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Measurement of Ω0
c baryon production and branching-fraction ratio

BRðΩ0
c → Ω − e + νeÞ=BRðΩ0

c → Ω −π + Þ in pp collisions at
ffiffi
s

p
= 13 TeV

S. Acharya et al.
*

(ALICE Collaboration)

(Received 10 May 2024; accepted 24 June 2024; published 12 August 2024)

The inclusive production of the charm-strange baryon Ω0
c is measured for the first time via its

semileptonic decay into Ω−eþνe at midrapidity (jyj < 0.8) in proton-proton (pp) collisions at the center-of-
mass energy

ffiffiffi
s

p ¼ 13 TeV with the ALICE detector at the LHC. The transverse momentum (pT)
differential cross section multiplied by the branching ratio is presented in the interval 2 < pT < 12 GeV=c.
The branching-fraction ratio BRðΩ0

c → Ω−eþνeÞ=BRðΩ0
c → Ω−πþÞ is measured to be 1.12� 0.22 (stat)

� 0.27 (syst). Comparisons with other experimental measurements, as well as with theoretical calculations,
are presented.

DOI: 10.1103/PhysRevD.110.032014

I. INTRODUCTION

Production measurements of heavy-flavor hadrons (i.e.,
hadrons containing charm or beauty quarks) in high-energy
proton-proton (pp) collisions provide essential tests of
calculations based on the quantum chromodynamics
(QCD) factorization approach [1]. These frameworks
exploit the fact that the heavy-quark masses are much
larger than the QCD energy scale, ΛQCD, to calculate the
production of heavy-flavor hadrons as a convolution of
three factors: (i) the parton distribution functions (PDFs) of
the incoming protons; (ii) the cross section of the partonic
hard scattering; and (iii) the fragmentation functions that
parametrize the nonperturbative evolution of a heavy quark
into a given heavy-flavor hadron species. Heavy-quark
hadronization is typically studied via the measurement of
hadron-to-hadron yield ratios, because the PDFs and
partonic scattering cross sections are common to the charm-
or beauty- hadron species and, therefore, with appropriate
choice of the scheme of calculation it can be canceled out in
the yield ratios.
At the LHC, extensive production measurements of D0,

Dþ, Dþ
s , D�þ charmed mesons [2–8] and of Λþ

c , Σ0;þþ
c ,

Ξ0;þ
c , Ω0

c charmed baryons [9–16] have been conducted.
The meson-to-meson production yield ratios, for both the
respective prompt (i.e., produced in the hadronization of
charm quarks or from the decay of excited open charm and
charmonium states) and nonprompt (coming from beauty

hadron decays) components of the D-meson production,
are observed to be independent of the transverse momen-
tum (pT) within uncertainties. These ratios are well
described by perturbative calculations at next-to-leading
order, with next-to-leading-log resummation [1,17–19],
which incorporate fragmentation functions tuned on
eþe− and e−p collision measurements. In contrast, these
calculations underestimate the observed enhancement of
the production of baryons relative to mesons in hadronic
collisions [20,21], with respect to the same measurements
performed in eþe− or e�p collisions. Several models have
been proposed to explain the baryon enhancement. They
either include dynamical processes that are relevant in
quark-and-gluon enriched systems (e.g., color reconnection
beyond leading color approximation [22] and quark coa-
lescence [23,24]), or that treat hadronization as a statistical
process while considering a set of yet-unobserved higher-
mass charm-baryon states [25].
Currently, a significant limitation in interpreting the

production results of heavier strange-charm baryons is
the absence of precise branching ratio measurements. In
the recent inclusive Ω0

c → Ω−πþ measurement reported in
Ref. [16], model calculations were multiplied by the branch-
ing ratio, BRðΩ0

c → Ω−πþÞ ¼ ð0.51þ2.19
−0.31Þ%. This valuewas

obtained by considering the estimate reported inRef. [26] for
the central value, and the envelope of the values (including
their uncertainties) reported in Refs. [26–30] to determine
the uncertainty. This large uncertainty limited the under-
standing of Ω0

c production, meaning it is, therefore, imper-
ative to measure its branching ratios. The Belle and
CLEOCollaborations publishedmeasurements ofBRðΩ0

c →
Ω−eþνeÞ=BRðΩ0

c → Ω−πþÞ and found 1.98� 0.13ðstatÞ �
0.08ðsystÞ [31] and 2.4� 1.1ðstatÞ � 0.2ðsystÞ [32], respec-
tively. Model calculations based on the light-front approach
and the light-cone sum rules predict lower values of the
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branching fraction ratio of 1.1� 0.2 [26] and 0.71 [33],
respectively. These models provide a way to relate the
properties of hadrons, such as their masses, decay constants,
and form factors, to fundamental QCD parameters and
quark–gluon distributions within the hadrons. The hadronic
part of the weak decay is parametrized in those models in
terms of form factors, which belong to the nonperturbative
region of QCD. Another tool to study the charmed baryon
decays is based on the flavor symmetry of SUð3Þf in the
quark model, which allows the calculations of decay modes
and relative probabilities of charmed baryon decays [34–36].
By applying the effective color approach under the frame-
work of SUð3Þf symmetry, a branching fraction ratio of 1.35
[36] is computed. The differences between the model
calculations and the experimental values underscore the
need for further experimental measurements and theoretical
developments.
This letter presents the first pT-differential inclusive

production measurement of the semileptonic decay channel
Ω0

c → Ω−eþνe and the branching-fraction ratio BRðΩ0
c →

Ω−eþνeÞ=BRðΩ0
c → Ω−πþÞ at midrapidity (jyj < 0.8) in

pp collisions at the center-of-mass energy
ffiffiffi
s

p ¼ 13 TeV.
The Ω0

c baryon is reconstructed together with its charge
conjugate in three pT intervals, 2 < pT < 4 GeV=c,
4 < pT < 6 GeV=c, and 6 < pT < 12 GeV=c.

II. EXPERIMENTAL SETUP
AND DATA SAMPLES

The ALICE experiment and its performance are pre-
sented in detail in Refs. [37,38]. The main detectors used in
this analysis are the inner tracking system (ITS) [39], the
time projection chamber (TPC) [40], and the Time-Of-
Flight detector (TOF) [41] for vertexing, tracking, and
particle identification (PID) purposes. They are located in
the central barrel covering the pseudorapidity interval
(jηj < 0.9) and lie inside a solenoidal magnet that provides
a magnetic field B ¼ 0.5 T parallel to the beam direction.
The analyzed data sample consists of pp collisions at

ffiffiffi
s

p ¼
13 TeV recorded with a minimum-bias (MB) trigger. The
MB trigger requires a pair of coincident signals in two
scintillator arrays (V0) [42], which are located on both
sides of the nominal interaction point along the beam
direction. Further offline event selection was applied to
remove the contamination from beam-gas collisions and
other machine-related backgrounds. These criteria were
based on the timing information of the two V0 arrays and a
selection on the correlation between clusters and tracklets
reconstructed in the two innermost layers of the ITS
(Silicon Pixel Detector, SPD). Only events with a recon-
structed vertex position within�10 cm along the beam axis
from the nominal interaction point were analyzed, to
maintain a uniform ITS acceptance in pseudorapidity.
The primary-vertex position was defined using tracks
reconstructed in the TPC and ITS detectors. Events with

multiple reconstructed primary vertices, which amount
to about 1% of the total event sample, were rejected to
reduce the contamination from the superposition of several
collisions within the same colliding bunches (pile-up
events). After the aforementioned selection criteria, the
data sample corresponds to an integrated luminosity Lint ¼
(32.08� 0.51) nb−1 [43].

III. ANALYSIS METHOD

The Ω0
c candidates were built by pairing an electron or

positron candidate track with an Ω cascade candidate using
a Kalman-Filter (KF) vertexing algorithm [44]. Charge
conjugate modes are included everywhere unless otherwise
stated.
The Ω candidates were reconstructed via the decay chain

Ω− → ΛK− (BR ¼ ð67.8� 0.7Þ%), followed by the decay
Λ → pπ− (BR ¼ ð63.9� 0.5Þ%) [45], exploiting the char-
acteristic decay topology as reported in Refs. [16,46].
Charged-particle tracks used in this analysis were required
to be within the pseudorapidity interval jηj < 0.8 and to
have a number of crossed TPC pad rows larger than 70 out
of a maximum of 159. Particle identification (PID) selec-
tion was based on the differences between the measured
and expected response for a given particle species hypoth-
esis, in units of the detector resolution (nσdet). For proton,
pion, and kaon tracks, a selection on the measured specific
energy loss dE=dx in the TPC of jnσTPCj < 4 was applied
for the respective particle hypothesis. An additional PID
selection of jnσTOFj < 5 was applied for the kaon candi-
dates when information from the TOF detector was
available. Tracks without TOF hits were identified using
only the TPC information.
Electron candidate tracks were selected by requiring to

have a minimum of three (out of a maximum of six) hits in
the ITS with two in the SPD layers [47,48], at least 50
clusters in the TPC, a number of crossed TPC pad rows
larger than 70, and pT > 0.5 GeV=c. These requirements
help suppressing the contribution from short tracks, which
are unlikely to originate from the Ω0

c decay. The dominant
source of electron background is photon conversions. They
were rejected by requiring hits in the SPD layers, minimiz-
ing the effective material budget. The electron candidate
tracks were identified by using dE=dx and time-of-flight
information in the TPC and TOF detectors, respectively.
Two selection criteria on the PID of electron candidates,
jnσeTPCj < 4 and jnσeTOFj < 5, were required. The remain-
ing electrons steaming from photon conversion and those
originating from Dalitz decays of neutral mesons were
further rejected with an invariant-mass technique [49,50].
The electron candidates were paired with opposite-sign
tracks from the same event passing loose identification
criteria (jnσeTPCj < 5 without any TOF requirement) and
were rejected if they formed at least one eþe− pairs with an
invariant mass smaller than 50 MeV=c2.
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TheΩ0
c candidateswere selected by requiring the cosine of

the opening angle between the electron and the Ω candidate
tracks to be greater than 0 for 2 < pT < 4 GeV=c, 0.25 for
4 < pT < 6 GeV=c and 0.5 for 6 < pT < 12 GeV=c. The
pT dependence of this selection was chosen by looking at its
correlation with the eΩ-pair mass distribution in data and
Monte Carlo (MC) simulations, minimizing the rejection of
signal candidates in the data.
After applying the selections described above, further

separation of the signal and background was based on the
boosted decision tree (BDT) algorithm implemented in the
XGBOOST library [51,52]. Independent BDT models were
trained for each pT interval with a sample of signal and
background candidates as performed in Refs [3,11,53]. For
the reconstructed signal, eΩ pairs from Ω0

c decays were
obtained from simulations with the PYTHIA 8.2 event
generator [54]. Each PYTHIA event was required to contain
a cc̄ or bb̄ quark pair and Ω0

c baryons were forced to decay
into the Ω−eþνe channel. The mean proper lifetime of Ω0

c
baryons in the simulation was set to 268 fs based on the
latest LHCb measurement [55]. The transport of simulated
particles within the detector was performed with the GEANT

3 package [56]. The conditions of all the ALICE detectors
in terms of active channels, gain, noise level, and align-
ment, as well as the evolution of the detector configurations
during the data-taking period, were taken into account in
the simulations. A mixed-event (ME) technique was used to
increase statistics in the background sample. The ME
technique exploited randomized subsamples of the full
dataset, using the same filtering selections described above,
generating eΩ pairs with the opposite charge. The ME
background was obtained by correlating Ω candidates in an
event with electron candidate tracks from other events with
similar multiplicity and primary-vertex position along the
beam direction. Exploiting a background sample using the
same-charge eΩ pairs in the same event (SE) was also

tested. The resulting background distributions were found
to be consistent with each other, and the SE pairs were used
to normalize the more statistically abundant ME back-
ground sample.
The BDT training variables included topological proper-

ties of the decays and PID variables. The training variables
related to the PID information were obtained by combining
the ones coming from the TPC and TOF, nσK;ecombined ¼
1ffiffi
2

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðnσK;eTPCÞ2 þ ðnσK;eTOFÞ2

q
, on the electron and kaon tracks,

respectively. The training variables describing the Ω decay
topology were the distance of the closest approach (DCA)
of the charged decay particles, the pointing angle of the
reconstructed Ω momentum to the primary vertex, the
χ2topo=NDF, which, in this analysis, characterizes whether
the momentum vector of the Ω candidate points back to
the reconstructed primary vertex of the event, and the
χ2geo=NDF, which is related to the geometrical intersection
of the daughter-particle trajectories, taking their uncertain-
ties into account. The training variables related to the Λ
were the DCA to the primary vertex, the radial distance of
the Λ decay vertex from the beam axis, and the DCA
between the decay particles. The BDT model output is a
single response variable related to the probability that the
candidate is a signal. The selection on the BDT output was
tuned in each pT interval to maximize the expected
statistical significance, which was estimated using: the
expected signal obtained from the Ω0

c production cross
section reported in Ref. [16] multiplied by the BDT
selection efficiency and the expected background estimated
from the normalized ME. The resulting BDT output
thresholds were 0.86, 0.84, and 0.81 for the three pT
intervals, respectively.
The left panel of Fig. 1 shows the invariant-mass distri-

bution of eΩ pairs in SE (same-sign and opposite-sign) and
ME (opposite-sign) in the interval 2 < peΩ

T < 12 GeV=c.
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FIG. 1. Left panel: invariant-mass distribution of opposite-sign pairs (black solid circle marker) and same-sign pairs (red solid square
marker) in SE, and opposite-sign pairs (blue open square marker) in ME. Right panel: invariant-mass distribution of the Ω0

c candidates
obtained by subtracting the opposite-sign charge eΩ pairs in ME from the opposite-sign charge pairs in SE (black solid circle marker),
and eΩ opposite-sign charge pairs coming from Ω0

c decay from PYTHIA 8 (green open circle marker).
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The raw yield was obtained by subtracting the combinatorial
background computed using the ME technique from the
invariant-mass distribution of eΩ pairs with opposite-sign
charge in the SE. The right panel of Fig. 1 shows the
invariant-mass distribution of eΩ candidates, obtained after
background subtraction, in comparison with eΩ opposite-
sign charge pairs coming from the Ω0

c decay computed with
the PYTHIA 8 event generator [54]. Only eΩ pairs satisfying
1.7 < meΩ < 2.7 GeV=c2 were considered for further
analysis. The number of reconstructed eΩ signal pairs
consists of 232� 15 candidates. The missing momentum
of the neutrino was corrected by using the Bayesian-
unfolding technique [57] implemented in the RooUnfold
package [58]. The response matrix, which represents the
correlation between the generated Ω0

c and reconstructed eΩ
transverse momenta, used in the unfolding procedure is
shown in the left panel of Fig. 2. In this analysis, theBayesian
procedure requires two iterations to converge. Additional
information on the unfolding procedure is explained in
Ref. [15]. The response matrix was determined with the
same simulation setup used for the BDT training.
The pT-differential production cross section of inclusive

Ω0
c baryons in the rapidity interval jyj < 0.8 multiplied by

the BR into the considered semileptonic decay channel was
calculated from the yields obtained from the unfolding
procedure as follows:

BR ×
d2σΩ

0
c

dpTdy
¼ 1

2ΔyΔpT
×

NΩ0
c

raw

ðA × εÞ ×
1

Lint
; ð1Þ

where NΩ0
c

raw is the raw yield (sum of particles and anti-
particles) in a given pT and rapidity interval with width
ΔpT and Δy. The factor 1=2 takes into account that the raw
yield includes both particles and antiparticles, while the
cross section is given for particles only. The Lint is the

integrated luminosity. Since the feed-down contribution is
not subtracted, the ðA × εÞ factor is the product of the
acceptance and efficiency for inclusiveΩ0

c baryons, where ε
accounts for the reconstruction and selection of the Ω0

c

decay-product tracks and the Ω0
c-candidate selection. The

ðA × εÞ correction was obtained from a simulation with the
same configuration as the one used for the BDT training
and the response matrix. The ðA × εÞ correction factors of
prompt, beauty feed-down (nonprompt), and inclusive Ω0

c
as a function of pT are observed to be consistent with each
other within uncertainties, because the selection variables
used are not sensitive to the displacement by a few hundred
micrometres of the prompt and beauty feed-down Ω0

c decay
vertices from the collision point. The Ω0

c-baryon pT
distribution from the PYTHIA 8 simulation was reweighted
to match the true distribution, which was parametrized via a
Tsallis fit to the differential production cross section of Ω0

c
as measured in Ref. [16]. The right panel of Fig. 2 shows
the product of the final ðA × εÞ correction factor for
inclusive, prompt and feed-down Ω0

c as a function of pT.

IV. SYSTEMATIC UNCERTAINTIES

The different contributions to the total systematic uncer-
tainty of the Ω0

c production cross section in 2 < pT <
12 GeV=c are summarized in Table I. The various sys-
tematic sources were defined as the rms of the distribution
of the corrected yields obtained from the reported varia-
tions, if not differently specified.
The systematic uncertainty on the raw-yield extraction

was evaluated by investigating possible contaminations to
eΩ pairs with the opposite charge from other decays. The
contamination of different decay channels mentioned in
Refs. [32,59] are the Ω0

c → Ξþ
c e−νe, Ξ0

c → Ω−eþνeK0,
Ξþ
c → Ω−eþνeKþ, and Ω0

c → Ω−eþνeπþπ−. From PYTHIA

8 simulation studies, it was found that these decays mainly
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c baryons in pp collisions

at
ffiffiffi
s

p ¼ 13 TeV as a function of pT.
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contribute to a mass region below 2.2 GeV=c2. A maximum
variation of 10% at the corrected yield level was found by
varying the lower limit of the integration mass range for the
signal extraction in the eΩ mass from 1.7 to 2.2 GeV=c2,
which was assigned as systematic uncertainty. Note that
those decay channels are not experimentally observed,
therefore the Belle [31] and CLEO [32] Collaborations do
not correct for it in addition to not assigning a corresponding
systematic uncertainty.
The systematic uncertainty on the tracking efficiency

was determined by comparing the matching efficiency of
prolonging a track from the TPC to the ITS in data and
simulation, and by varying the track quality selection
criteria. The uncertainty on the matching efficiency, defined
as the relative difference in the ITS–TPC matching effi-
ciency between the data and simulation, affected only the
electron track. For the tracks of the Ω decay particles, the
prolongation to the ITS was not required. The uncertainties
on electron tracks were propagated to the Ω0

c candidates
according to the decay kinematics, resulting in an uncer-
tainty of 2%. The second contribution to the track
reconstruction was estimated by varying the track quality
selection criteria and 4% uncertainty was assigned.
The systematic uncertainty on the unfolding procedure

was determined by considering three contributions. The
first contribution was due to the regularization procedure in
the Bayesian unfolding. It was estimated by varying the
iteration number between 2 and 5, and an uncertainty of 4%
was assigned. The second contribution was estimated by
unfolding with the singular value decomposition algorithm
[60], and a 4% uncertainty was assigned, independent ofΩ0

c
pT. The third source was related to the sensitivity of the
unfolding to bin edge effects and was estimated by varying
the pT range and the binning of the response matrix.
An uncertainty of 10% was assigned in the interval
2 < pT < 6 GeV=c. At higher pT, no variations were

observed when using finer pT intervals in the unfolding
procedure.
The systematic uncertainty on the selection efficiency

originates from imperfections in the description of the
detector response and alignment in the simulation. It was
estimated from the ratios of the corrected yields obtained by
varying the selections on the BDToutputs, which results in
modification of the efficiencies, raw yield, and background
values. The systematic evaluation was extended using a
BDT model with different training variables (no PID
included in the training) and preselection (PID selections
were varied when not included in the BDT). Avalue of 15%
was assigned as systematic uncertainty.
The systematic uncertainty due to the difference in the

shape of the true and generated Ω0
c pT distributions was

estimated by varying the Tsallis fit used to determine the pT
weights within the statistical and pT uncorrelated uncer-
tainties. The assigned uncertainty, defined as the maximum
variation observed, was 10% in the interval 2 < pT <
4 GeV=c, 2% in the interval 4 < pT < 6 GeV=c, and 1%
for the highest pT interval.
All systematic uncertainties are considered uncorrelated

and summed in quadrature to obtain the total systematic
uncertainty. The production cross section has an additional
global normalization uncertainty of 1.6% due to the
uncertainties of the integrated luminosity [43].

V. RESULTS

The pT-differential cross section of inclusive Ω0
c baryon

production multiplied by the branching ratio into Ω−eþνe,
in pp collision at

ffiffiffi
s

p ¼ 13 TeV, measured in rapidity
interval jyj < 0.8 and the pT interval 2 < pT <
12 GeV=c, is shown in the top panel of Fig. 3. It is
compared with the previously published measurements of
inclusive Ω0

c baryon production in the hadronic decay
channel Ω0

c → Ω−πþ. The error bars and boxes represent
the statistical and systematic uncertainty, respectively. The
uncertainty of the integrated luminosity is not included in
the boxes. In the bottom panel of Fig. 3 the branching-
fraction ratio BRðΩ0

c → Ω−eþνeÞ=BRðΩ0
c → Ω−πþÞ is

shown as function of pT. The systematic uncertainties
on the branching-fraction ratio were calculated assuming
all the uncertainties between the two measurements as
uncorrelated, except for the ITS–TPC matching efficiency,
track quality selection, and the MC pT shape. The uncer-
tainty of the luminosity cancels in the ratio, as it is fully
correlated.
The ratio of the two measurements, shown in the bottom

panel of Fig. 3, is used to calculate the pT independent
branching-fraction ratio. The result was averaged over pT
using the inverse uncorrelated relative uncertainties as
weights [61]. The weights were defined as the sum in
quadrature of the relative statistical uncertainties and the
pT-uncorrelated part of the systematic uncertainties. All the
systematic uncertainties were considered as pT-correlated

TABLE I. Contributions to the systematic uncertainty of
the Ω0

c cross section for the pT intervals 2 < pT < 4 GeV=c,
4 < pT < 6 GeV=c, and 6 < pT < 12 GeV=c. The global un-
certainty on the luminosity is quoted separately and it is not added
in quadrature to the other sources.

pT (GeV=c) 2–4 4–6 6–12

Raw-yield extraction 10% 10% 10%
ITS–TPC matching efficiency 2% 2% 2%
Track efficiency 4% 4% 4%
Bayesian-unfolding iterations 4% 4% 4%
Unfolding method 4% 4% 4%
Response-matrix pT range and binning 10% 10% negl.
BDT selection 15% 15% 15%
Generated pT shape 10% 2% 1%

Total systematic uncertainty 24% 22% 19%

Luminosity 1.6%
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in the semileptonic decay. For the hadronic decay, all
systematic uncertainties were considered as pT-correlated,
except for the raw yield extraction. The pT-correlated
systematic uncertainties were propagated by recomputing
the ratio after shifting up and down the ratios with the
corresponding pT-correlated systematic uncertainties. The
final systematic uncertainty on the ratio is obtained by
summing the pT-correlated and uncorrelated systematic
uncertainties in quadrature. The measured ratio is
BRðΩ0

c→Ω−eþνeÞ=BRðΩ0
c→Ω−πþÞ¼1.12�0.22ðstatÞ �

0.27ðsystÞ.
In Fig. 4, the measured pT-independent branching-frac-

tion ratio is compared with previous experimental measure-
ments from the CLEO Collaboration [32] and Belle
Collaboration [31], and with the theory predictions based
on the light-front approach and light-cone sum rules calcu-
lations [26,33]. The ALICE result is compatible within 1σ
with the CLEO result and is 2.3σ lower than the one
measured by the Belle Collaboration. The ALICE measure-
ment is also consistent within 1σ with the available theo-
retical predictions, which showed some tensions with the
Belle results. The present result is also compatible within the
uncertaintieswith theBRðΞ0

c → Ξ−eþνeÞ=BRðΞ0
c → Ξ−πþÞ

measured by the ALICE Collaboration [14]. The agreement
between those two measurements is also predicted by the
light-front approach calculations [26,62]. More precise
measurements are expected to be performed during Runs

3 and 4 of the LHC. In view of those future measurements, it
would be beneficial to compare also with additional model
calculations, like LQCD [63] and RQM [64], which already
provide their prediction for the branching-fraction ratio
BRðΞ0

c → Ξ−eþνeÞ=BRðΞ0
c → Ξ−πþÞ.

VI. SUMMARY

The inclusive pT-differential production cross section of
the charm-baryon Ω0

c multiplied by the branching ratio
BRðΩ0

c → Ω−eþνeÞ is measured for the first time at
midrapidity (jyj < 0.8), in the pT interval 2 < pT <
12 GeV=c, in pp collisions at

ffiffiffi
s

p ¼ 13 TeV. The
BRðΩ0

c → Ω−eþνeÞ=BRðΩ0
c → Ω−πþÞ is measured to be

1.12� 0.22ðstatÞ � 0.27ðsystÞ, using the inclusive produc-
tion cross section measured in Ref. [16]. The branching-
fraction ratio is consistent with theory calculations and
is 2.3σ lower than the value reported by the Belle
Collaboration [31].
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R. Vértesi ,46 M. Verweij ,59 L. Vickovic,33 Z. Vilakazi,123 O. Villalobos Baillie ,100 A. Villani ,23a,23b

A. Vinogradov ,141 T. Virgili ,28a,28b M. M. O. Virta ,117 V. Vislavicius,75 A. Vodopyanov ,142 B. Volkel ,32

M. A. Völkl ,94 S. A. Voloshin ,137 G. Volpe ,31a,31b B. von Haller ,32 I. Vorobyev ,32 N. Vozniuk ,141 J. Vrláková ,37

J. Wan,39 C. Wang ,39 D. Wang,39 Y. Wang ,39 Y. Wang ,6 A. Wegrzynek ,32 F. T. Weiglhofer,38 S. C. Wenzel ,32

J. P. Wessels ,126 J. Wiechula ,64 J. Wikne ,19 G. Wilk ,79 J. Wilkinson ,97 G. A. Willems ,126 B. Windelband ,94

M. Winn ,130 J. R. Wright ,108 W. Wu,39 Y. Wu ,120 Z. Xiong,120 R. Xu ,6 A. Yadav ,42 A. K. Yadav ,135

Y. Yamaguchi ,92 S. Yang,20 S. Yano ,92 E. R. Yeats,18 Z. Yin ,6 I.-K. Yoo ,16 J. H. Yoon ,58 H. Yu,12 S. Yuan,20

A. Yuncu ,94 V. Zaccolo ,23a,23b C. Zampolli ,32 M. Zang,6 F. Zanone ,94 N. Zardoshti ,32 A. Zarochentsev ,141

P. Závada ,62 N. Zaviyalov,141 M. Zhalov ,141 B. Zhang ,6 C. Zhang ,130 L. Zhang ,39 M. Zhang,6,127 S. Zhang ,39

X. Zhang ,6 Y. Zhang,120 Z. Zhang ,6 M. Zhao ,10 V. Zherebchevskii ,141 Y. Zhi,10 D. Zhou ,6 Y. Zhou ,83 J. Zhu ,6,54

S. Zhu,120 Y. Zhu,6 S. C. Zugravel ,56 and N. Zurlo 55,134

(ALICE Collaboration)

S. ACHARYA et al. PHYS. REV. D 110, 032014 (2024)

032014-12

https://orcid.org/0009-0006-8025-735X
https://orcid.org/0000-0001-9808-1811
https://orcid.org/0009-0007-9874-9819
https://orcid.org/0000-0002-8142-6374
https://orcid.org/0000-0002-5208-6657
https://orcid.org/0009-0008-3492-3758
https://orcid.org/0000-0003-1868-8678
https://orcid.org/0009-0002-1824-0822
https://orcid.org/0009-0009-8085-4316
https://orcid.org/0000-0002-9760-645X
https://orcid.org/0009-0003-8557-9743
https://orcid.org/0000-0002-9596-1060
https://orcid.org/0000-0003-2864-8565
https://orcid.org/0000-0001-7803-9640
https://orcid.org/0000-0002-4680-4413
https://orcid.org/0000-0002-4278-5999
https://orcid.org/0000-0002-0649-2283
https://orcid.org/0000-0003-4101-0160
https://orcid.org/0000-0003-4966-9584
https://orcid.org/0000-0002-2361-2662
https://orcid.org/0000-0002-4433-2133
https://orcid.org/0009-0005-4525-6661
https://orcid.org/0000-0001-5245-8441
https://orcid.org/0000-0002-6732-2915
https://orcid.org/0000-0002-6067-6294
https://orcid.org/0000-0002-1142-3186
https://orcid.org/0009-0002-1397-8334
https://orcid.org/0000-0001-9874-7249
https://orcid.org/0000-0001-7082-5890
https://orcid.org/0000-0002-6993-0332
https://orcid.org/0000-0003-3858-4278
https://orcid.org/0000-0002-7492-974X
https://orcid.org/0000-0001-8678-6400
https://orcid.org/0009-0006-8982-9510
https://orcid.org/0000-0002-3028-8776
https://orcid.org/0000-0003-3076-0505
https://orcid.org/0009-0003-8783-0807
https://orcid.org/0000-0002-3274-9986
https://orcid.org/0000-0002-6799-3903
https://orcid.org/0000-0002-6781-416X
https://orcid.org/0000-0001-8769-0865
https://orcid.org/0000-0003-2512-5451
https://orcid.org/0009-0005-0580-829X
https://orcid.org/0000-0002-4159-3549
https://orcid.org/0000-0003-3699-0598
https://orcid.org/0000-0003-3334-0661
https://orcid.org/0000-0001-8980-1362
https://orcid.org/0000-0003-3546-3390
https://orcid.org/0000-0003-3266-9959
https://orcid.org/0000-0003-1380-0392
https://orcid.org/0000-0002-8111-5576
https://orcid.org/0000-0002-5018-6902
https://orcid.org/0009-0006-6858-7049
https://orcid.org/0000-0001-9523-8633
https://orcid.org/0000-0002-2393-0804
https://orcid.org/0000-0002-3191-4513
https://orcid.org/0000-0001-9879-1119
https://orcid.org/0000-0001-8438-3966
https://orcid.org/0000-0003-1419-2085
https://orcid.org/0009-0007-2770-3338
https://orcid.org/0000-0001-5960-6734
https://orcid.org/0000-0003-3266-1332
https://orcid.org/0000-0003-1184-9627
https://orcid.org/0009-0009-3728-8849
https://orcid.org/0000-0003-1230-4274
https://orcid.org/0009-0007-6439-2022
https://orcid.org/0000-0002-2295-6199
https://orcid.org/0000-0001-5335-1515
https://orcid.org/0000-0002-5795-4871
https://orcid.org/0000-0001-9093-4461
https://orcid.org/0000-0002-4791-5481
https://orcid.org/0000-0002-4766-5128
https://orcid.org/0000-0002-6638-2932
https://orcid.org/0000-0001-9935-6995
https://orcid.org/0000-0003-0144-0713
https://orcid.org/0000-0001-9015-9610
https://orcid.org/0000-0003-1423-6973
https://orcid.org/0009-0000-9692-8812
https://orcid.org/0000-0002-4738-6209
https://orcid.org/0000-0002-8042-4924
https://orcid.org/0000-0003-1907-9786
https://orcid.org/0000-0002-6368-3350
https://orcid.org/0000-0002-5546-6524
https://orcid.org/0000-0003-4749-5250
https://orcid.org/0000-0002-5657-5351
https://orcid.org/0000-0002-4151-1056
https://orcid.org/0000-0003-2290-9031
https://orcid.org/0000-0003-3069-726X
https://orcid.org/0000-0002-5053-7506
https://orcid.org/0000-0002-0982-7210
https://orcid.org/0009-0001-9105-0729
https://orcid.org/0000-0003-2753-4283
https://orcid.org/0000-0002-8256-8200
https://orcid.org/0000-0002-7159-6839
https://orcid.org/0000-0003-4408-3373
https://orcid.org/0000-0001-7686-070X
https://orcid.org/0000-0001-7432-6669
https://orcid.org/0000-0001-8416-8617
https://orcid.org/0009-0006-0106-6054
https://orcid.org/0000-0001-5128-6238
https://orcid.org/0000-0002-3348-1221
https://orcid.org/0000-0002-0543-9245
https://orcid.org/0000-0002-2014-5229
https://orcid.org/0000-0002-7643-2198
https://orcid.org/0000-0002-0526-5791
https://orcid.org/0000-0001-7729-5503
https://orcid.org/0000-0001-8997-0019
https://orcid.org/0009-0004-7735-3856
https://orcid.org/0000-0002-6904-9879
https://orcid.org/0009-0007-7617-1577
https://orcid.org/0000-0002-6746-6847
https://orcid.org/0009-0001-4926-5101
https://orcid.org/0000-0002-5783-3551
https://orcid.org/0000-0002-6315-9671
https://orcid.org/0000-0002-1290-8388
https://orcid.org/0009-0002-7519-0796
https://orcid.org/0000-0002-4175-148X
https://orcid.org/0000-0001-5747-4096
https://orcid.org/0000-0002-1361-0305
https://orcid.org/0000-0001-9720-0604
https://orcid.org/0000-0001-6002-8732
https://orcid.org/0000-0002-2847-2291
https://orcid.org/0000-0002-5021-3691
https://orcid.org/0000-0001-8362-4414
https://orcid.org/0000-0002-1018-0987
https://orcid.org/0009-0007-7647-1545
https://orcid.org/0000-0001-8625-763X
https://orcid.org/0000-0002-7590-7171
https://orcid.org/0000-0001-8476-3547
https://orcid.org/0000-0003-0750-6664
https://orcid.org/0000-0003-1336-4092
https://orcid.org/0000-0002-6814-1040
https://orcid.org/0000-0003-2269-1490
https://orcid.org/0000-0002-5377-5163
https://orcid.org/0000-0002-3254-7305
https://orcid.org/0009-0007-0705-1694
https://orcid.org/0009-0002-1978-3351
https://orcid.org/0000-0003-2329-0330
https://orcid.org/0000-0001-7417-8424
https://orcid.org/0000-0003-2847-6556
https://orcid.org/0000-0003-1675-503X
https://orcid.org/0000-0002-4506-8071
https://orcid.org/0000-0002-4490-1930
https://orcid.org/0009-0004-0598-9003
https://orcid.org/0000-0001-6779-208X
https://orcid.org/0000-0003-4252-8877
https://orcid.org/0009-0006-4361-0257
https://orcid.org/0000-0002-5778-9976
https://orcid.org/0000-0003-2642-5720
https://orcid.org/0000-0003-3470-2230
https://orcid.org/0000-0002-4091-1779
https://orcid.org/0000-0001-7174-3379
https://orcid.org/0000-0002-9413-9534
https://orcid.org/0000-0002-4247-0081
https://orcid.org/0000-0002-0098-4279
https://orcid.org/0000-0001-5086-8658
https://orcid.org/0000-0002-8865-9613
https://orcid.org/0000-0003-3410-6754
https://orcid.org/0009-0000-3124-9093
https://orcid.org/0000-0001-6241-1321
https://orcid.org/0000-0003-2184-3106
https://orcid.org/0000-0002-6783-7230
https://orcid.org/0000-0003-4119-7228
https://orcid.org/0000-0002-1318-684X
https://orcid.org/0009-0008-2329-5039
https://orcid.org/0000-0003-3408-3097
https://orcid.org/0000-0001-7799-8858
https://orcid.org/0000-0001-8361-3467
https://orcid.org/0000-0003-1305-8757
https://orcid.org/0000-0001-8308-7882
https://orcid.org/0000-0001-9567-3360
https://orcid.org/0000-0002-5137-3582
https://orcid.org/0000-0002-0392-0895
https://orcid.org/0000-0001-9753-329X
https://orcid.org/0009-0004-4214-5782
https://orcid.org/0000-0003-3997-0883
https://orcid.org/0000-0003-1078-1157
https://orcid.org/0009-0002-7570-5972
https://orcid.org/0000-0002-0061-5107
https://orcid.org/0000-0002-6719-7130
https://orcid.org/0009-0008-8143-0956
https://orcid.org/0000-0003-0672-9137
https://orcid.org/0000-0002-1486-8906
https://orcid.org/0009-0003-5260-2476
https://orcid.org/0000-0002-5272-337X
https://orcid.org/0009-0003-7140-8644
https://orcid.org/0000-0002-0002-8834
https://orcid.org/0000-0001-9554-2256
https://orcid.org/0000-0001-7552-0228
https://orcid.org/0000-0002-4455-7383
https://orcid.org/0000-0002-8659-8378
https://orcid.org/0000-0003-4041-4788
https://orcid.org/0000-0002-5222-4888
https://orcid.org/0000-0003-1199-4445
https://orcid.org/0000-0003-4389-203X
https://orcid.org/0000-0001-7277-7706
https://orcid.org/0000-0002-2450-1331
https://orcid.org/0000-0002-1501-5569
https://orcid.org/0000-0002-3160-8524
https://orcid.org/0009-0000-1676-234X
https://orcid.org/0000-0001-6459-8134
https://orcid.org/0000-0002-6365-3258
https://orcid.org/0000-0003-1458-8055
https://orcid.org/0000-0002-9030-5347
https://orcid.org/0000-0002-2640-1342
https://orcid.org/0000-0003-3706-5265
https://orcid.org/0000-0002-1504-3420
https://orcid.org/0000-0002-0983-6504
https://orcid.org/0000-0002-8324-3117
https://orcid.org/0000-0002-8850-8540
https://orcid.org/0000-0003-0471-7052
https://orcid.org/0000-0002-5568-8071
https://orcid.org/0009-0003-4952-2563
https://orcid.org/0000-0002-8982-5548
https://orcid.org/0000-0002-3478-4259
https://orcid.org/0000-0002-1330-9096
https://orcid.org/0000-0002-2921-2475
https://orcid.org/0000-0002-3422-4585
https://orcid.org/0000-0002-2218-6905
https://orcid.org/0000-0002-2784-4516
https://orcid.org/0000-0002-5846-8496
https://orcid.org/0000-0001-5383-0970
https://orcid.org/0000-0002-6296-082X
https://orcid.org/0000-0003-0273-9709
https://orcid.org/0000-0002-3155-0887
https://orcid.org/0000-0002-3495-4131
https://orcid.org/0000-0003-1339-286X
https://orcid.org/0009-0001-9201-8114
https://orcid.org/0009-0005-9617-3102
https://orcid.org/0000-0001-5584-2860
https://orcid.org/0000-0003-0689-2858
https://orcid.org/0009-0000-9939-3892
https://orcid.org/0009-0007-2759-5453
https://orcid.org/0000-0002-2207-0101
https://orcid.org/0009-0006-9351-6517
https://orcid.org/0000-0003-2991-9849
https://orcid.org/0000-0003-4674-9482
https://orcid.org/0009-0008-3651-056X
https://orcid.org/0009-0003-9300-0439
https://orcid.org/0009-0009-3842-7345
https://orcid.org/0000-0002-5563-1884
https://orcid.org/0000-0003-4532-7544
https://orcid.org/0000-0002-2835-5941
https://orcid.org/0000-0001-7676-0821
https://orcid.org/0000-0001-9696-9331
https://orcid.org/0000-0003-3128-3157
https://orcid.org/0000-0002-2608-4834
https://orcid.org/0009-0005-9061-1060
https://orcid.org/0009-0006-3929-209X
https://orcid.org/0000-0002-3502-8084
https://orcid.org/0000-0002-8296-2128
https://orcid.org/0000-0003-0419-321X
https://orcid.org/0000-0001-6097-1878
https://orcid.org/0000-0002-6925-1110
https://orcid.org/0000-0002-5806-6403
https://orcid.org/0000-0003-2782-7801
https://orcid.org/0000-0002-1881-8711
https://orcid.org/0009-0006-9719-0104
https://orcid.org/0000-0002-2858-2167
https://orcid.org/0000-0002-6021-5113
https://orcid.org/0009-0009-2528-906X
https://orcid.org/0000-0002-7868-6706
https://orcid.org/0000-0001-9358-5762
https://orcid.org/0000-0002-3352-9846
https://orcid.org/0000-0002-7478-2493


1A.I. Alikhanyan National Science Laboratory (Yerevan Physics Institute) Foundation, Yerevan, Armenia
2AGH University of Krakow, Cracow, Poland

3Bogolyubov Institute for Theoretical Physics, National Academy of Sciences of Ukraine, Kiev, Ukraine
4aBose Institute, Department of Physics, Kolkata, India

4bCentre for Astroparticle Physics and Space Science (CAPSS), Kolkata, India
5California Polytechnic State University, San Luis Obispo, California, USA

6Central China Normal University, Wuhan, China
7Centro de Aplicaciones Tecnológicas y Desarrollo Nuclear (CEADEN), Havana, Cuba

8Centro de Investigación y de Estudios Avanzados (CINVESTAV), Mexico City and Mérida, Mexico
9Chicago State University, Chicago, Illinois, USA
10China Institute of Atomic Energy, Beijing, China
11China University of Geosciences, Wuhan, China

12Chungbuk National University, Cheongju, Republic of Korea
13Comenius University Bratislava, Faculty of Mathematics, Physics and Informatics,

Bratislava, Slovak Republic
14Creighton University, Omaha, Nebraska, USA

15Department of Physics, Aligarh Muslim University, Aligarh, India
16Department of Physics, Pusan National University, Pusan, Republic of Korea

17Department of Physics, Sejong University, Seoul, Republic of Korea
18Department of Physics, University of California, Berkeley, California, USA

19Department of Physics, University of Oslo, Oslo, Norway
20Department of Physics and Technology, University of Bergen, Bergen, Norway

21Dipartimento di Fisica, Università di Pavia, Pavia, Italy
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127Université Clermont Auvergne, CNRS/IN2P3, LPC, Clermont-Ferrand, France
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