16BFFDC7Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib354D092DE0B278CF0F5CDCE16BFFDC7Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib354D092DE0B278CF0F5CDCE16BFFDC7Cs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib78B0546F32936A10FD95CB0E8D4CDA80s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib78B0546F32936A10FD95CB0E8D4CDA80s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib78B0546F32936A10FD95CB0E8D4CDA80s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib78B0546F32936A10FD95CB0E8D4CDA80s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib6FD37C71FBEC285935700E28668A9032s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib6FD37C71FBEC285935700E28668A9032s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib6FD37C71FBEC285935700E28668A9032s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC89C8F0A87E171553A02D9E2A98DA0C1s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibC89C8F0A87E171553A02D9E2A98DA0C1s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8B3937A226FDC81D5E38C7E433256E5Es1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8B3937A226FDC81D5E38C7E433256E5Es1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8B3937A226FDC81D5E38C7E433256E5Es1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibCB5610223675E3C966933A9C20A492C9s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibCB5610223675E3C966933A9C20A492C9s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibCB5610223675E3C966933A9C20A492C9s1
https://link.aps.org/doi/10.1103/PhysRevD.11.3105
https://link.aps.org/doi/10.1103/PhysRevD.11.3105
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib1404F81095E8648630D7ED85BF669EBCs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibD781F779751C2DE744A21556046F5688s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibD781F779751C2DE744A21556046F5688s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibD781F779751C2DE744A21556046F5688s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibD781F779751C2DE744A21556046F5688s1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8A64163687FDBE43EA922655C3F4004Bs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8A64163687FDBE43EA922655C3F4004Bs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bib8A64163687FDBE43EA922655C3F4004Bs1
https://cds.cern.ch/record/2747060
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibFD97883408ECFC7FE3222C8565C3909Fs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibFD97883408ECFC7FE3222C8565C3909Fs1
http://refhub.elsevier.com/S0370-2693(21)00377-4/bibFD97883408ECFC7FE3222C8565C3909Fs1

ALICE Collaboration Physics Letters B 819 (2021) 136437

P.P. Bhaduri '4?, A. Bhasin '°3, LR. Bhat '°3, M.A. Bhat#, B. Bhattacharjee *>, P. Bhattacharya 2,

A. Bianchi >, L. Bianchi 2, N. Bianchi>?, J. Biel¢ik *%, J. Biel¢ikova °’, A. Bilandzic ', G. Biro '“°,

S. Biswas %, J.T. Blair 2!, D. Blau?°, M.B. Blidaru !%°, C. Blume %°, G. Boca??, F. Bock °®, A. Bogdanov °°,

S. Boi 23, J. Bok ®?, L. Boldizsar '“%, A. Bolozdynya >, M. Bombara >?, G. Bonomi %!, H. Borel 7,

A. Borissov ®3?° H. Bossi ', E. Botta 2°, L. Bratrud ®°, P. Braun-Munzinger '°°, M. Bregant %3, M. Broz >¢,
G.E. Bruno %834 M.D. Buckland '?°, D. Budnikov ''", H. Buesching ®°, S. Bufalino >!, 0. Bugnon '!”,

P. Buhler ''®, P. Buncic 3>, Z. Buthelezi >-'3, J.B. Butt '4, S.A. Bysiak '?°, D. Caffarri %2, A. Caliva '%?,

E. Calvo Villar ', .M.M. Camacho '??, R.S. Camacho “°, P. Camerini >4, ED.M. Canedo %>, A.A. Capon ''°,
F. Carnesecchi %®, R. Caron "%, J. Castillo Castellanos '*?, E.A.R. Casula”®, F. Catalano ',

C. Ceballos Sanchez ’®, P. Chakraborty°°, S. Chandra '4>, W. Chang’, S. Chapeland >°>, M. Chartier %,

S. Chattopadhyay 4%, S. Chattopadhyay ''?, A. Chauvin?3, C. Cheshkov '3/, B. Cheynis '*7,

V. Chibante Barroso >>, D.D. Chinellato '*4, S. Cho %2, P. Chochula ®°, P. Christakoglou 2,

C.H. Christensen ®!, P. Christiansen 2, T. Chujo '*°, C. Cicalo°°, L. Cifarelli *°, F. Cindolo >, M.R. Ciupek '%?,
G. Clai >, J. Cleymans '?°, F. Colamaria %, J.S. Colburn '3, D. Colella >4, A. Collu®!, M. Colocci *-?°,

M. Concas °%!"'| G. Conesa Balbastre &°, Z. Conesa del Valle ’?, G. Contin *#, ].G. Contreras >®,

T.M. Cormier %%, P. Cortese >2, M.R. Cosentino '2°, F. Costa >, S. Costanza2?, P. Crochet 13®, E. Cuautle 7°,
P. Cui’, L. Cunqueiro®®, T. Dahms %7, A. Dainese °¢, FPA. Damas ''7-139, M.C. Danisch '°°, A. Danu %,

D. Das "% 1. Das 2, P. Das %, P. Das 4, S. Das?, S. Dash”?, S. De ®8, A. De Caro>?, G. de Cataldo °,

L. De Cilladi?’, J. de Cuveland “°, A. De Falco??, D. De Gruttola>?, N. De Marco °°, C. De Martin %%,

S. De Pasquale®?, S. Deb”!, H.F. Degenhardt '*3, K.R. Deja '3, S. Delsanto?>, W. Deng ’, P. Dhankher °-°°,
D. Di Bari*4, A. Di Mauro >>, R.A. Diaz®, T. Dietel '%°, P. Dillenseger °°, Y. Ding ’, R. Divia >, D.U. Dixit 7,
@. Djuvsland 2!, U. Dmitrieva °4, J. Do®?, A. Dobrin °®, B. Dénigus °°, 0. Dordic ?°, A.K. Dubey 42,

A. Dubla 19292 'S Dudi '%, M. Dukhishyam 3, P. Dupieux '°, TM. Eder '#°, R]J. Ehlers °¢, V.N. Eikeland *!,
D. Elia°#, B. Erazmus '!’, F. Erhardt '°!, A. Erokhin ', M.R. Ersdal %!, B. Espagnon ’?, G. Eulisse >°,

D. Evans '3, S. Evdokimov 3, L. Fabbietti '°/, M. Faggin %, ]. Faivre 8, F. Fan’, A. Fantoni~>, M. Fasel %%,
P. Fecchio?!, A. Feliciello ®°, G. Feofilov ''°, A. Fernindez Téllez *°, A. Ferrero 7, A. Ferretti 2>,

A. Festanti >>, VJ.G. Feuillard '°°, J. Figiel 29, S. Filchagin ''", D. Finogeev %4, EM. Fionda?!, G. Fiorenza %,
E. Flor '?7, AN. Flores '?!, S. Foertsch /3, P. Foka %%, S. Fokin ?°, E. Fragiacomo °®', U. Fuchs 3, C. Furget ®°,
A. Furs %%, M. Fusco Girard *°, JJ. Gaardhgje °!, M. Gagliardi %>, A.M. Gago ''4, A. Gal '*%, C.D. Galvan '%?,
P. Ganoti %, C. Garabatos '?, J.R.A. Garcia*®, E. Garcia-Solis '°, K. Garg ''7, C. Gargiulo >°, A. Garibli®?,
K. Garner '#°, P. Gasik ', E.F. Gauger '?!, M.B. Gay Ducati’', M. Germain '/, J. Ghosh ''?, P. Ghosh '4?,
S.K. Ghosh#, M. Giacalone 25, P. Gianotti >3, P. Giubellino '°%-°, P, Giubilato 2%, A.M.C. Glaenzer '*?,

P. Glissel 196, V. Gonzalez '#*, L.H. Gonzélez-Trueba 72, S. Gorbunov “°, L. Gorlich 29, S. Gotovac 3%,

V. Grabski 72, LK. Graczykowski '#3, K.L. Graham '3, L. Greiner ®', A. Grelli ®*, C. Grigoras >°,

V. Grigoriev >, A. Grigoryan "', S. Grigoryan ’®, 0.S. Groettvik %', F. Grosa ®?, J.F. Grosse-Oetringhaus >°,
R. Grosso '%°, R. Guernane %, M. Guilbaud ''7, M. Guittiere '/, K. Gulbrandsen®', T. Gunji 34,

A. Gupta '°3) R. Gupta '°3, .B. Guzman “°, R. Haake %7, M.K. Habib '°°, C. Hadjidakis ", H. Hamagaki 3%,
G. Hamar %5, M. Hamid 7, R. Hannigan '?!, M.R. Haque '4>-% A. Harlenderova '°°, J.W. Harris '#’,

A. Harton '°, J.A. Hasenbichler *°, H. Hassan °®, D. Hatzifotiadou °>, P. Hauer #*, L.B. Havener '#’,

S. Hayashi >4, S.T. Heckel ', E. Hellbar %, H. Helstrup >/, T. Herman *®, E.G. Hernandez “°,

G. Herrera Corral?, F. Herrmann '4°, K.F. Hetland 3/, H. Hillemanns >°, C. Hills '*°, B. Hippolyte '8,

B. Hohlweger '°7, J. Honermann 4>, G.H. Hong '“®, D. Horak *%, S. Hornung '°°, R. Hosokawa °,

P. Hristov>°, C. Huang ’?, C. Hughes '*?, P. Huhn ®°, T.J. Humanic °°, H. Hushnud ''?, L.A. Husova '+,

N. Hussain *3, D. Hutter %°, J.P. Iddon "2, R. Ilkaev ''!, H. Ilyas 4, M. Inaba ">, G.M. Innocenti >°,

M. Ippolitov ?°, A. Isakov 827 M.S. Islam ', M. Ivanov !%°, V. Ivanov '°°, V. Izucheev °3, B. Jacak ®',

N. Jacazio *>>°, PM. Jacobs®!, S. Jadlovska ''°, J. Jadlovsky ''?, S. Jaelani ®3, C. Jahnke %3,

M.J. Jakubowska '4?, M.A. Janik '**, T. Janson />, M. Jercic '°', O. Jevons '3, M. Jin '?7, F. Jonas 914>,

P.G. Jones '3, J. Jung %, M. Jung ®?, A. Jusko '3, P. Kalinak ®°, A. Kalweit >°, V. Kaplin >, S. Kar”’,

A. Karasu Uysal /8, D. Karatovic '°!, 0. Karavichev %4, T. Karavicheva °#, P. Karczmarczyk '43,

E. Karpechev %4, A. Kazantsev°’, U. Kebschull 7>, R. Keidel “¢, M. Keil >, B. Ketzer **, Z. Khabanova 2,
AM. Khan’, S. Khan '®, A. Khanzadeev '°°, Y. Kharlov 2, A. Khatun '°, A. Khuntia '?°, B. Kileng *’,

B. Kim %2, D. Kim '*®, DJ. Kim '?®, EJ. Kim 74, H. Kim '/, J. Kim %%, J.S. Kim#?, J. Kim '°°, J. Kim 48,

J. Kim 74, M. Kim '%¢, S. Kim '8, T. Kim '#®, T. Kim %, S. Kirsch ®°, I. Kisel *°, S. Kiselev %4, A. Kisiel 143,

12



ALICE Collaboration Physics Letters B 819 (2021) 136437

J.L. Klay ®, J. Klein >>-%?, S. Klein®!, C. Klein-Bésing !>, M. Kleiner °°, T. Klemenz '°7, A. Kluge *°,

A.G. Knospe '?7, C. Kobdaj '8, M.K. K&hler '°°, T. Kollegger '%°, A. Kondratyev ’®, N. Kondratyeva >,

E. Kondratyuk >, J. Konig ®°, S.A. Konigstorfer '/, PJ. Konopka 22>, G. Kornakov '#3, S.D. Koryciak ?,

L. Koska ''?, 0. Kovalenko &7, V. Kovalenko ''°, M. Kowalski '2%, I. Kralik 6>, A. Krav€akova3?, L. Kreis 199,
M. Krivda ''3-%° E. Krizek’, K. Krizkova Gajdosova >¢, M. Kroesen '°®, M. Kriiger °°, E. Kryshen ',

M. Krzewicki 4%, V. Ku€era >, C. Kuhn *%, P.G. Kuijer °, T. Kumaoka '*°, L. Kumar '°2, S. Kundu %2,

P. Kurashvili®’, A. Kurepin ®4, A.B. Kurepin %4, A. Kuryakin """, S. Kushpil 7/, J. Kvapil '3, MJ. Kweon 2,
J.Y. Kwon ©2, Y. Kwon '#8, S.L. La Pointe *°, P. La Rocca?’, Y.S. Lai®!, A. Lakrathok ''®, M. Lamanna >°,

R. Langoy *', K. Lapidus 3, P. Larionov >, E. Laudi >, L. Lautner >, R. Lavicka 8, T. Lazareva!'°, R. Lea %%,
J. Lee 132, S. Lee 1#8 J. Lehrbach “°, R.C. Lemmon °, I. Le6n Monzén '?2, E.D. Lesser '?, M. Lettrich *°,

P. Lévai '4°, X. Li'!, X.L. Li/, J. Lien "*', R. Lietava '3, B. Lim '/, S.H. Lim '/, V. Lindenstruth 4,

A. Lindner*°, C. Lippmann '%°, A. Liu '°, J. Liu '?°, LM. Lofnes?!, V. Loginov >, C. Loizides °®, P. Loncar >°,
J.A. Lopez 196, X. Lopez '3, E. Lépez Torres ®, J.R. Luhder '#>, M. Lunardon ?®, G. Luparello®, Y.G. Ma*!,
A. Maevskaya %4, M. Mager >, S.M. Mahmood *°, T. Mahmoud %4, A. Maire *%, R.D. Majka '4""!,

M. Malaev 19 Q.W. Malik 2%, L. Malinina %'V, D. Mal’Kevich %%, N. Mallick”!, P. Malzacher %?,

G. Mandaglio >*>°7, V. Manko °°, F. Manso '*°, V. Manzari~*, Y. Mao’, M. Marchisone '*7, J. Mare3°’,
G.V. Margagliotti °4, A. Margotti>>, A. Marin '°°, C. Markert '?!, M. Marquard ®°, N.A. Martin '°°,

P. Martinengo >, ].L. Martinez '*’, M.I. Martinez “°, G. Martinez Garcia '/, S. Masciocchi '%?,

M. Masera 2>, A. Masoni °®, L. Massacrier 2, A. Mastroserio 4?4 A M. Mathis '°/, 0. Matonoha &2,

P.ET. Matuoka '>3, A. Matyja '?°, C. Mayer '?°, F. Mazzaschi %>, M. Mazzilli *>-°4, M.A. Mazzoni °°,

AF. Mechler ®°, F. Meddi %%, Y. Melikyan ®4, A. Menchaca-Rocha ’?, C. Mengke /, E. Meninno '16-39,

A.S. Menon '*’, M. Meres '3, S. Mhlanga ?°, Y. Miake '*°, L. Micheletti %, L.C. Migliorin '*”,

D.L. Mihaylov '%/, K. Mikhaylov %94, A.N. Mishra 147 D. Miskowiec '°°, A. Modak#, N. Mohammadi >°,
A.P. Mohanty 3, B. Mohanty ¢, M. Mohisin Khan '°, Z. Moravcova®', C. Mordasini '%7,

D.A. Moreira De Godoy '#°, LA.P. Moreno “®, I. Morozov %4, A. Morsch >, T. Mrnjavac >°, V. Muccifora *3,
E. Mudnic *°, D. Miihlheim '#°, S. Muhuri '4?, ].D. Mulligan®', A. Mulliri >°°, M.G. Munhoz '%3,

R.H. Munzer %, H. Murakami 34, S. Murray '2°, L. Musa >, J. Musinsky °°, CJ. Myers 27, J.W. Myrcha 43,
B. Naik°?, R. Nair®’, B.K. Nandi°?, R. Nania >, E. Nappi°#, M.U. Naru 4, A.F. Nassirpour 2,

C. Nattrass '*2, R. Nayak°?, S. Nazarenko ''!, A. Neagu??, L. Nellen’?, S.V. Nesbo ’, G. Neskovic“,

D. Nesterov ''°, B.S. Nielsen?', S. Nikolaev 2, S. Nikulin °°, V. Nikulin '°°, F. Noferini >, S. Noh !2,

P. Nomokonov ’®, J. Norman '??, N. Novitzky >, P. Nowakowski '4*, A. Nyanin °, J. Nystrand %!,

M. Ogino 4, A. Ohlson 82, J. Oleniacz '“*, A.C. Oliveira Da Silva '*2, M.H. Oliver '47, B.S. Onnerstad '%¢,

C. Oppedisano %, A. Ortiz Velasquez ’?, T. Osako*’, A. Oskarsson 2, J. Otwinowski '?°, K. Oyama 8%,

Y. Pachmayer '°¢, S. Padhan”?, D. Pagano 4!, G. Pai¢’?, J. Pan '44, S. Panebianco '3, P. Pareek ',

J. Park %2, J.E. Parkkila '%8, S. Parmar '°2, S.P. Pathak %7, B. Paul 2%, J. Pazzini '#', H. Pei’, T. Peitzmann ©?,
X. Peng’, L.G. Pereira’!, H. Pereira Da Costa '?, D. Peresunko °°, G.M. Perez?, S. Perrin '3?, Y. Pestov >,
V. Petracek >3, M. Petrovici *?, R.P. Pezzi’!, S. Piano©', M. Pikna '3, P. Pillot ''7, O. Pinazza>>:>°,

L. Pinsky '?7, C. Pinto?’, S. Pisano >, M. Ploskofi !, M. Planinic '°', F. Pliquett °°, M.G. Poghosyan %,

B. Polichtchouk 23, N. Poljak '°!, A. Pop#°, S. Porteboeuf-Houssais '*°, J. Porter®', V. Pozdniakov ’°,

S.K. Prasad 4, R. Preghenella, F. Prino °°, C.A. Pruneau '#*, I. Pshenichnov %4, M. Puccio *°, S. Qiu °?,

L. Quaglia®’, RE. Quishpe '%7, S. Ragoni ' '3, J. Rak '?8, A. Rakotozafindrabe '?, L. Ramello 32, F. Rami 38,
S.A.R. Ramirez “®, A.G.T. Ramos %, R. Raniwala %4, S. Raniwala !%4, S.S. Risinen*>, R. Rath°!,

I. Ravasenga °?, K.F. Read “®'32 AR. Redelbach %°, K. Redlich®”-V, A. Rehman?', P. Reichelt %, F. Reidt >°,
R. Renfordt ®?, Z. Rescakova >, K. Reygers '°°, A. Riabov '°°, V. Riabov '%°, T. Richert 32!, M. Richter %",
P. Riedler >, W. Riegler >°, F. Riggi*’, C. Ristea®, S.P. Rode°', M. Rodriguez Cahuantzi“®, K. Rged *°,

R. Rogalev 22, E. Rogochaya ’®, T.S. Rogoschinski ®°, D. Rohr >, D. Réhrich?!, PF. Rojas %, P.S. Rokita ',
F. Ronchetti 3, A. Rosano >>°/, E.D. Rosas ’’, A. Rossi~®, A. Rotondi*?, A. Roy°', P. Roy ''?, O.V. Rueda ®?,
R. Rui %4, B. Rumyantsev ’®, A. Rustamov 2, E. Ryabinkin °°, Y. Ryabov '°°, A. Rybicki '?°, H. Rytkonen %%,
0.A.M. Saarimaki *°, R. Sadek 7, S. Sadovsky %3, J. Saetre 2!, K. Safafik >, S.K. Saha '#?, S. Saha %8,

B. Sahoo°’, P. Sahoo~?, R. Sahoo”!, S. Sahoo °°, D. Sahu*!, PK. Sahu®®, ]. Saini '#%, S. Sakai '°°,

S. Sambyal '°3, V. Samsonov '°%-9° D. Sarkar '##, N. Sarkar '#?, P. Sarma“?, V.M. Sarti '°/, M.H.P. Sas 147-63,
J. Schambach % 12! H.S. Scheid ®°, C. Schiaua*?, R. Schicker '°°, A. Schmah '°®, C. Schmidt '%?,

H.R. Schmidt '°°, M.O. Schmidt '°°, M. Schmidt %>, N.V. Schmidt ?3:5?, A.R. Schmier '2, R. Schotter 38,

13



ALICE Collaboration Physics Letters B 819 (2021) 136437

J. Schukraft >, Y. Schutz 138, K. Schwarz '%?, K. Schweda '%?, G. Scioli ?°, E. Scomparin ®, J.E. Seger !°,

Y. Sekiguchi >4, D. Sekihata >4, I. Selyuzhenkov 129> S. Senyukov '8, ]J. Seo %2, D. Serebryakov 4,

L. Serk3nyté 197, A. Sevcenco ®%, A. Shabanov 4, A. Shabetai ''7, R. Shahoyan 3>, W. Shaikh ',

A. Shangaraev”®, A. Sharma '%?, H. Sharma '?°, M. Sharma '°, N. Sharma '%?, S. Sharma %3,

0. Sheibani '?’, AL Sheikh '#?, K. Shigaki %/, M. Shimomura >, S. Shirinkin °4, Q. Shou*', Y. Sibiriak °°,
S. Siddhanta °®, T. Siemiarczuk 7, D. Silvermyr 82, G. Simatovic %2, G. Simonetti >>, B. Singh '%7,

R. Singh 8, R. Singh '°3, R. Singh°!, V.K. Singh '#?, V. Singhal '4?, T. Sinha ''?, B. Sitar '3, M. Sitta >?,
T.B. Skaali?°, M. Slupecki“*’, N. Smirnov '4/, RJ.M. Snellings °3, C. Soncco ''4, J. Song '%7,

A. Songmoolnak ''®, F. Soramel %%, S. Sorensen '32, I. Sputowska '%%, J. Stachel ', I. Stan %,

PJ. Steffanic *2, S.F. Stiefelmaier '°°, D. Stocco ''7, M.M. Storetvedt >/, L.D. Stritto>°, C.P. Stylianidis °?,
A.AP. Suaide '?3, T. Sugitate*’, C. Suire 7, M. Suljic >*, R. Sultanov %4, M. Sumbera °’, V. Sumberia '®,
S. Sumowidagdo °?, S. Swain ®®, A. Szabo '3, I. Szarka '3, U. Tabassam !4, S.F. Taghavi '°7, G. Taillepied '*°,
J. Takahashi '%4, GJ. Tambave %!, S. Tang '*%7, Z. Tang '*°, M. Tarhini ''’, M.G. Tarzila*°, A. Tauro *°,

G. Tejeda Mufioz “°, A. Telesca >°, L. Terlizzi %>, C. Terrevoli '?/, G. Tersimonov >, S. Thakur ',

D. Thomas '2!, F. Thoresen?', R. Tieulent 37, A. Tikhonov 4, A.R. Timmins "7, M. Tkacik ''?, A. Toia ®°,
N. Topilskaya °4, M. Toppi >, F. Torales-Acosta ', S.R. Torres %9, A. Trifir6 >>>’, S. Tripathy ’°,

T. Tripathy °°, S. Trogolo *¢, G. Trombetta >, L. Tropp >?, V. Trubnikov *, W.H. Trzaska '*%,

T.P. Trzcinski '*3, B.A. Trzeciak >3, A. Tumkin ''!, R. Turrisi %, T.S. Tveter 2°, K. Ullaland 2!, E.N. Umaka %7,
A. Uras *7, G.L. Usai 23, M. Vala®?, N. Valle ??, S. Vallero °°, N. van der Kolk ®3, L.V.R. van Doremalen °°,
M. van Leeuwen 92, P. Vande Vyvre *°, D. Varga '#°, Z. Varga '“®, M. Varga-Kofarago %%, A. Vargas“°,

M. Vasileiou ®®, A. Vasiliev??, 0. Vazquez Doce '°7, V. Vechernin ', E. Vercellin?°, S. Vergara Limén #°,
L. Vermunt 3, R. Vértesi '“5, M. Verweij 3, L. Vickovic >°, Z. Vilakazi >3, 0. Villalobos Baillie '3,

G. Vino >4, A. Vinogradov °°, T. Virgili *°, V. Vislavicius °!, A. Vodopyanov ’°, B. Volkel *>, M.A. V&lkl 19,
K. Voloshin ?4, S.A. Voloshin !4, G. Volpe *#, B. von Haller >, 1. Vorobyev '°7, D. Voscek ', J. Vrlakova >?,
B. Wagner?!, M. Weber ''®, A. Wegrzynek >, S.C. Wenzel >°, ].P. Wessels '*°, J. Wiechula ®?, J. Wikne *°,
G. Wilk®’, J. Wilkinson '°°, G.A. Willems %>, E. Willsher ', B. Windelband '°°, M. Winn '*?,

W.E. Witt 2, J.R. Wright 2!, Y. Wu 139 R. Xu”’, S. Yalcin /8, Y. Yamaguchi %/, K. Yamakawa %/, S. Yang?',
S. Yano #7139 7. Yin7, H. Yokoyama ©3, I.-K. Yoo '/, J.H. Yoon 2, S. Yuan?', A. Yuncu '%®, V. Yurchenko ?,
V. Zaccolo 24, A. Zaman '#, C. Zampolli >°, H.J.C. Zanoli ®3, N. Zardoshti >, A. Zarochentsev ''°,

P. Zavada®’, N. Zaviyalov ''!, H. Zbroszczyk 43, M. Zhalov '?°, S. Zhang*', X. Zhang’, Y. Zhang '*°,

Z. Zhang’, V. Zherebchevskii ', Y. Zhi '!, D. Zhou”, Y. Zhou?', J. Zhu”-'%?, Y. Zhu’, A. Zichichi %°,

G. Zinovjev >, N. Zurlo 4!

1 AL Alikhanyan National Science Laboratory (Yerevan Physics Institute) Foundation, Yerevan, Armenia
2 AGH University of Science and Technology, Cracow, Poland

3 Bogolyubov Institute for Theoretical Physics, National Academy of Sciences of Ukraine, Kiev, Ukraine
4 Bose Institute, Department of Physics and Centre for Astroparticle Physics and Space Science (CAPSS), Kolkata, India
5 Budker Institute for Nuclear Physics, Novosibirsk, Russia

6 California Polytechnic State University, San Luis Obispo, CA, United States

7 Central China Normal University, Wuhan, China

8 Centro de Aplicaciones Tecnolégicas y Desarrollo Nuclear (CEADEN), Havana, Cuba

9 Centro de Investigacion y de Estudios Avanzados (CINVESTAV), Mexico City and Mérida, Mexico

10 Chicago State University, Chicago, IL, United States

11 China Institute of Atomic Energy, Beijing, China

12 Chungbuk National University, Cheongju, Republic of Korea

13 Comenius University Bratislava, Faculty of Mathematics, Physics and Informatics, Bratislava, Slovakia
14 COMSATS University Islamabad, Islamabad, Pakistan

15 Creighton University, Omaha, NE, United States

16 Department of Physics, Aligarh Muslim University, Aligarh, India

17 Department of Physics, Pusan National University, Pusan, Republic of Korea

18 Department of Physics, Sejong University, Seoul, Republic of Korea

19 Department of Physics, University of California, Berkeley, CA, United States

20 Department of Physics, University of Oslo, Oslo, Norway

21 pepartment of Physics and Technology, University of Bergen, Bergen, Norway

22 pipartimento di Fisica dell'Universitd ‘La Sapienza’ and Sezione INFN, Rome, Italy

23 Dipartimento di Fisica dell'Universita and Sezione INFN, Cagliari, Italy

24 Dipartimento di Fisica dell’'Universitd and Sezione INFN, Trieste, Italy

25 Dipartimento di Fisica dell’'Universita and Sezione INFN, Turin, Italy

26 Dipartimento di Fisica e Astronomia dell'Universita and Sezione INFN, Bologna, Italy

27 Dipartimento di Fisica e Astronomia dell'Universita and Sezione INFN, Catania, Italy

28 Dipartimento di Fisica e Astronomia dell'Universita and Sezione INFN, Padova, Italy

29 Dipartimento di Fisica e Nucleare e Teorica, Universita di Pavia and Sezione INFN, Pavia, Italy

30 Dipartimento di Fisica ‘E.R. Caianiello’ dell’Universita and Gruppo Collegato INFN, Salerno, Italy

31 Dipartimento DISAT del Politecnico and Sezione INFN, Turin, Italy

14



ALICE Collaboration

32 Dipartimento di Scienze e Innovazione Tecnologica dell’Universita del Piemonte Orientale and INFN Sezione di Torino, Alessandria, Italy

33 Dipartimento di Scienze MIFT, Universita di Messina, Messina, Italy

34 Dipartimento Interateneo di Fisica ‘M. Merlin’ and Sezione INFN, Bari, Italy

35 European Organization for Nuclear Research (CERN), Geneva, Switzerland

36 Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture, University of Split, Split, Croatia
37 Faculty of Engineering and Science, Western Norway University of Applied Sciences, Bergen, Norway

38 Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Prague, Czech Republic
39 Faculty of Science, PJ. Safdrik University, Kosice, Slovakia

40 Frankfurt Institute for Advanced Studies, Johann Wolfgang Goethe-Universitdt Frankfurt, Frankfurt, Germany
41 Fudan University, Shanghai, China

42 Gangneung-Wonju National University, Gangneung, Republic of Korea

43 Gauhati University, Department of Physics, Guwahati, India

44 Helmbholtz-Institut fiir Strahlen- und Kernphysik, Rheinische Friedrich-Wilhelms-Universitit Bonn, Bonn, Germany
45 Helsinki Institute of Physics (HIP), Helsinki, Finland

46 High Energy Physics Group, Universidad Auténoma de Puebla, Puebla, Mexico

47 Hiroshima University, Hiroshima, Japan

48 Hochschule Worms, Zentrum fiir Technologietransfer und Telekommunikation (ZTT), Worms, Germany

49 Horia Hulubei National Institute of Physics and Nuclear Engineering, Bucharest, Romania

50 Indian Institute of Technology Bombay (IIT), Mumbai, India

51 Indian Institute of Technology Indore, Indore, India

52 Indonesian Institute of Sciences, Jakarta, Indonesia

53 INFN, Laboratori Nazionali di Frascati, Frascati, Italy

54 INFN, Sezione di Bari, Bari, Italy

55 INFN, Sezione di Bologna, Bologna, Italy

56 INFN, Sezione di Cagliari, Cagliari, Italy

57 INFN, Sezione di Catania, Catania, Italy

58 INFN, Sezione di Padova, Padova, Italy

59 INFN, Sezione di Roma, Rome, Italy

60 INFN, Sezione di Torino, Turin, Italy

61 INFN, Sezione di Trieste, Trieste, Italy

62 Inha University, Incheon, Republic of Korea

63 Institute for Gravitational and Subatomic Physics (GRASP), Utrecht University/Nikhef, Utrecht, Netherlands
64 Institute for Nuclear Research, Academy of Sciences, Moscow, Russia

65 Institute of Experimental Physics, Slovak Academy of Sciences, Kosice, Slovakia

66 [nstitute of Physics, Homi Bhabha National Institute, Bhubaneswar, India

87 Institute of Physics of the Czech Academy of Sciences, Prague, Czech Republic

68 Institute of Space Science (ISS), Bucharest, Romania

69 Institut fiir Kernphysik, Johann Wolfgang Goethe-Universitdt Frankfurt, Frankfurt, Germany

70 Instituto de Ciencias Nucleares, Universidad Nacional Auténoma de México, Mexico City, Mexico

71 Instituto de Fisica, Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil

72 Instituto de Fisica, Universidad Nacional Auténoma de México, Mexico City, Mexico

73 {Themba LABS, National Research Foundation, Somerset West, South Africa

74 Jeonbuk National University, Jeonju, Republic of Korea

75 Johann-Wolfgang-Goethe Universitdt Frankfurt Institut fiir Informatik, Fachbereich Informatik und Mathematik, Frankfurt, Germany

76 Joint Institute for Nuclear Research (JINR), Dubna, Russia

77 Korea Institute of Science and Technology Information, Daejeon, Republic of Korea

78 KTO Karatay University, Konya, Turkey

79 Laboratoire de Physique des 2 Infinis, Iréne Joliot-Curie, Orsay, France

80 [aboratoire de Physique Subatomique et de Cosmologie, Université Grenoble-Alpes, CNRS-IN2P3, Grenoble, France
81 Lawrence Berkeley National Laboratory, Berkeley, CA, United States

82 Lund University Department of Physics, Division of Particle Physics, Lund, Sweden

83 Moscow Institute for Physics and Technology, Moscow, Russia

84 Nagasaki Institute of Applied Science, Nagasaki, Japan

85 Nara Women’s University (NWU), Nara, Japan

86 National and Kapodistrian University of Athens, School of Science, Department of Physics, Athens, Greece
87 National Centre for Nuclear Research, Warsaw, Poland

88 National Institute of Science Education and Research, Homi Bhabha National Institute, Jatni, India
89 National Nuclear Research Center, Baku, Azerbaijan

90 National Research Centre Kurchatov Institute, Moscow, Russia

91 Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark

92 Nikhef, National Institute for Subatomic Physics, Amsterdam, Netherlands

93 NRC Kurchatov Institute IHEP, Protvino, Russia

94 NRC «KurchatovInstitute — ITEP, Moscow, Russia

95 NRNU Moscow Engineering Physics Institute, Moscow, Russia

96 Nuclear Physics Group, STFC Daresbury Laboratory, Daresbury, United Kingdom

97 Nuclear Physics Institute of the Czech Academy of Sciences, ReZ u Prahy, Czech Republic
98 Oak Ridge National Laboratory, Oak Ridge, TN, United States

99 Ohio State University, Columbus, OH, United States

100 petershurg Nuclear Physics Institute, Gatchina, Russia

101 physics department, Faculty of science, University of Zagreb, Zagreb, Croatia

102 ppysics Department, Panjab University, Chandigarh, India

103 physics Department, University of Jammu, Jammu, India

104 physics Department, University of Rajasthan, Jaipur, India

105 ppysikalisches Institut, Eberhard-Karls-Universitit Tiibingen, Tiibingen, Germany

106 physikalisches Institut, Ruprecht-Karls-Universitit Heidelberg, Heidelberg, Germany
107 physik Department, Technische Universitdt Miinchen, Munich, Germany

108 politecnico di Bari and Sezione INFN, Bari, Italy

109 Research Division and ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, Darmstadt, Germany

110 Rudjer Boskovié Institute, Zagreb, Croatia
11 Russian Federal Nuclear Center (VNIIEF), Sarov, Russia

15

Physics Letters B 819 (2021) 136437



ALICE Collaboration Physics Letters B 819 (2021) 136437

112 Saha Institute of Nuclear Physics, Homi Bhabha National Institute, Kolkata, India

113 School of Physics and Astronomy, University of Birmingham, Birmingham, United Kingdom
114 Seccién Fisica, Departamento de Ciencias, Pontificia Universidad Catélica del Pert, Lima, Peru
115 st. petersburg State University, St. Petersburg, Russia

116 Stefan Meyer Institut fiir Subatomare Physik (SMI), Vienna, Austria

117 SUBATECH, IMT Atlantique, Université de Nantes, CNRS-IN2P3, Nantes, France

118 Suranaree University of Technology, Nakhon Ratchasima, Thailand

119 Technical University of Kosice, Koice, Slovakia

120 The Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, Cracow, Poland
121 The University of Texas at Austin, Austin, TX, United States

122 Universidad Auténoma de Sinaloa, Culiacdn, Mexico

123 Universidade de Sdo Paulo (USP), Sdo Paulo, Brazil

124 Universidade Estadual de Campinas (UNICAMP), Campinas, Brazil

125 yniversidade Federal do ABC, Santo Andre, Brazil

126 University of Cape Town, Cape Town, South Africa

127 University of Houston, Houston, TX, United States

128 University of Jyviskyld, Jyvéskyld, Finland

129 University of Liverpool, Liverpool, United Kingdom

130 University of Science and Technology of China, Hefei, China

131 University of South-Eastern Norway, Tonsberg, Norway

132 University of Tennessee, Knoxville, TN, United States

133 University of the Witwatersrand, Johannesburg, South Africa

134 University of Tokyo, Tokyo, Japan

135 University of Tsukuba, Tsukuba, Japan

136 Université Clermont Auvergne, CNRS/IN2P3, LPC, Clermont-Ferrand, France

137 Université de Lyon, CNRS/IN2P3, Institut de Physique des 2 Infinis de Lyon, Lyon, France

138 Université de Strashourg, CNRS, IPHC UMR 7178, F-67000 Strasbourg, France

139 Université Paris-Saclay Centre d’Etudes de Saclay (CEA), IRFU, Départment de Physique Nucléaire (DPhN), Saclay, France
140 yniversita degli Studi di Foggia, Foggia, Italy

141 Universita di Brescia and Sezione INFN, Brescia, Italy

142 variable Energy Cyclotron Centre, Homi Bhabha National Institute, Kolkata, India

143 Warsaw University of Technology, Warsaw, Poland

144 Wayne State University, Detroit, MI, United States

145 Westfilische Wilhelms-Universitdt Miinster, Institut fiir Kernphysik, Miinster, Germany
146 Wigner Research Centre for Physics, Budapest, Hungary

147 Yale University, New Haven, CT, United States

148 Yonsei University, Seoul, Republic of Korea

! Deceased.
" Also at: Italian National Agency for New Technologies, Energy and Sustainable Economic Development (ENEA), Bologna, Italy.
1 Also at: Dipartimento DET del Politecnico di Torino, Turin, Italy.
V' Also at: M.V. Lomonosov Moscow State University, D.V. Skobeltsyn Institute of Nuclear, Physics, Moscow, Russia.
V' Also at: Institute of Theoretical Physics, University of Wroclaw, Poland.

16



	Inclusive heavy-flavour production at central and forward rapidity in Xe--Xe collisions at √sNN=5.44 TeV
	1 Introduction
	2 Experimental apparatus
	3 Data analysis
	3.1 Muons from heavy-flavour hadron decays
	3.2 Electrons from heavy-flavour hadron decays
	3.3 Systematic uncertainties

	4 Derivation of production cross section of muons and electrons from heavy-flavour hadron decays in pp collisions at √s = 5...
	5 Results
	6 Summary and conclusions
	Declaration of competing interest
	Acknowledgements
	References
	ALICE Collaboration


