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Abstract

The elliptic flow of electrons from beauty hadron decays at midrapidity (]y| < 0.8) is measured in
Pb—Pb collisions at /sy = 5.02 TeV with the ALICE detector at the LHC. The azimuthal distri-
bution of the particles produced in the collisions can be parameterized with a Fourier expansion, in
which the second harmonic coefficient represents the elliptic flow, vo. The v, coefficient is measured
for the first time in transverse momentum (pt) range 1.3—-6 GeV/c in the centrality class 30-50%.
The measurement of electrons from beauty-hadron decays exploits their larger mean proper decay
length ¢t ~ 500 um compared to that of charm hadrons and most of the other background sources.
The v, of electrons from beauty hadron decays at midrapidity is found to be positive with a signif-
icance of 3.750. The results provide insights on the degree of thermalization of beauty quarks in
the medium. A model assuming full thermalization of beauty quarks is strongly disfavoured by the
measurement at high pr, but is in agreement with the results at low prt. Transport models including
substantial interactions of beauty quarks with an expanding strongly-interacting medium describe the
measurement.
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The main goal of the ALICE experiment [1] is the study of strongly-interacting matter at the high energy
density and temperature reached in ultra-relativistic heavy-ion collisions at the Large Hadron Collider
(LHO). In these collisions, the formation of a deconfined state of quarks and gluons, the quark—gluon
plasma (QGP), is predicted by quantum chromodynamic (QCD) calculations on the lattice [2H6]. Be-
cause of their large masses, heavy quarks (charm (c) and beauty (b)) are mainly produced in hard scat-
tering processes at the initial stage of the collision, before the formation of the QGP. Subsequently,
they interact with the QGP, losing energy via radiative [[7, (8] and collisional scattering [9H11]] processes.
Heavy-flavor hadrons and their decay products are thus effective probes to study the properties of the
medium created in heavy-ion collisions. In non-central collisions, interactions among the medium con-
stituents translate the initial spatial anisotropy in the coordinate space of nucleons participating in the
collision into a momentum space anisotropy of produced particles in the final state [[12]]. The momentum
anisotropies are characterized by the flow harmonic coefficients v, from the Fourier expansion of the
particle azimuthal distribution with respect to the symmetry plane. The dominant flow harmonic is the
elliptic flow v, [13]. At low transverse momentum, pt < 3 GeV/c, the measurements of positive v, are
considered a manifestation of the collective hydrodynamical expansion of the medium [14-17]]. At high
pr (pr > 3 GeV/c), v, measurements give insight into the path-length dependence of the in-medium
parton energy loss [[18-20].

The measurements of D-meson and J/y v, in heavy-ion collisions, performed at RHIC in Au—Au colli-
sions at /sny = 200 GeV [21] and at the LHC in Pb—Pb collisions at /sxy = 2.76 TeV and 5.02 TeV
[22-28]], suggest that the interaction of charm quarks with the medium is sufficiently strong to make them
thermalize and thereby take part in the collective flow of the medium [29H35]]. Additional mechanisms,
like coalescence and recombination of charm quark with the lighter quarks produced in the medium,
can contribute to the flow of heavy-flavor particles [36]]. Models that describe the flow measurements of
charm quarks require that their thermalization time is of the order of the system lifetime (= 10 fm/c) [29]].
This indicates that low-pt charm quarks may be fully thermalized in the QGP due to their interaction
with the medium. Possibly a non-thermalized probe is required to assess the interaction with the medium
more thoroughly, with the heavier beauty quarks being the natural candidate. It has been predicted by
transport models that beauty quarks may experience sufficient scattering in the medium, resulting in pos-
itive v, values [34} 37, 38]. Measurements of the anisotropic flow of leptons from charm and beauty
hadron decays also showed that heavy quarks undergo significant rescattering in the medium and thus
participate in its expansion [39-42]]. However, strong conclusions about the dynamics of the beauty
quark can not be drawn from those measurements, and separation of the charm and beauty contribution
is necessary. The measured v, coefficient of the non-prompt J/y carried out by the CMS collaboration
is consistent with zero within large experimental uncertainties for pr > 3 GeV/c [43]. Recent measure-
ments of the v, coefficient for Y(1S) by ALICE [44], for pt < 15 GeV/c, are consistent both with zero
and with the small value predicted by transport models [45, 46] within uncertainties. Studies based on
the Blast-Wave model show that, due to the large Y(1S) mass, even with full thermalization a sizeable
elliptic flow would only be expected at pt > 10 GeV/c [47/]]. Hence lighter beauty hadrons, and their
decay particles, would provide important additional information for the study of the interaction of beauty
quarks with the medium. Recent ATLAS measurement of v, of muons from heavy-flavor hadron decays,
including the separation between charm and beauty quarks contributions, in Pb—Pb collisions at |/snn
=5.02 TeV for pr > 4 GeV/c revealed smaller flow coefficients for muons from beauty hadron decays
compared to those from charm hadrons [48].

In this Letter, the measurement of the v, of electrons (and positrons) from beauty hadron decays at midra-
pidity ([y] < 0.8) in Pb—Pb collisions at /sy = 5.02 TeV recorded in 2018 with the ALICE detector
is reported. The measurement is performed for the first time in the pr interval 1.3 < pr < 6 GeV/c.
The measurement is based on 77x10% minimum bias Pb—Pb collisions with a primary vertex recon-
structed within £10 cm from the detector center [49] in the 30-50% centrality interval. Two forward
and backward scintillator arrays (VOA and VOC) are used to determine the collision centrality [50, S1].
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Electron candidate tracks, reconstructed with up to 159 measurement points in the Time Projection
Chamber (TPC) and up to 6 in the Inner Tracking System (ITS), are required to fulfill standard track
selection criteria as listed in [22} 52]. To minimize the contribution of electrons from photon conversions
in the detector material of the ITS and the fraction of tracks with misassociated hits, tracks are required
to have associated hits in both Silicon-Pixel-Detector (SPD) layers, which constitute the two innermost
layers of the ITS. This requirement removes particles produced outside the SPD from the track sample.
However, in the high-multiplicity environment of heavy-ion collisions, such tracks can be misassociated
with hits in the SPD layers produced by other particles. Electron identification is done using the TPC
and the Time of Flight detector (TOF) [22| 52]. Electrons are identified by requiring the measured time-
of-flight up to the TOF radius of 3.8 m on average to be within 30 of the expected value for electrons
and their specific energy loss dE/dx in the TPC to be within -10 and +30 with respect to the expected
dE/dx of electrons.

Electrons passing the track and identification selection criteria originate, besides from beauty-hadron de-
cays, from Dalitz and di-electron decays of prompt light neutral mesons and charmonium states, photon
conversions in the detector material, semi-leptonic decays of prompt-charm hadrons and decay chains
of hadrons carrying a strange (or anti-strange) quark. Measurements of electrons from beauty-hadron
decays exploit their larger average impact parameter (dy), defined as distance of closest approach to the
primary vertex in the plane transverse to the beam line, compared to that of charm hadrons and most
other background sources. The sign of the impact parameter value is attributed based on the relative po-
sition of the track and the primary vertex, i.e. if the primary vertex is on the left- or right-hand side of the
track with respect to the particle momentum direction in the transverse plane. The impact parameter is
multiplied with the sign of the particle charge and the magnetic field configuration [52]. Electrons from
photon conversions in the detector material are created at some distance from the primary vertex and in
the direction of the photon. Their tracks bend away from the primary vertex, leading to an asymmetry
with a mean impact parameter dy < 0. This asymmetric impact parameter distribution allows for a better
separation from the other electron sources, which are mostly symmetric around 0.

The experimental estimate of the symmetry plane of the collision-geometry in the azimuthal direction,
the event plane W, is determined using the signals produced by charged particles in the eight azimuthal
sectors of each VO array. Non-uniformities in the VO acceptance and efficiency are corrected for using
the procedure described in [S3]].

The vo{EP} is given by

1 7t Ny — Ny
EP} = — — —in " out 1
v2{EP} R> 4 Nip + Noyt M

where Ny, and N,y are the number of beauty-decay electrons in two 90°-wide intervals of A¢ = ¢ —W¥,:
in-plane (=% < Ag < 7 and 37” <A < %”) and out-of-plane (§ < A < %” and %” <A < %),
respectively. The resolution (R;) of the event plane is measured with the three sub-event method [25]].
The sub-events are defined according to the signals in the VO detectors (both A and C sides) and the
tracks in positive (0 < 11 < 0.8) and negative (—0.8 < 1 < 0) pseudorapidity regions of the TPC. R; is
calculated in 1% centrality intervals and a weighted average for the 30—50% interval is obtained using the
number of binary nucleondASnucleon collisions as weights [25]. The average R, value in the 30-50%
centrality class is 0.77 [24].

The Nj, and N,y yields of electrons from beauty-hadron decays are extracted by fitting the impact param-
eter distribution of all electron candidates in data with Monte Carlo (MC) templates for different electron
sources [52]. A MC sample of minimum-bias (MB) Pb—Pb collisions at /snn = 5.02 TeV, generated with
HIJING v1.36 [54], is used to obtain the impact parameter distributions of photon conversions and Dalitz
decays. To increase the sample of electrons from charm- and beauty-hadron decays, a sample of charm
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and beauty quarks generated with PYTHIAG [55]] is embedded into each Hijing MC event. The gener-
ated particles are propagated through the ALICE apparatus using GEANT3 [56]. Four classes of electron
sources are used: electrons from beauty-hadron decays, from charm-hadron decays, from photon con-
versions, and electrons from other processes, dominated by Dalitz decays of light neutral mesons. As
these decays happen essentially at the interaction vertex, the measured impact parameter distribution of
these tracks represents the pr-dependent impact parameter resolution. Similarly, the remaining hadron
contamination mostly consists of hadrons produced close to the primary vertex, making its impact pa-
rameter distribution similar to that of the Dalitz electrons. The slight difference in the distributions for
Dalitz electrons and hadrons results in an uncertainty of 0.009 on the final v, in the first pr interval,
falling quickly with pt. The yield of strange-hadron decays is small compared to other background
sources. The corresponding contribution is considered as part of the Dalitz electron template. Due to the
long lifetime, this contribution has a much wider impact parameter distribution and is therefore largely
reduced by the applied dy range of [-0.1, 0.1] cm in the fitting procedure [52].

The template fits are based on the method proposed in [57] and implemented as in [52]. Detailed correc-
tions to the MC templates, listed and described below, are applied in order to take into account effects not
simulated in MC. Special care is taken to assess differences in the in-plane and out-of-plane templates as
the effects of the corrections do not cancel in the computation of the v,. The main corrections applied in
the MC are: 1) resolution of the dy distribution, ii) misassociated electrons from photon conversions and
their multiplicity dependence, iii) pt distribution of charm and beauty hadrons in-plane and out-of-plane
and iv) baryon-to-meson ratio of charm and beauty hadrons.

To ensure angular isotropy of the dy reconstruction in data, the mean dy of primary particles is compared
in different regions in azimuth, z-position and pt with a granularity smaller than the detector components
and then recentered. Depending on pr, the dy resolution in the MC simulations is about 11-13% better
than in data [58} |59]]. Primary pions and kaons are used for the comparison. It is observed that the
resolution of the impact parameter does not depend significantly on the local track density.

The correct template shape of electrons from photon conversions depends on the production vertex and
on the track multiplicity. In-plane and out-of-plane events have different local track densities, requiring
separate corrections for the respective templates. This is achieved by choosing different centrality ranges
for each template in the simulations. The ranges are defined based on how well they describe either the
in-plane or out-of-plane reconstruction efficiencies of pions from K(S) decays, as the production vertex of
these decays is more accurately reconstructed. The systematic uncertainties are estimated by varying the
nominal centrality classes in the simulations and are estimated to be 0.006 at low pr and decreases to
0.001 with increasing pr.

Because electrons from heavy-flavor hadron decays at a given momentum may originate from decaying
particles over a broader momentum range, their dy distributions depend on the pt distributions of these
decaying particles. Hence it is necessary to correct for the difference in the pt distribution of particles
that decay to electrons between data and MC. For the charm case, this can be done by making use of
the measured charm mesons pr spectral shape and v, at the same collision energy [26, [60]. From these
measurements, separate pr distributions and thus corrections are used for the in-plane and out-of-plane
templates. To assess the uncertainty, the result is compared to a case where the assumed D meson v; is
halved. An absolute systematic uncertainty of 0.004 is assigned from this comparison.

As there is no available measurement of the low-pr beauty hadron elliptic flow, the corrections for the
beauty template are based on FONLL calculation [61] multiplied with the pr-dependent corrections
due to the nuclear modification factor (Raa) and the v, to take into account beauty suppression and
possible anisotropy. The upper limit of the estimated Raa value is the case of no suppression, Raa = 1,
while the lower limit is obtained by interpolating the TAMU prediction [38]], which is consistent with
measurements of Raa ~ 0.4 at high pr [52]. The arithmetic mean of the two cases is used for the
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central values of the measurement, with the two limits used to estimate the systematic uncertainty. An
absolute systematic variation of 0.0023 at low pt and of 0.011 at high pr is found and assigned as an
uncertainty. A significant effect arises from the modification of the pr spectra due to beauty-hadron v,
since it gives a different correction for the in-plane and out-of-plane templates. For the central value of
the measurement, the assumption of v, = 0.014 x p% e(=1/3%p7) (with pr in units of GeV/c) is chosen as
a generic function inspired by the prediction of the TAMU model [38]]. The systematic uncertainty is
evaluated by varying the v, value from zero to two times as large, the latter giving a peak of 0.14. For
these variations, the change in the measured beauty hadron decay electron v, is much smaller than the
variation of the assumed hadron v,. This gives a flat systematic uncertainty of 0.006 up to pr =4 GeV/c
and of 0.012 in the last pr interval.

Differences in the lifetimes of the various charm and beauty hadrons cause variations in the associated
impact parameter distributions of its decay electrons. For charm, the largest difference is in the decays
of the baryons with respect to the mesons, while for beauty the lifetime of mesons and baryons are very
similar and the effect of their different fractions in MC compared to data is negligible. For the charm
case, a pr dependent correction is performed for the A./D° fraction similar to model predictions [62-64],
which describe experimental measurements [[63} 166, 166, 67]. This is compared to a pr-independent cor-
rection, that increases the A./D° by a factor of 3, which gives no difference due to the effects cancelling
out in the computation of the v;.

Multiplicity dependence of the efficiency in the particle identification with the TOF detector is evalu-
ated, and it is found to be within 0.5%, which is propagated to an uncertainty of 0.0014 on the v,. No
multiplicity dependence is found for the efficiency of particle identification with the TPC.

Figure [I] shows examples of the resulting fits in-plane (left panel) and out-of-plane (right panel) of elec-
trons dy distributions for the interval 2.5 < pt < 3 GeV/c. In the figure the MC templates are corrected
for all effects described above.
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Figure 1: Examples of the electron transverse impact parameter fits in-plane (left) and out-of-plane (right) for 2.5
< pr < 3 GeV/c. Distributions from data and the four MC templates, electrons from beauty (b (— ¢) — e) and
charm (c — e) hadron decays, electrons from photon conversions (Conversion electrons) and from other sources
(Dalitz electrons) used in the fit are shown.
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Figure 2| shows the v, of electrons from beauty hadron decays at midrapidity (|y| < 0.8) as a function
of pr in Pb—Pb collisions at /sy = 5.02 TeV in the 30-50% centrality interval. A positive v, with a
significance of 3.750 is observed for the first time in this low pr range (1.3—-6 GeV/c) using the average
deviation to positive v, divided by the uncertainty as a test statistic. The systematic uncertainties are
assumed to be fully correlated for this purpose. No significant pt dependence of the v; is observed.
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Figure 2: Elliptic flow of electrons from beauty hadron decays in the 30-50% centrality class in Pb—Pb collisions
at /snn = 5.02 TeV at midrapidity as function of pr compared with model calculations [30432} |68]].

The measured v, of beauty decay electrons is compared with the predictions from several transport mod-
els which include significant interaction of beauty quarks with a hydrodynamically-expanding QGP [30-
32,168]]. These models are observed to well describe the D meson anisotropy and suppression in heavy-
ion collisions at the LHC [23H27) |69H71]]. The MC@sHQ+EPOS [30] is a perturbative QCD model
which includes radiative and collisional energy loss. The uncertainties of the model calculations are
evaluated considering pure elastic and radiative energy losses, including also different scattering rates
and different rescaling factors. Modification of nuclear parton distribution functions, like shadowing, is
not considered for b quarks. The LIDO model [32,68]] also includes both radiative and collisional energy
loss. This model uses experimental data to calibrate a Langevin-based transport model and thus extract
the transport coefficients directly from data via a Bayesian analysis. In the case of LIDO, the reported
model uncertainties are purely statistical. Within this model, the v, for beauty hadrons is much smaller
than for charm hadrons. The PHSD model [31] is a microscopic off-shell transport model based on a
Boltzmann approach which includes only collisional energy loss. Initial-state event-by-event fluctuations
are included in all transport models described here. Even though the models differ in several aspects re-
lated to the interactions both in the QGP and in the hadronic phase as well as to the medium expansion,
they all provide a fair description of the measurement. Similar agreement of these models was previously
observed when compared to the Ra of electrons from beauty-hadron decays [52]. With the current ex-
perimental uncertainties, no model is clearly favoured or disfavoured. A model calculation based on an
extension of the blast-wave model [47] is also compared with the measurement. The calculation shown
is based on B® mesons, and the PYTHIAS decayer is used for their decays into electrons [72]]. Assuming
full thermalization, this model predicts a v, of Y(1S) close to zero in the range measured by ALICE,
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which is consistent with the measurement. The results for beauty hadron decay electrons give a much
larger v, due to mass ordering effect. Thus, in this case the comparison is suitable to assess the degree
of thermalization of beauty quarks at low pt. The error band represents purely statistical uncertainty.
This simple model is qualitatively in agreement with the measurement within the uncertainties for pr
< 3 GeV/c, while it significantly diverges from the data at higher pt. Within this model, the v; in the
measured pr range mainly comes from beauty hadrons below pt = 10 GeV/c, suggesting that beauty
quarks may not fully thermalize in this pt interval.

In summary, the measurement of the elliptic flow of electrons originating from beauty hadron decays
at midrapidity in semicentral Pb—Pb collisions at /sy = 5.02 TeV is presented for the first time in
this low pr interval 1.3-6 GeV/c. The measurement is crucial for the understanding of the degree of
thermalization of beauty quarks in the QGP. The v, of electrons from beauty hadron decays is found to
be positive with a significance of 3.75¢. Comparison with models suggests that beauty quarks may not
fully thermalize in the medium and the measurement is consistent with a lower beauty v, than observed
for charm. The measurement provides new insights and constraints to theoretical models of beauty quark
interactions in the QGP.

Acknowledgements

The ALICE Collaboration would like to thank all its engineers and technicians for their invaluable con-
tributions to the construction of the experiment and the CERN accelerator teams for the outstanding
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 following funding agencies for their support in building
and running the ALICE detector: A. I. Alikhanyan National Science Laboratory (Yerevan Physics In-
stitute) Foundation (ANSL), State Committee of Science and World Federation of Scientists (WES),
Armenia; Austrian Academy of Sciences, Austrian Science Fund (FWF): [M 2467-N36] and National-
stiftung fiir Forschung, Technologie 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), Fundagcdao de Amparo a
Pesquisa do Estado de Sao Paulo (FAPESP) and Universidade 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 Science Foundation, Croatia; Centro de Aplicaciones Tecnoldgicas y Desarrollo Nuclear
(CEADEN), Cubaenergia, Cuba; Ministry of Education, 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;
Commissariat a I’Energie Atomique (CEA) and Institut National de Physique Nucléaire et de Physique
des Particules (IN2P3) and Centre National de la Recherche Scientifique (CNRS), France; Bundesmin-
isterium fiir Bildung und Forschung (BMBF) and GSI Helmholtzzentrum fiir Schwerionenforschung
GmbH, Germany; General Secretariat for Research and Technology, Ministry of Education, Research
and Religions, Greece; National Research, Development and Innovation Office, Hungary; Department
of Atomic Energy Government of India (DAE), Department of Science and Technology, Government
of India (DST), University Grants Commission, Government of India (UGC) and Council of Scientific
and Industrial Research (CSIR), India; Indonesian Institute of Science, Indonesia; Centro Fermi - Museo
Storico della Fisica e Centro Studi e Ricerche Enrico Fermi and Istituto Nazionale di Fisica Nucleare
(INFN), Italy; Institute for Innovative Science and Technology , Nagasaki Institute of Applied Science
(IIST), Japanese Ministry of Education, Culture, Sports, Science and Technology (MEXT) and Japan So-
ciety for the Promotion of Science (JSPS) KAKENHI, Japan; Consejo Nacional de Ciencia (CONACYT)
y Tecnologfia, through Fondo de Cooperacién Internacional en Ciencia y Tecnologia (FONCICYT) and



Elliptic flow of beauty decay electrons ALICE Collaboration

Direccién General de Asuntos del Personal Academico (DGAPA), Mexico; Nederlandse Organisatie
voor Wetenschappelijk Onderzoek (NWO), Netherlands; The Research Council of Norway, Norway;
Commission on Science and Technology for Sustainable Development in the South (COMSATS), Pak-
istan; 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 Information and
National Research Foundation of Korea (NRF), Republic of Korea; Ministry of Education and Scientific
Research, Institute of Atomic Physics and Ministry of Research and Innovation and Institute of Atomic
Physics, Romania; Joint Institute for Nuclear Research (JINR), Ministry of Education and Science of
the Russian Federation, National Research Centre Kurchatov Institute, Russian Science Foundation and
Russian Foundation for Basic Research, 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) and Knut & Alice Wallenberg Foundation (KAW), Sweden; European Organi-
zation for Nuclear Research, Switzerland; Suranaree University of Technology (SUT), National Science
and Technology Development Agency (NSDTA) and Office of the Higher Education Commission 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] ALICE Collaboration, K. Aamodt et al., “The ALICE experiment at the CERN LHC”, Journal of
Instrumentation 3 no. 08, (2008) S08002.
http://stacks.iop.org/1748-0221/3/i=08/a=508002.

[2] F. Karsch, “Lattice simulations of the thermodynamics of strongly interacting elementary particles
and the exploration of new phases of matter in relativistic heavy ion collisions”, J. Phys. Conf. Ser.
46 (2006) 122—-131,|arXiv:hep-1at/0608003 [hep-lat].

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

[4] Wuppertal-Budapest Collaboration, S. Borsanyi, G. Endrodi, Z. Fodor, A. Jakovac, S. D. Katz,
S. Krieg, C. Ratti, and K. K. Szabo, “The QCD equation of state with dynamical quarks”, JHEP
11 (2010) 077, |arXiv:1007.2580 [hep-lat].

[5] A. Bazavov et al., “The chiral and deconfinement aspects of the QCD transition”, Phys. Rev. D85
(2012) 054503, |arXiv:1111.1710 [hep-lat].

[6] P. Petreczky, “Review of recent highlights in lattice calculations at finite temperature and finite
density”, PoS ConfinementX (2012) 028, arXiv:1301.6188 [hep-lat].

[7] M. Gyulassy and M. Plumer, “Jet Quenching in Dense Matter”, Phys. Lett. B243 (1990) 432438,

[8] R. Baier, Y. L. Dokshitzer, A. H. Mueller, S. Peigne, and D. Schiff, “Radiative energy loss and
pr-broadening of high-energy partons in nuclei”, Nucl. Phys. B484 (1997) 265-282,
arXiv:hep-ph/9608322 [hep-ph].

[9] M. H. Thoma and M. Gyulassy, “Quark damping and energy loss in the high temperature QCD”,
Nuclear Physics B351 no. 3, (1991) 491 - 506.
http://www.sciencedirect.com/science/article/pii/S0550321305800318.


http://stacks.iop.org/1748-0221/3/i=08/a=S08002
http://dx.doi.org/10.1088/1742-6596/46/1/017
http://dx.doi.org/10.1088/1742-6596/46/1/017
http://arxiv.org/abs/hep-lat/0608003
http://dx.doi.org/10.1007/JHEP09(2010)073
http://arxiv.org/abs/1005.3508
http://dx.doi.org/10.1007/JHEP11(2010)077
http://dx.doi.org/10.1007/JHEP11(2010)077
http://arxiv.org/abs/1007.2580
http://dx.doi.org/10.1103/PhysRevD.85.054503
http://dx.doi.org/10.1103/PhysRevD.85.054503
http://arxiv.org/abs/1111.1710
http://arxiv.org/abs/1301.6188
http://dx.doi.org/10.1016/0370-2693(90)91409-5
http://dx.doi.org/10.1016/S0550-3213(96)00581-0
http://arxiv.org/abs/hep-ph/9608322
http://dx.doi.org/http://dx.doi.org/10.1016/S0550-3213(05)80031-8
http://www.sciencedirect.com/science/article/pii/S0550321305800318

Elliptic flow of beauty decay electrons ALICE Collaboration

[10] E. Braaten and M. H. Thoma, “Energy loss of a heavy fermion in a hot QED plasma”, Phys. Rev.
D 44 (Aug, 1991) 1298-1310. http://1link.aps.org/doi/10.1103/PhysRevD.44.1298.

[11] E. Braaten and M. H. Thoma, “Energy loss of a heavy quark in the quark-gluon plasma”, |Phys.
Rev. D 44 (Nov, 1991) R2625-R2630.
http://link.aps.org/doi/10.1103/PhysRevD.44.R2625.

[12] R. Snellings, “Elliptic Flow: A Brief Review”, New J. Phys. 13 (2011) 055008,
arXiv:1102.3010 [nucl-ex].

[13] S. Voloshin and Y. Zhang, “Flow study in relativistic nuclear collisions by Fourier expansion of
Azimuthal particle distributions”, Z.Phys. C70 (1996) 665—672, arXiv:hep-ph/9407282
(hep-ph].

[14] U. Heinz and R. Snellings, “Collective flow and viscosity in relativistic heavy-ion collisions”,
Ann. Rev. Nucl. Part. Sci. 63 (2013) 123—-151, |arXiv:1301.2826 [nucl-th].

[15] H. Niemi, K. J. Eskola, and R. Paatelainen, “Event-by-event fluctuations in a perturbative QCD +
saturation + hydrodynamics model: Determining QCD matter shear viscosity in ultrarelativistic
heavy-ion collisions”, |Phys. Rev. C93 no. 2, (2016) 024907, arXiv:1505.02677 [hep-phl.

[16] J. E. Bernhard, J. S. Moreland, S. A. Bass, J. Liu, and U. Heinz, “Applying Bayesian parameter
estimation to relativistic heavy-ion collisions: simultaneous characterization of the initial state and
quark-gluon plasma medium”, |Phys. Rev. C94 no. 2, (2016) 024907, arXiv:1605.03954
[nucl-th].

[17] A. Dubla, S. Masciocchi, J. M. Pawlowski, B. Schenke, C. Shen, and J. Stachel, “Towards
QCD-assisted hydrodynamics for heavy-ion collision phenomenology”, Nucl. Phys. A979 (2018)
251264, larXiv:1805.02985 [nucl-th].

[18] M. Gyulassy, I. Vitev, and X. N. Wang, “High pt azimuthal asymmetry in non-central A+A at
RHIC”, Phys. Rev. Lett. 86 (2001) 2537-2540, arXiv:nucl-th/0012092 [nucl-th].

[19] E. V. Shuryak, “Azimuthal asymmetry at large pt seem to be too large for a pure jet quenching”,
Phys. Rev. C 66 (Aug, 2002) 027902.
http://link.aps.org/doi/10.1103/PhysRevC.66.027902.

[20] J. Noronha-Hostler, B. Betz, J. Noronha, and M. Gyulassy, “Event-by-event hydrodynamics + jet
energy loss: A solution to the Ryq ® vy puzzle”, Phys. Rev. Lett. 116 no. 25, (2016) 252301,
arXiv:1602.03788 [nucl-th].

[21] STAR Collaboration, L. Adamczyk et al., “Measurement of D Azimuthal Anisotropy at
Midrapidity in Au+Au Collisions at /syy=200 GeV”, Phys. Rev. Lett. 118 no. 21, (2017) 212301,
arXiv:1701.06060 [nucl-ex].

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

[23] ALICE Collaboration, B. Abelev et al., “D meson elliptic flow in non-central Pb—Pb collisions at
energy /snn = 2.76TeV”, |Phys. Rev. Lett. 111 (2013) 102301, arXiv:1305.2707 [nucl-ex].

[24] ALICE Collaboration, S. Acharya et al., “Event-shape engineering for the D-meson elliptic flow
in mid-central Pb-Pb collisions at /snny = 5.02 TeV”, JHEP 02 (2019) 150, arXiv:1809.09371
[nucl-ex].


http://dx.doi.org/10.1103/PhysRevD.44.1298
http://dx.doi.org/10.1103/PhysRevD.44.1298
http://link.aps.org/doi/10.1103/PhysRevD.44.1298
http://dx.doi.org/10.1103/PhysRevD.44.R2625
http://dx.doi.org/10.1103/PhysRevD.44.R2625
http://link.aps.org/doi/10.1103/PhysRevD.44.R2625
http://dx.doi.org/10.1088/1367-2630/13/5/055008
http://arxiv.org/abs/1102.3010
http://dx.doi.org/10.1007/s002880050141
http://arxiv.org/abs/hep-ph/9407282
http://arxiv.org/abs/hep-ph/9407282
http://dx.doi.org/10.1146/annurev-nucl-102212-170540
http://arxiv.org/abs/1301.2826
http://dx.doi.org/10.1103/PhysRevC.93.024907
http://arxiv.org/abs/1505.02677
http://dx.doi.org/10.1103/PhysRevC.94.024907
http://arxiv.org/abs/1605.03954
http://arxiv.org/abs/1605.03954
http://dx.doi.org/10.1016/j.nuclphysa.2018.09.046
http://dx.doi.org/10.1016/j.nuclphysa.2018.09.046
http://arxiv.org/abs/1805.02985
http://dx.doi.org/10.1103/PhysRevLett.86.2537
http://arxiv.org/abs/nucl-th/0012092
http://dx.doi.org/10.1103/PhysRevC.66.027902
http://link.aps.org/doi/10.1103/PhysRevC.66.027902
http://dx.doi.org/10.1103/PhysRevLett.116.252301
http://arxiv.org/abs/1602.03788
http://dx.doi.org/10.1103/PhysRevLett.118.212301
http://arxiv.org/abs/1701.06060
http://dx.doi.org/10.1016/j.physletb.2020.135377
http://arxiv.org/abs/1910.09110
http://dx.doi.org/10.1103/PhysRevLett.111.102301
http://arxiv.org/abs/1305.2707
http://dx.doi.org/10.1007/JHEP02(2019)150
http://arxiv.org/abs/1809.09371
http://arxiv.org/abs/1809.09371

Elliptic flow of beauty decay electrons ALICE Collaboration

[25] ALICE Collaboration, B. Abelev et al., “Azimuthal anisotropy of D meson production in Pb—Pb
collisions at energy /snn = 2.76 TeV”, |Phys.Rev. C90 no. 3, (2014) 034904, |arXiv:1405.2001
[nucl-ex].

[26] ALICE Collaboration, S. Acharya et al., “D-meson azimuthal anisotropy in midcentral Pb-Pb
collisions at ,/syn = 5.02 TeV”, Phys. Rev. Lett. 120 no. 10, (2018) 102301, |arXiv:1707.01005
[nucl-ex].

[27] CMS Collaboration, A. M. Sirunyan et al., “Measurement of prompt D° meson azimuthal
anisotropy in Pb-Pb collisions at /syy = 5.02 TeV”, Phys. Rev. Lett. 120 no. 20, (2018) 202301,
arXiv:1708.03497 [nucl-ex].

[28] ALICE Collaboration, S. Acharya et al., “J/y elliptic flow in Pb-Pb collisions at ,/syny = 5.02
TeV”,|Phys. Rev. Lett. 119 no. 24, (2017) 242301, arXiv:1709.05260 [nucl-ex].

[29] A. Beraudo, A. De Pace, M. Monteno, M. Nardi, and F. Prino, “Development of heavy-flavour
flow-harmonics in high-energy nuclear collisions”, JHEP 02 (2018) 043} arXiv:1712.00588
(hep-ph]l

[30] M. Nahrgang, J. Aichelin, P. B. Gossiaux, and K. Werner, “Influence of hadronic bound states
above T; on heavy-quark observables in Pb—Pb collisions at at the CERN Large Hadron Collider”,
Phys.Rev. C89 no. 1, (2014) 014905, arXiv:1305.6544 [hep-phl.

[31] T. Song, H. Berrehrah, D. Cabrera, W. Cassing, and E. Bratkovskaya, “Charm production in Pb +
Pb collisions at energies available at the CERN Large Hadron Collider”, Phys. Rev. C93 no. 3,
(2016) 034906, |arXiv:1512.00891 [nucl-th].

[32] W. Ke, Y. Xu, and S. A. Bass, “Modified Boltzmann approach for modeling the splitting vertices
induced by the hot QCD medium in the deep Landau-Pomeranchuk-Migdal region”, |Phys. Rev.
C100 no. 6, (2019) 064911, arXiv:1810.08177 [nucl-th].

[33] R. Katz, C. A. G. Prado, J. Noronha-Hostler, J. Noronha, and A. A. P. Suaide, “DAB-MOD
sensitivity study of heavy flavor R44 and azimuthal anisotropies based on beam energy, initial
conditions, hadronization, and suppression mechanisms”, arXiv:1906.10768 [nucl-th].

[34] M. He, R. J. Fries, and R. Rapp, “Heavy-Quark Diffusion and Hadronization in Quark-Gluon
Plasma”, Phys. Rev. C86 (2012) 014903, larXiv:1106.6006 [nucl-th].

[35] D. Zigic, I. Salom, J. Auvinen, M. Djordjevic, and M. Djordjevic, “DREENA-B framework: first
predictions of Rq4 and v, within dynamical energy loss formalism in evolving QCD medium”,
Phys. Lett. B791 (2019) 236241, |arXiv:1805.04786 [nucl-th].

[36] V. Greco, C. M. Ko, and R. Rapp, “Quark coalescence for charmed mesons in ultrarelativistic
heavy ion collisions”, Phys. Lett. B§95 (2004) 202-208, |arXiv:nucl-th/0312100 [nucl-th].

[37] S. Batsouli, S. Kelly, M. Gyulassy, and J. L. Nagle, “Does the charm flow at RHIC?”, Phys. Lett.
B557 (2003) 26-32, arXiv:nucl-th/0212068 [nucl-th].

[38] M. He, R. J. Fries, and R. Rapp, “Heavy Flavor at the Large Hadron Collider in a Strong Coupling
Approach”, |Phys.Lett. B735 (2014) 445-450, arXiv:1401.3817 [nucl-th].

[39] STAR Collaboration, L. Adamczyk et al., “Elliptic flow of electrons from heavy-flavor hadron
decays in Au + Au collisions at /snn = 200, 62.4, and 39 GeV”, Phys. Rev. C95 no. 3, (2017)
034907, larXiv:1405.6348 [hep-ex].

10


http://dx.doi.org/10.1103/PhysRevC.90.034904
http://arxiv.org/abs/1405.2001
http://arxiv.org/abs/1405.2001
http://dx.doi.org/10.1103/PhysRevLett.120.102301
http://arxiv.org/abs/1707.01005
http://arxiv.org/abs/1707.01005
http://dx.doi.org/10.1103/PhysRevLett.120.202301
http://arxiv.org/abs/1708.03497
http://dx.doi.org/10.1103/PhysRevLett.119.242301
http://arxiv.org/abs/1709.05260
http://dx.doi.org/10.1007/JHEP02(2018)043
http://arxiv.org/abs/1712.00588
http://arxiv.org/abs/1712.00588
http://dx.doi.org/10.1103/PhysRevC.89.014905
http://arxiv.org/abs/1305.6544
http://dx.doi.org/10.1103/PhysRevC.93.034906
http://dx.doi.org/10.1103/PhysRevC.93.034906
http://arxiv.org/abs/1512.00891
http://dx.doi.org/10.1103/PhysRevC.100.064911
http://dx.doi.org/10.1103/PhysRevC.100.064911
http://arxiv.org/abs/1810.08177
http://arxiv.org/abs/1906.10768
http://dx.doi.org/10.1103/PhysRevC.86.014903
http://arxiv.org/abs/1106.6006
http://dx.doi.org/10.1016/j.physletb.2019.02.020
http://arxiv.org/abs/1805.04786
http://dx.doi.org/10.1016/j.physletb.2004.06.064
http://arxiv.org/abs/nucl-th/0312100
http://dx.doi.org/10.1016/S0370-2693(03)00175-8
http://dx.doi.org/10.1016/S0370-2693(03)00175-8
http://arxiv.org/abs/nucl-th/0212068
http://dx.doi.org/10.1016/j.physletb.2014.05.050
http://arxiv.org/abs/1401.3817
http://dx.doi.org/10.1103/PhysRevC.95.034907
http://dx.doi.org/10.1103/PhysRevC.95.034907
http://arxiv.org/abs/1405.6348

Elliptic flow of beauty decay electrons ALICE Collaboration

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

PHENIX Collaboration, A. Adare et al., “Energy Loss and Flow of Heavy Quarks in Au+Au
Collisions at s(NN)**(1/2) = 200-GeV”, Phys. Rev. Lett. 98 (2007) 172301,
arXiv:nucl-ex/0611018 [nucl-ex].

ALICE Collaboration, J. Adam et al., “Elliptic flow of electrons from heavy-flavour hadron
decays at mid-rapidity in Pb-Pb collisions at /sy = 2.76 TeV”, JHEP 09 (2016) 028,
arXiv:1606.00321 [nucl-ex].

ATLAS Collaboration, M. Aaboud et al., “Measurement of the suppression and azimuthal
anisotropy of muons from heavy-flavor decays in Pb+Pb collisions at /sny = 2.76 TeV with the
ATLAS detector”, Phys. Rev. C98 no. 4, (2018) 044905, arXiv:1805.05220 [nucl-ex].

CMS Collaboration, V. Khachatryan et al., “Suppression and azimuthal anisotropy of prompt and
nonprompt J/y production in PbPb collisions at /5 = 2.76 TeV”, Eur. Phys. J. C77 no. 4,
(2017) 252,|arXiv:1610.00613 [nucl-ex].

ALICE Collaboration, S. Acharya et al., “Measurement of Y(1S) elliptic flow at forward rapidity
in Pb-Pb collisions at /sy = 5.02 TeV”, Phys. Rev. Lett. 123 no. 19, (2019) 192301,
arXiv:1907.03169 [nucl-ex]!

X. Du, R. Rapp, and M. He, “Color Screening and Regeneration of Bottomonia in High-Energy
Heavy-Ion Collisions”, Phys. Rev. C96 no. 5, (2017) 054901} arXiv:1706.08670 [hep-phl.

P. P. Bhaduri, N. Borghini, A. Jaiswal, and M. Strickland, “Anisotropic escape mechanism and
elliptic flow of bottomonia”, |Phys. Rev. C100 no. 5, (2019) 051901, |arXiv:1809.06235
[hep-ph]l

K. Reygers, A. Schmah, A. Berdnikova, and X. Sun, “Blast-wave description of Upsilon elliptic
flow at LHC energies”,|arXiv:1910.14618 [hep-ph].

ATLAS Collaboration, G. Aad et al., “Measurement of azimuthal anisotropy of muons from
charm and bottom hadrons in Pb+Pb collisions at ,/syy = 5.02 TeV with the ATLAS detector”,
arXiv:2003.03565 [nucl-ex]!

ALICE Collaboration, B. Abelev ef al., “Performance of the ALICE Experiment at the CERN
LHC”, Int. J. Mod. Phys. A29 (2014) 1430044, arXiv:1402.4476 [nucl-ex].

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

ALICE Collaboration, B. Abelev et al., “Centrality determination of Pb-Pb collisions at /snn =
2.76 TeV with ALICE”, |Phys. Rev. C88 no. 4, (2013) 044909, |arXiv:1301.4361 [nucl-ex].

ALICE Collaboration, J. Adam et al., “Measurement of electrons from beauty-hadron decays in
p-Pb collisions at \/sxy = 5.02 TeV and Pb-Pb collisions at /sxy = 2.76 TeV”, JHEP 07 (2017)
052, larXiv:1609.03898 [nucl-ex]!

I. Selyuzhenkov and S. Voloshin, “Effects of non-uniform acceptance in anisotropic flow
measurement”, Phys. Rev. C77 (2008) 034904, arXiv:0707.4672 [nucl-th].

M. Gyulassy and 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].

T. Sjostrand, S. Mrenna, and P. Z. Skands, “PYTHIA 6.4 Physics and Manual”, JHEP 05 (2006)
026, arXiv:hep-ph/0603175 [hep-phl].

11


http://dx.doi.org/10.1103/PhysRevLett.98.172301
http://arxiv.org/abs/nucl-ex/0611018
http://dx.doi.org/10.1007/JHEP09(2016)028
http://arxiv.org/abs/1606.00321
http://dx.doi.org/10.1103/PhysRevC.98.044905
http://arxiv.org/abs/1805.05220
http://dx.doi.org/10.1140/epjc/s10052-017-4781-1
http://dx.doi.org/10.1140/epjc/s10052-017-4781-1
http://arxiv.org/abs/1610.00613
http://dx.doi.org/10.1103/PhysRevLett.123.192301
http://arxiv.org/abs/1907.03169
http://dx.doi.org/10.1103/PhysRevC.96.054901
http://arxiv.org/abs/1706.08670
http://dx.doi.org/10.1103/PhysRevC.100.051901
http://arxiv.org/abs/1809.06235
http://arxiv.org/abs/1809.06235
http://arxiv.org/abs/1910.14618
http://arxiv.org/abs/2003.03565
http://dx.doi.org/10.1142/S0217751X14300440
http://arxiv.org/abs/1402.4476
http://dx.doi.org/10.1088/1748-0221/8/10/P10016
http://dx.doi.org/10.1088/1748-0221/8/10/P10016
http://arxiv.org/abs/1306.3130
http://dx.doi.org/10.1103/PhysRevC.88.044909
http://arxiv.org/abs/1301.4361
http://dx.doi.org/10.1007/JHEP07(2017)052
http://dx.doi.org/10.1007/JHEP07(2017)052
http://arxiv.org/abs/1609.03898
http://dx.doi.org/10.1103/PhysRevC.77.034904
http://arxiv.org/abs/0707.4672
http://dx.doi.org/10.1016/0010-4655(94)90057-4
http://dx.doi.org/10.1016/0010-4655(94)90057-4
http://arxiv.org/abs/nucl-th/9502021
http://dx.doi.org/10.1088/1126-6708/2006/05/026
http://dx.doi.org/10.1088/1126-6708/2006/05/026
http://arxiv.org/abs/hep-ph/0603175

Elliptic flow of beauty decay electrons ALICE Collaboration

[56] R. Brun, F. Bruyant, F. Carminati, S. Giani, M. Maire, A. McPherson, G. Patrick, and L. Urban,
GEANT: Detector Description and Simulation Tool; Oct 1994. CERN Program Library. CERN,
Geneva, 1993. https://cds.cern.ch/record/1082634. Long Writeup W5013.

[57] R. Barlow and C. Beeston, “Fitting using finite monte carlo samples”, Comp. Phys. Comm. 77
no. 2, (1993) 219.

[58] ALICE Collaboration, B. Abelev et al., “Performance of the ALICE Experiment at the CERN
LHC”, Int.J.Mod.Phys. A29 (2014) 1430044, larXiv:1402.4476 [nucl-ex].

[59] ALICE Collaboration, B. Abelev et al., “Suppression of high transverse momentum D mesons in
central Pb-Pb collisions at /syy = 2.76 TeV”, JHEP 09 (2012) 112, arXiv:1203.2160
[nucl-ex].

[60] ALICE Collaboration, S. Acharya et al., “Measurement of D°, D*, D** and D production in
Pb-Pb collisions at /Syny = 5.02 TeV”, JHEP 10 (2018) 174, arXiv:1804.09083 [nucl-ex].

[61] M. Cacciari, M. Greco, and P. Nason, “The pr spectrum in heavy flavor hadroproduction”, JHEP
05 (1998) 007, larXiv:hep-ph/9803400 [hep-phl].

[62] A. Andronic, P. Braun-Munzinger, M. K. KAdihler, K. Redlich, and J. Stachel, “Transverse
momentum distributions of charmonium states with the statistical hadronization model”, Phys.
Lett. B797 (2019) 134836, arXiv:1901.09200 [nucl-th].

[63] S.Plumari, V. Minissale, S. K. Das, G. Coci, and V. Greco, “Charmed Hadrons from Coalescence
plus Fragmentation in relativistic nucleus-nucleus collisions at RHIC and LHC”, |[Eur. Phys. J. C78
no. 4, (2018) 348, arXiv:1712.00730 [hep-ph].

[64] J. Song, H.-h. Li, and E.-1. Shao, “New feature of low pr charm quark hadronization in pp
collisions at /s =7 TeV”, Eur. Phys. J. C78 no. 4, (2018) 344, arXiv:1801.09402 [hep-ph].

[65] ALICE Collaboration, S. Acharya et al., “Aj production in Pb-Pb collisions at /sy = 5.02
TeV”,|Phys. Lett. B793 (2019) 212223, larXiv:1809.10922 [nucl-ex].

[66] STAR Collaboration, J. Adam et al., “Observation of enhancement of charmed baryon-to-meson
ratio in Au+Au collisions at /syy = 200 GeV”, |Phys. Rev. Lett. 124 no. 17, (2020) 172301,
arXiv:1910.14628 [nucl-ex].

[67] CMS Collaboration, A. M. Sirunyan et al., “Production of A} baryons in proton-proton and
lead-lead collisions at /sy = 5.02 TeV”, Phys. Lett. B 803 (2020) 135328, jarXiv:1906.03322
[hep-ex].

[68] W. Ke, Y. Xu, and S. A. Bass, “Linearized Boltzmann-Langevin model for heavy quark transport
in hot and dense QCD matter”, Phys. Rev. C98 no. 6, (2018) 064901, arXiv:1806.08848
[nucl-th].

[69] ALICE Collaboration, B. Abelev et al., “Suppression of high transverse momentum D mesons in
central Pb—Pb collisions at energy /snn = 2.76 TeV”, JHEP 09 (2012) 112, arXiv:1203.2160
[nucl-ex].

[70] ALICE Collaboration, J. Adam et al., “Centrality dependence of high-pr D meson suppression in
Pb-Pb collisions at /syny = 2.76 TeV”, JHEP 11 (2015) 205, larXiv:1506.06604 [nucl-ex].
[Addendum: JHEP06,032(2017)].

12


https://cds.cern.ch/record/1082634
http://dx.doi.org/10.1142/S0217751X14300440
http://arxiv.org/abs/1402.4476
http://dx.doi.org/10.1007/JHEP09(2012)112
http://arxiv.org/abs/1203.2160
http://arxiv.org/abs/1203.2160
http://dx.doi.org/10.1007/JHEP10(2018)174
http://arxiv.org/abs/1804.09083
http://dx.doi.org/10.1088/1126-6708/1998/05/007
http://dx.doi.org/10.1088/1126-6708/1998/05/007
http://arxiv.org/abs/hep-ph/9803400
http://dx.doi.org/10.1016/j.physletb.2019.134836
http://dx.doi.org/10.1016/j.physletb.2019.134836
http://arxiv.org/abs/1901.09200
http://dx.doi.org/10.1140/epjc/s10052-018-5828-7
http://dx.doi.org/10.1140/epjc/s10052-018-5828-7
http://arxiv.org/abs/1712.00730
http://dx.doi.org/10.1140/epjc/s10052-018-5817-x
http://arxiv.org/abs/1801.09402
http://dx.doi.org/10.1016/j.physletb.2019.04.046
http://arxiv.org/abs/1809.10922
http://dx.doi.org/10.1103/PhysRevLett.124.172301
http://arxiv.org/abs/1910.14628
http://dx.doi.org/10.1016/j.physletb.2020.135328
http://arxiv.org/abs/1906.03322
http://arxiv.org/abs/1906.03322
http://dx.doi.org/10.1103/PhysRevC.98.064901
http://arxiv.org/abs/1806.08848
http://arxiv.org/abs/1806.08848
http://dx.doi.org/10.1007/JHEP09(2012)112
http://arxiv.org/abs/1203.2160
http://arxiv.org/abs/1203.2160
http://dx.doi.org/10.1007/JHEP11(2015)205, 10.1007/JHEP06(2017)032
http://arxiv.org/abs/1506.06604

Elliptic flow of beauty decay electrons ALICE Collaboration

[71] CMS Collaboration, A. M. Sirunyan ef al., “Nuclear modification factor of D° mesons in PbPb
collisions at /syn = 5.02 TeV”, \Phys. Lett. B 782 (2018) 474-496, |arXiv:1708.04962
[nucl-ex].

[72] T. SjAﬁstrand, S. Ask, J. R. Christiansen, R. Corke, N. Desai, P. Ilten, S. Mrenna, S. Prestel, C. O.
Rasmussen, and P. Z. Skands, “An Introduction to PYTHIA 8.2, Comput. Phys. Commun. 191
(2015) 159-177, arXiv:1410.3012 [hep-ph].

13


http://dx.doi.org/10.1016/j.physletb.2018.05.074
http://arxiv.org/abs/1708.04962
http://arxiv.org/abs/1708.04962
http://dx.doi.org/10.1016/j.cpc.2015.01.024
http://dx.doi.org/10.1016/j.cpc.2015.01.024
http://arxiv.org/abs/1410.3012

Elliptic flow of beauty decay electrons ALICE Collaboration

A The ALICE Collaboration

S. Acharyd®H D. Adamovd®, A. Adlef™], J. AdolfssorBL, M.M. Aggarwall® G. Aglieri Rinelld®4],

M. Agnelldm, N. Agrawam, Z. Ahammedm, S. Ahmadm, S.U. Ahrm, Z. Akbar=-, A. Akindinovlm,

M. Al—Turanym, S.N. AlamEm’EJ, D.S.D. Albuquer: um, D. Aleksandrom, B. AlessandchE,

H.M. Alfandd®, R. Alfaro MolindZJ, B. A& Y. Aliﬁj, A. Alicf@Z8154] N Alizadehvandchalfl®]

A. AIinPBE 5 AlmdZ0, T. Al 1. Altenkamper2L, 1. AltsybeevI3, M.N. Anaam®, C. AndrefS]

D. Andreodﬂ:l, A. Andronicm, M. Angelett@, V. Anguelovmm, C. Ansorpzl, T. Antiéim, F. AntinoriE,

P. AntoniolE, N. Apadulm, L. Aphecetchm, H. Appelshéiusetm, S. Arcellm, R. Arnald@, M. Arrati@,
I.C. Arsenem, M. Arslandokm, A. Au ustinusm, R. Averbeclm, S. Azizm, M.D. Azmm, A. Badalam,
Y.W. Bael¥L, S. Bagnascd, X. Baiﬂmg, R. Bailhaché®] R. Baldl™, A. Balbind™®, A. Baldisseri=Z, M. Balf=]
S. Balouzm, D. Banerjeem, R. Barberam, L. Bariogliom, G.G. Barnafdldm, L.S. Barnby@, V. BarretE,
P. Bartalinf®, C. Barteld’ZZ K. Barth®®, E. Bartsch®, F. BaruffaldZ¥, N. Bastid=%, S. Basu™, G. Batignd >,
B. BatyunydZ], D. Baur#2, J.L. Bazo Albd"1Z, 1.G. BearderBY, C. Beattid 6], C. Beddd®3 N.K. Beheraéj

1. Beliko ' A.D.C. Bell HechavarriaEZ, F. Bellinpzl, R. Bellwiednq V. Belyaem, G. Bencedm,

S. Beolém, A. Bercuc@, Y. Berdnikovm, D. Berenym, R.A. Bertenm, D. Berzano@, M.G. Besoidﬂu,

L. Betevmj, A. Bhasinmq ILR. Bham, M.A. Bhalm, H. Bhattm, B. Bhattacharjeéam, A. Bianchﬂm,

L. BianchZ N. BianchfZ, J. Biel&ikEZ, J. Bielcikova2d, A. Bilandzid®], G. Bird™, R. Biswas®, S. Biswad®]
J.T. Blail™, D. Bla®], C. Blumd®! G. Bocd3, F. Bock?8], A. Bogdanov®3! S. Boi22], J. BokeH

L. Boldizsz’um, A. Bolozdynyajm, M. Bombardm, G. Bonomm, H. Borem, A. Borissmm, H. Bossm,

E. Bottam, L. Bratrucﬂ:l, P. Braun—Munzingetm, M. Bregantm, M. Brozm, E. Brunam, G.E. Brunomm,
M.D. Bucklandm, D. BudnikO\m, H. Bueschin@, S. Bufalinc;m, 0. Bugnonm, P. Buhlelm, P. Buncic@,
Z. ButhelezZM30 3 B. But® S.A. BysiakI®l D. CaffarrX, A. Calivd™Z, E. Calvo VillaiZ

JM.M. Camachom, R.S. Camachom, P. Camerinm, FD.M. Caneddm:l, AA. Caporm, F. Carnesecchiz],

R. Carotm, J. Castillo Castellanom, All. Castrm, E.AR. CasuleJE, F. Catalandm, C. Ceballos Sanchezm,
P. Chakraborty® S. Chandrd™L, W. Chang®, S. Chapeland®®, M. ChartiefZ2Z, S. Chattopadhyay™L,

S. Chattopadhyay™ @, A. Chauvin®, C. Cheshkovml,) B. Cheynis&33] V. Chibante Barrosd®&],

D.D. Chinellatd?Z S. Chd®l, P. Chochuld®E, T. Chowdhury33, P. Christakoglod®™, C.H. Christenser,

P. Christianser®5, T. Chujd ™3], C. Cicald®™], L. Cifarellill™28] 1 D. Cillad3], F. Cindold®, M.R. CiupekI?Z

G. Cla, J. Cleyman@, F. Colamariajm, D. Colelldm, A. Colllm, M. Coloccizj, M. Concasm@, G. Conesa
BalbastréE, Z. Conesa del Vallem, G. Continm’W, J.G. Contrerasm, T.M. Cormielm, Y. Corrales Moralesm,
P. CorteseBIl, M.R. Cosentinom, F. CostaBIl, S. Costanza'BE, P. Crochetm, E. Cuautlé@, P. Cu@,

L. Cunqueirom, D. Dabrowskm, T. Dahmm, A. Dainesém, FPA. Damam, M.C. Danisclm,

A. Dan®Z, D. Dad, 1. padT P, Dad®] p. Dad®, S. Dad®l, A. Dash®] S. Dastf, S. D] A. De Card™,

G. de Cataldom, J. de Cuvelandzz', A. De Falcdm, D. De Gruttolepm, N. De Marcom, S. De Pasqualém,

S. Det® H.F. Degenhard, K R. Dejd™®2 A. DelofffZ, S. Delsantd™ 2L, W. Dend® P. Dhankhei®, D. Di
Bartid, A. Di Maurd®®, R.A. DiaZZ, T. Dietef22, P. Dillensege®), Y. 3%'53, R. DivizEH D.U. Dixil™,

@. Djuvsland®, U. Dmitrievd®Z, A. Dobrin®Z, B. Donigud®, 0. Dordid™, A.K. Dubey™, A. Dubl2UI0Z,

S. Dudm, M. Dukhishyan@, P. Dupieuxm, R.J. Ehler@, V.N. Eikelandm, D. Eliam, B. Erazmusmzl,

F. Erhard®2, A. Erokhin™3! M.R. Ersdal?l, B. Espagnon™, G. Eulissé®®, D. Evand™, S. EvdokimovZ,

L. Fabbiettim, M. Faggiﬂm, J. Faivrém, F. Fat@, A. Fantonﬁz', M. Fasei%], P. Fecchi(;m, A. Feliciellom,

G. Feoﬁlom, A. Fernandez Téllezm, A. Ferrerom, A. Ferrettim, A. Festant;m, V.I.G. Feuillardm,

J. Figief™® S. Filchagil™, D. Finogeev€Z, FM. Fiondd?L, G. Fiorenzaf2, F. Flof23] A N. FloresT2]

S. Foertschm, P. Fokamq S. Fokilm, E. Fragiacomom, U. Frankenfeldm, U. Fuchsm, C. Furgetm, A. Fursm,
M. Fusco GirardZ I.J. Gaardhgjé®, M. Gagliardi?], A.M. Gagd1Z, A. Gal2&! C.D. Galvari?Y, P. Ganot&),
C. GarabatOSUE, JR.A. Garcieﬂzl, E. Garcia-Soli@:l, K. Gargm, C. GargiuIO@, A. Gariblm, K. Garnelm,

P. Gasikmm, E.F. Gaugem, M.B. Gay Ducatimn, M. Germainm, J. Ghoshm, P. Ghoshm, S.K. GhoshB:l,
M. GiacalondZ®, P. Gianottf2, P. Giubellind®™ 2 P, Giubilatd®, A.M.C. Glaenzet2Z, P. Glissel 2, A. Gomez
Ramirezm, V. Gonzalem, L.H. Gonzélez—Truebamj, S. Gorbunmm, L. Gérliclm, A. Goswamiﬂm,

S. Gotovacm, V. Grabskfm, L.K. Graczykowskm, K.L. Grahanm, L. Greinem, A. Grell@, C. Grigora@j,
V. Grigorievm, A. Grigoryarp:l, S. Grigoryaﬂm, 0.S. Groettvik2 F. Gros252 J F. Grosse—Oetringhau@,

R. Grossom, R. Guernaném, M. Guittierm, K. Gulbrandserm, T. Gunjm, A. Guptm, R. Guptepm:l,

1.B. Guzmanm, R. HaakéEE, M.K. Habiﬂm, C. Had'idakism, H. Hamagakm, G. Hamam, M. Hamidm,

R. Hannigalm, M.R. Haqum, A. Harlenderovam%u, JW. Harrim, A. Hartonm, J.A. Hasenbichlelmj,

H. Hassarm, Q.U. Hassar@, D. Hatzifotiadodjm@, P. Hauelm, L.B. Havenelm, S. Hayashim,

S.T. Heckem, E. Hellbéil@, H. Hels&rgm, A. Herghele iLm, T. Hermaﬂzu, E.G. Hernandeﬂm, G. Herrera
Corraiz', F Herﬂnamm, K.F. Hetland=*, H. Hillemanns&, C. Hillm, B. Hippolytm, B. Hohlwegelm,

k)

14



Elliptic flow of beauty decay electrons ALICE Collaboration

J. Honermamm, D. Horakm, A. Homﬁgm, S. Hornﬁ, R. Hosokawm, P. HristO\Bz‘:I, C. Huaﬁ,
C. Hughem, P. Huhnm, T.J. Humanic=~, H. Hushnu ' L.A. HusovaDZZ, N. Hussain@, S.A. Hussain™=,

D. Huttem, J.P. Iddom, R. Ilkaevm, H. Ilyasu?‘j, M. Inabm, G.M. Innocentmj, M. Ippolitom,

A. Isakovm, M.S. Islanm, M. Ivanovm, V. Ivanovml V. Izucheevm, B.J acakm, N.J acazio‘mﬂj,

PM. Jacobs¥, S. JadlovskdZ, J. Jadlovsky™Z S. Jaelani®®, C. JahnkdL M.J. Jakubowska#2|

M.A. Janikm, T. Jansorm, M. Jercicm, 0. JevonsmII, M. Jilm, F. Jonam, PG. Jonesu:m, J. Jungm,

M. Jungm, A. JuskomIL P. Kalinak@], A. Kalwei@, V. Kaplinm, S. Kalm, A. Karasu U sam, D. Karatovicm,
0. Karavichem, T. Karavichevam, P. Karczmarczylm, E. Karpechem, A. Kazantsev®&, U. Kebschul@,

R. Keide@, M. Keim, B. Ketzelm, Z. Khabanovam, AM. Khar@, S. Khan'EJ, A. Khanzadee\m,

Y. Kharlov®, A. Khatur™®], A. Khuntid T8, B. Kileng®!, B. Kim®H, B. Kint23 D. Kinf®Z, D.J. Kinf28]

E.J. KinZ H. Kinfd, J. Kim™Z, J.s. KinfH, J. Kin @, J. Kim™ 2, J, KinZ M. Kiml2 S, Kim&!

T. KinZ, T. Kim™Z, S. KirscH& 1. KiseBH S. Kiselev?, A. Kisiel™, J.L. Klay™, C. Klein, J. Klei59]
S. Klein®, C. Klein-Bosind®H, M. Kleinet®, A. Kluged®, M.L. Kniche&, A.G. Knospd2, C. KobdafI8],
M.K. Kéhlerm, T. KolleggelmE, A. KondraterE, N. Kondratyevam, E. Kondratyukm:l, J. Konigm,

S.A. Konigstorfem, P.J. Konopkele, G. Kornakovm, L. Koskam:u, 0. Kovalenkom, V. Kovalenkdm,

M. KowalskI&, I. KralikeH, A. Kraveakovait, L. Kreisl, M. Krivdd® L, F, Krizek®3]

K. Krizkova Gajdosovdm, M. Krﬁgem, E. Kryshedm, M. Krzewickm, AM. KuberaEu, V. Kuéerm,

C. KuhnmE, PG. Kuijelm, L. Kumalm, S. Kundtm, P. Kurashvilm, A. Kurepinm, A.B. Kurepinm,

A. Kuryakiff® S. Kushpi, J. Kvapif L, M.J. KweorL, J.Y. KworlH, Y. Kworl™®Z, S.L. La Pointd®, P. La
Rocca{m, Y.S. LaiBm, M. Lamanndm, R. LangoyEE, K. Lapidu@, A. Lardeuxm, P. LarionovEZ, E. Laudim,
R. Lavickdm, T. Lazarevamz', R. Leelm, L. Leardinm, J. Lem, S. Lecjm, S. Lehnem, J. Lehrbacﬂzzl,
R.C. Lemmor® I. Le6n Monzén™2Z E.D. Lessel™, M. Lettrich?E, P, Lévafi®3] X, L2 X L. L], J. Lien™2
R. LietavaE, B. LimUE, V. LindenstruthE, A. Lindnexm, C. Lippmamm, M.A. Lis@, A. Litm, J. an,
S. Lidzu, W.J. LlopeE, LM. Lofne@, V. Loginovm, C. Loizide@, P. Loncalm, JA. Lopezmm, X. Lopezm,
E. Lopez Torresm, JR. Luhdem, M. Lunardodm, G. Lupaxelloﬁn, Y.G. Mam, A. Maevskayam, M. MageI@,
S.M. Mahmood®, T. Mahmoud®™J, A. Maird3&], R.D. Majkd™&l] M. Malaev®¥], Q. W. MalikZZ, L. Malinind 5,
D. Mal’KeViCHE, P. Malzachelm, G. Mandaglidmm, V. Mankdm, F. Mansdm], V. Manzarﬂm, Y. Ma(@,

M. Marchisonm, J. Mare@, G.V. Margagliottm, A. Margottﬂﬂj, A. Marinm, C. Markerm,

M. Marquardml, C.D. Martinmj, N.A. Martilm, P. MartinengoBI', JL. Martinezm, M.IL Martinezm,

G. Martinez Garcim, S. Masciocchm, M. Maserdm, A. Masoni'El, L. Massacriem, E. Massonm,

A. Mastroseridmm, AM. MathismEL 0. Matonohdm, PET. Matuokajm, A. Matyjdmj, C. Mayelm,

F. Mazzaschi23] M. Mazzill£3 M.A. Mazzon2, A F. Mechlef®8], F. Medd22, Y. Melikyar®Z193]

A. Menchaca-Rochem:l, C. Mengkém, E. Meninndmm, A.S. Menotm, M. Meresm, S. Mhlangapzj,

Y. Miakd3, L. Michelett23], L.C. Migliorit 23, D.L. MihayloW® &), K. Mikhaylo2¥2Zl A N. Mishrd®2,

D. MiskowiedZ, A. ModakZ], N. Mohammad%, A.P. Mohanty®3, B. Mohanty®6], M. Mohisin Kharf[819,

Z. Moravcovaﬁm, C. Mordasinm, D.A. Moreira De Godoym, LAP Morenom, L Morozo@, A. Morscﬂﬂj,
T. Mrnjavad®®, V. Mucciford2, E. Mudnid D. Miihlhein™ S. Muhurf®H, J.D. Mulligarf2, A. Mullirf2253]
M.G. Munhozfm:I, R.H. Munzelm, H. Murakamm, S. Murraym, L. Musdm, J. Musinsky@, C.J. Myer@,
J.W. Myrchd™®Z B. Naik®™, R. Nailf<, B.K. Nand, R. Nanid@54 E. Napp£, M.U. Nar/™,

AF. NassirpouIE, C. NattrassB0, R. Nayakm, T.K. NayakE, S. Nazarenk L AL Neang, R.A. Negrao De
Oliveiram, L.N ellenm, S.V. Nesbom, G. Neskovicm, D. Nesterovm, L.T. N eumannm, B.S. Nielserm,

S. NikolaevE¥] S. Nikulinf¥, V. Nikulin®, F. Noferinf 54, P, NomokonovZY, J. NormarrZXZZ N. Novitzky2,
P. Nowakowskm, A. N anit@, J. Nystrandzj, M. Ogindm, A. Ohlsoﬂmmm, J. OleniaczIEZ, A.C. Oliveira Da
Silvam, M.H. Olive . C. Oppedisanom, A. Ortiz Velasquez@, A. Oskarssonm, J. Otwinowskm,

K. OyamaBZ, Y. Pachma etm, V. Pacikm, S. Padhan@, D. Paganom, G. Paiéz’zl, J. PanUE, S. Panebiancom,
P. PareekBUIAL | ParkEE, J.E. ParkkildZ8 S. Parmai™, S.P. Pathak23], B. PaulZ, J. Pazzini®Z, H. Pef®!

T. Peitzmannm, X. Pengm, L.G. Pereiram, H. Pereira Da Costém, D. Peresunkom, G.M. Pereﬂm, S. Perrirm,
Y. Pestov, V. PetracekE, M. PetrovicPS, R.P. PezzZ2, S. Piand®, M. Piknd2], P. Pillo %, O. Pinazza2454]
L. Pinskym, C. Pintdm, S. Pisanomm, D. Pistoném, M. Ploskorm, M. Planinicm, F. Pliquettm,

M.G. Poghosyanm, B. Polichtchoukm, N. Poljakm, A. Pﬁﬁ, S. Porteboeuf—HoussaisﬂE, V. Pozdniakovus:l,
S.K. Prasadzl, R. Preghenella@, F. Prindm, C.A. Prunea L PshenichnovIE, M. Puccidm, J. Putschkém:[

S. Qilm, L. Quaglief-m, R.E. Quishpm, S. Ragonm, S. Rahd3 S. Rajputm, J. RakZ6],

A. Rakotozafindrabd3Z L. Ramelld?L, F. Ram#3¢) . A .R. RamireZ~), R. Raniwaldl%, S Raniwald0%2]

S.S. Réiséinet@, R. Ratlm, V. Ratzepzl, 1. Ravasengdm, K.F Ream, A.R. Redelbacl@, K. Redlic,
A. Rehmanm, P. Reichellm, F. Reidlm, X. Renm, R. Renfordm, Z. Rescakovam, K. Reygersum], A. Riabmm,
V. Riabov®E], T. Richer8 M. Richter?d, P. Riedlel®3, W. Riegle®#] F. Riggi2, C. Ristedt, S.P. RodeEl,

15



Elliptic flow of beauty decay electrons ALICE Collaboration

M. Rodriguez Cahuantz#ﬂ, K. Rﬁedzn, R. Rogalevm, E. Rogochaydm, D. ROhIE, D. Rbhricﬂz:l, PF Rojasm,
P.S. Rokitam, F. Ronchettﬁzl, A. Rosanom, E.D. Rosas@, K. Roslorm, A. Rossm, A. Rotondm,

A. Roym, P. Roym, O.V. Ruedamj, R. Ruf-m, B. Rumyantse\JE, A. Rustamovm, E. Ryabinkinm, Y. Ryaboxm,
A. RybickiT®] H. Rytkonerd™8], 0.A.M. Saarimak#®], R. Sade 3, S. Sadhu™0, S. Sadovsky?, K. SafaifkEL,
S.K. Sahd™®H B. Sahod® P. Sahod™, R. Sahod?¥, S. Sahod®], PK. Sahu®3! J. Sainf#L S. Sakafl33]

S. Sambyaﬁm:l, V. Samsonom, D. Sarkalm, N. Sarkalm, P. Sarmaﬂz, V.M. Sartm, M.H.P. Sasm,

E. Scapparoném, J. Schambachm, H.S. Scheic@, C. Schiauam, R. Schickelm, A. Schmalm, C. Schmidtm,
H.R. Schmidf®® M.O. Schmid@ M. Schmidf®, N.V. Schmidf&6] A R. Schmiei™®, J. Schukraf,

Y. Schutzm, K. Schwarzm, K. Schwedam, G. Sciolm, E. Scomparilm, J.E. SegerlEJ, Y. Sekiguchm,

D. Sekihatm, L Selyuzhenkovmm, S. SenyukO\m, D. Serebryakovm, A. Sevcencom, A. Shabano@,

A. Shabetam, R. Shahoyarm], W. Shaiklm, A. Shangaraevm:l, A. Sharmm, A. Sharmm, H. Sharmm,
M. SharmaDID, N. Sharmam, S. Sharmaum:L 0. Sheibanm, K. Shigakﬁm, M. ShimomuraE, S. ShirinkinE,
Q. Shot™, Y. SibiriakEE], S. Siddhantaf3 T. Siemiarczuk®, D. Silvermy®L, G. Simatovid¥, G. Simonetti?2),
B. Singt™! R. Singt®& R. Singf® R. Sing®®, V.K. Singt™L V. Singhal™®, T. Sinhd™™ B. Sital]

M. Sittdm, T.B. Skaalpm, M. Slupecki@, N. Smirnovm, R.J.M. Snellingsm, C. Sonccom, J. Songm,

A. Songmoolnakm, I Soramefm, S. Sorenserm, 1. Sputowskm, J. Stachem, 1. Star@, PJ. Steffanim,
E. Stenlundm, S.F. Stiefelmaielm, D. Stoccom, M.M. Storetvedlm, L.D. Strittdm, AAP Suaidém,

T. Sugitatem, C. Suirem, M. Suleymanovmj, M. SuljicE, R. Sultanovm, M. §umbera|E, V. Sumberiaum:L

S. Sumowidagdd®L, S. Swain®S, A. SzabdT, 1. Szarkd™, U. Tabassami™ S.F. Taghavilld, G. Taillepied 22

J. Takahashm, G.J. Tambavém, S. Tanémm, M. Tarhinm, M.G. Tarzil@, A. TauroBIl, G. Tejeda Muﬁozm,
A. Telescam:l, L. Terlizzﬂm, C. Terrevolm, D. Thakulmﬂ, S. Thakum, D. Thomam, F. ThoresenE,

R. Tieulentm, A. TikhOIlOVE, AR. Timminm, A. Toi@, N. Topilskaydm, M. Toppﬁz', F. Torales-Acostajm,
S.R. Torresm, A. Triﬁrm, S. Tripathm, T. Tripathym, S. Tro olom, G. Trombettam, L. Troppm,

V. Trubnikovm, W.H. Trzaskam, T.P. Trzcinskimz', B.A. Trzecial AL Tumkinm, R. Turrism,

T.S. Tvetetm, K. Ullalandm, E.N. Umakm, A. Urasum, G.L. Usam, M. Valam, N. Vallm, S. Vallero‘m,

N. van der Kolkm, L.V.R. van Doremalen@, M. van Leeuwer@, P. Vande Vyvrém, D. Vargm, Z. Vargepm,
M. Varga-KofarangE, A. Vargasgzl, M. VasileiodE], A. Vasilie\m, 0. Vazquez Docm, V. Vechernilm,

E. Vercellin‘m, S. Vergara Liménm, L. Vermuntm, R. Vernetm, R. Vértesﬁ, L. Vickovidm, Z. Vilakazm,

0. Villalobos Bailli . G. Vin(JE, A. VinogradOVE, T. Vir ilm, V. Vislaviciusm, A. Vodopyanoxm,

B. Volkeﬂj, M.A. Vblkm, K. Voloshilmj, S.A. Voloshinﬁ, G. Volpém, B. von Hallermj, I. Vorobyevm,

D. Voscelm, J. Vrlékovdm, B. WagnerlZD, M. Webelm, S.G. Webelm, A. Wegrzynekm, S.C. Wenze@,

J.P. WesseldEH 5. Wiechuld®! 7. WikndZ® G. WilkEs 1. wilkinson™™EH G A. Willemd™, E. Willsher L,

B. Windelband™®™, M. Wind=Z, W.E. Witf3Z J R. Wrighf™® Y. WlZE] R. Xu® S. Yalcid, Y. Yamaguchf,
K. Yamakawam, S. Yangm, S. Yanom, Z. Yinm, H. Yokoyamam, 1.-K. YOCJID, J.H. Yoonm:l, S. Yuanm%

A. Yuncm, V. Yurchenkdz, V. Zaccoldm, A. Zaman@, C. ZampolliBIl, H.J.C. Zanoli'El, N. ZardoshtiE’Il,

A. Zarochentse\m, P. Zévadam, N. Zaviyalovm, H. Zbroszczykm, M. Zhalovm], S. Zhangm, X. Zhangm,

Z. Zhang®, V. Zherebchevskit i, Y. Zhi2! D. Zhou®!, Y. ZhoBZ, 7. Zhot?H, J. Zh® 0Dy, Zh&!

A. Zichichil@Z8], G. ZinovjevZ, N. ZurldH0,

Affiliation notes
i Deceased
i Ttalian National Agency for New Technologies, Energy and Sustainable Economic Development (ENEA),
Bologna, Italy
iii Dipartimento DET del Politecnico di Torino, Turin, Italy
v M.V. Lomonosov Moscow State University, D.V. Skobeltsyn Institute of Nuclear, Physics, Moscow, Russia
¥ Department of Applied Physics, Aligarh Muslim University, Aligarh, India
Vi Institute of Theoretical Physics, University of Wroclaw, Poland

Collaboration Institutes
I A.1. Alikhanyan National Science Laboratory (Yerevan Physics Institute) Foundation, Yerevan, Armenia
2 Bogolyubov Institute for Theoretical Physics, National Academy of Sciences of Ukraine, Kiev, Ukraine
3 Bose Institute, Department of Physics and Centre for Astroparticle Physics and Space Science (CAPSS),

Kolkata, India

Budker Institute for Nuclear Physics, Novosibirsk, Russia

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

4

16



Elliptic flow of beauty decay electrons ALICE Collaboration

32
33
34
35

36
37

38
39

40
41
4
43

44
45
46
47
48
49
50
51
52
53
54
55
56

Central China Normal University, Wuhan, China

Centre de Calcul de ’IN2P3, Villeurbanne, Lyon, France

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

Centro de Investigacién y de Estudios Avanzados (CINVESTAV), Mexico City and Mérida, Mexico
Centro Fermi - Museo Storico della Fisica e Centro Studi e Ricerche “Enrico Fermi’, Rome, Italy
Chicago State University, Chicago, Illinois, United States

China Institute of Atomic Energy, Beijing, China

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

Creighton University, Omaha, Nebraska, United States

Department of Physics, Aligarh Muslim University, Aligarh, India

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

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

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

Department of Physics, University of Oslo, Oslo, Norway

Department of Physics and Technology, University of Bergen, Bergen, Norway

Dipartimento di Fisica dell’Universita ’La Sapienza’ and Sezione INFN, Rome, Italy

Dipartimento di Fisica dell’ Universita and Sezione INFN, Cagliari, Italy

Dipartimento di Fisica dell’Universita and Sezione INFN, Trieste, Italy

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

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

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

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

Dipartimento di Fisica ‘E.R. Caianiello’ dell’Universita and Gruppo Collegato INFN, Salerno, Italy
Dipartimento DISAT del Politecnico and Sezione INFN, Turin, Italy

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

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

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

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

Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture, University of Split,
Split, Croatia

Faculty of Engineering and Science, Western Norway University of Applied Sciences, Bergen, Norway
Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Prague,
Czech Republic

Faculty of Science, P.J. Safarik University, Kosice, Slovakia

Frankfurt Institute for Advanced Studies, Johann Wolfgang Goethe-Universitéit Frankfurt, Frankfurt,
Germany

Fudan University, Shanghai, China

Gangneung-Wonju National University, Gangneung, Republic of Korea

Gauhati University, Department of Physics, Guwahati, India

Helmbholtz-Institut fiir Strahlen- und Kernphysik, Rheinische Friedrich-Wilhelms-Universitit Bonn, Bonn,
Germany

Helsinki Institute of Physics (HIP), Helsinki, Finland

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

Hiroshima University, Hiroshima, Japan

Hochschule Worms, Zentrum fiir Technologietransfer und Telekommunikation (ZTT), Worms, Germany
Horia Hulubei National Institute of Physics and Nuclear Engineering, Bucharest, Romania

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

Indian Institute of Technology Indore, Indore, India

Indonesian Institute of Sciences, Jakarta, Indonesia

INFN, Laboratori Nazionali di Frascati, Frascati, Italy

INFN, Sezione di Bari, Bari, Italy

INFN, Sezione di Bologna, Bologna, Italy

INFN, Sezione di Cagliari, Cagliari, Italy

INFN, Sezione di Catania, Catania, Italy

17



Elliptic flow of beauty decay electrons ALICE Collaboration

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

75
76
77
78
79

80
81
82
83
84

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

108

INFN, Sezione di Padova, Padova, Italy

INFN, Sezione di Roma, Rome, Italy

INFN, Sezione di Torino, Turin, Italy

INFN, Sezione di Trieste, Trieste, Italy

Inha University, Incheon, Republic of Korea

Institute for Nuclear Research, Academy of Sciences, Moscow, Russia

Institute for Subatomic Physics, Utrecht University/Nikhef, Utrecht, Netherlands

Institute of Experimental Physics, Slovak Academy of Sciences, KoSice, Slovakia

Institute of Physics, Homi Bhabha National Institute, Bhubaneswar, India

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

Institute of Space Science (ISS), Bucharest, Romania

Institut fiir Kernphysik, Johann Wolfgang Goethe-Universitit Frankfurt, Frankfurt, Germany
Instituto de Ciencias Nucleares, Universidad Nacional Auténoma de México, Mexico City, Mexico
Instituto de Fisica, Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil
Instituto de Fisica, Universidad Nacional Auténoma de México, Mexico City, Mexico
iThemba LABS, National Research Foundation, Somerset West, South Africa

Jeonbuk National University, Jeonju, Republic of Korea

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

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

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

KTO Karatay University, Konya, Turkey

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

Laboratoire de Physique Subatomique et de Cosmologie, Université Grenoble-Alpes, CNRS-IN2P3,
Grenoble, France

Lawrence Berkeley National Laboratory, Berkeley, California, United States

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

Nagasaki Institute of Applied Science, Nagasaki, Japan

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

National and Kapodistrian University of Athens, School of Science, Department of Physics , Athens,
Greece

National Centre for Nuclear Research, Warsaw, Poland

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

National Research Centre Kurchatov Institute, Moscow, Russia

Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark

Nikhef, National institute for subatomic physics, Amsterdam, Netherlands

NRC Kurchatov Institute IHEP, Protvino, Russia

NRC «Kurchatov» Institute - ITEP, Moscow, Russia

NRNU Moscow Engineering Physics Institute, Moscow, Russia

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

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

Ohio State University, Columbus, Ohio, United States

Petersburg Nuclear Physics Institute, Gatchina, Russia

Physics department, Faculty of science, University of Zagreb, Zagreb, Croatia

Physics Department, Panjab University, Chandigarh, India

Physics Department, University of Jammu, Jammu, India

Physics Department, University of Rajasthan, Jaipur, India

Physikalisches Institut, Eberhard-Karls-Universitit Tiibingen, Tiibingen, Germany
Physikalisches Institut, Ruprecht-Karls-Universitit Heidelberg, Heidelberg, Germany

Physik Department, Technische Universitdt Miinchen, Munich, Germany

Politecnico di Bari, Bari, Italy

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

Rudjer Boskovi¢ Institute, Zagreb, Croatia

18



Elliptic flow of beauty decay electrons ALICE Collaboration

109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137

138
139
140
141
142
143
144
145
146
147

Russian Federal Nuclear Center (VNIIEF), Sarov, Russia

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

School of Physics and Astronomy, University of Birmingham, Birmingham, United Kingdom
Seccion Fisica, Departamento de Ciencias, Pontificia Universidad Catélica del Perd, Lima, Peru
St. Petersburg State University, St. Petersburg, Russia

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

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

Suranaree University of Technology, Nakhon Ratchasima, Thailand

Technical University of KoSice, KoSice, Slovakia

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

Universidad Autéonoma de Sinaloa, Culiacan, Mexico

Universidade de Sao Paulo (USP), Sao Paulo, Brazil

Universidade Estadual de Campinas (UNICAMP), Campinas, Brazil

Universidade Federal do ABC, Santo Andre, Brazil

University of Cape Town, Cape Town, South Africa

University of Houston, Houston, Texas, United States

University of Jyviaskyld, Jyviskyld, Finland

University of Liverpool, Liverpool, United Kingdom

University of Science and Technology of China, Hefei, China

University of South-Eastern Norway, Tonsberg, Norway

University of Tennessee, Knoxville, Tennessee, United States

University of the Witwatersrand, Johannesburg, South Africa

University of Tokyo, Tokyo, Japan

University of Tsukuba, Tsukuba, Japan

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

Université de Lyon, Université Lyon 1, CNRS/IN2P3, IPN-Lyon, Villeurbanne, Lyon, France
Université de Strasbourg, CNRS, IPHC UMR 7178, F-67000 Strasbourg, France, Strasbourg, France
Université Paris-Saclay Centre d’Etudes de Saclay (CEA), IRFU, Départment de Physique Nucléaire
(DPhN), Saclay, France

Universita degli Studi di Foggia, Foggia, Italy

Universita degli Studi di Pavia, Pavia, Italy

Universita di Brescia, Brescia, Italy

Variable Energy Cyclotron Centre, Homi Bhabha National Institute, Kolkata, India

Warsaw University of Technology, Warsaw, Poland

Wayne State University, Detroit, Michigan, United States

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

Yale University, New Haven, Connecticut, United States

Yonsei University, Seoul, Republic of Korea

19



	A The ALICE Collaboration

