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A large suppression of various bottomonium states in 
ultra-relativistic heavy-ion collisions has been reported 
by the STAR collaboration at the Relativistic Heavy-Ion 
Collider. This observation is consistent with the forma-
tion of a quark-gluon plasma, but similar findings in 
more energetic collisions at the Large Hadron Collider 
suggest that a consistent picture requires additional 
mechanisms.

Bound states of a heavy quark (charm or bottom) and its 
antiquark, commonly referred to as quarkonia, have long 
been recognized as excellent probes of quark-gluon plasma 
(QGP) formation in high-energy collisions of atomic nuclei. 
In the vacuum, most quarkonium states are dominantly 
bound by a linearly rising potential (the so-called Cornell 
potential, see Fig. 1), as a direct manifestation of the confine-
ment property of Quantum Chromodynamics (QCD). Thus, 
a suppression in the production of quarkonia in ultrarela-
tivistic heavy-ion collisions, relative to that in elementary 
proton-proton (pp) collisions, has been among the earliest 
suggestions as a signature of QGP formation, signaling 
deconfinement through a Debye screening of the confining 
force [1]. However, it has been realized that a recombina-
tion of freely moving quarks and antiquarks in the QGP 
can lead to a significant “regeneration” of quarkonia [2–4], 
especially for charmonia. This effect has been confirmed by 
measurements at the Large Hadron Collider (LHC), where 
the suppression of the J∕� was found to be markedly less 
than at lower collision energies [5, 6], despite the forma-
tion of a hotter medium at the LHC. On the other hand, 
for bottomonia, the regeneration contribution is expected to 
be subleading. Therefore, the production of bottomonia in 

heavy-ion collisions should give more direct insights into 
how deconfinement suppresses their yields.

On general grounds, one expects a “sequential suppres-
sion”, with an onset and magnitude that is ordered by the 
binding energies ( Eb ) of the various bottomonia, i.e., excited 
states (such as Υ(2S) with Eb ≃ 0.54 GeV and Υ(3S) with 
Eb ≃ 0.20 GeV) should dissociate at lower temperatures than 
the ground-state Υ(1S) (with Eb ≃ 1.1 GeV). In this way, the 
suppression pattern of bottomonia provides a powerful probe 
of the screening of the fundamental QCD force, in connec-
tion with the underlying dissociation processes, in the QGP. 
Smaller binding energies open more phase space for inelastic 
break-up reactions, accelerating the dissociation. The main 
experimental control parameters to vary the temperature of 
the fireball in heavy-ion reactions are the collision centrality 
and energy, where more peripheral or less energetic colli-
sions of the incoming nuclei deposit less energy in the over-
lap zone and thus produce lower temperatures.

Groundbreaking results for the production of Υ mesons 
in 200 GeV Au-Au at the Relativistic Heavy-Ion Collider 
(RHIC) have recently been published by the STAR collabo-
ration in Physical Review Letters [8]. As vector mesons, the 
Υ states can be rather cleanly measured through their decay 
into dileptons, i.e., electron-positron or muon-antimuon 
pairs, Υ → e

+
e
−,�+

�
− . The STAR collaboration took full 

advantage of their versatile detector systems to measure both 
channels and combine them in their analysis. That improved 
the statistics of these rather rare decay modes (with a branch-
ing ratio of typically 2%) and also provided an extra handle 
on assessing systematic uncertainties. In the high-multi-
plicity environment of heavy-ion collisions, high-precision 
data are not easily to come by, but routinely prove pivotal 
in promoting intriguing indications to robust insights into 
QCD matter properties.

The new data clearly establish a sequential bottomonium 
suppression pattern in Au-Au collisions, relative to pp col-
lisions, that follows the hierarchy expected from the vacuum 
binding energies: a factor of ∼ 2.5 for the ground-state Υ(1S) 
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and ∼ 4 for the first excited state, Υ(2S) , while for the Υ(3S) 
yield only an upper limit could be established corresponding 
to a factor of 5 or more suppression (at a 95% confidence 
level). An important feature in interpreting these results are 
feeddown corrections, i.e., final-state decays where excited 
bottomonia end up in the ground state and thus contribute 
to the latter’s observed yield. For the Υ(1S) in pp collisions, 
feeddown makes up ca. 30% of its observed abundance. For 
the STAR measurement this implies that, with the excited 
states being largely suppressed, the medium-induced sup-
pression of the ground state is actually rather moderate, 
i.e., the Υ(1S) can still survive at the temperatures cre-
ated in Au-Au collisions at RHIC, which are estimated to 
reach up to ∼ 350 MeV. This is more than two times larger 
than the crossover transition temperature into the QGP, 
Tc ≃ 155 MeV, as determined in numerical simulations of 
lattice-discretized QCD [9]. On the other hand, the strong 
but gradual suppression of the Υ(2S) with increasing col-
lision centrality of the Au-Au collisions suggests that its 
dissociation occurs in the vicinity of the early temperatures 
of the fireball evolution, i.e., ∼ 250–300 MeV. Finally, the 
near-complete suppression of the Υ(3S) , with no discernible 
signal even in peripheral collisions, indicates significantly 
lower dissociation temperatures, presumably close to Tc . 
These interpretations are corroborated by transport model 
calculations, e.g., a semi-classical approach [10] (which has 
an extensive track record also for charmonium observables) 
and an open-quantum system approach [11].

However, a comparison of the STAR results to LHC data 
is rather intriguing. Specifically, the centrality dependence 

of the Υ(1S) suppression is found to agree with data from 
the CMS collaboration in 5.02 TeV Pb-Pb collisions [14]. 
Within a QGP suppression scenario this is somewhat unex-
pected: at the higher collision energy of the LHC, where 
the total-particle production is a factor of ∼ 2 larger than 
at RHIC, hotter fireballs are created, with estimated initial 
temperatures of T0 ≃ 550–600 MeV [10]. There are several 
mechanisms to possibly resolve this puzzle. The first one 
is a larger regeneration contribution to the Υ(1S) , due to a 
larger production of bottom quarks, at the LHC. This fea-
ture is included in the transport model calculations, which, 
however tend to underpredict the Υ(1S) data from STAR [8]. 
Another one is the “nuclear-absorption” effect, where the 
nascent bottomonium states, emerging out of a bottom-
antibottom quark pair produced in a hard parton-parton col-
lision, are dissociated by high-energy nucleons passing by 
from the incoming nuclei. STAR has previously measured 
Υ production in d-Au collisions [15] and indeed found a 
Υ(1S) suppression at a 20% level, albeit with a large uncer-
tainty. A more systematic study that may be possible with 
the upcoming sPHENIX experiment might clarify this situ-
ation and help to develop the full potential of the STAR data 
as an important benchmark for determining the in-medium 
properties of quarkonia. At present, the indications are that 
substantial remnants of the confining force survive in the 
QGP (see Fig. 1) and are quite possibly responsible for its 
strongly-coupled properties [16].
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