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Abstract
In these proceedings, a selection of recent results on jet physics from
ALICE experiment is presented, including jet spectra, nuclear modiﬁcation factors, jet structure and fragmentation observables, obtained
in diﬀerent collision systems (pp, p–Pb and Pb–Pb).

1

Physics motivations

According to Lattice Quantum Chromodynamics, a phase transition from
hadron gas to a deconﬁned phase of quarks and gluons, the Quark Gluon
Plasma (QGP), is expected at high temperature or high baryon density. The
QGP is studied experimentally using ultra-relativistic heavy-ion collisions.
ALICE (A Large Ion Collider Experiment) [1], one of the four large LHC
experiments, is mainly dedicated to the study of the QGP properties. In the
last six years, ALICE has collected a large amount of data. In this paper we
will discuss results from proton-proton (pp) and lead–lead (Pb–Pb) collisions
√
√
at sNN = 2.76 TeV as well as from p–Pb collisions at sNN = 5.02 TeV.
Measurements in pp collisions can be used as a test of perturbative QCD
(pQCD) calculations as well as a baseline to quantify eﬀects that may occur
in more complex systems, such as proton-nucleus (p–A) or nucleus-nucleus
∗
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(A–A). p–A collisions are used to study possible Cold Nuclear Matter (CNM)
eﬀects, while A–A collisions are used to explore the properties of the QGP.
As the lifetime of the QGP is very short, its properties cannot be measured directly. Hard probes, such as jets (collimated showers of particles),
are created at the early stage of the collision, before the QGP formation.
The potential modiﬁcation of jets, while they traverse and interact with
the medium, can be used to probe the properties of the QGP. Comparing
experimental results to theoretical models, quantities such as the transport
coeﬃcients can be extracted, providing information on the medium density
or about energy loss mechanisms inside the QGP [2].

2

How do we measure jets in ALICE?

“Charged jets” are reconstructed using the ALICE mid-rapidity tracking
system. The Inner Tracking System (ITS) and Time Projection Chamber
(TPC) are used to measure charged particles down to very low transverse
momentum (pT ≥ 150 MeV/c), in full azimuth and pseudo-rapidity |η| <
0.9. To measure the electromagnetic component of a “full jet”, clusters are
reconstructed using the Electromagnetic Calorimeter (EMCal), also used as
a trigger [3]. It covers 108◦ in azimuth (80◦ < φ < 188◦√) and ∼1.4 units of
rapidity (|η| < 0.67) with an energy resolution of 11%/ E + 1.7% [1, 3].
Jets have been reconstructed with diﬀerent resolution parameters R using the sequential recombination algorithm, anti-kT from the FASTJET
package, which has the advantage of being infrared and collinear safe [4].

3
3.1

A selection of jet results from ALICE
Results from pp collisions

In pp collisions at 7 TeV, ALICE has measured the diﬀerential “charged jet”
< 100 GeV/c using several R (R ∈
production cross-sections for 20 < pjet,ch
T
[0.2, 0.6]) [5]. Our measurements, shown for both R = 0.4 and R = 0.6 in
Fig. 1, are in good agreement with the measurements from ATLAS [6].
The full jet cross-section has also been measured from pjet
T = 20 to 120
√
GeV/c at s = 2.76 TeV [7]. The corresponding result is shown on the right
panel of Fig. 1 and is in good agreement with NLO pQCD calculations.
As an indirect measurement of the jet structure, ratios of the charged jet
spectra obtained with R = 0.2, 0.4 and 0.6, are shown Fig. 2 [5]. For pjet,ch
>
T
30 GeV/c, those ratios are in good agreement with the ones obtained using

2

EPJ Web of Conferences 117, 0300 9 (2016)

DOI: 10.1051/ epjconf/2016117 03009

NN2015

Figure 1: Left: Charged jet cross sections from ALICE (squares) and ATLAS (circles) in pp collisions at 7 TeV for R = 0.4 and 0.6. Right: Full jet pT cross-section
in pp collisions at 2.76 TeV for R = 0.4 compared to several pQCD predictions.

PYTHIA Perugia-2011 and HERWIG [8]. The distributions are increasing
with jet pT as the corresponding jets are more collimated. A similar study
√
performed using full jets at s = 2.76 TeV shows that the data are in good
agreement with NLO pQCD calculations including hadronization [7].

Figure 2: Left: Ratio of charged jet pT cross-sections: σ jet,ch (R = 0.2)/σ jet,ch (R =
0.4) and σ jet,ch (R = 0.2)/σ jet,ch (R = 0.6) (squares), compared with PYTHIA and
HERWIG (triangles). Right: Particle ξ distributions in leading charged jet.

In order to learn more about the internal structure of jets, ALICE has
measured the distributions of the charged constituent transverse momentum
in pp collisions [5]. The evolution of the measured leading jet fragmentation
= 20 to 80 GeV/c) can be seen
distributions with jet pT (4 bins from pjet,ch
T
in Fig. 2 (right) as a function of ξ = log(1/z) (z = ptrack
/pjet,ch
) and is in
T
T
agreement with jet angular ordering expected from QCD color coherence [9].

3.2

Results from p–A collisions

The pT -diﬀerential charged jet production cross-sections in p–Pb collisions
√
at s = 5.02 TeV, for R = 0.2 and 0.4, and 20 < pjet,ch
< 120 GeV/c,
T
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are in good agreement with boosted NLO pQCD calculations (taking into
account the rapidity shift of the nucleon-nucleon center-of-mass system in
p–Pb with a boosted parton system) without and with nuclear modiﬁcation
of the Parton Distribution Function (nPDF) [10]. Within error bars the
eﬀect of nPDF can be neglected.
The ALICE charged jet RpPb is presented in the left two panels of
√
Fig. 3 [10]. Because of the lack of pp data at s = 5.02 TeV, the RpPb
has been calculated using a pp reference which has been obtained by scaling
√
the spectrum measured at s = 7 TeV. The result is consistent with unity
withing experimental uncertainties, which indicates the absence of strong
Cold Nuclear Matter (CNM) eﬀects on jet production.
The ratio of the charged jet cross-sections obtained with R = 0.2 and
0.4 in p–Pb collisions (Fig. 3 right panel), which does not show any strong
centrality dependence [10], is compatible with the ratio obtained using 7 TeV
pp data (Fig. 2, left). The same behavior with respect to the collimation
of jets thus applies for p–Pb data. A good agreement with predictions from
PYTHIA6 Perugia 2011 and POWHEG+PYTHIA8 simulations at 5.02 TeV
is also observed. Consequently, no signiﬁcant energy dependence or change
with collision species are observed. We observe no redistribution of the jet
√
energy while comparing R = 0.2 to R = 0.4 in p–Pb at sNN = 5.02 TeV.

Figure 3: Left: Charged jet RpA in p–Pb collisions at 5.02 TeV measured using
R = 0.2 and 0.4 jets. Right: Ratio of the jet spectra R = 0.2 / R = 0.4 in p–
Pb collisions compared with results obtained using diﬀerent collision systems or
energies, and with PYTHIA Perugia 2011 and POWHEG+PYTHIA8 simulations.

3.3

Results from A–A collisions

√
In Pb–Pb collisions at sNN = 2.76 TeV, the full jet pT spectra and the
corresponding RAA (Fig. 4 left panels) have been measured using R = 0.2,
in the centrality bins 0-10% for 40 < pjet
T < 120 GeV/c and, 10-30% for 30 <
jet
pT < 100 GeV/c [11]. A large suppression of the jet nuclear modiﬁcation
factor is observed in both cases. Since the jet RpPb is consistent with unity
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(section 3.2), the observed suppression in Pb–Pb is most likely due to ﬁnal
state eﬀects: energy loss in the hot and dense medium.
The right panel of Fig. 4 presents a comparison of the measurements of
jet RAA at LHC (using R = 0.2). For the results compared here, diﬀerent jet reconstructions (full jets for ALICE, particle-ﬂow jets for CMS and
calorimeter jets† for ATLAS) and background subtraction methods are used,
and the kinematics of the measurements are quite diﬀerent [12]. However
ALICE, CMS and ATLAS measurements are compatible within errors.

Figure 4: Left: RAA of “full jets” measured in two centrality bins. Predictions from
JEWEL and YaJEM are both in agreement with the data. Right: comparisons of
the measured jet suppression at LHC (ALICE, CMS and ATLAS).

Doing such an inclusive jet measurement using jets with a larger resolution parameter R would certainly be very interesting. However, in heavy ion
collisions at LHC, jet measurements are aﬀected by the large and ﬂuctuating
background, increasing with R and centrality as discussed in [13].
In order to overcome those limitations, correlations between a high pT
trigger hadron and the corresponding recoil-jet can be used. Doing so,
the parton producing the recoil-jet is biased toward higher in-medium path
length, while the leading hadron is close to the surface of the ﬁreball [14].
This analysis technique (at LHC, unique to ALICE) has several advantages:
it provides us with a good handle on the combinatorial background which is
statistically subtracted when computing the diﬀerence between two recoil-jet
spectra, corresponding to diﬀerent values of trigger hadron pT . It allows us
to use jets with a larger R, without any fragmentation bias on the recoil-jet
< 100 GeV/c using R
side. Recoil jet spectra were measured for 20 < pjet,ch
T
= 0.2, 0.4 and 0.5 [15]. The recoil jet yield is found to be suppressed when
√
compared to reference pp distributions at s = 2.76 TeV using Monte-Carlo
√
or NLO pQCD methods (validated using pp data at s = 7 TeV). No signif†

The ATLAS RAA was scaled from R = 0.4 to R = 0.2 using their jet RCP ratio [12].
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icant evidence of intra-jet broadening nor of medium-induced acoplanarity
are observed using jets with resolution parameters up to R = 0.5.

4

Outlook

During the ﬁrst LHC long shutdown, an extension of EMCal called Di-jet
Calorimeter (DCal) was installed in ALICE. It will allow jet-jet and photonjet measurements while providing us with increased triggering capabilities.
With the start of the LHC run 2, many new exciting results are expected.
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