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Heavy-flavour hadronization
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Heavy-flavour hadronization
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Experimental observable

Production cross section 
ratio of hadron species is 
good probe of hadronization! FF is determined by measurement 

from leptonic collisions. 

Is the hadronization universal 

among the collision systems?

Fragmentation 
function (Hadronization)
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Hadronic collisions
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Detector
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The ALICE experiment

|η| < 0.9 
Vertexing & tracking

ITS

2.8 < |η| < 5.1 (V0A) 
-3.7 < |η| < -1.7 (V0C) 
Multiplicity estimator 

Triggering

V0

|η| < 0.9 
Particle identification 

Tracking

TPC

|η| < 0.9 
Particle identification

TOF

Detector

Inner Tracking System

Time Projection 
Chamber

Time of Flight

(Run 2)
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Charm baryon reconstruction

Hadronic decays

Semileptonic decays

⭐ 

⭐ 

Ξ+
c → Ξ−π+π+

Ξ0
c → Ξ−π+

⭐ Ξ0
c → Ξ−e+νe

Semileptonic decays

Hadronic decays

⭐ Ω0
c → Ω−π+

⭐ Ω0
c → Ω−e+νe

Hadronic decays
⭐ Σ0,++

c → Λ+
c π−,+

Hadronic decays
⭐ 

⭐ 

Λ+
c → pK−π+

Λ+
c → pK0

s

Semileptonic decays
⭐ Λ+

c → Λe+νe

Charge conj. included for 
all measured hadrons

(2455
)(2520
)
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ALI-PUB-544486

 in pp collisionsΛ+
c /D0

e+e-

⭐ Significantly larger baryon-to-meson ratio at low 
and intermediate pT and strong pT dependence in 
pp collisions

p p TeV

Comparing to e+e- collisions

u c
D0

— c
c d

u Λc
+

down to pT = 0 

https://journals.aps.org/prc/pdf/10.1103/PhysRevC.107.064901
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.43.3599
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 in pp collisionsΛ+
c /D0

p p TeV

PYTHIA 

Monash
ALI-PUB-544486

u c
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c d

u Λc
+

e+e-

q

q-gq

q-

Allows colour reconnection (CR) between partons from 
different multiparton interactions (MPIs) to minimize the 
string length.

Tuned to e+e- and ep measurements

Model comparison

🤔

q

q-gq

q-
MPI

MPI

No CR

down to pT = 0 

https://journals.aps.org/prc/pdf/10.1103/PhysRevC.107.064901
https://link.springer.com/article/10.1140/epjc/s10052-014-3024-y
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 in pp collisionsΛ+
c /D0

p p TeV

PYTHIA 

ALI-PUB-544486

u c
D0

— c
c d

u Λc
+

e+e-

q

q-gq

q-
MPI

MPI

Allows CR for configurations beyond leading-colour 
approximation introducing junctions, to minimize string 
length, which increase baryon production

Model comparison

😍Monash CR Mode 2

down to pT = 0 

q

q-gq

q- Junction

https://journals.aps.org/prc/pdf/10.1103/PhysRevC.107.064901
https://link.springer.com/article/10.1007/JHEP08(2015)003
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ALI-PUB-544486

 in pp collisionsΛ+
c /D0

p p TeV
u c
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Fragmentation Coalescence

ss

d

c
u

u
u

d u

d

u

d

Hc

c

Hc

Catania

QCM

Hadronization via both fragmentation 
and coalescence

Charm quark combines with light quarks  
close in space and momentum

Model comparison

down to pT = 0 

😍

😍

https://journals.aps.org/prc/pdf/10.1103/PhysRevC.107.064901
https://www.sciencedirect.com/science/article/pii/S0370269321005621
https://link.springer.com/article/10.1140/epjc/s10052-018-5817-x
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 in pp collisionsΛ+
c /D0

p p TeV

ALI-PUB-544486

u c
D0

— c
c d

u Λc
+

e+e-

Statistical model + RQM

⭐ Hadronization driven by the species statistical weight

•  Weights are governed by the masses of hadron states at 
hadronization temperature

⭐ Feed-down from (not yet measured) charm baryon states

•  Takes a large enhanced set of charm baryon state beyond 
the current list of PDG into account

•  PDG : 5  , 3  , 8 , 2  states

•  RQM : Additional 18  , 42  , 62 , 34  states

Λc Σc Ξc Ωc

Λc Σc Ξc Ωc

Model comparison

😍

down to pT = 0 

https://journals.aps.org/prc/pdf/10.1103/PhysRevC.107.064901
https://www.sciencedirect.com/science/article/pii/S037026931930382X
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.014025
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 vs. event multiplicityΛ+
c /D0

p p TeV

Multiplicity dependence in baryon-to-meson ratio
⭐ Significant multiplicity dependence(5.3σ) for pT < 12 GeV/c 
region going from lowest to highest multiplicity class

⭐ Even in lowest multiplicity class,  is much higher than 
e+e- collisions

Λ+
c /D0

u c
D0

— c
c d

u Λc
+

in pp collisions

e+e-

Low

High

https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269322X00051/1-s2.0-S037026932200199X/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240522T145521Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY5NFMOYUN/20240522/us-east-1/s3/aws4_request&X-Amz-Signature=66ea573a7f2aa4ed78afef7af31b4cb41ababf998c4c39b7d7049cebe6fa3d5c&hash=4589e3e99186083f550e9fcf49a71dba9ede06666344894bcad4acaa4f9c1860&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S037026932200199X&tid=spdf-69f21555-41a2-4cf6-8475-305d26a2e8ea&sid=3c3b24836d0dd846235b4441a1150c0d96e2gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=050c575750020f5a5b03&rr=887da58bec253b57&cc=ch
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 vs. event multiplicityΛ+
c /D0

p p TeV

Multiplicity dependence in baryon-to-meson ratio

Model comparison
⭐ PYTHIA 8 Monash doesn’t reproduce neither magnitude nor 
multiplicity dependence

⭐ PYTHIA 8 Mode 2 provides better description than Monash  

u c
D0

— c
c d

u Λc
+

in pp collisions

e+e-

Low

High

⭐ Significant multiplicity dependence(5.3σ) for pT < 12 GeV/c 
region going from lowest to highest multiplicity class

⭐ Even in lowest multiplicity class,  is much higher than 
e+e- collisions

Λ+
c /D0

https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269322X00051/1-s2.0-S037026932200199X/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240522T145521Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY5NFMOYUN/20240522/us-east-1/s3/aws4_request&X-Amz-Signature=66ea573a7f2aa4ed78afef7af31b4cb41ababf998c4c39b7d7049cebe6fa3d5c&hash=4589e3e99186083f550e9fcf49a71dba9ede06666344894bcad4acaa4f9c1860&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S037026932200199X&tid=spdf-69f21555-41a2-4cf6-8475-305d26a2e8ea&sid=3c3b24836d0dd846235b4441a1150c0d96e2gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=050c575750020f5a5b03&rr=887da58bec253b57&cc=ch
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ALI-PUB-544482

 in p-Pb collisionsΛ+
c /D0

p Pb

Collision system dependence
⭐ The overall magnitude of enhancement in  
ratios with respect to e+e- collisions is similar between 
pp and p—Pb collisions within uncertainties

Λ+
c /D0

 TeV
u c

D0

— c
c d

u Λc
+

down to pT = 0 

https://journals.aps.org/prc/pdf/10.1103/PhysRevC.107.064901
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ALI-PUB-544482

 in p-Pb collisionsΛ+
c /D0

p Pb

Modification of pT spectra?

⭐ The  in p—Pb collisions is higher  
than that in pp collisions for pT > 3 GeV/c

⭐ Contribution from radial flow or different 
hadronization process?

Λ+
c /D0 Λ+

c /D0

 TeV
u c

D0

— c
c d

u Λc
+

Collision system dependence

down to pT = 0 

⭐ The overall magnitude of enhancement in  
ratios with respect to e+e- collisions is similar between 
pp and p—Pb collisions within uncertainties

Λ+
c /D0

https://journals.aps.org/prc/pdf/10.1103/PhysRevC.107.064901
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 in Pb-Pb collisionsΛ+
c /D0

Pb
Pb Collision system dependence

 TeV u c
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— c
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+

⭐ Indication for enhancement of  at intermediate 
pT in Pb—Pb collisions with respect to pp collisions

Λ+
c /D0

0 5 10 15 20
)c (GeV/

T
p

0.2

0.4

0.6

0.8

1

1.2

1.4

0
 /
 D

+ c
Λ

ALICE | < 0.5y = 5.02 TeV, |NNs

pp

PRC 107 (2023) 064901

PRL 127 (2021) 202301

Pb (PLB 839 (2023) 137796)-Pb

10%-  0

50%-30

ALI−DER−571767

https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269323X00033/1-s2.0-S0370269323001302/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240522T145725Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY7JWXPCWW/20240522/us-east-1/s3/aws4_request&X-Amz-Signature=ff48d1ca1bf8e76f18ac52a0a0398131390b72ebe381e44c66b714e14d8923e3&hash=52205daccb33fc10b359655e1be4c82e2adcff8cb6473af270945af281ec06af&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269323001302&tid=spdf-49c0c8eb-28eb-499a-a1b8-618820623ca9&sid=3c3b24836d0dd846235b4441a1150c0d96e2gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=050c575750020f575a52&rr=887da893cf1a3b57&cc=ch
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 in Pb-Pb collisionsΛ+
c /D0

Pb
Pb Collision system dependence

Modification of pT spectra?
⭐ In intermediate pT region, the  in Pb—Pb is 
higher than that in pp collisions

•  By 3.7σ for Pb—Pb 0-10% and by 2.0σ for Pb—Pb 
30-50%

⭐ Due to recombination? Or radial flow?
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⭐ Indication for enhancement of  at intermediate 
pT in Pb—Pb collisions with respect to pp collisions
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 in hadronic collisionsΛ+
c /D0
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pp, p-Pb Pb-Pb

p p
Pb

Pbp Pb

u c
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— c
c d
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+

pT integrated
Among hadronic collisions
⭐ NO multiplicity dependence in 
pT integrated  ratios within 
the uncertainty

Λ+
c /D0

https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269323X00033/1-s2.0-S0370269323001302/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240522T145725Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY7JWXPCWW/20240522/us-east-1/s3/aws4_request&X-Amz-Signature=ff48d1ca1bf8e76f18ac52a0a0398131390b72ebe381e44c66b714e14d8923e3&hash=52205daccb33fc10b359655e1be4c82e2adcff8cb6473af270945af281ec06af&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269323001302&tid=spdf-49c0c8eb-28eb-499a-a1b8-618820623ca9&sid=3c3b24836d0dd846235b4441a1150c0d96e2gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=050c575750020f575a52&rr=887da893cf1a3b57&cc=ch
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 in hadronic collisionsΛ+
c /D0
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pp, p-Pb Pb-Pb

p p
Pb

Pbp Pb

u c
D0

— c
c d

u Λc
+

pT integrated
Among hadronic collisions
⭐ NO multiplicity dependence in 
pT integrated  ratios within 
the uncertainty

⭐ Observed multiplicity dependence 
in pT differential  ratios

•  Due to different pT redistribution for 
baryons and mesons rather than 
multiplicity dependence in 
hadronization process itself? 

Λ+
c /D0

Λ+
c /D0

0
5

10
15

20
)c (GeV/

T
p

0.2

0.4

0.6

0.8

1

 
0

 /
 D

+ c
Λ

ALICE

 = 13 TeV
spp, 

| < 0.5y|

 multiplicity classes

trklN
:〉 η/d

chNd 〈
  3.1

37.8

PYTHIA 8.243

Monash

CR-BLC Mode 2

 
 

 

ALI−
DER−

5010
55

0
5 10 15 20

)c (GeV/T
p

0.2

0.4

0.6

0.8

1

1.2

1.4

0
 /
 D

+ c
Λ

ALICE

| < 0.5y
 = 5.02 TeV, |NN

s

pp

PRC 107 (2023) 064901PRL 127 (2021) 202301
Pb (PLB 839 (2023) 137796)

-Pb

10%-  0

50%-30

ALI−DER−571767

https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269323X00033/1-s2.0-S0370269323001302/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240522T145725Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY7JWXPCWW/20240522/us-east-1/s3/aws4_request&X-Amz-Signature=ff48d1ca1bf8e76f18ac52a0a0398131390b72ebe381e44c66b714e14d8923e3&hash=52205daccb33fc10b359655e1be4c82e2adcff8cb6473af270945af281ec06af&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269323001302&tid=spdf-49c0c8eb-28eb-499a-a1b8-618820623ca9&sid=3c3b24836d0dd846235b4441a1150c0d96e2gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=050c575750020f575a52&rr=887da893cf1a3b57&cc=ch


JaeYoon CHO | jaeyoon.cho@cern.ch 🌼 SQM2024 | 2024.06.04 🌼20

 in hadronic collisionsΛ+
c /D0
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extr.
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NN

sPb, -p

 = 5.02 TeV
NN

sPb, -Pb

 = 200 GeV
NN

sAu, -Au
STAR, PRL 124 (2020) 172301

SHMc

Catania

TAMU

PYTHIA 8

ALI−PUB−561435

⭐ Significant difference 
between leptonic 
collisions and hadronic 
collisions 

p p
Pb

Pbp Pb

Comparing to e+e- 
collisions

Different hadronization 
process in parton rich 
environment?

u c
D0

— c
c d

u Λc
+

pT integrated

e+e-

Among hadronic collisions
⭐ NO multiplicity dependence in 
pT integrated  ratios within 
the uncertainty

⭐ Observed multiplicity dependence 
in pT differential  ratios

•  Due to different pT redistribution for 
baryons and mesons rather than 
multiplicity dependence in 
hadronization process itself? 

Λ+
c /D0

Λ+
c /D0

https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269323X00033/1-s2.0-S0370269323001302/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240522T145725Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY7JWXPCWW/20240522/us-east-1/s3/aws4_request&X-Amz-Signature=ff48d1ca1bf8e76f18ac52a0a0398131390b72ebe381e44c66b714e14d8923e3&hash=52205daccb33fc10b359655e1be4c82e2adcff8cb6473af270945af281ec06af&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269323001302&tid=spdf-49c0c8eb-28eb-499a-a1b8-618820623ca9&sid=3c3b24836d0dd846235b4441a1150c0d96e2gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=050c575750020f575a52&rr=887da893cf1a3b57&cc=ch
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c u(d)

u(d) Σ c
++0,

 in pp collisionsΣ0,++
c NEW!From Run 3 data

 yield ratioΣ0,++
c (2520)/Σ0,++

c (2455)
⭐ First measurement of the  relative 
production at the LHC

⭐ In measured pT region, the ratio between two 
 states in e+e- collisions and pp collision are 

consistent with each others within the 
uncertainties

Σ0,++
c (2520)

Σ0,++
c

⭐ Larger data sample thanks to TPC continuous 

readout

⭐ Improved resolution thanks to upgraded 

tracking detector during Long Shutdown 2

Comparing to Run 2 data,
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Run 3 data

Run 2 data

ALICE Performance
 = 13.6 TeVsRun 3 pp, 

| < 0.8η|

ALI-PERF-558822
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c u(d)

u(d) Σ c
++0,

 in pp collisionsΣ0,++
c NEW!From Run 3 data

 yield ratioΣ0,++
c (2520)/Σ0,++

c (2455)
⭐ First measurement of the  relative 
production at the LHC

Σ0,++
c (2520)

Fresh results 

from Run 3 data!
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c u(d)

u(d) Σ c
++0,

 in pp collisionsΣ0,++
c

NEW!
From Run 3 data

 yield ratioΣ0,++
c (2520)/Σ0,++

c (2455)
⭐ First measurement of the  relative 
production at the LHC

⭐ In the measured pT region, the ratios between 
two  states in pT integrated e+e- collisions 
and pp collisions are consistent with each others 
within the uncertainties

Σ0,++
c (2520)

Σ0,++
c

e+e-

Model comparison
⭐ PYTHIA 8 Monash overestimate data

⭐ PYTHIA 8 Mode 0, 2, 3 and SHM+RQM 
underestimate data
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c u(d)

u(d) Σ c
++0,

 in pp collisionsΣ0,++
c

NEW!From Run 3 data

⭐ PYTHIA 8 Mode 2 tune with modified 
parameter related to amount of suppression for 
heavy diquark spin 1 state with respect to spin 0 
can catch the data in measured pT region

Tune on parameter?

We have constraint 

power for model!

Model comparison

c
q q

⭐ PYTHIA 8 Monash overestimate data

⭐ PYTHIA 8 Mode 0, 2, 3 and SHM+RQM 
underestimate data

https://arxiv.org/abs/2404.12040
https://arxiv.org/pdf/2405.19137
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 in pp collisionsΞ0,+
c /D0 c s

u(d) Ξc
+0,

ALI-PUB-567881

p p TeV

⭐ Enhancement in  ratio in 
pp collisions

Ξ+,0
c /D0

Comparing to e+e- collisions

Model comparisons
⭐ Poor description from models 
which describe well the  ratio

•  Much larger enhancement than for 
non-strange baryons?

Λ+
c /D0

u c
D0

— c

🤔

https://link.springer.com/article/10.1007/JHEP12(2023)086
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 in pp collisionsΞ0,+
c /D0 c s

u(d) Ξc
+0,

ALI-PUB-567881

p p TeV

⭐ Enhancement in  ratio in 
pp collisions

Ξ+,0
c /D0

Comparing to e+e- collisions

Model comparisons
⭐ Poor description from models 
which describe well the  ratio

•  Much larger enhancement than for 
non-strange baryons?

⭐ Catania gets closer to data 

•  Both coalescence and fragmentation 
in hadronization process even in pp 
collisions?

Λ+
c /D0

u c
D0

— c

🤔

https://link.springer.com/article/10.1007/JHEP12(2023)086
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u(d) Ξc

+0,

u c
D0

— c
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ALI−PREL−548915

p p TeV

Multiplicity dependence?
⭐ No strong multiplicity dependence in 

 ratio with in the current uncertaintyΞ0,+
c /D0

JaeYoon Cho  
 vs. multiplicity in pp collisionsΞ+
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ALI−PREL−548915

 vs. event multiplicityΞ0,+
c /D0

in pp collisions

https://indico.in2p3.fr/event/29792/contributions/137319/
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ALICE,  = 5.02 TeVNNs

 not shown
0
cΞ22% BR unc. on ±Pb: -p

 not shown
0
cΞ28% BR unc. on ±pp: 

Data:

< 0.04
cms

y0.96 < -Pb, -p
| < 0.5ypp, |

Models:

Pb, QCM -p

pp, QCM 

+ PYTHIA 6 + EPPS16
Pb, POWHEG-p

ALI−PUB−571011
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 in p-Pb collisionsΞ0
c /D0

Model comparison
⭐ Underestimated by QCM in both pp and p—Pb 
collisions

Modification of pT spectra?
⭐ Hint of enhanced  ratio in p—Pb collisions 
than that in pp collisions?

⭐ Precision is not enough to conclude possible effect 
as shown for  in p—Pb collisions

Ξ0
c /D0

Λ+
c /D0

u c
D0

— c

p Pb
 TeV

σ

New on 
arXiv!

c s
d Ξc

0
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 in pp collisionsΩ0
c /D0

ALI-PUB-561515

c s
s Ωc

0

u c
D0

— c

 and model comparisonBR × Ω0
c /D0

⭐ No measurement of 

•  from theory calculations

⭐ Catania (+resonance states) is closer to data

⭐ BR measurement is needed!

BR(Ω0
c → Ω−π+)

BR(Ω0
c → Ω−π+) = (0.51+2.19

−0.31) %

p p TeV

https://www.sciencedirect.com/science/article/pii/S0370269322007596?via=ihub
https://link.springer.com/article/10.1140/epjc/s10052-020-08619-y
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ALICE

Belle

CLEO

Light-front approach

Light-cone sum rules

f
SU(3)

CLEO

Belle

ALICE 

 = 13 TeVspp, 

EPJC 80 (2020) 11, 1066

PRD 106 (2022) 7, 074022

PRD 109 (2024) 3, 033004

PRL 89 (2020), 171803

PRD 105 (2022) 9, L091101

ALI−PUB−569964
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 in pp collisionsΩ0
c c s

s Ωc
0

p p TeV

Branching fraction
⭐ Measured ratio is  

 

⭐ Agreement with measurement from CLEO 
Collaboration and model calculations within 1σ 
and within 2.3σ from BELLE measurement

BR(Ω0
c → Ω−e+νe)/BR(Ω0

c → Ω−π+)
= 1.12 ± 0.22 (stat.) ± 0.27 (syst.)

c s
sΩc

0

Ω
_

Ω
_

νe

e

c s
sΩc

0 π+

New on 
arXiv!

σ

σ

https://arxiv.org/abs/2404.17272


JaeYoon CHO | jaeyoon.cho@cern.ch 🌼 SQM2024 | 2024.06.04 🌼

c

31

Charm fragmentation fraction

c

Λc
+

Ωc
0 D0 D+

D+
s

Probability of a charm quark 
to produce a hadron hc

JΨ/

Ξc
+0,

f(c → hc)
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Zm = s, -e+LEP, e

HERA, ep, DIS

HERA, ep, PHP

ALI−PUB−570972

32

c

⭐ Fragmentation fractions in pp and  
p—Pb collisions are consistent with each 
others

In hadronic collisions

pp
p-Pb

Charm fragmentation fraction

New on 
arXiv!

https://arxiv.org/abs/2405.14571
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ALI-PUB-567906

33

⭐ No energy dependence within the 
uncertainties

For different collisions energy

Charm fragmentation fraction c

 TeV  TeV

https://link.springer.com/article/10.1007/JHEP12(2023)086
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⭐ Significantly increased baryon 
production, decreased meson production

⭐ Indicate different hadronization 
mechanism in hadronic collisions with 
respect to leptonic collisions 

Comparing to e+e- collisions

⭐ No energy dependence within the 
uncertainties

In different collisions energy

Charm fragmentation fraction c
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 20×

ALI-PUB-567906

Hadronic  
col.

Leptonic  
col.

Fragmentation 
function is NOT 

universal

https://link.springer.com/article/10.1007/JHEP12(2023)086
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Outlook : HF in ALICE Run 3

Run 2

Successfully 
done ! ALICE is here !
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Summary

Charm baryon measurement with Run 2 data
⭐ Charm baryons were measured in various collision system 
with Run 2 data

⭐ Significantly enhanced charm baryon-to-meson ratio in 
hadronic collisions with respect to leptonic collisions

⭐ Charm fragmentation function is not universal!

Larger dataset 

with improved 

quality!

Puzzle!

Charm baryon measurement 
with Run 3 data
⭐ Precise measurement

⭐ More differential measurement and 
extended pT reach

⭐ Better understanding of charm 
hadronization! Stay tuned!

👑
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BACK UP
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 vs. event multiplicityΛ+
c /D0

p p TeV

Comparing to baryon-to-meson ratio of light-flavour hadrons
⭐ Similar pT shape and magnitude of the ratios

⭐ Similar hadron production mechanism in light- and heavy-flavour hadrons?
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 in Pb-Pb collisionsΛ+
c /D0

Pb
Pb

TAMU
⭐ Exploit SHM for pp collisions

⭐ Consider both coalescence and fragmentation for hadronization for  
Pb—Pb collisions

⭐ Consider excited state baryon from RQM for both pp and Pb-Pb collisions
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Catania
⭐ QGP formation in both pp and 
Pb—Pb collisions

⭐ Consider both coalescence and 
fragmentation for hadronization

SHMc
⭐ Consider only charm meson and 
charm baryon

⭐ Core-corona approach

u c
D0

— c
c d

u Λc
+
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Comparing to e+e- collisions
⭐ Remarkably enhanced baryon-to-meson ratio and 
strong pT dependence in pp collisions
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⭐ ~ 40% of  from  decay
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.012001
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 in pp collisionsΞ0,+
c c s

u(d) Ξc
+0,

p p TeV

ALI-PUB-521755

Production yield ratio to Λ+
c

⭐ No strong pT dependence

⭐ Models underestimate data 

Production yield ratio to Σ0,+,++
c

⭐ No strong pT dependence

⭐ Catania and PYTHIA 8 Monash describe the data

•  Both Catania and PYTHIA 8 Monash underestimate the 
 ratio

•  Similar amount of suppression for  and  ?

Ξ0,+
c /D0

Ξ0,+
c Σ0,+,++

c

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.272001


JaeYoon CHO | jaeyoon.cho@cern.ch 🌼 SQM2024 | 2024.06.04 🌼

Production yield ratio to  and D0 Λ+
c

⭐ No strong multiplicity dependence in baryon-
to-meson and baryon-to-baryon ratio within 
the uncertainties
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 vs. event multiplicityΞ0
c

p p TeV
in pp collisions

Low High
Model comparison
⭐ PYTHIA 8 Monash doesn’t reproduce neither 
magnitude nor multiplicity dependence

⭐ PYTHIA 8 CR-BLC tunes, which describe 
the  ratio significantly underestimate 
the data 
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 in p-Pb collisionsΞ0
c /Λ+

c

p Pb
 TeV New on 

arXiv!

Production yield ratio to Λ+
c

⭐ No strong pT dependence in both pp and p—Pb collisions

⭐ Similar magnitude of  in p-Pb collisions with respect 
to pp collisions

•  No appreciable additional modification of the hadronization 
process going from pp to p-Pb collisions

⭐ Underestimated by both QCM and POWHEG+PYTHIA 6 
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c d
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Production yield ratio to Λ+
c

⭐ Ratios are compatible at mid, forward and backward 
rapidity within the uncertainties

•  1.1σ difference at 2-4 GeV/c pT interval  

2 3 4 5 6 7 8 9 10 11 12

)c (GeV/
T

p

0.2

0.4

0.6

0.8

1

1.2

1.4+ c
Λ/

0
,+

c
Ξ

ALICE Pb collisions-p

  BR uncertainty

 = 8.16 TeVNNs, +
cΛ/

+
cΞLHCb 

< 4.0
cms

y1.5 < 

2.5-< 
cms

y5.0 < - 

 = 5.02 TeVNNs, +
cΛ/

0
cΞALICE < 0.04

cms
y0.96 < -

ALI−PUB−571023

2 3 4 5 6 7 8 9 10 11 12

)c (GeV/
T

p

0.2

0.4

0.6

0.8

1

1.2

1.4+ c
Λ/

0
,+

c
Ξ

ALICE Pb collisions-p

  BR uncertainty

 = 8.16 TeVNNs, +
cΛ/

+
cΞLHCb 

< 4.0
cms

y1.5 < 

2.5-< 
cms

y5.0 < - 

 = 5.02 TeVNNs, +
cΛ/

0
cΞALICE < 0.04

cms
y0.96 < -

ALI−PUB−571023

ALICE,  TeV LHCb,  TeV

 measurementΞ0
c

 measurementΞ+
c

in different rapidity interval c d
u Λc

+



JaeYoon CHO | jaeyoon.cho@cern.ch 🌼 SQM2024 | 2024.06.04 🌼45

 in p-Pb collisionsΞ0
c /Λ+

c
c s

u(d) Ξc
+0,

u c
D0

— c

p Pb
 TeV

2 3 4 5 6 7 8 9 10 11 12

)c (GeV/
T

p

0.1

0.2

0.3

0.4

0.5

0
/D

0
,+

c
Ξ

ALICE Pb collisions-p

  BR uncertainty

 = 8.16 TeVNNs, 
0

/D+
cΞLHCb 

< 4.0
cms

y1.5 < 

2.5-< 
cms

y5.0 < - 

 = 5.02 TeVNNs, 
0

/D0
cΞALICE < 0.04

cms
y0.96 < -

ALI−PUB−571019

New on 
arXiv!

in different rapidity interval

Production yield ratio to D0

⭐ Hint of rapidity dependence?

•  1.5σ to 2.0σ difference across the different pT interval  
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Energy dependence in hadron production c

ALI-PUB-567886

Production cross section 
ratio between different 
collision energy
⭐ increasing trend going from low 
to high pT region for given 
hadron species

⭐ Similar energy dependence in 
baryon and meson production  
→ No energy dependence in 
baryon-to-meson ratios

ALI-PUB-567886ALI-PUB-567886

 TeV /  TeV

https://link.springer.com/article/10.1007/JHEP12(2023)086
https://link.springer.com/article/10.1007/JHEP12(2023)086

