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Heavy quarks (charm and beauty) are produced in hard-scattering processes and the study of their
production in proton–proton (pp) collisions is an important test for calculations based on pertur-
bative Quantum Chromodynamics (pQCD). Heavy-flavor production as a function of charged-
particle multiplicity provides insight into the processes occurring at the partonic level and the
interplay between the hard and soft particle production mechanisms in pp collisions.
In this contribution, measurements of open heavy-flavor production as a function of multiplicity,
via the study of the D-meson self-normalized yields in pp collisions at the center-of-mass energy
of
√
B = 13 TeV is presented. The D-meson self-normalized yield is found to increase stronger

than linearly with increasing charged-particle multiplicity. The measurements are compared to
theoretical model calculations, and with the results at

√
B = 7 TeV.
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1. Introduction

The study of heavy-flavor hadron production in pp collisions at the LHC provides a stringent
test to pQCD calculations. Measurements of open charm production in pp collisions as a function of
charged-particlemultiplicity provide information on the interplay between hard and soft processes in
particle production. At high energies, multi-parton interactions (MPI) can have amajor contribution
in particle production and ultimately the total event multiplicity [1–3]. In this contribution, the
new results of D-meson (D0,D+,D∗+) production as a function of charged-particle multiplicity in
pp collisions at

√
B = 13 TeV at mid-rapidity performed with ALICE [4] will be presented.

2. Analysis Strategy

Multiplicity is defined as the number of track segments or ‘tracklets’ (#tracklets) reconstructed
from hits in the two layers of the Silicon-Pixel Detector (SPD) of the Inner Tracking System (ITS)
within |[ | < 1. In order to transform the multiplicity definition based on the tracklets to a physical
quantity, a conversion is done from #tracklets to the number of charged particles (#ch). It is carried
out using the correlation map between #tracklets and #ch obtained by Monte Carlo simulations, to
which a first order polynomial fit is applied. The slope and offset parameters of the fit are used to
convert the #tracklets to charged-particle multiplicity density (dNch/d[) intervals . The ITS is further
used for secondary vertex reconstruction and tracking. The Time Projection Chamber (TPC) is
used for tracking and particle identification (PID), and the Time of Flight Detector (TOF) is used
for PID.

The D-meson raw yields are reconstructed at mid-rapidity from their hadronic decay channels,
D0 → K−c+ with a branching ratio (BR) of (3.87 ± 0.05)%, D+ → K−c+c+ with BR = (9.13 ±
0.19)%, and D∗+ → D0c+ with BR = (67.7 ± 0.05)%. PID and topological selections are applied
to reduce the combinatorial background of D mesons reconstructed from their decay particle
tracks. The raw yields are extracted by fitting the invariant-mass distributions. The yields in each
multiplicity interval (Ymult) are presented relative to those in the multiplicity integrated sample
(Ymult int). The D-meson self-normalized yields are constructed as

Ymult
corr =

(
Ymult

((Acc × nmult
prompt) × Nmult

event)/n
trg
mult

) / (
Ymult int

((Acc × nmult int
prompt ) × Nmult int

event )/n
trg
mult int

)
(1)

where, in the numerator Ymult is the extracted raw yield, Acc × nmult
prompt is the acceptance times

efficiency factor for D mesons originating from the collision (prompt), Nmult
event is the number of

events, and n
trg
mult is the trigger efficiency for a particular multiplicity interval. The numerator is

normalized to the corresponding quantity for the multiplicity integrated sample. The values of
dNch/d[ are normalized with the mean charged-particle multiplicity density (〈dNch/d[〉).

3. Results

The average prompt D-meson self-normalized yields are measured at mid-rapidity (|y| < 0.5)
as a function of charged-particle multiplicity in pp collisions at

√
B = 13 TeV as shown in Fig. 1.

The results show a stronger than linear increase of D-meson yields with increasing charged-particle
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multiplicity, and a steeper increase of the yields with increasing pT. The new results provide
improved precision of the measurements at high multiplicities and a good agreement with the
results at

√
B = 7 TeV [5]. In Fig. 2, comparisons with different heavy-flavor species in similar pT

intervals show compatibility with the faster than linear increase with multiplicity and the strong
pT dependence. Average D-meson measurements are compatible with J/k [6] and electrons from
heavy-flavor hadron decays (c,b→e) in pp collisions at

√
B = 13 TeV.
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Figure 1: Average of prompt D0,D+ and D∗+ self-normalized yields as a function of the relative charged-
particle multiplicity at mid-rapidity in various pT intervals. The results are presented in the top panel
with statistical (vertical bars) and systematic (boxes) uncertainties. The uncertainty associated with the
contribution fraction from beauty hadron decays is drawn in the bottom panels.

In Fig. 3, comparisons with model predictions from EPOS3 [7] and 3-pomeron Color Glass
Condensate (CGC) [8] are shown. EPOS3 with a hydrodynamic evolution shows a good agreement
with the faster than linear trend of D-meson yields at low and intermediate multiplicity, however
overestimating at large multiplicity values. EPOS3 without a hydrodynamic component predicts a
small increase in the D-meson production, underestimating the obtained results. The hydrodynamic
phase reduces the number of charged particles produced in EPOS, leading to the differences between
the two modes. The 3-pomeron exchange CGC model reproduces the faster than linear trend of the
D mesons, although overestimates the results.

4. Summary

The D-meson yields show a faster than linear increase with increasing multiplicity. The results
show good agreement with the D-meson measurements in pp collisions at

√
B = 7 TeV, and J/k and

electrons from heavy-flavor measurements in pp collisions at
√
B = 13 TeV. EPOS3 with a hydrody-

namic evolution describes the data. However, EPOS3 without any hydrodynamics and 3-pomeron
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Figure 2: Average D-meson, J/k, and heavy-flavor decay electrons self-normalized yields as a function of
relative charged-particle multiplicity at mid-rapidity in pp collisions at

√
B = 13 TeV at compatible low (left)

and high (right) pT intervals. The bottom panel shows the comparison of double ratios between the species.
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Figure 3: The average promptD0,D+ and D∗+ self-normalized yields vs relative charged-particlemultiplicity
in pp collisions at

√
B = 13 TeV at mid-rapidity is compared with model predictions in different pT intervals.

CGC are seen to underestimate and overestimate the data, respectively. These measurements will
further improve in Run 3, with higher luminosity and improved detector performance [9].
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