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Large systems: experimental status, charm
Non-strange prompt D mesons RAA, v2, v3 measured with good precision 
High pT: role of radiative processes clearly evidenced (well understood?), data 
precision comparable or better than theoretical uncertainties. 

with without

New measurements in 
peripheral collisions? 

may allow constraining the 
system-size dependence 
of energy loss

+bridge to small systems 
including O-O
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Large systems: experimental status, charm
Non-strange prompt D mesons RAA, v2, v3 measured with good precision 
Low pT:  constrain transport models and transport coefficient Ds but hadronization…

CMS

|y|<1

Remarks from the WS: better discuss 𝛋, not Ds
Remember 𝛋 depends on momentum! 3

ALICE

CMS: arXiv:2212.01636 
[nucl-ex]

https://arxiv.org/abs/2212.01636
https://arxiv.org/abs/2212.01636


Charm: further, more “differential” view?

Plumari et al, Phys.Lett.B 805 (2020) 135460 M.L. Sambataro, et al., Eur.Phys.J.C82 (2022)

Charged particles
Predictions 
for D mesons
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Discussion on new observables possibly in reach in the future

Light-heavy vn-fluctuation correlations vn- vm correlations
gain sensitivity to temperature (and momentum?) 
dependence of drag coeff.?



Charm hadronization
with without

Modelling of hadronization crucial for reproducing data → confounding effect for the 
goal of understanding partonic dynamics and extracting transport coefficients
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ALICE: JHEP 01 (2022) 174

https://link.springer.com/article/10.1007/JHEP01(2022)174


Charm hadronization

 J. Zhao et al., Phys.Rev.C 109 (2024) 5, 054912

Effort on both experimental and theoretical sides ongoing
Measurements of different hadron species needed 
- baryons in Pb-Pb: run 2 measurements of Λc limited precision. Other missing: 𝚵c, … 
- Ds vs. D also require better precision 6

ALICE: PLB 839 (2023) 137796

https://www.sciencedirect.com/science/article/pii/S0370269323001302?via%3Dihub


Large systems: experimental status, beauty

LHC run 2 measurements provided important indications but still limited 
- precision
- pT reach 
- “smearing” of physical effects due to decay kinematics

Run 3,4 at LHC: era of precise beauty measurements? 
Beauty more “ideal” than charm for transport models. But precise measurement of 
fully reconstructed B mesons or Λb down to low pt remains very challenging. 7

CMS: PRL 123, 022001 (2019)

CMS: PRL 128 (2022) 252301

ALICE: JHEP 12 (2022) 126

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.022001
https://doi.org/10.1103/PhysRevLett.128.252301
https://doi.org/10.1007/JHEP12%282022%29126


Full b-hadrons and non-prompt signals

Eur. Phys. J. C 83 (2023) 1123

Measurements of b-hadron in exclusive decay require a lot of statistics
1) Up to what extent we lose information by measuring instead non-prompt signals (e.g. non-prompt 

D0,+, Ds
+, J/𝟁, Λc

+) with high-precision over a wide pt range ?
a) what is the precision needed on B, Λb measurements to really carry superious information 

than non-prompt signals?
b) How much do beauty RAA and v2 depend on pT? 

2) what is the uncertainty from the decay kinematics on non-prompt signals?
a) proposal: all theorists try with same decayer or share the decayers 8
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Quick toy test done at the WS.
Input: FONLL B mesons + RAA 
model + PYTHIA decayer
Could be repeated for different 
RAA predictions and decayers 
Also  for v2peak hinted by decay



Traditional theoretical framework

NB kappa is the quantity with a well-defined QFT meaning: please, use it rather then Ds!
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kappa from lattice-QCD: the basis
kappa arises from force-force correlator:

Both electric and magnetic field (new!) fluctuations contribute: 

Only Euclidean correlators

accessible on the lattice!

kappa to be extracted

from the spectral function!
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kappa from lattice-QCD: limitations

Huge systematic uncertainties from spectral-function extraction

Most experimental data referring to a relativistic kinematics, where momentum 
dependence of transport coefficients, not accessible on the lattice, can play 
important role! 

13



Open Quantum Systems:
a unified picture of HQ and quarkonia
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Open Quantum Systems: transport coefficients
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Open Quantum Systems for Upsilon: results 
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HF transport coefficients and OQS
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(HQ-)Transport in the pre-equilibrium stage
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HQ transport in the Glasma
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Wong’s equations
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HQ in the Glasma: results
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HQ in the Glasma: results
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Pre-equilibrium HQ transport in EKT
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Problems: Glasma-EKT matching
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Not the same problem for qhat: why?
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HQ transport near-equilibrium: QPM model
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Which opportunities for ALICE 3?
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Directed flow v1: a window on spatial diffusion
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Stronger sensitivity to kappa
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Signal dominated by particles with mildly relativistic momenta: Langevin approach 
and evaluation of transport coefficients under better control (kappa(p=0) may be 
enough to quantify medium effects). See A.B. et al., JHEP 05 (2021), 279

33



Towards the solution of the small-system puzzle

A small fireball produced also in minum-bias pp collisions!
34



Towards the solution of the small-system puzzle

QQbar production biased towards hot spots of highest-multiplicity events!
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Towards the solution of the small-system puzzle

ddd

In-medium transport+hadronization fundamental to describe pT-distribution, 
hadrochemistry and v2. See A.B. et al, PRD 109 (2024), 5 054912 36



Summary 
Nucleus-nucleus: time is of understanding hadronisation for charm and beauty and of 
(precise) beauty measurements. 
More suited kinematics to a data-to-theory comparison.

Discussion of transport cannot be decoupled from the one on in-medium hadronization.

Further independent evidence (Catania, Torino, Nantes…), from a hard observable, that a 
small fireball is formed also in pp collisions.

Interesting opportunities from future upgrades and detectors, like ALICE 3

Can Catania group tell us what are the most sensitive observables to constrain various 
effects / various parts of the theoretical models ? 

Can we make a dynamical repository of theory predictions and ingredients (like the Ds(T), 
𝜅(v), …+ version, references) + associated engine to build compilation plots? 37
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Two challenges (P. Gossiaux)
Can we ask ML to tell us what are the most sensitive observables to constrain various 
effects / various parts of the theoretical models ? 
This could be achieved by requiring from the theory community to come with a “generic” 
model containing perturbative part dependent on the momentum exchange + NP + radiative 
component with non 0 gluon mass and extracting the most pertinent correlations between 
these various ingredients and the present and upcoming experiment. This should be made a 
tool open to the full community

Can we make a dynamical repository of theory predictions and theory ingredients (like 
the Ds(T), kappa(p), …) that would be fed by the various groups (+ version, ref to a 
publication) + associated engine to build compilation plots?
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