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Charmed meson and Charm non-strange baryon can be described by model prediction!
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•  measurements in pp collisions at 13 TeV
• Charm-strange baryon measurements were underestimated by most models.
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•  measurements in pp collisions at 13 TeV
• Charm-strange baryon measurements were underestimated by most models.

• cf)  (Non-prompt) compatible with expectations from e+e-.
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measurements offer new constraints to the model prediction! Ξ0,+
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•  measurements in pp collisions at 13 TeV

• Branching-Fraction Ratio of  : Total uncertainty was reduced by a factor 3 w.r.t the PDG. 
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•  measurements in pp collisions at 13 TeV

• Branching-Fraction Ratio of  : Total uncertainty was reduced by a factor 3 w.r.t the PDG. 
Ξ0,+

c
Ξ0

c

 measurements in ALICEΞ0,+
c

Reduced by factor 3

1.38±0.14(stat)±0.22(syst)
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• Status of paper
• Published 28 December 2021

 measurements in ALICEΞ0,+
c
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ALICE 3 Physics goal
• Multi-charm baryons 

• Large mass of the charm quarks (mc ~ 1274MeV/c2) → Produce initial hard scattering process
• Strong probe to detect the QGP formation and to study the hadronisation mechanism in the medium

18
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ALICE 3 Physics goal
• Multi-charm baryons 

• Large mass of the charm quarks (mc ~ 1274MeV/c2) → Produce initial hard scattering process
• Strong probe to detect the QGP formation and to study the hadronisation mechanism in the medium

“Pure”  
coalescence  

particles

New constraint in hadronisation Large enhancement in PbPb

Multi 
Hard 

Scattering

Sigle  
Hard 

Scattering
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ALICE 3 Detector
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ALICE 3 Detector

Large acceptance coverage
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ALICE 3 Detector

Large acceptance coverage

~1% over full η range



Final Design is ongoing
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ALICE 3 Detector

Large acceptance coverage

~1% over full η range Hadron PID from p ~ 0.1 to 8 GeV/c
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ALICE 3 DetectorALICE 3 Detector



2804 JAN 2021 Jinjoo Seo - KoALICE

ALICE 3 DetectorALICE 3 Detector

Excellent e/ᴨ separation
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ALICE 3 DetectorALICE 3 Detector

Excellent e/ᴨ separation



3004 JAN 2021 Jinjoo Seo - KoALICE

ALICE 3 DetectorALICE 3 Detector

Excellent e/ᴨ separation

Vertex resolution < 5-10 μm
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 Performance study with MLΞ++
cc

• Analysis Task
• O2Physics : hf-tree-creator-xicc-topkipipi (hf-task-xicc)

Available in 
O2Physics!

Reconstruct Xic

Reconstruct Xicc
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• Analysis Task
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 Performance study with MLΞ++
cc

• Analysis Task
• O2Physics : hf-tree-creator-xicc-topkipipi (hf-task-xicc)

• ML package
• hipe4ml : https://github.com/hipe4ml/hipe4ml

• BDT algorithm : XGBoost
• Input sample

• Signal :  enhanced MC; generated by DelphesO2
• Background : pp 14TeV MB MC; on the AliHyperloop

Ξ++
cc

Available in 
O2Physics!

Available on Hyperloop!

https://github.com/hipe4ml/hipe4ml
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Signal vs Background
• Signal vs background distribution (2 ≤ pT < 4 GeV/c)
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• Feature importance 
• Cosine of pointing angle of  is critical to separate the signal and background.

(2 ≤ pT < 4 GeV/c)
Ξ++

cc

BDT model output
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BDT model output
• Model output 

• BDT output : Kind of the probability of signal 
• 0.999 BDT output cut is applied to separate the signal and background.

(2 ≤ pT < 4 GeV/c)
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Results
• Performance study :  on non-strangeness decay

• Efficiency : Increases with pT due to higher momentum π+

• Significance 
• Signal/event : Theoretical expectation(cross section, 39 nb) + PYTHIA 8 (pT shape) + efficiency + BR(0.03%)
• Large uncertainty on production cross section(factor 200) and branching ratio(factor 5)

Ξ++
cc

arXiv:hep-ph/9710339

!) Worst case  
= promising significance
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•  production in pp collisions at 13 TeV
• Thanks a lot for all of your help!
Ξ0,+

c

Summary of 2021 Activity
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•  production in pp collisions at 13 TeV
• Thanks a lot for all of your help!

•  Performance study 
• O2Physics

• Develop analysis workflow
• ALICE 3 LoI

• Still working on until final review
• Open for comments: until 21 January
• Final LHCC Review : 21 February

Ξ0,+
c

Ξ++
cc

Summary of 2021 Activity



Back up
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Ξ0c →e+Ξ-νe
-  Unfolding

• Unfolding
• The pT of eΞ   pairs is corrected for the missing momentum of the neutrino using unfolding techniques. 

• Convergence of the Bayesian unfolding is achieved after three iterations. 
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ALICE 3 Physics needs

Quarkonia and exoticaMulti-charm baryons

• Luminosity
• In pp collisions : O(10-100) fb-1

• In AA collision : O(10) fb-1 

• Tracking/Vertexing
• Primary/secondary vertex resolution 

and d0 : O (1) μm
• pT reach down to ~ 100 MeV

• Both σ(pT) and σ(d0) matters!
• J/ψ reconstruction down to 0 GeV

• σ(pT) is probably critical here!
• Particle Identification

• Hadron PID : p ~ 0.1 to 2-3 GeV/c
• Lepton PID : p ~ 0.7-1 to 5-10 GeV/c 
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Multi-Charm baryon
• Performance study : strangeness-tracking

•  and  Ξ++
cc → Ξ+

c π+ → (Ξ−π+π+)π+ Ω+
cc → Ω0

cπ+ → (Ω−π+)π+

Factor 4 better!

π ← Ξ

π ← Λ

p ← Λ
2π ← 2c

π ← c Vertexer 
(In beam pipe)
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ML Preselection & Training variable
• Pre-selection and Training variable

• Very loose cuts 
• |nSigmaTOF| < 3 & |nSigmaTOFCombined| < 5 are already applied to reduce the tree output size

• NOT considered nSigmaTOF and nSigmaTOFCombined as training variable -> will be added

Training variablePreselection
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Signal vs Background
• Signal vs background distribution (2 ≤ pT < 4 GeV/c)
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BDT model output
• Model output

0<=pT<2 GeV/c 2<=pT<4 GeV/c 4<=pT<6 GeV/c

6<=pT<8 GeV/c 8<=pT<10 GeV/c 10<=pT<12 GeV/c

0.998 BDT cut

0.997 BDT cut 0.999 BDT cut

0.999 BDT cut0.999 BDT cut 0.999 BDT cut
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ROC curve
• ROC curve

0<=pT<2 GeV/c 2<=pT<4 GeV/c 4<=pT<6 GeV/c

6<=pT<8 GeV/c 8<=pT<10 GeV/c 10<=pT<12 GeV/c



• 본문, 나눔바른고딕, 20pt

• 본문, 나눔바른고딕, 20pt

• 본문, 나눔바른고딕, 20pt

포인트 컬러 (R:180 G:67 B:72)

Multi-HF hadron
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HF baryon enhance mechanism
• PYTHIA 8 with Colour Reconnection (CR) tunes

• Colour reconnection mode with QCD SU(3) algebra + string-length minimization
• Junction connection topologies enhance baryon formation
• Mode parameters : string reconnection, connection causality of dipoles, time dilation

JHEP 08 (2015) 003

• Partons created in different 
MPIs do not interact each 
other

• CR allowed between partons 
f r om d i f f e ren t MP Is t o 
minimize the string length

• Used in Monash tune

• Minimization of string length 
over all possible configurations

• Enhancement of hadrons

• Used in CR mode X tunes

↑ 
NO INTERACTION 

↓
←  CR  →

Junction

No CR Old CR 
(Monash)

New CR 
(CR-BLC)
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• PYTHIA 8 with Colour Reconnection (CR) tunes
• Colour reconnection mode with QCD SU(3) algebra + string-length minimization
• Junction connection topologies enhance baryon formation
• Mode parameters : string reconnection, connection causality of dipoles, time dilation

• Statistical Hadronisation Model (SHM) + additional baryon states
• PDG : 5 Λc (I=0), 3 Σc (I=1), 8 Ξc (I=1/2), 2 Ωc (I=0)
• RQM (Relativistic Quark Model) : Add 18 Λc, 42 Σc, 62 Ξc, 34 Ωc 

JHEP 08 (2015) 003

PLB 795 (2019) 117-121

PRD 84 (2011) 014025

HF baryon enhance mechanism
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• PYTHIA 8 with Colour Reconnection (CR) tunes
• Colour reconnection mode with QCD SU(3) algebra + string-length minimization
• Junction connection topologies enhance baryon formation
• Mode parameters : string reconnection, connection causality of dipoles, time dilation

• Statistical Hadronisation Model (SHM) + additional baryon states
• PDG : 5 Λc (I=0), 3 Σc (I=1), 8 Ξc (I=1/2), 2 Ωc (I=0)
• RQM (Relativistic Quark Model) : Add 18 Λc, 42 Σc, 62 Ξc, 34 Ωc 

• Quark Recombination Mechanism (QCM)
• Combination of charm quarks with co-moving light quarks

JHEP 08 (2015) 003

PLB 795 (2019) 117-121

PRD 84 (2011) 014025

EPJC 78 no.4, (2018) 344

HF baryon enhance mechanism

u
d c
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• PYTHIA 8 with Colour Reconnection (CR) tunes
• Colour reconnection mode with QCD SU(3) algebra + string-length minimization
• Junction connection topologies enhance baryon formation
• Mode parameters : string reconnection, connection causality of dipoles, time dilation

• Statistical Hadronisation Model (SHM) + additional baryon states
• PDG : 5 Λc (I=0), 3 Σc (I=1), 8 Ξc (I=1/2), 2 Ωc (I=0)
• RQM (Relativistic Quark Model) : Add 18 Λc, 42 Σc, 62 Ξc, 34 Ωc 

• Quark Recombination Mechanism (QCM)
• Combination of charm quarks with co-moving light quarks

• Catania model
• Coalescence process of heavy quarks with light quark based on the Wigner formalism + fragmentation process
• Blast wave parametrization for light quarks spectra, FONLL calculation for heavy quarks spectra

JHEP 08 (2015) 003

PLB 795 (2019) 117-121

PRD 84 (2011) 014025

EPJC 78 no.4, (2018) 344

arXiv:2012.12001

HF baryon enhance mechanism

u
d c
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PYTHIA


