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Heavy flavour (HF) production in pp collisions
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Parton distribution
functions (PDFs)

Hard 
scattering 

cross section
(pQCD)

Fragmentation
function

(hadronization)

d𝜎HC

d𝑝T
Hc

𝑝T;𝜇𝐹 ,𝜇𝑅 = PDF 𝑥1,𝜇𝐹 ⋅ PDF(𝑥2,𝜇𝐹)⊗
d𝜎c

d𝑝T
c (𝑥1,𝑥2,𝜇𝑅,𝜇𝐹)⊗ 𝐷c→Hc(𝑧 = Τ𝑝Hc

𝑝c , 𝜇𝐹)

• The measurements of the HF hadron production are fundamental tests of pQCD calculations

• The standard description in pp collisions is based on the factorization theorem
→ Fragmentation functions assumed universal and constrained from e+e− and epmeasurements

• Ratios of particle species → ratios of fragmentation fractions, sensitive to HF quark hadronization
(Baryon-over-meson) 𝒇 𝐜 → 𝐇𝐜 = Τ𝝈(𝐇𝐜) 𝝈(𝐜 ҧ𝐜)



Heavy flavour meson production
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• Charm and beauty meson production 
measurements at LHC with 
unprecedent precision and granularity

• Model calculations based on 
factorization approach with universal 
fragmentation functions describe the 
data within uncertainties

→ Success in the meson sector

ATLAS: JHEP 10(2013)042

𝐁+

CMS: PLB 796 (2019) 168

LHCb: Energ. Phys. 2017, 74 (2017)
CMS: CMS-PAS-BPH-18-003

𝐃+

ALICE: arXiv:2102.13601

𝐜 → 𝐃𝟎,𝐃𝐬
+

𝐛 → 𝐜 → 𝐃𝟎,𝐃𝐬
+

NEW NEW

𝑠 = 5.02, 7, 13 TeV

https://link.springer.com/article/10.1007/JHEP10(2013)042
https://www.sciencedirect.com/science/article/pii/S0370269319304708?via%3Dihub
https://link.springer.com/article/10.1007%2FJHEP05%282017%29074#citeas
https://cds.cern.ch/record/2720606
https://arxiv.org/abs/2102.13601


Meson-to-meson ratios
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d𝜎HC

d𝑝T
Hc

𝑝T;𝜇𝐹 ,𝜇𝑅 = PDF 𝑥1,𝜇𝐹 ⋅ PDF(𝑥2,𝜇𝐹)⊗
d𝜎c

d𝑝T
c (𝑥1,𝑥2,𝜇𝑅,𝜇𝐹)⊗ 𝐷c→Hc(𝑧 = Τ𝑝Hc

𝑝c , 𝜇𝐹)

Heavy meson relative 
abundances

≡
fragmentation fraction ratios

ALICE: arXiv:2102.13601 LHCb: Energ. Phys. 2017, 74 (2017)

• Ratios almost independent from meson 𝒑𝐓

• In line with model calculations relying on universal fragmentation functions

• In line with measurements in 𝐞+𝐞− collision

• Independent from the collision system and centrality (Pb-Pb)

NEW

𝑠 = 5.02, 13 TeV

https://arxiv.org/abs/2102.13601
https://link.springer.com/article/10.1007%2FJHEP05%282017%29074#citeas


ALICE: arXiv:2102.13601

HF meson fragmentation fraction ratios
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𝑠 = 5.02,13TeV

CHARM

NEWNEW

BEAUTY

•
𝒇𝐬

𝒇𝐮+𝒇𝐝 𝐜(𝐛)
→

𝐃𝐬
+

𝐃𝟎+𝐃+
(𝐧𝐨𝐧)𝐩𝐫𝐨𝐦𝐩𝐭

[ALICE, ATLAS] and 
𝐁𝐬
𝟎

ഥ𝐁𝟎+𝐁−
[LHCb, ATLAS] in pp at 𝑠 = 5.02, 7, 13 TeV

• Fragmentation fraction ratios for charm and beauty mesons compatible between the two flavours

https://arxiv.org/abs/2102.13601


Beauty meson fragmentation fraction ratios
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• Fragmentation fraction ratios compatible
among different collision systems, 
energies and rapidity ranges

• Higher fraction at 13 TeV?

LHCb: arXiv:2103.06810

𝐁𝐬
𝟎

𝐁𝟎

NEW

𝑠 = 5.02, 7, 8, 13 TeV

• Baryon-over-meson ratio 
o clear decreasing trend vs. 𝒑𝐓
o significant enhancement at low 𝒑𝐓

with respect to 
Bs
0

ഥB0+B−

→ effect caused by the different masses?
𝑚Λb

0 ∼ 5.6 ΤGeV 𝑐2 > 𝑚B(∼ 5.3 ΤGeV 𝑐2)

→ non-universality of fragmentation fractions?

LHCb: Phys. Rev. D 100, 031102(R)

𝐁𝐬
𝟎

ഥ𝐁𝟎 + 𝐁−

𝚲𝐛
𝟎

ഥ𝐁𝟎+𝐁−

https://arxiv.org/abs/2103.06810
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102


Bc
−( ҧcb)meson production
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ATLAS: arXiv:1912.02672

• Recent measurements 𝐁𝐜
± mesons

• 𝑚Bc
− ∼ 6.3 ΤGeV 𝑐2 > 𝑚Λb

0 (∼ 5.6 ΤGeV 𝑐2)

• Milder 𝒑𝐓 dependence for Τ𝐁𝐜
− (𝐁𝟎 +𝐁−)

than ΤΛb
0 (B0 + B−)

LHCb: Phys. Rev. D 100, 112006

BR Bc
−→ ΤJ ψμ−തν ∈ 1.4%,7.5% (theory)

Bc
−

ഥB0 + B−

𝜎(Bc
±)

𝜎(B±)
×
BR(Bc

±→ ΤJ ψπ±)

BR(B±→ ΤJ ψK±)

𝑠 = 8, 13 TeV

→ hypothesis of a pure mass-related effect (e.g. 
coalescence) disfavoured

→ Non-universality of fragmentation fractions?

https://arxiv.org/abs/1912.02672
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.112006


NEW

… more on Bc
−( ҧcb) meson production
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CMS: Phys. Rev. D 102 (2020) 092007

𝑅+ ≡
σ Bc 2S +

σ Bc
+ BR Bc 2S + → Bc

+𝜋+𝜋− = 3.47 ± 0.63 stat. ± 0.33 syst. %

𝑅∗+ ≡
σ Bc

∗ 2S +

σ Bc
+ BR Bc

∗ 2S + → Bc
∗+𝜋+𝜋− = 4.69 ± 0.71 stat. ± 0.56 syst. %

Bc
∗ 2S +

Bc 2S
+

𝑠 = 13 TeV

• New measurements of 𝐁 𝟐𝐒 ± and 𝐁∗ 𝟐𝐒 ± production

• Important step to further understand the production of these excited states and of 𝐁𝐜
−

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092007


Baryon/meson ratios in the charm sector
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ALICE: arXiv:2011.06078 ALICE: arXiv:2011.06079

𝐞+𝐞−

• Strong 𝒑𝐓 dependence observed for Λc/D
0 ratio → same as b-sector (LHCb)

• Compatible results at midrapidity (ALICE vs. CMS)

• Ratio significantly higher than 𝐞+𝐞− and 𝐞𝐩 collision results
→ factor × 𝟐. 𝟓 ÷ 𝟓 enhancement in pp collisions 

(CMS) Phys. Lett. B 803 (2020) 135328

Do baryons point to non-
universality of 

fragmentation functions?

𝑠 = 5.02 TeV

Λc
+

D0

Λc
+

D0

ALICE: JHEP 04 (2018) 108

https://arxiv.org/abs/2011.06078
https://arxiv.org/abs/2011.06079
https://arxiv.org/abs/1906.03322
https://link.springer.com/article/10.1007%2FJHEP04%282018%29108


Baryon enhancement – models
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1. PYTHIA 8 with improved Colour Reconnection (CR)

o CR with SU(3) weights and string length 
minimization

o “junction” topology enhances charm baryon 
production

J.P. Christiansen, P. Z. Skands: JHEP 1508 (2015) 003

Λc
+

D0

𝑠 = 5.02 TeV

ALICE: arXiv:2011.06078 ALICE: arXiv:2011.06079

https://link.springer.com/article/10.1007%2FJHEP08%282015%29003
https://arxiv.org/abs/2011.06078
https://arxiv.org/abs/2011.06079


Baryon enhancement – models
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2. Catania model

o Thermalised system of u,d,s and gluons assumed

o Mixed hadron formation
a. fragmentation
b. coalescence

→ imposed to be the only mechanism for 𝑝 → 0

V. Minissale, S. Plumari, V. Greco: arXiv:2012.12001

Λc
+

D0

𝑠 = 5.02 TeV

ALICE: arXiv:2011.06078 ALICE: arXiv:2011.06079

https://arxiv.org/abs/2012.12001
https://arxiv.org/abs/2011.06078
https://arxiv.org/abs/2011.06079


Baryon enhancement – models
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𝒏𝒊[⋅ 𝟏𝟎
−𝟒 𝐟𝐦−𝟑](𝑻𝐇 [𝐌𝐞𝐕]) 𝐃𝟎 𝐃+ 𝐃∗+ 𝐃𝐬

+ 𝚲𝐜
+

𝚵𝐜
𝟎,+ 𝛀𝐜

𝟎

PDG (170) 1.161 0.5098 0.5010 0.3165 0.3310 0.0874 0.0064

RQM (170) 1.161 0.5098 0.5010 0.3165 0.6613 0.1173 0.0144

Can further baryon measurements help 
understanding the mechanisms underlying 

the baryon enhancement?

3. Statistical Hadronization Model and Relativistic Quark 
Model (SHM + RQM)

o Hadronization ruled by thermo-statistical weights 
governed by hadron masses (𝑛𝑖 ∼ 𝑚𝑖

2𝑇H𝐾2(𝑚𝑖/𝑇H))
at a universal hadronization temperature 𝑇H

o Strong feed-down from an augmented set of excited 
charm baryons

→ PDG: 5 Λc, 3 Σc, 8 Ξc, 2 Ωc
→ RQM: additional 18 Λc, 42 Σc, 62 Ξc, 34 Ωc

M. He, R. Rapp: PLB 795 (2019) 117-121

Λc
+

D0

𝑠 = 5.02 TeV

ALICE: arXiv:2011.06078 ALICE: arXiv:2011.06079

https://www.sciencedirect.com/science/article/pii/S037026931930382X?via%3Dihub
https://arxiv.org/abs/2011.06078
https://arxiv.org/abs/2011.06079


Heavier charmed baryons: Σc
0,+,++
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• Larger than 𝐞+𝐞− results (↔Monash)
→ larger relative enhancement than Τ𝚲𝐜 𝐃𝟎

• Τ𝚺𝐜
𝟎,+,++ 𝐃𝟎 partially accounts for larger ΤΛc

+ D0

• Well described by SHM + RQM and QCM (pure 
coalescence, J. Song, H. Li, F. Shao: Eur. Phys. J. C 
(2018) 78: 344) predictions

• Measurement of 𝚲𝐜 feed-down from 𝚺𝐜

Τ𝚲𝐜
+ ← 𝚺𝐜 𝚲𝐜

+ = 𝟎. 𝟑𝟖 ± 𝟎. 𝟎𝟔 𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟔(𝐬𝐲𝐬𝐭. )

• Overestimated by CR modes
→ something missing in the direct Λc
description?
→ scenario with more baryons the most 
plausible?

Λc
+ ← Σc

0,+,++

ΛC
0+

Σc
0,+,++

D0

𝑠 = 13TeV

ALICE: arXiv:2106.08278 [hep-ex]

https://epjc.epj.org/articles/epjc/abs/2018/04/10052_2018_Article_5817/10052_2018_Article_5817.html
https://arxiv.org/abs/2106.08278


Heavier charmed baryons: Ξc
0,+
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NEW NEW

• Τ𝚵𝐜
𝟎,+ 𝐃𝟎 shows clear 𝑝T dependence and is larger than 𝐞+𝐞−

• Significantly underestimated by:
o Pythia CR → further strangeness enhancement needed?
o SHM + RQM → more states needed?
o QCM → coalescence alone not enough?

• Catania (fragm. + coal.) works better

• Τ𝚵𝐜
𝟎 𝚺𝐜

𝟎,+,++ in agreement with 
Monash

→ similar enhancement for the two 
baryons w.r.t e+e− collisions?

Ξc
0,+

D0
Ξc
0,+

Σc
0,+,++

Ξc
0,+

Λc
+

𝑠 = 13TeV

𝐞+𝐞−
ALICE: arXiv:2105.05187
ALICE: arXiv:2105.05616

https://arxiv.org/abs/2105.05187
https://arxiv.org/abs/2105.05616


Heavier charmed baryons: Ωc
0
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NEW NEW

• Pythia 8 with CR underestimates data
• Coalescence models get closer, but still not enough

𝛀𝐜
𝟎 : sizeable contribution to charm production at LHC energies?

BR Ωc
0 → Ω−π+ = 0.51 ± 0.07 %

(Y. Hsiao et al. EPJC 80, 1066 (2020)) used to scale 
model predictions → not measured

𝑠 = 13TeV

BR Ωc
0 → Ω−π+ ×Ωc

0

D0
BR Ωc

0 → Ω−π+ ×Ωc
0

Ξc
0

https://link.springer.com/article/10.1140/epjc/s10052-020-08619-y


Charm fragmentation fractions in pp collisions
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Single species cross section normalised by the sum of 
all ground states charm hadrons

Fragmentation fractions 𝒇(𝐜 → 𝐇𝐜)not 
universal

→ significant baryon enhancement in pp 
collisions

NEW

𝑠 = 5.02 TeV

ALICE: arXiv:2105.06335

First measurement of 𝑓(c → Ξc)
also 

for Ξc
+

https://arxiv.org/abs/2105.06335


Doubly charmed baryons: Ξcc
++
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𝑠 = 13TeV

Particle Mass (GeV/𝒄𝟐) Valence quarks

Λ𝑐
+ 2.286 udc

Ξcc
++ 3.621 ucc

Ξcc
++→ Λc

+K−𝜋+𝜋+

LHCb: CHIN. PHYS. C44 (2020) 022001

• 𝚵𝐜𝐜
++ production compared with Λc

+ one

• Double-over-single charmed baryon ratio

Τ𝐁𝐑 𝚵𝐜𝐜
++ → 𝚲𝐜

+𝐊−𝝅+𝝅+ × 𝝈 𝚵𝐜𝐜
++ 𝝈 𝚲𝐜

+ = 𝟐. 𝟐𝟐 ± 𝟎. 𝟐𝟕 𝐬𝐭𝐚𝐭. ± 𝟎. 𝟐𝟗 𝐬𝐲𝐬𝐭. × 𝟏𝟎−𝟒

• More differential measurements and comparison with models: further insights in HF production

https://iopscience.iop.org/article/10.1088/1674-1137/44/2/022001
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NEW

𝑠 = 5.02 TeV

ALICE: arXiv:2105.06335

• 𝐜 ҧ𝐜 production cross section at midrapidity in pp 

collisions at 𝒔 = 𝟓. 𝟎𝟐 TeV measured as sum 
of ground state hadron cross sections

Τ𝐝𝝈𝐜 ҧ𝐜 𝐝𝒚 𝒚 <𝟎.𝟓 = 𝟏𝟏𝟔𝟓 ± 𝟒𝟒 𝐬𝐭𝐚𝐭. −𝟏𝟎𝟏
+𝟏𝟑𝟒 𝐬𝐲𝐬𝐭. 𝝁𝐛

• Results previously published at 𝑠 = 2.76 and 7 
TeV from D mesons updated with fragmentation 
fractions from 𝑠 = 5.02 TeV analysis

→ 40% increase

• Higher values driven by the observed baryon 
enhancement in pp collisions

• Results on upper edge of FONLL and NNLO 
calculations

FONLL: JHEP 1210 (2012) 137
NNLO: PRL 118 (2017) 122001, JHEP 03 (2021) 029
PHENIX: Phys. Rev. C 84 (2011) 044905
STAR: Phys. Rev. D 86 (2012) 072013

c ҧc cross section in pp collisions

https://arxiv.org/abs/2105.06335
https://link.springer.com/article/10.1007/JHEP10(2012)137
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.122001
https://link.springer.com/article/10.1007/JHEP03(2021)029
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.84.044905
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.072013


Charm production vs. multiplicity
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𝑠NN = 5.02,13 TeV

Increasing event multiplicity

• pp, p-Pb, Pb-Pb colliding 
systems compared through  
common multiplicity 
estimators

• Τ𝚲𝐜
+ 𝐃𝟎 ratio smoothly 

increasing at intermediate 
𝑝T from pp to Pb-Pb

• Same underlying 
processes ruling the HF 
production in different 
colliding systems?

• Interplay with flow effects 
in Pb-Pb collisions?



Summary
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• Standard picture for the heavy flavour production in 
pp collisions based on the factorization approach, 
assuming universal fragmentation functions

• Recent results from ALICE, ATLAS, CMS and LHCb
show that this assumption is no more valid in 
hadronic collisions at LHC

• Joint effort between theory and experiments to 
investigate the baryon enhancement in hadronic 
collisions

• Further QCD tests and insights on heavy flavour 
production from

→ heavy flavour hadron spectroscopy
→ quarkonia production

“Classical spectroscopy”
Valentina Mariani

Thursday 10th June, 14:15

“Tetra- and pentaquark 
spectroscopy”

Elisabetta Spadaro Norella
Thursday 10th June, 14:33

“New measurement in the quarkonia sector”
Valeriia Zhovkovska

Wednesday 9th June, 14:57
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Thanks a lot for your attention!
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Heavy meson fragmentation fraction ratios
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arXiv:2102.13601arXiv:2102.13601

arXiv:2102.13601 Phys. Rev. D 100, 031102(R)

https://arxiv.org/abs/2102.13601
https://arxiv.org/abs/2102.13601
https://arxiv.org/abs/2102.13601
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
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Charm meson fragmentation fraction ratios
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arXiv:2102.13601

•
𝒇𝐬

𝒇𝐮+𝒇𝐝 𝐜
recently measured at LHC as 

𝐃𝐬
+

𝐃𝟎+𝐃+
𝐩𝐫𝐨𝐦𝐩𝐭

𝑓s
𝑓u + 𝑓d c

= 0.137 ± 0.005 stat ± 0.006 syst ± 0.005 BR [ALICE]

• Fragmentationfraction ratios compatible among different collision systems and
energies

NEW

NEW

𝑠 = 5.02 TeV

https://arxiv.org/abs/2102.13601
https://arxiv.org/abs/2102.13601


HF meson fragmentation fraction ratios
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𝑠 = 5.02,13TeV

arXiv:2102.13601

CHARM BEAUTY

NEWNEW

•
𝒇𝐬

𝒇𝐮+𝒇𝐝 𝐜(𝐛)
→

𝐃𝐬
+

𝐃𝟎+𝐃+ (𝐧𝐨𝐧)𝐩𝐫𝐨𝐦𝐩𝐭
[ALICE, ATLAS] and 

𝐁𝐬
𝟎

ഥ𝐁𝟎+𝐁−
[LHCb, ATLAS] in pp at 𝑠 = 5.02, 7, 13 TeV

• Fragmentation fraction ratios for charm and beauty mesons compatible between the two flavours

𝑓s
𝑓u + 𝑓d c

= ൝
𝟎. 𝟏𝟑𝟕 ± 𝟎.𝟎𝟎𝟓 𝐬𝐭𝐚𝐭 ± 𝟎.𝟎𝟎𝟔 𝐬𝐲𝐬𝐭 ± 𝟎. 𝟎𝟎𝟓 𝐁𝐑 [𝐀𝐋𝐈𝐂𝐄]

0.5 × 0.26 ± 0.05 stat. ± 0.02 syst. ± 0.02 BR ± 0.01 extr. [ATLAS]

𝑓s

𝑓u+𝑓d b
= ൞

𝟎. 𝟏𝟐𝟐 ± 𝟎. 𝟎𝟎𝟔 [𝐋𝐇𝐂𝐛]

0.127 ± 0.036 stat ± 0.012 syst ± 0.005 BR ± 0.005 th [ALICE]

0.5 × 0.240 ± 0.004 stat. ± 0.010 syst. ± 0.017 th [ATLAS]

https://arxiv.org/abs/2102.13601


arXiv:2102.13601

Beauty meson fragmentation fraction ratios
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26Phys. Rev. D 100, 031102(R)

𝑓s
𝑓u + 𝑓d B

= ቊ
𝟎.𝟏𝟐𝟐 ± 𝟎. 𝟎𝟎𝟔 [𝐋𝐇𝐂𝐛]

0.127 ± 0.036 stat ± 0.012 syst ± 0.005 BR ± 0.005 th [ALICE]

arXiv:2102.13601

NEW

NEW

𝑠 = 5.02, 13 TeV

https://arxiv.org/abs/2102.13601
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
https://arxiv.org/abs/2102.13601
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Beauty meson fragmentation fraction ratios

0
9

 J
u

n
e

 2
0

2
1

H
ea

vy
 fl

av
ou

r 
h

ad
ro

n
 p

ro
d

u
ct

io
n

 -
M

at
ti

a 
F

ag
gi

n
 

L
H

C
p

2
0

2
1

27Phys. Rev. D 100, 031102(R)

𝑓s
𝑓u + 𝑓d B

= ቊ
𝟎.𝟏𝟐𝟐 ± 𝟎. 𝟎𝟎𝟔 [𝐋𝐇𝐂𝐛]

0.127 ± 0.036 stat ± 0.012 syst ± 0.005 BR ± 0.005 th [ALICE]

• Fragmentation fraction ratios compatible
among different collision systems, 
energies and rapidity ranges

arXiv:2103.06810

𝐁𝐬
𝟎

𝐁𝟎

NEW

NEW

𝑠 = 5.02, 7, 8, 13 TeV

https://arxiv.org/abs/2102.13601
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
https://arxiv.org/abs/2103.06810


Beauty hadron fragmentation fraction ratios
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• Baryon-over-meson ratio 
o clear decreasing trend vs. 𝒑𝐓
o significant enhancement at low 𝒑𝐓

→ effect caused by the different masses?
𝑚Λb

0 ∼ 5.6 ΤGeV 𝑐2 > 𝑚B(∼ 5.3 ΤGeV 𝑐2)

→ fragmentation fraction universality violated?

𝚲𝐛
𝟎

ഥ𝐁𝟎+𝐁−

𝑠 =13 TeV

https://arxiv.org/abs/2102.13601
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102


Beauty meson fragmentation fraction ratios
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arXiv:2103.06
810

𝐁𝐬
𝟎

𝐁𝟎

NEW

𝑠 = 5.02, 7, 8, 13 TeV

https://arxiv.org/abs/2103.06810


Bc
−( ҧcb)meson production
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Phys. Rev. D 100, 112006
BR Bc

−→ ΤJ ψμ−തν ∈ 1.4%,7.5% (theory)

Bc
−

ഥB0 + B−

𝑠 = 8, 13 TeV

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.112006


Baryon enhancement – models
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1. PYTHIA 8 with improved Colour Reconnection (CR)

o CR with SU(3) weights and string length 
minimization

o “junction” topology enhances charm baryon 
production

o ropes: colour strings close in phase space allowed to 
recombine into higher multiplets

→ more probable in an environment with high 
string density (e.g. hadronic collisions at LHC)

→ increased production of baryons and strangeness

→ subleading effect w.r.t. junctions for charm 
baryons

JHEP 1508 (2015) 003arXiv:2011.06078 arXiv:2011.06079

Λc
+

D0

𝑠 = 5.02 TeV

JHEP 03 (2015) 148

https://link.springer.com/article/10.1007%2FJHEP08%282015%29003
https://arxiv.org/abs/2011.06078
https://arxiv.org/abs/2011.06079
https://arxiv.org/pdf/2011.06079.pdf


PYTHIA 8 CR modes
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NEW

𝑠 = 5.02 TeV

• Updated measurement of bതb cross section with non-prompt D-mesons
• Most precise results at midrapidity thanks to the usage of machine learning techniques
• Extrapolation down to 0 using PYTHIA and FONLL

ൗ𝐝𝝈𝐛
ҧ𝐛 𝐝𝒚

𝒚 <𝟎.𝟓
= 𝟑𝟒. 𝟓 ± 𝟐. 𝟒 𝐬𝐭𝐚𝐭. −𝟐.𝟗

+𝟒.𝟔 𝐬𝐲𝐬𝐭. 𝝁𝐛

bതb cross section in pp collisions

arXiv:2102.13601

https://arxiv.org/abs/2102.13601


Charmed baryons
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Particle Mass (GeV/𝒄𝟐) Valence quarks

Λ𝑐
+ 2.286 udc

Σc
0,++ 2.455 ddc, uuc

Ξc
+ 2.467 usc

Ξc
0 2.471 dsc

Ωc
0 2.695 ssc

Ξcc
++ 3.621 ucc



Charm fragmentation fractions in pp collisions
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Single species cross section normalised by the sum of 
all ground states charm hadrons

Fragmentation fractions 𝒇(𝐜 → 𝐇𝐜)not 
universal

→ significant baryon enhancement in pp 
collisions

NEW

𝑠 = 5.02 TeV

arXiv:2105.06335

arXiv:2105.06335

also 
for Ξc

+
• Ω𝑐

0 neglected in the calculation of fragmentation fractions
• Asymmetric uncertainties to account for its possible 

influence

https://arxiv.org/abs/2105.06335
https://arxiv.org/abs/2105.06335

