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Faculty of Science, Utrecht University

Abstract

In this work, the latest heavy-flavour correlation and jet measurements at mid-rapidity with the ALICE detector in
pp, p–Pb and Pb–Pb collisions from the LHC Run 2 are reported. In particular, the results of azimuthal correlation
measurements of D mesons with charged particles in pp collisions at

√
s = 13 TeV and in p–Pb collisions at

√
sNN =

5.02 TeV are presented. Studies on the centrality-dependent azimuthal correlations of heavy-flavour hadron decay
electrons with charged particles in Pb–Pb collisions at

√
sNN = 5.02 TeV are shown. In addition, measurements of

D-meson tagged jet production in pp collisions at
√

s = 7 TeV and in p–Pb collisions at
√

sNN = 5.02 TeV are presented,
including studies in pp collisions of the jet momentum fraction carried by the D meson. A first result on the D-meson
tagged jet nuclear modification factor in central Pb–Pb collisions at

√
sNN = 5.02 TeV is also reported.
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1. Introduction
Heavy quarks (charm and beauty) are produced in hard parton scatterings in the early stages of hadronic

collisions. Therefore, they are ideal probes to investigate the properties of the Quark–Gluon Plasma (QGP)
produced in ultra-relativistic heavy-ion collisions. The study of angular correlations between heavy-flavour
particles and charged particles allows us to characterise the heavy-quark fragmentation process and its pos-
sible modification in a hot nuclear matter environment. The measurement of heavy-flavour jets gives more
direct access to the initial parton kinematics and can provide further constraints for heavy-quark energy loss
models, in particular adding information on how the radiated energy is dissipated in the medium. It can
provide information on the possible flavour dependence of jet quenching in the medium.

Studies in pp collisions are mandatory to characterise heavy-quark production and fragmentation in vac-
uum, constituting the necessary reference for interpreting heavy-ion collision results. Differences between
results from pp and p–Pb collisions can give insight on how the heavy-quark production and hadronisation
into jets are affected by cold nuclear matter effects.
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2. Results
2.1. Azimuthal correlations of D mesons with charged particles

Measurements of azimuthal correlations of prompt D mesons (average of D0,D+,D∗+ mesons) with
charged particles in the event were performed by ALICE in pp collisions at

√
s = 7 TeV [1] and

√
s =

13 TeV in the D-meson rapidity interval |yD| < 0.5, and in p–Pb collisions at
√

sNN = 5.02 TeV in -0.96
< yD

cms < 0.04. In order to study the properties of the measured correlations, the azimuthal-correlation
distributions, Δϕ between the charged particles and the D meson (Δϕ = |ϕch − ϕD| within |Δη| < 1), are
fitted with a function composed of two Gaussian terms to describe the near- and away-side peaks, induced
by the jet containing the D meson and the recoiling jet, and a constant term to describe the pedestal of the
distribution, determined mainly by correlations with particles from the underlying event. The associated-
particle yields and the widths (σfit,NS) of the near-side peak (Δϕ ≈ 0) are shown in Fig. 1(a), as a function
of the D-meson transverse momentum pT for different associated particle pT (passoc

T ) intervals. The results
in pp collisions for the two energies and in p–Pb collisions are compatible within the uncertainties. Also, a
qualitative agreement with Monte Carlo PYTHIA6 tunes [2], PYTHIA8 [3] and POWHEG+PYTHIA6 [4, 5]
simulations is found in most of the studied kinematic ranges, as presented in Fig. 2(a) and in [1, 6]. The
correlation distributions in p–Pb collisions were also studied as a function of the event multiplicity, in three
centrality classes defined by the energy deposited in the ZNA neutron calorimeter [7]: 0–20, 20–60 and
60–100%. No modification of the near-side peak properties is found within the current uncertainties.

(a) (b)

Fig. 1. (a) Near-side associated yields and widths extracted from D-h correlations in pp collisions at
√

s = 7 TeV and
√

s = 7 TeV and
p–Pb collisions at

√
sNN = 5.02 TeV as a function of D-meson pT in different passoc

T ranges. (b) Near-side associated yields extracted
from eHF -h correlations in p–Pb and 0–20%, 20–50% central Pb–Pb collisions at

√
sNN = 5.02 TeV as a function of passoc

T and for
4 < pe

T < 12 GeV/c.

2.2. Azimuthal correlations of heavy-flavour hadron decay electrons with charged particles
The ALICE collaboration also measured two-particle correlations between heavy-flavour hadron decay

electrons (eHF) and charged particles in p–Pb and Pb–Pb collisions at
√

sNN = 5.02 TeV. The near-side
associated yields are extracted in different passoc

T ranges and for an electron pT in the interval of 4 < pT <
12 GeV/c. The results in p–Pb, in central (0–20%) and semi-central (20–50%) Pb–Pb collisions, presented
in Fig. 1(b), are consistent with each other, with a hint of an enhancement in the central Pb–Pb collisions at
low passoc

T . In addition, studies in high-multiplicity p–Pb collisions show evidence of a positive elliptic flow
(v2) of heavy-flavour electrons, with a significance of more than 5σ for 1.5 < pT < 4 GeV/c [8, 9] .

2.3. D-meson tagged jets
D-meson tagged charged jets are reconstructed with the FastJet [10] anti-kT algorithm [11] using charged-

particle tracks and requiring the presence of a D meson among the jet constituents. In addition, in p–Pb and
Pb–Pb measurements the background coming from the underlying event is subtracted on a jet-by-jet basis
prior to unfolding [12]. Mid-rapidity pT-differential production cross-sections was measured in pp colli-
sions at

√
s = 7 TeV [6] and in p–Pb collisions at

√
sNN = 5.02 TeV using prompt D0 and D∗+ mesons as

the tagged particle, respectively. The covered charged jet transverse momentum pT,ch jet range starts as low
as pT,ch jet = 5 GeV/c and is up to pT,ch jet = 30 GeV/c, with the jet resolution parameter R = 0.4 and a
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(a) (b)

Fig. 2. (a) Near-side associated yields, widths and beseline level extracted from D-h correlations in pp collisions at
√

s = 13 TeV
compared to PYTHIA6, PYTHIA8 and POWHEG+PYTHIA6 predictions. (b) pT-differential production cross-section of D0-meson
tagged charged jets in p–Pb collisions at

√
sNN = 5.02 TeV compared to POWHEG+PYTHIA6 predictions.

requirement of the D-meson transverse momentum pT,D > 3 GeV/c. Figure 2(b) presents a new measure-
ment of the D0-tagged jet pT-differential cross-section in p–Pb collisions using R = 0.3 with a pT,ch jet reach
extended up to pT,ch jet = 50 GeV/c. In order to characterise the heavy quark production and fragmentation
in more detail, the distribution of the jet momentum fraction carried by D0 meson in the direction of the
jet axis zch jet

||,D =
�pch jet·�pD

�pch jet·�pch jet
was extracted in pp collisions in two jet pT ranges: 5 < pT,ch jet < 15 GeV/c

and 15 < pT,ch jet < 30 GeV/c. The distributions are then normalised to a probability density distribution
as shown in Fig. 3(a). Both the zch jet

||,D and the pT-differential cross-section measurements in pp and p–Pb
collisions are well described by the Next-to-Leading-Order pQCD calculations of POWHEG coupled with
PYTHIA6 shower MC [2, 4, 5].

The p–Pb D0-jet pT-differential cross-section is used as a baseline for the measurement of the nuclear
modification factor in 0–20% central Pb–Pb collisions at

√
sNN = 5.02 TeV. The Pb–Pb measurement

follows the p–Pb analysis technique, with R = 0.3 and pT,D > 3 GeV/c, which allowed us to obtain a
D0-tagged jet pT spectrum in 5 < pT,ch jet < 20 GeV/c. For every signal jet reconstructed with the anti-kT
algorithm, the background density scaled by the area of the reconstructed signal jet was subtracted from
the reconstructed transverse momentum of the signal jet. The underlying background momentum density
was estimated event-by-event using the median of praw

T,ch jet/Ajet, where praw
T,ch jet is uncorrected pT,ch jet and

Ajet is the area of jets reconstructed with the kT algorithm. The praw
T,ch jet spectrum was then unfolded for

the detector response and the background fluctuations in the underlying event extracted using the Random
Cone method [13]. The fake jet rejection is greatly improved in this analysis thanks to the jet tagging with
an identified D meson. Furthermore, a stability of the unfolding procedure, especially at low pT,ch jet, was
confirmed using a Mone-Carlo closure test. Figure 3(b) shows the nuclear modification factor, RAA, for the
D0-tagged jets. A strong suppression, similar to the prompt D-meson one [14] is observed, with a hint of a
lower RAA compared with the inclusive charged jet measurement at higher pT,ch jet.

3. Summary
In this contribution, measurements on azimuthal correlations of D mesons with charged particles in

pp and p–Pb collisions are reported. The near-side observables are compatible with Monte Carlo pre-
dictions. The results in p–Pb collisions suggest that the modification of jets from charm is not signifi-
cantly affected by the cold nuclear matter effects as well as by possible final-state effects. Predictions from
POWHEG+PYTHIA6 simulations, including nuclear shadowing effects for the nucleon PDFs, are also in
agreement with the measurements. In the analysis of the azimuthal correlations of heavy-flavour hadron
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(a) (b)

Fig. 3. (a) Probability density distribution of the jet momentum fraction, zch jet
||,D , carried by the D0 mesons in the direction of the jet

axis for D0-meson tagged jets in pp collisions at
√

s = 7 TeV with 15 < pT,ch jet < 30 GeV/c compared to POWHEG+PYTHIA6
predictions. (b) Nuclear modification factor, RAA, for D0-meson tagged jets in 0–20% central Pb–Pb collisions at

√
sNN = 5.02 TeV.

decay electrons with charged particles a hint of near-side yield enhancement in central Pb–Pb collisions is
observed. The pT-differential production cross-sections of D-meson tagged charged jets were measured in
pp and p–Pb collisions, and the jet momentum fraction carried by the D meson was extracted in pp collisions
in two pT,ch jet ranges. The measurements are in agreement with POWHEG+PYTHIA6 predictions. Also, a
first measurement of the D-meson tagged jet RAA in Pb–Pb collisions is presented. A strong suppression in
5 < pT,ch jet < 20 GeV/c is observed in the 0–20% central collisions. A comparison to a theory prediction
is needed for further conclusions. The precision of the measurement and the pT,ch jet reach will be greatly
improved with the upcoming 2018 Pb–Pb run and LHC Run 3 and 4, allowing us to complement the studies
with more differential analyses.
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