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A personal perspective, not the full picture
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Fragmentation functions 

-  phenomenological functions → non-perturbative parton-
to-hadron transition


-  z = fraction of the parton momentum taken by the hadron 
Hc


-  parameterized on data and assumed to be universal

Dc→Hc
(z, Q2)
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c-quarkb-quark

B D

In ultra relativistic heavy-ion collisions → colour-deconfined 
medium, called quark-gluon plasma (QGP)

➡ high energy density, e.g. ε > 15 GeV/fm3 at LHC

➡ hydrodynamic expansion after a pre-equilibrium phase 

Heavy quarks experience the full system evolution

➡  𝜏HF ≃ ℎ/m ≃ 0.05-0.1 fm/c

➡  𝜏QGP form (LHC) ≃ 0.3 fm/c
📚 F.M. Liu et al., PRC 89, 034906 (2014)

Hadronization from QGP medium at pseudo-critical 
temperature

➡ transition from a deconfined medium to a colour-

neutral hadronic matter

*f.o. = freeze-out

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
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Agreement with model calculations (FONLL) based on factorisation approach and relying on 
fragmentation functions universality (e+e-,e- p)

➡ D meson ratios compatible with e+e- measurements 

Ds/(D0 + D+) higher for non-prompt mesons → substantial B0 and B+ decay contribution to Ds

📚 ALICE, JHEP 
05 (2021) 220

+

Ratios 
independent 
of pT

+

https://link.springer.com/article/10.1007/JHEP05(2021)220
https://link.springer.com/article/10.1007/JHEP05(2021)220
https://link.springer.com/article/10.1007/JHEP05(2021)220
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906


Charm meson production 6

S. Trogolo - EuNPC, 2025

Ds/D+ as a function of pT


➡ fresh new measurements from LHC Run 3


➡ results compatible at mid (ALICE) and forward (LHCb) 
rapidity → no rapidity dependence 

➡ Results in pp compatible with measurements performed in e+e-

collisions


➡ PYTHIA 8 underestimates both with Monash (e+e-) and Color 
Reconnection Modes

Ds/D+ comparison to 
model predictions

LEP average: (0.408 ± 0.040) 📚 Eur. Phys. J. C 76 (2016) 397

📚 PYTHIA8 Monash: EPJC 74 (2014) 3024


📚 PYTHIA8 CR-BLC: JHEP 1508 (2015) 003


📚 Catania: PLB 821 (2021) 136622


📚 POWLANG: arXiv:2306.02152

https://link.springer.com/article/10.1140/epjc/s10052-016-4246-y
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://link.springer.com/article/10.1140/epjc/s10052-014-3024-y
https://link.springer.com/article/10.1007/JHEP08(2015)003
https://www.sciencedirect.com/science/article/pii/S0370269321005621?via=ihub
https://arxiv.org/abs/2306.02152
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dependence observed in pp 
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➡ hadronisation not modified in 

the charm meson sector

Higher  ratio at low/
intermediate pT in Pb-Pb 
collisions compared to pp

➡ recombination of charm 

quarks with strange quarks?

D+
s /D+

Hint of rapidity dependence

➡ need of a common 

multiplicity estimator
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📚 CMS, PLB 771 
(2017) 431

📚 FONLL, JHEP 10 
(2012) 137

📚 PYTHIA, Comput. 
Phys. Commun. 191 
(2015) 159

Measurements of fully reconstructed B0 and B+ in a wide pT range, including very low pT at 
midrapidity, with Run 3 data

➡ agreement with pQCD-based calculation (FONLL)  

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://www.sciencedirect.com/science/article/pii/S0370269317304379#fg0030
https://www.sciencedirect.com/science/article/pii/S0370269317304379#fg0030
https://www.sciencedirect.com/science/article/pii/S0370269317304379#fg0030
http://dx.doi.org/10.1007/JHEP10(2012)137
http://dx.doi.org/10.1007/JHEP10(2012)137
http://dx.doi.org/10.1007/JHEP10(2012)137
http://dx.doi.org/10.1016/j.cpc.2015.01.024
http://dx.doi.org/10.1016/j.cpc.2015.01.024
http://dx.doi.org/10.1016/j.cpc.2015.01.024
http://dx.doi.org/10.1016/j.cpc.2015.01.024
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📚 FONLL, JHEP 10 (2012) 137


📚 PYTHIA, Comput. Phys. Commun. 191 (2015) 159


📚 CMS, JHEP 02 (2025) 195

B mesons measurements at forward rapidity

➡ Bs/(B0 + B+) compatible with e+e- measurements

New Bs better agreement with FONLL predictions 

📚 LHCb, PRD 100 (2019) 031102

e+e-, e- p

Bs/(B0 + B+)

📚 HFLAV, EPJC 77 (2017) 895

http://dx.doi.org/10.1007/JHEP10(2012)137
http://dx.doi.org/10.1016/j.cpc.2015.01.024
https://doi.org/10.1007/JHEP02(2025)195
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
https://link.springer.com/article/10.1140/epjc/s10052-017-5058-4
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
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➡ PYTHIA 8 with updated Color Reconnection 
modelling 

→ “junction" topology enhances charm baryon prod.


➡ Catania model, POWLANG

→ thermalised system of u,d,s and gluons; 
hadronization via coalescence in addition to 
fragmentation


➡ Quark (re-)Combination Mechanism 

→ recombination model based on statistical weights 
and equal quark-velocity 


➡ Statistical Hadronization Model and Relativistic 
Quark Model 

→ strong feed-down from augmented set of excited 
charm baryons
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 CMS,  JHEP 01 (2024) 128 - 5.02 TeV, |y| < 1
 ALICE, PRC 107 (2023) 064901 - 5.02 TeV, |y| < 0.5
 ALICE, JHEP 12 (2023) 086 - 13 TeV, |y| < 0.5

pT (GeV/c)

Λ c
/D

0

In pp collisions at LHC Run 2

Prompt Λc/D0 enhancement at low pT with respect to 
measurements at e+e-/e-p:

➡ ratio higher (x 4-5) → approaching e+e-/e-p at high pT 

📚 J. Wang, boundino.github.io/hinHFplot/

📚 Λc/D (LEP) L. Gladilin, EPJC 75 (2015) 19

Λ+
c /D0 e+e-, e- p

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://boundino.github.io/hinHFplot/
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://link.springer.com/article/10.1140/epjc/s10052-014-3250-3
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In pp collisions at LHC Run 2

Prompt Λc/D0 enhancement at low pT with respect to 
measurements at e+e-/e-p:

➡ ratio higher (x 4-5) → approaching e+e-/e-p at high pT 

📚 ALICE, PLB 829 (2022) 137065

Multiplicity-differential results show similar 

enhancement at low pT with respect to predictions 
based on e+e-/e-p measurements

➡ Monash tuning → underestimate the low pT and 
approaching results at high pT 

➡ CR-BLC → reproduce the trend in all multiplicity 
classes


pT-integrated results add questions to the puzzle

➡ low-multiplicity measurements

➡ common multiplicity estimators

📚 PYTHIA8 Monash: EPJC 74 (2014) 3024       📚 PYTHIA8 CR-BLC: JHEP 1508 (2015) 003
backup

https://doi.org/10.1016/j.physletb.2022.137065
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://link.springer.com/article/10.1140/epjc/s10052-014-3024-y
https://link.springer.com/article/10.1007/JHEP08(2015)003
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📚 PYTHIA 8: JHEP 1508 
(2015) 003

📚 Catania: PLB 821 (2021) 
136622

📚 SHM+RQM: PLB 795 
(2019) 117-121

📚 QCM: EPJC 78 (2018) 
344

📚 EPPS16: EPJC 77 
(2017) 163

Ξc   /D0 in pp collisions → higher than PYTHIA Monash (e+e- tuning)

➡ only recombination models are able to get closer to the measurement


Ξc/D0 in p-Pb collisions mild pT dependence at forward/backward y

➡ likely lower than mid y but larger than e+e- → is there a rapidity dependence?

0,+

📚 ALICE, PRL 127 (2021) 272001

+

📚 LHCb, PRC 109, 044901 (2024)

e+e-, e- p

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://link.springer.com/article/10.1007/JHEP08(2015)003
https://link.springer.com/article/10.1007/JHEP08(2015)003
https://link.springer.com/article/10.1007/JHEP08(2015)003
https://www.sciencedirect.com/science/article/pii/S0370269321005621?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269321005621?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269321005621?via=ihub
https://www.sciencedirect.com/science/article/pii/S037026931930382X?via=ihub
https://www.sciencedirect.com/science/article/pii/S037026931930382X?via=ihub
https://www.sciencedirect.com/science/article/pii/S037026931930382X?via=ihub
https://epjc.epj.org/articles/epjc/abs/2018/04/10052_2018_Article_5817/10052_2018_Article_5817.html
https://epjc.epj.org/articles/epjc/abs/2018/04/10052_2018_Article_5817/10052_2018_Article_5817.html
https://link.springer.com/article/10.1140/epjc/s10052-017-4725-9
https://link.springer.com/article/10.1140/epjc/s10052-017-4725-9
https://link.springer.com/article/10.1140/epjc/s10052-017-4725-9
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.272001
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://arxiv.org/abs/2305.06711
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Λb   /B0 in pp and p-Pb collisions → higher than PYTHIA Monash (e+e- tuning)

➡ only statistical hadronisation and recombination models are able to get closer to the measurement


Λb   /B0 multiplicity-dependent results approach e+e- only at high pT

0

📚 LHCb, PRL 132 (2024) 081901

0

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://doi.org/10.1103/PhysRevLett.132.081901
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📚 ALICE, JHEP 01 (2022) 174

Relation between pcharm and pD is different for fragmentation and recombination

➡ recombination → pD > pcharm and D meson inherits also the flow of light quark

Recombination of heavy 
quarks with light quarks 
from QGP affects HF 
hadrons momentum 
distribution

➡ HF hadrons pick-up the 
radial and elliptic flow of 
light quark

Recombination is a crucial component to describe the data at low/mid pT

u

s

dc
d

u

d

u

s u
u

su

s

d

s

c u
D0

Open charm in heavy-ion 13

S. Trogolo - EuNPC, 2025

Two key observables in heavy-ion collisions

https://link.springer.com/article/10.1007/JHEP01(2022)174
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
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Two key observables in heavy-ion collisions

1. Nuclear modification factor

RAA(pT) =
1

⟨Ncoll⟩
dNAA/dpT

dNpp/dpT

binary nucleon-
nucleon collisions

production yields in 
AA collisions

production yields in 
pp collisions

https://link.springer.com/article/10.1007/JHEP01(2022)174
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
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Two key observables in heavy-ion collisions

1. Nuclear modification factor

RAA(pT) =
1

⟨Ncoll⟩
dNAA/dpT

dNpp/dpT

binary nucleon-
nucleon collisions

production yields in 
AA collisions

production yields in 
pp collisions

2. Azimuthal anisotropies
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v2 = ⟨cos[2(φ − Ψ2)]⟩ second harmonic coefficient elliptic flow
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https://link.springer.com/article/10.1007/JHEP01(2022)174
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906


Recent LHC Run 3 measurements

➡ First prompt D0 v2 below pT < 1 GeV/c

➡ Ds v2 close to non-strange D v2 though tendency 
to be smaller for pT < 4 GeV/c 

➡ Inclusive J/ψ v2 lower than prompt D v2 at 
intermediate pT
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+

First prompt charm-baryon v2 measurement in 
heavy-ion collisions

➡ pT > 4 GeV/c: v2(Λc) > v2 (D) with 3.6 σ 
significance ⇒ first evidence of charm baryon/
meson splitting

➡ crucial role of coalescence?

+
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Recombination of heavy quarks with light quarks from the QGP affects HF hadrochemistry

➡ enhanced Bs yield relative to non-strange mesons (strange quarks more abundant in QGP)
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RAA at low pT: Bs and 
B+ tend to lie above 
lighter particles

Hint of RAA of non-
prompt Ds larger than 
non-prompt D0


➡ Non-prompt Ds 
origin:

• 50% from Bs


• 50% from B0, B+

📚 ALICE, PLB 846 (2023) 137561📚 CMS, JHEP 2502 (2025) 195

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://arxiv.org/abs/2204.10386
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
http://dx.doi.org/10.1007/JHEP02(2025)195
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Quarkonium production 17

Quarkonia (  and ): a meson whose constituents are a heavy quark and its own antiquark

➡ cross section can be computed within the factorization approach (NRQCD) 

cc bb
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📚 Bodwin et al., PRD 51, 1125 (1995)

📚  Matsui, Satz, PLB 178 (1986) 416 📚  Rothkopf, PR 858 (2020) 1-117 📚  Bazavov et al., PRD 109 (2024) 7, 074504

https://arxiv.org/abs/hep-ph/9407339
https://inspirehep.net/files/c799dd5ddebbd53dc962670257273081
https://inspirehep.net/literature/1768637
https://arxiv.org/abs/2308.16587
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📚 Bodwin et al., PRD 51, 1125 (1995)

What happens to quarkonia in QGP?

Quarkonium suppression

➡ In a strongly interacting medium quarkonium 

states can be dissociated by a color screening 
mechanism

c c

In vacuum In QGP

c c
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📚 Bodwin et al., PRD 51, 1125 (1995)

What happens to quarkonia in QGP?

Quarkonium suppression

➡ In a strongly interacting medium quarkonium 

states can be dissociated by a color screening 
mechanism

➡ Sequential melting of the quarkonium states 
according to the binding energy

📚  Matsui, Satz, PLB 178 (1986) 416 📚  Rothkopf, PR 858 (2020) 1-117 📚  Bazavov et al., PRD 109 (2024) 7, 074504

https://arxiv.org/abs/hep-ph/9407339
https://inspirehep.net/files/c799dd5ddebbd53dc962670257273081
https://inspirehep.net/literature/1768637
https://arxiv.org/abs/2308.16587
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📚 Bodwin et al., PRD 51, 1125 (1995)

What happens to quarkonia in QGP?

📚  Braun-Munzinger, Stachel, PLB 490 (2000) 196-202 📚  Thews et al., PRC 63 (2001) 054905
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📚 Bodwin et al., PRD 51, 1125 (1995)

What happens to quarkonia in QGP?

Quarkonium (re)generation/recombination

➡ The abundance of heavy quarks produced in 

heavy-ion collisions at LHC energies determines 
the statistical (re)combination of uncorrelated 


➡ The larger low-  J/ψ production at LHC w.r.t. 
RHIC is interpreted as a consequence of 
(re)generation

qq
pT

📚  Braun-Munzinger, Stachel, PLB 490 (2000) 196-202 📚  Thews et al., PRC 63 (2001) 054905

https://arxiv.org/abs/hep-ph/9407339
https://arxiv.org/abs/nucl-th/0007059
https://arxiv.org/abs/hep-ph/0007323


Charmonium in small systems 18

S. Trogolo - EuNPC, 2025

J/ψ measurements from LHC Run 3

➡ good agreement with ICEM and NRQCD models → mainly prompt J/ψ (non-prompt at higher pT)


Good agreement among different experiments and energies e+e- only at high pT

d2σ
dpTdy

=
N(J/ψ → l+l−)

(A ⋅ ε) ⋅ BRJ/ψ→l+l− ⋅ dpTdy ⋅ Lint
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ψ(2S) suppression effects observed at high multiplicity

effect qualitatively described by destruction via ‘rescattering’: 
comover model

For a quantitative physics interpretation

➡ experiments: absolute multiplicity corrected on particle level

➡ model: full event modelling 
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relative 𝛶(2S) and 𝛶(3S) to 𝛶(1S) suppression at high multiplicity

qualitatively described by comover model

For a quantitative physics interpretation

➡ experiments: absolute multiplicity corrected on particle level

➡ model: full event modelling 
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Strong J/ψ flow signal at LHC in line with regeneration 
expectations

➡ regeneration at play observed in Run 2 RAA at the LHC


New flow observables for charmonium 

➡ push model implementation details → discrimination 
between transport and SHMc 

ALI-PUB-583867

📚 ALICE, EPJC 
84 (2024) 813

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://doi.org/10.1140/epjc/s10052-024-12935-y
https://doi.org/10.1140/epjc/s10052-024-12935-y
https://doi.org/10.1140/epjc/s10052-024-12935-y
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Suppression hierarchy between 3 vector states established

➡ coherent statement based on ATLAS (PRC 107 (2023) 054912), ALICE (PLB 790 (2019) 89) and CMS 
results


Run 3 flow measurements confirm Run 2 outcome 

➡ 𝛶(1S) v2 lower than J/ψ v2 → b-quark less thermalised? different role of recombination to bottomonium?

PRL 133 (2024) 022302 

📚 CMS, PRL 133 
(2024) 022302  

https://arxiv.org/abs/2303.17026
https://arxiv.org/abs/2303.17026
https://arxiv.org/abs/2303.17026
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
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Run 1

2010-2012 LS1 LS2 LS3 LS4 LS5Run 2


2015-2018
Run 3


2022-2026
Run 4


2030-2033
Run 5


2036-2038
Run 6


?

At the LHC

In the next (short/long) future

➡ High Luminosity LHC installation

➡ ATLAS and CMS Phase II, 

➡ ALICE (FoCal, ITS3), LHCb Phase I-II, ALICE 3

Other facilities and accelerators complex

Many other projects exploring QCD phase diagram: 

➡ NA61/SHINE, NA60+ at SPS

➡ CBM at FAIR

➡ Electron Ion Collider at BNL 

📚 NA60+ Experimental proposal

S. Trogolo - EuNPC, 2025

https://cds.cern.ch/record/2932302
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
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23What’s next?
WHI

Heavy-quark menù


✓ complete picture of heavy-quark 

hadronization


✓ quantification of recombination’s 

role
✓ total heavy-quark cross sections

✓ precise measurement of 

thermalisation 

✓ flow in small systems search

✓ new inputs from exotica searches

✓ multicharm investigation

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://cds.cern.ch/record/2932302
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Conclusion 24

In heavy-ion collisions: 

➡ Crucial role of coalescence mechanism for open HF production

➡ (Re-)combination is more relevant at LHC energies for 
charmonia and bottomonia states

Huge effort in the last decades to investigate the hadronization 
mechanisms of heavy quarks across colliding systems 

➡ Fragmentation functions universality violated already in pp 
collisions

➡ pp collisions is a system dense enough to alter the 
hadronization

An exciting period ahead: 

➡ wider investigation of HF production, especially beauty hadrons

➡ hadronization in high multiplicity pp and p-A collisions with higher 
precise

➡ large improvement on exotic states production
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Thank you for 
your attention!

S. Trogolo - EuNPC, 2025

Thanks to L. Micheletti, X. Peng, F. Prino, A. Rossi and C. Terrevoli 
for the fruitful discussion in preparing the content
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Introduction 27

➡ theory approach to prod. in heavy-ion 

➡ brief life of the QGP


• no direct observations → emerging particles as probes 

Initial

state

Hard

scattering

QGP

formation

Hydrodynamic

expansion

Hadronization

and freeze out

Detection

time

temperature

𝜏 = 0 fm/c 𝜏LHC ≃ 0.3 fm/c 𝜏 ≃ 10 fm/c

T~ 200-800 MeV T~ 155-100 MeV

hadron suppression/recombination, collective motions,

strangeness enhancement

modification of hadronization, 
hadron interactions
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CR-BLC Mode 3

ALI−PUB−534134

📚 ALICE, PLB 829 (2022) 137065

Charm quark production dominated by hard parton-parton scatterings


Ds/D0 does not show dependence with increasing multiplicity

➡ better agreement with Monash 2013 tuning, though CR-BLC compatible within uncertainties 

📚 PYTHIA 8: JHEP 
1508 (2015) 003

CR-BLC → based on Monash + additional topologies for Color Reconnection mechanisms

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://www.sciencedirect.com/science/article/pii/S037026932200199X?via=ihub
https://link.springer.com/article/10.1007/JHEP08(2015)003
https://link.springer.com/article/10.1007/JHEP08(2015)003
https://link.springer.com/article/10.1007/JHEP08(2015)003
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
http://dx.doi.org/10.1007/JHEP02(2025)195
https://www.sciencedirect.com/science/article/pii/S0370269322001964?via=ihub
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
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 ALICE, PRC 107 (2023) 064901 - -0.96 < yCM < 0.04
 LHCb, JHEP 02 (2019) 102 - 1.5 < yCM < 4
 LHCb, JHEP 02 (2019) 102 - -4.5 < yCM < -2.5

pT (GeV/c)

Λ c
/D

0

📚 J. Wang, boundino.github.io/hinHFplot/

📚 Λc/D (LEP) L. Gladilin, EPJC 75 (2015) 19

Λ+
c /D0

In pp collisions at LHC Run 2

Prompt Λc/D0 enhancement at low pT with respect to 
measurements at e+e-/e-p:

➡ ratio higher (x 4-5) → approaching e+e-/e-p at high pT 

Multiplicity-differential results show similar 

enhancement at low pT with respect to predictions 
based on e+e-/e-p measurements

e+e-, e- p

p-Pb, √sNN = 5.02 TeV

In p-Pb collisions at LHC Run 2

Prompt Λc/D0 enhancement at low pT as observed in 
smaller collision systems

➡ more pronounced at midrapidity → hint of rapidity 
dependence?

https://doi.org/10.1103/PhysRevC.107.064901
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://doi.org/10.1007/JHEP02(2019)102
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://doi.org/10.1007/JHEP02(2019)102
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://boundino.github.io/hinHFplot/
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://link.springer.com/article/10.1140/epjc/s10052-014-3250-3
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pT-integrated Λc/D0 ratio not dependent on 
multiplicity, collision system and energy 
within uncertainties 

➡ Monash predictions ruled out by the 
measurements in pp collisions 


increasing trend (1< pT <24 GeV/c) from a 
different redistribution of pT for mesons and 
baryons?

➡ Flow effects in Pb-Pb collisions 
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ALI−DER−504456

📚 ALICE, PLB 829 (2022) 137065


📚 ALICE, PRL 127 (2021) 202301


📚 ALICE, PRC 104 (2021) 054905

📚 ALICE, PLB 839 (2023) 137796


📚 STAR, PRL 124 (2020) 172301 


https://www.sciencedirect.com/science/article/pii/S037026932200199X?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.202301
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.104.054905
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://arxiv.org/abs/2112.08156
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.172301
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📚 LHCb, PRL 132 (2024) 081901

pT-integrated Λb/B0 ratio multiplicity-
dependent

➡ approaching e+e- at very low multiplicity 


pT-integrated results add questions to the 
puzzle

➡ low-multiplicity measurements

➡ common multiplicity estimators

https://doi.org/10.1103/PhysRevLett.132.081901
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
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📚 ALICE, PRD 108, 112003 (2023)

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
https://doi.org/10.1103/PhysRevD.108.112003


Associated production of charm mesons 37

S. Trogolo - EuNPC, 2025



Associated production of charm mesons 38

S. Trogolo - EuNPC, 2025

PYTHIA 8 overestimates the J/ψ-D 0 cross section

HELAC-Onia reproduces the J/ψ-D 0 cross section considering a σeff of 31 mb


