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Abstract

The production of prompt Λ+
c baryons at midrapidity (|y| < 0.5) was measured in central (0–10%)

and mid-central (30–50%) Pb–Pb collisions at the center-of-mass energy per nucleon–nucleon pair√
sNN = 5.02 TeV with the ALICE detector. The Λ+

c production yield, the Λ+
c /D0 production ratio,

and the Λ+
c nuclear modification factor RAA are reported. The results are more precise and more

differential in transverse momentum (pT) and centrality with respect to previous measurements. The
Λ+

c /D0 ratio, which is enhanced with respect to the pp measurement for 4 < pT < 8 GeV/c, is de-
scribed by theoretical calculations that model the charm-quark transport in the quark–gluon plasma
and include hadronization via both coalescence and fragmentation mechanisms.
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Heavy-ion collisions at LHC energies produce a phase of strongly-interacting matter, known as the
quark–gluon plasma (QGP), in which quarks and gluons are deconfined [1]. The existing measurements
indicate that the QGP behaves as a strongly-coupled low-viscosity liquid-like system [2]. Heavy quarks,
produced at the start of the collision, experience the full evolution of the system and constitute a unique
probe of the QGP properties [3]. The hadronization of heavy quarks into open heavy-flavor hadrons is
expected to be influenced by the presence of a deconfined medium: theoretical calculations that include
modified hadronization via quark coalescence or via a resonance recombination approach [4–8] predict a
significant enhancement of the Λ+

c /D0 yield ratio in heavy-ion collisions compared to the expected ratio
in pp collisions. In addition, the collective radial expansion of the system determines a flow-velocity
profile common to all thermalized particles, that could increase the Λ+

c /D0 ratio at intermediate trans-
verse momentum (pT) [7–9]. The study of such a potential enhancement requires a good understanding
of Λ+

c production in smaller collision systems, which showed surprising features at LHC energies. The
production of Λ+

c baryons at the LHC was measured by the ALICE Collaboration in pp collisions at√
s = 5.02, 7, and 13 TeV [10–13] and at 5.02 TeV [14] and 7 TeV [15] by the CMS and LHCb Collabo-

ration, respectively. At midrapidity, the ALICE and CMS results show a significant enhancement in the
Λ+

c /D0 yield ratio (up to a factor 3–5 for pT < 8 GeV/c) compared to e+e− and e−p measurements [16–
21] and QCD-inspired theoretical predictions [22–25] where charm fragmentation is tuned on e+e− and
e−p measurements [26, 27]. Models that include color reconnection beyond the leading-color approx-
imation [28] or hadron production via coalescence [29] as well as models that are based on statistical
hadronization including feed-down from yet-unmeasured charm-baryon states [30] are on the contrary
able to describe the Λ+

c /D0 ratio at midrapidity.

A recent measurement performed by ALICE in intervals of charged-particle multiplicity in pp collisions
at

√
s = 13 TeV [31] showed that in a hadronic collision, even at relatively small multiplicities, charm-

quark hadronization proceeds differently than in e+e− collisions. The pT-dependence of the Λ+
c /D0 ratio

evolves with multiplicity and the maximum of the ratio increases for the higher multiplicity intervals.
Whether the pT-differential Λ+

c /D0 ratio keeps evolving with multiplicity up to the typical multiplicities
of Pb–Pb collisions, and whether an overall pT-integrated enhancement of Λ+

c production relative to
the D0 one is present at higher multiplicities is an open question, fundamental to the understanding of
charm-quark hadronization.

The Λ+
c production in nucleus–nucleus collisions was measured for the first time at the LHC by ALICE

in Pb–Pb collisions at
√

sNN = 5.02 TeV in the 0–80% centrality interval for 6 < pT < 12 GeV/c [32].
The Λ+

c /D0 ratio was found to be close to unity, larger than the corresponding ratio measured in pp
collisions, and well described by calculations including hadronization via coalescence mechanisms [7, 8].
The Λ+

c /D0 ratio measured in the interval 3 < pT < 6 GeV/c by the STAR Collaboration in Au–Au
collisions at

√
sNN = 200 GeV [33] increases towards more central collisions and is also described by

model calculations including hadronization via coalescence [5, 7, 8, 34–36]. The CMS measurement in
Pb–Pb collisions at

√
sNN = 5.02 TeV [14], performed in the interval 10 < pT < 20 GeV/c, is consistent

with the pp result within uncertainties, suggesting that modified hadronization due to the presence of a
deconfined medium has no significant effect in this pT range.

In this letter, the measurement of the pT-differential production yields of prompt Λ+
c baryons in central

(0–10%) and mid-central (30–50%) collisions using the 2018 Pb–Pb at
√

sNN = 5.02 TeV are reported
down to low (1 GeV/c) pT. The results are more precise and more differential in pT and centrality
with respect to previous measurements. The Λ+

c /D0 yield ratios and the nuclear modification factor
RAA, which is defined as the ratio of the production yield in Pb–Pb collisions and the cross section in pp
collisions scaled by the average nuclear overlap function (proportional to the number of nucleon–nucleon
collisions), are reported as function of pT and compared with theoretical predictions. The pT-integrated
Λ+

c production yield and Λ+
c /D0 ratio, extrapolated to pT = 0, are also presented for the first time in

Pb–Pb collisions.
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The ALICE apparatus is described in detail in [37, 38]. The data were collected using triggers (as detailed
in [39]) based on the signal amplitude in the V0 detectors [40], which are also used for the centrality de-
termination [41]. Events were further selected offline using selection criteria defined in [39]. The number
of events in the centrality classes 0–10% and 30–50% considered for this analysis is about 100×106 and
85×106, respectively, corresponding to a luminosity of (130.5±0.5) µb−1 and (55.5±0.2) µb−1 [42].
The Monte Carlo (MC) simulations utilized in this analysis are produced using the HIJING 1.36 [43]
and PYTHIA 8.243 [44] (Monash tune [22]) event generators and the GEANT3 transport package [45],
as described in the supplemental material [46].

The Λ+
c baryon and its charge conjugate were reconstructed by exploiting the topology of the hadronic

decay channel Λ+
c → pK0

S → pπ+π− (branching ratio BR = 1.10±0.06%) [27]. Charged-particle tracks
used to define the Λ+

c candidates are reconstructed using the Inner Tracking System (ITS) [47] and the
Time Projection Chamber (TPC) [48], located in a solenoid magnet that provides a 0.5 T field parallel
to the beam direction. The Λ+

c → pK0
S candidates combine a proton-candidate track with a K0

S-meson
candidate, reconstructed in the K0

S → π+π− decay channel. Only proton (pion) tracks with |η | < 0.8
and pT > 0.4 (0.1) GeV/c were considered for the analysis. The selection of tracks with |η |< 0.8 limits
the Λ+

c acceptance in rapidity. For this reason a fiducial acceptance selection was applied on the rapidity
of the Λ+

c candidates, |ylab| < yfid(pT), where yfid increases from 0.6 to 0.8 in 1 < pT < 5 GeV/c, and
yfid = 0.8 for pT > 5 GeV/c.

The Λ+
c -candidate selection was performed using multivariate techniques based on the Boosted Decision

Tree (BDT) algorithm provided by the XGBoost package [49]. The selection criteria considered in the
optimization included both topological [10] and particle identification (PID) variables. The PID was
performed using the specific ionization energy loss dE/dx in the TPC gas and the time of flight from
the interaction point to the Time-Of-Flight (TOF) detector [50, 51]. The BDT training was performed
considering as signal candidates prompt (not coming from beauty-hadron decays) Λ+

c decays from MC
simulations [46]. Background candidates were taken from the sidebands of the invariant mass distribution
in data. The yields of Λ+

c baryons were extracted in each pT interval via binned maximum-likelihood fits
to the candidate invariant mass distributions. The fitting function consisted of a Gaussian term to estimate
the signal and a second-, third-, or fourth-order polynomial function (depending on pT) to estimate the
background. To improve the fit stability, the width of the Gaussian was fixed in each pT interval to
the values obtained from simulations. The raw-yield extraction is challenging, especially at low pT

with signal-to-background ratios below one per mille and statistical significances varying between 3 and
6 [46].

The corrected yields of prompt Λ+
c baryons were obtained in each centrality interval as

dNΛ+
c

dpT

∣

∣

∣

∣

∣

|y|<0.5

=

fprompt × 1
2 N

Λ±
c

raw

∣

∣

∣

|y|<yfid

∆pT × c∆y × (A× ε)prompt×BR×Nev
. (1)

The raw yield values N
Λ±

c
raw, extracted in a given pT interval of width ∆pT, were divided by a factor

two and multiplied by the prompt fraction fprompt to obtain the charge-averaged yields of prompt Λ+
c .

Furthermore, they were divided by c∆y × (A× ε), enclosing the rapidity coverage and the acceptance-
times-efficiency, by the BR of the decay channel, and by the number of analyzed events Nev.

The (A× ε) correction was determined from MC simulations [46], using samples not employed in the
BDT training. The generated pT spectrum used to calculate the efficiencies was reweighted to reproduce
the shape obtained from the D0 measurement [39] multiplied by Λ+

c /D0 calculations from the TAMU
model [8] in 0–10% and 30–50% Pb–Pb collisions at

√
sNN = 5.02 TeV. The (A× ε) increases from 1%

(3%) at low pT to about 12% (16%) at high pT for central (mid-central) collisions.

The fprompt fraction was estimated as described in [10, 32]. In particular, the beauty-quark produc-
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Figure 1: Left: pT-differential production yields of prompt Λ+
c in central (0–10%) and mid-central (30–50%)

Pb–Pb collisions at
√

sNN = 5.02 TeV. Right: Λ+
c /D0 ratio in central and mid-central Pb–Pb collisions at

√
sNN =

5.02 TeV compared with the results obtained from pp collisions [10, 11].

tion cross section was estimated with FONLL calculations [52, 53], the fraction of beauty quarks that
fragment into Λ0

b was estimated from the Λ0
b/(B

0 +B+) ratio measured by LHCb in pp collisions at√
s = 13 TeV [54], and the Λ0

b → Λ+
c +X decay kinematics taken from PYTHIA 8. Since no measure-

ments of beauty-baryon production in nucleus–nucleus collisions are available, the central hypothesis
of the ratio R

non−prompt
AA /R

prompt
AA was considered to be equal to 2 for Λ+

c as predicted by the “Catania”
theoretical calculation [6]. The resulting fprompt fraction was found to be about 0.97 at low pT and about
0.81 at high pT.

The systematic uncertainties of the Λ+
c corrected yields include contributions from the raw-yield extrac-

tion (from 7% to 15% depending on pT and centrality), the tracking efficiency (from 8% to 12%), the
Λ+

c selection efficiency (from 7% to 8%), the MC generated pT spectra (smaller than 8%), the statistical
uncertainty of the efficiency (1% at low pT and 4% at high pT), and the subtraction of feed-down Λ+

c
baryons from b-hadron decays which includes contributions from the theoretical beauty-quark cross sec-
tion (from 2% to 10%) and from the R

non−prompt
AA assumption (from 2% to 12%). As detailed in [46], all

uncertainties were estimated with similar procedures as those introduced in [10, 32, 39]. Furthermore, a
global systematic uncertainty due to the centrality interval definition (2% for mid-central, negligible for
central) [39] and the branching ratio (5.5%) [27] was assigned. For the RAA, the uncertainty of the pp
normalization uncertainty [10] and of the average nuclear overlap function [42] are included in the global
normalization uncertainty. The propagation of the systematic uncertainties to the Λ+

c /D0 ratio and to the
RAA are presented in the supplemental material [46].

The pT-differential production yields of prompt Λ+
c baryons are shown in Fig. 1 (left panel). The statis-

tical and total systematic uncertainties are shown as error bars and boxes, respectively, for all figures. In
the right panel of Fig. 1, the ratio between the production yields of Λ+

c baryons and D0 mesons, measured
in the same centrality intervals [39], are presented and compared with the pp measurement at the same
collision energy [10, 11]. The ratios increase from pp to mid-central and central Pb–Pb collisions for
4 < pT < 8 GeV/c with a significance of 2.0σ and 3.7σ , respectively. This enhancement is qualitatively
similar to what is observed for the p/π [55] and Λ/K0

S [56] ratios. The central and mid-central Λ+
c /D0

ratios in 12 < pT < 24 GeV/c are compatible with the measurement by CMS in 0–100% Pb–Pb collisions
in the similar pT > 10 GeV/c region [14]. For pT > 4 GeV/c, the ratio measured in central collisions re-
sembles in magnitude and pT trend the one reported by STAR in 2.5 < pT < 8 GeV/c in 10–80% Au–Au
collisions at

√
sNN = 200 GeV [33].
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Figure 2: The nuclear modification factor of prompt Λ+
c as a function of pT in central (0–10%) and mid-central

(30–50%) Pb–Pb collisions at
√

sNN = 5.02 TeV. The normalization uncertainties are shown as boxes around unity.

The nuclear modification factor RAA of prompt Λ+
c is presented in Fig. 2, for which the pT-differential

cross section in pp collisions at
√

s = 5.02 TeV from [10] was used as reference. This cross section
was extrapolated to 12 < pT < 24 GeV/c exploiting the Λ+

c and D0 measurements at
√

s = 5.02 and
13 TeV [13, 57], assuming no

√
s dependence for the Λ+

c /D0 ratio as observed within uncertainties for
the full measured pT range [13]. For pT < 6 GeV/c, the RAA is found to be compatible with unity, within
uncertainties, for both central and mid-central collisions, while a suppression due to the charm-quark
energy loss in the QGP is observed for higher pT. Comparisons with predictions of different theoretical
models [7–9] and with D mesons [39, 58] are provided in [46].

Figure 3 compares the pT-differential Λ+
c /D0 ratios shown in Fig. 1 with different theoretical predic-

tions: Catania [7], TAMU [8], and the GSI–Heidelberg statistical hadronization model (SHMc) [9]. The
predictions of Catania and TAMU for pp collisions [29, 30] are also compared with the existing mea-
surement in pp collisions [10, 11]. The Catania model [7] assumes that a QGP is formed in both pp and
Pb–Pb collisions. In Pb–Pb collisions heavy-quark transport is implemented via the Boltzmann equation,
and in both pp and Pb–Pb collisions hadronization occurs either via coalescence, implemented through
the Wigner formalism, or via fragmentation in case the quarks do not undergo coalescence. The TAMU
model [8] describes charm-quark transport in an expanding medium with the Langevin equation and
hadronization proceeds primarily via coalescence, implemented with a Resonance Recombination Model
(RRM) [59]. Left-over charm quarks not undergoing coalescence are hadronized via fragmentation. In
pp collisions, the charm-hadron abundances are instead determined with a statistical hadronization ap-
proach [30]. In both collision systems the underlying charm-baryon spectrum includes yet-unobserved
excited states [27] predicted by the Relativistic Quark Model (RQM) [60] and lattice QCD [30]. Finally,
for the SHMc predictions [9] the charm-hadron pT spectra are modeled within a core-corona approach.
The core contribution represents the central region of the colliding nuclei where charm quarks achieve lo-
cal thermal equilibrium in a hydrodynamically expanding QGP. The charm-hadron spectra in the corona
contribution are, instead, parameterized from measurements in pp collisions. The pT-spectra modifica-
tion due to resonance decays is computed using the FastReso package [61].

The SHMc describes the Λ+
c /D0 ratio in mid-central collisions, but underpredicts the ratio in 4 < pT <

8 GeV/c in central collisions. The prediction of the Catania model in central collisions overestimates
(underestimates) the Λ+

c /D0 ratio at low (intermediate) pT. The TAMU predictions reproduce the mag-
nitude and shape of the Λ+

c /D0 ratios. While both coalescence model calculations are able to describe the
Λ+

c /D0 ratio in Au–Au collisions at
√

sNN = 200 GeV in the 10–80% centrality interval [33], the TAMU
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Figure 3: The Λ+
c /D0 yield ratio as a function of pT in 0–10% (left) and 30–50% (middle) Pb–Pb and pp (right)

collisions at
√

sNN = 5.02 TeV compared with predictions of different theoretical calculations [7–9, 29, 30, 61].

model reproduces significantly better the data in central Pb–Pb collisions. The Catania and TAMU pre-
dictions also describe both the magnitude and pT shape of the measured Λ+

c /D0 ratio in pp collisions.

The Λ+
c production yield for pT > 0 was estimated by summing up the pT-differential yields, extrapo-

lating the Λ+
c /D0 ratio down to pT = 0, and exploiting the measurement of the D0 yield in the interval

0 < pT < 1 GeV/c [39]. The pT-differential Λ+
c /D0 ratio was interpolated using the shape predicted by

TAMU [8], Catania [7] (not available for 30–50%), SHMc [9], and blast-wave [62] calculations, leaving
the normalization as a free parameter. The shape from TAMU was chosen for the central value based
on the χ2/ndf values, while the difference between the obtained yields was considered in the systematic
uncertainty due to the extrapolation. The results for the prompt Λ+

c production yields per unit of rapid-
ity in |y|< 0.5 are dN/dy = 3.28±0.42(stat)±0.44(syst)±0.16(BR)+0.46

−0.29 (extr) for central collisions
and dN/dy = 0.70±0.09(stat)±0.09(syst)±0.04(BR)+0.07

−0.05 (extr) for mid-central collisions, where the
visible yield is about 81% of the total for both centrality classes. The SHMc [9] predicts lower values,
dN/dy = 1.55± 0.23 and dN/dy = 0.316 ± 0.036, respectively. Finally, the measured Λ+

c /D0 ratios,
obtained dividing the pT-integrated Λ+

c and D0 yields [39], are 0.48+0.13
−0.12 in the 0–10% and 0.55+0.14

−0.13
in the 30–50% centrality classes, taking into account the correlation between the measured and extrap-
olated uncertainties [46]. These results are compatible with the result in pp collisions [10] within one
standard deviation of the combined uncertainties. This may suggest that the charm hadronization and Λ+

c
production do not differ significantly in Pb–Pb and pp collisions, and the observed baryon enhancement
at intermediate pT is predominantly caused by a different modification of the hadron spectra due to inter-
actions in the hadronic phase. An alternative explanation is that charm hadronization is indeed modified
in Pb–Pb collisions, but the different kinematic distributions of light and charm quarks at hadronization
time in pp and Pb–Pb collisions modulate the amplitude and pT dependence of the Λ+

c /D0 ratio pro-
ducing a marginal effect on the pT-integrated yield ratio. The uncertainty of the pT-integrated yield is
still relatively large, and more precise measurements at low pT will help to further discriminate between
charm-baryon formation scenarios.

In summary, the measurement of the production yield of Λ+
c baryons, the Λ+

c /D0 yield ratio, and the
RAA in central (0–10%) and mid-central (30–50%) Pb–Pb collisions at a center-of-mass energy per nu-
cleon pair

√
sNN = 5.02 TeV were presented. The ratios increase from pp to central Pb–Pb collisions

for 4 < pT < 8 GeV/c with a significance of 3.7σ . The measurements are described by theoretical cal-
culations that include both coalescence and fragmentation processes when describing the hadronization
of heavy flavors in the QGP. The upgraded ALICE detector for the LHC Runs 3 and 4 will increase
the integrated luminosity by a factor of about 50 and the tracking precision by a factor 3–6, meaning
future measurements of Λ+

c -baryon production will allow for stronger constraints on the heavy-quark
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hadronization mechanisms in heavy-ion collisions [63].
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B Supplemental material

B.1 Monte Carlo simulations

The Monte Carlo (MC) simulations utilized in the analysis for the Boosted Decision Tree (BDT) training
and the acceptance-times-efficiency correction were obtained using the HIJING 1.36 event generator [43]
to simulate Pb–Pb collisions at

√
sNN = 5.02 TeV. In each simulated event, Λ+

c signals were added
by injecting cc or bb pairs generated with the PYTHIA 8.243 event generator [44] with the Monash
tune [22]. The Λ+

c baryons were forced to decay into the hadronic decay channel of interest, Λ+
c →

pK0
S → pπ+π−. All generated particles were transported through the ALICE detector using the GEANT3

package [45]. The conditions of all the ALICE detectors in terms of active channels, gain, noise level,
and alignment, and their evolution with time during the data taking, were taken into account in the
simulations.

B.2 Invariant mass spectra

The yields of Λ+
c baryons were obtained via binned maximum-likelihood fits to the candidate invariant

mass distributions. The fitting function was composed of a Gaussian term to estimate the signal and
a second-, third-, or fourth-order polynomial function (depending on the pT interval) to estimate the
background. Examples of the invariant mass distributions from which the Λ+

c raw yields are extracted
are reported in Fig. B.1. The spectra together with the result of the fits in 1 < pT < 2 GeV/c and 4 < pT <
6 GeV/c for central (0–10%) and 2 < pT < 4 GeV/c and 8 < pT < 12 GeV/c for mid-central (30–50%)
Pb–Pb collisions are shown.

B.3 Systematic uncertainties

The systematic uncertainty of the raw-yield extraction (ranging from 7% to 15%) was estimated by re-
peating the invariant mass fits varying the lower and upper limits of the fit range, the bin width, the func-
tional form of the background fit function, and considering the Gaussian width as free parameter in the
fit. The procedure to estimate the systematic uncertainty of the track-reconstruction efficiency (from 8%
to 12%) includes variations of the track-quality selection criteria and studies of the matching efficiency of
ITS clusters to tracks reconstructed in the TPC, as described in detail in [32]. The systematic uncertainty
of the Λ+

c selection efficiency (from 7% to 8%) was estimated by repeating the analysis with different
selections on the BDT output, resulting in up to 50% lower and 20–50% higher efficiency values. An
additional contribution derives from the pT spectra of Λ+

c generated in the simulation (at maximum 8%),
which was estimated by using the Λ+

c /D0 predictions of the Catania model [7] and the SHMc [9] instead
of the TAMU prediction [8] in the pT-shape reweighting procedure. Finally, the systematic uncertainty of
the feed-down subtraction was estimated by varying the FONLL parameters and the function describing
the Λ0

b fragmentation fraction as described in [10] (from 2% to 10%), as well as varying the hypothesis
on R

non−prompt
AA (from 2% to 12%). For the latter, an interval 1/3 < R

non−prompt
AA /R

prompt
AA < 3 was consid-

ered, wider with respect to that used for non-strange D mesons [39] to cover possible yet unmeasured
differences between the modification of charm- and beauty-baryon production in Pb–Pb collisions with
respect to the one in pp collisions.

The sources of systematic uncertainty considered in this analysis are assumed to be uncorrelated among
each other and the total systematic uncertainty in each pT and centrality interval is calculated as the
quadratic sum of the estimated values. For the Λ+

c /D0 ratio, the Λ+
c and D0 uncertainties were considered

as uncorrelated except for the tracking efficiency and the feed-down contribution, which partially cancel
in the ratio, and the systematic uncertainty of the centrality interval definition, which fully cancels. For
the RAA, the pp and Pb–Pb uncertainties were considered as uncorrelated except for the branching ratio
uncertainty (due to the different considered decay modes in the pp measurement) and the feed-down
contribution, which both partially cancel out. Finally, in case of the pT-integrated Λ+

c /D0 ratio, there is
a correlation between the extrapolation uncertainty of the Λ+

c baryon and the measured uncertainties of
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Figure B.1: Invariant mass (M) distributions of Λ+
c → pK0

S → pπ+π− candidates and charge conjugates in different
pT intervals in central (0–10%; top) and mid-central (30–50%; bottom) Pb–Pb collisions at

√
sNN = 5.02 TeV. The

blue solid lines show the total fit functions and the red dashed lines are the combinatorial-background terms. The
values of the mean (µ) and the width (σ ) of the signal peak are reported together with the signal counts (S) and the
signal-over-background ratio (S/B) in the mass interval (µ − 3σ ,µ + 3σ ).

the Λ+
c and D0 hadrons. To treat this correlation, the extrapolation uncertainty is divided into a correlated

part (estimated as the extrapolation uncertainty due to the interpolation procedure when considering only
the shape predicted by TAMU) and an uncorrelated part (the total extrapolation uncertainty subtracting
the correlated part) with respect to the measured uncertainties. The uncorrelated part is summed in
quadrature with the measured uncertainties, while the correlated part is added linearly.

B.4 Nuclear modification factor

Figure B.2 shows the nuclear modification factor RAA of prompt Λ+
c baryons in Pb–Pb collisions at√

sNN = 5.02 TeV, compared with the RAA of prompt D+
s mesons [58] and the average RAA of prompt

D0, D+, and D∗+ mesons [39], in the 0–10% and 30–50% centrality intervals. The suppression of all
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Figure B.2: Nuclear modification factor RAA of prompt Λ+
c baryons in central (0–10%; left) and mid-central (30–

50%; right) Pb–Pb collisions at
√

sNN = 5.02 TeV, compared with the RAA of prompt D+
s [58] and the average of

prompt non-strange D mesons [39]. The statistical and total systematic uncertainties are shown as error bars and
boxes, respectively. The normalization uncertainties are shown as boxes around unity.

charm-hadron species from pT & 3 GeV/c is understood as being primarily due to the interaction of
charm quarks with the quark–gluon plasma, modifying its momentum spectra. In central collisions in
the region 4 < pT < 8 GeV/c, there is a hint of a hierarchy RAA(D)< RAA(D+

s )< RAA(Λ
+
c ), indicating

that the suppression of Λ+
c baryons is less than that of strange D+

s mesons, which is in turn less than that
of non-strange D mesons in this pT region. In mid-central collisions, this hierarchy is less pronounced.
Along with the enhanced Λ+

c /D0 ratio in central collisions, this hierarchy would give further indications
that hadronization occurs also via coalescence, which is expected to increase the probability of charm
quarks hadronizing to D mesons with strange quarks and Λ+

c baryons with respect to non-strange charm
mesons. However, more precise measurements are needed before confirming such a hierarchy.

Figure B.3 shows the RAA of prompt Λ+
c baryons compared with theoretical models, namely the Catania

model [7] implementing hadronization via quark coalescence and fragmentation, TAMU [8], which im-
plements coalescence via a resonance recombination method, and the SHMc [9], which uses statistical
hadronization with a core–corona approach. The TAMU model provides a good description of the RAA,
over the whole pT range, in both central and mid-central collisions. The Catania model describes the
data in both central and mid-central collisions for pT > 2 GeV/c, however for pT < 2 GeV/c the model
predicts an RAA higher than unity which is disfavored by data. The SHMc model instead significantly
underestimates the Λ+

c RAA over the whole pT range. As already noted by the authors of [9], this suggests
that the corona description could be further optimized.
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Figure B.3: Nuclear modification factor RAA of prompt Λ+
c baryons in central (0–10%; left) and mid-central (30–

50%; right) Pb–Pb collisions at
√

sNN = 5.02 TeV, compared with model predictions. When estimated, the model
uncertainty is shown as a shaded band.
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