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Abstract: Azimuthal correlation studies of heavy-flavour particles with charged particles in p–Pb
collisions can give an insight into the cold nuclear matter effects on heavy-quark production and
hadronization into heavy-flavour jets. Multiplicity-dependent measurements of angular correlations
of heavy-flavour particles with charged hadrons allow us to investigate the collective behavior
of the system and the initial state effects on heavy flavour hadron production. In addition, they
can reveal possible modifications of the heavy-quark fragmentation and hadronization at different
multiplicities. We present ALICE measurements of azimuthal correlations of prompt D-mesons with
√
charged hadrons as a function of the multiplicity in p–Pb collisions at sNN = 5.02TeV. Moreover,
the elliptic flow (v2 ) of heavy-flavour hadron decay electrons in high-multiplicity p–Pb collisions at
√
sNN = 5.02 TeV, obtained using correlations with charged particles, is reported.
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1. Introduction
Measurements of heavy-flavour production in p–Pb collisions allow to characterize the effects
of the presence of a nucleus in the colliding system (cold nuclear matter effects [1]). The analysis of
angular correlations between heavy-flavour particles and charged particles is a tool to characterize the
heavy-quark fragmentation process, and it is sensitive to their production mechanism in pp collisions.
Therefore, differences between the measurements in pp and p–Pb collisions can give an insight into
the cold nuclear matter effects on heavy-quark production and hadronization in p–Pb collisions and
help to disentangle the effects related to the presence of the Quark-Gluon Plasma in Pb–Pb collisions.
In addition, multiplicity-dependent studies in p–Pb collisions allow us to investigate the presence
of possible collective effects. In recent years, several experiments have observed long-range v2 -like
angular correlations in high-multiplicity p–A collisions. Their origin is still under debate. Currently, the
presence of such structures for heavy-flavour particles is under study. Moreover, it is crucial to study
p–A collisions to estabilish possible connections with the behavior of nucleus-nucleus systems (A–A),
where collective effects are attributed to the hydrodynamic expansion of the Quark-Gluon Plasma. To
this purpose, azimuthal correlations between D-mesons and charged particles have been studied as a
√
function of centrality in p–Pb collisions at sNN = 5.02 TeV. Analogous studies have been performed
√
for heavy-flavour decay electrons and charged hadrons in p–Pb collisions at sNN = 5.02 TeV, as well.
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2. Azimuthal Correlations of D Mesons with Charged Particles
Azimuthal correlation distributions of D0 , D∗+ and D+ mesons (trigger particles reconstructed
from their hadronic decay channels: D0 → K− π + (BR of 3.87± 0.05% [2]), D+ → K− π + π + (BR of
9.46 ± 0.24% [2]) and D∗+ → D0 π + (BR of 67.7 ± 0.5% [2]) with charged particles (associated particles)
√
in |η | < 1 are evaluated in p–Pb collisions at sNN = 5.02 TeV. The analysis has been performed in three
different centrality classes defined by the energy deposited in the ZNA detector (Zero-Degree Neutron
Calorimeter) in the Pb-going direction: 0–20%, 20–60% and 60–100% [3]. Several kinematic ranges
of the D-meson pT (3 < pT (D) < 24 GeV/c) and associated particle pT (starting from pT (assoc) >0.3
GeV/c) were analysed.
The D-meson candidates were reconstructed by identifying secondary vertices with topologies
typical of decays displaced few hundred µm from the interaction vertex. Geometrical selections on the
D-meson decay topology were applied to reduce the combinatorial background. Particle identification
was also used to further reduce the background [4]. The contribution of D-meson combinatorial
background is removed by subtracting the correlation distribution evaluated from the sidebands of the
D-meson invariant mass distribution. An event-mixing correction is applied to account for detector
inhomogeneities and limited acceptance. Additionally, the distributions are corrected for inefficiencies
in the reconstruction and selection of trigger and associated particles. The contribution of D mesons
from beauty-hadron decays (ranging from 5 to 10% depending on the pT (D)) is subtracted, using
templates of the angular correlations of feed-down D mesons and charged particles obtained from
PYTHIA simulations [5,6]. Since the azimuthal correlation distributions of D0 , D∗+ and D+ mesons are
compatible within uncertainties, a weighted average of the three D-meson measurements is performed
to reduce the statistical uncertainty. The fully corrected per-trigger azimuthal correlation distributions
are fitted with two Gaussian functions, to account for the correlation peaks in the near-side (∆φ = 0)
and away-side (∆φ = π), and a constant (baseline), allowing us to extract quantitative observables such
as the near-side associated yield and near-side peak width (σ f it,NS ).
3. Azimuthal Correlations of Heavy-Flavour Hadron Decay Electrons with Charged Particles
The ALICE Collaboration has measured two-particle correlations between heavy-flavour hadron
√
decay electrons (e HF ) and charged particles in p–Pb collisions at sNN = 5.02 TeV [7]. Heavy-flavour
hadron decay electrons with transverse momentum in the interval 1.5 < pT < 6 GeV/c and |η | < 0.8
were selected by subtracting the contribution of background electrons from the inclusive electron
sample. The main background sources arise from photon conversions (γ → e+ e− ) in the beam pipe
and in the material of the innermost layers of the Inner Tracking System (ITS) and from Dalitz decays
of neutral mesons (π 0 → γe+ e− and η → γe+ e− ) [8]. The analysis was performed in two different
multiplicity classes: 0–20% (high) and 60–100% (low), obtained using the signal in the scintillator
arrays of the V0 detector in the pseudo-rapidity range 2.8 < η < 5.1 (V0A). The correlation distribution
for heavy-flavour decay electrons was corrected for the electron and charged particle efficiencies and
for the secondary particle contamination. It was also corrected for the limited two-particle acceptance
and detector inhomogeneities using the event mixing technique. The two-dimensional correlation
distribution was projected onto ∆ϕ for |∆η | < 1.2 and divided by the width of the selected ∆η interval.
In order to compare the jet-induced peaks from different multiplicity ranges, a “baseline” term,
constant in ∆ϕ, was calculated from the weighted average of the three lowest points of the correlation
distribution and was subtracted from it. An enhancement of the peaks at ∆ϕ ≈ 0 and ∆ϕ ≈ π can be
observed for high-multiplicity collisions. The jet contribution is assumed to be comparable for the
two multiplicity classes and removed by subtracting the low-multiplicity from the high-multiplicity
distribution. The left panel of Figure 2 shows the high-multiplicity azimuthal correlation distribution
subtracted by the low-multiplicity contribution between heavy-flavour decay electrons with 2 < pT <
4 GeV/c and charged particles with 0.3 < pT < 2 GeV/c.
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4. Results and Conclusions
4.1. Azimuthal Correlations of D Mesons with Charged Particles
The comparison of the baseline-subtracted D meson-charged particle azimuthal correlation
√
distributions in p–Pb collisions at sNN = 5.02 TeV do not show any significant differences, within
uncertainties, among the three centrality classes. The trends of the near-side associated yields and the
near-side peak widths extracted in the three centrality classes for p–Pb collisions versus the D-meson pT
are compared in Figure 1 for several associated particle pT ranges. Compatible values of the near-side
observables are obtained among the p–Pb collision centralities. No modifications of the near-side
peaks due to different heavy-quark fragmentation and hadronization, or the presence of collective
effects, are observed. Within the current uncertainties, there is not enough sensitivity to extract a v2
modulation of D-mesons from the azimuthal correlations of D mesons with charged particles.

Figure 1. Comparison of near-side yield and width (σfit,NS ) in the different centrality classes. Each
color is a different centrality class, as described in the legend. The error bars represent the statistical
uncertainty, the empty boxes represent the overall systematic uncertainties, the shaded boxes represent
the v2 related uncertainties.

4.2. Azimuthal Correlations of Heavy-Flavour Hadron Decay Electrons with Charged Particles
After the removal of the jet contribution to the correlation function (left side of Figure 2), using
the correlation distribution obtained in the low multiplicity class, a v2 -like modulation was observed
in the high-multiplicity correlation distributions, similarly to what was previously observed for
light-flavour di-hadron distributions [9]. A Fourier fit to the correlation distributions was used to
characterize the modulation and extract the heavy-flavour electron v2 . The values of the elliptic-flow
coefficient are shown in the right panel of Figure 2 as a function of the electron transverse momentum.
The heavy-flavour decay electron v2 was found to be positive in the transverse momentum interval
1.5 < pTe < 4 GeV/c in high-multiplicity events with a significance of 5.1 σ. The values of heavy-flavour
decay electron v2 are generally lower, though still comparable, than those measured for charged
particles dominated by light-flavour hadrons. An interpretation of this comparison is anyway not
immediate since the transverse-momentum distribution of heavy-flavour hadrons from which the
electrons originate is considerably broader than that of light-flavour hadrons [10] while also having a
larger average value. The v2 of heavy-flavour decay electrons has a similar trend of that of inclusive
muons, measured by ALICE at forward and backward rapidity and dominated by heavy-flavour
decay muons for pT > 2 GeV/c [11]. Drawing conclusions from this comparison is not straightforward
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because of the different cold-nuclear-matter effects affecting heavy flavours in different rapidity ranges.
This measurement complements previous measurements for light-flavour hadrons and provides new
information on the behaviour of heavy-flavour hadrons to understand the azimuthal anisotropies
observed in small collision systems.

Figure 2. (Left): Azimuthal correlation distribution between heavy-flavour decay electrons and
charged particles, for high-multiplicity p–Pb collisions after subtracting the jet contribution based
on low-multiplicity collisions. The distribution is shown for 2 < pTe < 4 GeV/c and 0.3 < pTch <2
GeV/c. The fit to the data points and its Fourier decomposition are also shown. (Right): heavy-flavour
decay electron v2 as a function of transverse momentum compared to the v2 of unidentified charged
particles [10] and inclusive muons [11].
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