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Quarkonium production has been studied extensively in relativistic heavy-ion collision experiments to under-
stand the properties of the quark-gluon plasma. The experimental results on the yield modification in heavy-ion
collisions relative to that in p + p collisions can be described by several models considering dissociation and
regeneration effects. A yield modification beyond initial-state effects has also been observed in small collision
systems such as p + Au and p + Pb collisions, but it is still premature to claim any hot medium effect. A
model study in various small collision systems such as p + p, p + Pb, p + O, and O + O collisions will help
quantitatively the understanding of nuclear effects on the ϒ(nS) production. A theoretical calculation considering
the gluo-dissociation and inelastic parton scattering for dissociation, and their inverse reaction for regeneration,
reasonably describes the modification of ϒ(1S) in Pb + Pb collisions. Based on this calculation, a Monte Carlo
simulation considering the dissociation effect is developed to more realistically incorporate the medium produced
in heavy-ion collisions with event-by-event initial collision geometry and hydrodynamic evolution. We extend
this framework to small systems to study the medium effects. In this work, we quantify the nuclear modification
factor of ϒ(nS) as a function of charged particle multiplicity (dNch/dη) and transverse momentum. We also
calculate the elliptic flow of ϒ(nS) in small collision systems.

DOI: 10.1103/PhysRevC.107.054905

I. INTRODUCTION

Quarkonia have long been considered as key probes to
study the strongly interacting matter consisting of deconfined
quarks and gluons, the quark-gluon plasma (QGP), produced
in high-energy heavy-ion collisions [1–5]. Quarkonium states
are produced at the early stages of the collision via hard parton
scatterings, thus experiencing the full space-time evolution
of the medium. Also, their spectral functions are modified
due to color screening [4,5] and interactions with medium
constituents such as gluo-dissociation or Landau damping
[6–8]. Consequently, the quarkonium yields are expected to
be suppressed in heavy ion collisions with respect to expec-
tations from proton-proton (p + p) data, following the order
of their binding energies. On the other hand, the yields of
quarkonia can be enhanced in the presence of the QGP by
recombination processes of uncorrelated as well as correlated
quarks [9–12].

The modification of the quarkonium yields have been stud-
ied by various experiments at the BNL Relativistic Heavy
Ion Collder (RHIC) and the CERN Large Hadron Collider
(LHC) using the nuclear modification factor quantified as the
yield ratio in nucleus-nucleus collisions (A + A) to that in
p + p collisions scaled by the average number of binary NN
collisions [13–20]. One of the most remarkable signatures is

the ordered suppression of ϒ(1S), ϒ(2S), and ϒ(3S) mesons
by their binding energies reported at the LHC [16,18–20].

To better understand the in-medium effects of quarkonia
in A + A collisions in a sophisticated way, it is important
to study the “cold nuclear matter” (CNM) effects, which
are typically probed using proton-nucleus (p + A) collisions.
Modification of parton distribution functions in the nucleus
[21], energy loss [22] or nucleus absorption [23,24], and in-
teractions with comoving particles [25–27] are examples of
CNM effects. On the other hand, various experiments have
reported capital results, suggesting a QGP-like behavior of the
created medium also in smaller collision systems, such as the
observation of long-range collective azimuthal correlations
in high multiplicity regions [28–38]. Therefore, sophisticated
phenomenological studies in such interactions have become
a subject that is sensitive to understanding the quarkonium
production in small collision systems.

In this paper, we report a detailed study of the in-medium
effects for ϒ(1S), ϒ(2S), and ϒ(3S) mesons in proton-lead
(p + Pb), proton-oxygen (p + O), and oxygen-oxygen (O+O)
collisions. Theoretical calculations for dissociation of ϒ(nS)
[39] are incorporated with the SONIC framework [40] to de-
scribe the time evolution of the medium. The dissociation
component is constraint in potential nonrelativistic QCD (pN-
RQCD) limits, and coupled into the Boltzmann equation. The
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FIG. 1. Charged particle multiplicity distribution in p + O,
O+O, and p + Pb collisions at

√
sNN = 8 TeV from SONIC.

thermal width is calculated based on hard thermal loop (HTL)
perturbation theory using the Bethe-Salpeter amplitude. We
report the nuclear modification factors and the second-order
Fourier coefficient (v2) of the azimuthal distribution of ϒ(nS)
mesons in p + Pb, p + O, and O+O collisions, and the contri-
bution of feed-down from higher excited states is considered
to compare with the experimental data properly. For the
demonstration of the framework, we also present the results
in Pb+Pb collisions and compare them with the experimental
results.

II. SIMULATION FRAMEWORK

The simulation framework, Simulation for Heavy IoN
Collision with Heavy-quark and ONia (SHINCHON), is com-
posed of two parts, hydrodynamics simulation for background
medium and medium response of quarkonia. For the first
part, we follow the procedure described in Ref. [41]. Initial
energy density in the transverse plane of nucleus-nucleus or
proton-nucleus collisions is obtained with the Monte Carlo
Glauber (MC-Glauber) framework [42]. In MC-Glauber, a
nucleon-nucleon inelastic cross section of 72 mb [43] is em-
ployed for small system collisions at

√
sNN = 8 TeV at the

LHC. A Gaussian of width σ = 0.4 fm is used to describe the
energy deposition of each nucleon participating in at least one
inelastic collision. The deposited energy distribution from all
wounded nucleons in each event is converted into energy den-
sity for the hydrodynamic simulation (SONIC). A single scale
factor is used for all events in a certain collision system, and
the scale factor is determined to match the charged particle
multiplicity (dNch/dη) at midrapidity in p + Pb collisions at√

sNN = 8.16 TeV [44,45]. The same scale factor is used for
p + O and O+O collisions at

√
sNN = 8 TeV by assuming

that the scale factor does not change much in collision systems
with a similar number of participants.

Figure 1 shows the charged particle multiplicity distri-
butions of unbiased (0–100%) p + O, O+O, and p + Pb

FIG. 2. Elliptic flow as a function of pT for charged particles in
0–5% central p + O, O+O, and p + Pb collisions at

√
sNN = 8 TeV

from SONIC.

collisions at
√

sNN = 8 TeV from SONIC. The mean charged
particle multiplicities for p + O and O+O with the scale
factor obtained from p + Pb collisions are 10.0 and 31.2, re-
spectively. We also check the elliptic flow of charged particle
in 0–5% high multiplicity events as shown in Fig. 2, and the
p + Pb result is slightly lower than p + O and O+O results
at higher pT . Note that we use a shear viscosity to entropy
density ratio of 0.08 and a bulk viscosity ratio of zero in
the SONIC calculations. There are other frameworks for initial
conditions [46,47], but we use only the MC-Glauber initial
condition as a simple case in this study.

During the SONIC simulation, temperature distributions at
multiple time steps are stored for medium response of up-
silons. At the beginning of the second part, we generate ϒ(nS)
mesons, and the x and y positions are determined based on the
initial energy density distribution. We used a Tsallis fit to the
pT distribution of ϒ(1S) in

√
s = 5.02 TeV [16] to sample pT

of upsilons, and px and py are determined based on a randomly
assigned azimuthal angle. We performed a systematic study
using two pT distributions of ϒ(1S) from PYTHIA8 [48] at√

s = 5.02 and 8 TeV. The mean pT at the two energies differ
by 5%, and the effect on the nuclear modification factor and
elliptic flow is negligible. The medium response is simulated
based on the procedure described in Ref. [39]. The fraction of
survived upsilons for a certain time step (�t) is calculated as

N (t + �t, pT )

N (t, pT )
= e− ∫ t+�t

t dt ′�diss (t ′,pT ), (1)

where �diss is the thermal width depending on the medium
temperature and upsilon pT , and �t is set to 0.02 fm/c in the
hydrodynamic simulation. The medium temperature is from
the SONIC simulation according to x, y, and t values. The
temperature in which the quarkonium’s in-medium binding
energy reaches zero, i.e., dissociation temperature, is set as
600, 240, and 190 MeV for ϒ(1S), ϒ(2S), and ϒ(3S), respec-
tively [49,50]. The thermal width from numerical calculations
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FIG. 3. Thermal width as a function of temperature for different
pT of ϒ(1S) (top), ϒ(2S) (middle), and ϒ(3S) (bottom).

considering gluo-dissociation and inelastic parton scattering
is obtained from Ref. [39]. Figure 3 shows thermal width as
function of temperature for ϒ(1S) (left), ϒ(2S) (middle), and
ϒ(3S) (right), and each line represents a distribution for differ-

ent pT . Gray lines represent distributions for pT between those
indicated in the legend. Thermal width generally increases
with pT , and is larger for excited states. Note that thermal
width for ϒ(3S) is obtained in a limited pT range, so we
estimated values for pT > 2 GeV/c using the pT dependence
of ϒ(2S) as

�
ϒ(3S)
diss (pT ) = �

ϒ(3S)
diss (2 GeV/c)

�
ϒ(2S)
diss (pT )

�
ϒ(2S)
diss (2 GeV/c)

. (2)

A different formation time (τform) of each state is used, 0.5,
1.0, and 1.5 for ϒ(1S), ϒ(2S), and ϒ(3S), respectively, based
on values in Ref. [51]. We do not consider dissociation at the
preresonance stage, so the medium response on the ϒ states
is turned off for τ < γ τform, where γ is the Lorentz factor.
We found that the overall medium response is sensitive to the
choice of the formation time and preresonance response. The
setting that can well reproduce heavy-ion results is used for
small systems consistently. After incorporating the regenera-
tion effect in heavy-ion collisions, a detailed systematic study
will be performed later.

In each time step after the formation time, a survival rate is
calculated for each ϒ based on Eq. (1), and the ϒ is removed
when a random number from the uniform distribution within
0–1 is greater than the survival rate. If the ϒ survives, the
position for the next time step is calculated based on the
momentum and time step (�t). We repeat the survival rate cal-
culation with a different temperature at the new position until
the temperature is lower than a critical temperature of 170
MeV. For the simulation results presented in later sections,
we use 1000 events for MC-Glauber and SONIC. The number
of generated ϒ(nS) for a certain event scales with the number
of inelastic collisions from MC-Glauber. In this study, we do
not consider a contribution from the regeneration effect, which
is not expected to be significant in small collision systems. In
addition, there could be other nuclear effects such as modi-
fication of parton density, initial-state energy loss, and other
final-state effects, but we focus on evaluating the dissociation
effect.

A. Nuclear modification factor

The nuclear modification factors (RpA and RAA) are defined
as the ratios of the production cross sections of ϒ mesons in
p + A and A + A collisions to the expected cross sections ex-
trapolated from p + p collisions. To make an equivalent
comparison, we took the ratio of generated to surviving num-
bers of ϒ’s in the full medium response simulation as the
nuclear modification factor.

B. Elliptic flow

The elliptic flow (v2) is calculated from the azimuthal angle
distribution of survived ϒ(nS) with respect to the event plane
angle,

dN

d (φ − 
)
∝ 1 + 2v2(pT ) cos[2(φ − 
)],

where φ is the azimuthal angle of the ϒ(nS), and 
 is the
event plane angle. The event plane angle for each event is
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calculated with the initial energy density profile from MC-
Glauber.

C. Feed-down correction

To simulate the medium response of inclusive bottomo-
nium production, the contributions from feed-down decays,
i.e., decays from higher excited states, need to be carefully
considered. Here we consider only strong or electromagnetic
decay modes of excited states in the feed-down decays, as the
decays from H , Z , and W bosons to ϒ states have negligi-
ble effects to the inclusive yields. In general, the feed-down
component from a Qm state to a Qn state (Qm being a higher
excited state) can be calculated as

FQm
Qn

= B(Qm → Qn)
σQm

σQn

, (3)

where B denotes the branching ratio of Qm into Qn, and σQ

refers to the cross section of the corresponding state. We used
publish experimental data in p + p collisions at the LHC by
CMS [52] and LHCb [53,54] Collaborations to estimate the
feed-down fraction. Figure 4 shows the feed-down fraction
from higher excited states for each ϒ(1S), ϒ(2S), and ϒ(3S)
state. The feed-down fractions from CMS are calculated using
the presented cross section ratios multiplied by the Particle
Data Group (PDG) world-average branching ratios [55] as in
Eq. (3). The data points of each feed-down component are
fitted with an empirical function and their sum is drawn as
the black solid line, which is the total amount of feed-down
fraction for the given ϒ state. For ϒ(2S) and ϒ(3S), the fit
function is parametrized to be the same as for the P-wave
state feed-down function of ϒ(1S) because of the absence of
experimental measurements at low pT . The function is scaled
to match the average value of measured feed-down fraction
at high pT for each ϒ(2S) and ϒ(3S). Note that the feed-
down fractions from χb states in recent pNRQCD calculations
also show a similar pT dependence for the three ϒ states at
pT > 15 GeV/c [56].

The feed-down contribution for the nuclear modification
factor and elliptic flow of inclusive ϒ(nS) is considered by
calculating a weighted average of the quantities for possible
states as

Rn(pT ) =
∑

i

Ri(pT )FQi
Qn

(pT ),

where Rn is the weighted averaged value for a certain ϒ(nS)
state, Ri is the value for a certain state contributing the the
ϒ(nS) state, and FQi

Qn
is the feed-down fraction. The effect of

possible pT shifts by the decays are ignored as the daughter
particle carries mostly the mother ϒ’s momentum because
of their similar masses. Since we do not have the nuclear
modification factor and elliptic flow for χb states, it is assumed
that Rϒ(2S) ≈ Rχb(1P) and Rϒ(3S) ≈ Rχb(2P) ≈ Rχb(3P) like the
study in Ref. [39]. For a systematic study, we estimate nuclear
modification factors for χb states using nuclear modification
factor for prompt ϒ(nS) states and binding energies listed

FIG. 4. Feed-down fractions for ϒ(1S) (top), ϒ(2S) (middle),
and ϒ(3S) (bottom) states.
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FIG. 5. Calculated RAA for ϒ states as a function of 〈Npart〉 in
Pb+Pb collisions at

√
sNN = 5.02 TeV. The uncertainties of the

curves represent the statistical uncertainty to the corresponding sim-
ulated events. The data points are taken from results by CMS [16,20].

in Ref. [50]. The relative difference in nuclear modification
factors with the feed-down correction is less than 5%.

III. RESULTS AND DISCUSSIONS

This section presents and discuss the obtained results of
nuclear modification factors (RpA, RAA) and elliptic flow (v2)
for ϒ(1S), ϒ(2S), and ϒ(3S) mesons in p + Pb, p + O, and
O+O collisions at

√
sNN = 8 TeV. The performance of our

framework is tested in nucleus-nucleus collisions and com-
pared with the experimental data from the LHC as described
in Sec. III A. The results of the nuclear modification factors
and v2 in the three small collision systems are shown and
discussed in Secs. III B and III C, respectively. For all results,
the uncertainty represents the statistical uncertainty that arises
from the number of generated events. Also, the feed-down
corrections are applied in all calculations as described in
Sec. II C.

A. Framework demonstration in Pb+Pb

The medium response of the full simulation is demon-
strated in Pb+Pb collisions at

√
sNN = 5.02 TeV. Figure 5

shows the RAA curves for ϒ(1S), ϒ(2S), and ϒ(3S) as a
function of 〈Npart〉 in Pb+Pb collision at

√
sNN = 5.02 TeV

together with the measurements from CMS [16,20]. The cal-
culations agree well with the experimental data for ϒ(1S) after
applying feed-down corrections, while this correction seems
to have restricted effects for ϒ(2S) and ϒ(3S). The results
of the excited ϒ states show consistency with data in periph-
eral collisions, although deviations are found towards central
Pb+Pb collisions. The discrepancy in central collisions might
be present due to the exclusion of recombination processes
in this paper, and is expected to be more prominent at large
〈Npart〉 values.

FIG. 6. Calculated v2 for ϒ(1S) as a function of pT in Pb+Pb
collisions at

√
sNN = 5.02 TeV. The uncertainties of the curves

represent the statistical uncertainty to the corresponding simulated
events. The data points are taken from results by ALICE [57] and
CMS [58].

Figure 6 shows the computed results of v2 as a function
of pT for ϒ(1S) mesons under the same conditions for the
Pb+Pb RAA calculations. The results indicate very small v2

values in Pb+Pb collisions for ϒ(1S) mesons, which is con-
sistent with the measurements from ALICE [57] and CMS
[58].

B. Nuclear modification factor

The calculated nuclear modification factors as a function
of dNch/dη for ϒ(1S), ϒ(2S), and ϒ(3S) mesons in p + Pb,
p + O, and O+O collisions at

√
sNN = 8 TeV are shown in

Fig. 7. The nuclear modification factor shows a gradual de-
crease with increasing event multiplicity for all three ϒ states
in all three collision systems. Also, the amount of suppression
towards higher multiplicity events is found to be sequentially
ordered following the magnitude of the corresponding ϒ bind-
ing energy.

To diagnose the strength of modification among different
collision systems, the nuclear modification factors are sep-
arately displayed for each ϒ state as shown in Fig. 8. In
the low multiplicity region (dNch/dη < 25), the suppression
level of ϒ states is found to be similar in p + Pb and p + O
collisions, while slightly less suppression is seen in O+O
collisions, in particular for ϒ(2S) and ϒ(3S). Despite the
medium size in O+O collisions being the largest and that in
p + O collisions the smallest, the amount of suppression is not
proportional to the size of the created system. The fact that
the system size is larger in a given multiplicity event rather
implies a smaller energy density of the medium. Therefore,
we conclude that the weaker suppression in O+O collisions
accounts for the smaller energy density compared to p + O
and p + Pb collisions. In the higher multiplicity region, where
the results in p + Pb and O+O collisions are compared, ϒ

states are more strongly suppressed in p + Pb collisions than

054905-5



JUNLEE KIM et al. PHYSICAL REVIEW C 107, 054905 (2023)

FIG. 7. Nuclear modification factors for ϒ(1S), ϒ(2S), and
ϒ(3S) as a function of dNch/dη in p + Pb (top), p + O (middle),
and O+O (bottom) collisions at

√
sNN = 8 TeV. The uncertainties

represent the statistical uncertainty to the corresponding simulated
events.

FIG. 8. Calculated nuclear modification factor as a function of
dNch/dη in p + Pb, p + O, and O+O collisions at

√
sNN = 8 TeV

each for ϒ(1S) (top), ϒ(2S) (middle), ϒ(3S) (bottom). The un-
certainties represent the statistical uncertainty to the corresponding
simulated events.
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in O+O collisions, which is consistent with the finding at low
multiplicity for the same reason.

For a more detailed look, the nuclear modification factors
are presented as a function of charged particle density in
Fig. 9; the charged particle density is calculated with the
transverse area of initial collision geometry defined as

ST = π
√

〈x2〉〈y2〉 − 〈xy〉2, (4)

where x and y are the spatial coordinates of the participat-
ing nucleons from MC-Glauber. In each collision system,
the amount of suppression increases with increasing charged
particle density. In O+O collisions, a stronger suppression is
seen than in p + O and p + Pb collisions at the same charged
particle density because the size of the system and the dura-
tion of hydrodynamic evolution are larger. In the comparison
between p + O and p + Pb collisions, a similar nuclear mod-
ification is seen. The small difference at higher density is also
related to a slightly larger system size in p + Pb collisions.

Figure 10 shows the same quantities presented as a func-
tion of pT . The ordering of the nuclear modification factors is
similar at low pT as in Fig. 8, but found to be reversed between
p + Pb and O+O collisions at high pT . Since the formation
time of the ϒ states is delayed towards the higher pT region,
the effective interaction time with the medium is also reduced.
This effect is more prominent in p + Pb collisions because
of the smaller initial medium size. The relation between the
medium size and energy density affects the ϒ suppression
in the opposite direction for low and high pT . These results
show that the shape of the pT -dependent nuclear modification
factor is sensitive to the formation time and initial collision
geometry.

We also compare our calculations with measured data by
CMS in p + Pb collisions at

√
sNN = 5.02 TeV [59], as shown

in Fig. 11. The results are in good agreement with data for
ϒ(1S), whereas deviations are seen for ϒ(2S) and ϒ(3S).
Note that our RpA values are for 8 TeV, in which the average
multiplicity is about 15% higher than that at 5.02 TeV [44].
This difference affects the modification of ϒ yields more
significantly at low pT , where they mostly experience the
full medium evolution. Although the mean pT of the highest
pT bin of the CMS measurements for the ϒ(2S) and ϒ(3S)
meson is expected to be slightly lower than the center of the
bin, our calculations still overshoot the experimental data. As
discussed in Fig. 10, this disagreement is possibly related to
the formation time and initial collision geometry. Note that
initial-state model calculations considering modification of
nuclear parton distribution functions and energy loss show
about 10% suppression of ϒ(1S) at midrapidity [21,44,60].
Since initial-state effects are expected to be similar for ϒ(1S)
and ϒ(2S), one can take a ratio of the nuclear modification
factors to cancel the initial-state effects as shown in the bottom
panel of Fig. 11. The relative suppression of ϒ(2S) is stronger
in the model than in the CMS results.

C. Elliptic flow

v2 is calculated in the same setting as in the calculation for
the nuclear modification factors in Sec. III B, and is shown

FIG. 9. Calculated nuclear modification factor as a function of
(dNch/dη)/ST in p + Pb, p + O, and O+O collisions at

√
sNN =

8 TeV each for ϒ(1S) (top), ϒ(2S) (middle), ϒ(3S) (bottom). The
uncertainties represent the statistical uncertainty to the corresponding
simulated events.
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FIG. 10. Nuclear modification factors for ϒ(1S), ϒ(2S), and
ϒ(3S) as a function of pT in p + O, p + Pb, and O+O collisions at√

sNN = 8 TeV. The uncertainties represent the statistical uncertainty
to the corresponding simulated events.

FIG. 11. Calculated nuclear modification factor for ϒ(1S),
ϒ(2S), and ϒ(3S) as a function of pT in p + Pb collisions at√

sNN = 8 TeV compared with the CMS results at
√

sNN = 5.02
TeV, and the ratio of nuclear modification factors between ϒ(1S)
and ϒ(2S).

in Fig. 12. For all three ϒ states, the v2 values are consistent
with zero in the overall pT region in p + Pb, p + O, and O+O
collisions. Also, their v2 values are very similar among the
three collision systems. It may indicate that the elongated
formation time of ϒ’s towards high pT is not as significant as
that implemented in the employed model. To test the relation
between v2 and the amount of suppression, we computed v2

in 0–5% selected high-multiplicity events as shown in Fig. 13.
For all ϒ states, the v2 values are found to be larger at high
multiplicity only with a small magnitude.

Although the yields of ϒ mesons are more strongly sup-
pressed for excited states as well as for higher multiplicity
events, their v2 values show an overall consistency with each
other in all studied cases. In particular, since the low-pT ϒ

mesons are traversing very slowly, it is expected to be unlikely
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FIG. 12. Calculated v2 in p + Pb, p + O, and O+O collisions as
a function of pT for ϒ(1S) (top), ϒ(2S) (middle), ϒ(3S) (bottom) at√

sNN = 8 TeV. The uncertainties represent the statistical uncertainty
to the corresponding simulated events.

FIG. 13. Calculated v2 in p + Pb, p + O, and O+O collisions as
a function of pT for ϒ(1S) (top), ϒ(2S) (middle), ϒ(3S) (bottom) at√

sNN = 8 TeV in 0–5% high multiplicity events. The uncertainties
represent the statistical uncertainty to the corresponding simulated
events.
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that they escape the medium before it reaches the chemical
freeze-out temperature. Therefore, such ϒ mesons are not
able to capture the anisotropy of the initial collision geometry
despite their significant suppression. It is understood that the
path-length dependent suppression could lead to a nonzero v2

which can be probed at high pT for ϒ mesons. However, with
our current simulation settings, we did not observe any firm
nonzero v2 that deviates from that at low pT in small collision
systems for all ϒ states.

IV. SUMMARY

We performed a Monte Carlo simulation study for the
medium response of bottomonia in p + A and A + A colli-
sions. The simulation framework was developed based on the
theoretical calculation of the thermal width of ϒ(nS) [39]
and the publicly available codes to describe the initial con-
dition and evolution of heavy-ion collisions. In this initial
work, only the dissociation effect was considered, and we
also considered the contribution of feed-down from higher
excited states. To demonstrate the framework, we calculated
the nuclear modification factor and elliptic flow of ϒ(nS)
and compared to experimental results. In the nuclear mod-
ification factor as a function of the number of participants,
the model and data are comparable for ϒ(1S) at the entire
region, whereas the suppressions for ϒ(2S) and ϒ(3S) are
stronger in the model. In addition to the formation time, which
could directly affect the magnitude of nuclear modification,
the comparison for excited states would be improved when

incorporating the regeneration effect. In case of the elliptic
flow, the model expects v2 < 0.01, which agrees with the
experimental results [57,58].

We extended the framework to small systems, p + Pb,
p + O, and O+O collisions at

√
sNN = 8 TeV. Generally, a

stronger modification is observed for higher states (Rϒ(1S)
pA,AA >

Rϒ(2S)
pA,AA > Rϒ(3S)

pA,AA) even in small systems. In low multiplicity
events where the system size is very small, less suppression
of ϒ(3S) is observed due to the late formation time. In com-
paring different systems at the same multiplicity, a similar
suppression is seen in dNch/dη < 25. At higher multiplicity,
the modification in O+O is weaker than that in p + Pb be-
cause the energy density (temperature) in O+O is lower due to
the larger system size. Regarding the elliptic flow results, we
obtained very small (<0.01) elliptic flow for all three systems,
even in high multiplicity events. It will be very interesting to
compare with experimental results from the upcoming LHC
run with the oxygen ion. It can provide valuable information
on sources of nuclear effects on bottomonia production in
small systems.
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