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Abstract

Measurements of the semi-inclusive distribution of charged jets recoiling from a trigger hadron in pp and Pb–Pb col-
lisions at

√
sNN = 5.02 TeV are presented. This technique provides precise, data-driven subtraction of the large un-

correlated background in jet measurements. It uniquely enables the exploration of medium-induced modification of
jet production and acoplanarity over wide phase space, including low transverse momentum (pT) and large resolution
parameter (R) jets. This proceeding reports the measurements of medium-induced jet energy redistribution through the
comparison of trigger-normalized recoil jet yields in pp and Pb–Pb collisions, and for jets with different R.
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1. Introduction

The experimental heavy-ion program aims to explore the phases of nuclear matter and the properties
of the Quark Gluon Plasma (QGP), the primordial state of matter that existed during few hundreds of mi-
croseconds in the early Universe until the quark-hadron phase transition. The hot and dense de-confined
matter, QGP, is formed in collisions of heavy ions at ultra-relativistic energies [1]. The study of the QGP in
the laboratory allows us to improve our understanding of quantum chromodynamics (QCD), the theory of
the strong interaction.

Hard probes (high transverse momentum pT or high mass), that involve scales smaller than the tem-
perature of the thermal medium, are exploited as external probes of the QGP to understand its interactions
depending on the color charge, mass and flavor of the probe. Jet quenching is a phenomenon that has been
observed for all hadron species at high pT as a pronounced suppression of the production in heavy-ion colli-
sions relative to pp collisions [2–6]. These high-pT hadrons originate from hard scattered partons produced
in the initial stage of the collisions that lost energy while traversing the medium. The partonic shower
generated after the hard scattering process by subsequent fragmentation is measured as a collimated jet of
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hadrons. Due to the jet quenching, both the jet energy and its distribution can be modified by the medium.
Comparison of the jet production between proton-proton and heavy-ion collisions reveals these modifica-
tions experimentally. The measurement of reconstructed jets over a wide range in jet energy and different jet
resolution parameters (R) is required for comprehensive understanding of jet quenching in heavy-ion colli-
sions [7]. However, such measurements are challenging because of the presence of complex, uncorrelated
background to the jet signal, and the need to minimize biases in the selected jet population imposed by back-
ground subtraction techniques. Multiple, complementary measurement approaches are therefore needed to
elucidate the jet quenching mechanism using reconstructed jets.

In this proceeding, we report the measurements of the semi-inclusive distribution of charged jets recoil-
ing from a trigger hadron in pp and Pb–Pb collisions at

√
sNN = 5.02 TeV, using the same approach as

developed in central Pb–Pb collisions at
√

sNN = 2.76 TeV [8]. This technique provides precise, data-driven
subtraction of the large uncorrelated background in jet measurements. It enables the exploration of medium-
induced modification of jet production and acoplanarity over a wide phase space, including low pT for large
jet resolution parameter R.

2. Analysis

The Pb–Pb collision data were recorded during the 2018 LHC heavy-ion run at
√

sNN = 5.02 TeV. The
pp collision data used to provide the reference study were recorded by ALICE during the 2017 pp data
taking at

√
s = 5.02 TeV, using a minimum bias trigger. A detailed description of the trigger determination

in ALICE can be found in [9].
The selection of events containing a hard process (“hard-process selection”) is based on the presence of

a high-pT hadron trigger. Hadrons with pT larger than about 5 GeV/c are expected to originate primarily
from fragmentation of jets. The analysis is based on the semi-inclusive distribution of charged jets recoiling
from a high-pT charged hadron trigger, normalized by the number of trigger hadrons, with the trigger hadron
selected within a limited pT,trig interval (Trigger Track, or TT, class). Trigger hadrons within |η| < 0.9 and
5 < pT,trig < 7 GeV/c are referred as the Reference TT class, denoted by TT(5,7). Those within |η| < 0.9
and 20 < pT,trig < 50 GeV/c are referred as the Signal TT class, denoted by TT(20,50). The number of
trigger hadrons (Ntrig) is used to normalize the recoil jets measured in the selected TT intervals.

Jets are reconstructed using charged particle tracks with the kT [10] and anti-kT algorithms [11], with
infrared cut off for tracks pT > 0.15 GeV/c in the acceptance of |ηjet| < 0.9 − R. Uncorrelated background
to the recoil jet signal is corrected at the level of ensemble-averaged distributions, without event-by-event
discrimination of jet signal from background, using a technique that exploits the phenomenology of jet
production in QCD [8]. The observable, ∆recoil, is the difference between two semi-inclusive recoil jet
distributions, for the Signal and Reference TT classes [12].

∆recoil =
1

Ntrig

d2Njet

dpch
T,jetdηjet

∣∣∣∣∣∣∣
pT,trig∈TTSig

− cRef ·
1

Ntrig

d2Njet

dpch
T,jetdηjet

∣∣∣∣∣∣∣
pT,trig∈TTRef

(1)

The scale factor cRef , which accounts for the combined effects of invariance of total jet yield with trigger
hadron pT, is within a few percent of unity [8]. Using ∆recoil, the uncorrelated jet yield is suppressed in a
purely data-driven way. Therefore, the ∆recoil distribution of jet yield is clean of combinational background.
This is important for acoplanarity measurements to suppress the effects of Multiple Parton Interactions
(MPI) (see Ref. [8]). The raw ∆recoil distribution must be corrected for smearing of recoil jet energy by
fluctuations of energy density in the underlying event. The correction is carried out using an unfolding
technique [13], as implemented in the RooUnfold package. After corrections, ∆recoil represents the change
in the distribution of jets recoiling against a trigger hadron, as the trigger hadron pT changes from the
Reference to Signal TT interval. The differential recoil jet distributions as a function of pch

T,jet, are reported
for R = 0.2, 0.4 and 0.5, over the range 20 < pch

T,jet < 100 GeV/c.
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3. Results

Figure 1 shows the corrected ∆recoil distributions for jet resolution parameter R = 0.2 (left), 0.4 (middle)
and 0.5 (right) and a comparison with the PYTHIA8 MC [14] predictions, the bottom panels show the ratio
between MC and data.

Fig. 1. Comparison of ∆recoil distribution in pp collisions and PYTHIA distribution for R = 0.2, 0.4 and 0.5 using TT(20,50) and
TT(5,7) intervals.

To study the jet quenching effect, we have calculated the ratio of the ∆recoil distribution from Pb–Pb
collisions and pp collisions. Figure 2 shows the recoil jet yield suppressions in most central (0–10%, left)
and middle-central (30–50%, middle) Pb–Pb collisions with respect to the same measurements in pp. A
strong suppression of recoil jet yield is observed, especially in most central collisions. Such a suppression
pattern is quite similar for different jet resolution parameters. The right panel of Fig. 2 compares the ∆recoil
ratio between two different collision energies. The results are consistent despite the different TT intervals
and PYTHIA reference were used in the

√
sNN = 2.76 TeV analysis [8].

Figure 3 shows the ratio of recoil jet yield reconstructed with a resolution parameter R = 0.2 to those with
R = 0.5 in pp (left) and Pb–Pb (middle) collisions at

√
sNN = 5.02 TeV. The ratio of jet yields with different

R is sensitive to the redistribution of jet energy due to quenching. The recoil jet yield ratio in pp collisions is
well described by PYTHIA MC (Fig. 3, left). When comparing the same ratio in different centrality Pb–Pb
collisions to pp collisions, they are consistent between pp and Pb–Pb for high-pT jets, but show a hint of
jet energy redistribution in Pb–Pb collisions with respect to pp for low-pT jets (Fig. 3, middle). The right
panel of Fig. 3 show the results obtained from RUN1 [8] and RUN2, they are consistent to each other within
uncertainties. From the comparison, we conclude that the RUN2 analysis at

√
sNN = 5.02 TeV is much

more precise with reduced uncertainties.

4. Summary and Outlook

We have reported measurements of jet quenching in pp and Pb–Pb collisions at
√

sNN = 5.02 TeV,
using the semi-inclusive distribution of jets recoiling from a high-pT trigger hadron. The differential recoil
jet yield in central Pb–Pb collisions is suppressed relative to that in pp collisions. The ratio of differential
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Fig. 2. ∆recoil ratio in most central (0–10%) and semi-central (30–50%) Pb–Pb collisions to pp reference for R = 0.2, 0.4 and 0.5, and
comparisons between two different collision energies.

Fig. 3. ∆recoil distribution ratio for R = 0.2 to R = 0.5 in pp collisions and PYTHIA MC (left) and Pb–Pb collisions using TT(20, 50)
and TT(5,7) intervals.
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recoil jet yields with different R is similar for Pb–Pb and pp collisions at high-pT. A hint of medium-induced
modification of the intra-jet energy distribution for angles R ≤ 0.5 relative to the jet axis is observed for low-
pT jets in central Pb–Pb collisions. In the future, the width of the azimuthal distribution of recoil jets relative
to the trigger axis will be measured for low-pT jets, where the medium-induced acoplanarity broadening is
expected [15–17]. These new measurements, when combined with theoretical calculations, will provide
new insights to discriminate the jet quenching mechanisms.
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