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Multiplicity dependence of       baryon production 

in pp collisions at √s = 13 TeV with ALICE

Qua
rk

 M
atte

r 2
023

, 

Hous
to

n, 
Te

xa
s, 

 US
A

1

4

4 5 6 7 8 9 10 11 12
)c (GeV/

T
p

2−10

1−10

1

 E
ffi

ci
en

cy
×

Ac
ce

pt
an

ce
 

INEL > 0
 < 0.1

V0M
p   0 < 

 < 30
V0M
p0.1 < 

 < 100
V0M
p 30 < 

 = 13 TeVspp, 
ALICE Preliminary

+
cΞPrompt 

ALI-PREL-548976

2 4 6 8 10 12
)c (GeV/

T
p

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0
 / 

D
+ c

Ξ

6.9, INEL > 0
4.4
13.8
31.5

 multiplicity classes
V0M

p

:〉ηd / chNd〈

ALICE Preliminary
| < 0.5y = 13 TeV, |spp, 

 not shown+
cΞBR uncertainty for  44.4%±

ALI-PREL-548972

6−10

5−10

4−10

3−10

2−10

1−10

1)c 1
−

) (
G

eV
Tpdy

/(d
N2

 d
ev

t
N

1/

 multiplicity classes
V0M
p

:〉ηd / chNd〈
6.9, INEL > 0
4.4
13.8
31.5

 not shown+
cΞBR uncertainty for 

 = 13 TeVspp, 
| < 0.5y, |+

cΞPrompt 

ALICE Preliminary

 44.4%±

2 4 6 8 10 12
)c (GeV/

T
p

1−10

1

10

R
at

io
 to

 IN
EL

 >
 0

 

ALI-PREL-548968

|η| < 0.9

Vertexing & tracking

 ITS

2.8 < η < 5.1 (V0A) 
-3.7 < η < -1.7 (V0C)

Multiplicity estimator

V0

|η| < 0.9

Particle identification 

& tracking

TPC

|η| < 0.9

Particle identification

 TOF

ALICE 
detector

Motivation
• Significant enhancement of charm-baryon 

production yields was observed in pp 
collisions, compared to e+e- and e+p collisions

ALI-PUB-521750

ALICE, Phys. Rev. Lett. 
127 (2021) 272001

c s
u(d)

Ξc
+0,

c s
s

Ωc
0

c d
u

Λc
+

c u(d)

u(d)
Σ c

++0,
Charm baryons without strangeness

• Models including coalescence for 
the hadronization of charm quarks 
are closer to data 

• An accurate model description is 
still challenging!

• Production ratios to D0 
mesons can be described 
by models implementing 
modified hadronization of 
charm quarks ALICE, Phys. Rev. Lett. 128 

(2022) 012001 
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Charm baryons with strangeness

Measure the      production 
as a function of multiplicity

Ξc
+

More differential 
measurement 

should be 
provided!

Signal extraction

Corrected 
yield per  
event

Results 2
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Analysis 
strategy

Conclusion • The first measurement of the corrected yield of  baryons as a function of charged particle multiplicity class,  
and baryon-to-meson production yield ratios between  baryons and  mesons were shown 

• No clear multiplicity dependence on  within the uncertainty
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• Mass : 2.468 GeV/c2 

• Lifetime : 132 µm 
• Quark constituent : u, s, c 

- Isospin partner :  (d, s, c) 

• Decay channel 

-  

- Branching ratio = 2.9 ± 1.3 %

Ξ0
c

Ξ+
c → Ξ−π+π+

• Built binary classification model by exploiting 
Boosted decision Trees (BDT) algorithm to 
reduce the combinatorial background

•  Fitting function for invariant 
mass distribution 
- Signal : Gaussian function 
- Background : linear function 

and 2nd order polynomial 
function (only for highest 
multiplicity class)

• Clear hierarchy in the corrected yields 
increasing from low to high multiplicity 

Baryon-to-
meson ratio

Results 1
Corrected yield per 

event spectra

• The  production 
yield with respect to 
the  meson
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• No clear multiplicity dependence 
on  in measured  range 
within the large uncertainty
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Raw yield of  
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interval
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Fraction of 
beauty-hadron 
decay contribution

Trigger 
efficiency

Detector acceptance and 
reconstruction efficiency for 
prompt  Ξ+

c

as a function of charged particle 
multiplicity in pp collision at 13 TeV
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Number of 
recorded events 
in each 
multiplicity class

 particles and 
antiparticles 
measured in 
midrapidity (|y|<0.5) 
and transverse 
momentum range  
4 to 12 GeV/c
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BR of analyzed 
decay channel

• Signal extraction via invariant mass fit method 
• Extract signal in given  and multiplicity class 
• Adopt the machine learning algorithm

pT

reconstructionΞc
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• Summation of signal amplitude in the V0 
detector, percentile distribution ( ) 

•  converted to the number of charged 
particles in the range |η| < 1

pV0M
pV0M

Multiplicity estimator

• pp √s = 13 TeV, recorded by ALICE 
detector in 2016, 2017 and 2018 (Run 2) 
- Minimum-bias data, ~ 1.8 B events 
- High multiplicity triggered data, ~ 0.5 B 

events

Data samples

• Production yield of  in different 
multiplicity classes 

• Production yield ratios between  
baryon and  meson  
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Observables

• Training output 
→ BDT score as the 
 probability of each  
candidates to be signal

Ξ+
c

• The BDT selection was 
applied to  candidatesΞ+
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First      signal extraction from 
lowest to highest multiplicity 
class
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production ratios to D0 mesonsΛc
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What about the     ?Ξc

show significant multiplicity 
dependence!

ALICE, Phys. Lett. B 829 (2022) 137065
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