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1. Introduction

Much attention has been lately devoted to high transverse momentum physics in heavy ion
collisions (HICs). A high momentum parton produced in a HIC is a hard probe [1, 2] of the
medium produced in such collision. A quark or a gluon traversing the unknown medium will lose
energy due to elastic scattering and/or induced gluon radiation. Both massless and massive probes
(heavy quarks) are available, together with a control of the benchmark provided by real and virtual
photons which do not interact with the medium. The requirement of a high transverse momentum
pT

� ΛQCD provides a hard scale. This makes it possible to compute the benchmark (pp and p–A
collisions) using perturbative techniques.

I will refer to a region of transverse momentum large enough to ensure that what traverses the
medium is a parton which fragments outside the medium i.e. in the vacuum. This is not the case in
the intermediate pT

���
4 � 7 GeV) region at RHIC [3, 4, 5, 6], as indicated e.g. by the baryon-to-

meson anomaly. At the LHC even larger transverse momenta should be affected by fragmentation
inside medium. I will discuss only the main conclusions extracted from these studies, the relevant
references can be found in the reviews except for the most recent developments.

2. Medium-induced gluon radiation

Medium-induced gluon radiation (Fig. 1; for reviews, see [7, 8, 9]) is usually assumed to be the
dominant process underlying jet quenching at high parton energies (which correspond to high pT at
mid-rapidities where most of the experimental data exist). It implies the energy degradation of the
leading particle (the quenching itself), a broadening of the associated parton shower (sometimes
called jet heating) and an increase of the associated hadron multiplicity. The dominant contribution
comes from the rescattering of the produced gluon with the medium. The medium is characterized
by the product density of scattering centers times cross section of the parton with the scattering
center. Under certain limits, it leads to the prediction that the energy loss is independent of the
energy of the radiating parton, and proportional to the mentioned product, to the color charge of
the parton and to the square of the length of the medium.

partonparton
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Figure 1: Jet quenching by radiation off fast partons produced inside a medium.

Until recently, the main focus of jet quenching studies has been on the suppression of single
particle spectra in nucleus-nucleus collisions. Models which implement the available formalisms
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taking into account in a realistic way the collision geometry, are successful in describing such
suppression and its centrality and energy dependence, as well as the observed disappearance of
back-to-back correlations [3, 4, 5, 6]. In this way, a lower bound on the density of the medium
has been obtained. Nowadays the main interest lies in the characteristic features of color charge
and mass dependence of the quenching (see [10] and references therein), and of the correlations in
associated radiation and its coupling with the medium [11], see [12, 13, 14, 15] and refs. therein.

3. Situation at RHIC

The description of the suppression of single particle spectra and the disappearance of back-
to-back correlations at RHIC within the radiative energy loss framework demands [12, 13, 14, 15]
a very large density of the medium, which can be characterized either by the average squared
momenta transferred from the medium to the parton per mean free path, the so-called transport
coefficient q̂ � 4 � 14 GeV2/fm, or alternatively by a large initial gluon density dNg

�
dy � 1000 �

3500 [16]. The centrality dependence is successfully reproduced with a medium with a realistic
geometry. The effects of the dilution of the medium due to expansion are taken into account
consistently, through a redefinition of the transport coefficient/initial gluon density.

The opacity of the medium at RHIC is such that high-pT particle production becomes surface
dominated, with the corresponding difficulty to establish an upper bound for q̂ or dNg

�
dy. The

observed re-appearance of the backward jet for high-pT triggers [17] may provide further con-
straints [18, 19]. Another opportunity comes from the study of heavy flavor production. The mass
of heavy quarks reduces the medium-induced radiation [10], offering a new test of the picture un-
derlying jet quenching and new opportunities to characterize the medium. Unfortunately, heavy
hadrons are not identified in the heavy ion environment at RHIC, and available information comes
from non-photonic electrons coming dominantly from D/B decays. New data [20, 21] extend up to
pe

T � 10 GeV and show a strong suppression similar to that of light hadrons, but uncertainties in
the relative charm/beauty contribution [16, 22] obscure possible conclusions.

A final topic is the possible modifications of radiation coming from the flow in the medium [11,
14]. While data at small pT have been subject to a strong debate [13, 14, 15], studies at larger trans-
verse momenta may offer new possibilities to characterize the medium beyond a simple density.
They may also help to enhance the elliptic flow at large pT which in jet quenching formalisms is
predicted to be smaller than found in data [14].

4. Perspectives for the LHC

At the LHC, hard transverse momentum particles and jets will be produced abundantly [2, 23].
The study of large samples of e.g. jets with ET � 100 GeV will open new possibilities. There are
several proposals to use the characterization of jet profiles to get information about the density and
dynamical properties of the medium [11, 14], and also to study heavy flavor production to test the
color charge and mass dependence of radiative energy loss [10].

The main difficulties [2, 23] in the use of jets in HIC at the LHC come from the determination
of the energy of the jet. The true energy of the jet (of the parent parton) is required to get the fraction
of energy loss, and to characterize the jet profile and fragmentation functions to be compared with
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those in pp collisions. The high multiplicity background in HIC demands the use of small size
cones, R ��� η2 � φ 2 � 0 � 3 � 0 � 4 for the jet to stand clearly over the background. Typically � 80
% of the energy of the jet lies within such cone sizes in p p̄ collisions (where R � 0 � 7 � 1 are the
usual values for the jet definition). But there is no theoretical tool yet to determine how the energy
lost in the medium is redistributed. Were it thrown to large R, the jet energy determination would
become impossible. Also the small cone size enhances event-by-event fluctuations coming from
e.g. the ratio charged/neutral or the energy deposition near the border of the defined cone.

A possible way out is to use jets balanced by a particle with no final state interaction and easy
to identify, like a γ , a Z0 or a W � . The caveat comes from the small yield of such events [2, 23], but
even a small sample would be useful to calibrate the jet-finding algorithms and the models used to
simulate medium effects. Experimental studies and further theoretical work will be the main effort
in the near future in order to overcome these difficulties.
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