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Abstract: Charmed baryons and their corresponding baryon-to-meson ratios are important tools to
understand hadronisation processes in the Quark-Gluon Plasma produced in heavy-ion collisions.
Recent Run 2 measurements in p–Pb collisions at 5.02 TeV, performed with the ALICE experiment at
the LHC, are presented and compared to theoretical model predictions.
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1. Introduction

Heavy quarks (charm, c and beauty, b) act as unique probes of the hot Quark-Gluon Plasma
(QGP) medium produced in heavy-ion collisions. Due to their large masses with respect to the
QCD energy scale, they are produced early in the collision in hard partonic scatterings. This means
that they experience the full evolution of the medium and can provide information on transport
mechanisms inside the QGP. Measurements of the baryon-to-meson ratio e.g., (Λc/D0) give sensitivity
to the dominance of different hadronisation processes for charmed quarks. In the light flavour sector,
an enhancement in this baryon-to-meson ratio has been observed at mid pT (5 TeV/c) for p/π at
RHIC [1] as well as for Λ/K0

S [2]. Two models which are able to explain this enhancement include the
thermal model, where the hadrons are assumed to be produced at the QGP hadronisation phase and
are in thermal equilibrium with the medium [3]. The second is through coalescence, where comoving
partons combine their transverse momentum to form a final hadron with higher transverse momentum.
Further enhancement is expected if [ud] diquarks exist in QGP [4].

While Pb-Pb collisions form the basis of the QGP study at the LHC, measurements in smaller
systems are necessary to give a full understanding of these collisions. pp collisions provide a baseline
where a medium is not expected to be formed and thus act as a reference for the heavier collision
systems. The expected lack of modification by a medium also makes these collisions a good test of
predictions obtained with pQCD calculations. p–Pb collisions are important to disentangle those
effects due to a hot medium and cold nuclear matter effects caused by the inclusion of a nucleus in the
initial state.

In these proceedings, we report on measurements of the production cross section of the
charmed baryon Λc [udc] in p–Pb collisions at 5.02 TeV, performed with the ALICE experiment.
The corresponding baryon-to-meson ratio measurements are also presented, together with comparisons
to theoretical model predictions.

2. Data Analyses

A description of the ALICE detector can be found here [5]. For the data analysis, three detectors
located in the central barrel were used. The Inner Tracking System (ITS) is used for vertexing and
track reconstruction. The Time Projection Chamber (TPC), the main tracking detector, also provides
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dE/dx information for particle identification (PID). The Time Of Flight (TOF) detector provides further
complementary PID information.

The measurement of Λc production was performed by reconstructing two hadronic decay modes:
Λ+

c → pK0
s with branching ratio (BR) (1.58± 0.08)% and Λ+

c → pK−π+ with BR (6.35± 0.33)%.
In previous measurements with ALICE [6], a semileptonic channel Λ+

c → e+νeΛ was also investigated
in pp collisions at

√
sNN = 7 TeV. The Λ+

c → pK0
s decay channel was reconstructed from combining a

bachelor track with a K0
s candidate. Whereas the Λ+

c → pK−π+ decays were built up from triplets
of reconstructed tracks with appropriate charge sign combinations. To reduce large combinatorial
background, PID information from the TPC and TOF detectors was used. For the pK0

s decay channel,
this was done with nσ cuts around the proton hypothesis for the bachelor track. For the pK−π+

channel, a Bayesian approach [7] was used to combine the signals from the TPC and TOF detectors
and assign conditional probabilities associated to different particle species (p,K,π) to each track.
The particle species with the highest probability is consequently assigned to that track.

Two different cut optimisation methods were used for signal extraction. The first relied on
standard rectangular cuts on kinematic and geometric variables and this approach was tuned on
Monte Carlo simulations to optimise the statistical significance. This is referred to as the standard
(STD) method. A second method was also applied for the pK0

s decay channel using a multivariate
approach with Boosted Decision Trees (BDTs) [8] and is referred to as the MVA method.

The analyses presented in these proceedings were performed on a dataset consisting of 600 million
minimum bias events taken by ALICE at the LHC in 2016 for p–Pb collisions at

√
sNN = 5.02 TeV.

For the cut optimisation (STD method) and efficiency corrections, a Monte Carlo simulation consisting
of 85 million events was used. These were generated using HIJING [9] and enriched with PYTHIA
[10] events containing cc̄ or bb̄ pairs.

3. Results

In order to measure the charmed baryon (Λ+
c ) production cross section, several corrections must

be applied to the raw yield, the most notable being the efficiency and acceptance corrections obtained
from Monte Carlo simulations and the fraction of prompt Λc given by FONLL calculations [11].

Figure 1 shows the prompt Λ+
c pT-differential production cross section measured in p–Pb collisions

at 5.02 TeV for each decay channel and both data analysis methods, as well as the combined results.
The experimental Λ+

c /D0 ratio is also presented as a function of pT. It can be seen that all decay
channels and signal extraction strategies yield consistent results within uncertainties and display a
decreasing trend at high pT for the Λ+

c /D0 ratio.
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Figure 1. Prompt Λ+
c baryon pT differential cross section (left) and pT-dependence of the Λ+

c /D0 ratio
(right), measured in p–Pb collisions at 5.02 TeV.

Figure 2 compares the results for the Λ+
c cross section (combined for the two decay channels and

analysis methods) and the baryon-to-meson ratio obtained from the data collected during the LHC
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Run 1 [6] and Run 2. The improved statistics of Run 2 allowed for the pT range to be extended down
to 1 GeV/c and up to 24 GeV/c, as well as for a reduction of the statistical uncertainty.
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Figure 2. Comparison of the prompt Λ+
c baryon pT-differential cross section (left) and of the

pT-dependence of Λ+
c /D0 ratio (right) measured in p–Pb collisions at 5.02 TeV for Runs 1 and 2.

4. Discussion

The results shown in Figure 2 (left) are consistent with one another within uncertainties.
This supports the earlier findings where the Λc production was found to be underestimated by
theoretical models [6].

In p–Pb collisions, it is expected that there may be some modification due to the presence of the
nucleus in the initial state. This is quantified by the nuclear modification factor, RpPb. This is calculated
as the ratio of the production cross section in p–Pb collisions with respect to pp collisions, scaled by
the atomic mass number of the nucleus used. Plotted in Figure 3 are the nuclear modification factors
measured for the Λc baryon and D mesons at 5.02 TeV. The factors measured are found to be both
consistent with each other and unity implying that there is little or no net modification due to cold
matter effects. A comparison to theoretical models predictions is also presented, including POWHEG
generated events + PYTHIA parton shower with EPS09 nuclear PDF [12] and a POWLANG transport
model assuming a QGP is formed [13]. Current uncertainties on the measurements do not allow for
any discrimination between the inclusion or exclusion of a hot QGP in p–Pb collisions.
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Figure 3. Nuclear modification factor RpPb measured for Λc and D mesons at 5.02 TeV (left).
Comparison to theoretical model predictions for Λc, see text (right).

The baryon-to-meson ratios measured for both heavy and (strange and non-strange) light-flavour
particles are plotted in Figure 4. The pT distributions of these ratios appear to have a similar shape.
The charm (Λ+

c /D0) and strange (Λ/pK0
s ) ratios seem to also be of similar magnitudes. This could

suggest a common mechanism of hadronisation for strange and charm quarks in contrast to light,
non-strange quarks in pp and p–Pb collisions.
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Figure 4. Comparison of the measured baryon-to-meson ratios Λ+
c /D0, Λ/pK0

s and p/π in pp (left)
and p–Pb (right) collisions at 7 TeV and 5.02 TeV, respectively.

5. Conclusions

The Λ+
c production cross section and Λ+

c /D0 ratio were measured with ALICE using Run 2 data
in p–Pb collisions at 5.02 TeV. With improved statistics, a corresponding improvement to the pT range
and uncertainties was achieved over the Run 1 measurements. Current uncertainties still prevent any
ability to distinguish between models with and without QGP formation in small systems. Although,
there are some interesting qualitative similarities between heavy and light flavour baryon-to-meson
ratios that will require further measurements to be fully understood.
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