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Prospects for measuring 𝚵𝐜
+ and 𝚺𝐜

𝟎,++ baryons in pp 
collisions with ALICE
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Charm quark hadronization

• The D-meson cross section in pp collision [1] is described, within uncertainties, by pQCD calculations based on factorization approach relying on 
fragmentation functions 𝐷c→D that are often considered universal [2-7]:

d𝜎D

d𝑝T
D 𝑝T; 𝜇F, 𝜇R = PDF 𝑥1, 𝜇F PDF 𝑥2, 𝜇F ⨂

d𝜎c

d𝑝T
c 𝑥1, 𝑥2, 𝜇R, 𝜇F ⨂𝐷c→D 𝑧 = Τ𝑝D 𝑝c , 𝜇F

• The heavy flavour baryon-over-meson ratio in pp and p-Pb collisions at LHC is higher than the predictions from MC generators tuned to reproduce 
e+e− results

→ ΤΛc
+ D0 ratio is systematically underestimated by models, but two predictions get closer to the measurement:

1. (M. He and R. Rapp [8]) Λ𝑐
+ enhancement due to feed-down from an augmented set of charm-baryon states

2. (PYTHIA8 SoftQCD, Mode0 [9]) PYTHIA8 with string formation beyond leading colour approximation

→ Hadronization through junction mechanism potentially significant (Λc
+ ← Σc

0,+,++)

→ ΤΞc
0 D0 ratio [10] is underestimated by PYTHIA8 Monash and CR, Mode0 [9, 11] event generators

→ Unknown branching ratio (0.83% < Br < 4.2%) accounted in the PYTHIA uncertainty bands

• The charmed-baryon production rate in e+e− is higher than the extrapolation of hyperon trend [12]
→ Hadronization mechanisms different for light and heavy quarks

• Σc states “suppressed” with respect to Λc ones 
→ Higher probability for a charm quark to hadronize by picking up a lighter spin-0 diquark

• The measurement of Ξc
+ and Σc

0,++ hadrons can give further insight to the interplay of different hadronization mechanisms involving the charm quark 
(e.g.: diquark, junction, …) [9]

𝚵𝐜
+ → 𝐩𝐊−𝛑+ 𝚺𝐜

𝟎 → 𝚲𝐜
+𝛑− 𝚺𝐜

++ → 𝚲𝐜
+𝛑+

Mass (MeV/𝒄𝟐) 2467.87 ± 0.30 2453.75 ± 0.14 2453.97 ± 0.14

𝒄𝝉 / 𝚪 132 μm 1.83−0.19
+0.11 MeV 1.89−0.18

+0.09 MeV

Branching ratio 0.45 ± 0.21 ± 0.07 %[13] ~100% ~100%

𝑴 𝚺𝐜 −𝑴(𝚲𝐜)
(MeV/𝒄𝟐)  

- 167.290 ± 0.017 167.510 ± 0.017

Σ𝑐
0,++ baryon signal extraction

• The Σc
0,++ signal is extracted from the 𝑀 pKππ −𝑀(pKπ) distribution  in different 𝑝T

Λc
+

intervals

• The Σc
0,++ candidates are selected with the Bayes PID method with maximum probability 

criterion [14]

• The signal-over-background ratio is enhanced with loose selections on decay length and 

normalized one, cosine of Λc
+ pointing angle, cosine of soft pion angle in Σc

0,++ centre-of-mass 
frame

• The Σc
0,++ signal peak is described with a convolution of two Breit-Wigner functions with a 

gaussian and the combinatorial background with a third order polynomial

Ξ𝑐
+ baryon signal extraction

• The Ξc
+ signal is extracted from the pK−π+ invariant mass distribution in different 

𝑝T
Ξc
+

intervals

• The signal-over-background ratio is enhanced with:
1. selections on secondary vertex quality (𝜒2, resolution)
2. selections on transverse decay length and normalized one, cosine of Ξc

+ pointing 
angle, pK−π+ normalized impact parameter

3. PID selections on TPC and TOF signals, depending on the transverse momentum 
of Ξc

+ daughters

• The Ξc
+ signal peak is described with a gaussian function and the combinatorial 

background with a parabola

Reconstruction of Ξ𝑐
+ and Σ𝑐

0,++ candidates

Ξc
+ → pK−π+

Σc
0 → Λc

+(→ pK−π+)π−

• High-quality track selections are applied to the reconstructed tracks and 
samples of candidate protons, kaons and pions are identified with a 3𝜎
selection in TPC and TOF signals
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• Ξc
+ candidates are built as a pK−π+ triplets, namely via the combination of 

two selected tracks with the same electric charge and an additional one with 
opposite charge

→ the decay vertex is reconstructed and distinguished from primary 

• Σc
0,++ candidates are built via the combination of a Λc

+ → pK−π+ candidate 

with a soft π∓

→ Λc
+ decay vertex is reconstructed and distinguished from primary

→ Σc
0,++ decay vertex not distinguished from primary

The ALICE  detector and data set
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1. Inner Tracking Systen (ITS): tracking, 
vertexing

2. Time Projection Chamber (TPC): 
tracking, PID via dE/dx

3. Time Of Flight (TOF): PID via time of 
flight (t. o. f.)

4. V0: trigger

• Data set: minimum bias pp collisions at 𝑠 = 13 TeV recorded by ALICE in 2016, 
2017 and 2018 (∼ 1.7 × 109 events) 

Summary and outlook

• The Ξc
+ and Σc

0,++ signals are visible
→ First step towards the production cross section measurement

• The analysis in p-Pb and Pb-Pb collision systems will be explored in the future


