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Abstract. In this article, recent ALICE measurements of the RAA and v2 of electrons
at mid-rapidity (|y|<0.6) and muons at forward rapidity (2.5<y<4), from semi-leptonic
decays of heavy-flavour hadrons in Pb–Pb collisions at

√
sNN = 5.02 TeV are shown.

The results of D-tagged jet production cross-section in pp collisions at
√

s =7 TeV are
presented. In addition, the azimuthal correlation of D mesons with charged particles in
p–Pb collisions at

√
sNN = 5.02 TeV, and electrons from semi-leptonic decays of heavy-

flavour hadrons with charged particles in p–Pb and Pb–Pb collisions at
√

sNN = 5.02 TeV
are reported.

1 Introduction

Heavy-flavour (charm and beauty) production provides relevant information to investigate the strongly
interacting medium, the Quark–Gluon Plasma (QGP), formed in heavy-ion collisions at ultra-
relativistic energies. Heavy quarks are produced primarily in the initial hard partonic interactions,
and they propagate through the QGP. During that propagation they are expected to interact with the
constituents of the QGP. The key observables for understanding the interaction are the nuclear modi-
fication factor (RAA) and azimuthal anisotropy (v2). The RAA is sensitive to the energy loss of partons
in the hot and dense QCD matter which occurs via radiative [1] and collisional [2] processes. The
energy loss has been predicted to depend on mass and colour charge of partons. In this picture charm
and beauty quarks are expected to suffer a smaller energy loss than light flavour quarks (u, d and s).
The v2 is sensitive to the transport properties of the medium. And it reflects the collective motion of
heavy quarks in the medium at low pT as well as the path-length dependence of the energy loss at
high pT in the non-central collisions. Further understanding of properties of heavy quarks in the QGP
can be obtained by measurements of jets and the azimuthal correlation of particles originating from
heavy flavours, which are sensitive to the possible modification of the fragmentation of heavy quarks.
Such measurements in pp and p–Pb collisions allow studies of jet properties, and address cold nuclear
matter and collective effects of heavy quarks.
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2 Results
2.1 Heavy-flavour production in pp and p–Pb collisions

Figure 1 shows the transverse-momentum-differential cross section of charged jets containing a D
meson in pp collisions at

√
s = 7 TeV. The D0 cross section is well described by calculations based

on perturbative QCD (pQCD) [3]. The measurement of charm-jet production allows one to further
test pQCD calculations for heavy-flavour production. The measured cross section is compared with
the expectation from POWHEG + PYTHIA in the figure. The plot in the bottom panel shows the ratio
of data and the calculation, and it was found that the cross section from the data and the calculations
are in good agreement in the range 5< pT < 30 GeV/c. In ALICE, heavy-flavour production has also
been studied by measuring the azimuthal correlation between heavy flavours and charged particles.
Figure 2 shows the azimuthal correlation of D mesons with charged particles in p–Pb collisions at
√

sNN = 5.02 TeV. The correlation was measured in various intervals of pT ranges for the D meson
and its associated charged particles. In the azimuthal correlation, the near-side (∆ϕ = 0) correlation is
sensitive to the fragmentation function of charm quarks. On the other hand, the away-side correlation
(∆ϕ = π) is sensitive to the properties of the recoil jet. In p–Pb collisions, possible modifications
of the jet properties could arise from cold nuclear matter effects, like parton-density shadowing or
saturation [4], a Cronin-like enhancement [5] and energy loss [6] in the initial state. The correlation
was compared with PYTHIA calculations with different tunings. The PYTHIA calculations are in
good agreement with the measured azimuthal correlation of D mesons with charged partcles in various
pT regions. The agreement indicates that the modification of jets from charm is not significantly
affected by the cold nuclear matter effects as well as from possible final-state effects.
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Figure 1: Transverse-momentum-
differential cross section of charged
jets containing a D meson in pp col-
lisions at

√
s = 7 TeV.
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Figure 2: The azimuthal correlation of D mesons with charged
particles in p–Pb collisions at

√
sNN = 5.02 TeV.

2.2 Heavy-flavour production in Pb–Pb collisions

The left panel of Fig. 3 shows RAA of electrons from semi-leptonic decays of heavy-flavour hadrons
(eHF) at |y|<0.6 in 0–10% centrality in Pb–Pb collisions at

√
sNN = 5.02 TeV. The result shows that
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Figure 3: The nuclear modification factor for eHF in Pb–Pb and in p–Pb collisions at
√

sNN =5.02 TeV
(left), and of eHF (|y|<0.6) and µHF (2.5<y<4) in 0-10% Pb–Pb collisions (right).

the RAA is less than unity (RAA <1) and it suggests that eHF production is significantly suppressed up
to 25 GeV/c. On the other hand, such strong suppression of eHF is not observed in p–Pb collisions
at
√

sNN = 5.02 TeV. The nuclear modification factor of eHF in p–Pb collisions at
√

sNN = 5.02 TeV
is also shown in the Fig 3. It is consistent with unity within uncertainties, indicating that strong
suppression observed in Pb–Pb collisions is mainly due to energy loss of charm and beauty quarks in
the hot medium formed in the collisions. A similar strong suppression is also observed in muons from
heavy-flavour decays (µHF) at forward rapidity (2.5<y<4) and the RAA for eHF and µHF are consistent
in the range 3< pT < 20 GeV/c (Fig. 3, right). Further insights on heavy-flavour production in the hot
and dense QCD matter can be obtained by measuring the per-trigger azimuthal correlation between
eHF and hadrons. Figure 4 shows the associated yield of charged particle in the near-side correlation
peak in 0–20% and 20–50% central in Pb–Pb collisions divided by the yield in p–Pb collisions as a
function of associated charged particles pT. The yield in Pb–Pb collisions tends to increase at lower
pT. Such an enhancement of associated charged hadrons at low pT has been observed in the π0 − h
and h − h correlations in Pb–Pb collisions [7, 8]. In addition, a positive v2 of eHF has been observed
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Figure 4: Ratio of near-side associated yields in
Pb–Pb (0–20% and 20–50%) and in p–Pb colli-
sions as a function of associated particles pT.
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Figure 5: Elliptic flow (v2) for eHF in semi-
central (30-50%) Pb–Pb collisions at

√
sNN =

5.02 TeV.

in semi-central (30–50%) in Pb–Pb collisions at
√

sNN = 5.02 TeV [9] (Fig. 5). The positive v2 of
eHF suggests that heavy-flavour quarks participate to the collective motion of the system. The RAA



and v2 for eHF are reproduced by pQCD–based energy loss and transport models [10–15] although the
simultaneous description of the RAA and v2 is challenging as shown in Fig. 6.
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Figure 6: Transverse momentum dependence of RAA in 0–10% (left) and v2 in 30–50% (right) of eHF

compared with expectations from theoretical models [10–15].

3 Summary
The ALICE experiment measured several differential observables in various collision systems and
energies, with the goal of understanding the interaction of heavy quarks with the constituents of the
QGP formed in Pb–Pb collisions. The production of D-tagged jet in pp collisions and the azimuthal
correlation of D mesons with charged particles in p–Pb collisions are consistent with expectations
from PYTHIA and POWHEG+PYTHIA event generators. A strong suppression and positive v2
of leptons from semi-leptonic decays of heavy-flavour hadrons is observed in Pb–Pb collisions at
√

sNN = 5.02 TeV. Those results suggest significant energy loss of charm and beauty quarks in the
hot and dense QCD matter and their participation to the collective motion of the system as a result of
strong interaction with medium constituents.
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