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Probing hadronisation with charm hadrons
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e high masses — large momentum transfer
— perturbative Quantum Chromodynamics (pQCD) approach can be used
e heavy-flavour particle yield ratios are sensitive to charm fragmentation function
e universality of fragmentation functions across collision systems challenged by measurements of

charm hadron production at LHC
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https://link.springer.com/article/10.1007/JHEP12(2023)086

More in Biao Zhang's talk
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https://indico.in2p3.fr/event/33627/contributions/155246/

Run 3 results .
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New Run 3 results %

Strange-meson-to-meson ratio vs multiplicity

No p. and multiplicity dependence in pp collisions.
Results in pp collisions compatible with measurements in e*e™ collisions.
LEP average: 0.408 +/- 0.040 (Lisovyi et al. EPJC 76 (201 6) 397)
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https://doi.org/10.1016/j.physletb.2022.136986

New Run 3 results

Strange-meson-to-meson ratio vs multiplicity

No p. and multiplicity dependence in pp collisions. Pb_Pb collisions:

Results in pp collisions compatible with measurements in e*e™ collisions.  p| g 827 136936 (2022)
LEP average: 0.408 +/- 0.040 (Lisovyi et al. EPJC 76 (201 6) 397)
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https://doi.org/10.1016/j.physletb.2022.136986

New Run 3 results

Excited charm-strange state cross section
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44(2536) and D*+82(2573) contribute to the ground-state D-meson vyields.
First p_-differential measurements relative to the ground state.

ALIGE measurements consistent with p_-integrated Run 2 results, SHM+TAMU, :

and

e*e” and ep.

PYTHIA is tuned on ALICE Run 2 results and overestimates D*+82(2573) production yield.
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. . JHEP 12 (2023) 086
Baryon-to-meson cross-section ratio %

Depends on p.: larger ratio at low-intermediate p. compared to high p..
(tuned to e*e” measurements) largely
underestimates the data.

Other models, implementing modified hadronisation, are closer to the data.

Strange-charm baryons: all models tend to underestimate the data

Modified mechanisms of
charm-quark hadronization
in pp collisions compared to
e*e” collisions (in-vacuum

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

New Run 3 results
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A+ from X °+*(2455) decay

Phys. Rev. Lett. 128, 012001

2022

ALICE

Compatible /\C+/DO ratios at different center-of-mass energies.

Around 40% of A_* comes from ZCO’++(2455) decay — increased 2 _ feed-down A_* production

partially contributes to increase in overall /\C+/DO ratio.

is close to data for A_*(«X _>**(2455))/A *.

PYTHIA Mode 2 describes results for /\C+/DO, but fails to describe /\C+(<—ZCO’++(2455))//\C+.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.012001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.012001

Run 3 results %
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Run 3 results

> >** ratios — different PYTHIA 8 settings

Altmann et al.,

EPJ C 85, 16 (2025)

PYTHIA 8 Mode {0,2,3} underestimates the data.

PYTHIA 8 Mode 2 parameter probQQ1toQQ@join_charm 8 "L ALCE protminay 7
controls the probability of diquarks having spin 1. 5o PP, (% =136 TeV « Data .
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e The larger the parameter is, the larger £ ***(2520) and & [C] probQQ1t0QQ0join_charm = 0.0275 (defaul)
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https://doi.org/10.1140/epjc/s10052-024-13641-5
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, . New Run 3 results
Production of D pairs
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Production of D° pairs

New Run 3 results %
ALICE
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Multi-Parton Interactions — Ry, g, = — ———
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Unlike-sign D° pairs have double the integrated vield of same-sign pairs:
contribution from SPS within acceptance.

Next steps:
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New Run 3 results %

More Run 3 results to come!

Charmed Q baryon with strangeness tracking Software triggers allow us to integrate more
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https://indico.in2p3.fr/event/33627/contributions/155246/

®

Summary

PQCD-based calculations do not describe well strange-to-non-strange meson and baryon-to-meson ratios
e nO universal description of strange-to-non-strange meson ratios across collision systems
e large baryon enhancement at low and intermediate p. compared to e*e” collisions
e possibly larger enhancement for strange charm baryons

Charm-quark hadronization in pp collisions could occur via additional mechanisms compared to leptonic
collisions.

Further Zc°'++ measurements essential to constrain model parameters and get insight into the role of spin-1
diquarks.

More insight into Multi-Parton Interactions via first Run 3 measurements of charm-hadron pairs
e opposite-sign D° pairs produced at twice the yield of same-sign pairs within acceptance selections

More results to come from Run 3
e more precise and differential measurements in p and multiplicity
e first production measurements of higher mass hadrons possible

Maja Karwowska | Warsaw University of Technology | 2025 EPS-HEP 16



Thank you for your attention!

© Klaus Barth
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Backup
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Hadronization mechanisms in models

Pythia 8 CR BLC
Junction string topologies beyond leading color enhance baryon production

SHM + RQM
Statistical hadronization with feed-down from enhanced set of charm baryons predicted by Relativistic
Quark model

Catania
Coalescence (Wigner Functions) + in-vacuum fragmentation

QCM
Quark recombination model based on “equal quark-velocity” coalescence

POWLANG
Expanding fireball assumed in pp collisions. Hadronisation via recombination with light quarks.
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Multi-Parton Interactions (MPI)
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. . JHEP 12 (2023)
Charm fragmentation fractions %

e assumed universality of fragmentation functions

e ALICE: significantly larger fraction of heavy quarks hadronising into baryons in pp collisions
compared to leptonic collisions with a corresponding decrease of non-strange D mesons.

e compatible results at different centre-of-mass-energies.
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https://link.springer.com/article/10.1007/JHEP12(2023)086

arxiv:2402 .1 %

Non-prompt D-meson cross sections
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Non-prompt A_* cross sections

Both TAMU and FONLL underestimate /\_* cross section at low p..
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Meson-to-m

eson ratio

arxiv:2402.1 '%_,g:

P T0E

Similar fractions for prompt and non-prompt D mesons.

FONLL uses fragmentation functions based on e*e” measurements, and it describes the data

— fragmentation universality preserved in the meson sector.

Results compatible for different centre-of-mass energies.
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Beauty baryon-to-meson ratio vs PYTHIA 8 Monash

ALICE

baryon-to-meson ratio
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Non-prompt fractions in Run 3

New Run 3 results

HLLILE

p; range extended to O < p; < 24 GeV/c for D and 1 < p; < 24 GeV/c for /\C.

more granular results compared to Run 2

A_* non-prompt fraction in Run 3

fnon-prompt

Pythia Monash underestimates the data
Pythia with CR-BLC closer to the data

over the full p; range
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Non-prompt fractions in Run 3

ALICE

A vs D° non-prompt fraction in Run 3

A" non-prompt fraction tends to be larger than D° non-prompt fraction
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+ L} [ ]
A production in Run 3
Compatible with Run 2 measurements
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