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The second-order Fourier coefficients (v2) characterizing the azimuthal distributions of Υ(1S) and Υ(2S)

mesons produced in PbPb collisions at 
√

sNN = 5.02 TeV are studied. The Υ mesons are reconstructed in 
their dimuon decay channel, as measured by the CMS detector. The collected data set corresponds to 
an integrated luminosity of 1.7 nb−1. The scalar product method is used to extract the v2 coefficients 
of the azimuthal distributions. Results are reported for the rapidity range |y| < 2.4, in the transverse 
momentum interval 0 < pT < 50 GeV/c, and in three centrality ranges of 10–30%, 30–50% and 50–90%. 
In contrast to the J/ψ mesons, the measured v2 values for the Υ mesons are found to be consistent with 
zero.

© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
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1. Introduction

The primary motivation for studying high-energy heavy ion col-
lisions is to better understand the hot and dense matter produced 
in these interactions [1]. Lattice quantum chromodynamics (LQCD) 
calculations indicate that at sufficiently high temperatures an en-
vironment is created for a crossover to occur from hadronic matter 
to a strongly interacting system of deconfined quarks and glu-
ons [2]. This deconfined medium is called the “quark-gluon plas-
ma” (QGP) [3]. One of the most prominent signatures of QGP for-
mation is that the production of quarkonia, the bound states of a 
heavy quark and its antiquark, is suppressed with respect to expec-
tations from scaling the yields in proton-proton collisions by the 
number of binary nucleon-nucleon (NN) collisions. This suppres-
sion arises because the quarkonia binding is weakened by color 
screening caused by the surrounding partons in the medium [4], 
and therefore the extent of the quarkonia suppression is expected 
to be sequentially ordered by the binding energies of the quarko-
nia states. In heavy ion collisions, the majority of heavy quarks 
are produced from hard scattering processes at an early stage and 
therefore can interact with the QGP throughout its entire evolu-
tion.

Because of the binding energy dependence of the screening, 
the bottomonium states (Υ(1S), Υ(2S), Υ(3S), χb, etc.) are par-
ticularly useful probes to understand the space-time evolution of 

� E-mail address: cms -publication -committee -chair @cern .ch.

the QGP. The sequential suppression of the yield of Υ(nS) states 
was first observed by CMS [5,6] at a NN center-of-mass energy √

sNN = 2.76 TeV. More recently, results with improved statistical 
precision have been reported by both the ALICE Collaboration [7]
and CMS Collaboration [8,9] at 

√
sNN = 5.02 TeV. The suppression 

of the Υ(1S) meson has also been studied at 
√

sNN = 200 GeV at 
RHIC [10]. The available experimental data, spanning from 0.20 to 
5.02 TeV, have provided new insight into the thermal properties of 
the QGP [11].

The screening due to the QGP can also result in an azimuthal 
asymmetry in the observed yields of quarkonia. In non-central 
heavy ion collisions, the produced QGP has a lenticular shape in 
the transverse plane. Consequently, the average path length for 
quarkonia traveling through the medium depends on the direction 
taken with respect to this shape, with a larger suppression in the 
direction of the longer axis [12–15]. The anisotropic distribution of 
particles can be characterized by the magnitudes of the Fourier co-
efficients (vn) of the azimuthal correlation of particles, through the 
relation

dN

dφ
∝ 1 + 2

∑
n

vn cos[n(φ − �n)]. (1)

Here φ is the angle of the particles and �n is the angle characteriz-
ing the symmetry plane of the nth harmonic based on the charged 
particle density distribution [16]. By studying the azimuthal distri-
bution of the quarkonia, it is possible to develop a more compre-
hensive understanding of the dynamics of their production.
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Measurements of v2 values have been reported for J/ψ mesons 
by the ALICE Collaboration [17,18] and the CMS Collaboration [19]
at 

√
sNN = 5.02 TeV and 2.76 TeV, respectively. Significant evi-

dence for an azimuthal asymmetry in the particle yields is found 
for both experiments. However, the J/ψ asymmetry can also arise 
from the late-stage recombination of uncorrelated charm quark 
pairs inside the QGP, which acts in the opposite direction as color 
screening. The relative contribution of recombination to the inclu-
sive cross section of bottomonium states is expected to be smaller 
than for charmonium states [20–23]. For this reason, the azimuthal 
anisotropy of bottomonia better reflects the screening that occurs 
during its passage through the QGP medium. The ALICE Collabo-
ration has measured the v2 for Υ(1S) mesons at forward rapidity 
(2.5 < y < 4) using 5.02 TeV PbPb collisions [24].

This paper reports on the measurement of v2 coefficients using 
the scalar product method [25,26] for Υ(1S) and Υ(2S) mesons at 
midrapidity (|y| < 2.4) in PbPb collisions at 

√
sNN = 5.02 TeV. The 

data set was collected with the CMS detector in 2018 and corre-
sponds to an integrated luminosity of 1.7 nb−1. The Υ mesons are 
reconstructed through their dimuon decay channel. The v2 values 
for Υ(1S) mesons are measured in four transverse momentum (pT) 
intervals (0–3, 3–6, 6–10, and 10–50 GeV/c) for different centrality 
classes. Centrality is defined as the fraction of the total inelas-
tic nucleus-nucleus cross section with 0% representing the largest 
overlap of the two colliding Pb nuclei. For this analysis, events 
are classified in three centrality intervals (10–30%, 30–50%, and 
50–90%), with 10–30% corresponding to the most central events. 
More central (0–10%) and more peripheral (90–100%) collisions are 
excluded because of small eccentricity in the initial geometry and 
low event selection efficiency, respectively. Because of their lower 
production cross section compared to that of Υ(1S) mesons, the 
Υ(2S) mesons are measured in one interval that spans |y| < 2.4, 
0 < pT < 50 GeV/c, and centrality 10–90%.

2. The CMS detector

The central feature of the CMS apparatus is a superconduct-
ing solenoid of 6 m internal diameter, providing a magnetic field 
of 3.8 T. Within the solenoid volume are a silicon pixel and strip 
tracker, a lead tungstate crystal electromagnetic calorimeter, as 
well as a brass and scintillator hadron calorimeter, each composed 
of a barrel and two endcap sections. The Hadronic Forward (HF) 
calorimeters, located at 3 < |η| < 5, extend the pseudorapidity (η) 
coverage provided by the barrel and endcap detectors. The colli-
sion centrality is estimated experimentally using the sum of the 
transverse energy deposited in the HF calorimeters. Muons are 
detected in gas-ionization chambers embedded in the steel flux-
return yoke outside the solenoid within the pseudorapidity cover-
age of |η| < 2.4. A more detailed description of the CMS detector, 
together with a definition of the coordinate system used and the 
relevant kinematic variables, can be found in Ref. [27].

3. Event selection

Events were selected based on several trigger stages. First, at 
least two muon candidates reconstructed in the fast hardware-
based trigger system are required. In the high level trigger, Level-2 
(L2) muons are identified by requiring fitted tracks in the outer 
muon spectrometer. At Level-3 (L3), muons are reconstructed us-
ing full tracks from the L2 muon tracks and the inner tracker 
information, with a minimum of ten high-quality hits in the in-
ner tracker [28]. Finally, events are required to contain at least 
one L2 muon and another L3 muon, with their invariant mass 
being greater than 7 GeV/c2. To reject beam-related background 
processes (beam scraping events and beam-gas collisions), events 
are required to pass the following conditions: (a) that at least one 

reconstructed primary vertex exists, (b) that the width of silicon 
pixel detector clusters is compatible with the vertex position [29], 
and (c) that at least two towers in each of the two HF detec-
tors located on opposite sides of CMS detect energy above 4 GeV. 
The primary vertex, which is reconstructed based on two tracks 
or more, is required to be located within 15 cm from the central 
point of the detector along the beam axis.

For high-quality muon identification, a set of offline selection 
criteria is applied. This selection requires that the reconstructed 
muon is matched to a track reconstructed in the inner tracking 
detector, which has at least six silicon tracker hits, with at least 
one of these hits occurring in the inner silicon pixel detector array. 
In addition, the distance of closest approach of a muon track from 
the nearest primary vertex must be less than 0.3 and 20 cm in the 
transverse and the longitudinal directions, respectively. To assure 
high efficiency, the individual muons were required to have pμ

T >

3.5 GeV/c, with |ημ| < 2.4. Pairs of oppositely charged muons are 
fitted with a common vertex constraint and used in this analysis if 
the confidence level of the fit is greater than 1%.

4. Analysis

The Υ meson signals and combinatorial backgrounds for se-
lected dimuon pairs are separated using fits to the invariant mass 
(minv) distribution. The range of the studied mass spectrum is 
8–14 GeV/c2, which covers both Υ(1S) and Υ(2S) resonance peaks, 
as well as the Υ(3S) mesons.

Acceptance and efficiency correction factors are used as event-
by-event weights when the invariant mass distribution and the 
average v2 values are computed. Acceptance is defined as the 
probability for both the decay muons originated from an Υ me-
son to be within pμ

T > 3.5 GeV/c, |ημ| < 2.4. It is determined as a 
function of pT using pythia 8.212 [30] Monte Carlo (MC) generator 
with tune CP5 [31], where Υ mesons from 3 S1, 3 P J , 3 D J bottomo-
nium states form via the color-singlet [32,33] and color-octet [34]
mechanisms. The MC events are then reweighted to match the pT
spectra to the PbPb data. The efficiencies for reconstruction, muon 
identification, and trigger selection are calculated by a full sim-
ulation of the CMS detector using Geant4 [35]. Each Υ event is 
embedded in a hydjet 1.9 [36] PbPb event to reproduce the hy-
drodynamic background environment. The average acceptance and 
efficiency factors are 53.7% (56.7%) and 56.9% (60.0%) for Υ(1S)

(Υ(2S)), respectively. A systematic uncertainty is assigned based 
on the difference found between the MC results and experimen-
tal data. The MC and experimental data are compared using the 
tag-and-probe method with single muons obtained from J/ψ me-
son decays [37,38]. The efficiency ratio of data over simulation is 
applied as a weight for the derivation of the final dimuon effi-
ciency.

The v2 values of Υ candidates are determined using the scalar 
product (SP) method, in a similar way as the one employed to 
determine the elliptic flow of prompt D0 mesons in PbPb col-
lisions [39]. Using this method, the particle asymmetries asso-
ciated with different subevents are characterized by Q -vectors 
that are determined for different η ranges using either tracker 
or HF calorimeter data [25]. The Q -vectors are given by Q 2 =∑M

k=1 ωke2iφk , where the sum is over the multiplicity of particles 
for the tracker or the number of towers for the HF calorime-
ters, φ is the azimuthal angle of the particle or the tower, and 
ω is the weight given by the pT of a particle in the tracker 
or the transverse energy deposited in a tower. A three subevent 
method [25,39] is used, employing the tracker, with |η| < 0.75, and 
the two HF calorimeters that cover the ranges 3 < η < 5 (HF+) and 
−5 < η < −3 (HF–). The Q -vector of an Υ candidate is defined as 
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Fig. 1. Simultaneous fit of the dimuon invariant mass spectrum and the vSig+Bkg
2

distribution, as defined in Eq. (3), for pT < 50 GeV/c and with centrality 10–90%. 
The solid (signal + background) and dashed (background only) blue lines show the 
result of the mass fit, and the solid and dashed red lines show the corresponding 
results for the binned χ2 fit to the v2 distribution.

Q 2,Υ = ei2φ where φ is the azimuthal angle of the candidate. The 
v2 coefficient is then given by

v2 {SP} ≡
〈
Q 2,Υ Q ∗

2A

〉
√ 〈

Q 2A Q ∗
2B

〉〈
Q 2A Q ∗

2C

〉
〈
Q 2B Q ∗

2C

〉
. (2)

Here, Q 2A and Q 2B correspond to subevents based on the HF de-
tectors, and Q 2C is based on the tracker. The subscripts A and B
refer to either HF+ or HF–, depending on the rapidity of the Υ can-
didate. In order to avoid autocorrelations and to reduce nonflow 
effects, the η gap between Υ candidates and the subevent detector 
is required to be at least 3 units. For this reason, HF+ is selected 
for A (B) when the Υ candidate is produced at negative (positive) 
rapidity.

The 〈〉 brackets denote averages over all Υ candidate events, 
taking the real part of the Q -vector products. The denominator 
in Eq. (2) is a resolution correction that depends on the particle 
multiplicity in the HF detector referenced by the A subscript [25]. 
The lower panel of Fig. 1 shows an example of the resulting v2
distribution as a function of the Υ candidate invariant mass. The 
separation of signal and background is done in two steps. First, the 
yields of Υ signals are extracted from the invariant mass distribu-
tion without using the v2 information. The purpose of this step 
is to find the best parameters for the probability distribution de-
scribing the Υ mass peaks. Unbinned log-likelihood fits to the mass 
distribution are used to obtain the best fit to the data. The analysis 
is done using a single rapidity range with |y| < 2.4 and, thus, uses 
Υ candidates obtained in both the barrel and endcap regions of 
CMS. For this reason, the signal mass distribution (Sig) for each Υ
meson is formed by the sum of two Crystal Ball (CB) functions [40], 
to account for the different mass resolutions of the two regions. 
For both CB functions, the mass and the radiative tail parameters 
are constrained to be equal since these are not sensitive to the 
detector resolution. The Υ(1S) mass is taken as a free parameter 
of the fit, allowing for a possible scaling error in the momentum 

calibration for the reconstructed tracks. The mean (m0) and width 
(σ ) parameters for the excited states (Υ(2S) and Υ(3S)) are found 
by scaling the Υ(1S) values by the ratio of published masses [41]. 
Other parameters for the excited states are constrained to be iden-
tical to those of the Υ(1S) mesons. The normalization parameters 
Nsig,1S, Nsig,2S and Nsig,3S are free parameters of the fit. More de-
tails about the parameters for the invariant mass fit can be found 
in Ref. [9].

The background mass spectrum (Bkg) is modeled by a func-
tion obtained by multiplying a real-valued error function and an 
exponential function. The error function is used to reproduce a 
kinematic enhancement found at low mass, resulting from the sin-
gle muon pT threshold. The exponential component is motivated 
by the exponentially falling structure of the combinatorial back-
ground in the high mass region. There are four parameters charac-
terizing the shape of background, the μ and σ parameters of the 
error function, the decay length of the exponential function, and 
an overall normalization parameter.

In the second step, the invariant mass and v2 distributions are 
fitted simultaneously using binned χ2 fits. The signal function pa-
rameters are fixed to the values obtained from the previous step, 
although the normalizations Nsig,1S, Nsig,2S, and Nsig,3S and the 
background function parameters are left free. The v2 dependence 
on minv is taken as

vSig+Bkg
2 (minv) = α1(minv)vΥ(1S)

2 + α2(minv)vΥ(2S)
2

+ α3(minv)vΥ(3S)
2 + [1 − α1(minv)

− α2(minv) − α3(minv)]v Bkg
2 (minv), (3)

where, vΥ(i S)
2 (i = 1, 2, 3) is the v2 value for the Υ(iS) mesons and 

is assumed to be independent of minv. The αi(minv) coefficients are 
the fractions that the Υ(iS) states occupy as a function of invariant 
mass, as determined from the fit. They are defined as

αi(minv) = SigΥ(iS)(minv)/[SigΥ(1S)(minv)

+ SigΥ(2S)(minv) + SigΥ(3S)(minv) + Bkg(minv)]. (4)

The background v2 value, vBkg
2 (minv), is modeled as a second-order 

polynomial function of the invariant mass. Fig. 1 shows an example 
of a simultaneous fit to the mass (upper panel) and v2 distribu-
tions (lower panel).

5. Systematic uncertainties

The systematic uncertainties in this analysis come from various 
sources, including the modeling of signal and background proba-
bility functions, as well as acceptance and efficiency corrections 
(muon identification and trigger). The uncertainties for the vari-
ous sources are studied as functions of pT and centrality. However, 
within the limits of the evaluation, no clear pT or centrality trend 
is found. For the uncertainty associated with the signal, an al-
ternative function is formed by adding one CB and one Gaussian 
function having equal mass parameters. The differences in the v2
values from the nominal one are taken as the uncertainties. The 
difference is typically less than 0.0025 for the Υ(1S) mesons and 
is equal to 0.014 for the Υ(2S) mesons. The uncertainties resulting 
from holding the final fit parameters constant are studied by re-
leasing each parameter, one by one, and redoing the fit with the 
additional free parameter. The largest deviation of the resulting v2
values from the nominal result is taken as the uncertainty. The 
difference is found typically in the range 0.0006 to 0.005 for the 
Υ(1S) mesons and is 0.0093 for the Υ(2S) mesons. To determine 
the uncertainty related to the background modeling, the functions 
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for both the invariant mass distribution and vBkg
2 (minv) are var-

ied. For the mass distribution, a fourth-order polynomial is used 
as an alternative functional behavior. For the vBkg

2 (minv) function, 
two alternative functions are introduced instead of the nominal 
second-order polynomial, one as the third-order polynomial and 
the other as an exponential function. The uncertainty associated 
with the choice of the vBkg

2 (minv) function is assigned as the max-
imum difference found for the two alternative functions used to 
model the background. The uncertainty values in the choice of the 
background modeling functions for the mass and v2 distributions 
are typically in the range 0.001–0.009 for the Υ(1S) mesons, and 
are found to be 0.012 and 0.030, respectively for the Υ(2S) mesons.

The uncertainty resulting from the acceptance and efficiency 
corrections is evaluated by comparing the results with and with-
out weighting the simulated pT spectra. By virtue of the cylin-
drical symmetry of the detector, the effect of these corrections 
is minor. An additional systematic uncertainty for the efficiency 
is assigned based on the tag-and-probe method. The difference 
of the v2 values with and without applying the tag-and-probe 
correction is assigned as the uncertainty and is found to be in 
the range 0.002–0.012. Finally, uncertainties resulting from the 
hadronic event selection are considered. The collision event filter 
is varied, thus allowing for a migration of Υ(1S) and Υ(2S) mesons 
across centrality boundaries. The effect on the measured v2 value 
is taken as a systematic uncertainty. For Υ(1S) the differences are 
typically below 0.0008 and for Υ(2S) the uncertainty is 0.0067. In-
dividual systematic uncertainties are expected to be uncorrelated 
and are therefore added in quadrature for the final assigned val-
ues. The absolute systematic uncertainty in the v2 values for the 
Υ(1S) meson range in most intervals from 0.002 to 0.015, which is 
smaller than the statistical uncertainty. The largest uncertainty cor-
responds to the most peripheral and lowest pT interval measured, 
which is dominated by the uncertainty related to the vBkg

2 (minv)

modeling and hadronic event selection. The uncertainty for the 
Υ(2S) v2 value, which is obtained for the integrated interval only, 
is 0.037.

6. Results

The pT integrated results are shown in Fig. 2 (upper panel) for 
three centrality intervals. The Υ(1S) v2 values are consistent with 
zero within the statistical uncertainties. The rightmost points in 
this figure are the average v2 values in the 10–90% centrality in-
terval. They are determined to be 0.007 ±0.011 (stat) ±0.005 (syst)
for Υ(1S) mesons and −0.063 ±0.085 (stat) ±0.037 (syst) for Υ(2S)

mesons.
In Fig. 2 (lower panel), the pT dependence of Υ(1S) meson v2

values is measured for the 10–90% centrality interval. The v2 val-
ues are consistent with zero in the measured pT range, except for 
the 6 < pT < 10 GeV/c interval that shows a 2.6 σ deviation from 
zero. The result is also compared with theoretical predictions from 
five different approaches. The green shaded area (Du, Rapp [22]) 
is a calculation using the kinetic rate equation framework for the 
time evolution of bottom quarks. In this model, the in-medium ef-
fect is applied with a lattice QCD based equation of state. Note 
that it is calculated for the centrality interval 20–40%. The red 
line (Yao et al. [42,43]) is computed from a real-time simulation 
of heavy quarks using coupled Boltzmann transport equations. The 
dissociation and recombination rates are calculated from potential 
non-relativistic QCD for this model. The dashed violet curve (Hong, 
Lee [44,45]) is another kinetic model prediction in which the heavy 
quark collisional terms are obtained from Bethe-Salpeter ampli-
tude and hard thermal loop resummation. A diffusion constant 
D(2π T ) = 6, where T is the temperature of the medium, was 
used. With this parameter, the nuclear modification factor, which is 
the ratio of the quarkonium yield in a nucleus-nucleus collision to 

Fig. 2. (Upper panel) pT integrated v2 values for Υ(1S) mesons measured in four 
centrality classes and for the Υ(2S) meson in the 10–90% centrality range. (Lower 
panel) v2 of Υ(1S) mesons as a function of pT in the 10–90% centrality range 
compared with model calculations from Du and Rapp [22], Yao [42,43], Hong and 
Lee [44,45], Bhaduri et al. [46], and Reygers et al. [47]. All results are for the rapidity 
range |y| < 2.4. The vertical bars denote statistical uncertainties, and the rectangu-
lar boxes show the total systematic uncertainties.

the corresponding yield in a proton-proton (pp) collision scaled by 
the number of binary collisions, is consistent with the CMS result 
in Ref. [9]. The dashed brown line (Bhaduri et al. [46]) shows the 
result of 3+1d quasiparticle anisotropic hydrodynamics framework. 
The initial conditions for temperature and shear viscosity to en-
tropy density ratio are tuned to the identified hadron spectra and 
flow harmonics in 5.02 TeV PbPb data [48]. The gray shaded area 
(Reygers et al. [47]) is another hydrodynamics calculation based on 
the blast-wave fits using the data of lighter particles, which was 
scaled down by a factor of 1/10. The v2 values are computed in 
three centrality intervals (10–20%, 40–50%, 60–70%) and the gray 
envelope is constructed to minimally cover all results. Despite their 
slightly different pT dependence, all models in the figure derive 
small v2 values for pT < 10 GeV/c, which is consistent with the 
experimental result. For the highest pT range, however, the kinetic 
model (Hong, Lee) and the blast-wave model begin to deviate from 
the observed behavior. In particular, the blast-wave model predicts 
a v2 value much larger than found. In this model, the elliptic flow 
of Υ(1S) is expected to sharply rise from pT = 9 GeV/c, follow-
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Fig. 3. The v2 coefficients for Υ(1S) mesons as a function of pT in three centrality classes: 10–30% (left panel), 30–50% (middle panel) and 50–90% (right panel). The rapidity 
range is |y| < 2.4. The vertical lines indicate the statistical uncertainties and the rectangular boxes show the total systematic uncertainties.

Fig. 4. The v2 for Υ(1S) mesons as a function of pT in the rapidity range |y| < 2.4
compared with the ALICE results for Υ(1S) (open circles) and J/ψ (full squares) 
mesons measured in 2.5 < y < 4 [24]. All results are obtained in the range 0 <
pT < 15 GeV/c and centrality interval 5–60%. The vertical bars denote statistical 
uncertainties, and the rectangular boxes show the total systematic uncertainties.

ing the mass ordering of v2 (pT) by lighter particles used for the 
fit [47].

The pT differential results for Υ(1S) mesons in each centrality 
interval are shown in Fig. 3 and the v2 values are found to be con-
sistent with zero within uncertainties. A similar result has been 
obtained by the ALICE Collaboration [24], where the measurement 
was done in a complementary rapidity region (2.5 < y < 4), as 
shown in Fig. 4. The CMS data points in this figure were analyzed 
using the same pT range as the ALICE result to allow for a com-
parison where only the rapidity ranges of the two measurements 
differ. The ALICE Collaboration also measured inclusive J/ψ v2 val-
ues (also shown in Fig. 4) with the same kinematic conditions as 
their Υ(1S) results and there find a significant and finite v2 value. 
Together, the CMS and ALICE results indicate that the geometry of 
the medium has little influence on the Υ(1S) yields [22,49] and 
that recombination is not a dominant process in the production of 

this meson. The results also indicate that the path-length depen-
dence of Υ(1S) suppression is small.

The current results support the assumption of a high melting 
temperature of the Υ(1S) meson. Consequently, the dissociation 
can only take place in the earliest stages of the collision. This 
makes the Υ(1S) meson less sensitive to the path length than other 
quarkonia states.

7. Summary

The v2 coefficients for Υ(1S) and Υ(2S) mesons are measured 
in PbPb collisions at a nucleon-nucleon center-of-mass energy of 
5.02 TeV. Results are reported for the rapidity range |y| < 2.4, 
in the transverse momentum interval 0 < pT < 50 GeV/c, and in 
three centrality classes of 10–30%, 30–50%, and 50–90% for the 
Υ(1S) meson, while the centrality interval 10–90% is used for the 
Υ(2S) meson. The v2 values are observed to be compatible with 
zero for the Υ(1S) meson in the measured kinematic and central-
ity intervals. The observation contrasts with the positive v2 values 
reported for J/ψ mesons, suggesting different medium effects for 
charmonia and bottomonia. This confirms, with higher statistical 
precision and with an extended pT range, the result from the AL-
ICE experiment measured in a complementary rapidity region. The 
measured values of v2 for pT < 10 GeV/c are consistent with the 
theoretical predictions based on the kinetic model, the hydrody-
namics framework, and the blast-wave model. For the high pT
region, the Υ(1S) result provides an important constraint for mod-
els. The v2 value found for Υ(2S) mesons, which is being reported 
for the first time, is also consistent with zero. As there are ex-
pected to be differences in the various processes through which 
the QGP affects Υ(1S) and Υ(2S) mesons, these measurements pro-
vide new inputs for the study of bottomonia production in heavy 
ion collisions.
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