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Abstract. The ALICE apparatus at the LHC was designed and built to perform dedicated
studies of the Quark-Gluon Plasma (QGP), a strongly interacting phase of QCD matter,
expected to be created in heavy-ion collisions, where quarks and gluons are deconfined. In
such collisions heavy flavors are produced at the very early stage of the interaction by the
initial hard scattering processes and hence can be used to characterize the hot and dense
medium. In particular the sequential suppression of quarkonia (charmonia and bottomonia)
was proposed as a thermometer of the deconfined medium. The inclusive Υ(1S) production
has been measured down to zero transverse momentum in its dimuon decay channel at forward
rapidity (2.5 < ylab < 4.0) using the muon spectrometer. Here results on the Υ(1S) nuclear
modification factor (RAA) in Pb-Pb collisions at

√
sNN = 2.76 TeV are discussed and compared

to the measurement at mid-rapidity by the CMS Collaboration and to theoretical predictions.
Also recent results on RpPb and forward-to-backward yield ratio (RFB) in p-Pb collisions at√
sNN = 5.02 TeV are discussed.

1. Introduction
At very high temperature and energy density the hadronic matter can turn into a state of

deconfined quarks and gluons known as Quark-Gluon Plasma (QGP) [1]. This state of matter
can be created by colliding two large nuclei at ultra-relativistic energies. In such collisions,
heavy flavors, specially charm and bottom, are produced at the very early stage by the hard
scattering and hence can be used to characterize the hot and dense medium. It is predicted that
the production of quarkonia (charmonia and bottomonia) in nucleus-nucleus collisions will be
suppressed relative to that in proton-proton due to the Color-Debye Screening mechanism [2].
In particular, a sequential suppression of quarkonia, depending on their binding energy has been
proposed as a thermometer of the deconfined medium [3].

The suppression of quarkonia can be quantified by measuring the nuclear modification factor
RAA, which is the ratio of yield in nucleus-nucleus collisions to that in proton-proton collisions
scaled by the number of binary collisions.

The suppression of quarkonium states depends on several factors, as the feed-down
contributions from higher-mass resonances into the observed quarkonium yield, the b-hadrons
decay into charmonium and the quarkonium regeneration due to the qq̄ recombination (expected
to be important for cc̄ pairs at LHC energies) [4]. Other important competing mechanisms are
the Cold Nuclear Matter (CNM) effects, such as nuclear shadowing or gluon saturation, which
can break the binary scaling even in absence of the QGP. Hence, for the interpretation of results
in heavy-ion collisions, data from pA are crucial since they allow to disentangle the CNM effects



from those related to the formation of a hot medium. With this goal in mind, the ALICE [5]
collaboration has measured the Υ(1S) production in Pb-Pb collisions at

√
sNN = 2.76 TeV and

p-Pb collisions at
√
sNN = 5.02 TeV. For p-Pb, data were taken with two beam configurations

corresponding to the proton going towards or opposite to the direction of the muon spectrometer
(labeled p-Pb and Pb-p in the following).

2. Results
A data sample corresponding to an integrated luminosity of Lint = 69.2 µb−1 (for Pb-Pb),

5.3 nb−1 (for p-Pb) and 6.1 nb−1 (for Pb-p) have been collected. In Pb-Pb collisions, the
measurement of the nuclear modification factor of the inclusive Υ(1S) production has been
performed in the 2.5 < ycms < 4 rapidity range, down to pT = 0 and in the 0%− 90% centrality
class at

√
sNN = 2.76 TeV.

As the Υ(1S) production in pp collisions at
√
s = 2.76 TeV and 5.02 TeV has not been

measured at forward rapidity, σppΥ(1S) was obtained with a data driven method. The y-differential

cross-section at mid-rapidity was interpolated from the available measurements at different
energies [6, 7, 8, 9]. The mid-rapidity

√
s-interpolation is either based on empirical shapes or on

FONLL pQCD predictions assuming that the Υ(1S) production is proportional to the bb̄ cross-
section. The extrapolation from mid to forward rapidity relies on the predictions of the Υ(1S)
production performed with different settings of Pythia 6.4. Rapidity-differential distributions
were generated at

√
s = 2.76 TeV and 5.02 TeV on a large rapidity range (0 < y < 4.5) with

different Pythia settings selected according to their ability in reproducing mid-rapidity [9] and
forward rapidity [10] data available at

√
s = 7 TeV. Distributions were normalized to the y-

differential cross-section resulting from the
√
s-interpolation at mid-rapidity. In (2.5 < y < 4.0),

σppΥ(1S) cross-section is 18.75+2.85
−1.80(extrap.)±1.65(norm.) nb. The first uncertainty component

(extrap.) is associated to the extrapolation from mid to forward rapidity and comes from
the spread of calculations obtained with the different Pythia settings. The second component
(norm.) includes the uncertainties on the functional fit and on the FONLL calculations obtained
by varying the QCD parameters.

The integrated RAA value is 0.439±0.065(stat.)±0.028(uncorrelated syst.)+0.092
−0.076(correlated

syst.) and implies a significant suppression of inclusive Υ(1S). Two centrality ranges were
studied and a stronger suppression in more central collisions has been observed (left plot of
Fig. 1). In addition, two rapidity ranges were studied and no significant variation of the
suppression with rapidity was observed (right plot of Fig. 1). The Υ(1S) RAA as a function of
both rapidity and centrality was found to be comparable with that observed for the J/ψ measured
by ALICE in the same kinematic range (not shown here). The Υ(1S) RAA is compared to CMS
results for the kinematic range |y| < 2.4 [11] (left plot of Fig. 1). A similar suppression as a
function of centrality has been found by both ALICE and CMS. Small variation with rapidity of
the inclusive Υ(1S) suppression has been observed over the present range accessed by the two
experiments (right plot of Fig. 1).

Our results are also compared with models. The Anisotropic Hydro Model [12] includes feed-
down of Υ(1S) by higher mass states, but does not include recombination effects nor cold nuclear
matter effects. Data is described with the hypothesis of a boost invariant plateau temperature
profile with minimum shear viscosity at forward-rapidity (left plot of Fig. 2). The Transport
Model [13] includes small bb̄ regeneration, feed-down from higher mass (around 50 %) and CNM
effects by an overall absorption cross-section of 0-2 mb. The model is in fair agreement with
data within uncertainties (right plot of Fig. 2).

In case of p-Pb and Pb-p the inclusive Υ(1S) RpPb was measured at forward (2.04 < ycms <
3.54) and backward rapidity (−4.46 < ycms < −2.96). A stronger suppression is observed
for inclusive Υ(1S) at the forward rapidity than backward rapidity (Fig. 3). The results are
compared to that of the J/ψ in the same kinematic range. The observed suppression for the



Figure 1. RAA as a function of 〈Npart〉 and y for Υ(1S) as measured by ALICE and CMS.

Figure 2. ALICE RAA as a function of 〈Npart〉 for Υ(1S) compared with models from
Strickland [12] and Emerick et al. [13].

Υ(1S) is comparable with the J/ψ one at forward rapidity, while at backward rapidity the
suppression of Υ(1S) is stronger.

The experimental results are compared with two models. The EPS09 Shadowing calculation
at LO [16] and NLO [14] agrees reasonably well with the data at forward rapidity but tend to
underestimate the Υ(1S) suppression at backward rapidity (left and right plot of Fig. 3). Within
the present uncertainties, neither of the calculations are favored by the data.

The ratioRFB between forward and backward Υ(1S) production was measured in the common
rapidity region (2.96 < |ycms| < 3.54) of p-Pb and Pb-p. It is found to be larger than that of
the J/ψ measured in the same kinematic window (left plot of Fig. 4). The results are compared
with an EPS09 shadowing calculation at both LO [16] and NLO [14] and with the Coherent
Parton Energy Loss model [15] (right plot of Fig. 4). The agreement is reasonably good, except
for the LO case with larger shadowing.

3. Conclusions
The nuclear modification factor for inclusive Υ(1S) has been measured at forward rapidity

2.5 < y < 4.0. In Pb-Pb collisions, the suppression of inclusive Υ(1S) is stronger in central
than semi-peripheral collisions. The Υ(1S) suppression pattern is comparable with forward-
rapidity J/ψ result from ALICE within uncertainties. No strong variation with rapidity has
been observed within the large range probed by ALICE and CMS.

In p-Pb data, we observe a small suppression of Υ(1S), which tends to increase from



Figure 3. Comparison of the inclusive Υ(1S) RpPb with inclusive J/ψ data and models from
Ferreiro et al. [16] and Vogt et al. [14].

Figure 4. Comparison of the inclusive Υ(1S) RFB with various models [14], [15], [16].

backward to forward rapidity. At forward rapidity the J/ψ suppression is comparable with the
one of Υ(1S) within uncertainties. The J/ψ RFB is significantly lower than the one measured
for Υ(1S).
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