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Abstract

We present a brief overview of the most relevant current issues related to quarkonium production in high energy
proton-proton and proton-nucleus collisions along with some perspectives. After reviewing recent experimental and
theoretical results on quarkonium production in pp and pA collisions, we discuss the emerging field of polarisation
studies. Afterwards, we report on issues related to heavy-quark production, both in pp and pA collisions, comple-
mented by AA collisions. To put the work in broader perpectives, we emphasize the need for new observables to
investigate the quarkonium production mechanisms and reiterate the qualities that make quarkonia a unique tool for
many investigations in particle and nuclear physics.
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1. Introduction

The attention devoted to heavy quarkonium states
started with the discovery of the J/y charmonium me-
son in 1974 followed by the " bottomonium meson
in 1977. From the theoretical point of view, quarko-
nium bound states offer a solid ground to probe Quan-
tum Chromodynamics (QCD), due to the high scale pro-
vided by the large mass of the heavy quarks.

The application of perturbative techniques together
with the factorization principle gave birth to the Color-
Singlet Model. Since then, the appearance of puzzling
measurements has never stopped and has led to new
challenges for theorists. These puzzles required the in-
troduction of new ideas providing new probes for the
understanding of QCD. Fifteen years ago, the observa-
tion of an excess in charmonium production reported by
the CDF Collaboration, by orders of magnitude over the
theoretical predictions available at that time, gave rise to
the theory of Non-Relativistic QCD.

Data collected at the Tevatron, at HERA, and at low
energy e*e” colliders has never ceased to challenge
the existing theoretical models: the apparent violation
of universality arising when comparing data from the
hadron-hadron and the lepton-hadron colliders, the dis-
agreement between the predictions for the polarization
of the J/y produced in hadronic collisions and the cur-
rent data, as well as the excess of double charmonium
production first observed by Belle. The solution to these
puzzles requires new theoretical developments on the
underlying production mechanism(s), as the computa-
tion of higher-order corrections for characteristic pro-
cesses and the study of new production processes, in
addition to investigations of new observables not ana-
lyzed so far.

The interest in this field and its developments are not
limited to the issue of the production mechanisms. The
progress in lattice calculations and effective field theo-
ries have converted quarkonium physics into a power-
ful tool to measure the mass of the heavy quarks and
the strength of the QCD coupling. The properties of
production and absorption of quarkonium in a nuclear
medium provide quantitative inputs for the study of
QCD at high density and temperature. In fact, charmo-
nium production off nuclei is one of the most promising
probes for studying properties of matter created in ul-
trarelativistic heavy-ion collisions. Since quarkonium is
heavy, it can be used as a probe of the properties of the
medium created in these collisions, such as the intensity
of interactions and possible thermalization.

Lattice QCD calculations predict that, at sufficiently
large energy densities, hadronic matter undergoes a
phase transition to a plasma of deconfined quarks and
gluons. Since 1986, substantial efforts have been ded-
icated to the research of high-energy heavy-ion colli-
sions in order to reveal the existence of this phase tran-
sition and to analyze the properties of strongly interact-
ing matter in the new phase. The study of quarkonium
production and suppression is among the most interest-
ing investigations in this field since calculations indi-
cate that the QCD binding potential is screened in the
QGP phase. The level of screening increases with the
energy density/temperature of the system. Given the ex-
istence of several quarkonium states, each of them with
different binding energies, it is expected that they will
sequentially melt into open charm or bottom mesons
above succesive energy density thresholds. Moreover,
the SPS and RHIC data on charmonium physics have
brought to light further interesting results, among them
puzzling features in proton-nucleus data, which high-
lighted new aspects of charmonium physics in nuclear
reactions, namely the role of cold nuclear matter effects.

The startup of the LHC and the opening of the new
energy frontier will offer new and challenging possibil-
ities for the study of quarkonia.

All the above reasons have motivated the organization
of the Quarkonium 2010 workshop held at the Ecole
Polytechnique (Palaiseau, France) from July 29 to July
31, 2010. This workshop, gathering both experimen-
talists and theorists, was devoted to finding answers to
the numerous quarkonium-hadroproduction puzzles at
the dawn of the LHC era and the concurrent apogee of
the Tevatron and RHIC. Introductory and review talks
focusing upon recent theoretical and experimental re-
sults were presented, in addition to six topical Working
Group (WG) discussion sessions, each one devoted to a
specific issue:
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